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FOREWORD

Ames Research Center completed its first 25 years and ex
N ASA's
perienced its first change of leadership in 1965. That juncture sug
gested that the story of those eventful years should be written.
We were especially fortunate to engage Edwin P. Hartman to write this
story. During most of the period covered, his principal official duty had
been to observe and report to NACA and NASA management the whole
spectrum of aeronautical and space activities and developments in the west
ern United States in industry, government, universities, and the Ames Re
search Center. He had been in an ideal position to evaluate Ames activities
and relate them to contemporary events. His written reports in that period
had attracted attention to his skills as a keen observer and perceptive re
porter.
Hartman's academic training was as an engineer. At Marquette Univer
sity he earned a professional mechanical engineer degree, and later at Cali
fornia Institute of Technology, a master's degree in mechanical engineering.
From 1930 to 1940 Hartman engaged in aeronautical research as an en
gineer at NACA's Langley Memorial Aeronautical Laboratory. There he
worked with the men who were sent to California in 1940 to establish the
Ames Research Center. In 1940 he was appointed NACA Western Coordi
nation Officer in charge of the NACA's fledgling Western Coordination
Office. Though it was never a part of Ames, Hartman's office was at first
housed in the temporary building from which initial construction of Ames
facilities was being supervised. Later, his office was moved to the Los An
geles area. In 1960 Hartman undertook what was to become a four-year tour
of duty as NASA Senior Scientific Representative in Australia. A few
months after he returned to the United States in 1964, retirement gave him
freedom to accept the writing commission.
Ed Hartman's qualifications for writing this book wete complemented
by those of his wife. Miss Jean Kinsley, a fellow employee at the Langley
Laboratory as editor of NACA reports, became Hartman's wife in 1939.
When Hartman undertook his west coast assignment, Jean became his secre
tary. Ed Hartman's staff was small, so his wife-secretary served as an assist
ant. Thus, Jean, too, was constantly alert to aeronautical and space activities
and to the fortunes of the Ames Research Center. Her career prepared her
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well to serve as her husband's secretary, critic, and assistant in writing this
book.
The author's close, professional, personal observations of the events and
developments as they took place strongly influenced what he has written.
The opinions and judgments expressed in this book are wholly those of the
author and were curtailed by NASA in no significant degree. He was given
freedom to choose the content, style, format, and organization of the mate
rial presented and to make his own interpretations. The manuscript has
been reviewed for factual accuracy by some 30 NASA personnel familiar
with various phases and aspects of the history.
We, at Ames, feel that this book reflects accurately and sensitively the
Center's first quarter-century. We feel that this true story is a tribute to
Ames' Director throughout that period, Dr. Smith J. DeFrance.

H. JuLIAN ALLEN,
Director, Ames Research Center

1968
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PREFACE

the past few decades the pace of research has been such
D URING
that the story behind important research developments often has
been lost-inundated and rendered quaint by the outpourings of more
recent and more sophisticated research activities. It is not, of course, the
research results that are lost, for these facts are safely recorded in technical
journals. What is lost is the connective tissue of background conditions,
motivating influences, and human experiences that tie the cold facts to
gether and invest them with additional dimensions of warmth and meaning.
Research scientists, a forward-looking lot, show a remarkable indifference to
this loss and appear quite content as long as their work is brought to the
attention of their scientific peers through the normal professional channels.
Research management, on the other hand, takes a somewhat more humane
view of the situation. Out of consideration for the public interest, and
with a certain pride of accomplishment, the management of a research
agency will, in some instances, go to some trouble and expense to ensure
that the story of the agency's past activities is told-and recorded for
posterity. Such motivational factors are responsible for the present work.
The present document, which I have called a history-though it cer
tainly was not written for historians-was prepared for and at the request of
the NASA Ames Research Center which, in sponsoring the project, acted
with the encouragement of NASA Headquarters. It is an account of the es
tablishment, evolutionary development, and activities of the Ames Research
Center covering a period characterized by unprecedented scientific and tech
nological revolution. The writing of this book about the Ames Research
Center was undertaken with considerable pleasure by one who for many
years was employed by the Center's parent organization NASA and, before
that, NACA; who had closely followed the Center's growth from the
beginning; and who was personally acquainted with, and who held in some
affection, the members of its founding staff. These facts are given to alert
readers to the presence of bias and the inaccuracies stemming therefrom.
It should be emphasized that this work is a history only of the Ames
Research Center. It is not a history of the U.S. Government, of NACA or
NASA, of other research centers, of the military services, of industry, or
of world events. Information on these peripheral subjects is introduced
xi
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merely to provide the reader with a generalized feeling for the local and
world environment in which the formation and subsequent activities of the
Ames Research Center took place. The background material provided is no
tably incomplete and in some instances reveals the bias of the NACAfNASA
community at the time the events took place. Frequently, also, it reflects the
personalized viewpoint of the author who was a close observer of many of
these events.
In writing the Ames story, I have tried to convey the correct impression
of prevailing conditions, influences, and associated events, but I am aware
that, with respect to details, many unintended inaccuracies arising from
omissions or from erroneous inferences or implications may have crept in.
Owing to the secondary, impressionistic role played by the background ma
terial, these suspected faults have been tolerated and documentation has, for
ease of reading, been held to a minimum. Indeed a major effort has been
made to restrict the physical bounds of the book without sacrifice of essen
tial material.
The preparation of the Ames history required the close cooperation of
many people. In NASA Headquarters I would like to cite Dr. Frank Ander
son, Jr., NASA Deputy Historian, and Mr. John L. Sloop, of the Office of
Advanced Research and Technology, for their tolerance of an engineer
author who appeared bent on flouting every rule of conventional history
writing and for their great help in preparing the manuscript for publication.
At Ames the contributors were too numerous to be listed; nevertheless I
would like to acknowledge the tremendous support provided by Manley
Hood, the calm and understanding history-project monitor. Other notable
contributors were Gerald Nitzberg, John Parsons, Russell Robinson, Colleen
Garcia, Mildred Emel, Carol Tinling, and Mildred Macon.
Of great value, also, was certain information about the early days of
NACA received from Dr. John F. Victory, first employee and eventually Ex
ecutive Secretary of that organization. In the preparation of the sections on
general environment, reference was frequently made to two documents: one,
Aeronautics and Astronautics 1915-60, by Dr. Eugene M. Emme, NASA
Historian; the second, An Administrative History of NASA, 1958-1963, by
Robert L. Rosholt.
In particular I would like to acknowledge the invaluable assistance of
my wife, Jean, without whose skillful and sustained effort in matters pertain
ing to editing and manuscript preparation this book would never have been
con1pleted.
EDWIN P. HARTMAN
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The Nation's Aeronautical Research Agency

the founding of the National Advisory Committee for Aeronautics
SINCE
in 1915, this unique Government agency had fostered the develop
ment of aviation through scientific research. By 1936 the value of the
Committee's work had become quite apparent. As a result of technical
advances coming from NACA and other research organizations, the per
formance and reliability of the airplane had been greatly improved. Its
role in domestic and international commerce was looming and its further
development appeared to provide a means whereby a nation might exert
influence abroad. The military value of the airplane had, of course, been
sensed rather early and was probably the primary reason for such support
of aeronautical research and development as the U.S. Government had
given.
Despite the obvious potentialities of aviation, the Government's sup
port of aeronautical research had been modest. Although the Wright
Brothers had produced the first successful airplane, the United States had
shamefully allowed itself to slip far behind the major European powers in
the production of both airplanes 1 and aeronautical research facilities. The
U.S. Government, by establishing NACA in 1915, took belated notice of the
Nation's backward position in research but its appropriations for the new
agency up to 1936 had been scarcely munificent. This was a period when the
Nation was very peace minded; moreover, times were hard-in 1936 we were
recovering from a long and painful depression and Congress was under
standably imbued with a keen sense of frugality.
Despite its late start and lean fare, NACA had accomplished much. It
had in 1917 established the Langley Memorial Aeronautical Laboratory at
Langley Field, Va., and had pioneered in the development of advanced
research facilities. In the world community, it had brought the United
'"When World War I erupted in 1914 it was reported that France had 1,400 airplanes,
Germany 1,000, Russia 800, Great Britain 400 and the United States 23!"-Forty Years of Aero
nautical Research, by Jerome C. Hunsaker (Smithsonian Report for 1955. Washington: Smith
sonian Institution, 1956), p. 243.
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Dr. joseph S. Ames, Chairman of National Advisory Committee for Aeronautics
from 1927 to 1939.

THE NATION'S AERONAUTICAL RESEARCH AGENCY
States to a position of leadership in aeronautical research. 2 This accom
plishment resulted as much from wise management as from the tech
nical competence of the NACA research staff which at Langley numbered,
all told, about 400. The management arrangement was unique. The Com
mittee (NACA) itself was a group of 15 (originally 12) eminently qualified
men selected by the President. Of these the law required that two be selected
from the War Department (Army Air Corps), two from the Navy Depart
ment, and one each from the Bureau of Standards, the Weather Bureau, and
the Smithsonian Institution, the last of which had been very influential in
aviation matters since the days of its early Secretary, Samuel Pierpont
Langley. The remaining members of the Committee were to be persons
"acquainted with the needs of aeronautical science, either civil or military,
or skilled in aeronautical engineering or its allied sciences."
From the beginning the persons selected to serve on the Committee
were men of great ability and high repute. Some had belonged to the Na
tional Academy of Sciences. The members served without pay and elected
their own chairman. Thus the agency was relatively free from political
influence and was allowed, within its budgetary limitations, to pursue a
course of maximu~ effectiveness in advancing the aeronautical interests of
the Nation.
In 1936 the Chairman of NACA was Dr. Joseph S. Ames, president of
Johns Hopkins University. Dr. Ames, a member of the Committee since its
formation and Chairman since 1927, was a man of the highest integrity and
ability, respected-indeed revered-by his colleagues and friends.
Inasmuch as the Committee met only at monthly intervals, it required
a permanent headquarters staff. This staff was headed by Dr. George W.
Lewis, Director of Aeronautical Research, and John F. Victory, Secretary to
the Committee. It was to these able and dedicated individuals that a sub
stantial share of the credit for the success of NACA was due. NACA was a
tiny Government agency serving the vital interests of much larger and more
powerful bodies such as the Army, the Navy, and the Department of Com
merce. Its staff had to exercise the greatest care and discretion to maintain
the agency's independence. Either the Army or the Navy could easily have
swallowed up NACA; and Herbert Hoover, both as Secretary of Commerce
in 1925 and as President in 1932, had actually recommended that it be ab
sorbed by the Department of Commerce. 3 The suggested move was strongly
"Ibid.
• Report by Charles D. Walcott, Chairman of NACA: "The National Advisory Committee
for Aeronautics, Its Organization and Functions, and Reasons Why Its Present Independent
Status Should Be Continued," Jan. 21, 1925. Also: House Doc. No. 493, 72d Cong., 2d sess.,
Dec. 9, 1932: "A Message from the President of the United States to Congress," a recommenda·
tion to group, coordinate, and consolidate executive and administrative agencies of the Gov
ernment, including transfer of NACA to the Bureau of Standards in the Department of Com
merce.

3

Dr. George W. Lewis, NACA Director
of Aeronautical Research from 1924 to
1947.

Dr. fohn F. Victory, first (1915) NACA
employee and later Executive Secretary.

and successfully opposed by the two services• who perhaps themselves were
the greatest threat to NACA; but Lewis and Victory aimed to be of such
value to each service that neither would allow the other to take over NACA.
Dr. Lewis, in councils with his staff, declared that NACA must be so alert
that it would anticipate the needs of the military even before the military
became aware of those needs. Under such astute management, NACA main
tained its independence while becoming an extraordinarily efficient and
competent organization.

• Letter, George H. Dorn, Secretary of War, to President Franklin D. Roosevelt, Apr. 19,
1933, and letter, Claude A. Swanson, Secretary of the Navy, to President Franklin D. Roosevelt,
Apr. 13, 1933.
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Portents and Requirements of Aviation

necessity for keeping in touch with the world's aeronautical ac
T HE
tivities and literature was obvious to Chairman Ames, and he ar
ranged quite early in the history of NACA for the establishment within
the agency of an Office of Aeronautical Intelligence. As part of its opera
tion, this Office maintained a liaison post in Paris-a post which from the
beginning was occupied by John J. Ide. During the mid-1930's, Ide reported
on the buildup of aeronautical research and development in Europe. In
1936 these reports were confirmed by evidence gained during a visit by Dr.
Lewis to certain European research centers. In particular, Lewis was im
pressed by the progress being made by the Germans in the construction of
aeronautical facilities and not a little concerned over the possibility that
the accelerated activity abroad would leave NACA and the United States
at a disadvantage. NACA's lead in aeronautical research was certainly dis
appearing and the intentions of Germany's leader, Adolf Hitler, were a
source of worry.
NACA WARNING
On his return from Europe, Lewis attempted, with some success, to
convey his apprehensions to Dr. Ames and the Committee. 1 At the end of the
year, in transmitting NACA's Annual Report to the President, Dr. Ames
urged a gradual expansion of NACA research effort and noted thatincreased recognition abroad of the value and of the vital necessity of
aeronautical research has led to recent tremendous expansion in research
programs and to multiplication of research facilities by other progressive
nations. Thus has the foundation been laid for a serious challenge to
America's present leadership in the technical development of aircraft.
This warning, if noticed at all by Congress, produced no startling results.
1
NACA 22d Annual Report 1936, p. 3. What Dr. Lewis learned about German aviation
was shortly confirmed by Dr. Clark B. Millikan, Maj. Lester Gardner, and other Americans who
attended the first formal meeting of the new German society for aeronautical research
(Lilienthal·Gesellschaft filr Luftfahrt-forschung) in Berlin on Oct. 12-15, 1936. For an account
of this meeting and visits of Americans to German aviation centers, see the Journal of the Aero
nautical Sciences, vol. 4, no. I, Nov. 1936, pp. 19-27.
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AGGRESSION RAMPANT

The world at this time was quite uneasy. Militancy was rampant and
definitely in the ascendancy. Japan had invaded Manchuria in 1931; and in
1935 Italy had invaded Ethiopia, bombing Ethiopian cities from the air.
That same year Germany openly admitted that it had built an air force in
direct defiance of the Versailles Treaty. In March 1936 Hitler seized the
Rhineland without resistance, and a little later the Spanish civil war was
providing tests of new German, Italian, and Russian weapons. Then in 1937
Japan seized Peiping and bombed Chinese cities from the air. The military
potentialities of the airplane were becoming all too evident. Hitler had rec
ognized these potentialities from the first and, very soon after acquiring con
trol of Germany, had given the "go ahead" signal for both aeronautical re
search and airplane construction. 2
George Lewis saw some of the results of Hitler's actions in 1936; Ger
many's neighbors soon felt the results. Hitler made a bloodless conquest of
Austria in March 1938 and later in the summer applied pressure on Czecho
slovakia. In September at Munich, in a futile attempt at appeasement, the
European nations sacrificed Czechoslovakia to his rapacious appetite. Hit
ler's hunger for power seemed insatiable and the peace of the world was in
serious doubt. At this stage, NACA's research effort, as a logical first step in
expanding the Nation's military airpower, took on an air of real urgency.
VVESTOVER RE~ORT

In 1938 NACA had formed a Special Committee on the Relations of
NACA to National Defense in Time of VVar, under the chairmanship of one
of its members, Major General Oscar VVestover, Chief of Air Corps. 3 The
actions of the Special Committee were reported by General VVestover at a
meeting of the main Committee on August 19, 1938. Among other things,
General VVestover suggested that the Committee plan an additional re
search center somewhere in the interior of the country or on the VVest Coast
to relieve the "congested bottleneck" at Langley Field. He asked that his
Special Committee be authorized to make a study of long-range planning for
such a research center. 4
The "congested bottleneck" to which General VVestover referred was
2
As stated in NACA memorandum, "Some Major Considerations Underlying the Extension
of Research Facilities at Langley Field and the Establishment of a Second Major Research Sta
tion for NACA at Sunnyvale, California," distributed to newspapers and magazines on Mar.
10, 1939.
• Mentioned in NACA 25th Annual Report 1939, p 38. Committee members, other than
Westover, were Dr. W. R. Gregg, Chief of the U.S. Weather Bureau, and Rear Adm. Arthur
B. Cook, USN.
•rbid.
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the lack of space at Langley for any further expansion of NACA's activities
and the shortage of available electric power in that area to satisfy the de
mands of NACA's new high-speed wind tunnels. The Army Air Corps
rather flatly told NACA that it could not spare any more space at Langley;
and NACA, to gain only a small amount of badly needed land, was planning
to go to the expense of building a seawall on its Back River border and fill
ing in behind the wall. 5 This expedient had limited possibilities for future
expansion.
The power shortage, moreover, appeared nearly as critical as the land
shortage. Up to that time, NACA in designing new equipment had been
limited to the use of 8000 horsepower at one time. To get even this amount
of power, at off-peak rates, operation had to be limited largely to the period
from midnight to 6 a.m. 6 The local power company, the Virginia Public
Service Corp., had no links which tied Langley Field in with major power
sources in Norfolk, Richmond, or elsewhere. A temporary expedient under
taken by NACA was the construction of a 10,000-horsepower diesel-powered
generating plant at Langley, but this action apparently aroused the opposi
tion of Senator Carter Glass of Virginia. The ultimate hope was that a tie-in
with other power sources could be effected. The Virginia Public Service
Corp. had no objection to such a tie-in but wanted the U.S. Government to
pay for it. In any case, the bottleneck referred to by General Westover
seemed very real. 7
SPECIAL CoMMITTEE oN FuTURE REsEARCH FACILITIEs

Soon after the Committee's meeting on August 19, 1938, General West
over was killed in an airplane crash, and the membership of the Special
Committee was further diminished by the death of Dr. Willis Ray Gregg.
At its meeting in October, NACA decided to discharge the existing Special
Committee and form a new Special Committee on Future Research Facil
ities to study the new research center proposed earlier by General Westover.
The new Special Committee appointed by Dr. Ames was made up of Rear
Admiral Arthur B. Cook, Chief of the Navy Bureau of Aeronautics (Chair
man); Major General Henry H. Arnold, Chief of the Army Air Corps;
The Honorable Edward ]. Noble, Chairman of the newly formed Civil
Aeronautics Authority; Dr. Edward P. Warner; and Dr. George W. Lewis. 8
The Special Committee on Future Research Facilities wasted no time
in carrying out its mission and was able to make its report to Dr. Ames on
• Space and power problems stated in "Memorandum for Rear Admiral Cook, USN, Chair
man Special Committee on Future Research Facilities," from J. F. Victory, Secretary NACA,
Nov. 4, 1938.
'Ibid.
'Ibid.
• NACA 25th Annual Report 1939, p. 38.
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December 30, 1938. It seemed clear that considerable staff work had been
accomplished ahead of time by Dr. Lewis and Mr. Victory.
The Special Committee made three strong recommendations:
(1) The establishment of a second major aeronautical research sta
tion by NACA on the present Army field known as Sunnyvale,
California, the necessary land to be set aside for the Committee's
use by the Secretary of War.
Estimated cost _________________________ $11,000,000
(2) The construction of certain additional research facilities (in
cluding a new power line) at the Committee's present single re
search station at Langley Field, Virginia, and the immediate
expansion of the research staff to meet present needs and to pro
vide a nucleus of trained research workers for the Sunnyvale sta
tion.
Estimated cost -------------------------- $2,440,000
(3) A plan for the more effective coordination of applied aeronauti
cal research in industry and for the stimulation of research in
educational institutions. 9
Estimated cost ----------------------------- $52,000
What was being proposed by the Special Committee was an expansion
of NACA facilities to the tune of about 120 percent. Beyond that, the con
cept of multiple NACA research centers was one that would certainly give
pause to economy-minded legislators. People wary of proliferating Govern
ment agencies might feel that little NACA was getting too big for its
britches. But the Special Committee provided some solid supporting evi
dence for its recommendation. It pointed out thatAeronautics is more vital to national defense than ever before. Present
plans of the Army and Navy contemplate a material expansion in aircraft
procurement and in the development of air strength. To be of maximum
value for military purposes, aircraft must have the highest attainable per
formance. In the light of world events, and particularly in the light of em
phasis that is being placed on the development of aircraft in foreign coun
tries, it is. of the greatest importance that the United States excel or at
least equal other nations in the technical development of aircraft. The
United States has led in the technical development of both military and
commercial aircraft during the past decade. This has been made possible
largely by reason of the sound organization and effective prosecution of
scientific laboratory research under the cognizance of NACA.

The Special Committee also noted thatIn the last four or five years, Germany has multiplied its aeronautical re
• Mentioned in NACA 25th Annual Report 1939, p. 38. Report with several appendices
transmitted with letter to Dr. Joseph S. Ames from Special Committee on Future Research
Facilities, Dec. 30, 1938.
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search activities at least tenfold. It is known that whereas the United
States has one major research center at Langley Field, Germany has five
research centers, one of which [at Adlershof] has four times the staff of the
NACA laboratories at Langley Field.
The Special Committee spoke of Italy's new city of Guidonia, entirely
devoted to aeronautical research, and of Russia's Central Aero-Hydrody
namical Institute in Moscow, where 3500 employees were engaged in aero
nautical research and development. It also referred to progressive countries
which were extending their commercial and political influence abroad
through air trade routes and of the necessity for improving airplane design
to accomplish this purpose. The main burden of the Committee's argument,
however, concerned the tremendous emphasis being placed by Germany on
the development of air power supported by a concentration of much of its
scientific resources on aeronautical research. "To meet this scientific chal
lenge," the Committee said, "the United States must more than redouble its
efforts and the NACA should be authorized to establish without delay a sec
ond research center and to proceed immediately with the construction of
the most advanced wind tunnels and other aeronautical research equip
ment."
These recommendations presented a sobering picture and one which,
combined with the truculent attitude of Hitler, flashed an imperative warn
ing. But two of the men on the Special· Committee were from the military
services, and might this be just another case of overzealousness on the part
of professional soldiers in preparing for dubious military threats? Was this
new research station really needed, or was it a bit of empire building?
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HERE was no question that NACA took the report of its Special
Committee seriously. It was immediately approved and, despite year
end holidays, was passed on within 10 days to the President and the Bureau
of the Budget for executive action. In submitting the report to the President
and the Bureau of the Budget, NACA made one addition to the recom
mendations of the Special Committee: $500,000 was requested for special
research investigations in educational and scientific institutions on problems
supplementary to the research programs of the Government. The purpose
of this addition was to allow NACA to util-ize more fully the research
talent and facilities existing in universities and other scientific institutions.
Dr. Ames closed his letter of transmittal to the President with the para
graph, "In view of the gravity of the world situation and of the vital
relation of scientific research to the military effectiveness of aircraft, the Na
tional Advisory Committee for Aeronautics is unanimous in strongly recom
mending the earliest possible execution of the program." 1
President Roosevelt and his Bureau of the Budget acted on the recom
mendation with commendable speed and, on February 3, 1939, transmitted
the request. to the Congress for incorporation in the second deficiency bill.
The only significant change which the Bureau of the Budget made in
NACA's request was to reduce the amount specified for the new research
center from $11 to $10 million. 2
HousE CoMMITTEE TURNDOWN
In March, the second deficiency bill came up for consideration by a
House Appropriations Subcommittee headed by Congressman Clifton A.
Woodrum of Virginia, who had generally acted favorably on NACA requests
to expand Langley facilities. His actions on this occasion were consistent.
1

Letter, Dr. Joseph S. Ames, Chairman NACA, to President Franklin D. Roosevelt, Jan.
10, 1939.
• NACA 25th Annual Report 1939, p. 38.
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His subcommittee approved the funds requested for Langley and also the
funds required to provide more effective coordination of aeronautical re
search in industry and the universities. But the funds requested for the new
research center at Sunnyvale, California, as well as the $500,000 for research
in educational and scientific institutions, were denied. Woodrum was re
ported, in the newspapers of the day, to have said that pending further study
the Government's present facilities at Langley Field ought to be sufficient.
The House action was a severe blow to those who felt the Nation's
safety was at stake. Of course it was also a blow to Californians who wanted
the proposed research center established in their locality. On March 23, the
day after the House subcommittee had acted, General Arnold and Admiral
Cook jointly addressed a letter to Dr. Ames urging him to take immediate
steps to have the deleted item of the Sunnyvale center reinstated in the sec
ond deficiency bill by the Senate. They pointed out that
(1) The Army and Navy are dependent upon NACA for fundamen
tal scientific data which make possible the improved perform
ance of aircraft.
(2) The Army and Navy will spend about $225 million for aircraft
for the coming year alone and such aircraft would not be worth
all they cost unless our aircraft are at least equal in performance
to the best produced abroad. America does not want second-best
aircraft.
(3) It is absolutely impossible to expand adequately at Langley
Field as the Army cannot provide more room without impairing
the military efficiency of its own operations.
(4) A second major research station is necessary·and, to be of maxi
mum value to the Army and Navy, should be on the West Coast
-near the aircraft factories.
(5) The Sunnyvale research project is emergency in character and of
vital importance to the success of our whole program of strength
ening the air defense of the United States. 3
But Dr. Ames was not well. He was 75 years old and illness of one kind
or another had sapped his strength. Yet from his sickbed he penned an elo
quent letter to Congressman Woodrum on May 23 asking for reconsidera
tion of the Sunnyvale station. He not only transmitted a copy of the letter
prepared by Admiral Cook and General Arnold but also reviewed in gen
eral and in detail the urgent need for the new research facility. In the
course of his letter he brought in a personal note:
For nearly twenty years I have been appearing before the Appropri

- -Letter,
- -Rear

Adm. Arthur B. Cook USN, Chief Bm:eau of Aeronautics, and Maj. Gen.
Henry H. Arnold USA, Chief of Air Corps, to Dr. Joseph S. Ames, Chairman NACA, Mar. 23,
1939.
3
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ations Committee. I have supported what at times appeared to be bold
plans for development of research facilities in the United States. I have
never supported a padded or extravagant estimate. I have never supported
a project that Congress refused to approve. . . .
Now, through impairment of my health, I am nearing the end of my
active career. I have served as a member of the National Advisory Com
mittee for Aeronautics for nearly twenty-five years without compensation .
. . . My compensation has been the tremendous satisfaction that has come
to me from the realization that the work of the National Advisory Com
mittee for Aeronautics has been successful over a long period of years, ena
bling American manufacturers and designers to develop aircraft, military
and commercial, superior in performance, efficiency, and safety to those
produced by other nations. Now I regret to say the picture has changed. I
still, however, have faith in our ability, with your support and the support
of Congress, to regain for America the leadership in scientific knowledge
which will enable our designers and manufacturers again to produce supe
rior aircraft. 4
Woodrum could hardly have helped being moved by Dr. Ames' touch
ing and persuasive letter but if he was he concealed his emotions very well.
His reply, though not unkind, was brief, perfunctory, and noncommittal. 5
SENATE COMMI'ITEE TURNDOWN

Dr. Vannevar Bush, then a member of NACA, was acting in behalf of
the ailing Dr. Ames when he sought and, in early April, was granted a hear
ing by the Senate Appropriations Subcommittee. He was accompanied to the
Senate chambers by John Victory and others. The purpose of their mission
-to seek a restoration of the Sunnyvale item in the second deficiency bill
was known in advance to the Senate subcommittee. The senators were gener
ally unsympathetic toward the mission of the NACA representatives and
were, it appeared to Victory, prepared to freeze out Dr. Bush by any means
at their command, including sheer bluff and rudeness. Dr. Bush asked for
five minutes to present his case, but the subcommittee members, by their
interruptions, interjections, and diversions,· denied him this privilege. Dr.
Bush was not the man to accept this kind of treatment from anyone, even
senators. According to Victory, he beat on the table and forcefully asserted
his claim to speak. And to this show of spirit the senators yielded, but Dr.
Bush's remarks were to no avail; the subcommittee had obviously made up
its mind ahead of time. 6
• Letter, Dr. Joseph S. Ames, Chairman NACA, to the Honorable Clifton A. Woodrum,
Chairman House Appropriations Subcommittee, May 23, 1939.
• Letter, Woodrum to Ames, Mar. 29, 1939. Contained three sentences, two of which dealt
with the subject matter of Ames' four-page letter.
• Victory's impressions appear to be supported by congressional records-U.S. Congress,
Senate, Subcommittee of the Committee on Appropriations, Second Deficiency Appropriation
Bill for 1939, Hearings on H.R. 5219, 76th Cong., 1st sess., Wednesday, Apr. 5, 1939, pp.
75-94. Of the 10 members of the subcommittee present, seven were from the East.
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Things looked black indeed at this point, and some in NACA were
about ready to give up the struggle, but not John Victory. No tyro in
Washington politics, Victory thought he knew a way to get the Sunnyvale
project back into the deficiency bill. John Victory was a born fighter
thoroughly devoted to NACA, and he had an armorplate that was never
dented by the arrows of misfortune. In looking out for the welfare of NACA
and its staff, he never took "no" for an answer, never was cowed by pomp or
power, and never let false modesty prevent him from accomplishing his
mission. He fought with a no-holds-barred vigor that sometimes embarrassed
his colleagues, particularly Dr. Lewis who, though a more sensitive
individual, was equally effective in his own, but different, way. A formidable
opponent, John Victory was a good man to have on one's side.
SENATE APPROVAL

Victory knew that, despite the inaction of the Senate Appropriations
Subcommittee, it was possible to get the Sunnyvale project reintroduced into
the deficiency bill at the time the bill was brought up before the whole Sen
ate. All it took was to get one of his senatorial friends who sympathized with
NACA's needs (and there were many such, including Senator Hiram John
son of California) to bring the matter up for a vote at the proper time.
Once the· matter had been properly presented to the whole Senate, Victory
felt sure it would be approved. Unlike the House and Senate Appropria
tions Committees, which were loaded with easterners and dominated by Vir
ginians, the Senate as a whole represented all the States and thus might be
expected to exercise a more detached judgment in the matter.
Victory was right. He prevailed on a friendly senator to introduce the
subject and on April 14 the Senate restored the Sunnyvale research center to
the Deficiency Bill, appropriating $4 million to get the laboratory started.
JOINT COMMITTEE TURNDOWN

Although hope was thus restored, Victory knew that N ACA was a long
way from winning its case, for when the House and Senate disagree on an
appropriations item, the matter is referred for settlement of differences to a
joint appropriations committee of the House and Senate. Thus the Sunny
vale station matter would be reconsidered by the same people who had
turned it down in the first place. But since the whole Senate had approved
it, would the senators on the joint committee turn it down again? Perhaps
they would not. This was the slim hope to which John Victory and others in
NACA clung. The hope was in vain: the joint committee, meeting on April
26, struck the item from the bill. The Second Deficiency Bill as passed pro
vided $2,140,000 for an expansion of Langley, but nothing for the new
Sunnyvale laboratory.
14
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The need for the new center had been very well established. Whence,
then, came the opposition? Virginia's Congressman Clifton Woodrum and
Senator Carter Glass, chairmen, respectively, of the House Appropriations
Subcommittee and the main Senate Appropriations Committee, apparently
felt that it would diminish the importance and restrict the growth of the
NACA laboratory at Langley Field, Va. Evidence also existed of an east-west
factionalism of a more general character. 7 There was a feeling that some
Eastern congressmen and senators were not happy about having NACA,
born and raised, so to speak, in the East, extend its operations to the West
Coast. And there was also a rather solid impression in some NACA circles
that at least one eastern aircraft manufacturer had prevailed upon his con
gressman to block this measure which would give aid to his competitors on
the West Coast. The western aircraft industry had grown rather rapidly and
at this time accounted for something like 60 percent of the airplane-manu
facturing business. This fact, of course, was an important reason for build
ing the Sunnyvale station. In view of the actions of Congress, NACA was
now painfully aware that it had made a strategic error in the presentation of
its request for the new station. The error lay in specifying the location of
the station in the original proposal, a bit of political naivete for which John
Victory accepted the blame.
THE NEED GROWS

While Congress was busy appropriating funds for new airplanes and
denying funds for an expansion of aeronautical research, the world situation
was growing worse. In April, Italy seized Albania and in May, Germany and
Italy formed an alliance-their famous Axis. The results of Germany's
aeronautical research efforts were also appearing. Germany established two
world speed records in April with its new Messerschmitt and Heinkel
airplanes. And in June the growing importance of commercial aviation was
emphasized by Pan American's inauguration of transatlantic passenger
service. Transpacific service had been established even earlier (1936).
Early in 1939 Dr. George Lewis was honored by being elected president
of the Institute of the Aeronautical Sciences and a little later was extended
the further honor of being asked to deliver the Wilbur Wright Lecture be
fore the Royal Aeronautical Society in London. He sailed for Europe on
May 17 and, after delivering the lecture on May 25, spent several weeks
visiting aeronautical research and development institutions in England,
France, and Germany. In Germany, he visited Berlin (Adlershof), Goettin
gen, and the Heinkel plant in Oranienburg.
• Senate Hearings (see footnote 6). Senator McCarran of Nevada, the only member of
the Senate subcommittee who seemed to favor the west coast laboratory, implied that the
eastern senators were guilty of "sectionalism:" (geographic factionalism).
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What Lewis saw during his European visit confirmed the impression
he had gained in 1936 about the buildup of German aeronautical research
and production facilities. He was much impressed by what he saw and was
also surprised by the supreme confidence of the Germans in the strength
and destiny of the Third Reich. Although Lewis represented a country
which Germany recognized as a strong potential enemy, the Germans ap
peared perfectly willing, if not eager, to show him their latest aeronautical
developments, particularly their new aeronautical research facilities. Far
from concealing anything, they seemed to gloat over their accomplishments
in a manner of complete self-assurance, although possibly with the intent of
discouraging U.S. intervention in Germany's aggressive activities. Dr. Lewis
had opportunities to ask several of the German scientists with whom he had
developed some acquaintance what they thought about the prospects of war.
The answer he got, also very frank, was that war would come "before the
snow flies this fall." 8
Returning on the airship Hindenburg from his European trip, Lewis
carried a grave message to his Government. Would they heed it? The justi
fication for a major expansion of the country's aeronautical research was
clearly growing, and many people in this country were not prepared to
allow the needed expansion to be crippled or killed by narrow factionalism.
When the joint House-Senate conference committee deleted the Sunnyvale
station from the Second Deficiency Bill, a great hue and cry arose. Some of
the cries were of course those of Californians, particularly Senator Hiram
Johnson and Congressman Jack Anderson; but criticism of the congressional
action also came from eastern sources. The New York Times had earlier edi
torialized about the gravity of the mistake the Congress would make if it
did not restore the funds for Sunnyvale, and other eastern newspapers spoke
in favor of the station. The Army and the Navy were, of course, backing it to
the hilt, as was the Civil Aeronautics Authority. Another strong proponent
who spoke far and wide in favor of the Sunnyvale station was Colonel
Charles A. Lindbergh, an important national figure and, at that time, a
member of NACA. He also, during a trip to Europe, had been dazzled by
German aeronautical developments. How long could Congress resist these
pressures?

• G. W. Lewis: "Report on Trip to Germany and Russia September-October 1936." The
statements about German supreme confidence and war predictions represent recollections by
R. G. Robinson and J. F. Victory of what Lewis told them on his return from Germany.
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HE growing weight of evidence in favor of the Sunnyvale station be
gan to have some effect. On June 22, 1939, Congressman Woodrum
agreed to a rehearing of the case-a rehearing which Dr. Ames had re
quested a month earlier, shortly after Congress had struck the measure from
the Second Deficiency Bill. The NACA, which met on June 23, was con
siderably heartened by this small sign of yielding by Woodrum and im
mediately authorized Acting Chairman Vannevar Bush to appoint a Special
Survey Committee on Aeronautical Research Facilitiesto examine into the aeronautical research facilities now available in the
country and their best interrelationship, and to prepare a comprehensive
plan for the future extension of such facilities with especial attention to
facilities of the NACA and the universities, including the training of nec
essary research personnel.
From the actions of the Committee at the June 23 meeting, it was clear
that NACA's concepts regarding the expansion of the Nation's aeronautical
research had broadened considerably and now went well beyond the addi
tion of a single new station at Sunnyvale. Also, certain members of the Com
mittee had felt for some time that the research talent and facilities in uni
versities should be utilized more effectively in the Nation's aeronautical
research effort.
LINDBERGH COMMITTEE

Acting Chairman Bush immediately implemented the authorization
given to him and appointed a Special Survey Committee headed by Lind
bergh and including General H. H. Arnold, Admiral ]. H. Towers, and
Robert H. Hinckley (Chairman of CAA). 1 The Special Survey Committee
shortly began a tour of universities and aeronautical research laboratories in
pursuit of its mission.
• Letter, Dr. Vannevar Bush, Chairman Executive Committee NACA, to Col. Charles A.
Lindbergh, Air Corps, June 30, 1939.
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The granting by Woodrum of one more opportunity for NACA to pre
sent its case relative to the proposed Sunnyvale station was not taken lightly.
With Drs. Ames and Bush either sick or unavailable, NACA decided that
Dr. Charles Abbot, Vice Chairman of the NACA Executive Committee, as
sisted by Colonel Lindbergh and Dr. Lewis, should make the crucial presen
tation. Lindbergh was well known and anything he said received wide press
coverage. Besides, he was completely sold on the urgent need for the new
station. Dr. Lewis had, of course, just returned from his second trip to Eu
rope with convincing evidence concerning the German threat. In addition
to these active participants, John Victory and Edward Chamberlin of Lew
is's staff were in the hearing room, and within the congressional halls there
were sympathetic congressmen and senators at work as well as lobbyists of
one kind or another including Gen. W. E. Gilmore (Ret.), former member
of NACA, who according to a press report, was sent to Washington by the
San Francisco Chronicle. The stage was thus set for a showdown battle.
The hearing began on July 10. The House Appropriations Subcommit
tee, then reviewing items in the third deficiency bill for the year, was in an
economy mood even blacker than usual. NACA was asking for $10 million
for the new Sunnyvale center, $4 million to be immediately available and $6
million in contract authorizations. NACA had also requested additional
funds for Langley, as well as $250,000 to support research in universities.
All three NACA representatives at the hearing made very strong state
ments as to the need for the Sunnyvale station, and Lindbergh's statement
was felt by Lewis to be particularly effective. Lindbergh spoke forcefully not
only in behalf of the new station but also in support of NACA's request for
funds with which to sponsor research work in scientific and educational in
stitutions. The matter of NACA-university relations was indeed one in
which Lindbergh had taken a very personal interest for the past few years.
THE STRATEGY AND THE VICTORY

The attitude of the Woodrum subcommittee toward the proposed new
station was not readily apparent at the time of the meeting, and only when
the Third Deficiency Bill was reported out of the House Appropriations
Subcommittee would NACA or the general public know the fate of Sunny
vale. But John Victory sensed that the Woodrum subcommittee had reacted
less favorably than expected to the arguments of Lindbergh, Lewis, and Ab
bot. He thought that NACA's selection of California for the station might
still be a major obstacle in Woodrum's mind and that a favorable psychologi
cal effect might be produced in the subcommittee if it could be provided
with some means for justifying a new vote in favor of a measure which the
subcommittee had recently turned down very flatly. Perhaps the desired end
could be achieved if the site were not specified in the bill but were left open
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for later selection. This step would also please Congressman Louis Ludlow,
high-ranking subcommittee member from Indiana, whose overwhelming de
sire was to have the new station placed in Indianapolis.
Of course a concession of the kind conceived by Victory was of some
what dubious significance in view of NACA's stated site preference, and it
would invite all kinds of political pressure and importuning from Chambers
of Commerce and other city and state groups who wished to garner this
plum. But the main thing was to get approval for the station; the site-selec
tion issue could be dealt with later. Acting on this analysis, Victory slipped
a note to Woodrum suggesting that the Sunnyvale site specification be de
leted from the proposal and that the location of the new station be left for
later decision by NACA.
The hearings ended and now came the anxious wait until the bill was
reported out of committee. The answer came early in August when the
third deficiency bill emerged from the Appropriations Subcommittee and
was quickly passed by the House. The bill which the House had passed in
cluded an item of $10 million for a new research station. Of this amount,
$1,890,000 was to be made available immediately and the remainder was a
commitment to the later payment of contracts. A major change had been
made in the wording of the bill. The site specification "Sunnyvale" had
been replaced by the statement that the site for the new research station
would be selected by the members of NACA within 30 days after passage of
the bill. The urgent need for the new station was thus recognized and the
time allowed for a reevaluation of the site-selection matter was happily
limited to 30 days.
The bill also included $1 million for expansion of Langley Field facili
ties as well as an item of $109,020 for Langley to train men for the new sta
tion. Unhappily; the $250,000 that NACA had requested for the support of
research in universities and other scientific institutions was deleted. Nev
ertheless NACA had been more fortunate than some other agencies; of the
$215 million total requested in the Third Deficiency Bill, only $53 million
had been appropriated.
The House action broke the logjam that had for so long held up action
on the new station. The bill was passed by the Senate on August 4 and, after
further consideration by Congress, it was enacted into law on August 9,
1939. 2 In less than a month, Hitler would launch his ferocious attack on
Poland and World \Var II would begin. Although many in this country
thought that the United States could remain aloof from the impending con
flict, the need for strengthening our defenses and our preparedness was no
longer questioned. The approval given for the new NACA station was
heartening evidence that our congressmen had risen worthily, if somewhat
tardily, to the occasion.
• NACA 25th Annual Report 1939, p. I.
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SITE SELECTION

The site for the new NACA station was to be selected within 30 days of
the passage of the bill. Within a very few days of that event, NACA had re
ceived applications from a number of different communities which wanted
the station. In all, more than 50 sites were recommended: among them were
such places as Buffalo, New York; Dismal Swamp, Virginia; Indianapolis,
Indiana; Menunketesuck Point, Connecticut; Chicago, Illinois; Fort Worth,
Texas; Spokane, Washington; and, within California, Los Angeles, San
Diego, Sacramento, and Sunnyvale.
Dr. Ames turned over the site-selection matter to the Lindbergh com
mittee, but that committee was quite thoroughly occupied with its primary
mission and was forced to leave the burden of the site-selection analysis to
the NACA staff. Since the 30-day limitation did not allow time for hearings
of applicants, as desired by Congressman Ludlow, the decision had to rest
largely on specifications and qualifications which the applying communities
had submitted in writing. Some additional evidence was available, however,
from site inspections made by NACA members and staff.
NACA's original selection of Sunnyvale the year before had not, of
course, been made by any simple arbitrary process. It was the result of a
careful, objective study carried out in the absence of political pressures3 •
Moreover, it took advantage of an exhaustive survey by the Navy in 1930 of
104 sites considered for the location of a rigid-airship base. The require
ments for the airship base had much in common with those for the NACA
station and it is not surprising that the site selected by the Navy for its base
had also turned out to be the best choice for the N ACA station.
Among the more important site criteria established by NACA for its
new station were the following:
1. The station should if possible be on an Army or a Navy Base.
2. The site should have, or allow for, the construction of a flying
field of about one mile square and should not be in an area of
high air-traffic density. Moderate temperature and good flying
weather through most of the year were desirable.
3. Adequate quantities (50,000 kva) of electric power should be
available on site at reasonable rates.
4. The site should be readily accessible to the aircraft industry on
the "\Vest Coast. NACA wanted to be near the big western aircraft

-----

• The report of the Special Committee on Future Research Facilities, relative to site selec
tion, was transmitted in a letter dated Dec. 21, 1938, to the special committee chairman, Rear
Adm. Arthur B. Cook, from two of its members-General Arnold and Dr. Lewis. This report
indicated that Sunnyvale had been selected from a group of runner-up sites which included
Mather Field, near Sacramento; March Field, near Los Angeles; the Ordnance Depot at Ogden,
Utah; and Lowry Field, Denver. The second choice, Ogden, was felt to be less vulnerable to
air attack than the first choice, Sunnyvale, but poorer because of climate and distance from
the aircraft industry.
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companies but not so near that it would be under pressure from
industry to divert its attention from basic research to routine test
work.
5. The site should be near an industrial center capable of providing
labor, supplies, communications and transportation facilities, and
other logistic support.
6. The site should be in an area providing attractive living condi
tions, schools, etc., and, if possible, should be near a university of
recognized standing.•
Sunnyvale satisfied these conditions very nicely and when, back in 1938,
John Victory proposed Sunnyvale as the site for the new NACA station, the
military grasped the idea with alacrity. Dr. Lewis, it should be mentioned,
neither then nor later made any attempt to influence site selection. At the
time that Victory made his proposal, the Sunnyvale base was under the
Army. General Hap Arnold said to John, "You can have the whole damn
Sunnyvale base!" John said he didn't want it all-just 50 acres or so. Ar
nold replied, "Oh! You want the Army to mow the grass for you!" Later,
when the threat of war had grown darker, General Arnold was probably
glad that NACA had not taken seriously the offer he had made in jest.
Although NACA had earlier selected Sunnyvale as the site for its pro
posed new station, it nevertheless made a fair review of the many sites that
were suggested both prior to and following the passage of the Third Defi
ciency Bill. It is not surprising, however, that the answer came out the same:
Sunnyvale. A West Coast location had obviously been favored. In addition
to Sunnyvale, such sites as San Diego, Los Angeles, Santa Ana, and Sacra
mento had received very serious consideration. The staff work on site selec
tion was presented at a meeting of the Committee on September 22. Dr.
Ames was too ill to attend but, before the meeting was over, the assembled
members, with little argument, agreed that Sunnyvale was to be the site for
the new NACA station. An official announcement of the selection was made
at 11 a.m. that day. 5
DR. AMES RETIRES

With his health failing, Dr. Ames could no longer fulfill his duties as a
member of NACA. He submitted his resignation on October 7. 6 It was a
time of sorrow for the memhers of N ACA because he was loved and re
spected by them all. A charter member of NACA appointed by President
Wilson, he had worked with great zeal and effectiveness, and without pay,
for 25 years. For more than 20 years, Dr. Ames had served either as Chair
man of NACA or as Chairman of its Executive Committee. He was a man of
• Report of Special Committee on Future Research Facilities, Dec. 30, 1938. app. D.
• NACA memo for the press, Sept. 22. 1939, II a.m.
• Letter, Dr. Joseph S. Ames to President Roosevelt, Oct. 7, 1939.
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the highest integrity, moral fortitude, and ability. On retirement, Dr. Ames
received attestations of respect and appreciation from many people, includ
ing President Roosevelt7 and the members of the Committee.
Dr. Vannevar Bush was chosen to succeed Dr. Ames as Chairman of
NACA8 •
ENGINE RESEARCH LABORATORY

At a meeting of NACA on October 19, the Special Committee on
Aeronautical Research Facilities (Lindbergh committee) reported on the
results of its mission activities. Its principal finding was "that there is a seri
ous lack of engine research facilities in the United States, and that it is of
the utmost importance for the development of aviation in general, and for
our defense program in particular, to take immediate steps to remedy this
deficiency. " 9
The weakness in NACA's research program pointed out by the Lind
bergh committee had been recognized even earlier and the main Committee
(NACA) was unanimous in feeling that prompt action should be taken. Ac
cordingly, Dr. Bush immediately appointed a Special Committee on New
Engine Research Facilities headed by Dr. George J. Mead. 10 This commit
tee, which was instructed to make recommendations as to the scope of the
proposed new engine research laboratory, submitted its report to NACA on
February 7, 1940. The report recommended, among other things, that the
new engine research laboratory be built in a place readily accessible to the
manufacturers of aircraft engines. Congress was asked for funds for the new
engine laboratory and with little ado they were authorized on June 26.
1940. Cleveland was later selected as the site.
The selling job in the case of the engine laboratory was relatively easy.
No specific site had been mentioned when the proposal was made to Con
gress; and, in any case, it was obvious that the new laboratory would have to
be in the East since the engine companies were located there. More impor
tantly the developing war situation in Europe spoke convincingly of the
need for the proposed engine research laboratory.
For 25 years Langley had been NACA's only laboratory and then, in
the course of a year, two more were authorized. A great surge of effort by
NACA would be required to get the new laboratories underway. Both had
been needed for years and, with war clouds building up, their construction
was pursued with all speed. Another sign of the times was that the Army
changed its mind about giving NACA more space at Langley Field; thus a
further increase in the Committee's capabilities through an expansion of the
Langley laboratory was made possible.
• Letter, President Roosevelt to Dr. Ames, Oct. 10, 1939.
• By action of NACA at its meeting on Oct. 19, 1939.
• NACA 25th Annual Report 1939, p. 2.
lJ) NACA 25th Annual Report 1939, p. 3.

22

••.•...•.....•..........•.................................................................•.......................•.....
The Beginnings of a Laboratory

MOFFETT FIELD

scene now shifts from Washington, D.C., to California. What,
T HE
and exactly where, was this Sunnyvale site over which there has been
so much argument? In 1939 it was an Army air training base located on
a thousand acres of boggy land at the foot of San Francisco Bay, six miles
from the university (Stanford) town of Palo Alto and about 38 miles from
the city of San Francisco. A few miles away was the town of Sunnyvale
after which it was originally named.
The Sunnyvale site had in June 1933 been named Moffett Field in hon
or of Rear Adm. William A. Moffett who had much to do with its establish
ment and who, on April4, 1933, was killed when the giant dirigible Akron
which he was commanding crashed into a stormy Atlantic Ocean off the New
Jersey coast. At that time, the rigid airship was thought to hold much prom
ise for both commercial and military usage and the United States had built
three-the Shenandoah, the Akron and the Macon. The Shenandoah in
1925 was destroyed by violent air currents encountered over Ohio. For the
operation of the Akron and the Macon, a West Coast base was required; and
thus it was that, in 1930-1931, after an extensive survey conducted by Admi
ral Moffett and his staff, the site which was named Sunnyvale was selected. 1
Actually, the new base might more appropriately have been named after the
nearest town, Mountain View, but "Sunnyvale" presented a more pleasing
image for an airfield and seemed less likely to elicit critical questions about
site selection. One result of the naming was that, since mail to the new base
was routed through Mountain View, incoming letters bore the awkward ad
dress, "U.S. Naval Air Station, Sunnyvale, Mountain View, California."
Like the dinosaurs of old, the rigid airships of the 1930's met with
rather sudden extinction. America's rigid-airship program came to a halt
when, on February 12, 1935, the Macon then based at Sunnyvale, crashed
into the Pacific Ocean off Point Sur. But hopes for the gas-filled behemoths
1

1

1

See U.S. Navy publication: Moffett Field, 1933-1958 Silver Anniversary.
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of the sky were kept alive by the successful transatlantic operations of the
German airship Hindenburg under the command of the veteran airship
pilot Hugo Eckener. These hopes went up in flames, however, when on May
6, 1937, the Hindenburg burned at the landing dock at Lakehurst, New
Jersey.
The Navy's need for the Sunnyvale base largely disappeared with the
crash of the Macon. The huge Sunnyvale hangar, 198 feet high, 1133 feet
long, and covering about eight acres, now seemingly useless, remained a
landmark mocking honest men for plans gone awry. Thus the Navy was not
unhappy when an opportunity arose to trade Sunnyvale to the Army for a
number of assets, among which, reportedly, was the Army's North Island
base in San Diego Harbor. The transfer officially took place on October 25,
1935, and Sunnyvale became a U.S. Army air training base. 2 The Army's
'Ibid.
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little training planes, housed in a hangar so huge that the weather was ru
mored to be different at the two ends, looked like ants in an empty sugar
barrel. This was the situation when the first NACA contingents appeared at
the base.
At the time of NACA's arrival at Moffett Field in 1939, the command
ing officer was Lieutenant Colonel George L. Usher; he, however, was
shortly replaced by Lieutenant Colonel Robert E. M. Goolrick, USA. The
land originally assigned to NACA by the Army was a parcel of about 62
acres located at the western border of Moffett Field, to which NACA added
about 39 acres purchased from private owners at a cost of approximately
$20,000. The Army's land contribution was not a gift to NACA. Rather,
NACA was merely allowed to use the land for the construction and opera
tion of a research laboratory. a
SITE PROBLEMS

While the use of Moffett Field was generally advantageous to NACA,
the site nevertheless introduced a number of specific technical problems.
The plot of land assigned to NACA was of a rather odd, boot shape, offering
difficulties in the layout of roads and facilities. Another problem was the
question of earthquake hazard: the great San Andreas Fault lay in the range
of mountains only a few miles to the west. To withstand the twitches of
earth along this famous rift line, all buildings would have to be designed to
resist a lateral acceleration of about 0.2 g. A third problem concerned the
stability of the land itself. In past years, so much water had been pumped
from the ground to irrigate the orchards of the Santa Clara Valley that the
surface of a large region near Moffett Field was known to have settled sev
eral feet. To prevent further lowering of the subsurface water table, and
further land subsidence, percolating reservoirs had been built in the foothills
surrounding the valley, but at the time NACA arrived at Moffett Field,
there was some question as to whether subsidence had actually ceased.
There was little that N ACA engineers could do about this matter except
cross their fingers and hope that Moffett Field, already low, would not sink
beneath the waves of San Francisco Bay.
INITIAL STAFFING

It was generally understood that the staff of the Committee's new labo
ratory would be built around a nucleus of experienced men from Langley.
There was little surprise therefore when, even before the site for the new
laboratory had been officially announced, Dr. Lewis asked John F. Parsons
• Minutes of the NACA Executive Committee meeting of Feb. 7, 1940, indicate that the
Assistant Secretary of War issued, on Dec. 7, 1939, a permit to NACA for the construction of
research facilities at Moffett Field (Sunnyvale) .
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of the Langley staff to take charge of construction. At that time the head of
the laboratory had not been named, but Smith J. DeFrance had for nearly a
year been carrying out missions associated with the project and appeared a
logical choice for the position. It was not until July 25, 1940, however, that
DeFrance was formally appointed Engineer-in-Charge.~
Smitty DeFrance was an old timer at Langley and his experience in avi
ation was of still earlier origin. Born in Michigan in 1896, DeFrance was
attending the University of Michigan when World War I erupted. He there
upon left the university to serve with the Air Service in Europe as a
pursuit pilot and as flight commander of the 139th Aero Squadron. He
served with a distinction that won him the Silver Star Medal. At war's end,
Smitty resumed his studies at the university and in 1922 was awarded a de
gree in aeronautical engineering.
DeFrance had joined the staff of NACA's Langley laboratory in 1922
and since then had been responsible for the design and construction of most
of that laboratory's major research facilities. Although DeFrance had no of
ficial flying responsibilities at Langley, he was involved while there in a
flying accident that cost him an eye and nearly his life. At the time of his
appointment to the Moffett Field post, DeFrance held the position of Assist
ant Chief of Aerodynamics and was in charge of Langley's four largest wind
tunnels, including the 30- by 60-foot tunnel, the largest of its kind. He also
headed a group which was engaged in the design of new research facilities
required both for the expansion at Langley and for the new Moffett Field
laboratory.
Jack Parsons had come to Langley in 1931 from Stanford University
where, after his graduation in 1930, he had served for a year as technical
assistant to Dr. William F. Durand in the editing of the major six-volume
work Aerodynamic Theory, of which Durand was Editor-in-Chief. At Lang
ley, Parsons had worked closely with DeFrance, had been a project engi
neer in the 30- by 60-foot tunnel for a number of years, and since July 1936
had been engaged in the design, construction, and operation of a new 19
{oot pressurized tunnel, one of the most complex and costly wind tunnels
that NACA had yet constructed. At the new Moffett Field laboratory, Par
sons would be in charge of planning, designing, contracting, and construc
tion.
At this stage, late in 1939, Russell G. (Russ) Robinson entered the pic
ture at Moffett Field. Robinson had come directly to Langley after graduat
ing from Stanford in 1930. He had subsequently been assigned the leading
role in the design and operation of Langley's highly advanced, 8-foot,
600+-mph wind tunnel. In 1939 Robinson was chosen as one of the key
• The appointment was officially documented by a letter (travel authorization TAL-21)
dated July 25, 1940, which transferred DeFrance from Langley to Ames. The letter was signed
by John F. Victory, Secretary.
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Russell Robinson (right) su
pervising the first excavation
for Ames laboratory Dec. 20,
1939.

members of the new NACA coordination activity initiated by the actions of
the NACA Special Subcommittee on Future Research Facilities. In Decem
ber 1939, he was sent to California to carry out two missions. One was to
establish a California-based coordination activity to handle NACA liaison
with the western aircraft industry and universities. His second mission was
to serve as the on-site representative of the construction group, which was
still at Langley, and to initiate the erection of an inexpensive wooden build
ing which would serve as a construction shack and temporary office building
for the new laboratory. Both missions were accomplished very successfully.
On December 20, 1939, a photograph was taken of Robinson, witnessing
the first minor, but historic, excavation for the first NACA structure at Mof
fett Field. The site he had chosen for the building, central to the construc
tion area, was squarely in the middle of Colonel Usher's baseball diamond.
DeFrance remained at Langley for a while to carry on with the facility
design work; but, to get construction underway, it was necessary for Parsons
to get out to Moffett Field as soon as possible. Thus it was that, on January
29, 1940, he and. Ferril R. Nickle, also of Langley, arrived on the scene at
Moffett Field. They were the first permanent members of the laboratory's
staff to arrive on site. Other early arrivals from Langley were: Carlton Bio
letti, March 1; Arthur B. Freeman, March 2; Edward R. Sharp, March 11;
Manie G. Poole, March 11; H. Julian Allen, April 13; George E. Bulifant,
April 17; Howard W. Kirschbaum, April 29; John P. Houston, April 29;
Edward W. Betts, May 21; and James A. White, June 3.
Sharp came out from Langley as Administrative Officer but, with the
arrival of DeFrance on August 20, he returned to the East to work on the
construction of NACA's new engine research laboratory, of which he later
became Director. Following Sharp's departure, Arthur Freeman became
Acting Administrative Officer under DeFrance.
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john F. Parsons (left) and Ferril R.
Nickle (right), first members of Ames
staff, standing in front of construction
shack ]an. 29, 1940.

A'mes staff on August 30, 1940, standing in front of new flight research building.
From left to right: First row: M. U. Nettle, M. A . Willey, M. H. Davies, M. W.
St. John, S. ]. DeFrance, E. R. Sharp, M . G. Poole, V. Burgess, R. A. Pipkin.
Second row: A. B. Freeman, T. W. O'Briant, L. T. Videll, C. F. Wilson, R. M.
Foster, M. C. Massa, M . ]. Hood, C. Bioletti, C.· W. Frick, W. G. Vincenti, H. W.
Kirschbaum, L. A. Rodert, E. C. Braig, C. Gerbo. Third row: R. E. Browning,
D. H. Wood, R. Hughes, G. Bulifant, ]. V. Kelley, H. ]. Allen, ]. P. Houston,
K. S. Burchard, M. A. Greene. Fourth row: A. G. Buck, E. W. Betts, R. E. Braig,
H. ]. Goett, ]. F. Parsons, H. S. Dunlap, L. E. Minden, F. ]. Clarke, Fifth row:
W. 0. Peterson, W. Walker, C. H. Harvey,]. C. Delaney, T. W. Macomber, A. L.
Blocker, N. K. Delany, A. S. Hertzog, F. R. Nickle, P. T. Prizler, R . R . Benn,
E. H. A. Schnitker.
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Augmenting the group of early arrivals from Langley were people re
cruited from other sources, some fresh from school. Among these were John
Delaney, Noel Delany, Andre Buck, Alvin Hertzog, Mark Greene, Walter
Peterson, Charles Harvey, Walter Vincenti, Charles Frick, Helen Davies,
and Marie St. John. By the end of August the laboratory staff had grown to
about 50.
THE NAMING

Within the inner councils of NACA, the question of a name for the
Committee's new laboratory at Moffett Field had come up for discussion. In
January and February, Dr. Edward Warner had proposed the name of
"Ames" to his fellow Committee members. 5 There was a very good response
to this suggestion, but the names of Wright and Curtiss were also intro
duced as alternate possibilities.
The general practice of waiting until a man was dead before so honor
ing him was noted during the discussion, but there had been exceptions,
and most members agreed that it was eminently fitting and just that a man
who made such a major contribution both to NACA and to the Moffett
Field laboratory as had Dr. Ames deserved to be given the honor while he
lived. After further discussion, unanimous agreement was reached on nam
ing the laboratory after Dr. Ames. It was further decided that the announce
ment of the naming should be made on the occasion of a reunion luncheon
of present and former members of NACA to commemorate the 25th anni
versary of their first meeting. The event took place in Washington on April
18, 1940.
Dr. Ames was too ill to attend the luncheon, but a special delegation
headed by Dr. Warner and including Dr. Lewis and John Victory had ear
lier been sent to Dr. Ames' residence in Baltimore to apprise him of the
Committee's action. The special delegation spoke feelingly to Dr. Ames of
their gratitude for his contributions to NACA, and to aviation, and deliv
ered a letter which they had prepared saying that, with the approval of the
President of the United States, the NACA had decided to name its new lab
oratory,.at Moffett Field the "Ames Aeronautical Laboratory."
The letter went on to say:
The National Advisory Committee for Aeronautics, in recognition of the
contributions to progress that have come from its research laboratories at
Langley Field, Virginia, is proud thus to honor its distinguished past
Chairman, whose great vision, initiative, leadership, and sound profes
sional judgment, over a period of twenty-four years of patriotic and de
voted service to his country, have so largely laid the foundations for the
science of aeronautics and developed a research organization that has
• Letter, Edward Warner to Dr. Vannevar Bush, with attachments, Feb. 8, 1940, NACA
Executive Committee approved the name at a meeting held on Mar. 12, 1940.
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earned the confidence and respect of the people of the United States and
the entire aeronautical world. 6
The honor was most fitting and well deserved. It was announced to the
public as planned on April 18, 1940. 7 The Ames Aeronautical Laboratory
must now strive to live up to its name. The signature on Dr. Ames' letter of
thanks was quavery. It was well that the naming of the Laboratory had not
been further delayed.
The layout of the Ames Aeronautical Laboratory provided an opportu
nity to pay respect to other men who had made important contributions as
members of NACA. Thus the street names of the Laboratory have included
an Arnold Avenue, a Bush Circle, a King Road, a Durand Road, a Warner
Road, and, later, a Wolcott Road.

• Letter, Special Committee on Notification (E. P. Warner, Chairman, Charles Abbot,
Lyman Briggs, G. W. Lewis, and J. F. Victory) to Dr. Joseph S. Ames, Apr. 17, 1940.
1 NACA press release, Apr. 18, 1940: "New Sunnyvale Laboratory Named for Former NACA
Chairman."
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FACILITY SELECTION

experience was, of course, the dominant influence affecting
L ANGLEY
the selection of facilities for the Ames Aeronautical Laboratory. The
principal function of the Laboratory would be research in the field of
aerodynamics, and high-speed aerodynamics. would be emphasized. Dr.
Lewis requested that space along the western boundary fence be reserved
for a seaplane towing basin in case it was later decided that Ames should
have such a facility.
One of the high-priority items on the Ames facility list was a 16-foot
wind tunnel that would develop airspeeds of 500 mph or more. This facility
was needed to deal with the design problems of high-speed airplanes then
being developed for the Army and the Navy. A couple of workhorse 7- by
10-foot tunnels would be needed, of course, and even these should be fairly
fast, perhaps 250 to 300 mph. Then, with Smitty DeFrance doing the plan
ning, it was not surprising that a gigantic 40- by 80-foot so-called "full scale"
tunnel appeared on the list. In this facility, full-scale airplanes could be
tested with engines running.
The 16-foot and the 7- by 10-foot tunnels were needed first; the 40- by
80-foot tunnel, because of the time required to design and build such a huge
facility, must come a little later. Delayed also must be the 12-foot low-tur
bulence pressure tunnel then under consideration, and a supersonic tunnel
of some type yet to be determined. All of these tunnels except the 7-by-lO's
represented an extrapolation considerably beyond existing experience and
thus constituted a very real challenge to designers.
Flight research had from the first been a basic element of NACA's ac
tivity. One of the duties of NACA as stated in its founding act was to "su
pervise and direct the scientific study of the problems of flight with a view
to their practical solution . . ." and NACA had always felt an obligation to
prove, in actual flight, the practicality of ideas and devices developed in its
wind tunnels. Thus, flight research was an important part of the original
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plans for Ames; indeed, it was given top priority in the facilities-construc
tion program since Ames desigriers believed it could be started earlier than
wind-tunnel research. Construction of the flight research building began late
in February 1940; and this unit, the first permanent structure at Ames, was
completed early in August.
A technical services building, to house essential machine-shop and
model-shop activities, was the second unit to get under way. This building
was started in April and completed in October. Construction work on the
16-foot tunnel and the first 7- by 10-foot tunnel began in May; and on the
second 7- by 10-foot tunnel, in July. The first test piles for the 40- by SO-foot
tunnel were also driven in July. A contract for a utilities building was let in
September 1940.
Instrument work required at the Laboratory was first carried out in the
flight research building. Later, in July 1941, a contract was let for a science
building to house a much-expanded instrument-development activity.
Of the buildings originally planned for the Ames Laboratory, the last
to be put under construction was the administration building. It was felt
that an administration building would at first be more of a convenience
than a necessity and thus priority was given to research facilities. Adminis
trative activities were housed in the construction shack for a while but were
transferred to the flight research building when it was completed in August.
The administration building itself was not completed until October 1943,
and the associated auditorium and cafeteria were not ready for use until
January 1944.
INITIAL ORGANIZATION

During the first year of Ames history, the organizational arrangements
at the Laboratory were rather informal. Staff was being acquired and almost
everyone was busy with some phase of facilities design and construction.
There was no research. This troubled DeFrance somewhat as he was afraid
his research men, then occupied with mundane construction matters, might
lose touch with the current state and subtle arts of aeronautical research. To
counter any tendencies of this kind, he organized evening seminars in which
research reports from Langley were reviewed.
In 1941, as research work at the Laboratory became imminent, De
France began to organize his staff along research functional lines. Following
the Langley pattern, he took steps to build a research group around each of
the major facilities. One exception to this plan was a Theoretical Aerody
namics Section which dealt mostly with basic theory and thus did not re
quire much experimental equipment. Of course even in the experimental
groups, theory would be used in planning experimental programs and in an
alyzing results, but most of the new knowledge gained by these groups
would be in the form of experimental data.
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The major elements of the organization which DeFrance had estab
lished by mid-1941 were as follows:
EngineeY-in-Charge -------------------------
Construction Division -----------------
Research Division ---------------------16-Foot Tunnel Section _____________
7- by 10-Foot Tunnel Section ________
Theoretical Aerodynamics Section ___
Flight Research
Administrative Division _________________

Clerical and Files Section ____________
Personnel Section -----------------
Procurement Section ------~--------Stockroom Section _________________
Technical Shops Division ______________ _
Machine Shop --------------------
Erection Shop --------------------Aircraft Maintenance _______________
Technical Service Groups
Electrical Section -----------------Photographic Section _______________
Instrument Section _________________
Drafting Section -------------------

Smith J. DeFrance
John F. Parsons, Chief
Donald H. Wood, Chief
Manley J. Hood, Head
Harry J. Goett, Head
H. Julian Allen, Head
Arthur B. Freeman, Acting
Administrative Officer
Manie G. Poole, Head
Walter 0. Peterson, Head
Eugene C. Braig, Head
Frank J. Clarke, Head
Edward W. Betts, Chief
Harry Downs, Head
George E. Bulifant, Head
Raymond E. Braig, Head
James A. White, Head
Howard W. Kirschbaum, Head
James V. Kelley, Head
Edward H. A. Schnitker, Head

At this stage, the flight research staff consisted mainly of two pilots, W.
H. McAvoy and L.A. Clousing; one research engineer, L.A. Rodert; and a
very small Aircraft Maintenance Section which, headed by R. E. Braig, was
a part of the Technical Shops Division. This group operated effectively as a
team but was not formally organized for research until July 1942, when
three sections were established as follows:
Flight Operations Section _______________
Flight Engineering Section ______________
Flight Research Section _________________

William H. McAvoy, Head
Lewis A. Rodert, Head
Lawrence A. Clousing, Head

The Aircraft Maintenance Section remained, as before, under Ray Braig.
FIRST RESEARCH

Ideas for NACA research projects literally came from anyone who cared
to offer them. All ideas were considered but the most fruitful generally
came from staff members of the NACA laboratories, from military or other
Government agencies, from universities, or from the aeronautical industry.
Another important source of ideas was a system of technical committees and
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subcommittees which reviewed all of NACA's research work and advised
NACA management regarding the appropriateness and priority of pro
posed research projects. 1
The technical committees and subcommittees, each dealing with a spe
cial area of aeronautical research, were appointed by NACA and included
representatives from all the aeronautical interests earlier mentioned. These
groups advised NACA on research and performed the vital additional func
tion of coordinating the aeronautical research not only of the NACA labora
tories but of the Nation. Their coordination came not through coercion
they were only. advisory-but through information. If there was any dupli
cation of research effort, it was deliberate and purposeful for, through the
NACA technical committee system, the directly interested agencies of the
Nation were kept informed of what was being done in Government and
university laboratories.
The executive function of NACA's research operation rested in the
Headquarters Office of the Director of Aeronautical Research. This office
had for years been occupied by Dr. George W. Lewis. It was Dr. Lewis and
his staff, acting with the approval of the NACA Executive Committee, who
made the final decisions as to which of the carefully considered research proj
ects would be undertaken by NACA and by which laboratory. The individ
ual laboratories were given much freedom in carrying out the research au
thorizations assigned to them by Headquarters; nevertheless their work was
subject to some monitoring and coordination by Headquarters, and they
were generally expected to make regular progress reports to the technical
committees.
The first research authorization was assigned to the Ames Aeronautical
Laboratory in 1941. This authorization, Research Authorization No.. A-1,
1
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In 1941 the NACA technical committee system consisted of the following:
Committee on Aerodynamics
Subcommittee on Seaplanes
Subcommittee on Propellers for Aircraft
Subcommittee on Rotating-Wing Aircraft
Subcommittee on Meteorological Problems
Special Subcommittee on Lightning Hazards to Aircraft
Special Subcommittee on Deicing Problems
Committee on Power Plants for Aircraft
Subcommittee on Fuels and Lubricants
Special Subcommittee on Supercharger Compressors
Special Subcommittee on Exhaust Gas Turbines and Intercoolers
Special Subcommittee on Induction-System Deicing
Committee on Aircraft Materials
Subcommittee on Metals Used in Aircraft
Subcommittee on Miscellaneous Materials and Accessories
Special Subcommittee on Metals for Turbo-Supercharger Wheels and Buckets
Special Subcommittee on Welding Problems
Committee on Aircraft Structures
Special Committee on Jet Propulsion
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covered a study of means for protecting airplanes from the hazards of icing. 2
The deicing work at Ames was actually a carryover from Langley and was
undertaken by the Flight Research group nearly a year before the authoriza
tion was formalized. Out of this work came Ames' first research report (ref.
A-1) dated April 1941 and entitled "Preliminary Report on Flight Tests of
an Airplane Having Exhaust-Heated Wing~." by Lewis A. Rodert, William
H. McAvoy, and Lawrence A. Clausing. Many more reports on the subject
of ice protection were written; the work encompassed by these reports is de
scribed in chapter 9.
The first wind tunnel to operate at Ames was the 7-by-10 No. I. It was
near midnight on March 13, 1941, when power was first released through
the drive motors of the tunnel and the fan began to turn. Nothing untoward
happened. Smitty DeFrance and Andre (Jeff) Buck stood behind the con
trol panel as the test engineer brought the tunnel up to speed. "What is that
red button for?" Smitty asked Jeff. "Why, that's the emergency stop button,"
Jeff replied. "It cuts the power off in one fell swoop when you push it." He,
had no more than completed his explanation when Smitty reached over and
pushed the button. Jeff and the other engineers present stood by with
mouths agape as the wheels of their new baby ground to a halt. Smitty's act,
though impulsive, was not irresponsible or careless. He felt that emergency
equipment of this kind had a very important function and that its perform
ance should be checked out before an emergency occurred. Coming out of
their shocked surprise, the engineers began to appreciate Smitty's motives
and were pleased that their new tunnel had passed the test so well.
Although the first run was made in March, it was not until August 29
that the first research program, on Consolidated's new XB-32 bomber, got
under way. The intervening period was spent in tunnel calibration tests and
in overcoming a long-period flow oscillation arising from some minor fault
of the original design. The first wind-tunnel test report published by Ames,
a report which covered the XB-32 tests in the 7-by-10 No. 1, was authored
by Roy P. Jackson and George L. Smith, Jr. 3
Calibration tests of the 7-by-10 No. 2 got under way in July 1941 and
benefited from the experience gained in the No. 1 tunnel. Thus No. 2 was
able to begin its first research program on August 20-a few days earlier than
No. 1. This program involved tests of a model of the North American
XB-28 bomber.
The 16-foot tunnel made its first run, a pitot-head calibration, on Au
• Research Authorization No. A-I, "Investigation of Ice Prevention and Elimination on
Airplanes," was conveyed in a letter from G. \V. Lewis to the Ames Aeronautical Laboratory,
Aug. 7, 1941.
• Restricted Memorandum Report for Army entitled "Wind-Tunnel Investigation of
Sealed-Gap Ailerons on XB-32 Airplane Rectangular Wing Model Equipped with Full-Span
Flaps Consisting of an Inboard Fowler Flap and an Outboard Retractable Balanced Split
Flap," by Roy P. J.~ckson and George L. Smith,' Jr. Dec. 13, 1941.
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gust 22, 1941. That was the earliest of a series of shakedown and calibration
tests that lasted until March 1942. The 16-foot tunnel was a very advanced
and complex facility; its shakedown period was thus considerably longer
than that of the more commonplace 7-by-IO's. The period was further pro
longed by airflow disturbances arising from interference between the fan
blades and the large motor-support struts. Never before had a wind-tunnel
fan been required to absorb so much power, and the support struts were un
able efficiently to remove the airstream swirl produced by the fan. The struts
had to be reshaped.
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Disruptions of War

WAR CoMEs
FROM the beginning, work on the new Ames Aeronautical Laboratory
had been pushed with an uneasy sense of urgency. On December 7,
1941, the fears that had beset the Nation burst forth in the clear and shock
ing reality of bloody war. This momentous event confirmed the wisdom
of NACA's struggle to secure the new Laboratory and justified the speed
with which its construction had been pursued.
The onset of war also changed rather completely the plan of operation.
All plans for conducting basic research had now to be laid aside and every
effort bent on solving short-range airplane-development problems, for it was
in this way Ames could contribute the most toward winning the war. Secu
rity at the Laboratory and in all Moffett Field operations was greatly tight
ened and the Army agreed, at NACA's request, to provide protection for the
Ames Laboratory. The danger of direct invasion of the U.S. mainland by
the Japanese was considered. A possible enemy plan for such an invasion, it
was thought, would be a landing at Monterey Bay with a march up the
peninsula to San Francisco. Moffett Field lay adjacent to this route. 1
DISTRIBUTION OF RESEARCH INFORMATION

In the past most of NACA's work had been unclassified and freely pub
lished in the form of Technical Reports, Technical Notes, and Technical
Memorandums. Technical Reports were used for major work of lasting
value, and Technical Notes for research work of somewhat lesser conse
quence or for work the value of which might be expected to diminish with
time. Technical Memorandums, on the other hand, were generally reserved
for translations of foreign technical articles. All of these documents, espe
cially the Reports, were carefully prepared compositions on which editing
effort was lavished.
1

According to recollection of DeFrance.
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With the beginning of war the NACA introduced several new catego
ries of classified reports which, owing to simplified format and editing
shortcuts, were expected to speed the transmission of research data from labo
ratory to user. These categories were: Preliminary Data Report, Advance
Confidential Report, Advance Restricted Report, Confidential Bulletin,
Restricted Bulletin, Secret Memorandum Report, Confidential Memoran
dum Report, and Restricted Memorandum Report. All were commonly des
ignated by their initials together with a number-letter code, for example:
ACR4B30.
The transmission of data from Laboratory to user (aircraft company)
was greatly speeded by the use of some of these reporting forms, particularly
the Preliminary Data Report. Documents of this kind were hastily produced
and consisted largely of raw and unedited data. But the company whose
model was being tested at Ames did not have to wait even for the Prelimi
nary Data Report. Generally the company's representative would be in
attendance at the Laboratory during the tests and would telephone any criti
cally important results to his home office. Reportedly on one occasion a com
pany's new airplane was sitting on the ramp at the factory with engines
warmed up for its first flight awaiting only word from Ames regarding the
proper setting for a control surface.
MILITARY LIAISON AND INDUSTRY RELATIONS

Throughout its history, NACA had diligently served the aeronautical
research interests of the military services and, in 1939, the Army had indeed
found it advantageous to establish a liaison office at Langley. This office
proved useful and, in 1941, as the first research got under way at Ames, the
Army decided it should have a liaison office at the new Laboratory. 2 The
ophile DePort, a civilian aeronautical engineer employed at the Army Air
Corps Materiel Division, Wright Field, was sent to Ames in September 1941
to establish the office. 2 This he did and remained until replaced in I 942 by
Carl Tusch, also a civilian Army engineer. With the beginning of the war,
the Army liaison office at Ames took on new importance, and in October
1942 Captain William A. Bennett, Jr., was placed in charge. Captain Ben
nett was the first of a series of military officers to hold this post, all sup
ported by the able and amiable Carl Tusch.
Among the wartime functions of the liaison office was the coordination
of research programs being conducted by Ames for Army contractors. This
function included the difficult task of trying to achieve the most effective
balance between the urgent testing needs of the aircraft companies and the
limited test facilities existing at Ames and elsewhere. Many a company, im
• Letter, NACA (Dr. G. W. Lewis) to AAL (Ames), Sept. 10, 1941, advising of intention
of Air Corps to establish a Liaison Office at Ames.

38

DISRUPTIONS

OF WAR

pressed with the importance of its own project, requested more time in
NACA tunnels than could be justified .by any fair consideration of the
Army's total commitment. The Ames management did what it could to
limit test programs to the bare essentials, but the Army's liaison office was in
a much better position to deal with its own contractors in these matters.
Sometimes the competition for time in Ames tunnels was between a Navy
contractor and an Army contractor. Adjudication of such conflicts was han
dled by representatives of an interservice Aeronautical Board. The Navy's
representative, Captain Walter S. Diehl, a highly perceptive and agreeable
chap, worked so effectively with his Army counterpart that throughout the
war no serious interservice conflict over Ames tunnel usage ever arose.
There was always the touchy matter of proprietary interests to deal
with, and the Ames staff had to be careful not to reveal the details of, say, a
new Lockheed airplane to one of Lockheed's competitors such as Douglas.
But the Nation was at war, and sometimes the solution to a design problem
revealed in tests of one company's airplane was essential to the success of a
military airplane being built by another company. The most urgent of these
problems were usually solved, often through the action of the Army liaison
office or Captain Diehl.
Although, during the war, there were numerous opportunities for the
development of trouble in the relations between NACA and the western air
craft companies, such relations were actually improved during that period.
The management of western companies had originally thought of NACA as
an "eastern" organization which, though faithfully serving the interests of
the Government, and perhaps industry in the East, was not very responsive
to the specific needs of western industry. Expressions of antipathy toward
NACA by western aircraft people were modestly restrained except in a few
cases such as those of Clarence (Kelly) Johnson of Lockheed and Mac Lad
don and Harry Sutton of Consolidated. 3 These individuals appeared fairly
hostile toward N A CA. The atmosphere changed, however, soon after the es
tablishment of Ames. DeFrance visited the aircraft companies, listened to
their problems, and assured them that Ames was prepared to cooperate with
them in a full and friendly fashion. Such cooperation, he made clear, would
be within the scope of the Laboratory's broad responsibilities and would not
be servile in character. At Lockheed, Smitty closeted himself with Kelly for
a "frank discussion" from which both emerged smiling. As a result of this
moment of understanding, the two men developed a mutual respect and a
lasting friendship.
The sincerity with which DeFrance promised his cooperation and the
fullness with which he honored those promises did much to improve indus
try's relations with NACA in general and with Ames in particular. NACA
industry relations were further improved by NACA's coordination activity,
• The author's personal observations made through direct contact with the cited individuals.
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begun in 1940 by Russ Robinson, and even more by NACA's decision to
include industry representatives on its technical committees. In 1939 the air
frame and engine manufacturers had only two representatives on NACA
technical committees,4 but by 1944 the number had risen to 49. A major
change of policy was taking place: no longer would NACA listen only to the
counsel of sister Government agencies.
MoFFETT FIELD REvERTS TO NAVY

Soon after the war began, the Navy found it desirable to use nonrigid
airships (blimps) for patrolling our western shores in search of enemy sub
marines and mines. Quite a number of blimps were acquired for this pur
pose and the problem of finding hangar space, and a suitable operating base,
for them arose. The answer was pretty simple. The Navy had to have its
Moffett Field base back from the Army. The big airship hangar was still
there and was only poorly utilized in housing Army airplanes. With Army
agreement, the Navy reacquired the base and recommissioned it as an air sta
tion on Aprill5, l94V
Shortly after the Navy took over, two additional blimp hangars, only a
little smaller than the original airship hangar, were built on the other side
of the runway and large helium storage, handling, and purifying facilities
were also installed. Now the blimps could be handled as well as the spherical
balloons used for training blimp crews. But the Moffett Naval Air Station
had a long runway and other capabilities beyond those required for the
blimp operations. The Navy therefore used the station for both lighter-than
air and heavier-than-air activities; by the end of the war it had become a
major overhaul base for Navy airplanes.
The tenor of Ames relations with the Navy was as amicable as it had
been with the Army. The Navy granted NACA a use permit for the space
occupied by its research facilities and all the other relationships between
Ames and the military continued much as before. 6
ORGANIZING FOR RESEARCH

As the Ames staff expanded and new facilities came into operation, cer
tain changes in the Laboratory research organization became necessary.
These changes were made in May 1943. The Ames research activities which
heretofore had all come under the Research Division, headed by Don
Wood, were now divided, as follows, into two divisions:
• L. S. Hobbs (Pratt & Whitney Aircraft Co.) and Arthur Nutt (Wright Aeronautical
Corp.).
• U.S. Navy publication: Moffett Field 1933-1958 Silver Anniversary.
• Revocable Permit NOy (R) -45929 dated Apr. 11, 1945. Executed by direction of SecNav
Apr. 6, 1945, and accepted by NACA Apr. 11, 1945.
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From left to right: ]ames V. Kelley} john P. Houston} and Donald H . Wood .

Theoretical and Applied Research Division __ _
16-Foot Tunnel Section _________ __ _____ _
7- by 10-Foot Tunnel Section _____ ______ _
Theoretical Aerodynamics Section _______ _
12-Foot Tunnel Section ______________ __ _
Supersonic Wind Tunnel Section _______ _
Full-Scale and Flight Research Division _______
Flight Operations Section _________ _____ _
Flight Engineering Section _______ ______ _
Flight Research Section __ __ ____ ________ _
40- by 80-Foot Tunnel Section ____ ______ _

Donald H . Wood, Chief
Manley J . Hood, Head
Harry J. Goett, Head
H. Julian Allen, Head
Vacant
Vacant
John F. Parsons,• Chief
William H . McAvoy, Head
Lewis A. Rodert, Head
Lawrence A. Clousing, Head
Vacant

• Also Chief of Construction Division.

At the same time that these changes were being made, Art Freeman,
who had been Acting Administrative Officer since E . R . Sharp left in 1940,
was appointed Administrative Officer. Early in 1944 the Ames organization
was further defined by the addition of a Service Division organized as fol
lows:
Service Division ----------- ----------------- James A. White, Chief
Electrical Section ---------------------- Andre G. Buck, Head
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Instrument Section --------------------- James V. Kelley, Head
Instrument Development Section _________ Howard W. Kirschbaum, Head
Photographic Section ------------------- Fred H. Swartz, Head
Drafting Section ----------------------- Edward H. A. Schnitker, Head
MANPOWER PROBLEMS: THE ARMY-NAVY-NACA PLAN

As the war progressed, a desperate manpower shortage arose not only at
Ames but throughout NACA. It arose primarily from the fact that NACA
employees and prospective candidates for employment by NACA were being
drafted into the military services. These draft actions appeared to be con
trary to the wishes of the military and to earlier agreements between NACA
and the military.
Shortly before Major General Oscar Westover's accidental death in Sep
tember 1938, he submitted a report to NACA as Chairman of the Special
Committee on the Relation of the NACA to National Defense in Time of
War. 7 This Westover report expressed the need for maintaining the
efficient functioning of the Committee's organization in time of war and rec
ommended a plan, to go into effect upon declaration of an emergency,
whereby the Committee's staff would be stabilized and increased if necessary
to meet the needs of the Army and the Navy. The Westover recommenda
tions were approved by N ACA and incorporated in the Mobilization Plan
of the Aeronautical Board-a top-level military board concerned with
aeronautical matters of joint interest to the Army and the Navy. 8
The Mobilization Plan, which in 1939 was approved by the Secretaries
of the War and Navy Departments as well as by the President, specified
among other things that, during any emergency dedared by the President,
the Committee's research laboratories should be placed at the service of the
Aeronautical Board and the Committee should execute the projects re
quested of it by the Aeronautical Board. It did not say, however, that
NACA's operations would be managed by the military. This point NACA
in its later relations with the military services sometimes felt the need to em
phasize. More important, however, the plan established a draft deferment
basis for essential members of the NACA staff. 9
During the early part of the war, draft deferments for essential NACA
personnel were achieved without much trouble and the aircraft companies,
moreover, allowed NACA to recruit from their engineering staffs such men
as they could not themselves withhold from the draft. As the war progressed,
1
Report of Special Committee on Relation of the National Advisory Committee for
nautics to National Defense in Time of War, submitted to Chairman NACA Aug. 19,
Report signed by 0. Westover (Chairman), A. B. Cook, and W. R. Gregg.
• Plan was transmitted to President Roosevelt with letter dated June 22, 1939,
Harry H. Woodring, Secretary of War, and William D. Leahy, Acting Secretary of the
It was approved by the President on June 29, 1939.
• Ibid.
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however, serious objections to NACA deferments began to appear in the
local draft boards, in the lower military echelons, and even in the office of
General Lewis B. Hershey, Director of Selective Service. Along in 1943 it
became evident that no further deferments would be granted NACA per
sonnel.10
The military, it may be noted, allowed NACA to recruit technically
trained men from the continuous flow of military personnel returning
through redistribution and rest centers from service abro~d and a considera
ble number of such men were employed. But most of these recruits were
technicians, few were engineers, and scarcely any had any experience in
aeronautical research. It was not a good trade for NACA to give the military
an experienced aeronautical research scientist and to receive in return a tool
maker or, possibly, a road-building civil engineer. The measure of the Labo
ratory's desperation in the personnel matter was indicated by Art Freeman's
instructions to departing recruiters: "If their body is warm, hire them."
Something more was clearly needed to obtain the highly qualified but
draft-eligible college graduates. In 1943 NACA referred the problem to the
military at the highest level and asked for a recommendation. Down came
the recommendation from the military to put all NACA personnel in uni
form-thus presumably putting NACA completely under the dominance of
the military. 11 NACA, with John Victory as spokesman, replied that the rec
ommended solution was not acceptable to NACA because it was against the
law to force men over a certain age into uniform and because it would de
stroy the independence of NACA that was needed for efficient operation. An
other solution was requested and this, when it was offered, was that irre
placeable draft-eligible men in NACA be inducted into the military or mili
tary reserve forces and reassigned to work in NACA laboratories under
NACA management. This plan, known as the Joint Army and Navy Plan of
I February 1944, was approved by all parties concerned and put into effect.
At both the Langley Laboratory and the Engine Research Laboratory in
Cleveland, draft-eligible men were inducted into the Air Corps Enlisted
Reserve. At Ames they were inducted into the Navy and put on active-duty
status. 12
Although the plan was rather late in being developed, it was, neverthe
less, very useful to NACA. Within the year following its approval, about
150 of the Ames staff were in the Navy. The plan as applied at Ames was
reasonably successful, but Navy regulations did impose certain odd require
ments on the individuals involved. The Navy, for example, insisted that all
Deduced by Ames from Selective Service Bulletin 169, dated Mar. 25, 1944.
According to the recollection of John F. Victory.
"Plan for the Use of Military Personnel in the Operation of Research Facilities of
NACA." Signed by Henry L. Stimson, Secretary of War; Frank Knox, Secretary of the Navy;
and Jerome C. Hunsaker, Chairman of NACA. Approved by the President [Roosevelt] on Feb.
10, 1944, and named "Joint Army Navy NACA Plan of I February 1944."
20

u

12
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members of the Ames contingent undergo the standard 6-week "boot camp"
training, and from the standpoint of NACA research this was largely lost
time. Also, after working a full day in the Ames laboratories, the men were
given regular assignments of Navy duty such as Shore Patrol. The commis
sioning of officers within the Ames contingent was also rather arbitrary and
gave no consideration to the man's duties and status within NACA. Of
lesser consequence, and somewhat amusing, was the requirement that the
Ames contingent abide by the Navy's precise scheduling of haircutting.
Thus an individual might be required to appear at the Navy barbershop on
Tuesday at exactly 3:42 p.m., regardless of any important activity he might
at the time be carrying out for NACA.
The Joint Army-Navy-NACA Plan did not, of course, solve all of Ames'
manpower problems. There were basic shortages in all categories, particu
larly nonprofessional ones composed of people who could not readily be
withheld from the draft. Also many of the people recruited were inexperi
enced and some were not well qualified for their jobs. Women were re
cruited to fill certain positions normally held by men and often proved to
be very efficient workers. Much in-house training was required, however,
and both daytime and evening classes were set up for this purpose.
These, then, were some of the war-induced conditions to which, as best
it could, the new Ames Aeronautical Laboratory had to adjust.

44

········································•···•·•··············•·····•·····•·•······•·····•·•····•·••·••·•·····•····••·•··
Facilities Design

HEN it came to experience and demonstrated ability in building
W aerodynamic
research facilities, NACA had no peer, and some of
NACA's most experienced designers and builders came to Moffett Field
to build and operate the facilities of the new Ames Aeronautical Labora
tory. True, they had a rather limited amount of money to work with, but
this was an old and familiar condition which merely whetted their in
genuity. One could scarcely have chosen a better man to build a new lab
oratory than Smith DeFrance. He and John Parsons worked together as an
extremely effective building team. But there were many others at Ames who
contributed greatly to the design of the new facilities, men such as Don
Wood, Carl Bioletti, H. ]. (Harvey) Allen, James White, Walter Vincenti,
Manley Hood, and J. S. W. (Sam) Davidsen. Indeed, in the first years of the
Ames history, the research men and everyone else turned to and helped
with the design of new facilities. Bioletti labored not only on the design
of facilities for Ames but also found time to assist in the design of an
altitude wind tunnel for the Engine Research Laboratory at Cleveland.
Even after research work at Ames had gotten well under way, certain re
search men were still dealing with the steel and concrete of which the
major structures of the Laboratory were composed. Surprisingly perhaps,
even the staff of the Theoretical Aerodynamics Section were so involved.
Hence, though it was intended as humor, there was plenty of truth in
Harvey Allen's greeting when he answered the telephone, "Theoretical
Concrete and Reinforced Aerodynamics Section!"
FIRST TUNNELS

The builders of the Ames Laboratory faced a real challenge as well as an
opportunity to demonstrate imaginative design. The main theme at Ames
was to be research in high-speed aerodynamics, yet the military had a need
for facilities that coulci. be built in a hurry to perform tests at conventional
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speeds of around 250 mph. 1 To satisfy the latter need, the two 7- by 10-foot
tunnels were built. The pair cost a little under a million dollars. These two
facilities involved no important extension of the design art. They were con
ventional closed-throat tunnels designed to operate at atmospheric pressure
and at speeds up to about 280 mph. They were designed to measure forces
and moments on relatively simple models that could easily and inexpen
sively be modified.
Of the wind tunnels originally planned for Ames, the 16-foot tunnel had
perhaps the highest priority. It had been assigned this precedence because it
was to have a higher speed than any other major wind tunnel in the NACA
and would provide aerodynamic data at the speeds at which future military
airplanes were expected to fly. There was an 8-foot-diameter, 600+-mph tun
nel at Langley; but the new tunnel at Ames was to operate at speeds up to
680 mph, about 0.9 of the speed of sound, and was to have four times the
cross-sectional area of the Langley tunnel. Its cost was nearly $2 million.
The huge 27,000-horsepower drive motors of the 16-foot tunnel would
generate so much heat that an air-exchange tower had to be provided. The
function of the tower was to replace the heated air in the tunnel gradually
with cool air from the outdoors. This was a device originated by NACA and
first used in the 8-foot high-speed tunnel at Langley.
The motors of the 16-foot tunnel also produced a deep rumble which in
the quiet of the night could be heard for miles and sounded like an ap
proaching fleet of bombers. This characteristic caused some trouble when
the tunnel was being calibrated during the early months of the war. The
military was pretty jumpy at that stage and when the tunnel began to oper
ate in the middle of the night, they were sure the Japanese were coming in
as they had at Pearl Harbor. In accord with air-raid plans, all major power
absorbing equipment was ordered shut down and this included the 16
foot tunnel. Happily, the enemy raid appeared to have been a false alarm.
The all-clear sounded and the tunnel innocently resumed its tests. But oh
those foxy Japsl There they came again and the tunnel was again shut
down. "All clear!" and the tunnel start button was pushed. Moments later
the sirens shrieked their warning of yet another attack. This was war in its
most exasperating form. After a few cycles of on-and-off operation, it began
to dawn on someone that there was a connection between the tunnel opera
tion and the suspected air raid. Disillusioned, the military called off their
air raid for the night and arrangements were made to avoid such confusion
in the future.
Another bit of excitement at Ames came one evening when a hydrogen
filled barrage balloon, used to protect certain installations in the upper Bay
region, broke loose from its moorings. Like a homing pigeon, it headed
1
This need was expressed to Dr. Lewis by Maj. A. J. Lyon of the Air Corps and recorded
in Lewis memorandums for the Chairman NACA, one dated Dec. 14, 1938.
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down the Bay straight for the 110,000-volt substation which Ames had built
to provide power for its new wind tunnels. The rendezvous was accom
plished with a brilliant flash that could be seen for miles. Confusion again
reigned. No one had seen the balloon approach and thus no one knew what
had happened. Was it sabotage? Jim White rushed out to find the substa
tion in what, in the twilight, appeared to be shreds. He had trouble in re
straining the military guards from crawling over the fence into the danger
area. When the scene was illuminated and calm restored, the substation was
found to be largely intact. The shreds were the remains of the balloon.
The power requirements of the Laboratory were growing quite rapidly,
and the Pacific Gas & Electric Co. was taking steps to meet the demand. The
40- by 80-foot tunnel required 36,000 horsepower to turn six motors driving
six fans all mounted in the same plane and all synchronized in their turn
ing. This power, great though it was, moved a lot of air and generated a
speed of only 225 mph. Far larger than any previously existing tunnel, the
40-by-80 was 180 feet tall, covered eight acres, and together with the huge
airship hangars became the eye-catching trademark of Moffett Field. Its cost
was just over $7 million.
The throat of the 40-by-80 was made of steel, of course, but the huge re
turn passages were constructed largely of corrugated asbestos-cement sheet
supported on the outside by a steel trusswork. Originally the tunnel plans
called for an air-exchange tower to remove the heat and exhaust gases of air
plane engines which would be run in the tunnel. But the air exchanger
would add a million dollars to the cost and this respectable increment, it
was felt, might better be spent on a much-wanted supersonic wind tunnel.
Further calculations showed that, because of the huge volume of air en
closed in the tunnel, the air leakage occurring at the purposefully unsealed
joints, and the large thermal capacity of the tunnel and its concrete base, the
air exchanger was not essential. If, after a considerable period of engine run
ning, the airstream became excessively contaminated and heated, the great
doors in the throat could be opened and the hot contaminated air pumped
out.
Don Wood and Harvey Allen did much of the design work on the 40-by
80. According to Harvey, they each started at the throat and worked in op
posite directions, hoping to meet in some consistent fashion on the opposite
side. And this they did. For the joining, Harvey designed a special section
which he was pleased to call his "Rumanian joint." To this fancy the others
smiled indulgently. Allen's first initial "H" stood for Harry, but the pseu
donym "Harvey," applied originally in fun, fell into such popular usage
that his real name was soon forgotten. His family, however, called him
Julian.
Although construction on the 40-by-80 had begun late in 1941, the task
was large and the tunnel was not completed and ready to operate until June
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Above: june 24, 1943, 40- by 80-foot tunnel under construction, Navy Patrol
blimp in background. Below: 40- by 80-foot tunnel completed, technical seroice
building, utilities building, and 16-foot tunnel adjacent.

Dr. William F. Durand.

1944. The completion, it was felt, provided an auspicious occasion for hold
ing a formal dedication of the Ames Aeronautical Laboratory. A number of
research facilities were in operation and these, together with the 40-by-80,
would make quite a show for the invited guests. The administration build
ing also had been completed, thus providing a suitable place for hanging a
picture of Dr. Ames. Unfortunately, Dr. Ames would not be present, for he
had died a year earlier.
The dedication was held on June 8, 1944. High-level representatives
from the aircraft industry, from local universities, and from civil and military
branches of the Government were present. The dedicatory address was given
by the beloved and respected Dr. William F. Durand of Stanford who, along
with Dr. Ames, was one of the original members of NACA. Dr. Durand,
though 85 years of age at the time of the dedication, had recently been reap
pointed to the NACA for the specific purpose of guiding the Committee's
work in the new field of jet propulsion.
As a fillip to the dedication ceremony, the group was taken on an inspec
tion tour of the 40-by-80 in which the new XSB2D-l dive bomber, pride
and joy of designers Ed Heinemann and Gene Root of the Douglas El Se
gundo plant, had been mounted. While the visitors peered through the win
dows of the test chamber, Dr. J. C. Hunsaker, Chairman of NACA, threw
the switch and the six fans, after kicking into synchronism, began to turn.
The sight was impressive. The largest wind tunnel in the world was in oper
ation.
Shortly before the Ames Aeronautical Laboratory was founded, Eastman
Jacobs, John Stack, Harvey Allen, Ira Abbott, and others at Langley had de
veloped a new class of airfoils having a less arbitrary and more scientific de
sign rationale than earlier airfoils. The new design theory concerned the
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boundary layer, the thin layer of air adjacent to the wing the velocity of
which has been retarded by skin friction. It had long been known that the
air as it passed over a wing would produce much less drag if the flow in the
boundary layer was smooth and laminar rather than turbulent; but unfor
tunately it was generally the case that the airflow over a wing quickly be
came turbulent, remaining laminar for only a short way along the airfoil
chord.
What the Langley men found out was that, if the airflow over the airfoil
could be kept in a continually accelerating state by properly shaping the
pressure distribution along the chord, the flow would remain laminar. The
desired pressure distribution could be achieved by carefully shaping the air
foil-choosing the proper thickness distribution along the chord. The
method of calculating the shape (thickness distribution) of an airfoil to
achieve the desired pressure distribution was tedious, but the results were
rewarding. The viscous drag of a wing might thereby be cut in half. Later
the new technique proved useful in designing wings for high-speed air
planes.
John Stack had put some test wings in one of the Langley high-speed air
jets and had used a schlieren apparatus to directly observe and photograph
any disturbances that might occur. These tests revealed that as the jet air
speed reached a certain value, vicious-looking shock waves would suddenly
appear in the flow over the wing. These shock waves, usually one or more
on each surface, would occur when the air velocity in the accelerated flow
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over the wing reached the speed of sound, and this point was reached when
the general airflow ahead of the wing was considerably less than the speed
of sound.
The airspeed at which these dramatic effects appeared was dubbed the
"critical speed" and there was a different critical speed for different config
urations. The shock waves sometimes remained fixed in position, but more
often danced back and forth causing violent disturbances in the airflow.
This phenomenon caused by the compressibility of the air represented a
very serious and discouraging problem with which designers of future high
speed airplanes would be faced. But it was found that the onset of the com
pressibility phenomenon and the violence of its disturbance could be re
duced by properly shaping the thickness distribution, and thus the pressure
distribution, of the airfoil. The Clark Y and other old types of airfoil having
maximum thickness well forward were very bad. New designs that were
thinner in front and attained their maximum thickness farther back were
much better. There was, indeed, a good deal of similarity between airfoils
designed for high speed and those designed to promote laminar flow.
By the time the Ames Laboratory came into being, the subject of airfoil
design, which once had seemed fairly well in hand, had opened up into a
promising new field of research. Of particular interest to the Ames staff was
the design of airfoils having high critical speeds and mild compressibility ef
fects, but a special facility was really needed for the experimental testing in
volved in such work. Of course the 16-foot tunnel was available, but it was
far too large and expensive to be used for that purpose. It would have to be
reserved for complete wing or model tests. What was needed was a small in
expensive high-speed tunnel in which whole series of inexpensive airfoil
models could be tested. Out of this need came the 1- by 3Y2-foot tunnel
conceived and largely designed by Harvey Allen and manufactured out of
material mostly scrounged from various sources around the Laboratory. It
was built on a small bit of bare ground within the loop of the 16-foot tunnel.
The cost was indeterminate, but the actual outlay was surprisingly little,
about $50,000. The two 1000-horsepower motors used to power the tunnel
were some the Laboratory had acquired for propeller tests in the 40-by-80.
The power used in the l-by-3Y2 was sufficient to drive the tunnel air
speed up to the speed of sound, at which point a tunnel is said to be
"choked." The phenomenon of choking had seldom been encountered
before, but it was understood in theory and the theory was further elaborated
in TR 782 authored by Harvey Allen and Walter Vincenti.
In subsonic tunnels the test model is always located in a constricted por
tion (throat) of the tunnel where the airspeed is a maximum. But as the
wind-tunnel airspeed is increased, the airspeed in the throat remains a maxi
mum only up to the point at which the speed of sound is reached. With fur
ther applications of power, the airspeed downstream of the throat becomes
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supersonic but the speed in the throat remains unchanged-exactly sonic.
Thus for subsonic tunnels the term "choking" is descriptive of a point in
the speed range where the throat, or test section, of the tunnel is effectively
throttled and at which the tunnel loses its ability to simulate free-flight con
ditions. A much more complicated type of device is necessary for the simula
tion of supersonic flight conditions.
As the air in a wind tunnel has to accelerate in passing around the test
model and its supports, a tunnel will obviously choke earlier (at a lower
tunnel airspeed) with a model in place than when empty. Moreover, the
larger the model and its supports relative to the tunnel cross section, the
sooner the tunnel will choke. Thus while the choking speed of an empty
tunnel might approximate the speed of sound, the choking speed of the tun
nel with a model in place might be no more than 80 percent of the speed of
sound.
In the l-by-3Y2, Ames engineers wanted to study compressibility effects
on airfoils at the highest possible speed, so the tunnel, and the model-support
system, were designed to achieve the highest possible choking speed. To
ward this end, the throat was made deep (3Y2 feet) and narrow (1 foot) and
the sidewalls of the tunnel were used to support the model. So designed, the
tunnel was able to provide reliable data at airspeeds up to 90 percent of the
speed of sound.
Inasmuch as the airfoil model was attached rigidly to the sidewalls of the
1- by 3Y2-foot tunnel, something special in the way of instrumentation had to
be provided if, as desired, the lift, drag, and pitching moment of the model
were to be measured. Allen solved this problem ingeniously by designing a
unique integrating manometer that quickly determined the desired forces
and moments from pressures measured along the top and bottom walls of
the tunnel and in the wake of the test model. A brief description of this de
vice is given in some of the test reports later prepared by the tunnel staff. 2
12-FooT Low-TuRBULENCE PREssuRE TUNNEL
The advantage of operating a wind tunnel under pressure to simulate
flight conditions more faithfully had been established at Langley long be
fore the Ames Aeronautical Laboratory was born. To be more precise, what
was really needed for faithful simulation of subsonic flight conditions was
that the Reynolds numbers of the simulating and simulated conditions be
the same. Since Reynolds number is defined as p V L / p. (where p is air den
sity, V is air velocity, p. is air viscosity, and L is some characteristic dimen
sion of the model or airplane being tested), aeronautical engineers had a
number of factors to juggle to obtain true simulations in wind tunnels.
Any inaccuracies in the test data resulting from an inadequate simula
tion in wind tunnels were called "scale effect," since they could generally be
• E.g., NACA TR 832.
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related to the scale of the model. Compensation for the size of small-scale
models, such as were required in all but the largest and most expensive
wind tunnels (e.g., the 40-by-80), could be obtained by increasing either the
velocity of the wind-tunnel airstream (costly in terms of power required) or
its density. Density could be increased by increasing the operating pressure,
but this procedure involved designing the tunnel as a pressure vessel and
also introduced a number of operational problems. Nevertheless, NACA had
long felt that, to achieve the proper test Reynolds number, the construction
and use of pressure tunnels were justified despite all the complications in
volved.
Aside from pressurization, there were other desirable features a wind
tunnel should have. There was a need for high speed, since it had been found
that in the near-sonic range of speed certain effects appeared that were sig
nificantly different from those produced by Reynolds number. This addi
tional speed effect could be stated in terms of Mach number-the speed of
the tunnel airstream, or airplane in flight, expressed as a fraction of the
speed of sound. Thus for reliable simulation of high-speed flight, the wind
tunnel conditions should reproduce both the Reynolds number and the
Mach number of flight.
There was still another wind-tunnel characteristic that engineers at
Langley had recently found to be very important-important at least for tests
of the new laminar-flow wings. This characteristic was freedom from turbu
lence, particularly the fine-grain turbulence that is not found in the atmos
phere in which airplanes fly but which unhappily is found in wind tunnels
as a result of the churning of the fan and the disturbances of the comer
turning vanes. Unfortunately the prime virtues of the laminar-flow wings
and bodies were largely obscured by the turbulence existing in the air
streams of ordinary wind tunnels. It had been found that such turbulence
could in a large degree be eliminated, but not very easily.
The possibility occurred to NACA engineers that all three of these de
sirable wind-tunnel features-high Reynolds number (pressure), high Mach
number (speed), and very low turbulence-could be incorporated in the
design of a single tunnel. Langley engineers thought the idea was worth
trying, as did the designers at Ames. Both Langley and Ames wanted this
unique tunnel. Langley got started on the design while the fate of Ames was
still being debated by the congressmen but, once tqe establishment of Ames
had been confirmed, NACA management, strongly encouraged by Admiral
Towers, decided that the tunnel should be designed and built at Ames. The
eventual result of this decision was the 12-foot low-turbulence pressure tun
nel which became known as the 12-foot tunnel.
The 12-foot tunnel called for design and construction techniques well
beyond the state of existing experience or knowledge and represented a tre
mendous challenge for the Ames designers. Many people contributed to the
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design, but Carl Bioletti took the brunt of the load. The tunnel was to oper
ate at up to 6 atmospheres of pressure and, to achieve low turbulence, its
shell had to be larger in diameter and longer than a conventional 12-foot
tunnel. As the welded steel plates of which the tunnel was fabricated had to
be very thick (more than 2 inches in some places) to resist the high internal
pressure, the total mass of the tunnel shell was tremendous, amounting to
over 3000 tons. Moreover, this massive shell had to be supported on the
ground in such a way that it was fixed at one point but otherwise free to
move in any direction to accommodate the thermal expansions and contrac
tions that were expected. This freedom of motion necessitated the use of a
special flexible coupling in the fan drive shaft, as the drive motors them
selves were rigidly mounted on the ground.
The stress analysis of a thick-walled vessel of the size and odd shape of
the 12-foot tunnel was very difficult, requiring extensions of existing theory.
In developing the stress-analysis methods for the tunnel, Walter Vincenti
made some major contributions, and in this matter the counsel of Dr. S.
Timoshenko, the famous structures scientist at Stanford, was sought on sev
eral occasions. An unusual feature (one of many) of the 12-foot design was
the absence of corners in the tunnel loop. The almost universal way of de
signing wind tunnels, until then, had been to incorporate four right-angle
corners around each of which the air was guided by a venetian-blind-like
array of guide vanes. But in the 12-foot, owing to the high internal pressure,
the stresses calculated for right-angle elliptical corner sections were intoler
ably high. To avoid these high stresses, it was necessary to turn the corner in
small angular steps, thus maintaining a more nearly circular cross section
throughout the tunnel loop.
There was no way of eliminating the sources of turbulence in the tun
nel. It was generated by the fans, by the turning vanes, and by the friction on
the sidewalls. The only way to obtain a low-turbulence flow in the test sec
tion was to eliminate, or attenuate, the turbulence produced by the disturb
ing elements. Also it was obvious that the attenuation had to be accom
plished just before the air entered the test section. NACA had earlier found
that considerable attenuation of turbulence could be obtained if a large con
traction in the diameter of the tunnel was incorporated just ahead of the
test section. Such a contraction would cause a rapid and large increase in
velocity in the throat and thus the small random increments of velocity rep
resenting the upstream turbulence became a much smaller part of the in
creased throat velocity. All wind tunnels had some contraction at the throat,
but in most cases this amounted to only 6 or 8 to I. If the contraction ratio
in the 12-foot tunnel were increased to 25: I, the turbulence would be con
siderably attenuated but its level would still be unacceptably high. Some
thing else was needed-screens.
It was known from British research that, if a turbulent airflow was
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passed through a fine screen having a drag coefficient of about 2.0, the turbu
lence downstream of the screen would be largely eliminated. Ames designers
calculated that if they could mount not one but eight fine-mesh screens across
the 12-foot flow channel, these screens together with the 25: I contraction
ratio would reduce the stream turbulence to the low level required. It was
decided to mount the screens in a 63-foot-diameter bulge, or settling cham
ber, that would be built into the flow passage just ahead of the entrance to
the test chamber. In accomplishing this objective, the Ames designers
learned the difference between theory and experiment. It was easy to draw a
picture of eight screens stretched tightly across a 63-foot settling chamber,
but quite a different thing to fabricate such large screens, made of phosphor
bronze and each weighing 1600 pounds, and actually mount them snugly in
the tunnel. But the feat was accomplished and how it was accomplished
would be a long story in itself.
Before the screens and motors were put in the tunnel, however, the in
tegrity of the shell as a pressure vessel had to be confirmed. Filled with air at
6 atmospheres pressure, the 12-foot tunnel was a bomb-a big bomb. Any
rupture of the walls while the tunnel was under pressure could cause vast
devastation and much loss of life in the local community. It was estimated
that the energy of the compressed air in the tunnel was, if properly directed,
sufficient to blow the whole tunnel half a mile high. The integrity of the
pressure shell was a matter of grave concern, especially considering the un
certainties of the stress analysis and welding techniques. The welding of
steel pressure vessels was by no means new, but there had been little if any
experience in welding pressure vessels made of plates as thick as those used
in the 12-foot, or in welding pressure vessels of complex configuration hav
ing many points of stress concentration. To make matters worse, there was
no reliable way of inspecting the welds in such thick plates.
To be assured of the soundness of the 12-foot tunnel, the only thing to
do, Ames engineers felt, was to run a hydrostatic test-fill the tunnel shell
with water and app~y hydraulic pressure corresponding to 6 atmospheres. Lit
tle energy would be required to compress the water; thus, if the tunnel walls
failed during the test, there would be no damage. But it would take a whale
of a lot of water, 5 million gallons, it was calculated, and what about the
weight of the water? Also, what would happen if an earthquake occurred
when the vessel was full? These matters were considered ahead of time and
the weight of the water was taken into account in the design of the tunnel
shell and the foundations. Indeed, the water weight had dictated the design
of some parts of the support system. The earthquake stresses, however, could
not be dealt with. The vessel would fail in such an eventuality. In further
preparation for the test, 600 wire strain gages were attached to the exterior
surfaces of the tunnel at points where, it was believed, stresses might be
critical.
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When the tunnel shell was ready, 5 million gallons of water were
pumped in. A calculated additional 6000 gallons were added to make up for
the stretch in the shell. The filling took a week. The water came from an old
well on the field. The well must have been approaching exhaustion, for the
water was brackish and a certain amount of sediment came in with the
water unnoticed. The tunnel, filled with water, had no apparent leaks, and
the time had arrived for applying hydraulic pressure. The pressure, it was
planned, would be applied on and off in cycles, thus simulating the pressur
izing loads to which the tunnel would be subjected in normal service. The
applied test pressure, however, would be 120 pounds per square inch which,
combined with the weight of the water, would subject the tunnel shell to
bursting stresses 50 percent greater than those expected in normal service.
This overload was intended to account for the effects of vibration, fatigue,
and other unpredictable stress factors present in tunnel operation.
Staff engineer George Edwards was standing near the tunnel as the pres
sure was being applied. Everything seemed to be going well when, as the
pressure reached 107 psi, a terrific report came from a part of the structure
just a short distance away. Somewhat jittery, as were all the other people
present, George jumped with the sudden noise, whirled about, and saw
water pouring out of a rupture in the tunnel wall. The failure had occurred
at one end of the tunnel at a point of stress concentration where two shell
plates of widely differing thickness had been welded together. As might have
been expected, there was no strain gage at that point, so the actual stresses at
rupture were undetermined. Before the failure could be repaired, the whole
vessel had to be drained. The released water flooded the surrounding field.
The nature of the structural problem was not difficult to see and the fault
was soon corrected. Five million more gallons of water, this time from the
city water supply and costing about $5000, were let into the tunnel. This
time it held. The tunnel came through the pressure test with flying colors.
The only thing left was to drain out the water-and to clean out the muck.
The dirty water from the first test had left the interior of the tunnel a
frightful mess, and days were spent in scrubbing and drying it out.
A few more things should be said about the 12-foot-tunnel design. Some
how the heat generated by the 12,000 horsepower transmitted to the coaxial
fans had to be removed from the tunnel. In unpressurized tunnels this had
been accomplished by an air exchanger, but some other arrangement was
obviously required for the 12-foot. The solution adopteo was one that had
been developed and successfully used at Langley. It was in the form of a
water pipe which was mounted on top of the tunnel and which produced a
flow of cooling water over the tunnel walls. In addition, a canopy was placed
over the top of the tunnel to protect the shell from solar rays and the
stresses and strains resulting therefrom.
The requirements for pressurizing a vessel as large as the 12-foot tunnel

58

FACILITIES

DESIGN

necessitated the construction of a considerable amount of air-handling
equipment. This equipment, which included pumps, air coolers, dehumidi
fiers, and several electric motors, was installed in an auxiliary building lo
cated adjacent to the tunnel. The total cost of the tunnel and auxiliaries was
about $3~ million.
An outstanding operational feature of the 12-foot tunnel, as earlier
noted, was its low-turbulence airstream. Also, the tunnel could operate at
high Reynolds numbers or high, subsonic, Mach numbers but, owing to lack
of power, not at both at the same time. Its highest Reynolds number was to
be achieved at the highest pressure, 6 atmospheres, but the pressure would
have to be lowered to attain high Mach numbers. Indeed, to reach choking
speed-the highest speed a subsonic wind tunnel can attain-the tunnel
would have to be evacuated to a fairly low pressure. In the original design no
evacuation was contemplated, but Harvey Allen had insisted that the lower
end of the pressure range be dropped to one-sixth atmosphere. As a result
choking speeds were readily attainable. Thus, with much design ingenuity,
was produced a unique and extremely versatile wind tunnel, a suitable
monument to this great building period at Ames.
SUPERSONIC TUNNELS

But now the age of supersonic wind tunnels was beginning. Although
the basic principles of supersonic flow had been developed years before, no
one really knew very much about designing supersonic wind tunnels. There
were a couple of blowdown jets at Langley that reached slightly supersonic
speeds, and Arthur Kantrowitz and others at Langley had designed a 9
inch continuous-flow supersonic tunnel which was completed in 1942. Nev
ertheless, existing knowledge regarding practical means for designing super
sonic tunnels was rudimentary.
Supersonic tunnels not only required fabulous amounts of power and
high pressures for their operation but also introduced a very difficult prob
lem in the matter of effecting desired variations in their airspeed. In the
first place, as earlier mentioned, the maximum airspeed in a supersonic tun
nel occurs not at the constricted throat but in the enlarged portion of the
tunnel downstream of the constriction. And it is here, in what might be
called the supersonic throat, that the test model is located.
But that is not all. In a subsonic tunnel the airspeed through the test sec
tion can be varied in a continuous fashion by merely changing the rpm of
the,tunnel fan, while in a supersQ'nic tunnel speed changes are accomplished
only by altering the basic geometry of the throat, or, more specifically, by
changing the relative cross-sectional areas of the constricted and the super
sonic throats. Moreover, the changes in geometry must be made very pre
cisely if uniform flow in the test section is to be obtained. Thus in the de
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sign of the first supersonic tunnel at Ames, the provision of means for vary
ing the speed represented a most challenging problem.
Ames engineers had wanted a supersonic wind tunnel from the start; but
Dr. Lewis, while agreeing with the eventual need for such a facility, felt that
the other tunnels planned for Ames should have a higher priority and that
construction of a supersonic tunnel should be delayed awhile. Nevertheless,
in 1943 serious plans were being made for the construction of such a tunnel.
Ames engineers had wanted to build a 4- by 4-foot supersonic tunnel, 3 but
the 40-by-80 was costing so much that their rather ambitious plans had to be
pared down considerably; and Dr. Lewis, still questioning the advisability
of embarking in wartime on such a far-out and costly project, was presuma
bly not displeased that the size of the supersonic tunnel was reduced. After
all, the dimensions of I by 3 feet finally adopted for the new tunnel were a
rather large step beyond the 9-inch size of the Langley tunnel and the cost,
$1.2 million, was all that could be afforded.
A major decision in the design of the 1- by 3-foot supersonic tunnel was
whether or not the tunnel should be pressurized to achieve a wider Reyn
olds number range. Pressurizing would add complications and cost, but the
most convincing argument against it was that Dr. Theodore von Karman,
world-famous aeronautical scientist, then at Caltech, had suggested that the
effects of Reynolds number might be expected to disappear at supersonic
speeds. 4 Disagreement with von Karman was, of course, a position to be
adopted with caution. Dr. Lewis and certain people at Langley were in
clined to agree with the famous scientist, but Harvey Allen was not. He
argued the point so effectively that NACA Headquarters, if not fully con
vinced of the rightness of his contentions, nevertheless yielded to the ur
gency of his request to pressurize the l-by-3.
Once the pressurizing decision was made, a group headed by Allen and
Vincenti got busy and produced a design for the first supersonic wind tun
nel to be built at Ames. The tunnel, having a test section I foot wide and 3
feet deep, would be a closed system powered by four compressors each
driven by a 2500-horsepower electric motor. The pressure in the system was
to be variable from 0.3 to 4.0 atmospheres, giving a Reynolds number range
of from 0.5 to lOX 106 per foot of model length; the speed (Mach number)
range of the tunnel would be from 1.4 to 2.2 times the speed (about 760
mph) of sound. To prevent moisture condensation in the low-pressure re
gion of the test section, the air introduced into the system would first be de
humidified. This precaution had also been taken in the design of the 12-foot
tunnel.
• According to recollections of Harvey Allen.
• According to Lewis. It is possible that von Kanmin in conversations with Lewis put
forward this suggestion only tentatively; in any case, there is no question but that Lewis took
it seriously or that it had repercussions at Ames as noted.
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The 1- by 3-foot tunnel was to be immediately adjacent to the 12-foot
tunnel. This location was chosen as part of a scheme developed by Ames de
signers for acquiring a second 1- by 3-foot supersonic tunnel for very little
more thari the million dollars the first one was costing. They reasoned that
the compressed-air energy in the 12-foot, which through cruel circumstance
could blow the tunnel a half mile high, might with profit be used to operate
a supersonic tunnel or jet. If the supersonic jet were conveniently located
beside the 12-foot tunnel, the dry air with which the tunnel was filled could
be discharged through the jet. The pressure and capacity of the 12-foot tun
nel were such as to operate a 1- by 3-foot supersonic jet for several minutes
-the higher the speed, oddly, the longer the period. This line of reasoning
appealed to Ames and NACA management; accordingly, plans were laid to
build both a continuous-flow 1- by 3-foot supersonic tunnel and a 1- by 3
foot blowdown jet, or tunnel, the latter having somewhat higher Mach num
ber capabilities than the continuous-flow tunnel.
The same type of variable-geometry test section was to be used on both
the continuous-flow and the blowdown tunnels. The top and bottom walls
of the test section would be made of flexible steel plates that could be de
flected to the required curvature and configuration for any desired Mach
number. Such deflections as were required in the plates would be pro
duced by a number of precisely controlled, motor-driven screw jacks. In the
continuous-flow tunnel, it would be possible to change the throat shape, and
Mach number, while the tunnel continued in operation; but in the blow
down tunnel the operating periods would be too short to allow any change
of throat setting during a test.
The flexible-throat scheme used in the 1- by 3-foot tunnels was fairly
simple in theory, but in actuality it was a very complex device with demand
ing performance requirements. The task of building the throats for the two
Ames tunnels was undertaken by the Baldwin Southwark Division of the
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Baldwin Locomotive Works. 5 Baldwin had also contracted to build a simi
lar throat for a supersonic wind tunnel which Allen Puckett and his col
leagues at Caltech had designed for the Aberdeen Proving Ground. 6 The
Aberdeen tunnel, together with the 1- by 3-foot tunnels at Ames, repre
sented perhaps the earliest ventures into the field of large supersonic wind
tunnel design.
Construction work on the Ames 1- by 3-foot tunnels began in 1944 and
continued into the next year. Smitty DeFrance, driving his men with his
customary explosive vigor, laid down the law asserting that the 1-by-3 would
begin operation on August 1, "or else." This dictum was not taken lightly.
Ames designers had recognized the difficulties of building the supersonic
throats to meet the rather stringent specifications which they had established
and were not surprised when Baldwin Southwark began to encounter trou
ble. Cannily, they had taken the precaution of building two simple fixed
geometry throats either of which could be fitted into the space reserved for
the flexible throats. Each of the fixed throats was designed for a different
Mach number and thus, if worse came to worst with respect to the flexible
throats, the tunnels could still be operated at either of two Mach numbers.
In the end it was the use of these fixed throats that enabled Ames engineers
to meet DeFrance's operational deadline.
One of the first things discovered in the 1-by-3 tests was that, in super
sonic flows, Reynolds number continues to be an important factor, perhaps
even more important than in subsonic flows. Thus Harvey Allen's conten
tion, maintained in the face of contrary opinion by the famous Dr. von
Karman, was confirmed. 7 This finding, later substantiated in other super
sonic tunnels, supported the later decision of the Langley Laboratory to in
crease the operating pressure and power of a 4- by 4-foot tunnel it had built.
As the war progressed, the notion of supersonic flight by manned aircraft
became increasingly plausible to people engaged in research and military ac
tivities. There was a growing feeling that supersonic tunnels were needed
immediately to obtain the design information that would be required in the
approaching supersonic era. Moreover, it was thought that such tunnels
should be large so that the test models could be realistic representations of
practical airplane designs rather than the tiny, highly idealized models to
which testing in currently planned supersonic facilities would be restricted.
The urgency of building large and expensive supersonic tunnels was not
clearly evident, however, to some of the oldtimers in the aeronautical world
who had watched our rather slow and labored progress toward that speed
• Baldwin was a subcontractor. Prime contractor, for the whole tunnel shell, was the
Pittsburgh Des Moines Steel Co.
• According to Harvey Allen.
7
Allen surmises that von Karman's belief was based on the results of sphere tests which
proved inapplicable to airfoils.
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at which the drag of airplanes leaps upward, seeming like a brick wall to
block further advance. And the doubts of these men were further raised by
schlieren photographs revealing the alarming patterns of shock waves that
form over the wings and tails of airplanes operating at high subsonic speeds.
Did not the exigencies of war, and common sense, dictate that NACA devote
its limited research energies to solving the problems of current military air
planes rather than expend them recklessly in a premature attempt to breach
the sound barrier?
Ames engineers were among those who felt that NACA should proceed
immediately to build a large supersonic wind tunnel. It should be, they
thought, large enough so that a man could walk into the test section to
mount and service a test model. In 1944, they made a rather sketchv design
and cost estimate for such a facility and presented them to Dr. Lewis. Nor
mally very progressive with respect to the development of new NACA facili
ties, Dr. Lewis believed this idea to be a little premature. 8 He may also
have felt that the prospect of getting the $41,0 million reouired for the tun
nel was not very bright, particularly in view of the watchfulness of economy
minded Albert Thomas, who then was chairman of the House Independ
ent Offices Appropriations Subcommittee. In any case, Dr. Lewis received
the Ames proposal with little warmth and, on returning to Washington, was
said to have buried it in his lower desk drawer. What happened then is
known only from the scattered recollections of a number of NACA people
who heard about it later.
According to these recollections, the Ames tunnel design was quickly
forgotten by Lewis; but into his office a few weeks later strode Rear Adm.
D. C. Ramsey, Chief of the Bureau of Aeronautics. Ramsey spoke of the
Navy's need for supersonic aerodynamic data and rather pointedly ques
tioned Lewis on what NACA was doing about building a large supersonic
wind tunnel. He gave the impression that he felt NACA had perhaps been a
little slow in giving thought to such a project. Somewhat taken aback by this
implied criticism, Dr. Lewis hesitated a moment and then, with some relief,
remembered the Ames tunnel study buried in his desk. "Well, Admiral," he
said, as he searched for and found the Ames study, "we have given this prob
lem a lot of attention. In fact, we have designed a tunnel of the kind you
mentioned but don't know where we will get the money to build it." Ram
sey examined the design. "How much will it cost?" he asked. "Four and a
half million," Lewis sighed, as if he were speaking of a gold mine on the
moon. Ramsey pondered a few moments and then declared, "The Navy will
give you the money to build the tunnel." 9 Lewis, of course, was both aston
• Dr. Lewis was not unprogressive for, according to a memorandum· for the files he wrote
on Nov. 8, 1938, he listed a 3- by 5-foot, 1400-mph tunnel as one of the facilities that should
be built at the proposed new West Coast station.
• Recollections: see above.
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ished and gratified. Never before had NACA obtained so .much money so
easily. What a haggling there had been in getting the first $4 million for the
Ames Laboratory! What a blessing it was to have wealthy friends!
The transfer of funds from the Navy actually took place on January 27,
1945. 10 By the end of May, the first contracts for the tunnel were let. Clearly
the tunnel would not help win the war, but its construction was, neverthe
less, very timely and it would certainly fill a very important need.
The new tunnel was to have a test section 6 feet square and would be
come known as the 6- by 6-foot tunnel. It would be the first of the really
large supersonic tunnels built by NACA. The tunnel would be driven by
a huge compressor turned by two electric motors delivering a total of
60,000 horsepower-more power by two-thirds than was used in the giant
40-by-80. Despite this great expenditure of power, the tunnel would attain
its maximum speed of Mach 1.8 only when the tunnel was partially evac
uated. It was designed to operate at stagnation (air at rest) pressures of
from 0.3 to 1.0 atmosphere. Higher operating pressures might have been
desirable, but the required power would then have been prohibitively high.
The complete air system of the 6-by-6 was to include air pumps, air
storage tanks, dehumidifiers, and a circulating-water air cooler built into the
tunnel airstream. The tunnel design originally submitted to Lewis had
called for the use of centrifugal compressors. An axial-flow fan, it was
agreed, might be more compact and efficient, but there were difficult design
problems and few if any companies had experience in constructing axial
flow fans of the size required for the tunnel. Once the Ames engineers were
able to give the matter serious attention, however, it was found that an axial
flow fan could probably be constructed at a considerably lower cost than
the centrifugal compressors. Thus the final design of the 6-by-6 incorporated
a huge multistage axial-flow fan.
Before the design of the 6-by-6 had gotten under way, Ames engineers
had become aware of problems Baldwin and Southwark was having in the
construction of flexible throats for the 1- by 3-foot tunnels. Indeed, Ames de
signers had from the first been apprehensive about the design of these
throats. Harvey Allen felt there must be a simpler, more reliable way of
varying throat geometty to accomplish speed changes. At the Engine Re
search Laboratory, Abe Silverstein and his staff were experimenting with a
circular tunnel having a central plug that could be pushed into the throat,
thus decreasing the constricted throat area and increasing the speed of the
tunnel. Unfortunately the central-plug scheme had some serious faults, one
being that the test model would necessarily lie in the disturbed wake of the
plug.
Allen reasoned that the wake problem could be solved if the central
10
As indicated in letter from James E. Webb, Director of the Bureau of the Budget, to
the President [Truman], dated Apr. 18, 1947.
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plug were replaced by a properly configured sliding block representing the
bottom wall of a rectangular supersonic throat. The block could be posi
tioned very precisely by a motor-driven screw. Of course, the flow through
the throat would not be symmetrical about the horizontal plane as it had
been in all other wind tunnels, but the peculiarities of supersonic flows were
such that the flow asymmetry might cause no trouble if the contours of the
sliding block and of the fixed top wall of the supersonic throat were carefully
designed. Allen first tested his design theory by building and testing a 2- by
2-inch asymmetric, sliding-block throat; this throat was sufficiently success
ful that he decided to build a larger, 8- by 8-inch model which could be in
stalled in the 12-foot tunnel auxiliaries building and operated with air
from the compressors of that tunnel. The experiment proceeded swiftly and
the 8- by 8-inch tunnel, as it was called, was put into successful operation
late in 1945. In the meantime, design of an asymmetric nozzle for the 6- by
6-foot tunnel was under way.
The asymmetric sliding-block nozzle had numerous advantages but also
a few faults. For one thing, it was not quite so efficient, aerodynamically, as a
symmetrical flexible-wall throat and required a somewhat higher pressure
ahead of it to achieve the same Mach number as a symmetrical throat. Also,
since the walls of the throat were rigid, there was no way, such as provided
by a flexible throat, to compensate for small discrepancies in the contours of
the sliding block and top wall. Moreover, the available methods for calculat
ing the contours were tedious and did not precisely account for factors such
as boundary-layer growth. As a result, it might not be possible to completely
avoid small flow distortions in the test section. But the simplicity and relia
bility of the sliding-block throat were very attractive and were expected to
overbalance any minor faults. The invention was original with Allen and
might well have been called the Allen Throat. Harvey, however, pursuing
his fancy of Balkanizing Ames wind tunnels, chose to call it the "Bulgarian
throat." In formal literature, the name "asymmetric" or "sliding-block"
throat or nozzle was used; but by whatever name, the device represented a
notable achievement. Its development was later described by Allen in TN
2919.
Despite the forbidding complications of supersonic tunnels, there was at
least one good thing to be said about this type of device. In such a tunnel,
with suitable auxiliary equipment, it was possible actually to see important
features of the airflow about the test model. And what was seen in the first
transonic wing tests at Langley was frightening. It lent encouragement to
the notion that the supersonic flight of manned airplanes was a long way off,
if not a complete pipe dream. Nevertheless, the technique of making super
sonic-flow patterns visible to the naked eye was scientifically interesting and
very useful. The use of the technique was certainly a "must" in all super
sonic wind tunnels. ···
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The technique for viewing supersonic flows was possible because of the
variations in air density found in such flows-variations relating of course to
the so-called "compressibility effect." There were actually two important
techniques for revealing the density patterns in the wind-tunnel flow, both
requiring that a very uniform, collimated beam of light be passed trans
versely through the tunnel walls and through the airflow in the region of
the model. These techniques necessitated the installation of large windows
in the sidewalls of the test section. Any distortion of the light beam caused
by density variations in either the airstream or other parts of the light path
could, by proper focusing, easily be made visible to the naked eye and thus
subject to recording by photography. The simplest arrangement of this kind
was called a "shadowgraph." It worked best when the density gradients were
strong.
A more sensitive device revealing more details was called a "schlieren
system." Here the light beam, before it was viewed or projected on a screen,
was brought to a sharp focus and then, by cutting the focus halfway in two
by a razor-sharp knife edge, the density variations in the visual field would
be revealed with great contrast. The schlieren technique was not new. It was
the same in principle as the knife-edge test developed by Jean Foucault in
the mid-19th century for figuring telescope mirrors. In this application, vari
ations in the curvature of the telescope mirror were observed rather than
distortions in the intervening air. And if the light beam was passed through
a telescope lens, it would also reveal, with great clarity, all the flaws, striae,
and optical distortions of the glass. Therein, as a matter of fact, lay one of
the major problems in applying the schlieren system to supersonic wind tun
nels. The problem was to avoid having the flow pattern of the airstream
confused by flaws and optical distortions in the wind-tunnel windows.
The windows of a supersonic tunnel had to be large, to encompass a suit
ably large area of the flow field, and they had to be thick, to withstand the
pressures in the tunnel. Moreover, their surfaces had to be ground perfectly
flat and parallel a.nd their interior had to be free of flaws and optical distor
tions. Indeed, they had to be made of similar materials and by the same slow
painstaking processes as were used in the production of high-quality tele
scope lenses. But the difficulty of securing high quality in a telescope lens
increases very rapidly with the diameter of the lens, and the biggest lens
that had ever been built was the 40-inch-diameter lens, made from glass cast
in France, of the Yerkes telescope at Lake Geneva, Wis. And the making of
this lens was considered an extremely difficult task.U It is not surprising,
therefore, that many very troublesome technical problems were encountered
in applying the schlieren system to large wind tunnels.
The first attempt to use the schlieren system at Ames was in the 1- by
11
See David 0. Woodbury. The Glass Giant of Palomar, New York: Dodd, Mead &: Co.,
1941, p. 75.
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Schlieren photograph of flow around airplane models showing the effect of sweep
back on shock waves (M = 1.2).

3Y2-foot tunnel but, owing to the excessively cramped quarters and lack of
solid foundation, it was not very successful. The less-sensitive shadowgraph
system proved to be more useful in this instance. The first really successful
use of the schlieren system at Ames came with its application to the 1- by 3
foot supersonic tunnel. The most difficult and costly application, however,
was in the 6- by 6-foot tunnel where windows 50 inches in diameter and more
than 4 inches thick-larger than the Yerkes telescope objective-were re
quired.
For Ames, the 6-year period from the Laboratory's beginning in 1940 to
the end of the war in 1945 was characterized by construction. During that
period, the funds committed to construction at Ames, about $21 million,
.were five times the amount NACA had spent on construction in the 24-year
period from the date of its founding in 1915 to the time in 1939 when the
Ames Laboratory was approved by Congress. Indeed, it was 25 percent
greater than the total appropriations received by NACA during that period.
While the growth of NACA facilities was undoubtedly accelerated by war
time requirements, this growth did, nevertheless, reflec~ in some quantita
tive fashion the increasing significance of aviation to the Nation.

68

.•..............................................................................•.......................................
The Ice Research Story

account of important research conducted at the NACA Ames Aero
ANY
nautical Laboratory must certainly start with the first research pro
gram undertaken at the Laboratory. This program had for its objective the
development of means for protecting airplanes from the many hazards of
having ice form on their surfaces while flying in moisture-laden clouds.
Such hazards were many: for example, ice formation on wings would cause
loss of lift; on control surfaces, loss of control; on airspeed heads, loss of
airspeed indications; on radio antennas, loss of communications; on wind
shields, loss of vision; and, in engine intakes and on propellers, loss of power.
By 1940, the airplane had reached a state of development where its users
were unwilling to consider it merely a £air-weather device. Flight reliability
was becoming increasingly important to commercial users and even more so
to the military. As the war got under way, it was imperative that our B-17
and B-24 bombers not be held up by weather; in fact, the safety of clouds
might actually be sought by such aircraft. Later in the war, our Curtiss C-46
cargo planes were flying the Himalayan hump with vital materiel that had
to get through to its destination despite weather conditions. By 1940 the
all-weather flying reliability of airplanes had been much improved by the
development of advanced radio aids and blind-flying equipment. But these
were to no avail if an aircraft was forced down by ice. It was essential that
an ice-protection system be developed. The urgency of developing such a
system was endorsed by the military services, the CAA, the airlines, the air
craft companies, and also by N A CA. Some ice protection had in the past
been obtained by the use of inflatable rubber shoes mounted externally on
the leading edges of the wings and tail surfaces, but this device would not
work for high-speed airplanes and its drag was very high.
Actually, NACA had been working on the problem of heat deicing at
Langley since 1930. TR 403 by Theodorsen and Clay on the subject of ice
prevention on aircraft by means of engine exhaust heat appeared in 1931.
Following the publication of that report, however, the work had progressed
for a while at rather low priority. Clay had left NACA, and the task had
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na and airspeed mast of
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been taken over by Lewis A. Rodert. Soon Alun R. Jones joined the effort,
and the two of them arranged to make some flight tests in which a test wing
panel was mounted on a Martin XPM bomber. The airplane was flown by
Langley test pilots William A. McAvoy and Lawrence A. Clousing.
The tests on the XPM bomber were fairly rudimentary, but the results
convinced NACA of the desirability of buying a small two-engined Lock
heed 12 transport airplane for ice-research work. The wings of the Lockheed
12, it was planned, would be rebuilt to incorporate an ice-protection system
utilizing the engine exhaust as the means of deicing. The project was sup
ported by the Army Air Corps and by Lockheed. Kelly Johnson and his staff
at Lockheed designed, built, and installed the new wings. Earlier NACA
had decided that the ice-research project, as it was called, should be trans
ferred to the new Ames Aeronautical Laboratory. Rodert, McAvoy, and
Clousing came out to Ames in the fall of 1940 and, while waiting for the
Lockheed 12 to be modified, carried out some minor icing flight-research
tests with a North American 0-47, which was the first airplane assigned to
Ames for research purposes. McAvoy made the first flight test with the 0-47
on November 16, 1940. But early in 1941 the Lockheed 12 was ready and,
with McAvoy and Clousing at the controls, the initial flight was made on
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Nov. 16, 1940, test pilot W. H. McAvoy returning from an
early flight of first test airplane at Ames, a North American
0-47.

Lockheed 12A ice-research airplane.

January 22. From then on, the deicing flight program proceeded at a good
pace.
To protect the wings of the Lockheed 12 against icing, the exhaust pipes
of the engines had been run out through the leading edges and exhausted at
the wingtips. Fresh air taken through openings in the leading edge circu
lated around the exhaust pipe, then through a double-skin structure ahead
of the spar. Passing through openings in the spar webs, the warm air entered
the interior of the wings and was finally exhausted to the atmosphere
through louvers located far back on the upper surface.
The problem was to provide enough heat for deicing (ice protection)
without reducing the wing strength by overheating. The evidence as to how
much heat was required was extremely meager but, based on data obtained
at Langley, Lew Rodert felt that, if the wing skin forward of the front spar
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Diagram of the system using exhaust-heated air to prevent icing
on the Lockheed 12A wings.

could be maintained at a temperature 100° F above the ambient-air temper
ature under clear-air conditions, satisfactory ice protection would probably
be provided under icing conditions. Although the Lockheed 12 was incom
pletely protected against icing and despite their limited experience with
blind flying, McAvoy and Clousing, together with Lew Rodert and some
times Ray Braig, flew the little transport plane into some of the worst
weather they could find on the West Coast. Ice would sometimes form on the
windows so thickly that they could not see whether the wings were ice-free
or not, the radio would cut out due to icing, and ice would sometimes form
on the tail surfaces which were only partially protected by an inflatable rub
ber shoe.
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Curtiss C-46 ice-re
search airplane.

In the first report written on this program (mentioned inch. 6), the au
thors, Rodert, McAvoy, and Clousing, commented, "The severe icing en
countered was accompanied by violent turbulence, snow-and-rain static
which stopped radio communication, and occasional dangerous electrical
discharges. . . ." Describing one flight, they said:
The icing rate and violence of the turbulence increased steadily during
the flight. About 5 minutes after severe icing conditions were encountered,
the tests were terminated because of dangerous flight conditions. The air
plane was struck by an electrical charge [lightning] which melted the
trailing edge of one propeller blade and the edges of the airplane structure
at several points.
Such experiences were all in the day's work for the intrepid crew of the
Lockheed 12. Their reward was their finding that the use of exhaust heat
for protecting the wings of an airplane such as the Lockheed 12 did, indeed,
appear to be feasible. This conclusion did not come just from the fact that
they and the airplane had survived the repeated ordeal of flying under se
vere icing conditions but also from a mass of quantitative data obtained
from special instruments with which the airplane was equipped.
Although work on improvements in the Lockheed 12 deicing system
continued for several years, the year 1941 had not ended before the Army Air ·
Corps had asked NACA to develop a deicing system for the B-24 and the
B-17 bombers. While design information was still pitifully scarce, the Ames
Flight Engineering Section launched into the project with a spirit and re
solve that were immeasurably bolstered by the catastrophe that had recently
occurred at Pearl Harbor. The staff of the Section was considerably in
creased and was joined by Alun Jones early in 1942.
The same basic deicing principle as developed for the Lockheed 12
would work, it was thought, on the B-24 and the B-17. This process would
require a hot-air source and a double-walled leading edge, but the airflow
system would have to be adapted to the particular wing structures of the two
airplanes. Also, protection would have ·to be extended to the tail surfaces,
windshields, airspeed head, and other points vulnerable to icing. But it
would not be feasible to run the exhaust pipe through the leading-edge
structure of a military airplane. Suppose the exhaust pipe were ruptured by
a bullet? The hot exhaust gas would pour into the wing and probably de
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stray the airplane. What was needed, it was thought, was a heat exchanger
that would transfer the heat of the exhaust pipe to a flow of fresh air that
would be ducted into the leading edge. Then the engine exhaust would not
enter the wing at all but would be disposed of in pretty much the normal
fashion.
Rodert visited the airplane-accessories companies and encouraged a
number of them to develop heat exchangers for this purpose. Further, he en
listed the aid of Prof. L. M. K. Boelter and his mechanical engineering staff
at the University of California by arranging for UC to be given a NACA con
tract to study various aspects of the heat-exchange process. A special labora
tory facility was set up at Ames to evaluate the performance of heat exchang
ers, and the heat exchangers were also checked out in flight on the 0-47
airplane.
By the end of 1942, the combined efforts of Ames, the industry, and the
military had produced prototype installations of heat deicing systems in
both the B-24 and the B-17. Reports describing the systems were later writ
ten by Rodert and Jones. The Navy had also made an installation on the
Consolidated PBY flying boat along the lines of the Lockheed 12 installa
tion. The Navy noted that the deicing installation so decreased the noise
and exhaust flame that the airplane could fly over a carrier at night, at part
throttle, at an altitude of as low as 200 feet without being detected.
Rodert and the other men involved in the deicing project felt that a
special base should be established in the north-central part of the United
States for the purpose of evaluating prototype deicing installations such as
those incorporated in the B-24 and the B-17. This idea was approved, and
such a base was set up and first used in the winter of 1942-1943. It was lo
cated at Minneapolis, near the headquarters of Northwest Airlines. At this
time the effort to develop deicing systems for aircraft involved many people
and agencies. In the first place, NACA had established a technical subcom
mittee to provide a general surveillance and coordination of the work on de
icing. This subcommittee, headed by Karl Larsen of Northwest Airlines, had
a membership derived from industry and the airlines, as well as the military,
the Civil Aeronautics Administration, and of course NACA. Next, the new
Ice Research Base at Minneapolis was staffed by men from NACA and the
Air Corps, but it also received much help from Northwest Airlines and
United Air Lines.
In addition to the assistance just mentioned, the U.S. Weather Bureau
assigned William Lewis to work directly with the Ames group on important
meteorological phases of the icing problem. Similarly, the British Royal Air
craft Establishment assigned a very able research man, J. K. Hardy, to work
with the Ames group. The RAE apparently felt that it would be foolish for
Britain to attempt to duplicate the work done by NACA in the icing matter
and that it would make more sense to provide the services of a good man
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who would not only contribute to the project but also, quite naturally, ac
quire know-how that would be useful to Britain. The British, of course, re
ceived all of NACA's test reports on deicing work. This arrangement proved
very profitable to NACA as Hardy's efforts were exceptionally productive.
The prototype deicing systems in the B-24 and the B-17 passed their
winter evaluation tests in good fashion and served as models for the design of
production systems for these aircraft types. The work on these installations
had been carried out at high pressure. The military services had impressed
Dr. Lewis with the importance of the work, and Dr. Lewis had passed the
word to DeFrance. Smitty in turn followed the program closely and spurred
the icing research effort using tactics which were scarcely subtle. In one case,
when it appeared that a test airplane might not be ready to fly before the
winter icing season was over, Smitty threatened to wipe out the Flight Engi
neering Section if that eventuality developed. The Section staff thereupon
began a 24-hour-a-day operation and the airplane flew on time.
The Ames staff recognized all too well that the design of their airplane
deicing systems had so far been on a very empirical basis. Before any really
refined systems could be built, a large amount of rather basic design infor
mation would have to be acquired by theoretical and experimental means.
The acquisition of this information would take time; it was fortunate that
sufficient information had been available to serve the immediate needs of
the military. Now, however, the problem must be approached from a more
scientific basis. Toward this end, a Curtiss C-46 cargo airplane was acquired
and modified to incorporate the most complete ice-protection system yet
provided for any airplane. Moreover, the airplane was thoroughly instru
mented in itself and carried special newly developed instruments for obtain
ing basic information on the character of the icing cloud. Bill Lewis of the
Weather Bureau made major contributions in this phase of the program.
The C-46, which was considered a flying icing-research laboratory, was
operated from the Ice Research Base in Minneapolis and flew far and wide
searching for icing conditions. Airport habitues were often astonished to
see a C-46 airplane come boring in through the murk when all other planes
were grounded. The C-46 was flown by a number of pilots but most often,
perhaps, by Captain C. M. Christensen, Senior Pilot of United Air Lines.
Chris was one of those calm, competent, unexcitable chaps whose appear
ance and obvious know-how inspire confidence. His contributions to the
project were great.
It was the prime objective of Bill Lewis and certain other icing-project
people to amass enough statistical data on icing clouds to serve as a reliable
basis for future designs of ice-protection systems. Statistics on liquid-water
content, temperature, and drop size were of particular interest, as was the
interrelationship between these icing factors. Liquid-w~ter content and tem
perature were perhaps the most important factors, but drop size was also a
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significant design parameter. It was known that little drops approaching the
wing would be deflected by the local airflow around the wing and fly harm
lessly by. Larger drops, on the other hand, would be too massive to be de
flected by the local airflow and would thus smash into, and freeze on, the
leading edge of the wing. And if the drops were prevented from freezing on
the forepart of a heated wing, the rainwater might run back and freeze on
the cooler afterpart of the wing.
Meteorological data, however, were not the only requirement for the ra
tional design of an airplane deicing system. More information was needed
on the aerothermodynamic processes of transferring heat from the wing sur
face to the surrounding airstream. The problem was complicated by the
free-water content of the surrounding air and also by the question of
whether the boundary layer on the wing was laminar or turbulent. The
boundary layer acted like an insulator the effectiveness of which increased
with thickness but, for the same thickness, a laminar boundary layer was a
much more effective insulator than a turbulent boundary layer.
A number of theoretical studies of heat transfer from a wing to the sur
rounding airstream had been made over the preceding 10 years and, in
1942, Harvey Allen and Bonne Look of Ames had made another study
which was published in TR 764. All of these studies, as applying to the deic
ing problem, were somewhat idealized and thus their use for deicing designs
was limited. However, in the design of the d~icing system for the G-46, the
Ames group exerted a great deal of effort to develop rational analytical
methods for solving the heat-transfer problem. A major contributor in this
effort was Hardy, the RAE representative on the icing project. Hardy's re
port (ref. A-2) is a good example of his work. Another important contribu
tor in this area was Carr Neel of the Ames staff. His report (ref. A-3), the
first of a long series on the C-46 project, covers the analytical phases of the
design. Authors of the C-46 report series included Alun Jones, James Selna,
Richard Jackson, Carr Neel, and others. At the end, a summary report (ref.
A-4) was written by Alun Jones, who at that time had replaced Rodert as
head of the Flight Engineering Section.
Lewis Rodert resigned in September 1945. While many people had
made contributions to the icing-research project, Rodert had been the driv·
ing, coordinating sparkplug. He had lived with the project. It became part
of him. Throughout his waking hours, he appeared to be thinking of little
else. The methods he used to achieve his ends were frequently blunt, and
sometimes irritated his fellow workers. But they were effective, and the re
sults of his early work were vastly appreciated by both the military and the
commercial operators of aircraft.
The icing project, first investigation to be undertaken at Ames, was not
at all representative of NACA research projects. Seldom before had NACA's
research work been carried so far into the hardware stage or so far in achiev
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Carr Neel (left) and Lewis A. Rodert
(below).

ing a complete and satisfying solution to a major operational problem. The
project was unique and NACA management could only be pleased that it
had been so successful. Lew Rodert deserved much credit for his important
share in this success; his good work was recognized when, at a White House
ceremony in 1947, President Truman presented him with the Collier
Trophy, regarded as the Nation's highest aeronautical award, "for his
pioneering research and guidance in the development of a practical
application of a thermal ice prevention system for aircraft."
It should also be mentioned that, in 1943, the Institute of the Aero
nautical Sciences had given Ames pilot William H. McAvoy the Octave
Chanute Award for "continuous service in the flight testing of experimental
planes under hazardous conditions imposed by aeronautical research." Cer
tainly an important part of the motivation for this award came from the
hazardous deicing flights of the Lockheed 12 on which McAvoy had served
as pilot.
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ice-research project represented a single and very special phase
T HE
of the flight-research program at Ames. Flight research had always
been an essential element of NACA research effort. It was necessary, NACA
thought, to prove out in flight the ideas for aircraft improvement that were
developed in the laboratory. The scientific techniques of modern Hight re
search had indeed first been established in the United States by NACA,
and NACA had remained a leader in advancing these techniques. NACA had
never oountenanced the old seat-of-the-pants Hight testing by undisciplined
daredevil pilots whose research results were often measured by survival and
whose reports were of a highly subjective and qualitative character.
NACA required a test pilot to have an engineering degree as well as
piloting experience and to have the ability and the motivation to perform
precise preplanned maneuvers that he and his ground-based engineering col
leagues had worked out ahead of time. Highjinks in the sky with valuable
test airplanes were not tolerated. The oral report of the pilot was generally
only a minor part of the information obtained from a NACA test flight.
The major part was in the form of quantitative data obtained with special
recording instrumentation carried in the airplane. Henry Reid, longtime
head of NACA's Langley Laboratory, had designed and built some of the
first recording flight-research instruments at Langley, and since those early
days in the 1920's and 1930's such instrumentation had been developed to a
high degree of capability and precision. All the techniques and instrumenta
tion that had been developed at Langley were available to Ames as the new
Laboratory's Hight research got under way, and it was not long before Ames
made its own contributions in these fields.
In the early 1940's, faced with the growing threat of war, President
Roosevelt had called for the production of 100,000 airplanes-a fantastic
number, it seemed. Shortly, the aircraft companies were receiving orders
from the military for new types of aircraft as well as production orders for
existing types. A new crop of airplanes thus began to appear soon after the
United States entered the war. Mostly the new airplanes were equipped
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with more powerful engines and were capable of higher speeds than earlier
types. These new factors generally introduced problems in the areas of han
dling qualities, stability and control, drag reduction, and structural loads.
Handling, or flying, qualities had always been a factor of great interest
to the military but one with which it was hard to come to grips because such
qualities were so closely linked to the subjective reactions of the pilot.
However, research at Langley led by Robert Gilruth and Hartley Soule had,
by 1941, gone far in establishing quantitative requirements for satisfactory
flying qualities. These criteria, which were adopted and adapted by the
military, were extremely helpful in evaluating the new crop of wartime
airplanes-an evaluation task in which the Flight Research Sections of both
Langley and Ames took an active part. The Navy and sometimes the aircraft
companies contributed the services of their pilots to further the flight
research at Ames. This activity expanded so fast during the war that the
hangar in the flight-research building was quickly outgrown. A contract for a
new, much larger, hangar with attached offices and shops was let in March
1944.
HANDLING QuALITIEs FROM WIND-TUNNEL TESTS

Ames could, and did, evaluate the handling qualities of many new mili
tary airplanes and, when serious faults were found, the military service in
volved would often ask the aircraft company to make a corrective change in
the airplane design. At that stage of the airplane development, however,
the necessary design change could be very difficult and expensive to make. If
it were possible to correct such faults while the airplane development was in
the wind-tunnel-model stage, the whole matter would be vastly simplified.
Just how this trick might be accomplished was a problem which the Ames
staff attempted to solve, and eventually did solve.
The project just mentioned was jointly undertaken by the 7- by 10-Foot
Wind Tunnel and the Flight Research Sections. The key to the solution,
however, was found by Harry Goett, who conceived and, together with his
7- by 10-foot tunnel staff, developed methods for predicting flying qualities
from data obtained from tests of small-scale powered models in the wind
tunnel. The Flight Research group checked the wind-tunnel results by flight
tests of the actual airplane. The check was made .on numerous airplanes, but
the most extensive data confirming the technique were obtained on the
Navy's PV-1 twin-engine patrol airplane. The first attempt to interpret the
PV-1 model test data in terms of flying qualities was made by Victor Stevens
and George McCullough, while Noel Delany and William Kauffman re
ported confirming results obtained from flight tests of the actual PV-1 air
plane. In the end, the staff of the 7-by-10 had devised methods for planning
wind-tunnel test programs that would allow the predetermination of those
physical features of an airplane which would best satisfy established han
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dling-qualities requirements. One of the most outstanding and useful re
search accomplishments of the Laboratory during the war, this work was
published as TR 781 (ref. A-5) under the authorship of Harry Goett, Roy
Jackson, and Steven Belsley.
AIRPLANE DRAG IN FLIGHT AND WIND TuNNEL

Although Ames engineers, as just noted, developed procedures for pre
dicting the handling qualities of airplanes from wind-tunnel model tests,
the prediction of performance factors, such as drag and speed, from such
tests was quite a different problem. The test models were usually idealized
with smoother, truer surfaces than the originals and lacked the gaps, excres
cences, and rivet heads that were found in the actual airplanes. Moreover,
there were other influences peculiar to the wind tunnel that were often dif
ficult to evaluate. Such influences included the interference of the struts on
which the models were mounted, the turbulence in the airstream, and the
subtle effects of the surrounding walls. The rather indeterminate effects of
these many factors placed in some question the accuracy with which the
drag, and thus the speed, of an airplane could be determined from wind
tunnel model tests.
To obtain information on the subject just mentioned, Ames engineers
undertook to make a comparison of the drag of airplanes as determined first
by model tests in a wind tunnel and then by measurements made on the air
planes in actual flight. The comparison was made for only two airplanes, the
P-51 and the P-80, but the results were expected to have general signifi
cance. The first airplane selected for the test was North American's new
P-51 "Mustang" fighter, an airplane on which Ed Schmued, Ed Horkey, and
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others of the NAA design group had lavished much attention. The P-51 was
a good selection for the test. It was the first of a new class of extra clean
fighter airplanes and the first to use the new laminar-flow wing sections de
veloped by NACA. There was still a question of just how much laminar flow
one could expect to get in an actual application of these sections considering
the effects of propeller slipstream and all the unavoidable surface roughness
resulting from conventional, or even refined, manufacturing methods.
There was also the question of whether the 16-foot tunnel, in which the
model was to be tested, was sufficiently free of turbulence to allow the wings
of the P-51 model to develop their full laminar-flow potential. These ques
tions, however, merely added spice to the experiment.
A one-third scale model of the P-51, without propeller, was carefully
tested in the wind tunnel through a range of lift coefficients and speeds. This
phase of the experiment was not unusually difficult. It was pretty much a
conventional wind-tunnel test. The problem came in running the flight
test-without a propeller. The propeller had been eliminated because there
was no good way of measuring the thrust of either the propeller or the en
gine exhaust in flight, and these uncertain forces would totally obscure the
drag of the airplane, the force which was to be measured. So the propeller
was removed, the carburetor inlet blocked off, and the whole airplane pol
ished and waxed to resemble the surface conditions of the model. The usual
load of special NACA flight-research instrumentation had been installed in
the airplane, and this included a sensitive accelerometer that would measure
accelerations in the longitudinal direction with an accuracy of 0.01 g. The
drag of the airplane would be measured by the deceleration it produced.
With no propeller, the P-51 would have to be towed to altitude and
there released to descend along some prescribed path to a dead-stick land
ing. The NACA pilot, James M. (Jimmy) Nissen, recognized the hazards
involved. True, he did not expect to get any special financial reward for un
dertaking work involving unusual danger-NACA pilots never did-but if
he felt any concern over these dangers, it was buried in his great enthusiasm
for the project. In any case, the flights were to be made from the Army base
at Rogers-more commonly called Muroc-Dry Lake where the maximum
opportunity for a safe landing would be provided.
The airplane chosen to do the tow job was the Northrop P-61 Black
Widow. It would be connected to the P-51 by means of two long tow cables
having at the P-51 end a special release mechanism which Jimmy could op
erate if he got into trouble.
The whole operation was a very tricky business. The towed takeoff, the
climb to 28,000 feet, the release of the cables, and the descent to a dead-stick
landing all added to the thrill of the experiment. But everything went off
fine. The first flight was completed successfully and so was the second. On
the third flight, however, difficulty arose. For some unexplained reason, the
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cable released from the Black Widow. It flew back and wrapped around the
P-51 like spaghetti around a hot dog. Jimmy was in real trouble. Though
trussed up like a Christmas turkey, he found he was still able to control the
airplane. Gingerly he brought the P-51 down: in fact, he couldn't stop it
from coming down as it had no propeller. He landed in a rather rough area,
a quarry. The structure of the P-51 crumpled. When the dust had settled,
there was Nissen crawling out of his wrecked plane, shaken but hopefully
not seriously harmed. He was taken to the base hospital to be X-rayed for
broken bones. Unfortunately, the X-ray machine was not working; Jimmy
had clipped the powerline to the hospital on his way in for his ill-fated land
ing. The instrumentation fortunately survived the crash and provided the
evidence that was sought. The flight data confirmed to an acceptable degree
the results of the wind-tunnel tests.
A description of the whole project is given in TR 916 (ref. A-6) au
thored by James Nissen, Burnett Gadeberg, and ·william Hamilton. A fore
word was added to the report by NACA Chairman Jerome Hunsaker in rec
ognition of the special contribution made by Nissen.
The hazards to which NACA test pilots were subjected were considered
acceptable only if they could not by any reasonable means be avoided. In
this case, the whole project had been rushed and a question remained
whether, with a little more deliberation, a little more care and checking, the
failure of the cable attachment could have been avoided.. The lesson learned
was reasonably cheap, but it could have been otherwise.
CRITICAL AIRLOADS

The wartime role of the Ames Flight Research Section was not only to
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assist the military in evaluating the flying qualities of military airplanes but
also to serve as aeronautical detectives to discover why a particular airplane,
or a particular class of airplanes, was killing a lot of military pilots. The dis
covered cause often indicated no fault of the designer but only that the air
plane had advanced into new realms of flight where unknown factors were
present.
The flight realms that gave trouble in the midwar years were the high
subsonic speed ranges where the uncertain effects of compressibility were
being encountered. At low subsonic speeds the air feels the coming of a
wing when it is still far off; thus the air has plenty of time to move out of
the way and let the wing by. But at speeds approaching the speed of sound,
the air receives little warning of the coming of the wing and has little time
to get out of the way-so little time, indeed, that it gets squashed or com
pressed as the wing slams against it. When the sonic speed is reached, the air
gets no warning at all because the "feel" of the wing is transmitted forward
only with the speed of sound. Hence at sonic and higher speeds the wing,
and other parts of the airplane, crash into the air with a terrific impact often
heard miles away on the ground. In the early days at Ames peculiar airplane
flight characteristics, and also many unexpected airloads, arose from these
compressibility effects.
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Along in the midwar years, a rash of tail failures appeared in the opera
tion of some of our new high-speed fighter aircraft. These airplanes had
been designed to dive at high speed and perform rolling pullouts and other
violent maneuvers, yet failures were occurring under conditions which the
designers had considered safe. More than one pilot lost his life as the result
of such failures. The Ames Flight Research Section was assigned a Bell P-39
airplane to study the general effect of compressibility on airloads as well as
the specific tail-failure problem. The airplane was prepared for test in the
usual manner by installing a variety of special NACA instrumentation. In
cluded in this case were instruments to record photographically, as a func
tion of time, quantities from which could be determined such variables as
indicated airspeed; pressure altitude; normal acceleration; engine manifold
pressure; engine rpm; approximate angle of attack of the thrust line; land
ing-gear position; aileron, elevator, and rudder positions; aileron and eleva
tor forces; rolling, yawing, and pitching velocities; and the pressure distribu
tion over extensive areas of the wings and tail surfaces.
The instrumented P-39 was used in several rather extensive programs
to determine handling qualities and airloads both in steady straight flight
and in various maneuvers. Valuable information was obtained which
pointed the way to improved methods of design. In most of these programs,
the airplane was flown by Lawrence Clousing. His principal, ground-based,
engineering colleagues were William Turner and Melvin Sadoff. Typical re
sults of the tests are contained in TN's 1144 and 1202.
In one phase of the P-39 program, measurements were made of the hor
izontal tail loads during stalled pullouts at high speed. To attain the highest
Mach number of which the P-39 was capable, Larry Clousing would put the
airplane in a nearly vertical dive at high altitude. From the high speeds thus
obtained, he would make sharp pullouts, thus searching the extremities of
the conditions for which the airplane was designed. But did the designers
really know what the airloads would be under these severe flight conditions
and what would happen if they had underestimated the loads? The tests
showed that the loads had indeed been underestimated.
In each new dive Larry, with cold courage, would push the airplane to
higher and higher speeds and make ever more forceful pullouts. The results

The Bell P-39 test airplane,
used for tail-load tests.
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are best told by a Memorandum Report that Clousing and Bill Turner
wrote on the subject:
. . . it is seen that the airplane was pulled in until a very violent stall
occurred at a lift coefficient of 1.01 and a Mach number of 0.67. The maxi
mum acceleration factor reached was 7.5 at an angle of attack of 19°. The
maximum elevator angle was 11.5° up. The buffeting was apparently
about the same on both sides of the tail in this run. Rapid fluctuations of
pressure of 300 to 400 pounds per square foot occurred at the leading edge
of the stabilizer during the buffeting. . . .
During this run structural failure of the horizontal tail occurred. Since
the airplane was operating within maneuvering limits which were consid
ered safe by design specifications in use at the time the airplane was de
signed, it is of interest to examine the nature of the tail failure in relation
to the necessity for revision of air load requirements and the manner of
specifying safe maneuverability limits to a pilot. The principal failures
were on the left side of the tail, although failure had also started on the
right side. . . . The left elevator had buckled downward at about the
third outboard row of orifices, cracking the elevator spar. The elevator
nose balance had been forced downward severely enough to break the
elevator nose rib on each side of the tail just inside the outboard hinge
fitting. The left stabilizer rear beam was cracked at the inboard hinge
bracket, and the two top bolts holding the bracket to the stabilizer rear
beam had been sheared completely.
The report calmly went on to say, "Other miscellaneous failures of various
degrees of severity occurred to both the elevator and stabilizer
structure. . . ."
Other, indeed! That was quite enough. One tiny bit more and Larry
would not be here. This was not the first nor the last time that Clousing
exhibited the remarkable fearlessness with which he approached all of his
flight assignments. Why did he do it? Certainly not for money. All he or the
other NACA test pilots received was standard civil service pay. Commercial
pilots charged treble the amount for far less dangerous jobs. But it was war
time and perhaps Clousing felt that a little added risk on his part might save
the lives of several military pilots. After all, he had been a naval aviator him
self. And who knows what Larry really thought, for he was reluctant to talk
about it. A historian must get the story from his colleagues or from the cold
data of musty reports.
The flight projects so far described are representative, perhaps, of the
wartime work that was performed by the Ames flight research people. But it
is only a tiny part of the total. To aid military services, the Ames flight re
search group conducted research programs on many of the new airplanes
being produced for war use. Included among these were the Bell P-39 and
P-63; Boeing B-17; Brewster F-2A; Consolidated B-24; Curtiss C-46; Doug
las SBD, XBT2D, A-20, and A-26; General Motors XP-75; Lockheed P-38,
P-80, and PV-1; Martin B-26; North American P-51 and B-25; Northrop
P-61; Ryan FR-1; Vought OS2V; and Vultee A-35. Also, late in the war pe
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riod, a handling-qualities investigation was made on the Navy's K21 non
rigid airship. For this rather unique study, William M. Kauffman was project
engineer.
AILERON FLUTTER

Of the airplanes just mentioned, the P-63 and P-80 were used for a
number of investigations including a study of aileron flutter, one of the
many dynamic phenomena associated with compressibility. Shock waves in
the airflow over a wing were bad enough when they stood still, but unhap
pily they had a demoniacal tendency to oscillate back and forth at high
speed and cause pulsating disturbances in the flow. The pulsations would
sometimes shake the whole wing and airplane (this was called "buffeting")
and sometimes they would cause the ailerons to buzz up and down in an
alarming fashion. Shock-induced aileron buzz occurred only at high speed,
and this fact added to the danger of any flight investigation of the phenome
non.
Flight studies of aileron buzz on the P-63 were conducted by John
Spreiter and George Galster with George Cooper, a new member of the
Ames staff, as pilot. No positive cure for the phenomenon was found, but
the amplitude of the aileron motion was reduced through the use of an ir
reversible hydraulic unit in the lateral-control system. Investigation of aile
ron buzz on the P-80 was undertaken by a research team composed of
Harvey Brown, George Rathert, and Lawrence Clausing. The Lockheed P
80 Shooting Star was the Nation's second jet fighter airplane. A remarkable
airplane, produced in Kelly Johnson's "skunk works" in a nominal 80 days/
the P-80 was sleek and simple-quite the antithesis of earlier Lockheed fight
ers. It was still subsonic, of course, yet quite the fastest thing on wings. And
it was beset with an aileron-buzz problem.
In the tests of the P-80 at Ames, the aileron buzz seemed to grow in
intensity as the speed increased; and, in pursuing the matter, there was some
worry that at the highest speeds the aileron motions might incite a destruc
tive wing flutter. In a steep dive such a development might be quite a
bother. For this reason, JllOSt pilots were exceedingly reluctant to dive the
plane into these high-speed regimes of flight. But Larry Clausing, as we
know, was different. Exhibiting his characteristic fearlessness, he dove the
plane to speeds higher than man had ever reached before-to a Mach num
ber of 0.866. The ailerons whipped violently but wing flutter did not occur.
When the airplane was later examined, the left aileron was found to have a
buckled trailing edge.
The study of the P-80 aileron buzz problem was pursued in the 16-foot
tunnel even more intensively, if anything, than in flight. The 16-foot tunnel
was ideally suited to this kind of investigation and, with Albert L. (AI) Er
1

Actually more like 140 days but still an extraordinary achievement.
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ickson as project engineer, made important contributions to the understand
ing of the buzz phenomenon. The urgency of the P-80 problem was such
that AI frequently had Kelly Johnson and other Lockheed representatives
looking over his shoulder as he sought its solution. Significantly, the P-80
project infused Al with a solid and continuing interest in unsteady aerody
namic phenomena and impressed him with the need for developing special
instrumentation for future wind-tunnel investigations in this field.
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The 7-by-IO's in Action

FOLLOWING long-established NACA practice, the research staff at
Ames was organized around major facilities and, as earlier noted,
there was often collaboration between the various facility-centered groups
as they found themselves attacking common problems. With these simi
larities of makeup and objective, there were also certain important factors
which in each group bound the members together, implanted a distinguish
ing characteristic, and established a certain measure of esprit de corps and
effectiveness. Chief among these factors was the leader of the group, but
also of great influence was the character of the men in each group.
The group of men who operated the Ames 7- by 10-foot tunnels was
quite fortunate. They were lively, original-thinking nonconformists who
went on to make major contributions in other branches of the Ames organi
zation In this group were men like Charles Frick, Victor Stevens, Steven
Belsley, Charles W. Harper, Robert Crane, Ralph Holtzclaw, and, most
notably, Harry Goett who, as leader, guided the spirited team with a firm
and sure hand. Harry possessed unique abilities for developing the latent
research talents of his men, and his perception of what was really important
in aeronautical research was remarkably keen. Through the vigorous exercise
of these qualities he was able to mold his individualistic and sometimes
recalcitrant staff to the purposes at hand and to direct their efforts into fruit
ful avenues of research. Some of the more obstreperous members, such as
Frick and Belsley, showed a certain resistance to the molding process with
the result that the halls of the 7-by-10's often resounded to their protestations
and arguments.
Both 7- by 10-foot tunnels began active research operations in the early
fall of 1941. They generally had been thought of as "workhorse" tunnels ex
pected to carry out the bulk of the development test work required in the
production of new military aircraft. The particular usefulness of the 7-by
10's in development test work lay in the ease and low cost of their operation
and the fact that the test models used in them, being made of wood, could
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easily be produced and quickly modified. High-speed tunnels, on the other
hand, required models that were partly or wholly made of metal.
With the beginning of the war, Ames received a flood of military re
quests for tests of a variety of airplanes such as the Consolidated XB-32, the
Hughes D- 2, the North American XB-28, the Douglas XSB2D-l, and many
others. The manifest destiny of the 7- by 10-foot tunnels seemed about to be
realized. The tunnels and their staffs went on two-, then three-shift opera
tions, becoming deeply involved in tests aimed at finding and correcting de
sign faults in new military airplanes.
Harry Goett, however, was neither content nor willing to limit the
role of the 7-by-lO's to development test work. While straining to satisfy
head-office requirements for such work, he obstinately maneuvered to re
serve one of the tunnels for research of a more basic character. At other
times, by strategic planning, program additions, and analyses, he was able to
wring basic research results out of otherwise ordinary development test
work. Thus, during the war, while the 7- by 10-foot tunnels made important
contributions to the development of specific military aircraft, they also,
under Goett's imaginative leadership, produced valuable information having
much broader application. Of the latter results there are many examples-the
most notable, perhaps, being the earlier-mentioned procedure for predicting
the handling qualities of airplanes from wind-tunnel tests.
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SLIPSTREAM EFFECTS

In early years at Langley, wind-tunnel tests of airplane models generally
made no pretense at simulating the effect of operating propellers. It was dif
ficult and costly to provide a powerplant and propellers for the airplane
model, and the effects of the propeller slipstream on the model tests were
not considered of sufficient importance to justify the added cost and compli
cations. Besides, these effects could probably be calculated. In the late
1930's, however, the Sawyer Electrical Manufacturing Co. of Los Angeles de
veloped a small, high-powered electric motor suitable for installation in air
plane models, and these motors were used by Caltech to power models of
the DC--4 and other airplanes in its l 0-foot wind tunnel.
The value of simulating airplane power in model tests was demon
strated by the pioneering work at Caltech 1 and by the time the Ames 7- by
10-foot tunnels got under way, the technique was becoming common prac
tice. Shortly it became absolutely essential, for the new military airplanes
were being equipped with tremendously powerful engines and the slip
stream of propellers produced a major effect on the stability and control of
an airplane. Indeed, as airplane designers strove to achieve higher speed and
greater performance for their products, the effect of the propeller slipstream
became the predominant influence on stability and control. In some cases
the slipstream problem was so great as to necessitate a major and costly
change in the configuration of the airplane or even the abandonment of a
design for which a prototype had been built. An example of the new breed
of aircraft that were sorely beset by slipstream problems was the Douglas
XSB2D-l, but the disease was epidemic.
A great deal of development test work in the 7-by-IO's was spent in
trying to deal with the destabilizing effects of propeller slipstreams and in
1
See "The Influence of Running Propellers on Airplane Characteristics," by Clark B.
Millikan. Third Wright Brothers Lecture, published in Journal of the Aeronautical Sciences,
vol. 7, no. 3, Jan. 1940.
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some cases, as just noted, it seemed almost a hopeless proposition. Ed Burton
and his staff at Douglas Santa Monica thought they might have a solution to
the slipstream problem when they mounted the. propeller of their B--42 at
the rear end of the airplane, behind the tail surfaces. This idea never caught
on; nevertheless, a model of the B--42 was tested in the 7-by-10.
After struggling with the propeller slipstream for a few years, aewnau
tical engineers began to wonder if the reciprocating engine and its propeller
had not become overdeveloped, overcomplex, and misapplied to modern
high-speed aircraft. Like Renaissance scientists viewing the wheels-within
wheels complexity of the pre-Copernican, earth-centered model of the uni
verse, they suspt:cted that they might be on the wrong track. The deceptive
simplicity of the first jet engines seemed to lend weight to this belief; but jet
engines in the mid-war years were of low thrust and limited reliability and
unhappily they became more complex as these deficiencies were corrected.
NEW ENGINES: NEW PROBLEMS

October 2, 1942, marked the beginning of a new era in U.S. aviation
history. On that day, at Muroc Dry Lake in California, there occurred the
first flight of this Nation's first turbojet-powered airplane-the "Airacomet,"
produced by the Bell Aircraft Corp. The Airacomet was powered by a pair
of small turbojet engines, the essential features of which were those of an
original jet engine designed by Group Captain Frank Whittle of the British
Royal Air Force and flown earlier in England.
Owing to their low thrust and marginal takeoff capabilities, early jet
engines were in some instances combined with conventional reciprocating
engines. In 1944 there appeared at Ames, for test, a model of the Ryan
XFR-1, the first airplane employing such a combination of power plants.
The XFR-1 had a conventional reciprocating engine and propeller in front
and, inside the fuselage, a small jet engine exhausting through the tail. A
model of this airplane was tested in the 7-by-10 with results reported in a
paper by Myles Erickson and Leonard Rose.
The jet-powered airplanes which began to appear before the end of the
war introduced a brand new set of problems with which the people in the
7- by-lO's and other branches of Ames were directly concerned. Two major
questions to be solved were: Where should jet engines be located in an air
plane? and, How should the huge volumes of air that passed into and out
of a jet engine be handled? For single-engine fighter airplanes, it seemed de
sirable to bury the engine in the fuselage behind the pilot and to duct the
exhaust gas out through the fuselage tail. The intake to the engine was
more of a problem. There would be some aerodynamic advantage in in
ducting the air through a single inlet in the nose of the fuselage, but this
method gave rise to the problem of passing the air around the cockpit. Also
there was a practical need to reserve the fuselage nose for a radar installation.
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Alternatively, twin inlets leading to the engine could be installed in the lead
ing edges of the wing roots, a scheme used in the XFR-1, or they could be
installed on the sides of the fuselage well back from the nose; but in such
installations how would the efficiency of the inlets be affected either by the
wing or by the thick boundary layer forming on the fuselage ahead of the
inlet?
The real problem was that never before had aircraft designers been re
quired to induct any significant amount of air into the fuselages of airplanes
and never before had they been forced to concern themselves in such an im
portant way with internal aerodynamics. The new jet engine consumed
vastly more air than the largest reciprocating engine ever built; all of this
air had in some cases to be passed completely through the fuselage with a
minimum of lost momentum at the inlet, at the exit, and throughout the
length of the duct. This was a problem, it was quite clear, which would not
be completely solved for many years.
One important phase of the jet-engine internal-flow problem was the
development of efficient inlets. Any inefficiency of the inlet would not only
increase the external drag of the airplane but, possibly even more signifi
cantly, would also reduce the thrust of the engine. The obvious way to make
a side fuselage inlet was to install a big scoop projecting from the side of the
fuselage well beyond the thickness of the boundary layer. A protruding
scoop of this kind could, of course, cause a serious flow disturbance and add
greatly to the drag of the airplane. At the 7-by-10, Emmet Mossman and oth
ers felt that it might be possible to develop a flush, or submerged, inlet that
would not protrude from the fuselage—an inlet that would induct air as
efficiently as a scoop but with much less external drag. He and his colleagues
worked on the idea and found that their hunch was right; they were able to
develop a submerged inlet that performed very efficiently at subsonic speeds.
The aerodynamics of the boundary-layer flow in the region of the inlet was
very complex and no rigorous theory was ever developed to explain how the
inlet accomplished its function; nevertheless, the inlet proved very useful
and its development represented a significant contribution in the field of
aeronautical science. The results of the 7-by-10’s first work on submerged
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inlets was covered in ACR A5120 (ref. A-7), authored by Charles Frick,
Wallace Davis, Emmet Mossman, and Lauros Randall.
While Mossman and his colleagues were working on submerged side in
lets, another 7-by-10 group was giving consideration to the design of wing
mounted jet-engine nacelles such as might be required for large multi-jet
engined airplanes. Here there was somewhat less concern with the internal
flow through the nacelles than with external drag and the avoidance of in
tersections between wing and nacelle that would lower the critical speed of
the combination. As a result of this work, conducted principally by Robert
Dannenberg, Wallace Davis, and George McCullough, designs were evolved
for single- and twin-engine nacelles mounted integrally with the lower sur
face of the wing. These nacelles provided low external and internal drag
and did not in any significant degree decrease the critical speed of the low
drag wing on which they were mounted. They provided the basis for the
design of the nacelles of the first jet bombers built in this country.
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16-Foot Tunnel Fills Urgent Need

of the Ames 16-foot tunnel was exceedingly timely.
CONSTRUCTION
Many of the military airplanes built during the war had pushed
up into speed ranges in which compressibility effects were commonly en
countered. There were a few, smaller high-speed tunnels, like the 8-foot
600+-mph tunnel at Langley, but none that provided an equal combina
tion of size and speed-not even the new 16-foot tunnel at Langley. The
Ames 16-foot tunnel therefore fulfilled a very important wartime need
and helped to solve a number of rather crucial problems with which cer
tain new airplanes were afflicted.
Manley Hood was in charge of the 16-foot tunnel during the war years
and he was ably assisted by a group of men of whom a number were recent
graduates of the University of Washington. Included among the members of
the 16-foot staff were AI Erickson, Victor Ganzer, William Hamilton, Ed
mund Laitone, Henry Jessen, Warren H. Nelson, and Lee Boddy. Hood
himself had come from Langley where he had been assisting DeFrance with
facility design, a task which he continued during his first 2 years at Ames. At
Ames he further demonstrated the technical ability and agreeable disposi
tion which had been appreciated at Langley. Manley was placed in charge of
the 7- by 10-foot tunnels when they were first put into operation but shortly
was transferred to the 16-foot tunnel when, late in 1941, that facility was com
pleted. It was for reasons of his experience and ability that Hood was chosen
to manage and operate the most sophisticated piece of research equipment
then completed at Ames. The task was at once a challenge and a heavy re
sponsibility.
Because of the 16-foot tunnel's speed potentialities, it was subjected to
intense pressure during the war to carry on both research and development
test work. It operated on a three-shift basis, often 6 days a week. DeFrance,
whose pervasive influence impressed itself on every phase of the Labora
tory's operation, drove his men hard to get the work done. Every section
head, every division chief, was keenly aware that at any minute Smitty
might burst into his office with a roar that could shatter the glass in the win
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dows. A rather fearsome apparition he sometimes seemed on such occasions:
hat jammed down on head, cigar clenched in teeth, and eye flashing fire
his glass eye relatively benign. Survival always seemed doubtful during the
first minute of such encounters, but relief often came quickly if "explana
tions" were satisfactory. Above all, DeFrance was fair-a square shooter
and he was respected by all of his men. All, too, were aware of his devout
loyalty to his staff and had experienced the friendly warmth of his personality
more often than his wrath. But the wrath they never forgot. It lent wings to
the work of the Laboratory, particularly during the period of construction
and wartime urgency.
In December 1943 there were no explanations for the catastrophe that
struck in the 16-foot tunnel. The windings of one of the great drive motors
burned out in a shower of sparks and a pall of smoke. Smitty and Manley
were on top of the problem immediately and a great effort was quickly insti
tuted to repair the motor and return the tunnel to operation. The effort, led
by Jim White, Jeff Buck, and Lawrence Montgomery, Sr., of the Electrical
Section, was pushed 24 hours a day, Sundays, Christmas, and New Year's. On
December 25, in the cold, dark reaches of the tunnel where the work was
going on, a Christmas tree was mounted on the motor nacelle and thought
ful individuals brought in a turkey dinner for the crew. Morale was high
and everyone turned to with a will to complete the job. The prevailing
spirit was revealed by the actions of the General Electric Co., the principal
contractor, which even before receiving written authorization, or assurance
of pay, began drawing scarce copper into the special wire required to rewind
the motor. By .~arly January the challenge had been met, the task com
pleted, and the tunnel returned to service,
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With fans driven by motors totaling 27,000 horsepower, the 16-foot
tunnel was probably the first large tunnel to encounter the problem of chok
ing. The phenomenon of choking in a wind tunnel, as earlier noted, occurs
when the speed has increased to the point where the speed of sound is
reached over the full cross section of the constricted throat. Inasmuch as the
model and its supporting struts produce an additional constriction, the
speed of sound is reached in the plane of the model before it is reached in
the region, just ahead, where the tunnel airspeed is measured. Thus, de
pending on the volume of the model and struts, choking will occur when
the tunnel airspeed meter shows some value less than the speed of sound.
The 16-foot-tunnel staff was desirous, of course, of making tests in their
tunnel at the highest possible speed but also with large models. Therefore
the only means available to them for increasing the test (choking) speed of
the tunnel was to reduce the thickness or bulk of the model support struts.
In the original design, the tunnel was equipped with three substantial sup
port struts each surrounded by a big, fat windshield. This system was a mis
take in design judgment, it was quickly learned, for the choking Mach num
ber was only 0.75. The windshields were removed and the struts made thin
ner, with the result that the choking Mach number was raised to 0.85. In
certain cases, it was found, the choking Mach number could be raised to 0.9
by suspending the model on four very thin tension struts. This then was
about the highest test Mach number that could be hoped for in the 16-foot
tunnel except perhaps in special cases where the test model was a semispan
wing that could be cantilevered, without any support struts, from the side
wall of the tunnel.
The first tests undertaken (in early 1942) in the 16-foot tunnel were of
a wing composed of NACA 66,2--420 airfoil sections of 5-foot chord. This
test program was NACA's first opportunity to investigate at large scale and
high speed one of its new low-drag airfoils. The results were published in
May 1942 in a report authored by M. J. Hood and J. L. Anderson.
DIVE CoNTROL

The next project undertaken in the 16-foot tunnel was one of great ur
gency and importance. It was an attempt to find the cause and cure of a very
dangerous diving tendency that had been revealed by the Lockheed P-38
airplane. At least one pilot had been killed by this devilish phenomenon
and others had gotten into serious trouble. The evidence indicated that in a
high-speed descent, or glide, the airplane showed a strong tendency to nose
over into a vertical dive from which, once it was well established, the pilot
had not the strength, nor the elevator the power, to pull out. If the "tuck
under" tendency, as the phenomenon was often called, was not immediately
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corrected when first felt, the results were likely to be catastrophic. Lockheed
management was very much worried. The plane was scarcely suitable for the
military purpose intended unless this deadly characteristic was eliminated.
It was suspected that the trouble had to do with compressibility as it
seemed to occur only at high speed-at a Mach number above 0.6. The
NACA Langley laboratory was asked to investigate the problem and tests
were made in the 30- by 60-foot and the 8-foot tunnels. The effect, it was
found, was clearly due to the formation of shock waves on the wing and per
haps the fuselage, with a resulting loss of lift. It appeared that Lockheed
might have earned the questionable honor of building the first airplane that
would fly fast enough to encounter serious compressibility troubles. But
what to do about it? Langley made a number of suggestions aimed at in
creasing the critical speed of the airplane. The recommendations were good
in theory but would have required really major modifications in the design.
Kelly Johnson would have none of them. What he wanted, and quite under
standably, was a quick and easy fix. After all, there was a war on and no
unnecessary delays could be brooked.
At this stage, Ames was asked to investigate the problem in the 16-foot
tunnel. The job was undertaken with high priority, and AI Erickson was
put in charge of the work. Kelly Johnson's men made frequent visits to
Ames to discuss ways of dealing with the problem. The first series of tests at
Ames confirmed the findings at Langley. The main source of trouble, it now
became clear, was the system of shock waves that formed on the upper surface
of the inboard wing sections at a Mach number of about 0.65. The shock
waves reacted with the boundary layer and caused flow separation and loss of
lift over that portion of the wing. The loss of wing lift caused a loss of down
wash at the tail; and the tail, suddenly relieved of its downward load, imme
diately put the airplane into a steep dive. The forces on the stabilizer, which
held the plane in the dive, were so powerful that they could not be over
come by the elevator; and there was, of course, no fast-acting means for
changing the angle of the stabilizer.
In the first series of tests run at Ames, a number of corrective measures
were tried. None of them was very simple though some were beneficial.
Other tests were run which were reported by Erickson in April 1943. In Er
ickson's report, three solutions to the problem were suggested. The first and
best one, which had been recommended and actually checked out in flight
by Lockheed, was the installation of flaps on the lower surface of the wing at
the 33-percent-chord point. The action of the flap 'was to quickly restore the
lift which the wings had otherwise lost. The second suggestion was to install
some fixed bumps on the lower surface of the wing. The bumps produced
results somewhat similar to those of the flaps but were much less effective.
The third suggestion, which doubtless would have been effective, was to in
stall a controllable stabilizer.
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The flap solution was adopted by Lockheed and it served the purpose
very well. But it was only a fix and it did not obscure the fact that in the
race for speed subsonic airplanes, particularly configurationally complex de
signs like the P-38, had come to the end of the line. Lockheed's next air
plane, the P-80, quite different from the company's P-38, P-49, and P-58,
was dead simple. It was a beaut.
The tuck-under phenomenon appeared, in a generally milder form, in
other airplanes and was the subject of considerable study in the 16-foot tun
nel and in flight. An analysis of the problem was prepared by Manley Hood
and Harvey Allen and published in TR 767.
P-51

STUDIES

Not long after the P-38 episode another "fire drill" took place in the
16-foot tunnel. In early flights of North American's sleek new P-51, a
strange thumping noise had appeared. Nothing really catastrophic had oc
curred, but Ed Schmued, Eel Horkey, and others of the design staff at North
American were considerably worried. Noises such as had come from the
bowels of the airplane might presage an explosion. The noise, it was noted,
O€curred only in flight.
·
The P-51 Mustang was one of the cleanest airplanes that had been
built up to that time. Reportedly, it had been dived by the British to Mach
0.85, which seems doubtful, but in any case it had certainly traveled faster
than any other propeller-driven airplane. The P-51 incorporated, for the
first time, NACA's low-drag airfoil sections and great care had been taken to
make the wings fair and smooth. Its single, liquid-cooled engine was neatly
£aired into the nose of the fuselage. The radiator was located in the fuselage
behind the cockpit and cooling air was taken in through a large belly scoop
under the wing. Despite the advanced features of the P-5l's design, the
Army Air Corps had shown little interest in the airplane and had ordered
only two. It was not until the British ordered 600 of them that the Army
pricked up its ears and itself placed an order for 500. The airplane later en
deared itself to American bomber crews for whom it provided defensive
cover during deep penetration raids into Germany.
It was clearly an urgent matter to find the source of the thumping, or
rumble, in the P-51. The assistance of the Ames Laboratory was requested.
The project might appropriately have been undertaken by the Flight Re
search Section, but it was realized that results could be obtained much more
quickly in the 16-foot tunnel if it were possible to mount the whole fuselage
and wing roots of the airplane in the tunnel. Manley Hood and his staff fig
ured that it was possible-that if the outer wing panels were removed, the
fuselage with stub wings would just fit in the 16-foot test section. The instal
lation was quickly made and the tests were begun. Howard Matthews was
project engineer.
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North American XP-51B
with outer wing panels re
moved in 16-foot tunnel.

The rumble appeared in the wind-tunnel tests and its source was found
to be the belly scoop on the undersurface of the wing. More specifically, it
was soon learned, the rumble came from disturbances in the inlet airflow
when gobs of de-energized air from the boundary layer surged over the inner
lip of the scoop and into the air duct. Over the long expanse of wing and
fuselage lying ahead of the scoop, a considerable thickness of boundary layer
would build up and the thickness was all the greater as a result of the block
ing effect of the scoop. North American engineers had considered the
boundary layer in the design of the scoop and had lowered the scoop below
the surface of the wing a little way to allow the boundary layer to pass harm
lessly by. But for reasons of maintaining cleanness of line, they did not want
the scoop to project downward any farther than necessary. In fact, they had
made it wide and shallow-thus, unfortunately, providing every opportu
nity for the ingestion of boundary layer.
100

Howard F. Matthews.

A number of minor modifications of the scoop were tried with little ef
fect. The ever-present Smitty DeFrance, who seldom failed to advance his
own recommendations, spoke forth on this occasion in no uncertain terms:
"Lower the damn thing!!" This measure was pretty obvious, of course, but
Manley and his boys were searching for a somewhat more refined method of
accomplishing the same end. Nevertheless the lowering idea was tried and it,
together with certain other modifications, was found to be a nearly perfect
cure. North American people were delighted. An easily applied cure had
been found, and that in a matter of only .a few weeks. But above the pleas
ure of finding a solution to the P-51 problem, both NACA and North
American had learned a valuable lesson. It concerned the importance of
keeping boundary layer out of air scoops. And a thoughtful observer might
have taken time to reflect that the boundary layer, so little appreciated by
the layman, so infinitely important to the aerodynamicist, had again got in
its licks. Certainly this was not the last we would hear from it.
Ames' contribution to the success of the P-51 did not stop with its solu
tion of the duct-rumble problem. Other performance gains for the airplane
were achieved in development tests on the airplane that were later run in
the 16-foot tunnel under the supervision of Charlie Hall, Henry Jessen, and
others. And of course there was the earlier described joint project with
Flight Research, the famous "Jimmy Nissen" experiment. All in all, North
American had much to thank Ames for , and such thanks were soon forth
coming.1
1
Letter, R. H. Rice, Chief Engineer, North American Aviation, Inc., to Dr. G. W . Lewis,
Director of Aeronautical Research, NACA, Apr. 21, 1943.
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OTHER DEVELOPMENT TESTS
The projects just mentioned are examples of work carried out in the
16-foot tunnel during the war. While they were somewhat more dramatic,
they were no more important than many other projects undertaken in that
tunnel. Models of at least 16 different airplanes were tested in the 16-foot
tunnel and these included the P-80, the first completely jet-powered air
plane to be investigated at Ames. Inasmuch as there was a vast lack of infor
mation on the effect of compressibility on air loads, many of the models
tested were built with orifices distributed over their surfaces to facilitate
pressure-distribution measurements. In some instances as many as 800,000
separate pressure measurements were made on a single airplane model.
WINGS for JET BoMBERS
Because of the advanced capabilities of the 16-foot tunnel, all of its
available time was given to the development testing of military aircraft.
Some time was reserved for obtaining fairly basic information that would be
useful in future designs. Along in 1945, the Air Forces were making plans to
develop a new class of bombers powered with jet engines. They would be
much faster than the B-29, of course, and would require wings that would
perform well at high subsonic Mach numbers. Certainly this was an occasion
to use NACA's low-drag airfoils which minimized the adverse effects of com
pressibility and maximized the benefits derived from extended laminar flow.
Accordingly a program was undertaken in the 16-foot tunnel concerned
with the design and testing of a series of six wings, comprised of NACA 65
series sections covering a range of thickness and aspect ratio that might be
used by the new bombers. The tension struts were used and Mach numbers
up to 0.9 were obtained. In some tests a dummy, bomber-type fuselage was
installed. The results of these tests were described in TR 877 by William
Hamilton a~d Warren Nelson. They were also presented directly to the Air
Forces in a conference at Wright Field in September 1945.
The Wright Field conference was called to allow NACA to present all
available technical information having application to the new jet bombers
then being designed by North American, Consolidated, Boeing, and Martin.
By far the most important subject discussed at this conference was wing
sweep. Robert Jones of the Langley laboratory had recently shown that com
pressibility effects could be delayed and perhaps minimized in intensity by
sweeping the wings of an airplane backward. And when, at the end of the
war, our scientists entered Germany, they found that the Germans had also
discovered the benefits of sweep. 2 But how soon the principle of sweep could
be applied to American airplanes remained to be seen.
• One of those who entered Germany at this time was R. G. Robinson of Ames. Inklings
of the German work on sweep had reached the United States a year or so earlier, but the
significance of this work seems not to have been recognized until the Jones discovery.
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in the 40- by 80-foot tunnel did not get under way until
R ESEARCH
mid-1944. Harry Goett was put in charge of the facility and in Septem
ber was replaced as head of the 7-by-lO's by Charles Frick. In the years that
followed Frick proved to be an aggressive, competent leader, a man con
tinuously on the move, whose furious pipe-smoking practices, incidentally,
threatened to bum the place down. Brilliant himself, Frick would exhibit
sharp impatience when confronted with obtuseness, or laggardly action, on
the part of any member of his staff-a group which therefore remained
very alert.
Goett took with him to his new assignment in the 40-by-80 a number of
men from his former staff in the 7-by-lO's. Victor Stevens, William Harper,
and Bradford Wick went with him, and to this group of former comrades
were added J. S. W. (Sam) Davidsen, Gerald McCormack, and a number of
others including Dean Chapman, a new man who had been doing graduate
work at Caltech. Goett thus started out with a very able team and men w-ho
worked for him had a way of developing.
The 40- by 80-Foot Wind Tunnel and the Flight Research Sections
comprised the Full-Scale and Flight Research Division, which was under the
command of Parsons, who also headed up the Construction Division. The
40-by-80 operation and flight research proved to be an extremely compatible
and significant combination of activities; indeed, they were complementary
as well as compatible. The 40-by-80 had the unique ability to test a full
scale, actual airplane with engines running, even with a "pilot" in the cock
pit, and thus the results obtained from it could easily be confirmed by flight
tests of the same airplane. And yet while the forces and operation of the air
plane could more easily be checked and measured in the wind tunnel, the
dynamic handling qualities of the airplane, as appreciated by the pilot,
could only be determined in flight.
In wind-tunnel work there were many advantages in testing actual air
planes rather than models. For one thing, it took time to build a model,
whereas an airplane with a problem could be installed in the 40-by-80 and
103

Charles W. Frick.

checked out very quickly. Moreover, no model could be built which in ex
ternal configuration represented the airplane as perfectly as the airplane
represented itself. On the other han d , of course, the speed of a tunnel the
size of the 40-by-80 was limited by practical considerations and was much
lower than could be achieved in smaller tunnels. The conditions it could best
simulate were thus the lower half of the speed range, including landing,
takeoff, and climb. Problems in this speed range were becoming increas
ingly critical as airplane designers attempted to hold takeoff and landing
speeds as low as possible while boosting the top speed ever higher. With
these strengths and weaknesses the 40-by-80 was a natural and very effective
partner of the other facilities at Ames. It was, nevertheless, better adapted to
development work than to fundamental research.
The first research project undertaken in the 40-by-80 was a series of
tests, begun about August 10, 1944, on an 8- by 48-foot wing having Clark Y
sections. It was something of a calibration test.
The first airplane development test program to be undertaken in the
40-by-80 was a series of tests on the Douglas El Segundo XSB2D-l, later des
ignated BTD-1, airplane. Models of this airplane, a rather ambitious design,
had earlier been tested in the 7- by 10-foot and the 16-foot tunnels, and the
prototype soon was to be tested by Flight Research. The Ames Laboratory
probably spent more time on the BTD-1 than on any other single airplane.
Soon afterward, the Navy lost interest in the BTD-1 and it was never put
into quantity production. It was immediately followed, however, by a series
of simple but very successful fighter-bomber naval aircraft which did much
credit to Ed Heinemann and his design staff at Douglas El Segundo.
Following the BTD-1 program, which was organized and reported by
Sam Davidsen and N. J. Martin, tests were undertaken in the 40-by-80 of a
number of airplanes, including the Northrop N9M-2 flying-wing prototype,
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the Grumman XF7F-l, the Ryan XFR-1, the General Motors P-75A, and
the Douglas El Segundo A-26B. Also, under the supervision of Brad Wick
and Adrian Anderson, the first 40-by-80 research programs on propellers
were run.
The case of the XFR-1 illustrates the value of the wartime develop
ment activities in the 40-by-80. The XFR-1 was a promising new type of
Navy fighter ·airplane which, as earlier described, had a composite power
plant consisting of a conventional Wright 1820 reciprocating engine and
propeller in front and a General Electric 1-16 jet engine enclosed in the fu
selage behind the pilot. The jet engine inducted air through leading-edge
inlets in the wing roots and its exhaust was ejected through the tail of the
fuselage. The Navy's flight tests of the airplane at Patuxent River had
shown it to be seriously lacking in certain stability and control characteris
tics, particularly in the carrier-approach condition. These deficiencies were
so serious that the airplane, in its existing form, was unacceptable to the
Navy. The assistance of NACA in correcting the faults of the airplane was
requested.
First of all, the XFR-1 was flown by the Ames Flight Research Section
to confirm and quantitatively evaluate its reported deficiencies. It was then
put in the 40-by-80. Within a few weeks a 40-by-80 research team headed by
Victor Stevens and Donald Jacoby had discovered a number of fairly simple
modifications which largely eliminated the deficiencies and enabled the air
plane to satisfy Navy flight requirements. The proposed modifications,
though individually fairly simple, were quite extensive and involved a new
rudder, new ailerons, revised elevator trim tab, revised wing flaps, revised
elevator control system, and revised wing dihedral. Each change was later
checked, and its usefulness evaluated, in flight by the Ames Flight Research
Section. The Ryan management expressed its gratitude to DeFrance for the
major contribution Ames made to the success of the airplane. 1
The XFR-1 example illustrates not only the extraordinary usefulness of
the 40-by-80 but also its rather unique complementarity with Ames Flight
Research. Nor was the case of the XFR-1 unusual. There was also, for exam
ple, the case of the Douglas A-26B, the mission of which was changed, after
the plane was built, to include low-level strafing. But low-level strafing re
quired a lightness of controls which the airplane did not have. A 40-by-80
research team headed by Gerald McCormack investigated the problem and
found a solution. Here again there was coordrnation of effort between the
40-by-80 and Flight Research.
The 40-by-80 had been in use only a year when the war ended, yet by
that time the tunnel had demonstrated that NACA had made no mistake in
building it.
1
Letter, T. Claude Ryan, President, Ryan Aeronautical Co., to Dr. G. W. Lewis, Director
Aeronautical Research, NACA, June 29, 1944.
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most of the war years, Harvey Allen was in charge
T HROUGHOUT
of the Theoretical Aerodynamics Section, reporting to Don Wood,
who at first was Chief of Research and later Chief of the Theoretical and
Applied Research Division. Harvey's staff included Walter Vincenti, Max
Heaslet, Gerald Nitzberg, Donald Graham, and, later, Milton Van Dyke.
In the early years, as has been noted, the pure theory of this group was
rather thoroughly mixed up with the reinforced concrete of design and
construction. Allen, in any case, was as much an experimentalist as a theorist;
thus it was not long before his brainchild, the 1- by 3~-foot tunnel, became
.a part of his command. Nor was it surprising when, in July 1945, a new
High Speed Research Division was created with Allen as Chief. Within
the new Division were established a 1- by 3-Foot Tunnel Section under
Vincenti and a 1- by 3~-Foot Tunnel Section under Graham. The Theo
retical Aerodynamics Section, now headed by the scholarly Dr. Max
Heaslet, remained in Don Wood's Division which itself had been aug
mented by a 12-Foot Tunnel Section headed by Robert Crane.
Allen, a man of many loves/ adapted quite readily to the requirements
of his various assignments. While occupied with design and experimenta
tion, he still managed to turn out one of the most outstanding and generally
useful theoretical papers produced by the Ames staff during the war years.
This was TR 833 (ref. A-8) entitled "General Theory of Airfoil Sections
Having Arbitrary Shape or Pressure Distribution." Actually, Harvey had
done much of the thinking for this report while still at Langley, but the
writing took place at Ames.
Allen's report, and much of the other theoretical research carried on
during the early years at Ames, concerned that basic element of all air
planes, the airfoil-or wing section. During the late 1930's, as earlier noted,
NACA engineers at Langley had developed a new and more scientific
method of designing airfoils. This method allowed designers, through rna
1
Including ancient Isotta Frascini automobiles, symphonic music, and great Saint Bernard
dogs-preferably with kegs attached.
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From left to right: Walter G. Vincenti, Dr. Milton D. Van Dyke, and Dr. Max A.
Heaslet, theoretical aerodynamicists.

nipulation of pressure distribution, to achieve airfoil designs having low
drag (extensive laminar flow) and high compressibility speeds. All one had
to do was first to choose the desired pressure distribution and then to design
an airfoil of the right shape to produce that distribution. But ah! there was
the rub. How did one proceed from pressure distribution to airfoil shape?
The designer was in the classic position of the lost traveler who, on inquiring
of a native about the route, was told, after some cogitation, "You can't get
there from here!"
Actually, in the case of the airfoil, there was a theoretical method of
getting there from here but it was extremely laborious. It was like many
other airfoil theories developed by mathematical purists. But Harvey was
not a purist. His interests lay not in trying to build a mathematical Taj
Mahal. He was much more interested in useful results than in the virgin
beauty of his mathematical edifice. He was not above using approximations,
reasonable assumptions, unique analogies, and special devices with the re
sult that he often found working solutions to problems that had baffled
more polished mathematicians. That is about what he did in the case of the
airfoil problem. He developed a simple method for proceeding from an ar
bitrarily chosen pressure distribution to the physical shape of the airfoil that
would produce that distribution. Allen's method was extremely helpful in
the attack on the compressibility-effects problem which at that time was
troubling Ames research people. The relevance of the method to the com
pressibility problem lies in the fact that pressures are a measure of the veloc
ity in the local flow over an airfoil, and the velocity of sound in the local
flow marks the beginning of the more severe compressibility effects.
The onset and intensity of compressibility effects depended not only on
the shape, or thickness distribution, of the airfoil but also on its angle of
attack and lift coefficient. The airspeed or Mach number at which these ef
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fects began to appear was called the "critical speed" or "critical Mach num
ber" and much effort was spent in devising airfoils having high critical
speeds through a wide range of angle of attack. Analytical means for predict
ing the critical Mach number of airfoils at different lift coefficients, with
and without flaps, were developed during this period by Max Heaslet and
Otway Pardee. The problem was also attacked in the 1- by 3Y2-foot tunnel
where a systematic investigation was made of the pressure distribution over
several NACA low-drag and conventional (old style) airfoils. The latter
study, made by Don Graham, Gerald Nitzberg, and Robert Olson, is re
ported in TR 832 (ref. A-9). Also undertaken in the 1- by 3Y2-foot tunnel
was a program to determine the high-speed characteristics of a promising
group of NACA low-drag airfoils. This investigation was carried out andre
ported by Milton Van Dyke and G. A. Wibbert.
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Wartime Review

end of the war on August 14, 1945, came quietly as far as effects
T HE
on the operation of the Ames Aeronautical Laboratory were con
cerned. Through sheer inertia, the work of the Laboratory carried on
essentially unchanged into the next year. Although the portents for the
future of aviation were impressive, it was a time when the Ames Laboratory
people unwound just a bit: a time for reflection. In the furious sweaty en
vironment of war, the Laboratory had passed. all tests very well. In this,
DeFrance and his staff could take considerable satisfaction. Ames had made
useful, sometimes vital, contributions to a great many of the high-perform
ance airplanes the country had developed and had won much praise from
the military services and the aircraft companies. Moreover, this contribution
had been made while building a new Laboratory-a new Laboratory of
facilities and men. There was now in operation or under construction at
Ames a rather impressive array of modern aeronautical research facilities
valued at about $21 million. There was also a well-organized, functioning
staff totaling 800, which included a surprisingly large number of very able
research men, a few truly outstanding.
Much of the research effort at Ames during the war had been spent in
assisting the military services and the aircraft companies in developing air
craft having a maximum of performance and military usefulness. In reflect
ing on this work, the Laboratory's only cause for regret was that so few of
the new airplanes on which it had worked had made any substantial contri
bution toward winning the war or, for that matter, now held any great
promise for future military usefulness. With a few ex<:eptions such as the
B-29, the P-51, and the F6F, the fighting airplanes with which the war was
won were designed and first built prior to Pearl Harbor. It was in the im
provement of these somewhat older airplanes that Ames had, perhaps, made
its greatest contribution to the war effort.
Neither NACA nor the aircraft industry, nor for that matter the mili
tary services, was prepared for the avalanche of aircraft development work
precipitated by the war. Of course there had been forewamings since 1935 of
Ill
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what was to come, but these storm signals had either gone unheeded or their
significance had not been fully evaluated by those who had authority to take
effective action. In retrospect one could see what should have been done.
NACA should much earlier and more forcefully have asserted its need for a
new powerplants laboratory and a new aerodynamics laboratory. The mili
tary services, in the latter half of the 1930's, should have greatly accelerated
the development of new aircraft types, thus allowing industry to expand its
engineering and design capabilities. Neither of these steps, however, could
have been taken without the approval of Congress, which should have been
more foresightedly generous with its appropriations for aeronautical re
search and development.
When war came, the failures of anticipation and action just mentioned
were paid for in terms of confusion and inefficiency, and a concomitant
waste of effort, talent, materiel, and funds. Conditions would have been
worse had it not been for the initial acceleration provided by the substantial
orders for aircraft received by American industry from Great Britain during
the period 1939-1941. As it was, aircraft procurement during the wartime
rush showed evidence of disorderliness, too little thought, and too little plan
ning. In retrospect and in the light of the then-existing shortage of design
talent, design information, and test facilities, it appeared that the airplane
designs attempted during that period were too many in number and some a
bit too exotic and ambitious in character. The rush of aircraft development
was so great that by the time model tests were completed in Ames wind tun
nels, the development of the airplane was, in some instances, so far ad
vanced that it was not feasible to make the design changes which the
wind-tunnel tests indicated were necessary. For this and other reasons of
misjudgment, costly prototypes had to be junked.
The war brought into evidence the lack of basic design data available
to industry for the proper design of new high-powered, high-speed aircraft
types. For certain reasons, the plausibility of which could readily be estab
lished, NACA had not provided the required data; moreover, faced with the
demands of war, the agency found that it lacked the facilities and staff to
carry on both development work and basic research adequately. Nor had the
military, long dependent on NACA for research and development support,
provided sufficient facilities of its own. Thus there arose, quite legitimately,
the question of whether the military had depended too much on NACA.
Aircraft designers utilized such design data as were available and then
bravely struck forth to new heights on the basis of engineering intuition.
Experienced designers were spread too thinly and exuberant young men,
fresh out of college, often gained sharp lessons in design at some cost to the
Government. New design groups without inhibitions, and old design groups
with inhibitions abandoned, put forward highly imaginative design pro
posals which found surprisingly ready acceptance by the military. Such cases
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Aerial view of Ames Aeronautical Laboratory on july 3, 1945, at the end of
World War II. (1) Administration building, (2) Science laboratory, (3) Technical
service building, (4) 40- by 80-foot wind tunnel, (5) Substation, (6) 12-foot pressure
wind tunnel, (7) Utilities building, (8) 16-foot high-speed wind tunnel, (9) 1- by
3-foot supersonic wind tunnels, (10) 7- by 10-foot wind tunnel no. 1, (11) Model
finishing shop, (12) 7- by 10-foot wind tunnel no. 2, (13) Flight research labora
tory, and (14) Airplane hangar and shop.

no doubt represented legitimate wartime gambles and the whole pattern of
events described herein perhaps reveals no more than the normal inefficien
cies of war.
Some of the aircraft design failures of the war period, it must be noted,
arose from the very special circumstance that the war occurred at, indeed
precipitated, the end of an era in aeronautical design. Owing to earlier suc
cesses, we had found ourselves trying to advance into a new realm of flight
using traditional methods, facilities, and data which were not equal to the
task. As 1945 ended, this impressive fact was becoming clear and we were
ready to take our first faltering steps into the supersonic age.
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in aeronautical science was at hand. The signs,
A REVOLUTION
brought into clear focus by a world war, were everywhere. The
vistas opening were inspiring and sobering. Indeed, they were humiliating
in their revelation of our state of ignorance and unpreparedness. Our ex
perience would do us little good; it related to airplanes of the kind pioneered
by the Wright Brothers. We were entering an era of transonic and super
sonic aerodynamics, of jet and rocket engines, and of missiles. These devel
opments represented not a normal extrapolation of our aeron(!.utical past
but a sudden and magnificent leap into the future.
The technical field we were entering in 1946 was one of undeveloped
disciplines, of still rudimentary research facilities; and one in which univer
sities, many of which had been excluded from the classified technical devel
opments of war, were not fully prepared to teach. We had entered an era in
which a powerful nation could be brought to its knees without the enemy's
setting foot on its soil, an era in which a single bomb could devastate a large
city-and such a bomb, it was realized, could be delivered by a flying vehicle
capable of great speed and range.
It was clear that jet and rocket engines offered the potential of greatly
increased speeds and that the new concept of wing sweep opened the aero
dynamic-design door through which this potential might be realized. The
United States could not expect to be first in everything; indeed, we had
been caught napping in the development of both jet and large rocket en
gines and had been beaten by the Germans in the use of large missiles and
of wing sweep. The Nation was bent not merely on catching up in aeronau
tical affairs but in developing a commanding lead. This objective would cost
real money, in amounts never before provided for aeronautical research.
But the development of the atom bomb had so impressed everyone with the
importance of science in national defense that the money would probably
be forthcoming.
Both the military and the NACA recognized the long-range folly of hav
ing NACA devote all of its efforts to development testing while fundamen
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tal research went begging. Even before the end of the war-indeed during
the black days of the Battle of the Bulge-the military had suggested that
NACA revert to fundamental research. 1 But the Bulge quickly faded and
the suggestion was not implemented. With the war over, the military serv
ices were going to make sure that they would never again depend so heav
ily on NACA for development test work. They would have their own evalu
ation and test facilities and their own scientific advisory groups.
The Army Air Forces was particularly positive on these points and its
position was aggressively pursued by General Henry H. Arnold and also by
Major General Curtis E. LeMay, who had recently been put in command of
a new Headquarters office of Deputy Chief of Air Staff for Research and De
velopment. It certainly had occurred to the Air Force that its future and the
whole pattern of its operations were in question when one airplane could
carry the destructive power of thousands of B-17 or B-29 bombers. No
longer would the emphasis lie in the production and operation of vast fleets
of airplanes but rather in the development of advanced types of aircraft and
the production of relatively small numbers. The logical course for a progres
sive Air Force thus led directly into aeronautical science and directly into
competition with NACA. The intent of the Air Force to carve out new
fields of endeavor for itself was bolstered when in July 1947 it was made an
independent branch of the defense establishment.
To avoid unnecessary conflict among the several agencies then engaged
in aeronautical research and development, NACA in 1946 proposed aNa
tional Aeronautical Research Policy which attempted to define the appropri
ate sphere of activity for each agency. 2 In making this proposal, which was
quickly accepted by all the agencies involved, NACA was more concerned
about its relations with the military services than with the Civil Aeronautics
Authority and the aircraft industry-the other agencies named in the Pol
icy. The Policy indicated the function of NACA as being fundamental re
search in the aeronautical sciences and that of the military services, evalua
tion of equipment and exploration of military application of research re
sults. The definitions provided by the Policy were, however, rather vague;
the boundary it estab.lished between the spheres of NACA and the military
services was not sufficiently solid to preclude transgression.
NACA continued to regard the support of the military as its principal
role, but it was happy to return to fundamental research. Clearly its re
search must now be more fundamental and more scientific, and even a bit
1
During the Battle of the Bulge, according to the recollection of John Victory, General
Arnold developed a feeling that the war might be prolonged for several years. Accordingly
Arnold got the Navy to agree that NACA should restrict its ad hoc testing for the military
and launch into basic research. The Bulge offensive, however, was quickly neutralized and the
proposed plan was dropped.
• See NACA 'J'Jd Annual Report 1947. A complete statement of policy and background was
also given in a NACA Press Release Apr. I, 1946, entitled, "Government and Aircraft Industry
Concur on National Aeronautical Research Policy."
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more competitive. Some people in NACA looked upon fundamental re
search as the establishment of major principles which later could be elabo
rated and exploited through development. It was a strategic error, they felt
a reversal of proper form-to allow development work to be the guide for
fundamental research programs. The same people believed that during the
war NACA's stock of fundamental principles had been fully exploited and
exhausted and that now, with the war over, it was in desperate need of re
plenishment.
Unfortunately, fundamental research cannot be legislated, cannot be
turned off and on like an electric light. It requires the proper tools, of
course, and the right environment; but most of all it requires men with a
special inclination and training. Without the latter, one can throw the
switch but the light does not come on.
The prerequisites for fundamental research were not wholly present at
Ames, nor were they completely absent. Some, but not all, of the tools were
available; the environment, owing to the disruptions arising from construc
tion and war, had not yet reached the ideal that was potentially achievable
at the Laboratory. The manpower picture at Ames encompassed a surpris
ingly wide spectrum of talents. The quality of the staff had suffered a little
from the wartime necessity of hiring men "because their bodies were
warm," but some extremely able men had come to Ames who might well
have gone into private industry had it not been for the war.
The most notable features of the Ames staff in 1946 were, first, the nu
cleus of extremely competent men, and second, the general lack of knowl
edge about transonic and supersonic aerodynamics. Everyone was aware the
Laboratory's work was rapidly becoming more scientific and was impressed
with the necessity for training ("retreading," as it was called) the staff in
the new disciplines. Arrangements were made with Stanford for the uni
versity to give a number of graduate-level credit courses at night in subjects
related to transonic and supersonic aerodynamics. Inasmuch as most Stan
ford professors were not prepared to teach the new subjects-subjects that
were developing day by day in the work of aeronautical laboratories-the
lecturers were chosen from the few members of the Ames staff who were
qualified.
The courses at Stanford were taken by those of the Ames staff who
wished to bolster their basic scientific training and improve their abilities to
carry on the work at the Laboratory. For men who had served during the war
in the Navy contingent at Ames, the GI bill of rights provided the tuition for
the courses attended at Stanford and elsewhere. A few such as Dean Chap
man, Milton Van Dyke, and Jack Nielsen returned full time to their alma
maters or to other universities to seek graduate degrees before reentering on
duty at Ames. Thus, in the years following the war, a major effort in self-im
provement was made by the Ames technical staff.
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The postwar environment of the Ames Laboratory was affected by a
number of technical developments around the world. R. T. Jones had devel
oped his sweep theory at Langley early in 1945 and North American and
Boeing were the first American companies having the courage to use it. It re
quired courage, too, for sweep, although offering a tremendous reduction in
transonic drag, introduced a multitude of problems for which answers had
not yet been found in the laboratory.
In 1945 North American had under design the F-86, the FJ-1, and the
B-45-all with straight wings. When the news about sweep came through
from NACA and Germany, Ray Rice, Harrison Storms, and others at North
American were torn with indecision over whether or not to change any of
their designs to incorporate the new feature. It was probably undesirable to
change the FJ-1 design because it was to be carrier based and sweep would
greatly complicate the landing problem. And the use of sweep on the B-45
was perhaps too much of a gamble-after all, the use of jet power in a
bomber was a big step in itself-and in any case the design of the airplane
may have been too far advanced for any change of this kind to be feasible.
But, now, the F-86: was not the gamble justified in this case? It was, they
thought; so off came the straight wings and on went a set of wings that were
swept backward a nice round 35 o. The modification, of course, was not as
simple as indicated; nevertheless the swept-wing F-86 flew in October 1947
and a year later set a world speed record 3 of 671 mph. It was a worthy succes
sor to the P-51.
At Boeing the gamble was even greater. Boeing was in competition with
North American, Convair, and Martin for a new jet bomber. George
Schairer, Chief of Research at Boeing, had been one of the American group
of scientific gleaners who had tailed our armed forces into Germany. He was
well aware of the German work on sweep but its application to Boeing's new
bomber, the B-47, was a matter not to be lightly undertaken. Sweep would
'Weiman A. Shrader, Fifty Years of Flight. Cleveland, Ohio: Eaton Manufacturing Co.
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introduce many problems involving stability, control, aeroelasticity, flutter,
strength and performance and no one yet had suggested how jet engines
might best be mounted on swept wings. Fortunately, like North American,
Boeing had a wind tunnel of its own in which these matters could be stud
ied; but time was short and the work would have to be pressed. The other
companies in the competition were well advanced with their designs and, on
the surface, Boeing seemed to be getting nowhere. Then late in 1947, after
the other airplanes were already flying, Boeing came out with its revolution
ary B-47 equipped with swept wings and a unique engine mounting. From
that moment on, its competitors' airplanes were as obsolete as Noah's Ark.
With the advent of the F-86 and the B-47, fighter and bomber airplanes
would never again be the same. Never again, for that matter, would com
mercial transport airplanes be the same. The courage of North American
and Boeing designers paid off richly for their companies and for their
country.
But the dread "sonic barrier" would not be breached, in level flight, by
either the F-86 or the B-47. In 1944 the Langley laboratory proposed as a
joint project for NACA and the military, the construction and testing of an
experimental "research" airplane designed for transonic flight. The idea was
approved by the military and thus was begun what was known as the "re
search airplane program." Late in 1944, the Army Air Force contracted with
the Bell Aircraft Co. for the construction of the XS-1 (later X-1) research
airplane. About the same time the Navy contracted with Douglas El Se
gundo for the construction of the D-558-1 research airplane. Both would be
instrumented by NACA and would be flown by both NACA and service
pilots at the airbase (later named Edwards Air Force Base) at Rogers Dry
Lake-a lake commonly identified by the name of the bordering village,
Muroc, Calif. NACA in 1946 established a group at Muroc to handle
NACA's interests in the research-airplane program. This group was the nu
cleus of what in 1949 became the NACA High Speed Flight Research Sta
tion at Edwards:
The D-558-1 was a more or less conventional, jet-powered airplane, but
the XS-1 was strictly a research vehicle. It was powered by a liquid-fuel
rocket engine and was carried aloft for launching by a mother airplane. On
October 14, 1947, with Air Force Capt. Charles Yeager at the controls, the
XS-1 exceeded the speed of sound in level flight. The sonic barrier had at
last been breached by a man-carrying airplane, albeit a very specialized re
search type of vehicle. An operational type supersonic plane was still a way
off but, with the XS-1 flight, the longstanding psychological barrier to su
personic flight began to crumble. And before the mystery and magic of
Mach 1.0 had completely faded, the pilots who first faced up to this bugbear
of aviation were accorded heroic stature by the press.
In the past, conversations regarding aeronautical developments had
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been concerned largely with man-carrying vehicles and most often with air
planes. Now, with increasing frequency, such conversations included the
terms "rocket," "pilotless aircraft," and "missile." The last two terms gen
erally referred to guided unmanned aircraft; and the first, to unguided ve
hicles carrying explosive charges. Wartime developments in this country had
mostly been limited to rocket armament and to a few radio- or TV-guided
glide bombs.
At the end of the war there was a tremendous surge of interest in rocket
powerplants and guided missiles. This interest sprang in part from the reve
lation of German developments in these fields. A number of American com
panies launched into the design of guided missiles and soon demonstrated
that the science and technology of missile design in this country were not far
advanced.
In their development of large missiles of the V-2 type, the Germans
were far ahead of everyone else. It was logical that the V-2 should be used in
the United States as a stepping-stone for the development of our own rocket
motor and missile technology. Together with German missile scientists,
many V-2 missiles were brought to this country. The missiles were studied
by numerous organizations-in the west by the Caltech Jet Propulsion Lab
oratory (Army sponsored) and by North American's newly formed and
rapidly growing Aerophysics Laboratory. The Aerophysics Laboratory built
first a copy of the V-2 liquid-fuel rocket motor and then a series of improved
versions. It also studied other missile design elements such as aerodynamics,
guidance, and structures.
The V-2, fortunately, was a relatively short-range missile; but it opened
the door for the development of larger, faster missiles that could span
oceans. Indeed, as the war ended, the Germans were already building a mis
sile (A-9) that would reach the United States. It is not surprising therefore
that, in 1946, the Air Forces initiated Project MX-774, a design study of an
intercontinental ballistic missile to be made by the Consolidated Vultee Air
craft Corp. The specifications for the missile-5000-mile range, Mach 20
speed, 500-mile altitude, and high target accuracy-boggled the imagi
nation.
A revolution in aeronautics certainly was at hand. The prospects facing
aeronautical scientists had never been more exciting. But never before had
the problems seemed so many or so complex. The work of Ames, of NACA,
was certainly cut out. But the task was too great for NACA alone. It would
also require the best efforts of other Government laboratories, of university
and industry research groups. No longer would NACA be "the" Govern
ment aeronautical research agency as it had been in the past. For NACA the
work of the other research groups might be thought of as competition but,
more realistically, it should be considered as needed support. The total ef
fort would require vast sums of money; and having long been typecast as a
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small agency, NACA was in a poor position to command large appropria
tions-immeasurably poorer than, say, the Air Forces.
Although 95 percent of the work of NACA had always been in support
of the military, the congressional subcommittee from which NACA was re
quired to seek its appropriations was not the one that also funded the mili
tary services. NACA solicited its funds from the Independent Offices Appro
priations Subcommittees, which served a group of rather low-priority organi
zations such as the Battlefield Monuments Commission, the Civil Service
Commission, the Public Housing Administration, the Interstate Commerce
Commission, and the General Services Administration. Chairmanned by Al
bert Thomas, a zealous guardian of public funds, the House Independent
Offices Appropriations Subcommittee sometimes seemed to people in NACA
to lack appreciation for the national defense significance of NACA's basic
research mission. This was a time when all Government agencies found it
difficult to convince an immediate-results-minded Congress of the need for
basic research. The subcommittee was particularly tightfisted when it came
to providing funds for staff increases. Thus Ames (and NACA) at the end
of the war, when the urgency of its work and the magnitude of its responsi
bility were greater than ever before, was required to reduce its staff by about
10 percent. 4
This was the general environment in which the Ames Laboratory spent
the first few years of the New Age of Speed.

• See app. A.
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August 1946, Robert T. Jones, ongmator of the sweep theory at
I NNACA,
transferred to Ames from Langley. Bob Jones, a self-trained
aerodynamicist and mathematician, had built up a national, if not inter
national, reputation through his perceptive and original work at Langley.
For this work he was given the lAS Sylvanus Albert Reed Award in 1946.
The genius of Bob Jones seemed, in part, to lie in his remarkable ability
to extract the essence of a problem and express it in understandable and
useful terms. His approach to problems was always of a fundamental char
acter and often yielded results of broad significance. Jones would certainly
give added strength to the Ames technical staff; and the contributions of
his wife Doris, a competent mathematician who also joined the Ames staff,
were expected to be substantial.
In 1947 DeFrance's title was changed to "Director" of the Ames Aero
nautical Laboratory, and a year later he was awarded the Presidential Medal
of Merit for his outstanding leadership in directing research for the ad
vancement of aeronautics. He was further honored in 1948 by being elected
vice president of the Institute of the Aeronautical Sciences. Smitty DeFrance
had gained the reputation of running a tight and efficient operation at Ames
and was highly respected in aeronautical circles.
The Laboratory suffered a blow in April 1947 when John Parsons be
came seriously ill and it was learned he would not be back to work for some
time. Harry Goett assumed the position of Acting Chief of the Full-Scale
and Flight Research Division and, in October 1948, was made Chief with
Lawrence Clousing as Assistant Chief. In August 1947, Carl Bioletti was ap
pointed Assistant to the Director of the Laboratory, and Manley Hood re
placed him as Assistant Chief of the Theoretical and Applied Research Divi
sion. Parsons was out for one year and, on his return, was appointed Assist
ant to the Director, a position parallel to that held by Bioletti. DeFrance
had wanted to make Parsons Associate Director at this time, but Headquar·
ters in Washington had objected to the appointment. Nevertheless De
France's appreciation of Parsons' great abilities was evident.
127

Robert T. ]ones,
theoretical
aerodynamicist.

Carlton Bioletti.

Dr. Hugh L. Dryden, Director of Na
tional Advisory Committee for Aero
nautics from 1947 to 1958.

PEOPLE

AND

EVENTS

Another event, sad but important, during this period was the death on
July 12, 1948, of Dr. George W. Lewis, who for years had been Director of
NACA. Everyone in the fields of aeronautics and Government was aware
that Dr. Lewis had performed with great vision and ability in guiding the
development of the Nation's aeronautical sciences through NACA. Lewis
never sought glory for himself but served NACA and his country with the
utmost modesty and effectiveness. His death had certainly been hastened by
the unselfish way in which he had driven himself in the construction of the
new Engine Research Laboratory at Cleveland. Thus, on his death, it was
more than fitting that the Cleveland laboratory was renamed the "Lewis
Flight Propulsion Laboratory."
Actually Lewis' final illness had required that he give up the NACA
Directorship almost a year before he died. Replacing him as Director on Au
gust 22, 1947, was Dr. Hugh L. Dryden, a well-known and respected scientist
and a member of the National Academy of Sciences, who had come to
NACA from the National Bureau of Standards. It was indicative of the
times that the leadership of NACA had changed from an engineer to a sci
entist. In this connection, it may be noted that two additional positions, to
be filled by scientists, had been authorized for the National Advisory Com
mittee for Aeronautics. 1
The end of the war brought a change in the pattern of dissemination of
the information produced by NACA. Security conditions eased considerably
and a great many classified reports published during the war were declassi
fied and republished as unclassified "Wartime Reports." These reports were
thus made available to the information-starved agencies which had not been
able to qualify for the classified documents. In the case of new publications,
NACA returned to its prewar series of unclassified Technical Reports (TR)
and Technical Notes (TN), but added a new series of Research Memoran
dums (RM) to be made classified only as required. A typical designation
for one of the new Research Memorandums was RM A7B05. In this designa
tion, A would stand for Ames, 7 for 1947, B for February, and 05 for the
fifth RM issued during that month.
Jn the postwar period NACA. came to the conclusion that it was not
sufficient to disseminate technical information only through reports, as the
reports often did not appear for a year or more after the research was com
pleted. It was decided that, to supplement the reports, technical conferences
should be held, as needed, to dispense late information acquired by NACA
in fields of current interest. This plan was put into effect and the resulting
conferences were attended by aeronautical engineers from all over the coun
try. They filled a very important need of the industry, the military, and the
universities during this period of rapid growth in the aeronautical sciences.
1

As indicated in NACA JJd Annual Report 1947.

129

ADVENTURES

IN

RESEARCH

Conferences were held at each of the NACA laboratories with the other lab
oratories contributing. At Ames a conference on "Aeronautical Problems of
Transonic Airplane Design" was held in November 1947 and a conference
on "Supersonic Aerodynamics" in July 1948.
As a further means of transmitting information to the interested
public, a custom which had long been followed at Langley but which, dur
ing the war, had been discontinued, was restored to general use in NACA
This was the custom of holding annual "inspections"-a sort of open house
-to which a large number and a broad spectrum of individuals were in
vited. Special displays and semitechnical presentations were made to give
the visitors some appreciation of the problems of aeronautics and the activi
ties of NACA. In the renewal of the custom, it was felt undesirable to at
tempt to hold an inspection at each laboratory each year. Rather, the task
was divided among the laboratories and, at Ames, inspections were held in
1946 and in 1948. The occasion of the 1946 inspection was taken to hold a
dedication ceremony for the 12-foot tunnel. The dedication address was de
livered by Dr. William F. Durand.
During the early postwar period, NACA became increasingly conscious
of its public image. It had more competition and was spending more money,
and there was a greater public interest in how that money was being spent.
Never before had NACA felt it necessary to employ a public relations agent;
in fact, so circumspect was NACA management that the use of a public rela
tions representative was looked on as being almost unethical. Nevertheless,
pressure was brought to bear by John Victory and such a representative was
appointed for Headquarters and for each of NACA's laboratories. At Ames
the man selected for this position, in March 1949, was Don Wiley. NACA,
still fearful of the term "public relations," conferred on Don and his col
leagues the title of "Aeronautical Information Officer" with all the rights
and privileges, few indeed, pertaining thereto.
It is perhaps to be expected that any history of a research laboratory
will concern itself largely with the research operations of the establishment
and thus will tend to neglect the vital supporting activities that make effec
tive research possible. The heroes of such a history turn out to be research
men; whereas all the other contributors, including some in the top echelons,
appear to reside in vacuo. The present history-writing effort will not deviate
greatly from the general rule. Nevertheless an attempt will be made, at vari
ous points within these pages, briefly to acknowledge the vitally important
contributions to the operations of the Ames Aeronautical Laboratory that
were made by the major supporting groups and their representatives.
Throughout the years of initiation, wartime strain, and postwar adjust
ment, no branch of the Ames organization had a more difficult role to play
than did the Administrative Division. Heading this activity, as Administra
tive Management Officer, was Arthur B. Freeman. His assistant was Miss
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Above: First annual inspection, 1946. Below: William V. Shaw (left) and Arthur
B. Freeman (right).

Manie Poole. Art had been trained as an engineer; he and Manie were
among the charter members of the Ames staff who had come out from
Langley.
The task of setting up an Administrative support operation for the new
Laboratory w~s difficult enough, but was even more difficult because De
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France had established very high performance standards for his staff and
maintained a close scrutiny of every significant detail of the Laboratory's op
eration. Smitty had a temper, too, and his wrath would suddenly rise in a
colorful display that everyone sought diligently, but not always successfully,
to avoid. Probably no one at the Laboratory had his hair parted by Smitty's
thunderbolts more frequently than Art Freeman, and in some cases Art was
not to blame-it was just the devilish circumstances that continuously sur
rounded his job. Fortunately Smitty's ire would fade very quickly and it was
then that he would exhibit one of his outstanding traits: fairness. Quick to
pass judgment, he was equally quick to admit error. Nevertheless things
were lively in Art Freeman's department and simple survival, which he some
how managed, was evidence of his tremendous success.
Art had a lot of good help, of course, and many of the members of his
staff were oldtimers who had either come from Langley or who had been
employed soon after the founding of the Laboratory. There were, for exam
ple, Bill Shaw, in charge of the Fiscal Branch, and Lucille Baker, the
highly dependable head of the Administrative Services Branch which pro
vided typing, filing, reproduction, communication, library, and many other
services for the Laboratory. Then also there were John Van Etten, who
served as Security Officer, and the team of Alvin Hertzog, Mark Greene, and
Charlotte Holmes, who handled the highly specialized and extremely varied
procurement needs of the Laboratory.
A very important element of Freeman's organization was the Personnel
Branch. Originally headed by Walter Peterson, the Personnel Branch was
taken over by Miss Helen Davies when Walter went to war. The selection of
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a woman for this difficult position may have been a wartime necessity but it
turned out very well. By the time that Walter returned and decided to de
vote his energies to budget rather than to personnel problems, Helen had
proven herself the logical person to continue as Chief of the Personnel
Branch. She was ably assisted by Vincent Pettine and Lester Briggs. The
mission of this triumvirate was of critical importance to the Laboratory and
was rendered more difficult by the perennial shortage of qualified man
power and the painful restrictions imposed on the Laboratory's employment
activities by congressional and Civil Service regulations.
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WIND TuNNELs AND OTHER CoNSTRUCTION

J

by 3-Foot Tunnels. The Ames 1- by 3-foot supersonic wind tunnels
were completed and first operated in August 1945. The manufacturer
of the jack-operated flexible throat, however, had trouble perfecting his
product and it was another year and a half before the flexible throat was
ready for use. In the meantime the tunnels were operated with fixed
throats. In the case of the continuous-flow tunnel, one throat was designed
for a Mach number of 1.5 and the other for a Mach number of 2.0.
Finally the flexible throats arrived and were installed. They worked
very poorly. The motor-driven screw jacks were controlled by cams and mic
roswitches. The control was not sufficiently precise and the curvature of the
flexible plates had to be checked by hand. Since it sometimes took as much
as 2 or 3 days to make a throat and speed change, such changes were avoided.
By 1949, Ames engineers felt that they could not tolerate the nuisance much
longer. They submitted a proposal to Headquarters for new nozzles (throats)
for the 1- by 3-foot tunnels, which would be improved versions of the sliding
block nozzle earlier designed for the 6-by-6. Included in this proposal was a
plan to increase the operating pressure of the 1-by-3 No. 1 and thus also its
Reynolds number range. The proposal was not approved, however, and be
fore it was resubmitted, the plan to use sliding-block nozzles in the 1- by 3
foot tunnels had been abandoned.
12-Foot Tunnel. Robert Crane had been put in charge of the 12-foot
tunnel and George Edwards was his assistant. The tunnel made its first run
on July 5, 1946, and the next 9 months or so were spent in calibration and
shakedown tests. These tests confirmed the low turbulence level of the tun
nel. The first test of a research nature, of a low-aspect-ratio triangular wing,
was run on May 6, 1947. Research work continued until January 1949 when
four blades of the fan were found to be cracked; all blades had then to be
replaced. This emergency operation delayed research for more than 6
months.
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In a tunnel pressurized to 6 atmospheres, the cracking of fan blades is a
serious matter. In this case its discovery before blade failure was only a mat
ter of luck. Ames engineers were aware that blades of essentially the same
design had been used in the new Caltech Cooperative Wind Tunnel. The
blades in both cases were different from those used in ordinary tunnels as
they had to be of variable pitch to accommodate wide variations in wind-tun
nel pressure. When a serious blade failure occurred in the Co-op Tunnel,
Bob Crane immediately inspected those in the 12-foot fan and it was only
then that the cracks in the four blades were discovered. Thus Ames profited
by Caltech's misfortune. The blades were redesigned and no more trouble
occurred. What would have happened if one of the 12-foot blades had let
loose is not known for sure; but, in anticipation of such a contingency, the
tunnel wall in the plane of the fan had been heavily reinforced.
Low-Density and Heat-Transfer Tunnels. Two new men appearing on
the scene at Ames at this time were Jackson Stalder and Glen Goodwin.
They were working under Alun Jones in the Flight Engineering Section.
Being original thinkers as well as hardheaded engineers, they wanted to do
something different but were not quite sure what. They became intrigued
with the problems of the high-speed, high-altitude missiles then being
discussed by the aeronautical avant-garde and more specifically with the
notion of putting wings on the V-2 missile-a notion that Eugen Sanger, a
German scientist, had mentioned. Of interest to Jack and Glen were the
aerodynamic forces to which such a missile would be subjected while flying
at very high altitudes-way out where the air molecules are so far apart that
they act as individuals rather than as members of a close-packed team. "Why
are you interested in aerodynamics where there's no air?" Jack was
frequently asked. His reply often seemed a little vague but his interest in the
subject persisted.
Jack and Glen, supported by Morris Rubesin, a new arrival, got permis
sion to build a small, inexpensive "low-density" tunnel. The tunnel, which
had a test section of approximately 2 by 2 inches, was of a nonreturn type
through which air was induced to flow by means of an evacuated tank at the
exit. Very low pressures were achieved in the tank, and thus in the test sec
tion, by a combination of mechanical and oil-diffusion pumps. The tunnel
was located under the return passage of the big 40-by-80 where it could
draw power for its pumps from the 40-by-80 power supply. As the tunnel
approached completion in 1948, it was learned that a similar tunnel was
being built at the University of California under the direction of Dr. Sam
Schaaf.
Glen Goodwin and Morrie Rubesin had become interested in the heat..
ing that occurred in the boundary layers of high-speed aircraft and they
sought and secured permission to build a small "heat-transfer" wind tunnel.
This tunnel, which was designed largely by Thor Tendeland, was of a
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closed-circuit, continuous-flow type having a fixed 6- by 6-inch supersonic
throat designed for Mach 2.4. It also, for power-supply reasons, was placed
under the 40-by-80. The low-density tunnel began .operation in 1948, and the
heat-transfer tunnel a little later. They were combined in a low-density heat
transfer (LD-HT) section under Jack Stalder who reported to Harry Goett,
Chief of the Full Scale and Flight Research Division.
Hypersonic Facilities. In addition to the LD and HT tunnels, two
other advanced facilities were proposed in 1946. One was a 10- by 14-inch
hypersonic (Mach 6 or 7) tunnel proposed by Al Eggers, and the other was
a supersonic free flight (SSFF) tunnel conceived and proposed by Harvey
Allen. Funds for each of these facilities, in amounts of about $125,000, were
Glen Goodwin (left), Morris Rubesin (above right), and jackson Stalder (below
right).

Original low-density tunnel.

authorized by Congress in July 1947. The low cost of each facility was made
possible by a plan to use the compressors of the 12-foot tunnel as a source of
power.
Justification for the new facilities was based on the need for investigat
ing the aerodynamic characteristics of long-range ballistic missiles, such as
the German A-9, which would fly at Mach numbers of 7 or more. Report
edly, certain people in NACA Headquarters, principally Dr. Hunsaker, did
not see the need for hypersonic tunnels at that time, but these opposing
forces yielded to persuasion and the low cost of the proposed facilities made
the persuasion easier.
10- by 14-lnch Tunnel. For convenience in the use of the 12-foot com
pressor system, it was planned to house the 10- by 14-inch tunnel in a new
structure attached to the 12-foot auxiliaries building. The compressors
which pressurized the 12-foot tunnel to 6 atmospheres were large enough to
operate a tunnel of about 1-square-foot test section at a Mach number of
3.0; and thus, since mass flow decreases with increasing supersonic Mach
number, they should theoretically be able to supply more than enough air
to operate the tunnel at a Mach number of 6 or 7. The problem was not so
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much with the volume of air available as with the maximum pressure-6
atmospheres. A peculiar characteristic of a supersonic tunnel is that it re
quires a much higher pressure for starting than for continuous operation.
The 6 atmospheres of pressure available from the 12-foot compressor could
easily start a Mach 3 tunnel, but starting a Mach 6 tunnel would take 30
atmospheres-a pressure ratio of 30 to I. If, however, the nozzle were de
signed with variable geometry, the tunnel could be started at Mach 3 and
then quickly increased in speed to Mach 5 or 6. The 12~foot-tunnel air sup
ply could then be utilized with maximum effectiveness. But variable-geome
try throat systems were known to be very complicated and expensive and
their construction seemed scarcely consistent with the limited funds availa
ble for tunnel construction. AI Eggers, however, exercised his ingenuity and
came up with the design of a special double-hinged type of double-throated
nozzle that was relatively inexpensive and would provide the desired operat
ing characteristics. The system required the use of suction at the nozzle exit
to increase the operating pressure ratio and the use of a second throat with
boundary-layer removal to increase the efficiency with which the air could
be decelerated after passing through the test section.
After the system details for the 10- by 14-inch tunnel had been worked
out through model tests, there remained one troublesome problem: air con
densation. As air accelerates in the test section of a wind tunnel, not only
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does its pressure fall but so does its temperature. In tunnels that reach high
subsonic or supersonic speeds, the cooling which occurs in the throat causes
any moisture in the air to condense as fog. This problem is regularly solved
by drying the air before use. But as the speed of a wind tunnel increases to
high supersonic levels, the temperature in the test section falls so low that
the air itself begins to condense, or liquefy. This situation completely upsets
the energy balance in the air, distorts the flow pattern, and limits the speed
of a wind tunnel to about Mach 5. In the design of the 10- by 14-inch tun
nel, the air-liquefaction problem was thoroughly investigated in a model
tunnel. The best solution, it was found, was to heat the air as it entered the
tunnel. About 350° F of heating was required to permit tunnel operation at
a Mach number of 6.0. This heating, it was determined, could best be
achieved in the 10- by 14-inch tunnel by means of a 300-kilowatt electrical
heater.
The I 0- by 14-inch tunnel was still under construction at the end of
1949; but its operating group, headed by Alfred Eggers, was scheduled to
become a Section in Allen's High Speed Research Division.
Supersonic Free-Flight Tunnel. It was pretty clear that wind tunnels
had serious limitations for simulating conditions of high-speed missile flight.
The heating required to prevent air liquefaction at Mach numbers over 7
or 8 was difficult to achieve and the resulting high inlet temperature would
certainly be a troublesome factor in the operation of a wind tunnel. AnSchematic drawing of 10- by 14-inch hypersonic tunnel.
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other problem was that the Reynolds number of a tunnel such as the 10-by
14 had the unfortunate characteristic of decreasing with speed. Such consid
erations led Harvey Allen to believe that some new kind of facility was re
quired to simulate conditions of extremely high-speed flight. The feasibility
of attempting such simulations in steady-state, continuously operating wind
tunnels was becoming increasingly doubtful. The temperatures, pressures,
velocities, costs, and everything else were just too high. It now appeared de
sirable to build facilities in which the extreme conditions of flight would be
simulated only fleetingly. The test measurements would be vastly more diffi
cult to make and the data output of the facility would be very low, but these
disadvantages might be tolerable if test speeds could be substantially in
creased.
Allen was aware of the ballistics range used by armament manufac
turers. Presumably one could shoot a model instead of a bullet down the
range, assuming that the model could be made strong enough to stand the
very high accelerations involved. The fastest guns had muzzle velocities of
only 4000 feet per second, but by redesign they might reach speeds of 6000
or 8000 feet per second. Such redesign might also be able to provide a more
uniform, sustained impulse that would reduce structural loads on the
model. These ideas involved nothing particularly new, but Harvey figured
that the scheme might be carried a few steps farther. Inasmuch as the speed
of sound is lower at low temperatures, it appeared that the Mach number of
a test could be increased 15 percent if the model were fired into an air
chamber refrigerated to about -70° F, corresponding to air temperatures a
missile might ordinarily encounter in flight. A still better method would be
to shoot the model upstream in a supersonic wind tunnel of moderate Mach
number. In such a wind tunnel, the air temperature would be just about
right and the air velocity would add to the relative Mach number of the
model. A Mach number of perhaps lO or 12 could thus be achieved and the
Reynolds number would increase with speed as it does in flight rather than
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decrease with speed as it usually does in a hypersonic wind tunnel. There
would also be no model-support interference to worry about.
These, then, were the principles upon which the design of the super
sonic free-flight wind tunnel (SSFF) was based. The idea was a Harvey
Allen original; however, the implementation of the idea may have required
more genius than the conception. The perfection and full exploitation of
the SSFF tunnel test technique was a process that continued for years and re
quired the ingenuity of many people in the High Speed Research and the
Research Instrument Divisions.
The new tunnel was located in an addition to the 1- by 3-foot tunnel
building immediately adjacent to the blowdown tunnel. Indeed, the super
sonic nozzles used were the fixed nozzles of the blowdown 1-by-3 which by
now had been replaced with flexible nozzles. One of these nozzles was rede
signed for Mach 2.0 and the other for Mach 3.0. A program of gun develop
ment also got under way. The guns, procured from the military, ranged in
caliber from 0.22 inch to 3 inches. The thrust of the guns was often trans
mitted to the models through sabots which peeled off cleanly as the model
left the gun. A special catcher was installed in the tunnel to recover the
model after it had passed through the test section.
The test section of the SSFF tunnel was elongated and in it a series of
windows was installed through which shadowgraph pictures were taken.
The timing mechanism and other measuring equipment were of unique de
sign and of remarkable precision. The instrumentation not only provided
shadowgraph pictures of the flow pattern around the test model as it flew
past the windows but also allowed a quantitative determination of the lift,
drag, and center of pressure of the air forces to which the model was being
subjected.
The supersonic free-flight tunnel was completed late in 1949 but did
not become productive until later. Its operating group, first headed by Vic
tor Stevens, became a Section of the High Speed Research Division.
Helium Tunnel. In the development of facilities for investigating the
hypersonic aerodynamics of missiles, the 10-by-14 and the SSFF did not ex
haust the ideas of Ames engineers. They proposed in 1948 the construction
of a 1- by 1-foot blowdown tunnel that would operate with compressed he
lium gas. Gases other than air, specifically Freon, had been used earlier in a
wind tunnel at Langley; the peculiar advantage of helium was that its lique
faction temperature was so low that it could operate in a wind tunnel, with
out liquefying, at Mach numbers up to 25. Another factor favoring the use
of helium at Ames was that storage and transfer facilities for the gas existed
at Moffett Field, left over from the days when blimps were operated from
the base.
Countering the advantages just noted was the question of whether
flight conditions in air could properly be simulated in a wind tunnel using
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helium. Helium is a monatomic gas and the ratio of its specific heats, y, is
quite different from that of air. These characteristics might affect simula
tions at high speeds where the thermodynamic properties of the gas are espe
cially important. On the other hand, it might be possible to make an allow
ance for the thermodynamic differences between helium and air. Besides,
how else was one to obtain data, good or bad, at a Mach number of 20? The
10-by-14 apparently was operable only up to Mach 6 or so, and the limits of
the SSFF appeared to be about 12. Therefore was not the 1- by 1-foot he
lium tunnel worth the gamble of an estimated $330,000? Ames engineers
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thought so. NACA management thought not. The proposal, made in fiscal
year 1949, was turned down.
6- by 6-Foot Supersonic Tunnel. The 6- by 6-foot supersonic tunnel
was first operated on June 16, 1948. Charles Frick was in charge. In one of
the early runs the motor that drove the huge sliding block in the throat sud
denly stalled with an awful groan. The block would not move. The side
plates were removed from the throat to see what was wrong. The wind-tun
nel gang and Carl Bioletti, who had designed that portion of the tunnel
structure, stood waiting expectantly. When the walls had been removed, the
sides of Harvey's beautifully polished and expensive sliding block, as well as
the walls themselves, were found to have been badly scored. Someone had
goofed. The sidewalls had not been sufficiently stiff, had deflected inward
under internal suction loads, and had seized the block. Was the block
ruined? It looked pretty bad. Red Betts, the fixer, was called in. His expres
sion as he viewed the mutilated surfaces was somber indeed. "What do you
think, Red?" asked Bioletti. After due consideration, Red shook his head
and replied, "Better get a rope." "What can we do with a rope?" Carl quer
ied. "Hang yourself before the boss finds out," said Red, still unsmiling. As
it turned out, Carl didn't take Red's advice; and Red, demonstrating once
again his mechanical genius, quickly had the gouges filled up with a metal
filler of some kind and the block and wall surfaces again as smooth as glass.
The sidewalls were stiffened with tremendous I-beams and gave no further
trouble. The design fault was an oversight for which Carl took the blame,
although he had gone to the trouble of having his design checked by other
people, none of whom had observed the weakness.
As had been expected, the fabrication of the 50-inch-diameter schlieren
windows for the 6- by 6-foot tunnel turned out to be a difficult task. Coming
was the only glass company that would attempt to produce the required
flaw-free window blanks. The contract called for Coming to produce four
blanks which then would be ground and polished by the Tinsley Laborato
ries of Berkeley, California. The technique was to pour the blanks and let
them cool (anneal) at a precisely controlled rate for 9 months. The first two
blanks produced in this manner were at least sound, but the next two, after
the annealing period, were found to be cracked. So also, on another try,
were the following two blanks. Coming engineers were discouraged but
were induced to try two more blanks with the mold. temperature a little
higher-equal in fact to the temperature of the glass as poured. Happily this
attempt was successful. The blanks came out uncracked. Coming was re
ported to have considered the pouring of the 6- by 6-foot-tunnel window
blanks the most difficult task it had undertaken-even more difficult than
the pouring of the 200-inch Pyrex blanks for the mirror of the Mount Palo
mar telescope. 1 But although the window blanks were structurally sound,
1

See David 0. Woodbury, The Glass Giant of Palomar. New York: Dodd, Mead Be Co., 1941.
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they were found, on polishing, to be not completely free of striae and other
internal imperfections. The second pair was better than the first in this re
gard and, in any case, Harvey Allen was able to find a way to minimize the
effects of the imperfections on schlieren pictures.
Other Construction. The new hangar was completed in 1946, and
early in 1949 construction got under way on a new instrument research
building. Also undertaken, late in 1949, was the construction of an adminis
trative building annex intended to augment the capacity of the main admin
istration building which, almost from the first, had proven to be too small.
TRANSONIC TECHNIQUES

The general feeling seemed to be that, once an airplane was well into
the supersonic range of flight, the conditions it would encounter should be
fairly stable. This belief seemed to be confirmed by the first supersonic
flights of the XS-1. There was much concern, however, over the wildly dis
turbed mixed-flow conditions that prevailed in the transonic range, and this
range had to be traversed twice in every supersonic flight. The transonic
zone was obviously a regime of flight that required a great deal of study and,
if supersonic flight of operational airplanes was to be achieved in the near
future, the study was of a most urgent character. Unfortunately, through
an ironic twist of nature, the transonic range was one in which wind tun
nels would not work properly. According to Dr. Dryden, it was a "blind
spot" in the spectrum of tunnel operation. Subsonic tunnels choked by the
time they reached Mach 0.8 or 0.9, and supersonic tunnels did not function
properly at Mach numbers much below 1.2. In between there was choking
and a mishmash of shock waves reflected between model and tunnel walls
that precluded any true simulation of actual flight conditions.
Faced with the situation just mentioned, ingenious engineers went to
146

Wing-flow technique of tran
sonic testing. Models mounted
on the wing of a North Amer
ican P-51.

work to devise alternative methods for acquiring design data in the tran
sonic range. At Langley, Bob Gilruth, in 1944, found that transonic data
could be obtained by mounting a small test airfoil in the accelerated-flow re
gion over the wing of a high-speed airplane such as the P-51. This tech
nique, called the "wing-flow method," produced some useful data but at
very small scale. Langley also, in 1945, established a pilotless-aircraft re
search station at Wallops Island, Virginia. Here transonic and supersonic
data were returned by telemeter from rocket-launched models that later fell
into the sea. This technique was made possible by the multichannel teleme
ter which, incidentally, had been developed in 1941-1942 for aircraft flight
testing by Harvey Giffen of Vultee Aircraft, Inc. 2 On the whole, the meth
ods used at Wallops, though effective, were expensive and technically
difficult.
The next step in developing transonic test methods came in 1946, when
Lockheed and NACA engineers simultaneously observed that the wing-flow
method could be applied to wind-tunnel testing by installing a bump, simu
lating the wing, on the floor of a high-subsonic-speed wind tunnel. At times
the bump technique was applied in the 16-foot tunnel while the wing-flow
method was used in flight.
In 1946 the Flight Engineering Section at Ames foresaw the end of the
• Telemeter (Radio Data Recorder) described in Memorandum (dated Jan. 24, 1942) from
Edwin P. Hartman to NACA Coordinator of Research, covering a visit to Vultee Aircraft,
Inc., on Jan. 8, 1942.

147

ADVENTURES

IN

RESEARCH

deicing work and proposed a continuing program of research in the general
field of aircraft operating problems. This proposal was turned down by
NACA management. Then along in 1947 Harry Goett, who was in general
command of the flight engineering activity, suggested to NACA Headquar
ters that Ames set up a pilotless-aircraft test operation similar to the one
being established by Langley at Wallops. Dr. Dryden was opposed to having
Ames duplicate Langley's efforts in developing rocket-launching and teleme
try techniques, but he did not object when Harry proposed the dropping of
recoverable models from a high-flying airplane. Thus as the icing work
began to phase out in 1947, Ames developed the technique for recovering
intact, by means of air brake and parachute, instrumented test models
dropped at high altitudes. from an airplane. In this way aerodynamically
clean models, if dropped from a sufficiently high altitude, would traverse the
transonic range and, indeed, reach low supersonic speeds before they had to
be braked for a landing.
The airplanes chosen by Ames engineers for the drop operation were a
group of three Northrop P-61 "Black Widow" night fighters of which one,
intended for photoreconnaissance uses, had been equipped with a turbosu
percharger. Another one, owing to the relative scarcity of P-61 airplanes,
had been borrowed, for cannibalization purposes, from the museum of the
Smithsonian Institution. In the drop operation, the supercharged P-61 was
flown to altitudes up to 42,000 feet. As it did not have a pressure cabin, the
physical stamina of the pilots was sorely taxed. But useful data were ob
tained and the development of the recovery technique, a notable accom
plishment in itself, was helpful to other agencies later in attempts to recover
expended missiles. The greatest contributors to the development and use of
the drop technique at Ames were Alun Jones, James Selna, Bonne Look,
Northrop P-61 airplane used in drop-test technique.

Loren G. Bright.

and Loren Bright. Among the pilots who flew the P-61 for the drop tests
were George Cooper, Rudolph Van Dyke, and Robert Whempner of Ames
and Joseph Walker of the NACA High Speed Flight Station at Edwards,
California.
The methods so far advanced for obtaining transonic data were slow,
complex, costly, or otherwise not wholly satisfactory. NACA had no inten
tion of giving up its efforts to make wind tunnels operate in the transonic
range, and the matter was being actively pursued by John Stack and his staff
at Langley. These efforts bore fruit in January 1947 when Ray Wright and
Vernon Ward, who worked under Stack, tested a model of a "slotted-throat"
tunnel. By means of this test, and much additional work, Langley found that
the installation of a number of suitably shaped slots in the walls of the test
section of a wind tunnel would eliminate the choking phenomenon and sup
press the shock-wave reflection. With this modification, a wind tunnel could
provide a reasonably true simulation of transonic flight conditions. Tunnels
capable of transonic operation were nevertheless of a rather special design,
and it was not until December 1949 that Langley completed its first tran
sonic wind tunnel. Following Langley's example there was a great rush all
over the country to build transonic tunnels, and the wing-flow and bump
methods of transonic testing quickly disappeared. The Ames Laboratory
converted the 1- by 3Y2-foot tunnel for transonic operation by drilling holes
in the top and bottom walls. Sliding plates were used to open or close the
holes to the degree desired. A simple flexible throat was also added. Addi
tionally, Ames proposed that the 16-foot be converted into a transonic
tunnel.
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WoNDERFUL UNITARY PLAN

Perhaps nothing more clearly revealed the revolution in aeronautical
thinking in the early postwar period than a program of facility planning,
then under way, that was known as the "Unitary Plan." Never before had so
grandiose a wind-tunnel building program been seriously proposed by re
sponsible people, and never before had the desires of interested groups been
so thoroughly canvassed in establishing a facilities program. The tremen
dous scope of this program, which was at first expected to cost over a billion
dollars, gave evidence of the importance which knowledgeable people now
attached to aeronautical development. At the doorstep of realization was a
vast and wonderful array of transonic and supersonic airplanes, guided mis
siles, and the portentous hypersonic intercontinental ballistic missile. Such
developments would require many facilities so extensive and costly that they
must be planned on a national scale.
NACA, of course, would need new facilities for research. The military
would need new facilities for test and evaluation. The Air Force, indeed,
was firmly resolved to establish itself in the field of aeronautical research
and development and had set its sights on a new air engineering develop
ment center. It was also considered desirable to provide universities with
high-speed wind tunnels to acquaint them better with, and improve their
ability to teach, the new disciplines of aeronautical science. Many aircraft
companies had by now acquired their own subsonic wind tunnels but would
have to rely on the Government to make available the costly transonic, su
personic, and hypersonic wind tunnels required for future aircraft develop
ment. Finally, the planners recognized that a number of the facilities pro
posed would require vast amounts of power for their operation. These, it
was felt, could best be accommodated in a new supersonic research center,
operated by N ACA, and located near the Grand Coulee or the Hoover Dam.
Since the program was of national scope and covered the needs of every
one, it was called the "Unitary Plan"-a name proposed by Dr. Vannevar
Bush. The planning began with the Air Force late in 1945, was picked up
by NACA in 1946, and was carried on by a galaxy of organizations and peo
ple in 1947, 1948, and 1949. Special panels to deal with the problem were
formed in NACA and some of NACA's regular technical committees be
came deeply involved. Various military groups were active in the planning,
as were the Joint Research and Development Board, the President's Air Pol
icy Board, and the Congressional Aviation Policy Board. Industry was thor
oughly integrated into the planning councils through membership on
NACA and military committees and panels. The universities also entered
the planning through membership on NACA committees. Finally, and per
haps fortunately, there were the Appropriation Committees of Congress
which remained singularly calm about the whole matter.
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The contributors to the Unitary Plan, most of whom were normally
sane and sound individuals, fed upon each other's enthusiasm with the re
sult that a truly remarkable state of euphoria developed. The atmosphere of
the planning councils was notably inflationary. The plans rapidly mush
roomed, the proposed facilities became more numerous, more pretentious
and costly, and many were quite beyond the state of design knowledge. Of
course the Unitary Plan was intended to be a 10-year program, but it took a
brave man in the field of aeronautics to look ahead 10 years.
In any case, everyone's wants were collected into a huge pile which was
then consigned, for organizing into a sensible program, to a Special Com
mittee on Supersonic Facilities headed by Dr. Jerome C. Hunsaker, the
staid and notably conservative Chairman of NACA. After due considera
tion, the Hunsaker committee came out with recommendations for a 10-year
Unitary Plan Program of facility construction. The Plan was approved by
NACA in January 1947.
The building program that had been organized by the Hunsaker com
mittee and approved by N ACA involved two new research and development
centers-one for NACA and one for the Air Force-and 33 new wind-tun
nel facilities, of which 14, costing $5 million, were to go to universities. The
total cost was over $1 billion. The plan contemplated, among other things, a
40-foot transonic propulsion tunnel requiring 530,000 horsepower and cost
ing over $171 million; a 15- by 15-foot supersonic propulsion tunnel requir
ing 657,000 horsepower and costing over $50 million; a 6- by 6-foot or an 8
by 8-foot hypersonic (M up to 10.0) tunnel pressurized to as much as 100
atmospheres, requiring 410,000 horsepower and costing at least $110 mil
lion. One of the intended tunnels would cost half again as much as the
value of all of the research facilities at all three of the existing NACA labo
ratories!
The proposed Unitary Plan was now turned over to the Joint Research
and Development Board, who reduced it to a 5-year plan costing "only"
$600 million. In the course of the next year, it was reviewed by a number of
groups and in 1949, in much curtailed form, appeared in an authorization
bill jointly submitted by NACA and the military. This bill, which was
passed on October 27, 1949, was divided into two parts, Title I and Title II.
Title I authorized expenditures of up to $10 million for university facilities
and $136 million for new NACA wind tunnels. Title II authorized the con
struction of a new air engineering development center for the Air Force
which was to include among its facilities two Unitary Plan tunnels.
When the authorization bill had gone through, more specific planning
got under way. Many meetings of NACA special panels and committees were
held to determiq.e characteristics and priorities of facilities that would be
built for NACA and the universities. A prototype university facility was ac
tually built at Langley. The money allocated to NACA, it was felt, would
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be sufficient to build one major wind tunnel at each of the Committee's
three laboratories. To deal further with design matters, Dr. Dryden on De
cember 19, 1949, established an NACA Project Office for the Unitary Wind
Tunnel Programs and appointed John F. Parsons as chief. In his new capac
ity, Parsons was to report directly to Dryden.
It was not until spring of the following year that the Unitary Plan legis
lation came up for consideration before the congressional appropriations
committees. It had been expected that Unitary Plan appropriations might
be spread over 2 or 3 years; but Albert Thomas, chairman of the House
subcommittee, told NACA in effect, "We'll give you $75 million now and
don't come back for any more." And this was the way that, on June 29, 1950,
the bill became law. NACA got $75 million for Unitary Plan facilities and
the universities got nothing. NACA people were a bit let down. After soaring
to rare empyrean heights, they were now back at sea level. But $75 million
was not to be sneezed at. It was not much less than the combined value of
existing research facilities in all three NACA Laboratories. The Air Force
had done considerably better than NACA in Unitary Plan acquisitions. The
Air Force had obtained a new research center (AEDC) which it shortly was
to name for General Hap Arnold, who deserved the honor for he had really
started the whole thing
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ITs NATURE

deciding who should do what in aeronautical research and develop
I Nment
after World War II, there was a great deal of interest in the
definitions of research. It w~s commonly and loosely referred to as pure,
applied, basic, scientific, fundamental, or something else, but the meanings
of these terms remained obscure. Where in the broad spectrum of activity
called research did the work of NACA, and Ames, really lie?
Since the object of "pure" research might reasonably be solely the satis
faction of human curiosity, the definition "pure" could not be applied to
the activities of NACA. The work of the NACA laboratories would have to
be regarded as "applied" research; that is the only kind of research a practi
cal-minded Congress would have funded. It was research applied directly to
solving the practical and pressing problems of military and civil aviation. It
was also basic and scientific, but only to the extent that it dealt with mat
ters of fundamental significance.
How fundamental was NACA research? If the characteristic being
studied applied only to a single specimen, animate or inanimate object, its
study would certainly be the least significant activity that could be called re
search-and even so might better be called "development" or "evaluation."
But if the characteristic being studied were the charge on the electron,
applying to all the electrons in the universe, or the makeup of the DNA
molecule, found in the cells of every animal from cockroaches to humans,
then we could truly say that such research had the highest degree of funda
mentality. Between these limits lies the vast bulk of research, distributed
according to the breadth of application of its results but with no sharply de
fined divisions. On this scale, most of NACA's work lay well below the mid
point and during the war some of it lay close to the bottom. In general the
results of NACA's work applied to a single, narrow class of objects called
airplanes; during the war, it sometimes applied to only one or two specific
specimens of this class. Fortunately, fundamentality is not necessarily a
measure of practical value.
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NACA's work generally was an effective mixture of theory and experi
ment. Theory contributed much to the fundamentality of any research ef
fort. It also was used to limit the extent and establish the direction of re
quired experiment and, metaphorically speaking, to define the major limb
structure of the tree of research. In general, fundamental research was a
movement downward toward the root source, while applied research was a
movement upward and outward toward the leaves. Often the two were prof
itably combined. The leaf pattern of the tree of research was filled out by
experimentation, and sometimes the leaf pattern was used to deduce the po
sition and form of a hidden limb. The limbs were of the utmost impor
tance, of course, but it was among the leaves that the fruits usually lay.
Experimentation might be thought of as a form of observational re
search such as used in astronomy; but, instead of waiting for Nature to
speak in her own good time and place, we ask her questions and deliberate
ly force her to speak at a time and place of our choosing. She withholds
nothing from those clever enough to ask the right questions. Our questions
are asked by confronting her with a cunningly devised situation or mechan
ism to which she must react. Devices by means of which such confrontations
are achieved are often in the nature of simulators. Members of an important
class of simulators used by NACA were called wind tunnels.
In devising simulators for research, the research engineer has no equal,
and the NACA laboratories, at least until this time, were laboratories of re
search engineers, not scientists. They were also laboratories of ingeniously
designed simulators the development of which, in some cases, represented
true adventures in research.
BASIC CONFIGURATIONS AND AIRFLOWS

Wings. By original work in TR 863 on sweep and in TR 835 on
pointed low-aspect-ratio wings, R. T. Jones had provided intriguing evi
dence of things to come in aircraft configurations. No longer could wings be
regarded merely ~s assemblages of largely independent airfoil sections whose
action might be represented in theory by a lifting line. In the past the most
significant feature of a wing was the airfoil section and perhaps no other sin
gle item had received so much attention in aeronautical research. In the
new breed of aircraft, the airfoil sections tended to lose their identity and
become aerodynamically and physically blended into a whole lifting surface.
Now it was the wing planform, the shape of the wing as viewed from above,
that was of greatest importance.
Although less important than in the past, airfoil sections were still re
ga~ded at Ames as worthy of some research attention. Before going off for a
doctorate at Caltech, Milton Van Dyke, in TN 2670, summarized the work
he had earlier done in the 1- by 3Y2-foot tunnel on NACA 6-series high
speed sections; and during the early postwar period George McCullough
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and Donald Gault were investigating, in the 7-by-10, a new type of stall that
had been revealed by the thin airfoil sections required for high-speed flight.
The wings of airplanes had to be thin if shock-wave formation and its bad
effects were to be avoided at high subsonic speeds. But wings with thin lead
ing edges performed very poorly in generating the lift required for landing.
Even at moderate angles of attack, the air tended to separate from the for
ward upper surface, the separation appearing first as a bubble and then
spreading over the whole surface as a violent stall. McCullough and Gault
studied this phenomenon and attempted to cure it by removing air through
a suction slot at the point of separation.
Airfoil research was rather old hat, but what was really fun during this
period was the investigation of novel wing planforms. In the early part of
the period there was little theory and scant knowledge about how to
design wings for transonic and supersonic airplanes; thus research people
cast inhibitions aside and investigated many different wing shapes, utilizing
all available facilities. Ames was in a fortunate position for such studies. It
had the 12-foot, the 16-foot, and the 40- by SO-foot tunnels for large-scale
subsonic tests, and the 1- by 3-foot and the 6- by 6-foot tunnels for supersonic
tests. Moreover, it was prepared to use the bump and wingflow techniques
for transonic studies. These facilities would allow testing through wide
ranges of size, speed, and Reynolds number and would enable the Ames
staff to conduct coordinated test programs in several different tunnels
on promising wing configurations.
Wing Theory. In the most favored research technique, theory pre
cedes and guides experiment, but in early 1946 supersonic and transonic
wing theory had not advanced very far. Thus initial experiments at Ames
were undertaken largely without benefit of theory. Nevertheless, the devel
opment of theory proceeded rapidly and there were soon notable contribu
tions from NACA and other sources. At Ames, linearized, lifting-surface, su
personic wing theory was advanced by Max Heaslet, Harvard Lomax, and
Arthur Jones, who turned out a number of papers of which TR 889 (ref.
B-1) is perhaps representative. The development of transonic theory was
shortly initiated by John Spreiter, who had just returned to Ames after com
pleting work for his master's degree at Stanford. Spreiter, extending theories
originally developed by Max Munk and Robert Jones, devised methods for
predicting the characteristics of slender wing-body combinations at sub
sonic, transonic, and supersonic speeds. Later, in TR 962 (ref. B-2), he ex
tended this work to include cruciform wing configurations such as might be
used in missiles. Max Heaslet, Harvard Lomax, and John Spreiter also col
laborated to produce TR 956 (ref. B-3), which was a substantial contribu
tion to linear transonic wing theory. These efforts, though worthwhile,
clearly represented only a small part of the work that needed to be done on
wing theory, particularly transonic wing theory.
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Wing Experiments. In wing-study programs, the experimentalists had
a rich field to exploit. Of wing variables, they could play with sweep (both
forward and backward), aspect ratio, taper ratio, camber, twist, and even
airfoil section. Some of the sections investigated were sharp edged, flat sided,
and in the form of a very elonga~ed diamond or double wedge. A major ob
jective of such studies was to delay as long as possible the drag rise and other
adverse effects arising from the formation of shock waves and then to mini
mize the severity of these effects where, at the higher speeds, they could not
be completely avoided. It appeared that a swept wing of otherwise conven
tional configuration might serve in the high subsonic and low supersonic
speed ranges but for higher supersonic speeds a thin low-aspect-ratio wing
would be desirable. Sweep tended to limit aspect ratio and, when it became
extreme, there were structural and other practical reasons for filling in the
space between the wing and the fuselage. In this way the triangular wing
shaped like the Greek letter delta was developed. The delta wing provided
sweep, low aspect ratio, structural stiffness, and internal space for carrying
fuel. One of its early applications was in the Consolidated XF92A, which
incorporated a triangular wing and triangular vertical tail.
At Mach numbers of 1.5 and higher, a simple, thin, low-aspect-ratio
straight wing seemed to give good results, and such a wing was incorporated
in the Douglas X-3, the design of which was commenced in 1946 or 1947.
The X-3, conceived by Francis Clauser, Bailey Oswald, Schuyler Kleinhans,
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and others at Douglas Santa Monica, represented perhaps the first attempt
made in this country to design and build a truly supersonic airplane capable
of sustained flight and unassisted takeoffs. Only later, after the development
of the airplane had been long delayed by lack of funding, did it become one
of the research airplane series. Its daring conception was a landmark in avia
tion although not adequately recognized as such.
While investigating many wing configurations, Ames devoted more of
its attention to triangular wings than to wings of any other planform. Trian
gular wings incorporating a wide variety of aspect ratios, thicknesses, airfoil
sections, and shapes were tested in the Ames facilities. The shapes varied
from the delta configuration with tips aft, to the reversed delta with tips for
ward, and to other configurations having tips at intermediate locations.
Another fairly extensive program of tests was run on a rather special
configuration incorporating long tapered wings swept backward 63 °. The
great interest shown in this particular design stemmed from Bob Jones' re
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port, TN 1350 (ref. B-4), which indicated the possibility of designing an
airplane that, at moderately supersonic speeds, would fly with almost sub
sonic efficiency. This concept was rather intriguing, as supersonic flight had
been thought of more in terms of brute force than of efficiency. The achieve
ment of high efficiency (measured in terms of LfD or lift-drag ratio)
would, according to Jones, require long, slender, uniformly loaded wings
swept sufficiently to fall within the conical shock pattern (Mach cone).
Thus the leading edges of the wings would lie in a region of subsonic flow
and perhaps could be expected to develop the same leading-edge suction
that increased the lifting· efficiency of subsonic wings. Accordingly, test mod
els were built of a wing-body combination designed to operate at a Mach
number of 1.53 and at LfD, it was hoped, of lO or more. The wings had
an aspect ratio of 3.5, a taper ratio of 0.25, were swept back 63 o, and were
twisted and cambered to give a uniform loading along the span. These mod
els, and models with slight variations, were tested in several wind tunnels at
Ames; but the elusive leading-edge suction upon which high efficiency was
dependent was never fully realized. A representative report covering work
performed in this program is RM AJ324 by Charles Hall and John Heit
meyer.
As earlier mentioned, most of the Ames wind-tunnel groups contrih
uted to the general study of wing planforms. The 12-foot tunnel was able to
test good-sized models at either high subsonic speed or high Reynolds num
ber. George Edwards, Jack Stephenson, and Bruce Tinling investigated and
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reported on triangular wings. BenJohnson concerned himself with straight
low-aspect-ratio wing, while Bruce Tinling, Robert Reynolds, Donald Smith,
Lloyd Jones, and Fred Demele investigated swept wings, including R. T.
Jones' 63° wing. In the course of large-scale tests conducted in the 40-by-80,
Gerald McCormack, Victor Stevens, and Woodrow Cook investigated wings
swept forward and backward, while Lynn Hunton and Joseph Dew studied
the effect of camber and twist on the loading and stalling characteristics of a
45 o swept wing.
The Flight Research Section at Ames also contributed to the Labora
tory's wing-research program. Its contribution was made through the use of
a P-51 airplane in an application of the wing-flow technique. This effort,
carried out by George Rathert and Carl Hanson, included tests of a straight,
low-aspect-ratio wing of the same configuration as a larger model tested in
the 12-foot tunnel. It also included tests of a delta-wing model.
When the 1-by-3 got under way late in 1945, there was a feeling, accord
ing to Dean Chapman, that operational supersonic aircraft were still a long
way off. The transonic range, with its unpleasant compressibility effects, then
appeared to be a rather formidable barrier to supersonic speeds. Neverthe
less, immediate steps were taken to lay out a program of tests on a number
of wing planforms which were thought suitable for supersonic flight. The
selection of the planforms to be tested was rather arbitrary since little the
ory had then been developed. Walter Vincenti, with the help of Elliott
Katzen and others, took the lead in carrying out this program. Great pains
were taken to coordinate the test results with existing theory and to check
theory against experiment. Two important reports resulted from this work:
RM A7110 (ref. B-5) by Walter Vincenti, Jack Nielsen, and Fred Matte
son, which presented data on both normal and reversed delta wings, and
TR 1033 (ref. B-6) by Vincenti, in which a critical comparison was made of
theory with experimental data obtained on a variety of straight-wing and
swept-wing models. The tests were all carried out at a Mach number of 1.53
using a fixed-throat nozzle in lieu of the variable nozzle which was still
under development.
In the 6- by 6-foot tunnel, Hall and Heitmeyer, as earlier noted, investi
gated the 63 ° wing, while Charles Frick and R. S. Chubb made an impor
tant analytical study of the longitudinal stability of elastic sweptwings at
supersonic speeds. This study, reported in TR 965 (ref. B-7), pointed to
the very important role played by structural elasticity in the aerodynamic
behavior of large sweptwing airplanes. Wing thinness, required for high
speed flight, and sweep each contributed to wing deflections under load and
thus to the static stability and dynamic response of large sweptwing air
planes such as the B-47. Aeroelastic effects on airplane performance were
not new, of course, but never before had they assumed such importance as
in this new regime of swept wings.
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Controls. The 16-foot tunnel during this period undertook quite a
lot of work on controls for sweptwing and other high-speed aircraft. Lee
Boddy collaborated with Walter Williams of the NACA group at Edwards
in preparing a summary and analysis of NACA's work on dive-recovery
flaps. This study was published as RM A709·. In the same period John Axel
son prepared a summary and analysis of wind-tunnel data on the lift and
hinge-moment characteristics of control surfaces at Mach numbers up to 0.9,
while Walter Krumm and Joseph Cleary produced a series of reports on the
lateral control of straight- and swept-wing airplanes. The problem of devis
ing controls for swept wings was particularly difficult owing to the tendency
of the boundary layer on such wings to flow spanwise toward the tips, thus
causing early stall in the region of the ailerons. To prevent such lateral flow,
boundary-layer barriers, called "fences," were often installed at certain
points on the upper surface of the wing.
Another very useful bit of control-system work done in the 16-foot tun
nel during this period concerned a very serious stability problem that the
Douglas Santa Monica people had encountered in early flights of their new
C-74 transport. NACA's help was requested and a large segment of the air
plane's horizontal tail surface was installed in the 16-foot tunnel. Although
it first appeared that the blockage produced by the huge test body might ne
gate NACA's test efforts, the first run in the tunnel revealed the cause of the
problem. At high speed, aerodynamic forces caused ballooning of the fabric
covering the elevator, thus greatly affecting the hinge moments and control
lability of the airplane. To reduce the weight and to facilitate the balancing
of movable control surfaces, it had been common practice to cover them
with fabric rather than metal. The experience with the C-74 proved that
the day was over when this practice could be tolerated; indeed, the day had
really been over for some time. The same control problem had earlier been
experienced by other airplanes.
Bodies. Although the Laboratory during this period was preoccupied
with wing research, there were also several notable investigations relating to
bodies (fuselages). Indeed, among the significant early programs run in the
1- by 3-foot tunnel were a number that were concerned with the effects of
viscosity on the supersonic flow over bodies of revolution. These studies
were made by Dean Chapman, Edward Perkins, and Harvey Allen. The 1
by-3 was particularly useful for investigations of this kind because of the
ease with which its operating pressure could be varied. This favorable op
erating characteristics greatly facilitated the study of Reynolds-number ef
fects.
Perhaps the first report written at Ames on supersonic tests was a paper
by Dean Chapman and Ed Perkins on the effects of viscosity on the drag and
base pressures of bodies of revolution at a Mach number of 1.5. This paper,
which later was published as TR 1036 (ref. B-8) , gave considerable atten
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tion to the flow in the mixing region at the truncated base of a body. The
study so aroused Chapman's interest in base-flow phenomena that, when he
left shortly thereafter to complete his doctoral work at Caltech, he adopted
the base-pressure problem as his thesis subject. Later, on his return from
Caltech, his thesis work was included in TR 1051 (ref. B-9), "An Analysis
of Base Pressure at Supersonic Velocities and Comparison With Experi
ment."
While Chapman was at Caltech, Harvey Allen and Ed Perkins made a
combined theoretical-experimental study of the flow around an inclined
body of revolution. This study, reported in TR 1048 (ref. B-10) , provided
an approximate method for calculating the force and moment characteristics
of inclined bodies and revealed the existence of a pair of vortices shed from
the body on its lee side. In tests run in the 1- by 3-foot tunnel, the vortices
were made visible by a vapor-screen technique devised by Allen.
In the vapor-screen technique, a small amount of water is introduced
into the tunnel; the water vaporizes and condenses into a fog in the test sec
tion. A plane of intense light is then passed through the schlieren windows
and thence transversely through the test section in the region of the model.
The vortices act like a cehtrifuge on the water vapor and their cores, as they
pass through the light screen, leave dark spots in an otherwise glowing sheet
of diffused light. Other features of the flow pattern are also revealed. In this
and other instances, the study of vortex shedding from bodies and wings was
considerably facilitated through the use of the vapor-screen technique.
Meanwhile in the 16-foot tunnel, Lee Boddy and Charles Morrill were
investigating the p9ssibility of contouring a fuselage in such a way as to
minimize the flow interference at its juncture with a swept wing. This work,
which was somewhat prophetic, gave recognition to an incompatibility at
the wing-fuselage juncture between the three-dimensional flow pattern over
a swept wing and the essentially two-dimensional flow pattern over the fuse
lage.
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INLETS
With the advent of jet engines, the problems of air inlets and internal
aerodynamics became of major importance and of great influence in air
plane design. The problem of where to locate the engines and the inlets had
to be solved; then the detailed design of the inlets and internal flow systems
seemed a subject for vital and almost endless research. There appeared in
this period to be three promising locations for jet air inlets: in the nose of
the fuselage, in the sides of the fuselage, and in the wing roots. Inlets in
each of these locations were investigated at Ames in a program thoroughly
coordinated with similar work in the Langley and the Lewis Laboratories.
The Ames inlet investigations were conducted in a number of facilities
including the 7- by 10-foot tunnel; an 8- by 36-inch flow channel constructed
at the 7-by-10 especially for inlet studies; the 16-foot, the 40- by 80-foot, and
the 1- by 3-foot tunnels; and the 8- by 8-inch tunnel, which originally was
built to check out the sliding-block nozzle but which had since proved very
useful for research work. A rather substantial effort was made by the Labo
ratory in perfecting the submerged inlet developed by Mossman and others
in the 7-by-10. This work was carried out at reduced scale in the 7-by-10
flow channel, at full scale in the 40-by-80, and at transonic speeds by bump
tests in the 16-foot tunnel. In the 1-by-3, a group headed by Wallace Davis
concentrated on side inlets of the scoop variety; and in the 8- by 8-inch tun
nel, John Lundell and others investigated supersonic nose inlets, particu
larly those applying to ramjet-powered missiles.
Among the more significant reports on submerged inlets were RM
A7130 by Emmet Mossman and Lauros Randall and, from the 16-foot tun
nel, RM A8Bl6 by Charles Hall and Dorn Barclay. In the 40-by-80, Norman
Martin and Curt Holzhauser investigated twin side scoops which fed a com
mon engine inlet duct, and in TN 2049 they analyzed the instability that was
found to occur in such systems at low flow rates.
DYNAMIC STABILITY AND LoADs
Ames engineers were concerned with the dynamic as well as the static
stability of new airplane configurations, particularly those required to oper
ate in the transonic and supersonic speed ranges. In the 6- by 6-foot tunnel,
triangular wing models were spring mounted, free to pitch, and their damp
ing characteristics measured. This work was reported in RM A50J26 by Mur
ray Tobak, Dave Reese, and Ben Beam.
The flutter of ailerons, excited by oscillating shock waves, had by this
time become a fairly common and troublesome phenomenon. Inasmuch as
existing knowle4ge of the subject was rather superficial, Albert Erickson
and Robert Robinson of the 16-foot tunnel undertook to learn more about
the aerodynamic forces involved. Toward this end they devised special in
strumentation and techniques with which they were able to measure instan
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taneous pressure distributions over a representative section of the aileron
while it was in the very act of fluttering. To do this, they enlisted the aid of
Jim Kyle, a fellow member of the 16-foot-tunnel staff, who designed a tiny,
fast-acting pressure cell that could be mounted flush with the surface of the
aileron and wing. This interesting instrumentation and technique was
described by Erickson and Robinson in RM A8H03.
As part of a general wing-study program during this period, the 40- by
80-foot tunnel section carried out some very important work having to do
with the development of an analytical method for determining the distribu
tion of airloads on swept wings at subsonic speeds. This problem had been
solved for straight wings but, in the case of swept wings, it was much more
difficult. John DeYoung was the major contributor to this effort and was
helped by Charles Harper and Victor Stevens. Key reports issuing from this
work include TR 921 (ref. B-11) by DeYoung and Harper and TR 1056 by
DeYoung alone. While this work was going on in the 40-by-8(}, Doris Cohen
(Mrs. R. T. Jones) of the 1- by 3-foot tunnel section was engaged in mak
ing theoretical determinations of the air loads on swept wings at supersonic
speeds. Her work is covered in TR 1050 and other papers.
FLIGHT REsEARCH

Deicing. In the early postwar period the work of the Ames Flight En
gineering and Flight Research groups was mostly a continuation of what
they had been doing during the war. Icing research continued for a num
ber of years under the able guidance of Alun Jones but became largely con
cerned with perfecting analytical techniques, obtaining more complete me
teorological data on icing conditions, and developing deicing techniques for
such airplane components as windshields and propellers. The study of car
buretor icing had been taken over by the NACA Lewis Flight Propulsion
Laboratory. Major contributors to the icing studies at Ames during this pe
riod were Alun Jones, Carr Neel, Norman Bergrun, James Selna, and
George Holdaway of the Laboratory staff, and William Lewis of the U.S.
Weather Bureau. The fine work done by Lewis throughout the icing re
search program was recognized in 1949 when he was given the Robert M.
Losey Award of the Institute of the Aeronautical Sciences. As the period
ended in 1949, the Flight Engineering group was diverting its efforts from
deicing to the development of the drop-test method of transonic flight re
search. This development has earlier been mentioned.
Flying Qualities. Although the wind-tunnel people at Ames were
working on some very advanced airplane configurations, none of these con
figurations had yet appeared in airplanes which the Ames Flight Research
group were testing. It was not until 1949 that the F-86, the first sweptwing
airplane, came to Ames for flight tests. Until then, the fastest airplane in the
Flight Research stable was the straight-wing P-80A which in a dive, as
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Clousing found out, could reach a Mach number of about 0.88. Rather ex
tensive flying-quality tests were run on the P-80A, and these were reported
by Seth Anderson, Frank Christofferson, and Lawrence Clousing in RM
A7GOI. Larry Clausing's outstanding work in flight research was recognized
in 1947 when the Octave Chanute Award was conferred on him by the Insti
tute of the Aeronautical Sciences.
Other flight research at Ames during this period represented a con
tinuation of earlier efforts to confirm in flight the stability and control
of airplanes as predicted by wind-tunnel tests. There was also an application
of the wing-flow technique to transonic studies both of straight wings, such as
used on the X-3, and delta wings.
Loads. Also carried over from the war years was the program on wing
and tail loads in which Larry Clousing, Melvin Sadoff, William Turner, and
others were playing such an active part. More recently the Ames Flight Re
search Section had begun an investigation of buffeting-an unpleasant, if
not dangerous, phenomenon encountered by high-speed airplanes in dive
pullouts. The buffeting, occurring at high subsonic speeds, appeared to
arise from oscillating shock waves which caused cyclic separation of the flow
on the upper surface of the wing. The conditions under which the buffeting
occurred were investigated on a number of different airplanes and it was
while testing one of these airplanes, the P-51, that George Cooper, the pilot,
thought he could actually see the shock wave on the wing. Further investiga
tion showed that what he had seen was indeed the shock wave or, more pre
cisely, a refraction pattern caused by the sun's rays shining through the
shock wave. The shock wave was then seen on the wings of two other air
planes and the conditions under which it would appear-the angle of the
airplane with respect to the sun, etc.-were determined. Photographs were
taken of the shock waves and it was noted that the shock wave would move
backward, toward the trailing edge, as Mach number increased and forward
as lift coefficient increased. It was also noticed that, at some value of Mach
number and lift coefficient, the shock would dance back and forth through
an amplitude of 2 inches or more. Moreover, buffeting appeared just when
the dancing began. As the technique of visually observing shock waves
was thought to be useful, George Cooper and George Rathert wrote a
report on the project which was published as RM A8C25.
Variable-Stability Airplane. By far the most important contribution
of the Ames Flight Research group during this period was the development
of the variable-stability airplane. In this project, Will\am Kauffman played
the leading part while G. Allan Smith and others played important support
ing roles. Apparently the idea of a variable-stability airplane was not new
(it had been mentioned in German literature), but it was one of those
things the practical accomplishment of which requires greater genius than
the original conception.
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Aside from its application to the wing-flow method, the airplane had
generally not been used in the past as a simulator. In flight it represented
only itself; it was indeed the ultimate yardstick against which wind-tunnel
model tests were measured. And the airplane, of course, could provide infor
mation on flight dynamics, on the interrelationships between pilot and air
plane, that were quite beyond the powers of any wind tunnel, or any other
simulator, to produce. But was this statement precisely true and could not
the airplane itself be made a simulator, to simulate the dynamic behavior
and pilot-machine relations of other airplane configurations? The concept
was most interesting. Such a simulator would be a wonderful tool for study
ing the flying qualities of the radically different airplane configurations that
shortly would be in use. But was the development of such a simulator a
practical possibility? It certainly was, said Kauffman, and let's get at it. Im
mediately enlisted in the project was Dr. G. Allan Smith, expert on servo
mechanisms, from the Instrument Research Section. The conservative pro
peller-driven Grumman F6F would be used in this first attempt to produce
a variable-stability flying simulator.
.
Of greatest interest at the moment were the lateral-directional dy
namics of airplanes; thus the study of this area of airplane performance was
selected as the first application of the variable-stability airplane. But to sim
plify the variable-stability airplane development problem, only one aspect of
lateralrdirectional performance would be investigated-the effect of chang
ing the wing dihedral. The physical alteration of the dihedral in any air
plane represents a major structural modification, but the effect of changing
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dihedral could be obtained by installing a powered servomechanism in the
test airplane that would deflect the ailerons in proportion to the angle of
yaw. However, it would be necessary for the device to accomplish this objec
tive without moving the control stick or changing the stick force required
for the pilot to operate the ailerons. In others words, the pilot would not
sense that the device was operating except for the fact that the dihedral of
the airplane would appear to have been changed. The design of the device
to accomplish this objective was very tricky and had to be worked out with
great care if the plane and pilot were not to be endangered. But the job was
done and done well. By the adjustment of the mechanism in flight, any ef
fective dihedral from -18° to +28° could be obtained.
The variable-stability airplane was flown by five different pilots under
conditions simulating landing approach, cruising, and high speed. Under
each of these conditions, the effective dihedral was changed through a wide
range and the opinion of each pilot as to the quality of the airplane per
formance at each dihedral setting was noted. In this way, the optimum dihe
dral and the tolerable range of dihedral were ascertained for each condition
of flight. Special flight instrumentation provided useful quantitative data, of
course, but in the end it was the pilot's opinion of the flying qualities of the
airplane that counted most. Clearly, pilot opinion would become increas
ingly important as the new class of airplane, having radically different iner
tia and control characteristics, came into use. For such airplanes, past expe
rience and existing data were largely inapplicable. In any case, the very
significant story of the conversion of the F6F and the results of the first tests
were reported in TR 948 (ref. B--12) by Kauffman, Liddell, Smith, and
Van Dyke. Rudolph Van Dyke was one of the Ames pilots who flew the air
plane.
The results of this first use of a variable-stability airplane by NACA at
Ames were very promising and extensions of the idea quickly came to mind.
To obtain a better simulation of the whole lateral-directional stability syn
drome, it would be necessary to drive the rudder, as well as the ailerons, in
accordance with yaw angle and also, perhaps, to introduce roll rate and yaw
rate as inputs in addition to yaw angle. Steps to accomplish these changes
were soon taken.
Sonic Boom. The F-86 was the first operational airplane capable, in a
dive, of reaching supersonic speeds. The XS-1 (now called the X-1), carried
aloft by a mother airplane, had of course achieved supersonic speed in level
flight at high altitudes over the desert. Ames received one of the first F-86's
for flight tests in 1949 and shortly was running tests involving prolonged
dives at very high speed. Rudolph Van Dyke and George Cooper were the
pilots. Soon after the program got under way, the local newspapers began re
porting mysterious explosions the source of which could never be located.
One day such an explosion shook the plates off the plate rail in the Interna
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tiona! Kitchen near Niles, Calif. A sheriff's posse was sent out to investigate
the cause but had no luck. Another explosion occurring in the region of the
Calaveras Reservoir seemed to be focused by a box canyon and reportedly
caused some slight damage to a house at the head of the canyon.
Newspaper headlines reporting explosions became bigger and blacker.
McAvoy, walking into the pilots' office with a newspaper in his hand one
morning, jokingly asked Van Dyke and Cooper, "What are you fellows
doing to cause so much noise?" Mac's remark was a bit of purely innocent
humor but it caused something to click in Van Dyke's mind. Good Lord!
Could the explosions have something to do with their dives in the F-86?
Smitty DeFrance had similar suspicions and, as he sat in his office one day,
he heard a boom or explosion such as had been reported in the papers. He
noted the time apd called the Flight Research Section to see if the F-86 was
up. Yes, it was, and yes, it had made a scheduled dive at the same minute
that the boom had occurred. The suspicions of Smitty and Rudy Van Dyke
were confirmed. The explosions had been caused by the F-86 diving beyond
the speed of sound. Ames, as a matter of policy, did not publicize the mat
ter, but it was not many months before the sonic boom was observed else
where and associated with the supersonic flight of airplanes. Soon the boom
became commonplace; but Ames, it is believed, was first to encounter and
recognize the phenomenon.
Hazards. In dive testing the F-86, Ames pilots Cooper and Van Dyke
were probably flying through the transonic range more frequently than any
one else in the country. Other hazards were encountered with slower air
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planes-for example, the incident that occurred one day while George
Cooper and Welko Gasich were up in a Douglas SB2D carrying out some
mission over the Los Gatos countryside. The engine, demonstrating a habit
of this particular model, backfired and started a fire in the induction system.
George could not get back to the field, so he set the plane down between
rows of trees in a prune orchard. The plane's wings clipped the treetops off
neatly in a descending path; but, as the wings got down to the trunks, the
going got rough. The airplane was a wreck by the time it came to rest;
George and W elko walked away from it badly shaken but not seriously
harmed.
Another time George was up in a P--47 investigating the effect of revers
ing the propeller pitch on the stability and control of the airplane in a dive.
His engineering pals on the ground assured him that "all you have to do if
you get in trouble is to push this button here and the prop will snap back to
normal pitch." Well, in one dive, though he was not in any trouble, he
wanted to discontinue the test, so he pushed the button. Nothing happened.
The prop did not move a degree and continued its devilish braking effect.
George was then faced with the miserable task of making a forced landing
with the propeller reversed. He carefully made his approach and, when he
was only a couple of hundred feet from the runway, the propeller suddenly
snapped into normal pitch. He slammed the throttle open and with a roar
took off over the treetops to make another, normal, and successful landing.
Incidents of the kind mentioned were all in the day's work for Ames
pilots. Unhappily they did not all turn out so well. Luck ran out for Ryland
D. Carter, Ames test pilot, as he was flying a P-51H airplane on May 17,
1948. The wing of the airplane, incidentally, was equipped with a glove and
otherwise adapted for wing-flow tests. For reasons unknown, the plane came
apart in the air, its fragments scattering widely over farmland near Newark,
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Calif. Although Carter was thrown clear, he was unable to activate his para
chute and was killed.
AERODYNAMIC HEATING

Boundary-layer heating resulting from skin friction and air compres
sion had been of rather small concern to aerodynamicists, but now became a
matter of some importance when supersonic flight speeds were being consid
ered. Aerodynamicists at Ames, and elsewhere, were interested in the effects
of aerodynamic heating on the structure and contents of flight vehicles as
well as in such related problems as the heat transfer to the body from lami
nar and turbulent boundary layers, the effect of heat transfer to, or from,
the body on boundary-layer transition, and the effect of boundary-layer heat
ing on skin friction.
At Ames there had been some early work on heating; this was reported
by Allen and Nitzberg in TN 1255 and by Tendeland and Schlaff in TN
1675. In 1947, Richard Scherrer made a theoretical study, reported in TR
917, of the effects of aerodynamic heating on bodies of revolution at super
sonic speeds and, in 1949, Dean Chapman and Morris Rubesin presented a
paper to the lAS (ref. B-13) on temperature and velocity profiles in the
compressible laminar boundary layer with arbitrary distributions of surface
temperature. At about the same time, Richard Scherrer and William Wim
brow ran some tests in the 1~- by 3-foot tunnel on heated and unheated
cones. This work, which compared experimental results with theory, was
summarized by Scherrer in TR 1055 (ref. B-14). In general it appeared
that experiment confirmed the earlier theories, including one which pre
dicted that a laminar boundary layer would be stabilized if the body were
cooler than the surrounding airflow and destabilized if the reverse were
true. This factor would have to be considered in future wind-tunnel model
tests.
Jack Stalder and Glen Goodwin, as earlier noted, had built a very spe
cial, if low-cost, tunnel to operate at very low air densities, such as those to
be found at altitudes of perhaps 50 to 70 miles, where future missiles might
conceivably fly. This realm of flight, called the "free molecule" range, is a
region wherein the air molecules are far apart and the average distance they
travel before bumping into another molecule is considerably greater than
the length of the missile or the model in the wind tunnel. Jack admitted
that simulation of a somewhat lower altitude range might have been a little
more practical; but the free-molecule range had the distinct advantage of
being more amenable to theoretical analysis than the lower ranges. Before
the low-density tunnel was completed, Jack and David Jukoff had made an
analysis of heat transfer to bodies traveling at high speed in the upper atmo
sphere. This study, published as TR 944 (ref. B-15), dealt with air
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molecular energy transport to a body and developed a general method for
calculating surface temperatures in steady high-speed flight in a rarefied
atmosphere.
When the low-density tunnel was completed, and the difficult problems
of devising low-pressure instrumentation were solved, tunnel calibration
tests began. It was found that the boundary layer on the walls expanded
under the influence of the low pressure and nearly filled the throat. Only a
Y2-inch-diameter core of untrammeled air at the center remained. This con
dition considerably limited the test possibilities of the tunnel. Jack and
Glen decided that their first test, a test with which theory could be checked,
would be of the aerodynamic heat transferred to a cylinder mounted trans
versely across the flow. The cylinder was actually a wire; indeed, it was an
iron-constantan thermocouple with the butt-welded junction located in the
core of the tunnel airstream.
The results of the tests in the new tunnel were classic. They confirmed
the scarcely believable indications of theory, that the temperature of the
wire in the low-density airstream should be higher than the at-rest tempera
ture of the air in the tunnel. At pressures and densities found in any ordi
nary tunnel, the maximum temperature the wire could be expected to reach
would be the at-rest, or stagnation, temperature of the tunnel air; but, at
low densities, the wire temperature was as much as 65 o F higher than the
stagnation temperature of the tunnel when nitrogen, a diatomic gas, was
used in the tunnel and as much as 147° F higher when helium, a mona
tomic gas, was used. The drag on the wire, though exceedingly small, was
also measured and found to confirm theory.
The results of these first tests alone justified the money and time spent
on the tunnel. They are contained in TR 1032 (ref. B--16) by Jack Stalder,
Glen Goodwin, and Marcus Creager. The report not only develops the the
ory of the wire heating but also gives the confirming experimental results.
In addition, it provides a good description of the tunnel and its auxiliary
equipment.
The new 6-inch heat-transfer tunnel also was put into operation in
1949. The first test report to come from it was TN 2077 by Jack Stalder,
Morrie Rubesin, and Thor Tendeland. The subject of this report, which in
cluded a description of the tunnel, was the temperature-recovery factors on
a flat plate in a supersonic airflow.
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relaxation of world tensions occurred at the end
A SUBSTANTIAL
of the war, but unhappily this favorable situation did not long
prevail. Our relations with the Soviet Union and China soon became
strained, and the cold war was on in earnest, and the dire necessity of
maintaining our technical and military lead over the Soviets was very
evident. The Korean war began in 1950 and the aircraft companies, all of
which had suffered a business letdown at the end of World War II, were
soon again busy designing and building new and advanced types of air
planes and missiles. The Korean armistice was signed in July 1953, but Rus
sia shortly exploded its first H-bomb and tensions continued to mount.
Many technical advances in the field of aviation were made during this
period. Service airplanes were regularly diving to supersonic speeds in the
early fifties and, in October 1953, the 50th anniversary of powered flight,
first Douglas El Segundo's new bat-wing XF4D and then North American's
new F-100 reached approximately sonic speeds (754 mph) in level flight. At
the same time research airplanes were going even faster. The first airplane
to travel at a rate of twice the speed of sound was Douglas El Segundo's
D-558 II which, dropped from a mother airplane and flown by NACA test
pilot Scott Crossfield, reached Mach 2.01 in level flight on November 20,
1953. Less than a month later this record was exceeded by the Bell X-1A,
which went to Mach 2.5 (1612 mph).
Missile development was also proceeding apace. The first target inter
cept by a homing Lark missile was made in January 1950; in September
1953 the first target intercept was made with a heat-seeking Sidewinder mis
sile. The first full-guidance flight of the radar-guided Sparrow missile was
also made early in 1953. Even more significant was the establishment in De
cember 1953 of a Nike-Ajax battalion in the Washington area. This was the
first operational surface-to-air missile system in the United States. Missiles
were also being used to explore the upper atmosphere. The Army was
achieving record altitudes (up to 244 miles) with its two-stage, V-2 + Wac
Corporal vehicle; while the Navy's Viking and Aerobee missiles, the latter
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often carrying animals, were reaching many miles into the sky. Most impor
tant of all missile development was the reactivation in 1951 of the intercon
tinental ballistic-missile project which had been stopped in 1947 with the
cancellation of Air Force Project MX 774. As Air Force Project Atlas MX
1593, the renewed ICBM program moved ahead with considerable vigor.
During this period there was discussion in military and technical circles
regarding the possibility and desirability of launching a small earth satellite.
The matter was brought up by Dr. Fred Singer in August 1953 at the
Fourth International Congress of Astronautics and was seriously considered
by a special international committee (CSAGI) established in May 1952 to
coordinate plans for an International Geophysical Year. NACA itself had be
come interested in problems of flight beyond the earth's sensible atmosphere
and in July 1952 instructed its laboratories to initiate studies of means for
attacking these problems. Later, as a result of such studies, NACA proposed
the development of a hypersonic, high-flying research airplane (the X-15)
as a joint project between itself and the military services.
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The period 1950-1953 was one of considerable frustration for NACA.
The Committee felt that a crisis existed with respect to maintaining the Na
tion's supremacy in the air; yet congressional appropriations committees
seemed unwilling to grant NACA the facilities/ and more particularly the
manpower quotas, to meet this crisis. At a time when the backlog of vital
research work had never been so large, NACA's manpower quota was held
constant or if anything decreased. At Ames the staff in 1953 stood at ll20
lower than it had been since 1949. 2 To make matters worse, the manpower
quota, low though it was, could not be filled.
There had been no increase in Civil Service salaries for some time; and
NACA, in acquiring scientific talent, was at a serious disadvantage with re
spect to the industry and the military services, the latter being able to get
research work done by contracting. In the competition for technical man.
power, the only factor favorable to NACA was the Government ruling in
April 1950 allowing NACA, alone among Federal agencies, the privilege of
granting selected employees time off with pay to pursue university studies
that could be expected to contribute to their work for the agency. This priv
ilege, while very valuable to a few, altered but little NACA's unfavorable
manpower position.
The national requirements for scientific manpower were expanding
rapidly and could not, it seemed, be fully met. Every aircraft company was
enlarging its technical staff to cope with advanced design work and with re
search-and-development contracts given to it by the military-particularly
the Air Force. The Air Force had established a new Air Research and De
velopment Command which was launching into all manner of research ei
ther in its own facilities or in industry and universities via contract. With
military support or sponsorship, a number of universities were setting up
rather large research organizations whose function had little to do with edu
cation. Thus, with Federal funds, which the military seemed able to com
mand, many agencies and people were being drawn to the field of aeronauti
cal research. With.some justification, therefore, NACA's Chairman Hunsaker
could complain to Congress, as he did in his Annual Report of 1951,
that "the military research and development program has been increased
threefold but to date the funds and manpower authorized for NACA have
not expanded to support adequately the military need."
In the production of aeronautical research information, NACA still oo
cupied a preeminent position but its preeminence now came more from
product quality than from dominance of output. Many in NACA felt that
1
Years later members of Ames management were to acknowledge that almost all of the
facility items they had requested over the years had been approved by NACA Headquarters
and Congress, though sometimes only after a delay of a year or two. The delays they then
also admitted were often beneficial, as some of their initial proposals were overblown and
technologically premature.
• See app. A.
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research quality would certainly suffer if, as in the military, research was sec
ond in importance to operations or, as in the industry, second to production
and profitmaking. Nor were they sure that a university, departing from its
traditional role of teaching and associated small-scale fundamental research,
had any special qualifications for managing large research and development
operations. But the field of aeronautical research had expanded tremen
dously and there was a need for the services of every competent agency and
person. NACA had repeatedly tried to expand its own university contract
operations and had repeatedly been turned down by Congress. At this stage,
NACA could still take some satisfaction from the fact that, in the field of
aeronautical research, no other agency in the country had the magnificent
research facilities or the breadth and depth of experience that it possessed.
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1950 and 1953 there were a number of important develop
BETWEEN
ments at Ames relating to personnel, organization, and events. On
January I , 1950, Russell G. Robinson joined the staff of the Laboratory as
Assistant Director. He had had a part in the very first construction efforts
at Ames but had then been called back to NACA Headquarters to assist
S. Paul Johnston, Coordinator of Research, and Dr. Lewis. Robinson's
work was particularly valued in Washington because of his technical ex
perience, progressive viewpoint, and savoir faire. These important qualifi
cations he brought to Ames together with a good understanding of just how
the Headquarters office operated.
The rapport with Headquarters which Robinson provided was particu
larly valuable to a new laboratory located far from Washington. Ames peo
ple sometimes felt that Headquarters did not fully understand their special
problems and occasionally showed favoritism to Langley. Ames was, of
course, the junior partner of NACA's two aerodynamics laboratories, but

Russell G. Robinson.
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Gerald E. Nitzberg (left) and Ralph F.
Huntsberger (right) .

did not particularly like to have the distinction emphasized. When Head
quarters would turn down an Ames research proposal because "we think
Langley is shortly going to propose the same thing," it was not surprising
that Ames people felt chagrin and some annoyance. In any case it appeared
. that Russ Robinson could provide a real service to Ames. At the time of
Robinson's arrival, Carl Bioletti, who since 1947 had held the position of
Assistant to the Director, was also made an Assistant Director. The two then
shared the responsibility of managing the Laboratory's research programs.
William Kauffman, the expert on variable-stability airplanes, was de
tailed to Washington in April for a year; and in June 1950, Ralph Hunts
berger was appointed head of the Unitary Plan design group at Ames. Re
porting to John Parsons, Ralph would be responsible for the design and
construction of the Ames Unitary Plan facility. At the end of July 1952, Dr.
Dryden, Director of NACA, appointed Parsons Associate Director of the
Ames Laboratory, a position which he was to hold while continuing to serve
as Chief of the NACA Unitary Plan programs. Parsons discharged these
heavy responsibilities with the quiet efficiency for which he was noted; he
was ably supported by Gerald Nitzberg, who had been appointed his techni
cal assistant. One of Nitzberg's assignments was the technical editing of all
publications produced by Ames people to assure their accuracy and quality.
Inasmuch as technical publications were the principal products of the Labo
ratory, the commodity on which Ames performance was judged, their
proper editing was regarded as a matter of great importance.
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Early in 1953 Don Wiley resigned from his position as Aeronautical In
formation Officer and was replaced by Daniel Wentz II. Dan's job was made
a little easier by some softening of NACA's attitude toward public relations.
But NACA still had a way to go. Also in 1953, Ames made certain changes
in its organization to satisfy a desire of the Congress to establish a uniform
organization for all Government agencies. One result was that the organiza
tional units known as "Sections" became "Branches." Other elements of the
change can be observed in the organization chart for 1953.
There were Inspections at Ames in 1950 and 1952, and three important
technical conferences: the first was on Supersonic Aerodynamics in February
1950; the second, on Aerodynamic Design Problems of Supersonic Guided
Missiles, in October 1951; and the third, on the Aerodynamics of High
Speed Aircraft, in July 1953. The trend of the Laboratory's work was evi
dent from the conference titles. There were also one or more conferences at
Langley to which the Ames staff contributed.
An essential element in the establishment of a successful research labo
ratory is the creation of a favorable climate for research; this is one of the
prime functions of the management group. In such an environment the re
search men are shielded as much as possible from administrative and politi
cal distractions, are provided the stimulating fellowship of other first-rate
research men, are encouraged to exercise their ingenuity in attacking new
problems, and are given the facilities and assistance which their work
requires.
The very favorable research climate that prevailed at Ames was no acci
dent. It was the product of a management group each member of which,
from his own experience, was keenly aware of the needs of research. It re
sulted in a high productivity of useful information and it enabled the Labo
ratory to hire and hold good men who might otherwise have been attracted
by the higher wages offered by industry.
In the' top echelon of Ames management were Smith DeFrance, John
Parsons, Russell Robinson, Carlton Bioletti, and Donald Wood. DeFrance's
personal staff included Marie St. John, who for years had been his Adminis
trative Assistant, and through whom some of his nontechnical orders were
issued. Also reporting directly to DeFrance were the Budget Officer, Ferril
Nickle, and his assistants, Edward Schnitker and Walter Peterson.
DeFrance's operation of the Ames Laboratory was efficient, business
like, and remarkably free of waste. In particular he encouraged and con
served research talent by shielding it from political pressures and unproduc
tive routine and red tape. He never relinquished the reins of management
but, as the Laboratory's activities grew in size and complexity, he leaned
more heavily on the judgment of his senior staff. The explosive pressures
which DeFrance had applied so freely during the period of construction and
war were now applied less frequently and seldom to the more fundamental
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research efforts in which the Laboratory was increasingly engaged. Research
men could look to him for a sympathetic consideration of their far-out
schemes, for freedom to pursue their work unhindered, and for solid logisti
cal support for their projects. Moreover, Smitty was particularly diligent in
looking after the interests of the wage-board employees and that segment of
the Laboratory staff which provided vital supporting services.
The excellence of DeFrance's work was recognized well beyond the
bounds of the Laboratory. In 1952 he received an honorary doctor of laws
degree from the University of California at Los Angeles; this honor was fol
lowed in 1953 by a doctor of engineering degree from his alma mater, the
University of Michigan.
Of all the members of DeFrance's staff, Jack Parsons was the one upon
whom he placed the greatest dependence. Jack, a quiet operator and no
salesman, was widely liked and respected. He had demonstrated his solid
abilities in research, in facility design, and in executive )llanagement. Jack
was "The Builder" at Ames and perhaps knew more than anyone else of
what the Laboratory consisted. His loyalty and level-headed dependability
were traits which DeFrance much appreciated.
The others in the top management-Russ Robinson, Carl Bioletti, and
Don Wood-contributed greatly to the prosecution of the Laboratory's mis
sion by bringing to their posts good judginent, long experience, and, particu
larly in the case of Robinson, a fine sense of diplomacy-a characteristic
frequently lacking in research types. Don Wood, originally Chief of Re
search at Ames, was a solid, experienced, and conservative engineer who was
swayed but little by radical technical proposals and showed a magnificent
resistance to being rushed into new things. Except for occasional flashes, his
keen sense of humor was hidden behind a facial expression that was at least
somber if not misanthropic.
Leadership at the division-head level was, for the most part, very effec
tive though oddly diverse. The qualities just mentioned are well illustrated
by a comparison of the leadership techniques employed by Harry Goett and
Harvey Allen, two outstandingly successful division chiefs.
Harry Goett's name did not appear on any of the reports coming from
his division and, except for providing advice and solid support, he did not
himself become directly involved in carrying out a project: he was not in
competition with his men. Nevertheless, Harry had a remarkable ability for
guiding his men into new and useful lines of endeavor, for keeping them
alert and moving ahead. One means that he used was his famous, or infa
mous, biweekly meetings for each branch in his division. These sessions
were in the nature of inquisitions in which project heads were put on trial
by Harry and their· peers to ensure that nothing was lacking in the manner
and method with which their projects were being conducted. The questions
asked were very pointed and it was always with considerable apprehension
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that each project leader contemplated his "day on the block." But despite
the rigorous environment to which the members of Goett's division were
subjected, the esprit de corps and the effectiveness of the division remained
continuously at peak level.
Harvey Allen's leadership was entirely different from Harry's but
equally effective. Harvey, unlike Harry, became emotionally involved with
his work and his compulsive urge to carry on research personally would
brook no interference. No matter to how high an administrative post his
good work condemned him, he always found time for research; paper shuf
fling was never more than a troublesome sideline. Harvey's originality and
research brilliance, combined with an agreeable outgoing personality, made
him a natural leader-an example which the younger men of his staff strove
to emulate. In research his team lunged forward like a pack of beagles with
Harvey baying in the lead. It was a marvelous sight. Of course Harvey looked
nothing like a beagle. In respect to appearance, he resembled a king-sized
cherub charging about among the wind tunnels.
At the branch-head level, there were many at Ames who contributed
mightily to the research output of their groups but, in most cases, modestly
refrained from including their names on the reports. This extremely deserv
ing group included men like Bill Harper, Bob Crane, Vic Stevens, and
Charlie Frick, all of whom had demonstrated leadership potentialities well
beyond the requirements of their positions. Indeed Vic Stevens, who was the
first head of th~· SSFF Tunnel Branch, was in September 1953 made Assist
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ant Chief of the High Speed Research Division under Harvey Allen. Simi
larly, there were men like Jack Stalder, Myles Erickson, AI Erickson, Steve
Belsley, and, of course, many others whose names seldom appeared on re
ports but whose contributions were the life's blood of the Laboratory.
Steve Belsley, though not typical of Ames employees, was in many
respects the classic example of a research engineer. His mind was keen, an
alytical, and intensely practical. He was also rough-edged, undiplomatic,
and quite intolerant of technical fraud, political expedients, or devious ap
proaches. When such appeared in technical conferences, his derisive laugh
ter and snide, sotto voce comments jarred the decorum of the meeting. De-
spite his bad-boy tactics, Steve was well liked and was respected by his men
to whom he gave his confidence and firm support-along with a few verbal
arrows. An effective branch head, Belsley was a typical product of Harry
Goett's school of research leadership.
Of such individuals as those described was the technical management at
Ames composed. They, together with the others at the Laboratory, created a
lively, open-minded environment in which research flourished.
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SUPERSONIC WIND TUNNELS

HE new 10- by 14-inch hypersonic wind tunnel was put into opera
T tion
in 1950. It was described by AI Eggers and George Nothwang
in TN 3095, and some of the related work on air condensation was reported
in TN 2690 by Fred Hansen and George Nothwang.
The unique supersonic free-flight wind tunnel was also put into useful
operation in 1950. This tunnel was described by AI Seiff in TR 1222 (ref.
B-17) and a description of its unusual instrumentation is presented in
RM A52Al8 by Messrs. Briggs, Kerwin, and Schmidt of the Research In
strumentation Division.
During the period 1949-1952, the Ames 1- by 3-Foot Tunnel Section
put forward numerous proposals for improving the performance-increas
ing the ranges of Mach and Reynolds numbers-of its No. 1, continuous
flow tunnel. For one reason or another, these proposals were rejected and it
was not until 1953 that the latest version was presented to Congress as a part
of the NACA fiscal year 1954 appropriations request. The principal change
specified in the proposal was a doubling of the power used to drive the tun
nel. The power incr.ease was to be obtained by applying forced-draft cooling
to the 2500-horsepower motors driving each of the four original compressors
and by adding a fifth compressor driven by a 9000-horsepower motor. A fur
ther improvement, in the form of downstream injection, was also contem
plated. Diverting some of the compressor output to the supersonic diffuser
exit would make it possible to reduce the inlet pressure required for start
ing and thus, also, the starting shock loads on the model. With these modifi
cations, it was expected that the Mach number of the tunnel could be in
creased to 4.0 and the Reynolds number to about 1.5 million per foot-well
over the RN at which an undesirable phenomenon known as "laminar sepa
ration" occurs.
Plans also were made during this period to replace the unsatisfactory
electrically operated flexible throats with which the 1- by 3-foot tunnels were
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then equipped. Designed for this purpose, by Paul Radach, was a new type
of throat having walls flexed and positioned by a set of positive, fast-acting
hydraulic jacks. The new throat, with which each of the tunnels was later to
be equipped, would allow Mach-number settings to be made in seconds
where the old throats had required hours for the same changes.
Ames' work in the fields of low-density aerodynamics and heat transfer
had begun on a modest scale. The first facilities were small and, although
they were performing usefully, their deficiencies were all too apparent. The
low-density tunnel when in operation became nearly filled with boundary
layer; moreover, it was designed for a density that was somewhat below the
practical range of interest. The 6- by 6-inch heat-transfer tunnel was also too
small and too slow, and it lacked any means for adding heat to the air
stream. Yet while these deficiencies were being noted, the research fields in
which such facilities could potentially contribute were becoming increas
ingly important. In particular, the problems of the ballistic missile were
looming larger; and it was realized that aeronautical scientists, having re
cently conquered the mighty sonic barrier, were now confronted with an
equally formidable obstacle-the heat barrier. New facilities to investigate
problems of heat transfer and low-density aerodynamics were thus felt to be
necessary.
Proposals for new low-density and heat-transfer wind tunnels were in
cluded in the fiscal year budgets for 1950 and 1951 and were approved in
1951. Construction began in 1952. The estimated cost of the two facilities
was about $1.3 million. Covered in this estimate were an 8-inch-diameter
low-density tunnel, a 10- by 10-inch heat-transfer tunnel, and a new build
ing to house the two facilities. The building would be adjacent to the 12
foot-tunnel auxiliaries building where supplementary air power could con
veniently be drawn from the 12-foot compressors. It was amazing how many
parasites the 12-foot tunnel had attracted.
The 8-inch low-density tunnel would be of the nonretum type, pow
ered and evacuated by steam ejection pumps. It would be designed to oper
ate at a density corresponding to an altitude range of from 20 to 40 miles.
By removal of boundary layer through porous nozzle walls, a 6-inch-diame
ter usable jet was believed obtainable at a Mach number of 3.0 and a some
what smaller diameter jet at the top Mach number of 5.0. The Reynolds
number, of course, would be very low-under 10,000. Th~ tunnel was de
scribed in TN 4142 authored by Marc Creager.
The 10- by 10-inch heat-transfer tunnel, as planned, would be a contin
uous-flow tunnel of the return type and would be equipped with a special
link-type variable nozzle allowing operation at Mach numbers from 2 to 5.
The tunnel would be operated on air from its own compressor augmented
by air from the compressors of the 12-foot tunnel. With this power source,
stagnation pressures up to 10 atmospheres would be attainable as would also
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High-temperature test section of 10- by 10-inch heat-transfer
tunnel.

Reynolds numbers of 24 million or more. To extend the possible range of
heat-transfer measurements in the tunnel, an electric heater capable of heat
ing the inlet air to 1000° F was provided. Never before at Ames had a wind
tunnel been designed to operate at so high an air temperature.
The new low-density and heat-transfer tunnels were still under con
struction as 1953 ended; but, throughout the 1950-1953 period, research was
proceeding in the old facilities, particularly in the old heat-transfer tunnel.
TRANSONIC WIND TUNNELS

Since the end of the war, aerodynamicists and aircraft designers had
been most apprehensive about the problems to be encountered in the tran
sonic range of flight. The dancing shock waves, separated flows, and violent
disturbances which seemed inherent in this flow regime were alarming. Fear
of the unknown was a psychological aspect of the problem; transonic aerody
namics was not well understood because, for one reason, the transonic range
represented a blind spot in the test spectrum of existing wind tunnels. An
other reason was that the confused pattern of transonic flow did not lend
itself to theoretical treatment. However, in 1947-1948, the work of John
Stack and his colleagues at Langley opened the way to the design of tran
sonic tunnels, and soon thereafter light was shed on the little-known
phenomena of the transonic range. Theory came a little later in this
case, following, rather than leading, experiment.
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Transonic tunnels suddenly became de rigueur for all aeronautical re
search agencies and the effort and expense of acquiring them may perhaps
have exceeded the point of diminishing returns. The transonic range was
clearly not a place for an airplane to linger, and it later became common
practice to remain just below this range or to push through it so fast that the
disturbing effects were of minor consequence. But these practices could not
always be followed, and in any case there were many useful things to be done
with transonic tunnels. Indeed, the payoff for the construction of the first
transonic tunnel at Langley was immediate and huge. In 1951 the unique
capabilities of this tunnel allowed Richard Whitcomb to confirm, and thus
bring into early use, an important design principle. This principle, dubbed
"Area Rule," made possible large reductions in the "brick wall" of tran
sonic drag that heretofore had prevented most airplanes from reaching su
personic speeds. The Area Rule principle had existed in theory prior to
Whitcomb's work but, as is frequently the case, the significance of the the
ory remained largely unrecognized until revealed by experiment.1
At Ames the first tunnel modified for transonic operation was the l
by-3Y2, but the modification of the l-by-3Y2 was only a small part of the tran
sonic-wind-tunnel program undertaken at the Laboratory. Proposals to con
vert the 16-foot tunnel to a 14- by 14-foot transonic tunnel were put forward
by the Laboratory in 1947, 1948, and 1949. Also, in 1950, plans were laid to
build an 11- by ll-foot transonic tunnel as a part of the Ames Unitary Plan
facility. As a pilot model for the II- by ll-foot tunnel, a 2- by 2-foot tunnel
was built in 1951. Finally, in 1953, plans were made to modify the 6- by 6
foot supersonic tunnel in a way that would allow it to cover the transonic
range. The total amount of time and money involved in these plans was
rather large.
There was quite a little resistance both in Washington and at Ames to
the proposal for converting the 16-foot tunnel. The $2 million originally in
vested in the tunnel had been amply repaid by its contributions, but the
conversion was to cost a whopping $9 million. An important justification of
fered for the conversion was that a large transonic tunnel was needed to fill
the gap between the test ranges of the 16-foot and the 6- by 6-foot tunnels.
The justification seemed valid at the time, but was later weakened when the
6-by-6 itself was converted for transonic operation. And since power was al
ready available in a supersonic tunnel, there was a practical question as to
whether it was not more feasible to convert a supersonic, rather than a sub
sonic, tunnel to transonic operation.
Some people at Ames felt the conversion of the 16 foot represented a
very poor investment. "A damned waste of money," said Carl Bioletti, who
argued strongly against the undertaking. The transonic problem, he felt,
would be solved by simpler means long before such grandiose facilities as
1
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the 14- by 14-foot tunnel were completed. The arguments pro and con
seemed to hinge on whether transonic problems were of a transient or a
long-range nature. And there was the further consideration that it was al
ways easier to get money from Congress for a modification than for a new
tunnel. In congressional eyes, a new facility meant additional staff, a larger
activity, and a permanent increase in annual operating costs. The modifica
tion of the 16-foot tunnel could perhaps thus be regarded as a relatively
easy, if not a wholly efficient, method of augmenting the Ames test facilities.
Those who favored the 16-foot conversion prevailed. Congress approved
the expenditure and design work got under way. The modifications to the 16
foot would be extensive-essentially a new tunnel. It would still operate at
one atmosphere stagnation pressure but would have both a transonic throat
and a flexible nozzle and would be powered by a new axial-flow compressor
driven by motors totaling 110,000 horsepower. Construction began in
1951-1952 and was still under way at the end of 1953.
Actually Ames did not launch into the modification of the 16 foot or
the construction of the 11- by 11-foot transonic leg of the Unitary Plan facil
ity without a great deal of preparatory work at small scale. This work led to a
variation of the transonic throat design originally developed and first used
at Langley. Both laboratories recognized the purposes of a transonic throat:
(1) to eliminate choking; (2) to allow speed changes to progress smoothly
from subsonic to supersonic while maintaining a uniform velocity distribu
tion in the test section; and (3) to absorb shock waves by the tunnel walls,
thus preventing reflection of the waves back onto the test model.
Langley felt that these objectives could be accomplished reasonably
well, and most simply and quickly, by a fixed-geometry ventilated throat.
Harvey Allen and others at Ames felt that a useful improvement could be
made to the Langley version by adding a simple flexible nozzle just ahead of
the fixed ventilated throat. The flexible nozzle would relieve the ventilated
throat of 'the task of providing flow uniformity, thus allowing more freedom
in the design of the throat as a wave trap to prevent reflected shock waves.
This improvement would add complexity and cost but it was thought would
be worthwhile. Moreover, the simple single-jack nozzle which Allen de
signed for the purpose was not required to be very precise in its operation,
for any wave disturbance that it produced in the flow would be removed by
the wave-trap action of the ventilated walls. Allen's theories of transonic
throat design were first tried out in an experimental 5- by 5-inch nozzle
which the Laboratory built and also in the 1- by 3Y2-foot tunnel. They were
then incorporated in a new 2- by 2-foot transonic tunnel which, during
1951, was built inside the loop of the 40-by-80. Although the 2-by-2 was
considered a pilot model for the 11-by-11, it also served as a very useful
research facility and was the first wind tunnel at Ames that was built from
the start with transonic capabilities.
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Schematic drawing of single-jack
ventilated throat.

Model installed in 2- by 2-foot transonic tunnel. Air passes through
the corrugations. Segmented schlieren windows are mounted between
corrugations.

The 2- by 2-foot transonic tunnel was designed to operate through
ranges of Mach number from 0.60 to 1.4, of Reynolds number from 1 to 8.7
~illion per foot of model length, and of static pressures from 0.16 to 2.33
atmospheres. It was quite a versatile facility and was the first Ames tunnel to
use the new color schlieren technique. Color added definition to schlieren
pictures and compensated for errors arising from flexibilities or other inac
curacies in the mountings of the optical components of the schlieren system.
It was thus particularly valuable in transonic wind tunnels where windows
were broken into segments by the ventilating slots. Joseph Spiegel and
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Frank Lawrence, who contributed much to the design and use of the 2-by-2,
described the tunnel in RM A55121.
During this period of transonic-tunnel excitement, Ames put forward a
proposal to boost the power of the 12-foot tunnel by 50,000 horsepower to a
total of 60,000. The idea was not, at least not immediately, to make the tun
nel transonic but rather to increase the operating pressures, thus Reynolds
numbers, at high subsonic speeds. As the proposed power augmentation in
volved many costly modifications to the tunnel, the proposal was rejected by
higher authorities. Thus the operating characteristics of the 12-foot tunnel
remained unchanged except that, near the end of the period, the maximum
operating pressure was, for reasons of safety, reduced to 5 atmospheres from
its original value of 6.
UNITARY PLAN FACILITY

The amount ($75 million) finally appropriated for NACA Unitary
Plan facilities was considerably less than had been authorized and expected.
The building program thus had to be greatly curtailed and every effort
made to economize. The funds appropriated would provide one major
facility at each laboratory. Of the Unitary Plan facilities, an 8-foot, Mach
0.7 to 3.5 tunnel planned for Ames had been assigned highest priority and
its construction was now scheduled to proceed, although at a reduced
budget of a little over $27 million. A slightly lower priority had been given
to a 4- by 4-foot Mach 1.5 to 5.0 missile-development tunnel at Langley, and
to a large supersonic propulsion tunnel at Lewis. 2 The construction of all,
however, was to proceed with minimum delay.
Design work on the Ames Unitary Plan wind tunnel began late in 1949
and it was soon discovered that the 8-foot dimension originally adopted for
the tunnel was impractical. Instead, by clever design, it was found possible
within the limited budget to have three tunnels. To achieve this worthy ob
jective, the three tunnels were to be in the form of a Siamese triplet, if the
term will be allowed, in that they were to have certain important and ex
pensive elements in common. This arrangement provided for an 11- by 11
foot transonic tunnel (Mach 0.7 to 1.4), a 9- by 7-foot supersonic tunnel
(Mach 1.55 to 2.5), and an 8- by 7-foot supersonic tunnel (Mach 2.45 to
3.45), all capable of operating at stagnation pressures ranging from 0.1 to
2.0 atmospheres.
The major common element of the tunnel complex was an enormous
electric powerplant consisting of four intercoupled motors capable of gen
erating a total of 240,000 horsepower continuously. With but one power
plant, only one tunnel, or leg, could operate at a time; however, this limita
• Priority was established by representatives of NACA, military, industry, and universities.
Stated in minutes of meeting of NACA Panel on Research Facilities in Washington, D.C.,
Dec. 16, 1949.
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Model of Unitary Plan wind tunnel. (A) Dry air storage spheres, (B) Aftercooler,
(C) 3-stage axial flow fan , (D) Drive motors, (E) Flow diversion valve, (F) 8- by
7-foot supersonic test section, (G) Cooling tower, (H) Flow diversion valve, (I)
Aftercooler, (J) 11-stage axial flow compressor, (K) 9- by 7-foot supersonic test
section, and (L) 11- by 11-foot transonic test section.

tion was felt to offer no serious handicap, as supersonic tunnels seldom oper
ated more than a third of the time. Other common elements of the two
supersonic legs were a portion of tunnel tube and an ll-stage axial-flow com
pressor. The compressor, made of steel the better to resist heat, was a massive
machine. Its 22-foot-diameter rotor contained l ,122 solid-chrome-steel blades
and weighed 445 tons. The momentum of the rotor was, indeed, so great that
the rotor, while operating at low air density, would have taken up to 2
hours to come to rest after power was shut off had not electrodynamic brak
ing been provided. The difficult problem of matching the output of the
compressor to the widely varying air volume and pressure requirements of
the two tunnels was solved by providing a variable-speed drive for the mo
tors as well as means for bypassing air around the 8- by 7-foot nozzle.
The use of a common portion of tunnel tube, for the two supersonic
legs, was necessitated by the fact that the common compressor was contained
in this portion of the tube. So that the common portion of the tube might
be used in either of the supersonic tunnels, it was necessary to install a flow
diversion valve at each end of that portion of the tube. These valves were of
unique design, 20 feet or more in diameter, and weighed over 250 tons-the
largest airtight valves of this type ever built. Designed by Paul Radach
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of the Ames staff, the valves were but another unusual feature of a most
unusual wind-tunnel facility.
The 11- by 11-foot transonic tunnel had its own, separate, air circuit
and its own compressor-a huge three-stage unit with aluminum blades.
But it used the same powerplant as the other tunnels. The powerplant was
equipped with clutches by means of which its four motors could be con
nected to either the 11-stage or the 3-stage compressor.
The transonic throat of the 11- by 11-foot tunnel incorporated a sin
gle-jack flexible nozzle and a slotted section-the same system that had been
developed for the 2- by 2-foot tunnel. The 8- by 7-foot tunnel was equipped
with a symmetrical, flexible-wall throat, the sidewalls of which were posi
tioned by a system of jacks operated by hydraulic motors. The 9- by 7-foot
tunnel, on the other hand, had an asymmetric sliding-block-type nozzle. It
also had a flexible upper plate by means of which any minor flow corrections
that later seemed necessary could be made.
The shell of the Ames Unitary Plan facility was constructed of welded
steel plates from 1 to 2Y2 inches thick. Its supporting structure was designed
with unusual care to allow for thermal expansion and to resist 0.2-g seismic
side loads. The shell was designed as a pressure vessel to operate at static
pressures ranging from 0.1 to 2.0 atmospheres; the critical loads were found

11-stage compressor of the Unitary
Plan wind tunnel.
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to occur in the low-pressure range of operation. Hydraulic tests to confirm
the integrity of the shell were considered unnecessary.
Construction of the Ames Unitary Plan facility began in 1950-1951 and
was still under way at the end of 1953. The facility was certainly a landmark
in the development of more or less conventional supersonic wind tunnels. In
it, such wind tunnels had probably reached the ultimate in size, complexity,
and refinement. The facility was the largest, most complex, supersonic
wind-tunnel system ever built by NACA and certainly the most costly ever
erected at the Ames laboratory. Moreover, it appeared that, in view of
trends developing in aeronautical research, the Ames facility represented
perhaps the end of the line in large, continuous-flow wind-tunnel construc
tion. The extreme conditions of flight now becoming of interest to aero
nautical engineers would doubtlessly require smaller, specialized facilities
having short operating periods.
The Ames Unitary Plan facility spoke well of the design skill of NACA
engineers. Among those of the Ames staff who were most responsible for its
design and construction were Jack Parsons, Ralph Huntsberger, Gerald
McCormack, Lloyd Jones, Adrien Anderson, Paul Radach, Edward Wasson,
Joseph Spiegel, and Norman Martin. Others, such as Loren Bright, Ed Per
kins, and Alun Jones, made important contributions in getting the new fa
cility into operation. A paper describing the Ames Unitary Plan wind tun
nel was prepared by Lloyd Jones and Ralph Huntsberger, and the Ames
philosophy of large wind-tunnel design is given in a paper (ref. B-18) enti
tled "The Design of Large High-Speed Wind Tunnels," by Ralph F. Hunts
berger and John F. Parsons.
GuNs and GuN TuNNELS
It now appeared that for simulating the flight of ballistic missiles,
which travel at very high speeds in the upper atmosphere, the usefulness of
continuous-flow tunnels was rapidly diminishing. The thermal conditions
encountered by such missiles were so extreme that neither the model nor
the wind tunnel, nor for that matter the missile itself, could withstand them
for any length of time.
In view of the limitations of continuous-flow tunnels, Ames engineers
turned their attention to the design and development of special research de
vices in which the extreme conditions of missile flight could be produced
for brief periods of time. Such facilities would, of course, greatly increase
the importance and cost of individual data points; and the development of
instrumentation to recover data on so fleeting a basis would certainly tax the
ingenuity of the Laboratory's designers. Moreover, the transient flow condi
tions would greatly complicate the analysis of such data as were obtained.
The disadvantages of transient-flow test facilities were all too apparent, but
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how else were the extreme conditions of flight to be investigated in an earth
bound laboratory?
At Ames the supersonic free-flight tunnel represented the first impor
tant step taken by the Laboratory in the development of transient-flow test
devices. The next step was taken with the arrival, in January 1952, of Dr.
Alex Charters. Alex came from the Aberdeen Proving Ground where he
had acquired considerable experience with ballistic ranges, in which bullets
fired down the range are observed in flight by means of special optical in
strumentation. Alex was assigned to the SSFF tunnel, reporting to Alvin
Seiff, who was then in charge of that facility. As his first assignment, Alex
was encouraged by Seiff to undertake the design and development of a spe
cial model-launching gun similar to, but hopefully better than, one that had
been developed for range work by the New Mexico School of Mines. When
developed, the Ames gun, it was expected, would be used to shoot simple
models down an instrumented test range. Such a test arrangement had, in
deed, already been demonstrated in the SSFF tunnel by launchings made
with zero tunnel airspeed.
The fastest ordinary rifles had muzzle velocities of about 4000 feet per
second, and those that had been modified for use in the SSFF achieved ve
locities of perhaps 6000 feet per second. What Charters was attempting to
do, however, was to develop a gun that would shoot simple bulletlike mod
els at speeds of 10,000 feet per second or more. The gun would derive en
ergy from exploding powder and use rifle barrels for accelerating tubes, but
would otherwise bear little resemblance to a conventional rifle. In the new
gun, exploding powder would drive a metal piston down a barrel (driving
tube) compressing, just ahead of it, a charge of helium g~. The hot com
pressed gas would finally burst through a sealing diaphragm into a second
barrel (launching tube) in which the test model would be located. The
compressed helium gas would then propel the model out of the second bar
rel at terrific speed. The reaction would be taken by ejecting a second pis
ton out of the driving tube in the opposite direction. The reaction piston
was to be caught in a special "catcher." Since the gun in effect shot bullets
in two, opposite, directions, it was named Janus and the range in which it
was first used was called the Janus range. Inasmuch as the driving gas in the
gun was helium, used because its small mass absorbed little accelerating en
ergy, the gun was known by the generic name of "light-gas gun." It was on
the development of such a device that Charters and his colleagues were
working as 1953 ended.
Meanwhile AI Eggers had conceived the idea that a gun something like
the one being developed by Alex Charters could be used to power a super
sonic wind tunnel. In this case, the gas compressed by the piston-it did not
have to be helium-would exit through a supersonic nozzle in which a test
model could be rigidly mounted. Such a device, he felt, would generate a
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high-temperature, high-Mach number gas flow for a sufficient length of time
to allow data to be taken. A rather small-scale version of the gun tunnel,
made with a barrel of 20-mm bore, was built in 1952 and actually used for
certain heat-transfer measurements, which were reported by Eggers and
Charters at the Conference on the Aerodynamics of High Speed Aircraft
held at Ames in 1953. The gun tunnel produced flows at speeds up to 8200
feet per second for periods of about 1 second; but, as a result of flow un
steadiness arising from oscillations of the piston, it was not a very satisfac
tory research instrument. Although the gun tunnel, as built, was little used,
it nevertheless represented a pioneering effort in the design of transient-flow
wind tunnels and led to more useful developments.
The gun tunnel, it now appeared, might possibly be improved if the
shock front of the exploding gas, rather than a metal body, were used as the
driving means. This principle had, of course, been employed in shock tubes
used elsewhere. Jack Stalder, and later Warren Ahtye, experimented with
small shock tubes at the Laboratory, but Ames management considered it
impracticable to compete with certain other groups, such as AVCO, which
were further advanced in the design and use of such equipment. On the
other hand, a shock-driven tunnel, producing a flow of relatively long dura
tion, was regarded by Ames engineers as being a feasible development proj
ect as was also a shock-driven light-gas gun, for the launching of test mod
els. In one case, the device would shoot air, or any chosen gas, past a fixed
model; and, in the other, it would shoot a model into a stationary body of
gas, as in a range. By applying the SSFF tunnel counterflow principle, two
such devices could be put in opposition, one firing a model into an oncom
ing gas stream produced by the second. The relative velocities thus devel
oped would be tremendous. These certainly were good ideas to work on,
but associated development problems were of shocking complexity.

HYPERSONIC GUN TUNNEL
VALVE

BEFORE
FIRING

Schematic drawing showing princi
ples of operation of original gun
tunnel.
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UsE OF GAsEs OTHER THAN AIR

In wind-tunnel simulations, air had commonly, indeed almost uni
versally, been used as the working fluid. Air seemed a logical choice for the
simulation of flight in the earth's atmosphere but for the simulation of flight
at very high speeds, where compressibility became an important factor, a
case could be made for the use of some other gas mixture or gaseous ele
ment. For example, the troublesome liquefaction problem could be solved
through the use of helium; and other benefits, such as the reduction of tun
nel size, power, and cost, could conceivably be achieved through the use of
various gas mixtures. During the period 1950-1953, the subject of the use of
gas mixtures in wind tunnels was rather thoroughly and competently
explored by Dean Chapman. The results of Chapman's work in this field
appeared in TR 1259.
Helium was first used at Ames by Jack Stalder in the low-density tunnel
and, for several years in succession, Ames had proposed the construction of a
1- by 1-foot helium tunnel for the simulation of very high Mach number
flow. Each year and again in 1950, the proposal was turned down by Head
quarters. Even at Ames there was some question about the use of helium
for, although it did overcome the liquefaction problem, it nevertheless
could not take the place of air in simulations of certain important condi
tions of flight.
CoMPUTING FACILITIEs

The first electronic computing machine used at Ames was a Reeves
Analog Computer (REAC) acquired in 1949. It was used by the Flight Re
search Section for control simulation work and, as this kind of work ex
panded, so also did the Laboratory's supply of analog-computer elements.
Ames in 1950 gave its first serious consideration to the use of electronic
digital computers and the next year leased a Card Program Calculator
(CPC) from IBM for wind-tunnel data reduction. Shortly, a second CPC
was procured and a portion of the time of this machine was given over to
the theoretical studies. However, in the 1951-1952 period, some of the more
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extensive theoretical calculations at the Laboratory were performed under
contract by the U.S. Bureau of Standards Computing Center in Los Angeles.
In 1952 the computing-machine work at Ames had reached a level such
as to justify the formation of an Electronic Computing Machine Section in
the Theoretical and Applied Research Division. This Section, which was to
deal only with digital computers, was established in May of that year with
Dr. William Mersman as its head. Harold Harrison and Marcelline Chartz
joined the computing section at that time. Harrison, who shortly became As
sistant Section Head, concerned himself with the application of computers
to the working up of wind-tunnel data. Mersman, on the other hand, de
voted much of his time to the use of computers in theoretical research.
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AMES research during the 19'50-1953 period was marked by a strong

.1"1. trend toward the more fundamental. A massive effort was made to
develop the theory required for deeper understanding of transonic, super
sonic, and hypersonic flows. The term "hypersonic," it should be noted,
referred to a speed regime generally of Mach 5 and above, where linear
theories, dependent on small disturbances, t'Yo-dimensionality, and constant
gas properties, broke down. The trend toward fundamentality was also,
and surprisingly, apparent in the field of flight research. The view being
taken of the flight dynamics of an airplane and its relation to automatic
electronic-guidance equipment was becoming increasingly scientific and
sophisticated.
Of particular interest during this period was the dawning appreciation
of the oneness of an airplane or a missile. In prewar days the wings of an
airplane were regarded as assemblages of airfoil sections which required in
dependen~ study. In the early postwar period it became clear that airfoil sec
tions had lost much of their individual significance and that the wing had to
be considered as a whole. Now, during this period, it was realized that the
wings, body, and tail surfaces of an airplane or a missile were so powerfully
interrelated that they could properly be dealt with only as a whole. Two fac
tors were principally responsible for this situation. First, the fuselages of air
craft, and particularly of missiles, had become large relative to their wings;
thus their mutual interference or interaction was great. Second, at transonic
and supersonic speeds, the interferences between wings, bodies, and other
components of an aircra{t tended to be much more adverse than they were
at subsonic speeds. In the higher ranges of speed, each component of the air
plane produced a pressure wave which, depending on the arrangement of
the components, would tend either to fortify or to cancel others; and when
they fortified each other, the drag was usually much higher. The Area Rule
developed by Whitcomb of Langley in 1951-1952 showed that, by properly
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shaping and distributing the components of an airplane, the transonic drag
could be greatly reduced. It was now clear that the airplane must be de
signed as a whole and that much greater care must be exercised in the place
ment of its various parts. Inasmuch as transonic drag was a major barrier to
supersonic flight, the Area Rule discovery was regarded as an important
breakthrough and was kept secret for several years.
Over the country, and the world, many people and agencies were now
engaged in the ever-broadening field of aeronautical research. Thus it was
often difficult to assign credit for the many overlapping accomplishments of
the workers in this field. Research was in effect the game of trying to fill in
the immensely complicated and endless jigsaw puzzle of nature with many
players participating. The game would seem at one time to be approaching
a standstill and then someone would lay down a key piece. This move would
immediately inspire a great flurry of action. Players from all over the world
would suddenly see how they could add to the pattern. A whole block
would quickly be filled in and then the game would again slow down await
ing inspiration from the placing of some new key piece. Key pieces were ob
viously important but even they depended on the many pieces that had
been laid before. Similarly the achievements of the Ames research men
rested on contributions from many sources-sources too numerous and wide
spread to be properly credited in this volume.
BASIC CONFIGURATIONS AND AIRFLOWS

Wings.

In the early postwar period the general lack of transonic and
supersonic theory made it necessary for experiment to proceed without the
guidance that theory normally provided. But the development of theory was
pressed with considerable vigor and during this period the output of theoreti
cal papers reached rather impressive proportions, much of this work relat
ing to wings. At Ames, wing theory was advanced by several different groups
and individuals. A team composed of Harvard Lomax, Max Heaslet, Frank
lyn Fuller, and Lorna Sluder prqduced TR 1077 (ref. B-19), an important
work on two- and three-dimensional unsteady lift problems in high-speed
flight. Max Heaslet and John Spreiter, in TR 1119, made interesting and
useful additions to the reciprocity theorem, which states that the drag of a
nonlifting wing at supersonic speed is the same whether the wing moves for
ward or backward. The reciprocity theorem had earlier been confirmed by
Walter Vincenti through tests of a delta wing in the 1- by 3-foot wind
tunnel.
In TR 1183 Milton Van Dyke added to the general theory of unsteady
wing lift by including nonlinear thickness effects; and, in TR 1217, .John
Spreiter and Alberta Alksne provided an interesting method of predicting
pressure distributions on nonlifting airfoils at high subsonic speeds. In the
same period, Alfred Eggers, Clarence Syvertson, and others of the 10- by 14
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inch-tunnel staff derived a shock-expansion method by means of which some
hypersonic flows could be calculated with an accuracy comparable to that ob
tainable with the generally more precise but far more tedious method of
characteristics. An example of the use of the shock-expansion method in cal
culating hypersonic airflows around airfoils is to be found in TR 1123 au
thored by Eggers, Syvertson, and Kraus.
It was not· uncommon in the field of theoretical aerodynamics that flow
patterns were expressed in terms of generalized mathematical ·formulas
which could not readily be solved for any desired case. This situation pre
vailed in the field of transonic aerodynamics. Walter Vincenti and Cleo Wa
goner found, however, that it was possible to use the equations of transonic
small-disturbance theory to determine the aerodynamic characteristics of a
double-wedge (elongated diamond) wing profile for the short range of su
personic speed that occurs just before the shock wave becomes attached to
the leading edge.
As the flow around a wing (or fuselage) reaches the sonic speed, a
shock wave forms across the flow just ahead of the wing. This normal shock
wave moves closer as the speed increases and, if the wing has a sharp leading
edge, it soon makes contact with the wing. With further speed increase, the
shock inclines backward into the classical oblique wave, the angle of which
is a function of Mach number. The flow condition which Vincenti and Wa
goner chose to investigate, the one in which the normal wave had not quite
made contact with the wing, was clearly of limited scope. But it was only
because this condition offered the simplification of subsonic leading-edge
flow that a solution was at all achievable.
The analysis produced by Vincenti and Wagoner is covered in TR
1095 (ref. B-20), dealing with nonlifting wings, and in TR 1180 (ref.
B-21), which treats the case of<_~. lifting wing operating at a small angle of
attack. These reports, which delineated the useful scope of existing theory,
are generally regarded as being of the high precision and quality that typified
all of Vincenti's efforts. Vincenti's work was technically impeccable and his
writings so lucid and unambiguous that editing could generally do only
harm.
Solutions to transonic-flow equations had proved so difficult that alter
native approaches of a simpler character were sought. Although exact solu
tions could not always be achieved, certain mathematical relationships were
discovered which were common to all known exact solutions and presuma
bly were basic to all solutions. These "similarity parameters," or "similarity
rules,'' were particularly useful in correlating and giving meaning to the
diverse experimental data that had been obtained in wind tunnels and in
flight. The transonic similarity rules had been defined originally by von
Karman and others, but during this period their application was usefully
expanded by John Spreiter in work published in TR 1153 (ref. B-22). This
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work not only contributed to similarity-rule knowledge but also provided a
better interpretation of the few exact solutions that had been obtained by
Vincenti and others.
An excellent example of the application of the transonic similarity
rules was provided by John McDevitt in TR 1253 (ref. B-23). In this re
port, McDevitt was able to correlate a rather large amo1,1nt of experimental
transonic wing data which, as reported in TN 3501 and TN 3502, he to
gether with Warren Nelson and Walter Krumm had obtained on the 16
foot-tunnel bump. The value of the transonic similarity rules for correlation
purposes was clearly demonstrated in McDevitt's report.
In the meantime Dean Chapman's work on separated flows had led him
into considerations of the optimum shape of airfoils for supersonic and hy
personic aircraft. There had been earlier indications that at high supersonic
speeds the trailing edge of a minimum-drag airfoil should be blunt rather
than sharp. This situation resulted from the fact that the suction losses be
hind a blunt trailing edge were more than offset by the lower pressure forces
on the fore part of the airfoil made possible by the blunting. At hypersonic
speeds the pressure forces on the fore part were predominant and, to mini
mize these forces, it was necessary to divert the oncoming air as little as pos
sible. If it was assumed that some thickness of the airfoil was required for
strength, minimum flow diversion would be accomplished if the airfoil was
in the form of a thin. wedge with an absolutely blunt, or bluff, trailing edge.
At lower supersonic speeds, where the fore drag was somewhat less impor~
tant, the trailing edge was rounded down (boat-tailed) a certain amount to
reduce base suction drag. But how much should the airfoil be boat-tailed for
any particular speed? This was the nature of the problem which Chapman
attacked. His approach, of classic form, began with theory and ended with
experiment. The theory is contained in TR 1063 (ref. B-24). The confirm
ing experimentation, in which he was aided by William Wimbrow and Rob
ert Kester, is reported in TR 1109 (ref. B-25) .
Chapman's work had from the first been marked by breadth, originality,
thoroughness, and genuinely scientific character. For his work on skin fric
tion, base pressure, and heat transfer, he was in 1952 chosen to receive the
Lawrence Sperry Award, one of the outstanding honors in aeronautics given
annually by the Institute of the Aeronautical Sciences.
As noted, the theoretical research on wings during this period was ex
tensive; the experimental work likewise was considerable. In the 7- by 10
foot tunnel, George McCullough and Don Gault continued their earlier
work on the stalling mechanics of thin wings. This work was reported in
TN 2502. Thin wings had an unfortunate habit of stalling suddenly as are
sult of separation of the flow at the leading edge. A possible solution to this
problem was the application of suction through a porous surface installed
over a portion of the leading edge. A study of porous materials suitable for
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such applications was made by the 7-by-10 team of Dannenberg, Weiberg,
and Gambucci and reported in TN 3093 and TN 3094. At the same time, a
rather extensive series of tests on tail surfaces was carried out in the 7- by-10
and the 12-foot wind tunnels; the results of these tests were summarized by
Jules Dods and Bruce Tinling in TN 3497.
Airfoil studies in the 1- by 3Y2-foot tunnel were continuing and this
work was aided by the development of some special instrumentation which
made oscillating shock waves and vortical wake flows appear to stand still.
This useful device, worked out by Frank Lawrence, Jeff Buck, Stanley
Schmidt, and Floyd Looschen, is described in TN 2509 entitled "A Self
Synchronizing Stroboscopic Schlieren System for the Study of Unsteady Air
Flows."
The study of wing planforms begun so enthusiastically in the early post
war years carried over into the current period; and the results of a large
part of this work, performed in several wind tunnels at Ames, are summa
rized in RM A53A30 entitled "Lift, Drag and Pitching Moment of Low As
pect Ratio Wings," by Charles F. Hall. This report gives particular atten
tion to airplane configurations having delta, or triangular, wing planforms
and likewise considers the matter of twisting and cambering delta wings to
reduce the increment of wing drag caused by lift.
As the angle of attack of a wing is increased to produce lift, the result
ant force vector tilts backward, thus increasing its component in the drag
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direction. This additional increment of drag, due to lift, is reduced by any
leading-edge suction that may be generated by the wing. Although theory
indicates that a plane wing with leading edges swept within the Mach cone
will develop leading-edge suction, in actuality the predicted suction does not
appear. It was realized that the higher drag-due-to-lift resulting from this
unfortunate circumstance could significantly reduce the performance of
supersonic airplanes in climb and cruising and could curtail their range. In
his investigation of this matter, Charlie Hall found that a substantial reduc
tion of drag-due-to-lift could be achieved with a delta-wing airplane if the
wing was twisted and suitably cambered throughout its span. For practical
reasons it was desirable, he found, to incorporate the camber only in the for
ward portion of the wing. In the selected arrangement the cambered part of
the wing appears as a segment of a cone varying linearly in extent from zero
at the root to a maximum at the tip. Ames engineers felt that conical cam
ber had the potential for significantly improving the performance of future
delta-wing airplanes.
Bodies. AI Eggers and his staff in the 10- by 14-inch tunnel were in
charge of one of the first hypersonic test facilities at Ames and thus eagerly
sought, by both theoretical and experimental means, to advance the science
of hypersonic aerodynamics. As AI was a very able and energetic leader with
a very good staff, progress was quite rapid. The theoretical attack was
headed by Eggers himself, with effective support provided by Clarence Sy
vertson, Raymond Savin, Frank Hamaker, Stanford Neice, Thomas Wong,
and others. In their theoretical work these individuals made use of the exist
ing method of characteristics to develop the more amenable shock-expansion
method for computing hypersonic airflow patterns. The shock-expansion
method accounted for the entropy rise in oblique shocks and also, to some
extent, allowed for changes in gas properties arising from the high tempera
tures produced by shock waves.

Charles Hall and com
cal-camber wing.
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In TR 1249 (ref. B-26) , Eggers and Savin applied shock-expansion
methods to the flow around bodies of revolution. In this work they made
use of an earlier determined hypersonic similarity parameter represented by
the ratio of the free-stream Mach number to the fineness ratio of the body.
Hypersonic similarity rules had themselves been studied (TR ll47 by Ha
maker, Neice, and Wong, as well as TN 2250 by Ehret, Rossow, and Ste
vens) with a resulting extension of their range of application.
In the meantime, Milton Van Dyke had become interested in second
order supersonic-flow theory. He made a number of contributions in this
field, beginning in 1949 with his doctoral thesis at Caltech (later published
as TR 1081) which dealt in particular with flow over cones. Van Dyke's
work continued in TR 1194 entitled "A Study of Hypersonic Small-Disturb
bance Theory" (ref. B-27).
Whenever possible, theory was checked by experiment and, for the ex
perimental study of hypersonic flows over bodies, the supersonic free-flight
tunnel was very useful. One of the early reports from that facility was RM
A52Al4b entitled "Experimental Investigation of the Drag of 30°, 60°, and
90° Cone Cylinders at Mach Numbers between 1.5 and 8.2", by Alvin Seiff
and Simon C. Sommer. There was at this time considerable interest in the
problem of determining the optimum shape of a body for supersonic and
hypersonic flight. Because the pressure forces on the forebody represented
such an important part of hypersonic body drag, the determination of the
shape of the forebody was considered a most important phase of the overall
problem. The noses of many of the bodies tested were in the form of sharp
pointed cones. This choice of nose was convenient since, in most theories,
sharp-nosed bodies had been assumed, but there was considerable interest
also in the effect of rounding the nose. A coordinated program of body tests
was conducted in the I- by 3-foot and the supersonic free-flight tunnels. This
program, concerned mainly with nose shapes and covering a Mach-number
range of 1.24 to 7.4, is reported in TR 1386 (ref. B-28) by Edward Perkins,
Leland Jorgensen, and Simon Sommer. Jorgensen had earlier derived opti
mum nose shapes for flight at various Mach numbers and had noted that, as
far as pressure drag was concerned, the optimum shapes for supersonic and
hypersonic flight were much the same.
Wing-Body Interference. For a number of years the trend in the de
sign of supersonic airplanes and missiles had been toward vehicles with
larger, longer bodies and smaller, shorter wings. This trend was accentuated
in missile design where it was common practice to use small wings in cruci
form configuration and where considerable dependence was placed on the
lift of the body itself. A separate set of control surfaces was often mounted
on the forebody. The aerodynamic interference and interaction between the
various surfaces and the body became a matter of great importance to de
signers. The lifting body produced a pair of vortices, as Allen and Perkins
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had shown; and these, combined with the vortices, shock waves, and down
wash fields generated by the lifting surfaces, contributed to an extremely
complex, mixed-up flow pattern. It would be supposed that no one would
have the courage to attempt a theoretical study of such complicated interfer
ence phenomena but that is exactly what Jack Nielsen of the 1- by 3-foot
tunnel staff undertook to do. He spent several years studying various phases
of the wing-body interference problem and in confirming his theories
through wind-tunnel tests. Representative of the work that Jack did during
this period was the theoretical-experimental study reported in TR 1252 (ref.
B-29) . Another example of his work is TR 1307 (ref. B-30) , a study in
which he collaborated with William Pitts and George Kaattari. Confir
mation of Nielsen's theories was provided by Tom Canning and Pat Den
ardo in RM A52C24, which covered a program of tests in the supersonic
free-flight tunnel on the lift and the center of pressure of low-aspect-ratio
cruciform and rectangular wings in combination with a slender fuselage at
Mach numbers up to 6.2.
Area Rule. One of the most significant developments of this period
was the discovery, by Richard Whitcomb of Langley, of a method, called the
Transonic Area Rule, for reducing the transonic drag of aircraft. 1 Actually
the theoretical basis for the Area Rule had been established a little earlier,
but it was not until Whitcomb, using the new transonic tunnel at Langley,
made his independent discovery that the significance of the method was
fully appreciated. The Transonic Area Rule expresses the concept that the
transonic drag of an airplane is strongly dependent on the distribution of
the cross-sectional area of the airplane, including the wing and all other
components, and that as far as pressure drag is concerned the airplane could
be represented by a body of revolution having the same longitudinal dis
tribution of cross-sectional area as the airplane.
The optimum distribution of area was not precisely determined by
Whitcomb, but it was concluded that the area distribution curve should be
nicely rounded and free of sharp peaks or humps. The fuselage of a tran
sonic airplane usually had an area distribution of this kind, but the addition
of a wing, an engine nacelle, or a wing-tip fuel tank produced a hump in the
area curve which caused the pressure drag of the airplane in the transonic
range to rise to a high peak. Airplanes that designers hoped would be supefl
sonic were thus sometimes limited to sonic speed as a result of unexpectedly
high transonic drag. Whitcomb showed that the hump in the area curve,
and thus the high transonic drag, could be eliminated if the added area
contributed by the wing was balanced by a deliberate reduction in the
cross-sectional area of the fuselage at the wing juncture. The resulting fuse
lage shape had a constriction like a Coca-Cola bottle, and the terms "Coke
bottle" or "Marilyn Monroe" fuselage were often heard.
1
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B-58 model in tunnel, which incorporates conical camber
and Coke-bottle fuselage.

As it turned out, necking the fuselage was only one of several measures
that could be taken to improve the area distribution. Although it was gener
ally desirable to reduce the cross-sectional area as much as possible, a nicely
rounded area curve could sometimes only be achieved by adding area to the
fuselage at strategic points. Also it became clear that, on airplanes carrying
externally mounted bodies such as engine nacelles, rocket pods, and fuel
tanks, an opportunity was provided the designer to arrange these various
items in such a way as to obtain a desirable area curve and a low transonic
drag.
·
The Area Rule discovery precipitated a surge of research-and-develop
ment activity throughout the country that clearly would last for several
years. At Ames the Area Rule was confirmed by tests in available transonic
facilities and also by means of the drop-test technique which the Ames
Flight Engineering Branch had developed. Representative of the Area Rule
drop-test work was a study reported in RM A54F22 entitled "An Experimen
tal Investigation of Reduction in Transonic Drag Rise at Zero Lift by the
Addition of Volume to the Fuselage of a Wing-Body-Tail Configuration and
a Comparison with Theory," by George H. Holdaway.
The Transonic Area Rule at the time of its discovery had a very lim
ited theoretical basis, a condition which certain members of the Ames staff
took immediate steps to correct. One of the early contributors to Area Rule
theory at Ames was R. T. Jones, who reviewed the whole subject in TR
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1284 (ref. B-31) and introduced the concept of the Supersonic Area Rule.
Through measurement of the area along Mach cones rather than along
transverse cross sections, the Supersonic Area Rule made it possible to min
imize the drag of an airplane for any chosen supersonic Mach number. TR
1284 was a substantial contribution to the theory and application of the gen
eral Area Rule.
Another group at Ames, comprising Barrett Baldwin and Robert
Dickey, approached the Area Rule problem with a slightly different view
point. They observed that the Transonic Area Rule minimized the drag at
sonic speed and the Supersonic Area Rule minimized it at some specific su
personic speed; but what was needed, they felt, was a method of minimizing
the drag over a range of transonic and low supersonic speeds. In RM
A54J19, Baldwin and Dickey developed a theory, known as the Moment of
Area Rule, which, as confirmed by tests in the 2- by 2-foot tunnel, accom
plished the desired objective to a useful degree.
PROPELLERS AND INLETS

Although at this time the use of jet propulsion was well established,
there was still considerable interest in propellers. The turboprop en
gine was felt to be applicable where takeoff thrust and cruising efficiency
were important; such applications included cargo, transport, and recon
naissance types of aircraft, some having high-speed capabilities. Pro
peller requirements were now substantially different from what they had
been when reciprocating engines were in vogue. The power to be absorbed
was much greater than for a reciprocating engine and airplane speeds were
generally higher. On some of the faster airplanes, propellers would have to
operate efficiently at supercritical, if not supersonic, tip speeds.
To satisfy these requirements, a new class of propellers was being devel
oped, the performance of which remained to be evaluated. To perform this
service, and to learn more about the subject in general, the 12-foot tunnel in
1951 began an extensive series of propeller investigations. Some of the first
work in this program was reported by Robert Reynolds, Robert Sammonds,
and John Walker in TR 1336 (ref. B-32). In this phase of the program, ad
vanced types of blades were tested at both forward and reverse thrust in con
figurations representing four-blade, single-rotation and eight-blade, dual-ro
tation propellers. The propellers were tested at wind-tunnel speeds up to
Mach 0.84, but at tip Mach numbers up to 1.4.
Meanwhile in the 40-by-80, a research team led by Vernon Rogallo and
Paul Yaggy was investigating the unsteady airloads to which propellers are
subjected while operating in nonuniform flow fields such as might be en
countered in front of straight or swept wings that are producing lift. Of prin
cipal concern to the investigators was the structural integrity of propellers as
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affected by the stresses ansmg from such unsteady airloads. Examples of
work performed in this program are contained in TN 2308 and TN 2957.
Inlet work continued during this period but at a fairly moderate pace.
Studies in this field were carried out in the 7- by 10-foot and the I~ by 3-foot
tunnels as well as by Flight Engineering through the use of drop-test mod
els. One of the more significant contributions during this period was TR
1141, entitled "Method and Graphs for the Evaluation of Air Induction Sys
tems," by George B. Brajnikoff.
DYNAMIC STABILITY AND LOADS

Problems concerned with dynamic stability and loads received a limited
amount of attention from Ames research groups from 1950 to 1953. As indi
cated in TR 1088, the theory of missi~e dynamics was advanced through the
efforts of Gaynor Adams and Duane Dugan of the 6- by 6-foot tunnel. Contri
butions were also made in this field by Robert Chubb and Dave Reese of the
same Branch.
The Laboratory's experimental efforts in the study of aircraft dynamics
included some interesting drop tests by Norman Bergrun of the Flight Engi
neering Branch. These tests, reported in TN 2985, confirmed the existence
of a peculiar type of inertia-coupling instability that William Phillips of
Langley had predicted. The instability was characteristic of aircraft of
advanced type having long fuselages and short wings.
While Bergrun was making his drop tests, Ben Beam, in the 12-foot
tunnel, was giving further attention to the pitch damping of triangular
wings; and Alfred Boissevain, in the SSFF tunnel, was measuring the damp
ing in roll of triangular wing-body arrangements at Mach numbers up to
6.0. The SSFF tunnel was particularly good for this sort of work as the test
model was completely free.
In addition to the tests just mentioned, a number of transonic wing
buffeting and flutter studies were made in the 16-foot tunnel using the tran
sonic bump for some and, for others, a demountable, two-dimensional
throat installed in the test section. Of the buffeting studies, one was made
by Charles Coe and Jack Mellenthin, and another by Andrew Martin and
James Reed. Data from the latter study were confirmed by flight tests of the
F8F-1 and the X-1 airplanes. The flutter studies were performed by Robert
Barnes, Raymond Herrera, John Wyss, and James Monfort and are reported
in RM A51125, RM A54A29, and RM A54C24.
The theoretical studies of static airloads on wings of arbitrary plan
form, studies far advanced in the early postwar years, were continued during
this period. In TR 1071, John DeYoung extended his span-load analysis to
include the effects of flap deflection. Lynn Hunton and Harry James, in TN
3040, used the DeYoung method to predict loads on swept wings with both
leading-edge slats and flaps.
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FLIGHT REsEARCH

Guidance and Control. A large part of the work of the Flight Re
search Branch falls naturally into the field of guidance and control. Under
the leadership of Harry Goett, Larry Clousing, and Steve Belsley, the work
of this Branch was advancing along new and productive lines. With the ad
vent of automatic control for airplanes and missiles, the dynamic behavior
of aircraft was being looked at in a much more sophisticated and scientific
light than ever before. The pilot with his enormous ability to compromise
and adapt had been able to compensate for the imprecision of existing de
sign knowledge regarding airplane dynamics; but the electronic and me
chanical servo systems that would now guide our aircraft did not have these
rare abilities. If we were to let electromechanical systems fly our aircraft, we
must be able to describe with great precision, and in a language meaningful
to such systems, exactly how the aircraft might be expected to respond to a
deflection of its control surfaces. Thus any successful attack on the problem
would require the marrying of two rather diverse disciplines-one being
flight aerodynamics and the other electronics and servomechanisms.
Also to be considered were the cases in which a combination of human
and electronic guidance would be required. These cases would include fight
ers with computing gunsights and interceptors with automatic or semiauto
matic missile fire-control systems. Here a compatibility between human and
electronic elements would have to be achieved. The resulting system would
be expected to satisfy essential requirements of both pilot and electrome
chanical system. The whole picture clearly indicated that flight research had
taken a quantum jump in complexity and sophistication.
Swept wing Problems. By no means was all of the flight research dur
ing this period concerned with exotic new trends. Investigations were made,
for example, of the special stability and control problems of sweptwing air
planes. For this work the F-86 proved useful. In sweptwing airplanes, the
boundary layer forming along the span tends to run out toward the tips and
cause early stalling of the outboard sections of the wings. Such stalling often
causes one wing to drop abruptly, a phenomenon called "wing dropping,"
and if both wing tips stall at the same time, the center of lift suddenly moves
forward, causing a disconcerting and possibly dangerous "pitchup." To
overcome this fault, a number of cures were attempted. As earlier noted,
chordwise barriers called "fences" were installed at various points on the
upper surface of the wing. Leading-edge extensions on the outboard part of
the wing were also tried as were vortex generators installed on the outboard
upper surface of the wing. The vortex generators were simply a row of
small, .airfoil-like projections which, by promoting turbulent mixing, re
energized the sluggish boundary layer, thus rendering it less susceptible to
separation. All of these devices were helpful in some degree.
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A number of studies of sweptwing control problems of the kind just
mentioned were made during this period. One of these is described in TN
3523 by Norman McFadden, George Rathert, and Richard Bray. A second
study, published in RM A54F21, was made by Norman McFadden and Don
ovan Heinle. Heinle was an Ames test pilot as well, of course, as an engi
neer.
Pilot Opinion. The basic stability and control characteristics of the
new types of fighter aircraft being developed were much different from
those of the older propeller-driven types. The differences resulted for the
most part from the elimination of the propeller, the change in configuration
and mass distribution, and the higher operational speeds and altitudes.
Much was yet to be learned about the stability and control of these new air
craft, and also about their handling qualities as appreciated by the pilot.
Quantitative evaluation of both the mechanical-aerodynamic and the human
aspects of the control problem for such aircraft was required. For studies of
this kind, the variable-stability airplane, earlier described, proved to
be particularly useful.
When the F6F variable-stability airplane was first used, its ailerons
were driven to allow simulation of various degrees of dihedral. Arrange
ments had subsequently been made to drive the rudder as well as the aile
rons so that a wider range of lateral-directional stability variables might be
investigated. A study in which the modified variable-stability airplane was
used is reported in RM A51El6 by Charles Liddell, Brent Creer, and Ru·
dolph Van Dyke. In this investigation lateral-directional handling qualities
were evaluated by 12 different pilots including two from the Air Force, four
from the Navy, five from NACA, and one from the Cornell Aeronautical
Laboratory, which had begun work with variable-stability airplanes at about
the same time as Ames. The pilots were asked to assign numerical ratings to
each of the configurations simulated by the airplane and were given specific
questions to answer with the aim of obtaining the reasons for their ratings.
This was an interesting attempt to obtain pilot opinion in quantitative
form and to correlate it with airplane design parameters.
Tracking. A critical measure of the controllability of a fighter air
plane was the accuracy with which its pilot could follow a moving and ma
neuvering target such as another airplane. Such tracking studies were ac
complished through the use of gunsights and gun cameras using a second
airplane as a target. Through the statistical analysis of the tracking errors
revealed by the gun camera, much could be, and was, learned about the dy
namic response and control characteristics of airplanes. Particularly instruc
tive was the comparison of the performance characteristics of the older types
of airplanes, about which much was known, with the characteristics of the
new high-speed and high-altitude fighters about which little was known.
A program of tracking tests was undertaken at Ames in 1952. In an
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early phase of this program, a comparison was made of the tracking per
formance of the F-51H, the F8F-l, the F-86A, and the F-86E airplanes rep
resenting two straight-wing and two swept wing types. The tests, reported
in RM A53Hl2 by George Rathert, Burnett Gadeberg, and Howard Ziff,
were made with a fixed gunsight; in other words, there were no electronic
elements in the guidance circuits. The next step in fighter development was
to install electronically controlled and computer-equipped gunsights that
would "lead" the target by an appropriate amount.
Automatic Control. Owing to uncertainties in existing knowledge of
aerodynamic loads at high speeds, the proof testing of new airplanes to de
sign limits subjected the pilots of such airplanes to great hazard. To avoid
such hazards, the Naval Air Experiment Station developed a radio-operated
control system by means of which the flight of a test airplane could be re
motely controlled from another aircraft or, for takeoff, from a ground-con
trol station. Such a system was installed in a Curtiss SB2C-5 dive bomber
while a Grumman F6F-5 was equipped to serve as the base of control. The
airplanes were turned over to Ames for investigation and they became the
Laboratory's entry into the new and important field of automatic control.
The first investigation undertaken with these aircraft, reported in TN
3496 by Howard Turner, John White, and Rudolph Van Dyke, was essen
tially an evaluation of the system, the measuring of responses, and the estab
lishment -of control settings. In these determinations use was made of the
opinion of "check" pilots who rode as passengers in the drone airplane or
who sometimes operated the "remote" control equipment from within the
airplane.
The Navy apparently lost interest in the remote-control system, at least
for the use originally intended, and thus the SB2C-5 drone became available
to Ames for research on automatic control systems. One of the notable stud
ies made with the airplane is reported by Howard Turner, William Trip
lett, and John White in RM A54Jl4 (ref. B--33). For this study, additional
equipment was installed in the airplane to allow it to simulate a radar-con
trolled interceptor. The radar was represented by an optical system-a man
ually controlled periscope. The periscope was pointed at a maneuvering
target (another airplane) and the SB2C-5 was then flown directly toward
the target. Photographs of the target taken simultaneously through the peri
scope and through a gun camera rigidly mounted on the airplane were later
compared to determine tracking accuracy. To obtain the most desirable con
trol settings, a detailed investigation of the responses of the airplane was
made both in flight and on the ground. The ground studies were simula
tions using the Reeves Analog Computer. Much knowledge and know-how
useful in later work on automatic control systems was obtained during these
tests.
An essential ingredient in the design of an automatic control system for
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a high-performance airplane is a set of quantitative expressions representing
the dynamic response of the airplane to movement of its controls. These re
sponse characteristics can be predicted from wind-tunnel test data but can be
determined more reliably, perhaps, by flight-test methods. The latter meth
ods of obtaining the dynamic response characteristics of an airplane, specifi
cally of the F-86A airplane, are illustrated in TR 1250 (ref. B--34) by the
flight research team of William Triplett, Stuart Brown, and G. Allan Smith.
Smith was a member of the Research Instrumentation Division which,
under the quiet but effective direction of Jim White, gave valuable support
to much of the work at the Laboratory.
In the method illustrated in TR 1250, the transient response (motion)
of the airplane arising from a pulsed input to the controls is recorded as a
function of time. By means of a Fourier transformation, these time histories
are converted to a basic frequency-response form which is not only more
amenable than the time history to detailed analysis but also more compatible
with servomechanism analysis methods. The frequency-response data thus
obtained are in the form of phase angle and amplitude ratio plotted against
frequency. From these graphical data, simple analytical expressions for air
plane response, called "transfer functions," are obtained by a semiempirical
method using templates and, as a final refinement, an analog computer.
Hazards. Flight research, though now more sophisticated, was none
theless hazardous. On June 1, 1953, while putting an F8F through some
step-control maneuvers, Rudolph Van Dyke crashed into San Francisco Bay
and was killed. The cause of the crash was never determined, but it was con
jectured that, since the crash had been preceded by a long steep glide in
which no evidence of recovery attempt was apparent, Van Dyke had per
haps failed to connect his oxygen mask and had lost consciousness from a
lack of oxygen. Rudy had served as a research pilot at Ames since 1947 and
had made important contributions to many of the Laboratory's flight-re
search projects. His passing was a serious loss to the Laboratory and caused
much sorrow.
BouNDARY LAYER, SKIN FRICTION, AND AERODYNAMIC HEATING

Aerodynamic heating was becoming of prime importance in the 1950's
to the designers of high-speed aircraft. The heating to be experienced by hy
personic aircraft would not only affect the skin friction and thus the overall
drag of such craft but ultimately would melt the leading edges of the vehicle
unless some form of thermal protection was provided. The optimum form
of such protective means was still unknown.
Aerodynamic heating of aircraft is directly related to the compression
and viscous shear (skin friction) that occurs in the boundary layer as well as
to the heat-transfer efficiency of the boundary layer-its ability to transfer
its heat to the body. As the skin friction and the heat-transfer efficiency were
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known to be much higher for turbulent than for laminar boundary layers, a
turbulent boundary layer was to be avoided if at all possible. The boundary
layer at the nose of a body was always laminar but, as it flowed backward
along the body, it would at some point become turbulent. The position of
this transition point was affected by a number of factors such as surface
roughness, pressure gradient, and Reynolds number and it also seemed to be
affected by the temperature of the body relative to that of the boundary
layer. It appeared that transition was delayed, that it occurred farther down
stream, if the body was cool and heat from the boundary layer was flowing
into it. This fortunately was the normal condition encountered both in
flight and in hypersonic test facilities, but in the test facilities the tempera
ture difference was usually much less than in flight.
Analysis of the heat-transfer problem was considerably simplified as a
result of a direct relationship, called the Reynolds analogy, that existed be
tween skin friction and heat transfer. The analogy was known to apply at
moderate speeds where aerodynamic heating was caused -largely by viscous
shear, but there was a question as to whether it would also apply at higher
speeds where the heat of compression became important. In the investiga
tion of these matters, there was clearly much to be done both theoretically
and experimentally. Facilities for experimental studies were still, however,
somewhat limited.
One of the early reports from the small heat-transfer wind tunnel at
Ames was TN 2740 by Randall Maydew and Constantine Pappas. The work
covered by this TN was an investigation of the skin friction in the laminar
boundary layer of a flat plate at Mach 2.4 and a comparison with existing
theory. On the theoretical side, Morris Rubesin, in TN 2917, provided a
modified Reynolds analogy which allowed for compressibility effects in the
boundary layer. In the supersonic free-flight tunnel, James Jedlicka, Max
Wilkins, and Alvin Seiff made an experimental determination of boundary
layer transition on bodies of revolution, with both rough and smooth sur
faces over the nose portion. This study, reported in TN 3342, revealed that
under some conditions the boundary-layer transition, instead of occurring
all at once, developed as a series of bursts of turbulent flow separated by
short periods of laminar flow. This phenomenon was revealed very clearly
in shadowgraph photographs of the test body in flight.
In TN 3284, Al Seiff added to the growing store of knowledge on heat
transfer by analyzing a collection of test data from several wind tunnels and
from flight to confirm the validity of the Reynolds analogy and, more partic
ularly, the modified analogy proposed by Rubesin. Although the analyzed
data represented a diversity of sources and test conditions, the results of the
analysis supported the modified analogy to a remarkable degree.
A growing concern over the difficulties experienced in cooling pointed
bodies led to a number of studies of the feasibility and benefit of using bod
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ies with bluff or blunt noses. Pursuing this matter, Howard Stine and Kent
Wanlass analyzed the effect on boundary-layer heat transfer of a strong nega
tive pressure gradient (rapidly accelerating flow) , such as would occur on a
hemispherically shaped body, and followed up their analysis with tests in
the 1- by 3-foot tunnel of round-nosed bodies at a Mach number of 1.97.
The results of their work are presented in TN 3344.
Aerodynamic heating of the exterior surfaces of high-speed aircraft had
become a major problem. Without thermal protection, these surfaces,
particularly the leading edges, could reach structurally intolerable tempera
tures at Mach numbers as low as 2 or 3. Among the more promising meth
ods for protecting wing leading edges that had appeared was one called tran
spiration or "sweat" cooling. In this method a cooling fluid is introduced
between the hot boundary layer and the wing surface by forcing the fluid
through a porous wing skin. One of the early studies of transpiration cool
ing at Ames was made by Morris Rubesin and published in TN 3341. In
this report Rubesin provided an analytical method for estimating the effect
of transpiration cooling, assuming air as the cooling fluid, on the heat-trans
fer and skin-friction characteristics of a compressible turbulent boundary
layer. Most of the earlier analyses had been restricted to considerations of a
laminar boundary layer; thus Rubesin's report covered new and interesting
ground.
BALLISTIC MISSILE PROBLEM

The development of the intercontinental ballistic missile was a tremen
dously complicated task and an undertaking of the utmost importance to
the Nation. It required the solution of many difficult technical problems,
most of which were beyond current experience and some beyond current
knowledge. The missile would have to be flown at speeds of 15,000 miles
per hour or more and to altitudes of perhaps 500 miles; it would then have
to be accurately guided to a target 5000 miles away by a guidance system
that could not be jammed by enemy action; and finally, and most impor
tantly, it would have to deliver its nuclear warhead, in operating condition,
to the target.
The necessity of minimizing the structural weight of the missile was a
problem in itself. Any unnecessary weight in the structure would either
greatly increase the weight and cost of the whole missile or, more likely, re
duce the weight and power of the warhead. Thus the slightest unnecessary
weight in any part of the missile was intolerable. The explosive charge itself
had a structural container the weight of which had to be minimized. Sitting
atop the missile, this warhead structure had been of pointed configuration
in early designs. The use of a pointed nose for rifle shells and high-speed
missiles was traditional. The concept was firmly implanted in the thinking
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Shock waves produced by blunt bodies
(above) and pointed bodies (right).

of the aerodynamicists and aeronautical engineers who were designing the
missile.
It was clear that the objective of missile launching would be completely
frustrated if the warhead burned up owing to aerodynamic heating before it
reached its target. This danger was very real for, as it reentered the atmos
phere, the warhead would generate a temperature rise in the surrounding
air of many thousands of degrees. Some means of protecting the warhead
against reentry heating was required, but every scheme proposed for this
purpose involved painful weight penalties. It was at this stage that Harvey
Allen bent his mind to the problem.
Harvey knew that the kinetic energy lost by a missile, or a warhead, as
it enters the earth's atmosphere is totally converted into heat. The heat
comes from two sources and, significantly, is generated in two places: i.e.,
inside and outside the boundary layer. The heat appearing outside the
boundary layer is generated by shock-wave compression. Of the heat gener
ated in the boundary layer, some results from compression but much more
arises from viscous shear or skin friction. The heat generated by the shock
wave outside the boundary layer is for the most part well removed from the
body and cannot reach it by convection through the insulating blanket of
boundary layer. On the other hand, the heat generated in the boundary
layer has ready access to the body and even readier access if the boundary
layer is turbulent than if it is laminar. It thus appeared to Harvey that for
any overall rate of heat generation-which would be determined by the de
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gree of deceleration-the body would be heated less if a larger fraction of
the heat were generated by the shock wave (by pressure drag, as Harvey put
it) and a smaller fraction by the viscous skin friction. How could this jug
gling of heat inputs be accomplished? The answer seemed quite obvious to
Harvey: by making the nose blunt in order to strengthen the bow shock
wave and increase the pressure drag.
The bow wave standing out in front of a bluff body is much more pow
erful, and generates much more heat, than the oblique waves leaning back
from a pointed nose. Very significantly also, the bow wave, unlike the ob
lique wave, does not touch the body at any point. The oblique waves,
though cooler than the bow wave, touch the pointed body at a spot where
the insulating boundary layer is very thin or nonexistent. They are thus
able to transmit their heat to the tip of a missile with great ease and so fast
that it cannot be carried away by conduction. A hot spot develops and the
point generally melts off.
It appeared then that much less heat would be transmitted to a blunt
nosed warhead than to a pointed one and that the heat reaching the blunt
warhead would be more evenly distributed and less likely to produce hot
spots. The desirability of reducing skin friction by maintaining laminar flow
over the heated area was also evident. But there was more to the problem

H. julian Allen explaining
blunt-nose principle.
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than appeared in this analysis, which assumed that the maximum rate of
heat generation would be the same for a blunt body as for a pointed one.
Inasmuch as heat generation depends on rate of deceleration, this assump
tion seemed rather broad. The dynamics and trajectory of the warhead
would have to be examined, and this Harvey Allen and Al Eggers under
took to do. In due time the two men were able to demonstrate mathemati
cally that the maximum deceleration of a body entering the atmosphere
and thus the maximum rate at which it generates heat-is determined by its
entrance angle and velocity and is independent of its physical characteris
tics: i.e., mass, size, shape, or drag coefficient. This astonishing conclusion
was based on the assumption, appearing reasonable for warheads, that the
body in all cases will reach the point of maximum deceleration before hit
ting the ground. It was also regarded as a reasonable assumption in the anal
ysis that, regardless of their shape, bodies with the usual densities of war
heads would convert most of their kinetic energy into heat before hitting
the ground. The trajectory analysis thus supported Harvey's blunt-body
heating theory by showing that the maximum rate of heat generation by a
warhead, and the total amount of heat generated, would be the same regard
less of whether it had a blunt or a sharp nose. The important difference be
tween the two body shapes was in the amount of the generated heat that ac
tually entered the body.
Allen's blunt-body theory was conceived in late 1951. It was published
as a classified document and later as TN 4047. Finally, it was published as
TR 1381 (ref. B-35). Al Eggers was a contributor to the analysis and a co
author of the report. Pointed-body tradition was still strong in 1952. Har
vey's idea was not quickly picked up by industry; it just lay there and
steamed for a while.
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technical fields and particularly in aeronautics, the years between
I N1954all and
1957 were characterized by rapid growth and even more
rapidly expanding horizons. The stimulus for such developments arose not
only from the exciting prospects of things to come but also from a worried
concern over the impressive technical developments in Soviet Russia. Na
tional leaders recognized that we were in a technical race that could have the
gravest consequences. Indeed, NACA Chairman James H. Doolittle pointed
this out to Congress in January 1957 and implied that the leveling off of
NACA's appropriations over the past few years was scarcely a rational
response to the challenge from Russia.
Mach 2 fighters and bombers were now a reality. A research airplane,
the North American X-15, was being designed to fly at Mach 5 or more. But
the military services were devoting an ever-increasing fraction of their budg
ets to guided missiles and, in 1955, President Eisenhower assigned the high
est priority to the ICBM project. Before the period was over, two ICBM's
(Atlas and Titan) had been authorized as well as three IRBM intermediaterange ballistic missiles (Thor, Jupiter, and Polaris) .
The eyes of aeronautical scientists, however, were turning toward space.
The Bell X-2 research airplane had reached an altitude of over 126,000 feet
in 1956 and the X-15, when completed, was expected to go more than twice
as high. During the 1955-1957 period, the Air Force pushed its Aerobee-Hi
sounding rocket to 193 miles. Russia, still earlier, announced that its rockets
had reached 240 miles. Moreover it was clear that the huge rocket motors
being developed for ballistic missiles would be capable of putting a small test
body into orbit around the earth. The possibility of launching a series of
earth satellites as part of the International Geophysical Year operations had
been discussed in scientific circles and on July 29, 1955, President Eisen
hower announced plans for the launching of an earth satellite. The follow
ing day the U.S.S.R. announced similar plans. The race between the United
States and the Soviets to launch the world's first satellite was clearly on, but
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not until late in 1957 was it revealed that the winner was Russia. Russian
Sputnik I was successfully launched on October 4, 1957; and Sputnik II,
carrying a live dog, was launched on November 3 of the same year.
The immediate environment of NACA during this period had one very
bleak aspect. It concerned the severe disadvantage at which NACA found
itself in the keen competition for technical manpower. The national de
mand for engineers and scientists had mushroomed beyond all expectations
and the supply, particularly of those with above-average qualifications, was
exceedingly short. The demand stemmed partly from the fact that the coun
try was in the midst of a scientific explosion and partly also from the wide
spread use by the military services of research and development contracts.
The aircraft companies and other research and development organizations
were busily expanding their technical staffs, and new research and develop
ment groups were trying to get established. All were in the manpower mar
ket, bidding up salaries well beyond those which the Civil Service Commis
sion would allow NACA to pay.
NACA's activities had recently been restricted by manpower quotas im
posed by Congress but now, because of the low salary scale, the quotas, low
as they were, could not be filled. Not only that, but NACA was losing senior
staff members, key men, owing to the attraction of the much higher salaries
offered by industry. Men like Charlie Frick and Bill Kauffman were lost by
Ames during this period. Had the loss not been so painful, Ames might
have felt flattered that NACA-trained men were so much desired by indus
try. NACA fought hard to improve its salary position but, while making
some gains, it never achieved equality with industry. Thus the organization
continued to operate under a severe manpower handicap.
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various reasons, some of which have been mentioned, the services
F OR
of a number of key personnel were lost to Ames between 1954 and
1957. Charles Frick and William Kauffman resigned in 1956; and William
McAvoy, NACA's senior test pilot, having survived exciting incidents and
close calls during his 35 years of test piloting at Langley and at Ames, re
tired on July 31, 1957. He was replaced as Chief of the Flight Operations
Branch by George Cooper. In 1954, by virtue of excellent work on second
order flow theory, Milton Van Dyke won, simultaneously, a Fulbright Award
for Research and a grant from the John Simon Guggenheim Memorial
Fund. These awards offered the privilege of carrying on a year's advanced
study abroad, which Milt proceeded to take at Trinity College, Cambridge.
In 1955, Walter Vincenti won the Rockefeller Public Service Award, which
also carried with it a year at Cambridge; and in December 1956, a few
months after his return, he resigned to assume a professorship at Stanford.
Vincenti's leaving was a distinct loss to the Laboratory.
In May 1954, Carl Bioletti took leave from his job as Assistant Director
of the Laboratory to spend the better part of a year sailing among the tropi
cal islands of the Pacific. Carl w~ an unusually intelligent person with a
healthy skepticism for the motives and objectives of mankind. Inasmuch as
man in any case was probably on the wrong track, there would be little
harm and perhaps some gain, he felt, in his sailing off to the South Seas. Be
sides, he wanted to pursue his travels before old age either foreclosed the
activity or dimmed its pleasures. Carl returned in fine fettle in May 1955
but, after a few months, was again claimed by the temptations of the sea. In
September 1955, he resigned. Carl always undervalued his services to the
Laboratory. He was missed during his excursions at sea and people at Ames
were pleased when he returned to the Laboratory in March 1956, appar
ently none the worse for his experience.
The total responsibility of the Assistant Directorship rested exclusively
with Russ Robinson after Carl's first departure and it was not until Carl
resigned that Merrill Mead, of the 6- by 6-foot-tunnel staff, and Manley
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Hood were assigned to Robinson as Technical Assistants. The position of
Assistant Chief of the Theoretical and Applied Research Division which
Manley vacated was assumed by Robert Crane.
The Unitary Plan wind tunnels, which were completed during this pe
riod, became an operatmg division of the Laboratory and the Unitary Plan
Project Office was dissolved in March 1956. This change, and all of the oth
ers mentioned, are reflected in the Ames organization chart of September
1957.
Special events at Ames during this period included an inspection in
1955 and a conference on the Automatic Stability and Control of Aircraft,
also in 1955.
The Engineering Services and Technical Services Divisions were vital
adjuncts of the Ames research organization and were made up of people
who as much as any others at the Laboratory lived by their wits. Heading
the Engineering Services Division was Andre G. (Jeff) Buck, who had
joined the Laboratory staff in the early days and ever since had managed to
get his fingers into most of the design and construction work that took place.
Jeff, a man of mellow voice and pleasant disposition, served the many needs
of the research divisions with great effectiveness and unvarying good humor.
Often the ingenuity which he and his staff brought to their assignments
produced results which in themselves represented research contributions.
The Engineering Services Division held responsibility for most of the
facility design and construction at the Laboratory. Assisting Jeff were
Charles Harvey, Assistant Division Chief; Angelo Giovannetti, Chief of the
Construction Engineering Branch; Alfred Wilson, Chief of the Construc
tion Inspection Branch; Merrill Nourse, Chief of the Electrical Branch; and
J. S. W. (Sam) Davidsen, Chief of the Mechanical Engineering Branch.
As head of the Electrical Branch, Nourse occupied a position which
Buck, himself, formerly held. It was concerned not only with the selection,
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installation, and operation of the huge motors and control units required to
drive the Laboratory's wind tunnels but also with the solution of the even
more sophisticated electrical problems associated with the design of the new
and specialized forms of research equipment. Sam Davidsen also had many
opportunities to demonstrate his skill in the design of specialized research
equipment. It was he who often was expected to build complex new equip
ment at little, or no, cost-who, at the behest of some scheming research
engineer, at times attempted to build a new facility item out of available
materials before the project had either been approved or budgeted by Head
quarters. Sam's design ingenuity was matched only by his knowledge of
where to scrounge parts for his new productions.
Attached to the Engineering Services Division was an important but
somewhat anomalous element known as the Photographic Branch. This
Branch of the Ames organization was headed by Fred Swartz who, late in
1953, had taken over the job from Howard Kirschbaum. Fred was responsi
ble for the extensive photography required for records and reports, and he
was also involved in photography as used in the research process. The use of
photography at Ames increased rapidly over the years and was accelerated
by the development of gun tunnels, ranges, and other short-period test
facilities.
The Technical Services Division performed vital and heroic services in
furthering the purposes of the Laboratory. The Division was headed by E.
W. (Red) Betts with Ray Braig and George Bulifant as assistants. All three
were experienced and competent men who had come from Langley to help
found the Ames Laboratory. Other men in the Division, in particular John
Houston and Walter Quigg, had also come from Langley for the same pur
pose. Their experience had from the first proved a great asset to the Labora
tory and their contributions had been substantial.
The Technical Services Division had charge of all the shops-machine,
model, and structural fabrication-as well as of the maintenance, modifica
tion, and inspection of all aircraft operated by the Laboratory. The Machine
Shop Branch was headed by Henry Citti; the Model Shop Branch, by
William Ward; and the Aircraft Modification Branch, by Walter Quigg.
And there were several other branches in the Division. The work of the var
ious branches was by no means routine. Nearly every item the shops were
asked to construct was of a highly specialized character that only a wild-eyed
research engineer could dream up. The work of the model shop-the con
struction of test models of airplanes and missiles-became ever more com
plex as wind-tunnel speeds increased and as new materials and fabrication
techniques were developed and exploited.
The contribution of the Technical Services Division, and more particu
larly of Red Betts, its chief, was well illustrated by the Laboratory's experi
ence in building the blades for the compressor powering the supersonic legs
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of the Unitary Plan facility. This compressor, which was 22 feet in diameter
and designed to absorb over 200,000 horsepower, was to contain nearly 1200
solid-chrome-steel blades. Heretofore aluminum alloy had most commonly
been used for compressor blades; but in this case, to avoid trouble from
high operating temperatures and fatigue, it was considered necessary to
make them of alloy steel. But trouble was encountered in finding a manu
facturer who could build the blades or one who would even think of at
tempting the task. One manufacturer thought it might be done with a
tracer-controlled planer and made a bid for $2000 per blade-a total of
$2,400,000 for the job. Ames, desperately short of money for the Unitary
Plan facility, could not pay this huge amount for compressor blades and, in
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Red Betts' airfoil milling ma
chine.

any case, seriously doubted that the manufacturer would be able to deliver
the blades on time or at all.
Milling a twisted, cambered, steel blade with precision was an ex
tremely difficult task because, for one thing, the blade would deflect while
the thin tip sections were being milled. Red Betts figured that, if all the
carving could be done immediately adjacent to the blade support, the de
flection problem could be eliminated. This would take a new type of ma
chine in which the blank from which the blade was to be carved would grad
ually be extruded upward through a tight-fitting hole in a massive mounting
block. The milling cutters, controlled by a template-an enlarged wooden
model of the blade-would do their cutting immediately above the mount
ing block. Thus, as the blank moved up through the block, the blade would
be carved out from tip to base. Devising machining operations was some
thing at which Red was good. Like Harvey Allen, he was not satisfied with
administering an activity but had to get personally involved in it. In fact,
the routines of administration were not greatly to his liking.
Anyway, Red sold DeFrance on the idea of building a machine such as
he had conceived and using it to carve out the blades for the Unitary com
pressor. Red and Sam Davidsen set out to visit the big machine-tool compa
nies to see if they would build a machine according to Red's specifications.
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The big companies, Pratt & Whitney and Cincinnati, agreed that the ma
chine was feasible but were too busy to undertake its construction. The
Danly Machine Specialties Co., however, agreed to build it at a price not to
exceed $600,000.
Red Betts' machine was built and installed at Ames in June 1953. It
was a huge success. Shortly Ames operators were carving out four blades in a
24-hour day. When the additional butt milling, sanding, and inspection
were included, the cost per blade came to about $650. Thus, on this job
alone, Red's machine not only paid for itself but in addition saved NACA
$1 million according to one estimate. 1 Also it assuredly saved a great deal of
time in getting the Unitary tunnels into operation.
But the saving on the Unitary tunnel compressor was only a beginning
of the contributions of Red's machine. In October 1956, about a year after
the Unitary tunnels went into operation, the blades of the II- by ll-foot
tunnel compressor were wiped out by a blade failure and had to be re
placed. This calamity provided additional work for the machine, and there
was yet more to come. Red's machine has been in operation almost contin
uously since it was built and has saved Ames and NACA several millions of
dollars and much valuable time. Its development was all in the day's work
for Red, who received no monetary reward nor any special acclaim for his
outstanding contribution.

1

H. D. Citti and J. S. W. Davidsen, associates of Betts, gave this estimate of the savings
in an Ames internal memorandum dated July I, 1968.
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CONTINUOUS-FLOW WIND TUNNELS

LD wind tunnels never seem to die of themselves; they have to be
killed, deliberately. There is a tendency to keep them going well
beyond the point of diminishing returns. At Ames, the growing shortage
of manpower made the abandonment of marginally producing wind tun
nels an urgent necessity. The 1- by 3Y:!-foot tunnel was deactivated in 1954
and later completely dismantled. The old low-density and heat-transfer
tunnels were abandoned, too, in 1954 when the new facilities were put into
operation. The old heat-transfer tunnel was later consigned on indefinite
loan (given) to the University of California at Berkeley.1 In September
1956 the 7- by 10-Foot Tunnel Section was disbanded and the tunnels turned
over to the 40-by 80-Foot Tunnel Section to operate as needed.
Several tunnel modifications were als6 completed during this period.
Beginning about September 1954, the 6- by 6-foot tunnel was shut down for
major modifications that required nearly 1Y2 years to complete. The modifi
cations included measures to convert the tunnel for transonic operation. To
ward this end, a slotted throat and a new model-support system were pro
vided. Also, arrangements were made to inject air removed from the slotted
throat into the supersonic diffuser, thus increasing diffuser efficiency and
tunnel performance.
The 6- by 6-foot tunnel, as a result of the changes made at this time,
could operate at Mach numbers ranging from 0.6 to 2.3. Moreover, the op
eration of the tunnel was made so simple that the task could easily be han
dled by one man. Indeed, one lonely night it was operated by a cat that some
how became entrapped in the switchgear. The regular operator was on
hand finishing up his paperwork for the night when, to his surprise, he

0

1
Transfer was later formalized in a letter from Arthur B. Freeman, Assistant Director for
Administration, to Dr. E. W. Strong, Chancellor, University of California, Berkeley, dated
Feb. 16, 1962.
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heard the wheels begin to turn. Investigation revealed the cat-in what con
dition was never disclosed.
A number of relatively minor alterations were made in the 6-by-6 both
before and after the major modifications just mentioned. The model-sup
port system had earlier been rotated to accommodate an unplanned nonlin
earity in the airflow, and the speed control of the tunnel had been altered
to allow subsonic operation. Also, the aluminum compressor blades had
given trouble and had been replaced by hollow welded steel blades. Crack
ing, which occurred in the steel blades as a result of vibration, had in turn
been cured by filling the interior of the blades with a plastic foam. Follow
ing the major modification a fire, starting from an oil leak, ignited the mag
nesium compressor (J-33) blades of the auxiliary air system. The resulting
soot, together with the water used to quench the fire, thoroughly fouled the
whole tunnel interior.
A number of other tunnels at Ames underwent modifications during
this period. The 14-foot transonic conversion of the 16-foot tunnel was com
pleted in 1955; and general improvements, including the installation of
more sighting stations and a Mach 3 nozzle, were made in the supersonic
free-flight (SSFF) tunnel. Through the skillful efforts of AI Seiff and his
staff, the great potential of the SSFF tunnel was being realized. Guns, instru
mentation, and flow characteristics had continuously been improved and
many ingenious research techniques exploiting the possibilities of the coun
terflow test principle had been developed.
The capabilities of the 1- by 3-foot tunnel had also, to a surprising de
gree, proved amenable to expansion. During the 1954-1955 period, in ac
cordance with earlier plans, the power of the continuous-flow 1- by 3-foot
tunnel was doubled and a new flexible throat, operated by hydraulic jacks,
was installed. A year or two later a similar throat was installed in the blow
down tunnel. The new flexible throats reduced the Mach-number change
time to a matter of seconds and with the further addition to each tunnel of
a second throat-a constriction at the exit to the test section-the operating
efficiency of the tunnels was greatly improved. The second throat increased
the efficiency with which the supersonic stream of air could be slowed down,
as it had to be, after passing through the test section. As a result of this bene
fit, the top Mach number of the power-augmented, continuous-flow tunnel
was raised to 6.0. That of the blowdown tunnel was a little less than 6.0.
Among the major new wind tunnels completed during this period were
the three Unitary Plan tunnels which went into operation in 1955. How
ever, as earlier noted, the compressor of the 11- by 11-foot transonic leg suf
fered a blade failure in October 1956 with the result that the tunnel was out
of commission until late 1957.
The power involved in running the equipment at Ames had reached
large proportions by 1957. The total connected load amounted to nearly
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Below: A model of the 14-foot
transonic tunnel. At right: A
model in the test section of
the 14-foot tunnel.

half a million horsepower and the yearly power bill for electricity was ap
proaching $2 million.
GUNS AND BALLISTIC RANGES

The interests of aeronautical research scientists had now advanced from
the field of aerodynamics to the much more complex field of aerothermo
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dynamics. The heating to which high-speed aircraft would soon be subjected
had become a matter of paramount importance to design engineers. A mis
sile traveling at 7000 miles per hour, for example, could theoretically gener
ate air temperatures behind its bow shock wave of as much as 8000° F
nearly as hot as the surface of the sun. The kinetic energy of the missile
would be in effect converted to kinetic energy in the molecules of the sur
rounding air. The motion of the molecules thus heated would become so
violent that they would break apart-"dissociate," as it was called. Thus a
molecule of oxygen 02 would break down into two individual oxygen atoms.
The process of dissociation would absorb heat, which would considerably
alter the thermodynamic balance of the airflow around the missiles. The
aerothermodynamic processes were complex and not readily amenable to
theoretical treatment. Thus in this period a massive effort was begun to de
vise experimental test facilities in which the aerothermodynamic properties
of hypervelocity flows could be simulated.
The idea of a ballistic range in which a test model could be launched
into a body of still air by a gun was not new; in 1947 Ames engineers had
proposed such a range to N ACA management but the proposal had been re
jected. However, the supersonic free-flight tunnel devised by Harvey Allen
was in effect a rather sophisticated version of the ballistic range in which the
air was in motion. In either case the gun was the critical item in determin
ing performance. One of the fastest rifles built, the 220 Swift, developed
muzzle velocities of about 4000 feet per second, and the ultimate velocity
that seemed likely to be achievable with a rifle powered only by gunpowder
appeared to be under 10,000 feet per second. It was clear that the flight of
ballistic missiles which reentered the atmosphere at speeds of 20,000 feet per
second or more could not be simulated by models launched with an ordi
nary gun.
As earlier mentioned, 2 Alex Charters in 1952-1953 set about designing
a high-performance "light-gas" gun in which the test model was to be pro
pelled through a "launch tube" by a charge of highly compressed helium
gas. The gas was compressed in a gun barrel or driver tube by a heavy metal
piston driven down the tube by an exploding charge of gunpowder. The
reaction to the explosion would be neutralized by driving a second piston
out of the open rear end of the driver tube. In this manner, Charters and
his ~two teammates, Pat Denardo and Vernon Rossow, hoped to achieve
model launch speeds of well over 10,000 feet per second-perhaps as much
as 20,000 feet per second. The maximum velocity actually achieved was
about 13,000 feet per second. Charters and his colleagues did a thorough de
sign job on the gun. They first developed the theory and then built several
prototype versions. These piston-compressor guns are believed to be the first
• See ch. 7.
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light-gas guns built for model launching in this country and perhaps in the
world. The gun and its development were described by Charters, Denardo,
and Rossow in TN 4143 (ref. B-36).
An early small-scale version of the Charters gun was first incorporated
in the Janus range in which the gun fired its tiny bulletlike model into a
small, gas-filled cylindrical chamber 21 feet long. By 1955, however, plans
had been laid for building a large range in which test models would be fired
into a cylindrical test chamber 8 feet in diameter and 500 feet long. The test
chamber, it was planned, could be filled with air or any other gas and could
be pressurized or evacuated through a range of from 0.001 to 5.0 atmos
pheres. The construction of this range, called the main range, was approved
by NACA management. Before going too far with its construction, however,
the designers felt it desirable to build a prototype, much smaller than the
main range but considerably larger than the Janus range. Construction of
this facility, called the pilot range, got under way in 1956 as did also, a little
later in the year, the construction of the main range. Robert Berggren and
Paul Radach carried much of the responsibility for this work. Both ranges
were completed in 1957. All three of the ranges used the piston-compressor
light-gas guns and all were housed in a new building constructed along the
western border of Ames territory on ground that had been reserved, but
never used, for a seaplane towing basin.

Dr. Alex C. Charters.

Main range of hypervelocity ballistic
range.

Also proposed during 1955, and approved, was the construction of a
pressure range in which the aerodynamic, the thermodynamic, and particu
larly the dynamic-stability characteristics of fairly good-sized models could
be investigated at high Reynolds numbers and at Mach numbers of about
10. The pressure range, designed by AI Seiff and his staff, was put under
construction in 1956 but was not completed until 1958. This range was lo
cated beside the 12-foot tunnel, and its test chamber, 10 feet in diameter
and 200 feet long, was pressurized or evacuated by the facilities of the 12
foot tunnel. The range of pressures available in the new facility was from
0.01 to 10 atmospheres and, at the highest pressure, Reynolds numbers up to
300 million per foot of model length were obtainable. In all of the ranges,
the test chamber was equipped with a row of sighting stations through
which photographs, or shadowgraphs, of the test model could be obtained
by electronically controlled spark or flash photography. The model was
timed as it passed the sighting stations and drag coefficients were calculated
from the rate of deceleration. In the pressure range, the observed pitching
and plunging motions of the model were expected to provide data from
which dynamic stability derivatives could be calculated if suitable analysis
methods were developed.
Despite the tremendous effort put into the development of the piston
compressor light-gas gun, the performance of the device proved rather unsa
tisfactory. It had a number of basic faults which in retrospect seemed rather
obvious. Trouble arose from the heavy pistons. The idea of having the reac
tion piston fly out the rear end of the driver tube was really not practical;
and the action of the other piston slamming against the end of the smaller
diameter launch tube was notably destructive. The idea, of course, was to
have a residual of gas stop the piston just before it hit the launch tube, but
this was hard to arrange and introduced an element of thermodynamic inef
ficiency which reduced the performance of the gun.
AI Eggers and a number of other people at the Laboratory felt that it
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should be possible to compress the driving gas in a light-gas gun with shock
waves instead of with the heavy steel pistons used by Charters. The task of
investigating this possibility was undertaken in 1956 by Carl Bio1etti and
Bernard Cunningham. They first built a gun, much lighter than Charters',
consisting of a closed-breech driver tube and a smaller-diameter launch tube
separated by a diaphragm intended to rupture at a prescribed pressure level.
The driver tube held an explosive charge in its rear end but otherwise was
filled with compressed helium. The exploding charge would generate a
shock wave that would travel down the tube like a piston, heating the he
lium and compressing it beyond the rupture strength of the diaphragm bar
rier. As the diaphragm burst, the test model, mounted just ahead, would be
hurled down and out of the launch tube. Carl and Bernie found that, while
the shock wave did indeed serve as a piston, improved performance could be
obtained if a very lightweight floating diaphragm was used to separate the
helium from the gas generated by the exploding powder. In this way, more
energy could be imparted to the test body, and muzzle velocities of 11,000
or 12,000 feet per second could be obt<tined with a gun much lighter and
simpler than the one developed by the Charters team.
The next step in the development of what was now variously called .the
shock-driven, shock-heated, or shock-compression gun, was to install an in
termediate shock tube, filled with helium, between the driver and the
launching tube. In the operation of this two-stage shock-compression gun,
the gas in the shock tube was compressed by a lightweight piston which was
driven by the compressed gases of the driver tube. Proportioning of tube
length and diameter as well as piston weight and powder charge were criti
cal matters which Bioletti and Cunningham worked out with some care.
The resulting gun, which was relatively simple and particularly adapted for
launching lightweight models, was capable of achieving muzzle velocities of
20,000 feet per second. The two-stage gun and its development were later
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described in TN D-307,3 entitled "A High-Velocity Gun Employing a
Shock-Compressed Light Gas," by Carlton Bioletti and Bernard E. Cun.
ningham.
ATMOSPHERE-ENTRY SIMULATOR

Although a single-stage shock-compression gun was installed in the su
personic free-flight tunnel, the gun had been specifically designed for use in
an interesting new simulator, called the atmosphere-entry simulator, or
AES, which had been devised by AI Eggers. AI had become extremely inter
ested in the heating problem encountered by missile warheads and other
reentry bodies as they plunged back into the atmosphere. He had worked
with Harvey Allen on the famous blunt-body concept and was all too aware
of the limitations of theory in predicting the aerothermodynamic environ
ment which reentry bodies encountered. Would it be possible, he wondered,
to gun-launch a model into a test range in which the air density varied in the
same pattern as that encountered by a body entering the atmosphere? It
should be possible, he believed, to design a supersonic tunnel in which, by
shaping the tunnel walls, the air density and pressure along its length could
be made to vary in a prescribed fashion. Atmosphere entry might thus be
simulated by launching a model into such a wind tunnel after the fashion of
the SSFF tunnel. While it thus appeared that an atmosphere-entry simulator
could be built, it would first be necessary to determine analytically whether
a true simulation of reentry phenomena could actually be achieved in such
a device. Eggers' analysis of this matter, together with a description of AES
design features, is contained in TR 1378 (ref. B--37) . Inasmuch as the analy
sis was favorable, immediate steps were taken to build the simulator. Al's
analysis had been made early in 1955; a successful prototype was built in
1956; and the construction of a larger version, located in the range building,
was begun in 1957. In the design and development of these unique facilities,
Stanford Neice, of Eggers' staff, played a major role.
AI Eggers' work on reentry aerothermodynamics won much acclaim
from the scientific community. For this work, he received, in 1956, the Ar
thurS. Flemming Award conferred by the Washington Junior Chamber of
Commerce. This award is given each year to the 10 most outstanding young
men in the Federal Government. AI, like a number of others at Ames, had
earned his Ph. D. at Stanford while working at the Laboratory. He had a
keen and very original mind, was a slashingly aggressive leader, and his abil
ity to sell his ideas to others was of singular character.
SHOCK-TUNNEL APPLICATIONS

The idea of using an explosive charge to operate a wind tunnel had
• NASA report series to be described later.
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first been applied at Ames in the gun tunnel developed by AI Eggers. The
gun tunnel, like Charters' gun, involved a heavy metal piston and did not
work very well. It led, however, to the development of the shock tunnel
which used shock compression to generate a hot, hypersonic airflow of short
but adequate duration. The shock-tunnel development proceeded in paral
lel with the gun development; in fact, one might be thought of as a hot-air
gun and the other as a model-launching gun. In the shock tunnel, however,
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it was found desirable to use a mixture of oxygen, hydrogen, and helium as
the explosive element. A gas mixture of this kind, suitably proportioned,
provided a burning rate and an impulse that were more compatible with
the requirements of a shock tunnel than were those of a solid explosive.
Development of the shock tunnel in 1956-1957 was proceeding on two
fronts, one carried forward by the team of Bernie Cunningham and Fred
Hansen under the supervision of AI Eggers, and the other by Tom Canning
who, under AI Seiff, was Assistant Head of the Supersonic Free Flight Tun
nel Branch. Tom, following a suggestion earlier presented by Jack Stalder,
proposed that the shock tunnel be used in a counterflow (a la SSFF tunnel)
arrangement with a light-gas gun to achieve a relative velocity between
model and airstream which would be much higher than ever obtained be
fore. He sold AI Seiff on the idea and together they undertook to present it
to Harvey Allen, their division chief. Harvey thought the idea was not very
practicable. The expectation of being able to obtain useful data in the fleet
ing instan~ during which the pulse of air from the shock tunnel and the
speeding model from the gun came together appeared overly optimistic and
was almost too much for Harvey to swallow. Nevertheless, Tom and AI kept
up the pressure and finally won Harvey's somewhat reluctant consent to try
out the scheme. The trial was made with makeshift equipment, but was suf
ficiently promising to justify the construction of a pilot model of the
arrangement.
The problem of naming the many hypersonic test devices that had
been invented was by now becoming troublesome. The name chosen
for the arrangement proposed by Canning and Seiff was "hypervelocity
free-flight facility," or HFFF for short. Thus what was under construction
in 1957 was a relatively small and inexpensive pilot HFFF made up mainly
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of parts scrounged from other places in the Laboratory and built, no doubt,
without Headquarters' knowledge or sanction. At the same time, Bernie
Cunningham and his colleagues had designed and were beginning the con
struction of a 1-foot shock tunnel in which stationary models could be tested
at very high airspeeds.
SIMULATION PROBLEMS

Although the ballistic range, the supersonic free-flight tunnel, and the
hypervelocity free-flight facility all had outstanding capabilities for simulat
ing the aerothermodynamic conditions of high-speed flight, they nevertheless
possessed, in common, a couple of rather obvious faults. The conditions of
model freedom and the short operating time rendered all measurements dif
ficult and some impossible. Another problem was the severe restrictions on
the size and complexity of test models. The models had to be small enough
to be inserted into a rifle barrel and rugged enough to withstand accelera
tions of about 1 million times that of gravity.
In view of these circumstances, there remained a great need for facili
ties in which prolonged tests could be made at high Mach number and tem
peratures on fixed models of reasonable size. Hypersonic wind tunnels par
tially satisfied these requirements, but their speed capabilities were too low
and the air-heating requirements troublesome. In such facilities it was neces
sary to heat the inlet air to fairly high temperatures to avoid liquefaction in
the supersonic test section and to still higher temperatures if reasonably
faithful simulation of aerodynamic heating effects was to be achieved. In
deed it could be calculated that the preheating requirements for simulating
conditions encountered by a reentry body would lead to air temperatures of
many thousands of degrees-well beyond levels that could be tolerated in a
continuous-flow wind tunnel.
Though troublesome, the heating of wind-tunnel air seemed essential if
aerodynamic-heating effects were to be properly simulated. The only ques
tion remaining was how such heating might best be accomplished. Shock
heating had proved an effective means of increasing the temperature of the
air in shock tunnels, while in continuous-flow tunnels, such as the 10- by 14
inch and the new 10- by 10-inch heat-transfer tunnel, preheating of the air
had been accomplished by electrical-resistance heaters. In another preheat
ing scheme being investigated at this time, the inlet air was passed through a
thick bed of refractory pellets which previously had been heated to high
temperature by a gas or an electric heater of some kind. It appeared that
this device, called a "pebble-bed" heater, would serve for a short period of
operation, perhaps a few minutes, but would not do for a continuous-flow
tunnel. Late in 1957 Jack Stalder made an experimental installation of a
pebble-bed heater in his 8-inch low-density tunnel. At the same time AI Eg
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gers and his staff were engaged in the design of a 3.5-foot-diameter hyper
sonic blowdown tunnel that would make use of a large pebble-bed heater.
3.5-FooT

TUNNEL

The 3.5-foot tunnel represented a very ambitious project with an esti
mated cost of about $II million. Its approval, first by Ames management
and then, late in 1957, by NACA Headquarters and Congress, gave effective
attestation to the salesmanship of AI Eggers. The intended purpose of the
3.5-foot tunnel was to investigate the aerodynamic and thermodynamic con
ditions encountered by hypersonic airplanes and boost-glide aircraft flying
in the Mach-number range from 5 to 10. The tunnel would be a closed sys
tem. During its operation, vessels of highly compressed air would be re
leased by suitable valving to pass through a pebble-bed heater, thence
through the test section, and into four large evacuated spherical recovery
tanks.
The 3.5-foot tunnel was to be equipped with a set of interchangeable
fixed nozzles allowing operation at discrete Mach numbers of 5, 7, 10, and
14. Operating periods would last from l to 4 minutes. It was expected that
the pebble-bed heater, a huge insulated steel pressure vessel filled with 125
tons of aluminum and zirconium oxide pebbles, would raise the inlet-air
temperature to 4000° F. The new facility was to permit simulation of flight
Reynolds numbers for Mach numbers up to 10 and of corresponding flight
temperatures for Mach numbers up to about 7.0.
The tunnel walls, according to plan, would be cooled by a boundary
layer of helium gas introduced through slots in the constricted, sonic throat
and recovered downstream of the test section. The recovered helium gas
would be contaminated with air, of course, and a purification plant would
be required to process it for re-use. Indeed, the plans called for a separate,
rather large building to house the impressive array of auxiliary equipment
associated with the tunnel. Cooling of the tunnel was quite a problem.
Aside from the helium cooling of the tunnel walls, the great steel shell of
the pebble-bed heater, 8 inches thick and weighing over half a million
pounds, 4 would be insulated on the inside with refractory brick and be fur
ther protected by water cooling coils installed between the brick and the
inner steel surface. Internal water cooling would be used to protect the
model-support struts as well as the internal strain-gage balances with which
the models would be equipped. The output of the balances was to be fed
directly into an electronic computer for data workup. The 3.5-foot tunnel,
it was realized, would be the most expensive piece of test equipment built at
Ames since the construction of the Unitary Plan facility.
• Designed to withstand an internal pressure of 2000 psi, this massive vessel was reported
to be the heaviest single item the Southern Pacific Railroad had ever transported.
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The pebble-bed heater, though serving perhaps for Mach numbers
from 5 to 10, could not, it was clear, provide the heat required for represent
ing the conditions encountered by reentry bodies. There was yet, however, a
possibility of accomplishing this objective in a tunnel capable of operating
for reasonably long periods of time. This possibility lay in the use of an elec
tric arc to heat the air as it passed through the tunnel. The initial investiga
tion of arc-heated jets was made in 1956 by Jeff Buck, R. W. Eglington, A.
Kamiya, Merrill Nourse, and others. Later the work was continued by Wil
liam Carlson and Carl Sorenson. First investigated were some arc-jet ideas
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which had originated in Germany. This study, however, was just the begin
ning of work that was still in progress and accelerating at the end of 1957.
Aside from keeping the tunnel walls and electrodes from melting, one of the
problems in the design of an arc-jet facility arose from the contamination of
the air by vaporized material from the electrodes. The problems in the de
velopment of a practical arc-jet tunnel were obviously great, but the need
for such a facility was also great and the project was pushed with ever in
creasing vigor.
CoMPUTING FACILITIEs

The use of electronic computing facilities expanded rapidly during this
period. An Electrodata Datatron digital computer was purchased in 1954
and was soon being used for "on-line" data reduction for the 6-by-6 and the
three Unitary Plan wind tunnels. In the on-line procedure, the electrical
strain-gage balances with which wind-tunnel models were generally
equipped transmitted their electrical outputs directly to the computer for
the application of calibration factors and the immediate computation of
aerodynamic coefficients. An earlier "off-line" procedure was to have the
strain-gage readings appear on punched cards which at some convenient
later date were fed into the computing machine for the computation of coef
ficients. With on-line computations, the results of a test were immediately
available for inspection and also, if desired, an automatic plotter could be
used to plot the coefficients as they came from the computer.
In 1955 an IBM 650 digital computer was leased for the specific pur
pose of serving the computational needs of the theoreticians in the various
sections. At this time the first effort was made to train people in the various
research sections to do their own computer programing.
In 1956 or thereabouts, a second Datatron computer was purchased.
This computer, like the first Datatron, was used for wind-tunnel data reduc
tion, both on-line and off-line.
Additional analog-computer elements, used in flight-simulation work,
were also procured during this period. These, however, were separately lo
cated and under the control of Stanley Schmidt and Howard Matthews of
the Dynamics Analysis Branch, Full Scale and Flight Research Division.
The digital computers, on the other hand, remained in the Electronic
Machine Computing Branch of the Theoretical and Applied Research Divi
sion. This Branch, as earlier mentioned, was headed by Dr. Mersman. The
original Assistant Branch Chief, Harold Harrison, resigned in 1955 and his
position was then assumed by Stewart Crandall.
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HE trend of Ames research toward the more scientific and the more
fundamental continued during the period from 1954 to 1957. Many
of the Laboratory's scientist-engineers were gaining worldwide reputations,
and with increasing frequency they were invited to deliver papers before
scientific societies at home and abroad. Among those who traveled abroad
for this purpose were Max Heaslet (London, 1948), Jack Stalder (London,
1951), Ralph Huntsberger (The Hague, 1954), John Parsons (Stockholm,
1954), Harvey Allen (Paris, 1954), Walter Vincenti (Brussels, 1956), and
AI Seiff (The Hague, 1957). As 1957 ended, John Spreiter was preparing
a paper for delivery in Tokyo the following year.
Ames research was advancing along a broad front, but increasing em
phasis was being given to the theoretical approach. Aerodynamicists were
devoting much effort to the task of determining optimum configurations for
supersonic and hypersonic aircraft. In flight research there was a continuing
interest in automatic control and at the same time an accelerating trend in
the use of flight simulators of both the airborne and the ground-based types.
The later trend focused considerable attention on the interpretation of pilot
opinion. Dynamic stability was receiving attention in all branches of the
Laboratory during this period; also, efforts were being made to reduce the
landing speed of airplanes by means of boundary-layer-control systems
which utilized the surplus air-pumping capacity of the jet engines.
Perhaps the most notable feature of Ames research during this period,
however, was the tremendous effort applied to related studies of boundary
layer, skin friction, and aerodynamic heating. Although of a basic character,
this research was aimed at a number of specific applications in which the
Laboratory was particularly interested. These applications included hyper
sonic airplanes, man-carrying rocket-launched gliders called "boost-glide ve
hicles," and ballistic vehicles. A variety of thermal-protection schemes for
such craft was under consideration.
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This period was also noted for the initiation of research in the new
Unitary Plan facility. The intended function of the new facility was to serve
the development needs of the industry and the military and to free other
facilities at Ames for research of a more fundamental character. Although at
the end of World War II there had been a feeling that NACA should be
relieved of some of its development-test burden, NACA's services to the mil
itary had proved much too valuable to be abandoned or even greatly dimin
ished. Ames' contribution to the development-test effort since the end of the
war was substantial and of great value; but, since it was often concerned
with classified or proprietary matters, it is largely omitted from this history.
BASIC CONFIGURATIONS AND AIRFLOWS

Wings. Important contributions to wing theory were made during
this period by Max Heaslet, Harvard Lomax, R. T. Jones, Doris Cohen,
John Spreiter, Alberta Alksne, and Milton Van Dyke. Work of the first four
of these people appeared in volumes VI and VII of the monumental Prince
ton Series of books covering the general field of aeronautical science. The
Princeton Series, organized under an editorial board headed by Dr. Theo
dore von Karman, presented material written by recognized American au
thorities. NACA and the Ames Laboratory were well. represented in the
group of authors. In volume VI, published in 1955, Heaslet and Lomax con
tributed a section dealing with supersonic and transonic small perturbation
theory; and in volume VII, published in 1957, Jones and Cohen presented
a very comprehensive review of the aerodynamics of wings at supersonic
speeds. There were, it should be mentioned, many other Ames contributors
to the Princeton Series. Among them were Harvey Allen, Joseph Spiegel,
John Dimeff, Ben Beam, Jack Stalder, AI Seiff, and Alex Charters.
During these years, John Spreiter continued his work in the general
field of transonic aerodynamic theory and, together with Alberta Alksne,
turned out TR 1359 (ref. B-38) , entitled "Thin Airfoil Theory Based on
Approximate Solution of the Transonic Flow Equations." Also during this
period, John and Alberta, together with AI Sacks, were studying the vortex
patterns shed by cruciform wing arrangements and the rollup of the vortex
sheet behind such wings. This important work, having direct application to
missiles with short wings, was published in TR 1296 and TR 1311.
Meanwhile, Milton Van Dyke, pursuing his studies of second-order flow
theory, turned out a number of papers of which TR 1274, "Second-Order
Subsonic Airfoil Theory Including Edge Effects," might be considered rep
resentative.
Experimental research on wings continued during these years but less
of it was concerned with wings for what were at this time thought of as con
ventional transonic or supersonic airplanes. In the 1- by 3-foot tunnel, Wal
ter Vincenti ran tests to confirm his earlier mentioned theory regarding the
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flow over double-wedge airfoils operating just below the speed of shock at
tachment. This work was reported in TN 3225 and TN 3522. It was as a
result of his excellent work in developing and applying wing theory that
Walter received the Rockefeller Public Service Award granting the privilege
of a year of study at Cambridge.
One of the most outstanding results of experimental wing research at
Ames was the development of conical camber as a means of reducing the
drag-due-to-lift and thus of increasing the range of supersonic airplanes, par
ticularly those equipped with delta wings. Conical camber was a form of
camber which, for practical reasons, was restricted to the forward part of the
wing. The portion of the wing involved in the camber increased linearly
from root to tip and thus appeared as a segment of a cone. Conical camber
originated with Charles Hall in the 6- by 6-foot tunnel, but its study was
taken up in other facilities such as the 12-foot tunnel and covered a period
of 6 years and tests of more than 25 models.
Among the numerous reports dealing with the conical-camber investi
gation were RM A55Gl9 by John Boyd, Eugene Migotsky, and Benton
Wetzel, and RM A58C21 by Robert Sammonds and Robert Reynolds. To
the great satisfaction of Ames engineers, conical camber found immediate
and very profitable application to three delta-wing airplanes produced by
the Consolidated-Vultee Aircraft Corp. The airplanes thus benefited were
the supersonic F-102 and F-106 fighters and the new double-sonic B--58
bomber. The added range and flight endurance which conical camber gave
to these airplanes were especially valuable.
Bodies. Although research at Ames was becoming increasingly con
cerned with the airplane as a whole, a considerable amount of effort was still
being spent on important components such as wings and bodies. Bodies had
become major lift-producing elements in the configurations of hypersonic
aircraft and thus were assuming an increasing importance. The desirability
of flattening the fuselage to increase its lifting ability was considered by Le
land Jorgensen in TR 1376. Through such a measure, it was felt, the wings
might be reduced to stubs or completely eliminated.
Much of the research on bodies that took place at Ames during this pe
riod was of a theoretical nature. Contributors included Milton Van Dyke
who produced TR 1374, "The Similarity Rules for Second-Order Subsonic
and Supersonic Flow," and TN 4281, "Second-Order Slender-Body Theory
-Axisymmetric Flow." Another contribution to the theory of flow around
bodies was TR 1328, "A Second-Order Shock-Expansion Method Applicable
to Bodies of Revolution near Zero Lift," by Clarence Syvertson and David
Dennis. This report, dealing with hypersonic flows, represented an exten
sion of the generalized shock-expansion method which Eggers, Savin, and Sy
vertson had presented to the Institute of the Aeronautical Sciences in 1955
and which had appeared in volume 22, No.4 of the lAS Journal.
In the study of aircraft bodies, interest continued in the problem of de
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fining the body shape that would offer the minimum drag. In order that the
body so defined should have some utility, it was necessary to impose certain
conditions having to do, for example, with the length, volume, maximum
diameter, or base area of the body. Minimum-drag shapes for subsonic and
supersonic flight had been fairly well established by 1955, but some uncer
tainty remained concerning the optimum shape for hypersonic flight. An at
tempt to solve the hypersonic problem is described in TR 1306 (ref. B-39)
by Al Eggers, Meyer Resnikoff, and Dave Dennis. The approach used by the
authors of this report was a combination of theory and experiment. The ex
perimental phase of the program was carried out in the 10- by 14-inch tun
nel at Mach numbers ranging up to 6.28.
Area Rule. The flurry of research activity that took place after the
discovery of the Area Rule lasted for a number of years and changed in
character with time. There was an effort first to confirm the rule experimen
tally and then to establish a more solid theoretical basis for it. Additionally,
there were moves to extend the rule beyond the original transonic speed
range and also to determine the limits of its application, particularly as to
airplane configuration. These developments led aerodynamicists to a fuller
appreciation of the possibilities of manipulating the wave patterns of the
various components of an airplane to achieve beneficial results such as drag
reduction, lift improvement, or improved inlet efficiency. Instead of enclos
ing engines, rocket pods, and other components within the structure of an
airplane, it now seemed desirable to mount them externally as individual
units strategically positioned to produce shock-wave cancellation or lift aug
mentation. Consolidated's double-sonic B-58 bomber was built on this prin
ciple. The optimization of airplane designs using Area Rule methods thus
became a fascinating game which, like chess, was a matter of knowing where
to place one's pieces.
As mentioned in an earlier section of this volume, R. T. Jones had de
veloped what was known as the Supersonic Area Rule. At the same time the
theoretical basis of the rule and the limits and manner of its application
were being studied by Max Heaslet, Harvard Lomax, John Spreiter, and
Frank Fuller. In TR 1318, Heaslet and Spreiter reviewed three-dimensional
transonic-flow theory as related to the Area Rule concept; and, in TR i282,
Lomax and Heaslet provided a special method for applying the Area Rule
at supersonic speeds.
Among the experimentalists working on the Area Rule problem were
George Holdaway, William Page, John McDevitt, Fred Sutton, and Robert
Dickey. The extremes to which the experimentalists went in their studies
are revealed in RM A58C03 (ref. B-40) , an interesting report authored by
George Holdaway and Elaine Hatfield.
Optimization Studies. Area Rule developments aroused the interest of
a few aerodynamicists at Ames in the somewhat fanciful question of what
would be the minimum possible value of wave drag obtainable by any dis
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tribution of the elements of an airplane within a prescribed region. Optimi
zation studies of this kind were reported by Bob Jones in TR 1335, and by
Max Heaslet and Frank Fuller in TR 1385 (ref. B-41). Jones' study went so
far as to consider drag-due-to-lift in addition to wave drag.
Optimization studies of a somewhat more immediate value were also
underway. One line of effort was aimed at the development of an airplane
configuration to operate at the highest possible efficiency (highest LfD), at
a Mach number of about 3.0. This particular Mach number was one good
design step beyond the operational capabilities of current military airplanes
and close to the aiming point of a new bomber (B-70) which, late in 1957,
was being considered by the Air Force.
The work of Bob Jones and others drew the attention of the Labora
tory to arrowhead-wing configurations characterized by long, slender, highly
swept spans tapering uniformly to pointed tips. Such wings, properly twisted
and cambered and swept behind the Mach cone, appeared to give rather
high values of L /D at supersonic speeds. A number of analytical and experi
mental studies of arrowhead-wing configurations were undertaken during
this period. One of these was reported in TN 4361 by Elliott Katzen of the
1- by 3-Foot Tunnel Branch. Elliott found that, with a twisted and cam
bered arrowhead wing, it was possible to achieve a trimmed (wing in longi
tudinal balance) lift-drag ratio of as much as 9.0 at a Mach number of 3.0.
The addition of fuselage, tail fins, engine pods, etc., of course, could be ex
pected to reduce this value of L/D by several points; nevertheless, at Mach
3.0, such an efficiency was regarded as being very high.
While arrowhead wings had some possible use for airplanes designed to
fly at Mach numbers up to 3.0, they were, unfortunately, structurally weak
and unsuitable for aircraft such as boost-glide vehicles, which were expected
to fly at hypersonic speeds. For hypersonic aircraft, new configurations were
needed and also new principles for achieving maximum flight efficiency.
The thoughts of Ames engineers on this subject led to the development of
the interference method for designing hypersonic aircraft. The method was
based on ideas proposed by Vernon Rossow (RM A55L08) and others out
side of NACA. However, as reported in RM A55L05 (ref. B-42), it was first
seriously applied to airplane design by AI Eggers and Clarence Syvertson.
The interference method as applied at Ames took cognizance of the in
tense and sharply defined pressure fields cast by the various parts of hyper
sonic aircraft and was an attempt to so arrange these parts that the interfer
ence between the pressure fields they cast would produce certain specific
benefits. For example, any portion of the fuselage lying below the wing
would generate a pressure field that would favorably augment wing lift,
whereas any part of the fuselage lying above the wing would have the oppo
site, unfavorable, effect.
Application of the interference method at Ames resulted in a character
istically flat-topped configuration having no portion of the fuselage above
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the wing. The fuselage was typically a semicone, uniformly tapered and ex
tending from the nose to the trailing edge of the wing. The wings were
swept just within the shock cone of the fuselage and the tips were bent
sharply downward to provide some stability and to take greater advantage of
the pressure field of the fuselage.
Clarence Syvertson, it should be noted, had been an important contri
butor to hypersonic-flow research and it was in recognition of his outstand
ing achievements in this field that in 1957 the Institute of the Aeronautical
Sciences presented him with its Lawrence Sperry Award.
Complete Configurations. A number of interesting investigations
were made during the mid-1950's of complete configurations representing
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flyable aircraft. One such investigation, run in the 12-foot tunnel by a team
headed by George Edwards, was concerned with the aerodynamic problems
involved in the design of a large turboprop-powered, swept wing airplane of
the bomber or transport type. Although turbojet engines dominated the
aeronautical scene at this stage, there was still a great deal of interest in the
use of turbopropeller engines for long-range high-speed transports. But the
well-known peculiarities of swept wings combined with the disturbing effects
produced by the slipstreams of powerful turboprop tractor engines were ex
pected to generate many unpredictable stability and control problems.
Hence it was considered desirable to run tests on a powered model of what
Ames engineers considered a practical, perhaps an optimum, configuration
for such an airplane. A rather large amount of effort went into this study,
which was reported in TN 3789 and TN 3790. Ames engineers were later
reassured concerning the validity of their work when the Russians came out
with a turboprop transport, or bomber, which closely resembled the config
uration that had been found in the 12-foot tunnel to be optimum1 •
The movement of the wing toward the rear end of the fuselage ap
peared to be a trend in the design of supersonic aircraft. This trend arose
partly from an increase in the length and fineness ratio of the fuselage and
partly from a rearward movement of the center of gravity as the engines
were brought closer to the base of the fuselage. In a number of designs the
fuselage projected far in front of the wing but only a short distance behind.
The question then arose as to whether it would not be better to mount the
horizontal tail at the front end of the fuselage rather than, according to tra
dition, at the rear. At Ames, tail-first arrangements, known as "canard" con
figurations, were investigated extensively in the 6- by 6-foot tunnel and
other facilities. Such studies were said to have led to early conceptions of a
supersonic transport airplane. Major contributors in the canard investiga
tions were Victor Peterson, John Boyd, Gene Menees, and Charlie Hall. A
summary and analysis of the results of these studies are contained in RM
A58D24 (ref. B-43), "Effects of Canards on Airplane Performance and Sta
bility," by Charles F. Hall and John W. Boyd.
One of the important research and development programs undertaken
by the Ames Laboratory between 1954 and 1957 concerned boundary-layer
control (BLC) as actually applied to an F-86 airplane. The program,
jointly conducted by the 40- by 80-Foot Tunnel and the Flight Research
Sections, covered an investigation of three different kinds of boundary-layer
control: (1) boundary-layer removal by suction at the leading edge of the
wing, (2) boundary-layer removal by suction at the leading edge of the flap,
and (3) the use of a jet just ahead of the flap to energize the boundary
layer. All forms of BLC were intended to improve the landing characteris
1

Tupolev TU-20, otherwise known as "Bear."
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tics of the airplane and all were intended to exploit the air-pumping capac
ity of the jet engines which in landing is otherwise largely unused.
In the 40-by-80, where the BLC program was strongly led by Bill Har
per, details of the flow system were worked out through the use of a model
incorporating a jet engine and the actual wings of the F-86 airplane. The
design features thus developed were then applied to an actual F-86 airplane
and their performance was checked by flight tests. In the flight tests the
landing approach with and without BLC was evaluated by a number of Air
Force, Navy, contractor (North American), and NACA pilots.
The BLC program was of rather large magnitude. Its results are sum
marized in three technical reports. The work on leading-edge suction is re
ported in TN 1276 by Curt Holzhauser and Richard Bray; and the work on
flap suction in TR 1370 by Woodrow Cook, Seth Anderson, and George
Cooper. The work on the jet flap, perhaps the most practical arrangement,
is reported in TR 1369 (ref. B-44) by Mark Kelly, Seth Anderson, and
Robert Innis. Aside from the authors of these reports, there were many con
tributors to the program, including Jules Dods and Earl Watson who, as re
ported in RM A56C01, investigated the jet flap in the 7- by 10-foot wind
tunnel.
During this period, interest began to develop in airplanes having verti
cal takeoff and landing (VTOL) and short takeoff and landing (STOL)
capabilities. A number of investigations of VTOL or STOL devices
were made in the 40- by 80-foot tunnel. These devices included a full-scale
helicopter rotor, a wing having a propeller mounted in a circular hole cut
through the chord plane, and the McDonnell Model XV-I Convertiplane
which was a combination of helicopter and airplane.
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Propeller studies of limited scope continued during this period. In the
40-by-80, Vernon Rogalla and Paul Yaggy completed their study of once
per-revolution stresses that occur in tractor propeller blades operating in the
nonuniform flow field of a wing. This study is reported in TR 1295 au
thored by Rogalla, Yaggy, and John McCloud. Meanwhile work on the per
formance of supersonic propellers was continuing in the 12-foot tunnels
under the supervision of Fred Demele, William Otey, and Carl Kolbe. Rep
resentative work conducted by this team, a study of the effect of blunting
the trailing edge of a supersonic propeller, is contained in RM A55Jl2, au
thored by Demele and Kolbe.
By this time inlet design had developed into a rather sophisticated sci
ence. Many people, all over the country, had contributed to it. The prob
lems of inlet design had increased with the speed of airplanes. The main
inlet problem arose because the air received by the inlet had to be slowed
down 2 to subsonic speeds before it was delivered to the engine. The aim
was to accomplish the slowdown with a minimum of external disturbance
and a maximum of pressure recovery at the engine face. But it .was in the
slowing-down process that much of the inefficiency of supersonic inlets
arose. A supersonic airstream, unlike a subsonic airstream, does not slow
down gradually. It does so in one or more discrete steps in the form of com
pression shock waves and the final step, often the only step, from supersonic
to subsonic speed is always in the form of a shock, called a normal shock,
that lies directly across the flow. The remaining shock waves, if any, are of
the oblique variety.
The pressure rise through a compression shock is diminished by ther
modynamic losses which are a function of shock intensity-itself varying in
accordance with some moderately high power of the velocity drop across the
shock. The pressure diminution, or pressure loss, that results from a given
shock-induced slowdown in an airstream is thus less if the slowdown is ac
complished through a series of mild shocks rather than through a single in
tense normal shock. The ordinary scoop inlet, which operates on the basis of
a single normal shock, was known to incur pressure losses of several percent
at a Mach number of 1.6 and quite intolerable losses at higher Mach num
bers. It was clear that, for airplanes of higher speed than M 1.6, some way
had to be found to introduce additional, oblique shocks into the inlet air
stream.
The oblique shock represents the means by which a supersonic stream
changes direction, and it may be produced by enforcing a direction change
•Aeronautical engineers, through an odd mental quirk and perhaps through the conditioning
of wind-tunnel experience, always think of the airplane as standing still with the air flowing
past it.
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in the stream. Enforced turning, it was found, could be accomplished exter
nally (ahead of the inlet) by a system of cones or wedges, or internally, as in
the diffuser of a supersonic wind tunnel, by a contraction of the internal
flow passage of the inlet. The pressure loss of either system was low com
pared with that of a normal shock inlet, but the internal compression
(shock) system had two distinct advantages over the external compression
system-and these were of a kind which increased in value with Mach
number.
One advantage of the internal compression inlet was that it offered the
possibility of eliminating the external drag that unavoidably accompanies
an external compression inlet. The second advantage was that, since the di
rection change it produced was convergent rather than divergent, its overall
volume could possibly be made smaller. Unfortunately, the internal com
pression inlet, like a supersonic wind tunnel, required a variable geometry.
This feature, Emmet Mossman found, could be provided by incorporating a
translating centerbody. The resulting inlet operated on the basis of a combi
nation of external and internal compression (a combination of divergent
and convergent direction changes) and thus was no longer a pure internal
compression type. Nevertheless, it constituted an arrangement that was both
practical and efficient.
It was in the investigation of ideas such as those mentioned that a num
ber of men at Ames were engaged for many years. Representative work per
formed by this group during the current period is reported in RM A56F06
by Emmet Mossman and Frank Pfyl and in RM A55Fl6 (ref. B-45) by
Wallace Davis and Richard Scherrer. The latter report is a comprehensive
summary of inlet research conducted at Ames and elsewhere.

254

DYNAMIC STABILITY AND LOADS

Since wind-tunnel models required quite a firm mounting to withstand
air forces, the conventional wind tunnel had long been regarded as a rather
difficult means by which to study dynamic stability. Nevertheless, in such fa
cilities it had proved feasible to allow control surfaces, such as ailerons, a
degree of motion so their dynamic performance could be studied. Also, in
1949, the pitch damping characteristics of certain delta-wing configurations
had been investigated in the 6- by 6-foot tunnel through the use of spring
mounted models.
The scope of this work was narrow, however, and, with the develop
ment of new airplanes having widely different configurations and operating
ranges, the need for the adaptation of wind tunnels for dynamic testing
greatly increased. While theory was useful in predicting dynamic stability, a
method for obtaining confirming data in wind tunnels was needed. Two
groups of men at Ames undertook to solve this problem. Neither group at
tempted to change the basic wind tunnel-only the model-mounting system.
One group consisting of Henry Lessing, Tom Fryer, and Merrill Mead
developed a rather ingenious mounting system in which the model was
given two degrees of freedom (roll and yaw) and was forced to oscillate in
roll. This device, described in TN 3348, worked fairly well and was able to
provide reasonably reliable information on rolling derivatives as well as on
certain directional stability and damping in yaw parameters.
The second group working on the dynamic stability problems consisted
principally of one man, Benjamin Beam, who was ably supported by the
Wind Tunnel Instrument Research Branch. Beam's device, somewhat more
sophisticated and elaborate than that of the first group, allowed the model
freedom to roll, pitch, or yaw (any two in any one test) as excited by forced
oscillations about one of the three axes. The exciting oscillations were con
trolled by velocity feedback that permitted testing through ranges of vari
ables which, for practical reasons, could not be covered by the more
conventional types of oscillatory testing. The .processing of data from the
device was greatly simplified by the use of analog-computer elements in the
strain-gage circuitry. The system was designed primarily for the measure
ment of damping derivatives, in pitch, roll, and yaw, as well as of cross
derivatives, such as rolling moment due to yawing.
Beam's device, which he described in TR 1258 (ref. B--46), was first
used in the 12-foot tunnel and later in other tunnels. It provided advance
information on the dynamic stability of many new aircraft-even warheads
-and thus was extremely valuable. Some of the applications of the device
are reported in RM A55A28, RM A56104, and RM A58F09.
The analog computer was now also being used for dynamic stability
studies. In such use the computer actually simulated, or pictorially repro
duced through graphs, the motions of the airplane as affected by control mo
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tions, changes in control, stability or inertia parameters, or changes in flight
conditions (altitude, etc.) . To do this, the computer had first to be pro,
gramed with certain inputs including (1) the equations of motion; (2) the
basic stability derivatives or transfer functions of the airplane, separately
obtained; and (3) the calculated or measured changes in the transfer func~
tion as produced by those changes in control and stability parameters which
were to be investigated. Once the computer was set up, stability and control
problems could be studied easily, cheaply, and with no risk of life or prop
erty. An example of the use of the analog computer for dynamic stability
studies is given in RM A56H30 by Brent Creer. The nature of the study is
indicated by the title, "An Analog Computer Study of Several Stability Aug
mentation Schemes Designed to Alleviate Roll-Induced Instability." The
characteristics of the North American F-100 fighter were used in this inves
tigation.
During this period, as always, a number of studies were undertaken at
Ames on the subject of airloads. In RM A55C02, Perry Polentz, William
Page, and Lionel Levy of the 2- by 2-foot tunnel reported on a wind-tunnel
investigation at Mach numbers up to 0.9 of the unsteady normal-force char
acteristics of a series of 27 representative airfoil sections. Also, as reported in
TN 3346 and TN 3500, John DeYoung, aided by Walter Barling, continued
the span-load studies which he had begun years before. In the 6- by 6-foot
tunnel, Dave Reese undertook an investigation, reported in RM A55F01, of
the unsteady lift induced on a wing in the downwash field of an oscillating
canard control surface. This was another instance of the kind just men
tioned in which problems of dynamic stability or airloads were studied by
forced, or free, oscillations of a control surface.
Murray Tobak had by this time become quite well known for his theo
retical studies on the dynamics of airplanes and missiles. One of his contri
butions during this period was a study, reported in TN 3290, on the
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minimization of airplane response to random gusts. In addition to giving
mathematical descriptions of the responses of airplanes to gusts, Murray in
this paper considered the problem of minimizing the response and derived
the theoretical requirements of a compensating force system.
FLIGHT REsEARCH

Simulators. A new trend had begun in flight research. This movement
was toward the use of simulators for studying aircraft guidance and control
problems. The simulators were of two kinds: airborne and ground based.
Work on airborne simulators had actually begun several years earlier with
the development of the variable-stability airplane. The first variable-stabil
ity airplane was the propeller-driven F6F. The converted F6F had proved
very useful and a more modern airplane, the F-86 swept-wing jet fighter,
had then been converted for variable-stability work. It, also, proved very
useful. Ames' work with variable-stability airplanes was indeed respon
sible for the use of negative dihedral in Lockheed's sleek new double
sonic F-104 fighter. Negative dihedral had perhaps never before been
used in an airplane, and the concept of its use was quite foreign to the
thinking of airplane designers. It was therefore with considerable .astonish
ment that Kelly Johnson, Lockheed's chief designer, heard that an F-104
simulation at Ames had shown negative dihedral to be distinctly advanta
geous. He immediately dispatched Tony Lee Vier, Lockheed's crack test
pilot, to the Laboratory. Tony flew the variable-stability airplane and con
firmed the Ames finding. The upshot was that negative dihedral became one
of the distinctive features of Lockheed's outstanding F-104 airplane.
Other uses of the variable-stability airplane at Ames during this period
are reported by Walter McNeill and Brent Creer in RM A56C08, "A Sum
mary of Results Obtained During Flight Simulation of Several Aircraft Pro
totypes With Variable Stability Airplanes." Creer had been project engineer
in the conversion of the F-86 airplane with which much of the reported test
work was done.
Another flight simulator developed and used at Ames consisted of an
F-86 airplane in which a variable-control system had been installed. This
device allowed the test pilot to vary the dynamic characteristics of the air
plane's longitudinal control system over a wide range and thus to study such
factors as control feel, sensitivity, breakout force, and time constant. Re
search applications of the variable-control-system airplane are reported in
RM A57Ll0 by Norman McFadden, Frank Pauli, and Don Heinle.
The research story for the previous period (1950-1953) described the
tracking investigation made by Ames flight engineers with several airplanes
equipped with cameras and fixed gunsights. The next phase of this program
was to perform tracking tests with an F-86 airplane equipped with a gyro
mounted, electronically controlled, computing gunsight that would automati
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cally provide the proper "lead" on the target as dictated by its course, speed,
and distance. The accuracy with which a pilot could track a maneuvering
target airplane with this additional automatic element in the control system
was thus determined and reported by Burnett Gadeberg and George Rath
ert in RM A54Kl6.
A target airplane had always been used in the tracking tests at Ames,
but this practice created added trouble and expense and there was also some
danger of collision between the two airplanes. Ames engineers had become
so adept in their automatic-control-systems work that they felt it would be
possible to simulate the maneuvering target airplane with a special arrange
ment of equipment that could be carried in the tracking airplane. This sys
tem was duly developed and described by Brian Doolin, Allan Smith, and
Fred Drinkwater (pilot) in RM A55F20, "An Air-Borne Target Simulator
for Use in Optical-Sight Tracking Studies." The target airplane in this sim
ulation appeared as a moving spot of light on a glass screen in front of the
pilot's windshield. The system was very complex but it worked well except
that the spot of light which simulated the target airplane did not give the
forewarning of a turn that was provided by the banked wings of an actual
target airplane.
The target simulator developed by Ames engineers was shortly adapted
for simulations of the guidance of the radio-controlled Bull Pup missile that
the Navy had developed. This missile was designed to be air-launched and,
through a radio-control link, visually guided by the pilot to a ground target.
Since the Bull Pup guidance was a tracking job of sorts, it could be simu
lated quite readily through a modification of the. Ames tracking simulator.
The results were highly successful and the resulting simulator proved very
useful in training Navy pilots in Bull Pup missile operations. The Bull Pup
simulator and its use were described by Joe Douvillier, John Foster, and
Fred Drinkwater in RM A56G24 (ref. B-47), "An Airborne Simulator In
vestigation of the Accuracy of an Optical Track Command Missile Guid
ance System." Along the same line, Bill Kauffman, who had contributed
much to the simulator work at Ames, prepared a paper on "Flight Applica
tiOns of Target Simulator Principles" which was published in the Novem
ber 1955 issue of the lAS Aeronautical Engineering Review. For his flight
simulator work, Kauffman, in 1955, received from the Washington, D.C.,
Junior Chamber of Commerce the Chamber's ArthurS. Flemming Award.
The ground-based simulator studies at Ames began with a short investi
gation of the longitudinal stability and control characteristics to be expected
of the X-15 airplane as it traveled through the upper reaches of-essentially
out of-the sensible atmosphere. In this study, which was carried out by
Howard Matthews and Robert Merrick and reported in RM A56F07, a
pilot was incorporated in a closed-loop simulator which also included a sim
ple control panel, a control stick, and an analog computer programed to
represent the dynamics of the airplane. The control panel and control stick
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were mounted on a table in front of which the pilot sat. Thus the cockpit
representation was rather crude. Nevertheless, some useful information, in
cluding pilot's opinions, was obtained regarding the pilot's ability to con
trol the airplane as it departed from and returned to the earth's atmosphere.
Perhaps the next use of a ground-based simulator at Ames was in a
study, reported by Maurice White and Fred Drinkwater in RM A57D30, of
the approach speeds of carrier-based aircraft. The objective of the study was
to find out exactly what it was in the stability and control characteristics of
an airplane that caused a pilot to select a certain approach speed in a carrier
landing. Here again pilot opinion was a dominant element of the study and
the opinions of numerous pilots were elicited. The simulator was again of
the simplest kind, similar to the one used in the X-15 study, with a patch
work of gadgetry and the pilot sitting on a stool "flying" an airplane onto
a carrier deck. The airplane and carrier deck were represented in simulated
form on an oscilloscope screen. The simulations covered four of the Navy's
new jet fighters and the results obtained seemed to confirm the value of
ground-based flight simulators as a research tool. The validity of the simula
tor results was in this case confirmed by a flight program in which the carrier
approach handling characteristics of 41 different types of fighter airplanes
were obtained together with extensive pilot opinion data. The flight pro
gram was reported by Maurice White and Bernard Schlaff in RM A57Lll.
At this stage, ground-based flight simulators failed by a wide margin to
completely simulate the flight of an airplane and it seemed too much to ex
pect that complete simulations would be possible. It was clearly desirable to
simulate the important elements for each study-if one only knew what
they were. One obviously incorrect feature of the simulations was that the
pilot was sitting still and thus his voluntary and involuntary responses to the
motions and attitudes of the airplane in flight were not excited. This omis
sion perhaps had little effect in the carrier-approach studies where the simu
lated airplane was presumably in a long steady glide. But what if the prob
lem under study was that of pitchup, in which the motions of the airplane
not only provide the pilot with a cue for corrective action but throw him
around a bit? For such studies the pitching motion should certainly be rep
resented-but how? This was a problem of interest to Melvin Sadoff, who
had done so much work on the pitchup problem.
Mel found that unfortunately there was no simple inexpensive way to
incorporate even one degree of motion into a ground-based flight simulator.
He discovered, nevertheless, that it was possible to use a Link trainer to ob
tain certain empirical data on pilot response to pitching motion which
could later be used in analog studies of the pitchup phenomenon. This pro
cedure was followed in a study reported in RM A55D06, "A Method for
Evaluating the Loads and Controllability Aspects of the Pitch-Up Prob
lem," by Melvin Sadoff, Frederick H. Matteson, and C. Dewey Havill.
Shortly after this investigation was completed, there was undertaken at
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Ames a design study of a pitch-roll chair-a motion generator that could be
used in future simulator studies. This then was the beginning of the Labo
ratory's work on ground-based, piloted flight simulators.
Pilot Opinion. The interpretation of pilot opinion was clearly becom
ing increasingly important in flight research q:mducted either with airplanes
or with ground-based flight simulators. For a number of years George
Cooper had given considerable attention to this matter. To him, the prob
lem of obtaining consistent and useful data from a group of pilots had four
important elements. First was the formulation of the question-the choice of
the particular factor upon which pilot-opinion data were to be accumulated
and the elimination of all ambiguity with regard to the question. Second
was answering the question in words the meaning of which had been agreed
upon. A standardized rating system was required. Third was weighing the
answers of the pilot, taking into consideration his experience, adaptability,
and current duties. Fourth was the use of ground-based piloted flight simu
lators for comparison with flight so that the pilot could conveniently study
his own reactions in safety and could also evaluate the importance of what
had been left out of the simulation. A much more complete description of
George's thoughts in these matters is contained in his paper "Understand
ing and Interpreting Pilot Opinion" (ref. B-48) which in March 1957 was
published in the lAS Engineering Review. A notable contribution con
tained in this paper was Cooper's Pilot Opinion Rating Scale, which became
widely accepted as a standard in flight-research circles.
George Cooper, a quiet competent individual and an excellent engi
neering test pilot, was much liked and highly respected by his colleagues.
They felt that Cooper, because of his unassuming character, had never re
ceived the credit he deserved and pointed out that back in 1948-1949, while
the heroic, much lionized pilots of the X-1 were occasionally breaking the
sound barrier at Muroc, he and Rudy Van Dyke at Ames were doing it
twice a day in an F-86 without any publicity whatsoever. George's fine work
received official recognition in 1954, when he won both the Octave Chanute
and the ArthurS. Flemming Awards.
Automatic Systems. Work on automatic control systems for aircraft
continued at a good pace during this period. A fairly large part of this effort
had to do with the optimization of systems used for guidance of missiles and
automatically controlled interceptors. The missile-system studies can per
haps be represented by two investigations: one was covered in a paper by
Marvin Shinbrot entitled "Optimization of Time-Varying Linear Systems
with Non Stationary Inputs," published in the ASME journal, volume 80,
No.2; and the other was presented in RM A55Ell, "Application of Statisti
cal Theory to Beam-Rider Guidance in the Presence of Noise. 1-Wiener
Filter Theory," by Elwood Stewart. This paper was an important first appli
cation of Wiener's filter theory to the elimination of certain spurious radar
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signals, called "noise" or "glint," which often caused serious, if not com
pletely defeating, errors in missile guidance systems.
Ames research on automatic interceptor systems during this period is
well represented by two studies. One of these was carried out by Stanley
Schmidt and William Triplett and reported in TN 3387, "Use of Non-Lin
earities to Compensate the Effects of a Rate-Limited Servo on the Response
of an Automatically Controlled Aircraft." The other study was reported by
Bill Triplett and Francis Hom in RM A57D09, "Flight Tests of an Auto
matic Interceptor System with a Tracking Radar Modified To Minimize the
Interaction between Antenna and Interceptor Motions." It can be said that
Bill Triplett's contributions in this area of research at Ames had become
very large and extremely important.
Dynamic Response. Investigations of the dynamic response of air
planes were also carried on during this period. Of particular note was a
study undertaken jointly by Ames and the High Speed Flight Station at Ed
wards. This study, carried out by Henry Cole, Stuart Brown, and Euclid
Holleman (of HSFS), was reported in TR 1330 (ref. B-49), "Experimen
tal and Predicted Longitudinal and Lateral-Directional Response Character
istics of a Large Flexible 35° Swept-Wing Airplane at an Altitude of 35,000
Feet." The airplane in this case was a B-47 which had been very thoroughly
instrumented to measure the dynamic response of various parts of the air
plane structure to excitation in the form of pulsed control motions. The
measured response motions of the aircraft were converted to frequency re
sponse and transfer functions, which were compared with analytically pre
dicted values. The study was of particular interest because it gave an insight
into the dynamic problems of the highly flexible bomber and transport air
planes then being built.
BouNDARY LAYER, SKIN FRICTION, AND AERoDYNAMIC HEATING

The boundary layer, that thin reaction zone between an airplane and
its external environment, had always been of interest to aerodynamicists and
airplane designers. At first the interest lay mainly in its potentialities for
causing flow separation with accompanying loss of lift and high-pressure
drag. Soon it had assumed additional importance as a result of its effect on
skin friction. More recently, the boundary layer had acquired an extremely
important new meaning relating to its effect on aerodynamic heating; and
now great significance was being attached to its chemistry and thermochemi
cal reactions with the aircraft. Inasmuch as the significance of none of the
earlier interests had lessened in any large degree, the overall importance of
the boundary layer had now reached impressive proportions. It is not sur
prising therefore that, during this period, the boundary layer and its related
influences were important items for study at the Ames Laboratory.
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In an interesting investigation made in the supersonic free-flight tun
nel, Carlton James, as reported in TN 4235, demonstrated again that the
boundary layer did not change suddenly from laminar to turbulent, but
rather did so through an intermediate series of bursts of turbulent flow. The
same boundary-layer transition characteristic was found in the 12-foot tun
nel where, as mentioned in RM A56G17, Fred Boltz and his partners were
able to detect transition by means of a microphone. Another significant
study of boundary-layer transition, on a body of revolution, was made in the
supersonic free-flight tunnel by James Jedlicka, Max Wilkins, and A1 Seiff
(TN 3342).
Meanwhile, Dean Chapman was continuing studies, begun years ear
lier, of separated flows. In TR 1356 (ref. B-50), Dean, together with Donald
Kuehn and Howard Larson, presented the results of an investigation of the
effect of the location of the transition point on the character of separated
flows. Chapman also, as described in TN 3792, made a theoretical analysis of
heat transfer in regions of separated flow.
As much of the heating of an airplane’s surface was known to be caused
by the viscous frictional forces of the boundary layer, considerable effort was
spent at Ames on the difficult technique of actually measuring the skin-fric
tion force on an isolated surface element by means of a cleverly designed,
extremely delicate balance. This notable work was performed by Donald
Smith and John Walker of the 12-foot tunnel and reported in TN 4231
(ref. B-51).
The problem of predicting the rate of heat transfer from the boundary
layer to a body as affected by Mach number and body-wall temperature was
made much easier by an extremely useful report, TN 4236 (ref. B-52),
turned out by Thorval Tendeland late in this period. Earlier, a team com
prising Glen Goodwin, Marc Creager, and Ernest Winkler had, in the old
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6-inch heat-transfer tunnel, investigated the local heat-transfer and pressure
drag characteristics of a yawed circular cylinder, representing the blunt
leading edge of a swept wing. It was well known then that the heat transfer
to sharp leading edges was so intense that the edges would quickly melt off
-better, it was felt, to make them blunt to start with. Sweep could then be
used to reduce the drag penalty caused by blunting as well as to further re
duce aerodynamic heating. This investigation, by Goodwin, Creager, and
Winkler, was reported in RM A55H3l and is said by Ames engineers to
have significantly influenced the design of the X-15 hypersonic research air
plane. In an extension of the study, reported in TN 4142, Marc Creager in
vestigated the heat-transfer and pressure distributions over flat plates (repre
senting wings) with blunt, swept-back leading edges. This TN, one of a se
ries of reports by Creager on similar configurations, was the first to issue
from the new 8-inch low-density tunnel and contains a description of that
facility.
Although the heating of the wings of airplanes represented a very diffi
cult problem, it was less critical than the heating of the blunt noses of ballis
tic missiles or of spacecraft returning from extra-atmospheric flight. The
problem of the ballistic missile was all the more difficult because the flow
pattern about the blunt nose of such a vehicle was extremely complex and
did not lend itself to theoretical treatment. Indeed, the "blunt-body prob
lem" was one over which theoretical aerodynamicists throughout the coun
try lost considerable sleep. They could thank Harvey Allen for that. Much
credit, then, is due to a team composed of Al Eggers, Fred Hansen, and Ber
nard Cunningham, who were able to develop an approximate theory for
predicting the rate of heat transfer to the stagnation region of blunt bodies.
This analysis was reported in TN 4229.
The supersonic free-flight tunnel had proved to be a very fine instru
ment for investigating the boundary layer, skin friction, heating, and stabil
ity of missiles, but achievable Mach numbers were still too low to simulate
ballistic-missile conditions fully. Nevertheless, a large number of studies re
lating to ballistic missiles were thade in the facility. Among these investiga
tions was a study of the boundary-layer-transition characteristics of high
drag bodies of revolution, which was reported in RM A56I05 by Alvin Seiff,
Simon Sommer, and Thomas Canning. There was also a very important
study by Si Sommer and Barbara Short of turbulent skin friction in the
presence of severe aerodynamic heating at Mach numbers up to 7 .0. This
study was described in TN 3391 (ref. B-53).
Another very significant study in the SSFF tunnel, reported in RM
A57C25 (ref. B-54) by Tom Canning and Si Sommer, was an investigation
of boundary-layer transition on flat-faced bodies of revolution at Mach num
bers up to 9.0. The results related directly to the design of blunt-nosed ballis
tic missiles and spacecraft. Allen and Eggers had shown that the heating of
ballistic-missile warheads could be reduced by making them blunt, thus in
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creasing their pressure drag and bow-shock-wave strength. It was also clear
that the heating could be reduced by lowering the skin friction, and one im
portant way of doing this was to induce the boundary layer to remain lami
nar. The nose of the warhead obviously had to be blunt, but was it possible
that the maintenance of a laminar boundary layer would be favored by one
form of bluntness over some other? The tests reported by Seiff et al. in RM
A56I05 had not been very encouraging with regard to the expectation of ob
taining much laminar flow over some forms (round-nosed cones) of blunt
body. But perhaps, if the blunt nose was absolutely flat, like the top of a
fencepost, or nearly flat, laminar flow might be achieved, and heating re
duced, over the whole flat face. This was what Sommer and Canning ac
tually found and reported in RM A57C25.
The prototype version of the atmosphere-entry simulator was put into
operation early in 1957; the first research investigation made in it involved
tests of copper-clad flat-faced cylindrical test models that were launched by
means of the single-stage shock-compression gun at speeds of 14,000 feet per
second. The tests were of limited scope; however, spectroscopic measure
ments of the glowing wake were made, and the models were recovered and
examined for erosion or loss of material from the front face. The results,
though not overly significant, did nevertheless have some bearing on the de
sign of IRBM nose cones. They also confirmed the feasibility of the AES
test method. The study was carried out by Stanford Neice, James Carson,
and Bernard Cunningham and was reported in RM A57I26.
Earlier findings had suggested that the first step to be taken in minimiz
ing the aerodynamic heating of a hypervelocity vehicle was to choose the
right nose shape. The use of the best temperature-resistant high-strength
materials was likewise obvious. Some heat could also be dissipated from the
body by radiation to outer space but, since radiation varies as the fourth
power of the temperature, it appeared that the body would not become a
very effective radiator until surface temperatures rose beyond the endurance
of most structural materials. Thus as speeds and heating increased, resort
had to be taken to artificial cooling methods. It was recognized that a cool
ing fluid could be circulated within the body or extruded into the boundary
layer through pores or small openings in the surface of the body. The latter
method was called transpiration, or sweat, cooling and, since it dissipated
material that had to be carried in the vehicle, it was also known as "mass
transfer" cooling.
Transpiration cooling, it was realized, could be very effective. First of
all, the cool transpired fluid carried off some of the body heat. Second, it
tended to insulate the body from the hot boundary layer; and third, it re
duced skin friction. There were, moreover, other beneficial effects of a more
subtle nature. The magnitude of these benefits depended greatly on the na
ture of the transpiration fluid. It could be air, of course, and also water.
Water was effective because it absorbed heat in changing to a gas. Aside
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from these two choices, the transpiration fluid could be one of the lighter
gases, such as helium or hydrogen, which had certain properties that were
suitable for the purpose.
At Ames, transpiration cooling became the subject of considerable at
tention. A typical report resulting from this work is RM A56D05 by Thor
val Tendeland and Arthur Okuno. This report provides experimental evi
dence of the effect of cool-air injection on the skin friction of a turbulent
boundary layer. Another example is TN 4149 by Morris Rubesin and Con
stantine Pappas, which contains a theoretical analysis of the effect on skin
friction and heat transfer of injecting either helium or hydrogen into a
turbulent boundary layer. The latter report shows that the injection of
helium and hydrogen, particularly of hydrogen, is several times as effective
in reducing both skin friction and heat transfer as the injection of air. It
thus indicated the advantage of using a cooling fluid of low molecular weight.
Of course the use of hydrogen is perhaps only a theoretical concept as it
would burn if used to cool the external surfaces of an air vehicle.
As the air in the boundary layer and behind the bow wave of a hyper
velocity body becomes heated, its thermo,dynamic and chemical properties
change. Properties such as thermal conductivity, heat capacity, and viscosity
vary with temperature and, as the temperature continues to rise, the two
atoms that make up a molecule of oxygen or nitrogen become so agitated
that they fly apart in a heat-absorbing chemical process called "dissociation."
Later, when the air begins to cool, they recombine, a process that generates
heat. If the temperature of the air rises much above the dissociation level,
the atoms themselves attain such violent motions that some of their elec
trons are torn loose and float freely within the body of gas; in this state, the
gas is called a "plasma." Inasmuch as the negatively charged electrons and
the positively charged nucleus of an atom are normally in electrical balance,
the removal of an electron leaves the remainder of the atom with a positive
charge. Thus a plasma, containing many separate positively and negatively
charged particles, is electrically conducting and subject to the influence of
magnetic fields.
It is understandable that the aerodynamicists and physicists at Ames
were now becoming very much interested in the properties of air at high
temperature and that they should seek to expand the knowledge on this sub
ject which was of limited extent, inaccurate, or nonexistent. One of the
major contributions in this field was made by Fred Hansen and reported
in TN 4150 (ref. B-55). In this report, Fred computed and tabulated eight
or more useful properties of air for temperatures ranging up to 15,000° Kel
vin. A somewhat more modest study on "Effects of Oxygen Recombination
on One-Dimensional Flow at High Mach Numbers" was made by Steve P.
Heims.
Another very interesting study, in a somewhat related field, was made
by Vernon Rossow (ref. B-56). Rossow examined theoretically the possi
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bility of reducing skin friction and heat transfer in a flow of plasma over a
flat plate by applying a transverse magnetic field. He concluded that the
skin-friction and heat-transfer rate could be reduced by this method; whether
or not the attempt to do so would be practicable was another matter.
BALLisTic AND BoosT-GLIDE VEHICLES

A fairly serious question had arisen at Ames regarding the aerodynamic
stability of the blunt-nosed configurations which Allen and Eggers had rec
ommended for the warheads of ballistic missiles. It was necessary for the
blunt and otherwise heat-protected face of the warhead to remain pointed
forward. Any wild oscillations or tumbling of the reentry body would affect
the aerodynamic heating and possibly also its trajectory and its internal
workings. Then too, the idea of a man-carrying ballistic missile had appeared
and human physical endurance placed another limit on the oscillations and
tumbling of a reentry body.
The subject of warhead stability was investigated both experimentally
and analytically. In the SSFF tunnel, as reported in RM SA57Kl8, the use
of a single-stage shock-compression gun made it possible to run dynamic-sta
bility tests at Mach numbers up to 15. The study covered by this report was
made by Simon Sommer and demonstrated the static stability of one specific
warhead design.
One of the early analytical approaches to the reentry stability problem
was reported by Harvey Allen in TN 4048, "Motions of a Ballistic Missile
Angularly Misaligned With the Flight Path Upon Entering the Atmosphere
and Its Effect on Aerodynamic Heating, Aerodynamic Loads and Miss Dis
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tance." A somewhat more thorough analysis, jointly undertaken by Murray
Tobak and Harvey Allen, was reported in TN 4275, "Dynamic Stability of
Vehicles Traversing Ascending or Descending Paths Through the Atmos
phere." These reports took into consideration the peculiar pseudo-stability
that a reentry vehicle acquires by virtue of the fact that the air density along
its path is continuously increasing. For an ascending vehicle, a pseudo
instability was evident.
At this time much interest had risen at Ames and elsewhere concern
ing the usefulness of rocket-launched man-carrying gliders for long-range
hypersonic Hight in the outer reaches ol'the atmosphere. NACA had under
taken discussions with the Air Force on the desirability of building an ex
perimental boost-glide vehicle as the next step beyond the X-15 in the re
search-airplane program. The Air Force was much interested because of the
military potentialities of such an aircraft; and, as 1957 ended, it was about
to initiate Project Dynasoar which called for the development of a world
girdling, man-carrying boost-guide vehicle.
Ames was already engaged in configuration studies for aircraft of the
boost-glide type. Notable examples of these studies are to be found in RM
A55E26, "Some Aspects of the Design of Hypersonic Boost-Glide Aircraft,"
by Alvin Seiff and H. Julian Allen, and the earlier mentioned RM A55L05,
"Aircraft Configurations Developing High Lift-Drag Ratios at High Super
sonic Speeds," by A. J. Eggers and Clarence A. Syvertson. Eggers and Syvert
son proposed some highly swept configurations the design of which was
based on elemental considerations of pressure-field interference and aero
dynamic heating.
For transporting weapons and people over long distances at high
speeds, there now appeared to be several possibilities: a ballistic missile with
nonlifting reentry body, a boost-glide vehicle, and, of course, the vastly
slower, but possibly more efficient, supersonic airplane. What was really
needed was a comparative systems study to evaluate the feasible range of ap
plication as well as the principal design and operating problems for each
type of vehicle. Such a study, at least as far as the basic elements of the sub
ject were concerned, was undertaken by Alfred Eggers, Harvey Allen, and
Stanford Neice and reported in TR 1382 (ref. B-57).
The study made by Eggers, Allen, and Neice, carried out during 1955
and 1956, was very timely and created much interest in aeronautical circles
throughout the country. It revealed a number of interesting facts. On an
efficiency basis, the study showed, the ballistic and boost-glide vehicles could
compete quite favorably with supersonic airplanes at ranges equal to or
greater than half the circumference of the earth. The study also showed that
while a ballistic vehicle, sufficiently blunt, could protect precious cargo from
the rigors of aerodynamic heating, such a vehicle would, nevertheless, have
some limitations as a human carrier owing to excessive reentry deceleration.
These limitations, however, which were shown to depend on reentry angle,
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would not apply at ranges equal to or greater than half the circumference of
the earth. Nor would they apply at very short ranges.
The boost-glide vehicle, it appeared, would have a number of advan
tages over the ballistic vehicle. Its lifting ability and high lift-drag ratio
(L/D) would allow it to achieve a greater range than the ballistic vehicle
for a given initial boost velocity. Also the boost-glide vehicle could control
its flight-path angle and thus its heating rate; its maneuverability in landing
was regarded as an obvious additional advantage. It was found, however,
that the benefit of lift in increasing the range of the boost-glide vehicle
would tend to disappear at ranges approximating the circumference of the
earth. At such ranges, owing to the near-satellite speeds involved, lift would
lose significance as its role was taken over by centrifugal force. Clearly, with
just a little more speed, the vehicle would be in orbit and its range would
then no longer be dependent on lift or, for that matter, on drag.
The boost-glide vehicle, it was pointed out, could remain in the atmos
phere or be boosted beyond the atmosphere later to return. For flight
within the atmosphere, low drag, high LfD, and minimal aerodynamic heat
ing were obviously desirable conditions. These conditions, it was felt, could
best be achieved with a wing having blunt, highly swept leading edges. Of
course, even with a blunt and swept leading edge, the wing would get very
hot; but the heating could be minimized by controlling the rate of descent,
and the same method could be used to provide time for a large part of the
vehicle's heat burden to be dissipated by radiation into the surrounding sky.
Seiff and Allen, in RM A55E26, looked into the radiation matter and
calculated the wing equilibrium temperatures that would obtain when the
convective heat input and the radiative heat output were in balance. They
found that, for a blunt-nosed, highly swept wing, at a Mach number of 7 and
an altitude of 120,000 feet, the equilibrium temperature of the leading edge
would be about 2000° F. The remainder of the wing would be cooler. The
upper surface would have an average temperature of about 700° F. and the
lower surface 1400° F if the flow were laminar and 1900° F if it were turbu
lent. The higher temperatures found on the lower surface resulted largely,
of course, from increased friction arising from the higher air pressure ap
plied to that surface as part of the lifting process.
The importance of Allen's blunt-nose principle was now being recog
nized and his other major contributions to the development of hyperveloc
ity vehicles were also widely appreciated. In 1955 he received the Sylvanus
Albert Reed Award of the Institute of the Aeronautical Sciences and in
1957 he was awarded NACA's Distinguished Service Medal. Allen was also
honored by being invited to present the prestigious Wright Brothers Lec
ture in Washington, D.C., on December 17, 1957, the 54th anniversary of the
Wright Brothers' first flight. The subject of the paper (ref. B-58) that he
presented on that occasion was "Hypersonic Flight and the Re-Entry Prob
lem."
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It was clear that the work of the Laboratory, in terms of speed and alti
tude, was reaching out to the very edge of space. Indeed, by the end of 1957,
rather serious consideration was being given to the problems of space flight.
One of the first studies of this kind to be carried out at Ames was made by
Fred Hansen in 1956 and reported in TN 3962 (ref. B-59) . Fred was con
cerned with the heating and resulting erosion of the surfaces of space vehi
cles as they reentered the earth's atmosphere at speeds up to the escape ve
locity of 37,000 feet per second. Facilities in which tests at such speeds could
be made were unavailable, but Fred recognized that in nature such tests
were, in effect, being made continuously. He felt that, through the study of
meteor flight and meteor trails, much could be learned that would apply to
the problem of returning spacecraft. Fred's study was of limited scope, but it
represented an interesting concept and produced some useful results.
Some time later, another subject relating to meteors and spacecraft be
came of interest. A question had arisen as to the extent and nature of the
damage to the skin and structure of spacecraft when struck by the small me
teoroids which in great numbers whiz through space. Although usually tiny,
these meteoroids, because of their tremendous speed (from 7 to 50 miles per
second) , might well do a lot of damage. There was in fact very little infor
mation available on the character of the crater that would be formed from
the impact of an object traveling at such speeds. However, the light-gas guns
and ballistic ranges developed at Ames offered a means for an introductory
investigation of this interesting physical phenomenon. Bullets of any desired
shape or composition could be fired into targets of any selected material at
speeds up to about 20,000 feet per second. Such test speeds were far from
meteor speeds but were the best that could be achieved at the moment. Such
a study was undertaken by Alex Charters and G. S. Locke and reported in
RM A58B26. In this investigation, which was of limited scope, small spheres
made of a variety of metals were fired into targets composed of either copper
or lead. Some effort was made to correlate the observed cratering with im
pact theory. Obviously the whole subject had only been scratched.
Although many-perhaps half-of the Laboratory's recent projects had
in some degree been related to space flight, the two just mentioned were
among the few that dealt exclusively with the subject. The pace of space re
search was quickening, however, and it acquired additional impetus from the
launchings of Sputniks I and II.

*

*

*

One might at this time reflect with some amazement on the rapid in
crease in man's speed of travel. In the 42 years of aeronautical history prior
to the end of World War II, man had achieved a speed of travel of about
650 miles per hour. In the 12 years following World War II, his pace had
tripled and at this increasing rate could be expected to grow fivefold or
more in the next five years. Truly we were living in a new world of speed.
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ALTHOUGH both the United States and the Soviet Union had in 1955
fiannounced plans for launching satellites, the appearance of Sputnik I
on October 4 and of Sputnik II on November 3, 1957, came as a tremendous
shock to much of the civilized world. A door now opened on new vistas
for man's exploration, a new and inviting frontier lay open to world scien
tists and engineers, and the human spirit was quickened by the realization
that man had suddenly acquired the power to escape from his planet.
Cutting briskly through dreams of grandeur came sobering thoughts of
where the Sputnik launchings placed us vis-a-vis the Russians. Sputniks I
and II revealed that the capacity of Russian rockets was far beyond anything
we had or were likely to have for years to come. And their techniques for
the launching and control of large rockets were clearly also far advanced. In
meeting this challenge there was no time to lose.
Confronted with this combination of spiritually inspiring and competi
tively stimulating prospects, the American people required no further con
vincing that a major space-research effort, costly though it would assuredly
be, should promptly be undertaken. The only . questions were: of what
should the effort be composed and by whom should it be administered?
The space-research operation was a tempting plum for any organiza
tion: scientific, military, or political. It offered much of sound scientific in
terest but also glamour, glory, and not least of all, power. It is not surprising
therefore that many organizations reached out to share in, if not to domi
nate, the operation. The like had not often been seen of the scrambling,
infighting, behind-the-scenes campaigning, and political scheming by which
Government agencies and their various supporters sought to influence the
trend of events.
Each agency claiming a share in the space program marshaled its argu
ments as best it could. One of the major contenders for the privilege of run
ning the space show was the Department of Defense; indeed, each of the
three services appeared willing to take on the job individually and each was
competing with the other two services as well as with the civilian interests.
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The Navy, of course, was already heavily involved in the Vanguard satellite
project. The Army had perhaps given earlier and more thought to the design
of satellites than had either of the other two services. The Air Force was
building the rocket motors most likely to be used in a space program, was in
command of the Atlantic Missile Range, and was perhaps the most aggres
sive and powerful and certainly not the least ambitious of the three services.
On the civilian side, the National Academy of Sciences under whose
IGY Committee the Vanguard project had been organized had a serious in
terest in any national space program and, together with the American
Rocket Society, gave evidence that it favored the establishment of a
new civilian-oriented national space research agency. President Eisenhower,
in founding the American IGY satellite project, had indicated a desire to
avoid the militarization of space and had shown some concern over the pos
sible adverse reaction of other countries to an American satellite launched
by the military with a ballistic-missile rocket.
Other civilian agencies interested in sharing in or controlling the Na
tion's space effort were the Atomic Energy Commission and NACA. AEC's
chief qualification for the job seemed to lie in its experience in managing
big projects and in its control of promising sources of power for future
spacecraft. It also enjoyed the strong backing of Senator Clinton Anderson
and the Joint Committee on Atomic Energy. Many of the NACA staff be
lieved that their organization was best qualified and equipped to take the
lead in space research. Moreover, they felt that since space research was a
logical extension of NACA's current work, the organization's future would
be dim indeed if it was not allowed an important share in the new enter
prise. But NACA management appreciated that the challenge of space was
large and to meet it would require a diversity of talents. Accordingly, in
January 1958 Dr. Dryden, speaking for NACA, proposed that the Nation's
space program be jointly undertaken by DOD, NACA, the National Acad
emy of Sciences, and the National Science Foundation together with the
universities, research institutions, and industry of the Nation.
Despite the powerful sales efforts of the military, the predominating
feeling seemed to be that, aside from such few military applications of space
vehicles as seemed likely to develop, the majority of the Nation's space pro
grams would be scientifically oriented and thus might best be controlled by
a civilian agency. President Eisenhower's recently reconstituted Scientific
Advisory Committee seemed to share this belief.
The military, however, had by no means given up. Early in 1958 DOD
formed the Advanced Research Projects Agency (ARPA) to manage the
military, and hopefully the Nation's, space research program. It was noted
that while the head and many of the staff of ARPA were civilians, the agen
cies that would carry out ARP A's programs were our old friends, the Army,
the Navy, and the Air Force. ARPA appeared to be a possible means for
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curbing the rampant space rivalry of the individual military services. In any
case, ARPA received the endorsement of President Eisenhower and moved
ahead with great alacrity.
Space organizational matters had reached something of a climax and a
feeling of uneasiness was prevalent in civilian circles. DOD was off and run
ning with the ball while other fronts appeared disappointingly quiet. But
the multitudinous forces involved, though exceedingly diverse, did have a
prevailing direction and decision-making action began to take place. This ac
tion became definitive when, on March 5, 1958, President Eisenhower ap
proved the recommendation of his Advisory Committee on Government Or
ganization that the "leadership of the civil space effort be lodged in a
strengthened and redesigned National Advisory Committee for Aeronau
tics." It became still more definitive when, on April 2, draft legislation estab
lishing a new National Aeronautics and Space Administration, using NACA
as a nucleus, was sent to Congress. The act establishing NASA, known as the
National Aeronautics and Space Act of 1958, was passed by the Congress
and signed by President Eisenhower on July 29, 1958. The conversion of
NACA to NASA was to take place in 90 days or sooner if appropriately pro
claimed by NASA's appointed Administrator.
Throughout all of these proceedings, the members of the NACA re
search staff were very enthusiastic about the prospects of undertaking space
research and very keen to have their organization take the lead in the space
effort. Thus they were generally elated with the final outcome yet, at the
same time, somewhat apprehensive over their own future and that of
NACA. They were all dimly aware that mighty changes were at hand.
NACA had begun action to assume its expected space role well before the
Space Act was passed. It had in November 1957 authorized the establish
ment of a new space technology committee to plan a space research pro
gram. At about the same time it initiated plans for a revision of its Head
quarters organization to accommodate space-research requirements. By the
time the Space Act was passed, action on both of these matters was well ad
vanced.
The dawning of 1958 at the laboratories found their members operat
ing in a bittersweet atmosphere of sadness and elation. The end of a com
fortable, if somewhat impoverished, old NACA appeared to be in sight; yet
future prospects, though uncertain, were most exciting. Clearly the pattern
of operation of the Laboratory was in for a major change: things would
never be the same again. But change is a basic ingredient of research and
the year's work was undertaken with zest. The general excitement of the
times was heightened with the launching of the U.S. Explorer I satellite on
January 31, 1958, and Explorer III on March 26, 1958. However, Sputnik
III was put into orbit on May 15, 1958, and the space race, though not
officially acknowledged, became nevertheless a matter of pressing reality.
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People and Events

INCE major changes in NACA were expected shortly, the Ames or
ganization during this period was left largely as it had been. For
the most part, changes were limited to those necessitated by staff resig
nations. The ferment of the times was such, in 1958, as to encourage re
search people to feel that rich opportunities might exist elsewhere. A
group composed of Jack Stalder, Morris Rubesin, Jack Nielsen, and
Wallace Davis left the Laboratory in June to form a private research
and consulting firm. This departure represented a severe blow to Ames
because all these men had demonstrated a high degree of competence and
originality in aeronautical research.
Jack Stalder, though a solid hardheaded engineer, had exhibited far
sightedness in research planning that put him at the disadvantage of appear
ing ahead of his time. Actually he was not ahead of it-only in the lead
and his judgments, though advanced, were sound. Morris Rubesin had dem
onstrated rare originality in his theoretical heat-transfer research, and Jack
Nielsen had shown solid competence in dealing with the theory of aerody
namic wing-body interference. Wallace Davis was respected not only for his
important contributions in the field of supersonic inlets but also for his man
agerial abilities, demonstrated as head of the group of sophisticated scien
tist-engineers who individually had, by uncertain circumstance, gravitated
to the 1- by 3-Foot Tunnel Section.
After the departure of Stalder and his coconspirators, the 1- by 3-foot
tunnel group was put under Richard Scherrer and the 2- by 2-foot tunnel
group under Perry Polentz. Both groups were classified as sections and were
incorporated into a new Fluid Mechanics Branch of which Bradford Wick
was appointed Chief. In a somewhat similar fashion the sections operating
the low-density and the heat-.transfer tunnels were completely integrated to
form a new Low-Density and Heat-Transfer Wind Tunnels Branch which
was placed under the command of Glen Goodwin.
Another serious loss to Ames during 1958 was the resignation in Octo
ber of Milton Van Dyke, an original and highly ta:lented mathematician. He
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left Ames to join the faculty of Stanford University, after completing some
outstanding work on the blunt-nose problem. Also in October, Donald
Wood, in ill health, relinquished his position as Chief of the Theoretical
and Applied Research Division (TARD) and was made Technical Assistant
to the Associate Director. Robert Crane, who had been Assistant Chief of
T ARD under Wood, moved up to fill the gap that Wood left.
In March 1958 there was a noteworthy technical conference on "High
Speed Aerodynamics," and in July what appeared might be the final Ames
Inspection was held. Both events emphasized the space-related research that
had been underway in NACA and together gave convincing evidence of
NACA's qualifications for leading the Nation's space research effort. The
Science Trophy of the Air Force Association in 1958 was presented to
Harvey Allen for his conception of the blunt-nose principle and its applica
tion to the design of reentry bodies.
None of the supporting activities at Ames bore a more intimate rela
tionship to the principal function of the Laboratory than did the work of
the Instrument Research Division. The intimacy, indeed, was all the more
apparent as instrument development at Ames often partook of the nature of
research. The instruments developed were generally the product of a close
collaboration between representatives of instrument and aeronautical re
search groups. The general purpose of the developed instruments was to fa
cilitate the quantitative determination of physical phenomena of interest in
the experimental research carried on by the Laboratory. As the aeronautical
research of the Laboratory became more complex, so also did the task of the
instrument research man. Never-ending pressure was placed on him to pro
duce smaller and more reliable instruments which more rapidly and accu
rately would measure a wider variety of physical phenomena under more ad
verse conditions. The challenge was tremendous.
Instrument work at Ames was initiated in 194~ by James Kelley who
for many years had done similar work at Langley. Kelley's efforts were soon
augmented by those of Howard Kirschbaum. In 1943, Kirschbaum was put
in charge of an Instrument Development Section which was shortly incorpo
rated into a new Service Division headed by James White-another Langley
emigre. White's group in 1953 became the Research Instrumentation and
Engineering Services Division, of which Jeff Buck was appointed Assistant
Chief. In 1955 the Engineering Services Division was split off under .Jeff
Buck, leaving Jim White in charge of a newly constituted Instrument Re
search Division. Of this Division, Howard Kirschbaum was made Executive
Engineer.
By the time the new Instrument Research Division had been created,
the scope of instrument development had so expanded that considerable
specialization was necessary. Inasmuch as there had always been a dissimi
larity between the instruments required for flight research and those re
quired for wind-tunnel research, it was natural that there should, within the
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Instrument Research Division, be formed a Flight Instrument Research
Branch and a Wind Tunnel Instrument Research Branch. There were also
created a Mechanical Instrument Branch under Jim Kelley and an Elec
tronic Instrument Branch under Leonard Fairfield to deal with the con
struction, calibration, maintenance, and installation of the instruments con
ceived by the two instrument research branches.
Dr. G. Allan Smith was made Chief of the Flight Instrument Research
Branch, with Taft Wrathall, an oldtimer in instrument work at Ames, as his
assistant. Taft resigned soon after his appointment and his position was
filled by John Foster. The task confronting Smith and Foster became in
creasingly difficult as flight research moved into areas of greater sophistica
tion. The two men, in meeting this challenge, made major contributions to
the development of variable-stability airplanes and also to the development
of the specialized equipment required for studies of tracking, target simula
tion, and automatic control.
The development of wind-tunnel instrumentation was an activity which
grew in complexity and volume, and before the end of 1958 represented a
rather large part of the total instrument development effort. Wind-tunnel
instrument development work was originally carried out by Howard Kirsch
baum, who later was aided by Taft Wrathall and John Dimeff. When the
new Instrument Research Division was formed, John Dimeff was made
Chief, and William Kerwin, Assistant Chief, of the Wind Tunnel Instrument
Research Branch that was created within the Division.
In the early days of the Ames Laboratory, wind-tunnel instrumentation
was fairly simple. Wind-tunnel models and their heavy supporting systems
were mounted on several large scales, the individual readings of which
could be taken by eye or printed on a paper tape. Pressure distributions
were measured by huge banks of liquid manometer tubes which were photo
graphed at appropriate intervals. The task of working up the data from such
instrumentation required much human labor and was very tedious.
Around 1942 the electrical resistance wire strain gage reached a useful
stage of development. This small device proved to have great utility in the
measurement of the hinge moments of control surfaces or the bending
stresses occurring in the wings or tails of airplanes or airplane models. The
response of the wire strain gage was very fast but could readily be followed
by the galvanometer elements of the multichannel oscillograph which had
recently come into use. It was not long before wire strain gages were being
used in a new type of "strain-gage balance" capable of measuring, simultane
ously, all six of the force and moment components applied by the airstream to
a wind-tunnel model. The strain-gage balance was so small that it could be
mounted entirely within the test model. Its development permitted the
elimination of the conventional bulky support struts which, as wind-tunnel
speeds increased, had become an intolerable nuisance. The support system
that now came into vogue was composed of a single shaft, or sting, which
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entered the model from the rear and was attached firmly to the strain-gage
balance. Liquid multiple manometers continued to be used for a while but
later were largely replaced by tiny pressure cells which generated an electric
current pattern that could be recorded with an oscillograph or displayed on
the face of a cathode-ray oscilloscope.
Most wind-tunnel measurements now appeared as electric currents or
voltages, and this circumstance led to the mechanization of data handling
and workup. It was shortly found that the output of the wind-tunnel hal-

Internal strain-gage balance.
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ances could be transferred directly to punched cards or punched paper tape
which later could be fed, for data workup, into one of the new electronic
computers then coming into use. Still later, as mentioned in an earlier sec
tion, the wind-tunnel signals were transmitted through wires directly to the
computer with no intermediate card system. The wind-tunnel data, having
been converted to coefficient form by the computer, were retransmitted to
the wind tunnel and automatically plotted. With this so-called "on-line" sys
tem it was possible for the wind-tunnel operator to watch the data being
plotted as the test proceeded and to alter his test plan as necessary.
The problems facing John Dimeff and his staff became an order of mag
nitude more difficult with the development at Ames of low-density and
high-temperature wind tunnels and intermittent-flow facilities such as the
SSFF tunnel and the gun ranges. X-ray and other techniques were devised
for investigating low-pressure flows, while schlieren and interferometric
methods were developed for qualitative and quantitative airflow studies at
higher pressures. Also, a requirement had recently developed for radiometric
equipment with which to analyze the glowing wakes of high-velocity test
models. The Wind Tunnel Instrument Research Branch had; moreover,
been involved in the development of the highly specialized and extremely
precise instrumentation required for the facilities in which models were
launched by means of guns. It also had collaborated with Ben Beam of the
12-foot tunnel in the development of his famous dynamic-stability balance
and with Don Smith of the same tunnel in the development of a supersensi
tive balance for the direct measurement of skin friction.
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RANGES AND SHOCK TUNNELS

1958 the atmosphere-entry simulator and the pressure range
D URING
were completed and put into operation. The simulator was one
of the principal displays at the inspection in July. The main range, which
had been completed late in 1957, was also put into service in 1958 but
for a time was used principally for gun-improvement studies. Meanwhile
the development work on shock tunnels was continuing. In the 10- by 14
Inch Tunnel Branch, a team comprising B~rnie Cunningham, Fred Han
sen, Sam Kraus, and Charles Hermach was giving attention to a tunnel
in which fixed models could be tested in a high-energy airflow for reasonably
long (100-millisecond) periods of time. At the same time Tom Canning
and his colleagues in the SSFF tunnel were developing a shock tunnel,
capable of producing flows of modest speed (6000 fps) but relatively
high density, for use in counterflow arrangement with a shock-driven
light-gas gun. One such arrangement, called the pilot hypervelocity free
flight facility, was completed in 1958 and used for investigating the radiation
from the glowing wakes of aerodynamically heated test bodies. Radiation
studies of this kind were, indeed, the intended function of the facility.
The pilot hypersonic free-flight facility was a modest pioneering sort of
device built "on a shoestring" at a cost of less than $30,000. It used a two
stage shock-driven light-gas gun, capable of launching small models at
speeds of about 20,000 feet per second, and a shock tunnel that produced air
(any gas) speeds of about 5500 feet per second. The relative speed was ap
proximately 25,000 feet per second, which equaled the reentry speed of an
earth satellite. The available Reynolds numbers also covered the satellite re
entry conditions fairly well except in the low-altitude portion of the flight
trajectory. Heating conditions as determined by stagnation tempe~atures at
the nose of the reentry vehicle, and density or Reynolds number, were also
fairly well represented in the new facility.
The nose-stagnation temperature of a model in a test facility is largely
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determined by initial air temperature (preheating) and relative velocity. It
may also be thought of in terms of the thermal-energy content of the air
under nose-stagnation conditions. The thermal content of the air, in Btu's
per pound, has been given the name "enthalpy." Thus for proper simulation
of aerodynamic heating, the stagnation enthalpy and the air density or Reyn
olds number obtaining in flight must be reproduced in the test facility.
What then were the flight-stagnation enthalpies and Reynolds numbers to
be matched in the new test facilities at Ames? Approximate flight enthalpies
for cases of particular interest are:
Btu/lb

(1)
(2)
(3)
(4)

Reentering ballistic missile warhead ______________
Returning earth satellite ______________________
Returning lunar spacecraft ____________________ _
Returning planetary spacecraft _________________ _

8,000
14,000
25,000
50,000

Reynolds numbers for the same cases range up to nearly 100 million per
foot for the returning planetary spacecraft and perhaps only a million or
two for the returning earth satellite and lunar spacecraft.
The new pilot hypersonic free-flight facility provided the highest en
thalpy yet attained in an Ames facility-about 13,000. The Reynolds num
bers attainable under these conditions were 1 million or less. This perform
ance was not bad, but clearly, for space research, facilities having higher
ranges of both variables would be needed. In a comparison of test devices, it
was apparent that a desired value of enthalpy could be achieved with less
preheating of the air in a device in which the model itself was in motion
than in a device in which the model was fixed. And, since preheating was
always troublesome, it also was clear that the hypervelocity free-flight facil
ity had a certain advantage over other test devices such as the arc-jet, the
shock tunnel, and, quite definitely, the heat-transfer tunnel.
HEAT OR HELIUM

The new heat-transfer and low-density tunnels were now in operation
but were not entirely satisfactory. The low-density tunnel, while useful, did
not provide adequate simulation of aerodynamic heating, and the heat-trans
fer tunnel was beset by a multitude of operational problems arising in large
part from the use of high preheating temperatures in a continuous-flow tun
nel having a variable-geometry throat. The latter facility provided Glen
Goodwin and his staff with some valuable, if painful, experience in wind
tunnel design. The low-density tunnel, on the other hand, had a fixed throat
and was of the nonreturn, blowdown type; in it preheating of the air was
quite feasible. To achieve such heating, Jack Stalder was in 1957-1958 ex
perimenting with a pebble-bed heater. This was the pioneer application of
pebble-bed heaters at Ames and, as earlier noted, led to the use of such heat
ing means in the new 3.5-foot hypersonic tunnel.
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The troubles that Goodwin had with his hot tunnel caused him to take
an increased interest in helium tunnels such as had been proposed to, and
turned down by, NACA management. Glen's interest in helium tunnels was
shared by AI Eggers, and during 1958 each of them set about designing such
a facility. As a result of this work, the construction of a 12- by 12-inch he
lium tunnel was proposed to NACA management and included in the ap
propriations request for fiscal year 1959. Congressional approval was ob
tained in the fall of 1958 and the detail design of the facility was begun.
The tunnel was to be located just north of the Unitary Plan facility. It
would be of the unheated blowdown type designed to operate with fixed
nozzles at Mach numbers of 10, 15, 20, and 25. The helium, stored under
pressure in steel cylinders, would be released through the test section
whence it would flow into evacuated, spherical recovery tanks.
Despite the intriguing qualities of helium tunnels, such facilities, as
earlier noted, lacked the capability for realistically simulating reentry heat
ing conditions. As this limitation was generally recognized, Ames research
engineers maintained a keen interest in arc-jet developments. Arc-jet devel
opment work at Ames had begun in 1956 and since then had been carried
on at an increasing tempo but still at a fairly low level of effort. This work
now, in view of space research needs, acquired a new urgency. The idea of
the arc-heated wind tunnel (arc-jet) was not new by any means, but the the
ory behind such devices and also the design techniques were in a rudimen
tary and very incomplete state. The development of an arc-jet in which the
extreme aerothermodynamic conditions of space-flight reentry might suc
cessfully be simulated. would clearly require years of theoretical and experi
mental investigation.
Although begun in 1956, the arc-jet project in 1958 seemed not to have
progressed very far. The work in 1958 was being carried on by William
Carlson, Carl Sorensen, James Jedlicka, Warren Winovich, Nick Vojvodich,
and others. Initial specifications were established for an arc-jet facility of the
type which was felt to be needed at Ames. The specifications were: 100-at
mosphere pressure, !-megawatt power input, 14,000-Btu-per-pound-energy
(enthalpy) addition to the air. No arc-jets then available would come any
where near meeting these specifications. It was up to Ames to develop its
own unit. The work undertaken at this time led to the development of the
Ames concentric-ring arc heater. In the operation of this heater, the position
of the arc between the water-cooled ring electrodes was to be continuously
moved by means of a rotating magnetic field to avoid excessive evaporation
of the electrode material.
AEROPHYSICS FACILITY

It had been clear for some time that much basic research on the physics
of gases and particles was needed to support the studies of hypervelocity
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aerothermodynamics to which the Ames Laboratory was heavily committed.
The required studies were now of such magnitude and complexity as to pre
clude their accomplishment with makeshift equipment located in some odd
corner of an existing building. A separate new laboratory facility would be
required; and such a facility, it was felt, should be equipped with a variety
of research instrumentation such as shock tubes, particle accelerators, a Van
de Graaff generator, an ionized-gas tunnel, magnetohydrodynamics facilities,
and a host of smaller items. In the fiscal 1959 construction budget, which
was prepared in 1958, such a facility was proposed. This budget item, called
the hypervelocity research laboratory, was approved by the Congress and
put under design in the fall of 1958. It was to be located immediately
north of the Unitary Plan facility and adjacent to the new helium tunnel.
CoMPUTING

FAGILITIES

Computing facilities at Ames were further augmented during 1958 and
their uses expanded. A powerful 704 computer was leased from IBM to
serve the needs of theoretical research. It was planned that any time remain
ing to the machine after performing its principal function would be devoted
to off-line wind-tunnel-data reduction. A beginning was made during this
period in the application of computer techniques to administrative account
ing. The EAM (Electronic Accounting Machines) system used for this ap
plication involved a combination or a mechanical card sorter and an elec
tronic computer.
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PATTERN
HILE the thinking of the Ames staff was markedly altered by the
W foreknowledge
of NACA's new responsibilities in space research,
the inertia of the Laboratory's ongoing research program was such that
the program continued largely unchanged during 1958. The inertia was
somewhat less in the theoretical than in the experimental field with the
result that a few analytical studies of spacecraft trajectories were completed
during this period. On the whole, however, 1958 was not a period of
high research productivity at Ames. There appeared to be several reasons
for this. One was that the research leaders at the Laboratory were devoting
time to the planning of future space-age operations. Another was that the
staff gave more than the usual attention to the inspection and the Technical
Conference that were held during 1958. A third factor was the hovering
shadow of impending changes in NACA. Not only did this cause a general
psychological disturbance at the Laboratory but it may also have been
an important influence in the tendering of resignations by a number of
the Laboratory's high-ranking research men.
BAsic CoNFIGURATioNs AND AIRFLows
Investigation of arrowhead-wing configurations continued during 1958.
An experimental study made by Leland Jorgenson was reported in Memo
4-27-59A/ and another, carried out in the 8- by 7-foot leg of the Unitary
Plan facility, was described in TM X-22 1 by Edward Hopkins, Don .Jillie,
and Alan Levin. Further studies were also made of hypersonic configura
tions designed by the interference method. One of these was reported in
RM A58Gl7, "Aerodynamic Performance and Static Stability of Flat-Top
Hypersonic Gliders," by Clarence A. Syvertson, Hermilo R. Gloria, and Mi
1
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report designations to be described later.
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chael F. Sarabia. Another program, in which two optimized configurations
designed for M = 5 were investigated, was described by David Dennis and
Richard Petersen in Memo l-8-59A. And inasmuch as even hypersonic air
planes must land, it was considered necessary to investigate the slow-speed
characteristics of some of the more promising hypersonic configurations.
This work, reported in RM A58F03 by Mark Kelly, was carried out in the
40- by 80-foot tunnel.
The canard program, which had earlier received so much attention in
the 6- by 6-foot tunnel, was extended during 1958 through the work of John
Boyd and Gene Menees, reported in Memo 4-21-59A. Also extended, but in
a small way, was the work on boundary-layer control (BLC) which had
reached a peak during the previous period in the 40- by 80-foot tunnel. This
activity was carried on by Roy Griffin, Curt Holzhauser, and Jim Weiberg.
Ames engineers drew considerable satisfaction from the fact that the BLC
ideas which they had researched were now being applied to several new
fighter aircraft.
The Area Rule was still under investigation in 1958, but as a research
subject had about been exhausted. Lionel Levy and Kenneth Yoshikawa
produced a simplified numerical method for calculating wave drag using
Area Rule principles, an<} George Holdaway together with Jack Mellenthin
and Elaine Hatfield made an e:J:'perimental investigation, in the 14-foot tun
nel, of an interesting blended diamond configuration. The latter work is re
ported in TM X-105.
During 1958, John Spreiter's extensive work in the field of transonic
aerodynamic theory reached a culmination, and end, in a paper (ref. B--60)
entitled "Aerodynamics of Wings and Bodies at Transonic Speeds." John
presented the paper at the Eighth Japanese National Congress for Theoreti
cal and Applied Mechanics held in Tokyo in September 1958.
INLETS

Work on air inlets, particularly internal compression inlets, continued
at Ames during this period. One such study, concerned with the ever-pre
sent and ever-troublesome problem of dealing with .the boundary layer, was
described in Memo 2-19-59A by Frank Pfyl and Earl Watson. This report
covered tests made in the 6- by 6-foot, the 8- by 7-foot, and the 8- by 8-inch
tunnels. Additional inlet studies, most of them carried out in Unitary Plan
facilities, were made by a number of Ames engineers including Norman
Martin, John Gawienowski, Norman Sorenson, Edward Perkins, and War
ren Anderson.
STABILITY

The X-15 research airplane was of fairly unusual configuration and was
designed to operate in the outer fringes of the atmosphere where aerody
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namic forces were low. The stability and controllability characteristics of the
airplane under these conditions of flight were of very great interest to the
designers and prospective operators of the craft. Numerous research pro
grams were undertaken at Ames to establish the operational characteristics
of the airplane, and a number of these had to do with measurements of its
static and dynamic stability. In the dynamic-stability phase of this work, the
test technique developed by Ben Beam (TR 1258) was particularly useful.
One study of the static and dynamic rotary stability characteristics of the
X-15 was made in the 12-foot tunnel and reported in RM A58F09 by Ar
mando Lopez and Bruce Tinling. Similar studies, but at supersonic speeds,
were made in the Unitary Plan facility by two teams comprising, in one
case, Ben Beam and Kenneth Endicott and, in the other case, Jack Tunnell
and Eldon Latham.
In addition to the studies just mentioned, a couple of quite comprehen
sive analyses were made of the numerous factors affecting the static stability
of airplanes representing advanced types. Covered in the analysis was the
rather extreme range of conditions which such airplanes are expected to en
counter. These studies were made by George Kaattari and Fred Goodwin
and were reported in Memo 12-l-58A and Memo 12-2-58A.
FLIGHT RESEARCH

Simulators. Increasing interest was now being taken at Ames in
ground-based flight simulators. It was beginning to appear that many of the
stability and control characteristics of manned aircraft and perhaps of space
craft could be evaluated more quickly and cheaply, as well as more safely,
with ground-based flight simulators. Before such a program was gone into
too deeply, however, it was neccessary to determine the adequacy of flight
simulators by comparing their results with those obtained in flight. And in
asmuch as all of the flight conditions could not feasibly be represented in a
simulator, it was essential to determine which conditions could safely be dis
regarded. Many of the flight simulator studies so far undertaken at Ames
dealt with these problems.
Typically, the elements of a flight simulator consisted of (1) a cockpit
with control stick and flight instruments andjor special visual display; (2)
an analog computer to compute both the response of the airplane to control
motions and other input factors, and to transmit the information to the in
strument display; and (3) a pilot to operate the controls in response to cues
offered by the instrument display or in accordance with some other prear
ranged plan. The cues used by a pilot in the guidance of an actual airplane
come from three principal sources: the instruments on the control panel,
the motion and attitude of the airplane, and the view of the sky horizon and
terrain as seen through the windows of the airplane. In a simulator the in
strument display could be provided rather easily, but the simulation of air
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plane motion and external view could be achieved only at great cost and
with much difficulty.
The question of the necessity for simulating airplane motion was of the
greatest interest to Ames engineers. There were to be considered six degrees
of motion: angular motion about the three (pitch, roll, and yaw) axes, and
translational motion along each axis. Of these, angular motions could most
readily be simulated; the simulation of translational motions would, how
ever, be difficult. A peculiarly representative combination of angular and
translational motions could, it was realized, be obtained by mounting the
simulated cockpit on a centrifuge; and Langley, using the Navy's large cen
trifuge at Johnsville, Pa., had exploited this technique in studies of the
X-15.
Langley's work with the Johnsville centrifuge generated a determina
tion in Harry Goett to build moving flight simulators at Ames. In the first
such simulator built at Ames, the simulated cockpit was mounted on two
motor-driven axes providing a certain amount of angular motion in pitch
and roll. This device, called the "pitch-roll chair," was relatively crude; but
as 1958 ended, Harry Goett and his staff were laying plans for more sophisti
cated moving flight simulators.
.
Of the Ames reports that defined the need and requirements of flight
simulators and established their usefulness, three could be taken as repre
sentative of this period. First was Memo 10-l-58A by Mel Sadoff, which
showed that, except in certain operational ranges, the control system charac
teristics of airplanes could quite successfully be pilot-evaluated in a fixed
flight simulator. Second, there was Memo l-29-59A, "A Pilot Opinion Study
of Lateral Control Requirements for Fighter-Type Aircraft," by Brent Y.
Creer, John D. Stewart, Robert B. Merrick, and Fred J. Drinkwater III.
This report described one of the early uses of the pitch-roll chair and pro
vided a comparative evaluation of the lateral-control requirements of fighter
aircraft as determined in actual flight and through the use of flight simula
tors of both the fixed and the moving types. It showed among other things
that, although a fixed flight simulator provided satisfactory results in most
cases, there were certain ranges of control variables which could be studied
in a simulator only if motion effects were included. The third report was
Memo 3-6-59A, "The Use of Flight Simulators for Pilot-Control Problems,"
by George A. Rathert, Brent Y. Creer, and Joseph G. Douvillier, Jr. This
report provided, for that time, a useful survey of the application and re
quirements of ground-based flight simulators.
Automatic Control. Lines of guidance and control research begun ear
lier were continued during this period. William Triplett and Stanley
Schmidt were occupied with studies of control-system dynamics and Elwood
Stewart and Gerald Smith were busy with the optimization of missile guid
ance systems. The latter work is covered in Memo 2-13-59A, "The Synthesis
of Optimum Homing Guidance Systems."
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Landing Approach. The landing-approach studies commenced during
an earlier period were also continued during 1958. One important result of
this later work was Memo 10-6-58A, "A Flight Evaluation of the Factors
Which Influence the Selection of Landing Approach Speeds." This report,
written by Ames test pilots Fred Drinkwater and George Cooper, discussed,
from a pilot's point of view, the factors which influence the selection of
landing approach speeds. In the end they recommended a certain "power
approach" technique designed to take some of the guesswork and variability
out of the landing maneuver.
The rather extensive landing-approach studies made by the Ames
Flight Research Section had indicated that the landing-approach maneuver
could more easily be accomplished if a simple, reliable method were availa
ble for quickly controlling the thrust of jet engines. The thrust response of
jet engines was notably sluggish and when the pilot wanted a little more, or
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a little less, thrust to change his approach-path angle, the desired thrust in
crement was not quickly obtainable. If, however, it were possible to leave
the engine running at a good output and then to modulate the engine
thrust by means of a fast-acting thrust reverser, the problem would be
solved. The use of a thrust reverser after an airplane had touched down was
generally accepted as feasible and desirable, but most aeronautical engineers
shuddered at the thought of reversing the thrust of the engine while the air
plane was still in the air. But this was exactly what Ames engineers pro
posed to do and did do. They built a thrust reverser, mounted it on a Lock
heed F- 94C fighter airplane and, after checking' it out in the 40- by 80-foot
tunnel , demonstrated its usefulness and safety in flight. This work attracted
much attention in flight circles as it represented the first 'in-flight use of a jet
thrust reverser. It was reported in Memo 4-26-59A (ref. B-61) by Seth An
derson, George Cooper, and Alan Faye.
BouNDARY LAYER, SKIN FRICTION, AND AERODYNAMIC HEATING

For several years, AI Seiff had been exploiting to the fullest the unique
capabilities of the supersonic free-flight (SSFF) tunnel. His conceptions
were marked by originality and his technical and administrative leadership
was of a very high quality. His staff, too, had been demonstrating great abil
ity. On the covers of SSFF reports there were appearing with increasing fre
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quency the names of such people as Tom Canning, Simon Sommer, Barbara
Short, and Carlton James. In the background supporting this research were
of course numerous individuals whose contributions in such fields as instru
ment design, model building, facilities construction, and mathematical anal
ysis were vital to the whole operation.
During 1958 the work of the SSFF group in the field of boundary layer,
skin friction, and aerodynamic heating was represented by two reports, one
of which was TN 4364 (ref. B-62) by Alvin Seiff and Barbara Short demon
strating the use of a Mach-Zehnder interferometer for boundary-layer work.
The Mach-Zehnder interferometer was an extremely sensitive and somewhat
fickle optical instrument, and its successful application to the precise mea
surement of boundary layers on models flying past at thousands of feet per
second represented in itself a beautiful demonstration of experimental tech
nique. Having mastered the technique, Al and Barbara were able to study
the distribution of density gradients within the turbulent boundary layer
and thereby to learn much about the heat-transfer characteristics of the
boundary layer and the physical flow processes that take place within it.
The second SSFF project to be mentioned is one reported in Memo
10-9-58A, "An Investigation of Some Effects of Mach Number and Air
Temperature on the Hypersonic Flow Over a Blunt Body," by Alvin Seiff
and Simon C. Sommer. In this project, which was actually carried out in
1957 but was not reported until late in 1958, an attempt was made to sepa
rate the effects of Mach number and enthalpy on the pressures and tempera
tures in the flow around blunt bodies as well as on the forces and moments
to which the bodies were subjected. In these tests a shock-compression light
gas gun was used to obtain overall test Mach numbers of up to 15 and en
thalpies of up to 2200 Btuflb.
One of the more interesting boundary-layer studies made during
1957-1958 was conducted by Fred Matting, Dean Chapman, and Jack Ny
holm and reported in TR R-82 (ref. B-63) . These tests were particularly
interesting because they represented the Laboratory's first major use of he
lium as a substitute for air in wind tunnels. Jackson Stalder had earlier used
very small amounts of helium in his first low-density wind tunnel but, for
this later application, quantities of helium were brought over in trailers
from the Navy's helium storage facility at Moffett Field. This helium was
used alternately with air in a special 1- by 10-inch blowdown tunnel, or
channel, constructed within the building that housed the 1- by 3-foot tun
nels. In this facility, direct measurements were made of the local skin fric
tion in a turbulent boundary layer through a Mach-number range from 0.2
to 9.9 and a Reynolds-number range from 2 to 100 million.
Air was used as the working fluid at Mach numbers up to 4.2 and he
lium for the higher Mach numbers. The change .to helium facilitated the
attainment of high air-equivalent Mach numbers and at the higher test
speeds enabled the attainment of much higher Reynolds numbers. The
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physical measurements made during the tests were correlated with theory
and it was demonstrated that boundary-layer measurements obtained with
helium could be interpreted in terms of measurements made in air. This
correlation, however, would not be expected to hold if the boundary layer
were intersected by strong shock waves.
The 10- by 14-Inch Tunnel Branch during 1958 remained active in the
general field of aerothermodynamics. Fred Hansen and Steve Heims contin
ued their useful studies of the properties of gases at high temperature, while
Bernie Cunningham and Sam Kraus made the first practical use of a proto
type shock tunnel which they, with the help of others, had recently com
pleted. The work of Cunningham and Kraus was in the form of heat-trans
fer measurements made on a yawed cylinder representing the leading edge
of a swept wing. This work, which seemed to demonstrate the potential
value of shock tunnels, was reported in RM A58E19.
B allistic M issiles

and

Spacecraft

By early 1958, NACA had become engaged in the planning of a spaceresearch program. Its interests in this regard were reflected in the subject
matter of the papers presented at the NACA Conference on High Speed
Aerodynamics held at Ames in March. A major item in NACA’s space re
search plans was the launching into orbit of a manned vehicle and the ques
tion arose as to what kind of a vehicle it should be. A number of possibili
ties existed. The vehicle could be a simple blunt-nose capsule like an ICBM
warhead, having no lifting capability. It could also be a relatively simple
capsule which by virtue of a nonsymmetrical shape and elementary control
flaps would be capable of producing small amounts of lift (L/D from 0.5 to
1.0) for achieving a degree of reentry flight-path control. Or it could be a
winged glider providing considerable control over its reentry path and land
ing site.
Each of these possibilities was explored in papers presented at the Ames
Conference. In general, it appeared that Langley research men favored a
nonlifting vehicle, and Ames research men, a lifting vehicle of some kind.
Each had certain advantages. The lifting vehicle held out possibilities for
controlling deceleration and heating, which were critical factors in a man
carrying device, and its ability to maneuver in landing was an obvious
advantage. A prime advantage of the nonlifting body was the simplicity
of its construction and operation. Also its weight, which would be less
than that of a lifting vehicle, was more in line with the limited thrusting
capacity of existing booster rockets. As long as the aerodynamic heating
and decelerations were not beyond human endurance, the nonlifting ve
hicle, it appeared, should be very satisfactory. In this connection, Allen
and Eggers had demonstrated how aerodynamic heating could be controlled
through blunting, while Eggers, Allen, and Neice in TR 1382 had shown
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that, for long ranges as well as for very short ranges, the decelerations to
which a nonlifting vehicle would be subjected could be made humanly
tolerable.
For the time being, at least, the virtues of the nonlifting vehicle seemed
to outweigh those of the lifting vehicle. The dominating influence was per
haps competition. The Russians had convincingly demonstrated their satel
lite-launching capabilities as well as the impressive power of their booster
rockets. They would not be long in putting a man into space. Also, the Air
Force had initiated a man-in-space project and was moving ahead with it
with all possible speed. It was clear that for NACA, as well as for the Na
tion, the watchword was speed. The vehicle that would allow the man-inspace task to be accomplished most quickly was the one to be chosen at this
time. Later, other types of vehicles could be tried. The answer now seemed
to be the simple, nonlifting vehicle.
The Ames Laboratory at this time became interested in orbits and
trajectories. Material evidence of this interest appeared in the form of
Memo 12-4-58A, “Three-Dimensional Orbits of Earth Satellites, Including
Effects of Earth Oblateness and Atmospheric Rotation,” by Jack N. Nielsen,
Frederick K. Goodwin, and William A. Mersman. This was one of Nielsen’s
last projects before leaving NACA.
Another trajectory analysis, certainly one of Ames’ most outstanding
productions for the year, was made by Dean Chapman and published as TR
R -l 1 (ref. B-64), “An Approximate Analytical Method for Studying Entry
into Planetary Atmospheres.” This study, which again demonstrated Chap
man’s impressive research capabilities, shed a large amount of light on reen
try problems and provided valuable analytical procedures for dealing with
those problems. The blunt-body analysis made by Allen and Eggers and the
performance study of long-range hypervelocity vehicles made by Eggers,
Allen, and Neice had years earlier dealt in a somewhat limited way with cer
tain vital aspects of the aerodynamic heating and reentry2 problems.
Chapman’s analysis, however, was much broader; it encompassed the
two earlier theories and provided more exact and versatile mathematical
tools for dealing with reentry problems. It considered the special problems
of entry into the atmospheres of other planets (Venus, Mars, Jupiter) as
well as into that of Earth. It also considered a variety of lifting and nonlift
ing entry bodies or vehicles and several entry techniques.
2 There was some argument as to whether the term should be “reentry” or just plain
"entry.” Purists held that a vehicle could not be said to have reentered the atmosphere if it had
not made a prior entry or had not at least departed from the astronomical body in question.
Both terms referred to the inward traversing of planetary atmospheres but in the most common
case—that of a spacecraft returning to a planet (Earth) from which it had earlier departed—
“reentry” seemed the more descriptive term and was more widely applied. Both, however, are
used in this work.
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Chapman’s study indicated that, during entry, the total heat absorbed
by a spacecraft is less, and the deceleration it experiences is greater, as the
entry angle relative to the local horizon increases. In the case of nonlifting
vehicles, entry angles much above 3° produce decelerations beyond the
limit of human endurance. Confirming earlier predictions by Eggers and
Allen, Chapman found that a lifting vehicle entering the atmosphere at a
moderate entry angle would tend to skip like a flat stone thrown at a mill
pond. While the total heat energy gained by the vehicle in this case would
be less than for a nonskipping entry, the intensity of heating and decelera
tion at the bottom of the skips would, on the other hand, be particularly
high and hard to cope with. It was thus becoming clear that returning space
craft, particularly those of the nonlifting variety, would have to be guided
into the Earth’s atmosphere with considerable precision if safe and sure
landings were to be accomplished.
One of the useful findings of Chapman’s study was that only a small
amount of lift was required in a satellite reentry vehicle to achieve a rather
large amount of good. From a decaying circular orbit a vehicle developing a
lift-drag ratio of only 0.5 would experience a much lower maximum deceler
ation and be subject to a much lower (about half) maximum heating rate
than a nonlifting vehicle. It would, however, owing to longer flight times
and lower average Reynolds numbers, absorb more heat. On balance, the
advantage appeared to lie heavily with the lifting vehicle.
A spacecraft capable of producing an L/D of from 0.5 to 1.0 did not
require wings. A body having the shape of a blunt cone, with the upper half
removed, might do the trick, though some simple control flaps would proba
bly be required to keep it flat side up and stable. Such a configuration had,
indeed, been proposed by A1 Eggers and investigations of the Eggers flattopped lifting bodies were now being undertaken in a number of Ames fa
cilities.
One of the important reports resulting from these investigations was
Memo 10-2-58A (ref. B-65), “Re-entry and Recovery of Near-Earth Satel
lites With Particular Attention to a Manned Vehicle,” by Alfred J. Eggers
and Thomas J. Wong. Since the lifting vehicles were expected to be con
trollable in landing as well as in reentry, their slow-speed characteristics
were of much interest. Representative of the slow-speed tests run on such
vehicles were those conducted in the 12-foot tunnel and reported in Memo
12-24-58A, “Subsonic Aerodynamic Characteristics of Several Blunt, Lift
ing, Atmospheric-Entry Shapes,” by Howard F. Savage and Bruce E. Tinling.
Interest in the dynamic stability of ballistic-missile warheads, an interest
which had originated in an earlier period, now extended to man-carrying
reentry bodies having even more stringent stability requirements. Allen had
earlier pointed out that a reentry body acquires a degree of apparent or
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pseudo-dynamic stability by virtue of the fact that the density of the air it
encounters in its descent is rapidly increasing. This benefit, which is a func
tion of the rate of change of density with time, would tend to die out as the
speed decreased and would then be overcome by any basic instability that
the body might have. The degree of apparent stability, depending as it does
on rate of descent, and thus on path angle, would obviously be less for a
lifting manned vehicle.
Considerations of the kind just noted added to the interest in reentry
dynamics that prevailed at this time and provided the instigation for a num
ber of research projects. One of these, reported in TM X-20 by Barbara
Short and Simon Sommer, was an investigation in the SSFF tunnel of the
static and dynamic stability of two blunt-nose bodies through a range of an
gles of attack. Another project, of analytical character, was reported in
Memo 3-2-59A, “Study of the Oscillatory Motions of Manned Vehicles En
tering the Earth’s Atmosphere,” by Simon C. Sommer and Murray Tobak.
Late in 1958 the Ames Laboratory became actively interested in an air
loads problem of unusual character. It concerned the airloads produced by
the action of wind on large missiles of the ICBM type standing vertically on
the launching pad. The wind produces a pulsating pattern of loads that
must be considered not only in the structural design of the missile but also
in the design of its guidance system. The pulsating aspects of the wind load
arise from the unsteady processes represented by the formation and shed
ding of vortices in the wake. The phenomena involved were the same as had
much earlier been encountered in wind flow around smokestacks, but the
structure of a missile was necessarily much more fragile, and certainly more
costly, than that of smokestacks. To investigate this problem, a dynami
cally scaled model of the Titan ballistic missile was installed in the 12-foot
tunnel. The air loads, both static and dynamic, were measured, as were the
effects of a model umbilical tower mounted adjacent to the missile model.
The results of this study were reported by Don Buell and George Kenyon in
TM X-109.
Before leaving NACA, Milton Van Dyke attacked one of the more diffi
cult remaining problems in the field of aerodynamic theory. This was the
problem of developing a convenient analytical procedure for determining
the aerodynamic-flow conditions that exist in the restricted zone between a
blunt body and the bow shock wave it produces. This problem, known as
the “blunt-body problem,” had proved extremely resistant to theoretical
treatment even when simplifying assumptions were made—assumptions that
the properties of the air behind the shock wave remained constant and that
the viscosity of the air was zero.
The blunt-body problem was the more difficult because of the existence
of a mixed-flow region behind the shock wave. At the nose of the body is an
occluded pocket of subsonic flow which becomes transonic and then super
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sonic as the air accelerates around the curve of the body. The problem also
involved the questions: What was the shape of the shock wave produced by
a blunt nose of a given configuration? And what was the standoff distance
between the shock wave and the nose?
Van Dyke’s study of the problem resulted in the development of a
rapid numerical method, suitable for machine computation, for analyzing
the flow around certain important classes of blunt body'The usual simplify
ing assumptions were made in Van Dyke’s analysis, but these were by no
means invalidating. The analysis dealt mainly with the subsonic region of
flow, began with an assumed shape for the shock wave, and proceeded down
stream to determine the nose shape that would produce such a shock wave.
If the nose shape did not correspond to the one of interest, the process
would be repeated until the desired nose shape was achieved. Repetitive nu
merical procedures of this kind had become feasible and attractive as a
result of the fantastic operational speeds of electronic computers. Van
Dyke’s method was original in character, was timely and useful, and was
amenable to improvement. First described in the Journal of the Aeronauti
cal Sciences (ref. B-66), the method was demonstrated through a number of
applications in the report TR R -l, “Supersonic Flow Past a Family of Blunt
Axisymmetric Bodies,” by Milton D. Van Dyke and Helen D. Gordon.
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The Legacy From NACA

O

N October 1, 1958, the National Advisory Committee for Aeronautics,
an agency which had served its country for 43 years, came to an end.
But its body and spirit were not dead. They were transformed by official
fiat into the living heart of a new and more powerful organization, the
National Aeronautics and Space Administration. Becoming part of NASA
on that day were the approximately 8000 employees of the former agency
together with $300 million worth of research facilities located at the late
agency’s three major laboratories and two field stations. At the Ames Aero
nautical Laboratory, the transfer included approximately 1450 people and
a plant worth about $79 million.
But NACA transferred more than bodies and hardware on October 1,
1958. It transferred a scientific know-how that had won it a highly respected
place in aeronautical circles and it transferred an integrity and an efficiency
that had made it outstanding among Government agencies. It also trans
ferred a frugality that had been impressed on it from its beginning as a
small struggling agency by an economy-minded Congress. The efficiency and
frugality acquired by NACA during the difficult years of growth had, in
deed, become something of a handicap. The step-by-proven-step procedures
used by NACA brought results at the lowest cost and greatest efficiency but
not necessarily in the shortest time.
Certain other agencies to which Government funds were available had
demonstrated that a rather high effectiveness could be achieved by a method
employing multiple-path approaches, tons of money, and rather low
efficiency. This method could perhaps be likened to shooting squirrels with
a double-barreled shotgun; whereas NACA, with the pride of a profes
sional hunter, had chosen to stalk the game and shoot it between the eyes
with a .22 rifle. Certainly the shotgun method was effective and, if time was
of the essence or the goal sufficiently important, its use might well be justi
fied. And perhaps the space age with its keen competitive challenges was
such an occasion. Certainly the Congress now appeared in the mood to
spend real money for space research. But the shotgun method was so foreign
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to NACA that a serious question remained as to whether the agency’s con
servative management could bring itself to use it.
NACA was indeed conservative—not in its daring scientific concep
tions, nor in the brilliance of its research techniques, but rather in the eco
nomically practical approach it used in the solution of problems. These qual
ities of strength, or weakness, represented an important part of the legacy
that NACA bestowed on NASA in 1958. But however defined, the qualities
conveyed would not be allowed to dominate NASA’s operations. An Admin
istrator from outside of NACA had been chosen to head the new agency.

Mar. 19,1958, aerial view of NACA Ames Aeronautical Laboratory shortly before
it became the NASA Ames Research Center. (1) Administration building, (2)
Auditorium and cafeteria building, (3) Administration building annex, (4)
Engineering and services building, (5) Low-density and heat-transfer wind tun
nels, (6) 10- by 14-inch supersonic wind tunnel, (7) 12-foot pressure wind tun
nel, auxiliaries building, (8) 12-foot pressure wind tunnel, (9) Fluid mechanics
laboratory, (10) Supersonic free-flight wind tunnel, (11) Pressurized ballistic
range, (12) Flight operations laboratory, (13) Airplane hangar and shop, (14)
Structural fabrication shop, (15) Instrument research laboratory, (16) Model
finishing shop, (17) 7- by 10-foot wind tunnel no. 1, (18) 7- by 10-foot wind tun
nel no. 2 (19) 1- by 3y2-foot high-speed wind tunnel, (20) 14-foot transonic wind
tunnel, (21) Electrical services building, (22) Technical services building, (23)
40- by 80-foot wind tunnel, (24) 2- by 2-foot transonic wind tunnel, (25) Hyper
velocity ballistic range, (26) Atmosphere entry simulator, (27) Substation, (28)
6- by 6-foot supersonic wind tunnel, (29) Unitary Plan wind tunnels building,
(30) 11-foot transonic wind tunnel, (31) 9- by 7-foot supersonic wind tunnel,
(32) 8- by 7-foot supersonic wind tunnel, (33) Unitary Plan wind tunnels, auxili
aries building, (34) Hypervelocity airflow laboratory.

301

Part III

........................................................................................................................
THE LEAP TO SPACE

1959-1965

1959-1962
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The Environment

SPACE

AcT

Space Age brought vast changes in the general environment of
T HE
the former NACA laboratories. The National Aeronautics and Space
Act was signed into law on July 29, 1958. 1
The Act established, within the Executive Office of the President, the
National Aeronautics and Space Council to advise and assist the President
in matters relating to the establishment of space policy and to the adminis
tration of the Nation's space program. The Council was to be headed by the
President (in 1961 changed to the Vice President) as chairman and was to
include the Secretary of State, the Secretary of Defense, the Administrator of
the National Aeronautics and Space Administration, and the Chairman of
the Atomic Energy Commission.
The Act also created the National Aeronautics and Space Administra
tion (NASA), the specified functions of which were to
1. Plan, direct and conduct aeronautical and space activities.
2. Arrange for the participation by the scientific community in plan
ning scientific measurements and observations to be made
through the use of aeronautical and space vehicles, and conduct
and arrange for the conduct of such measurements and observa
tions.
3. Provide the widest practicable and appropriate dissemination of
information concerning its activities and the results thereof. 2

The Act called for the termination of the National Advisory Commit
tee for Aeronautics and the transferral of its assets, duties, and powers to
NASA. It also provided for the early transferral to NASA of any facilities,
functions, officers, or organizational entities of any other Government
1

Public Law 85-568, 85th Cong., H.R. 12575, July 29, 1958.
"Ibid.
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agency which related primarily to the functions of the new Administra
tion.3
The transmutation of NACA into NASA was to take place 90 days after
the passage of the Act or at any earlier date as determined and appropriately
proclaimed by the new Administrator of NASA. It had quite generally been
assumed that Dr. Hugh L. Dryden, Director of NACA, would be appointed
A'dministrator of NASA. However, there were those who, though respecting
Dr. Dryden's integrity and scientific abilities as everyone did, felt that his
pursual of the space task would not be as bold as the occasion required. The
matter was settled on August 8, 1958, when President Eisenhower nomi
nated Dr. T. Keith Glennan, president of Case Institute of Technology, to
be Administrator of NASA and Dr. Dryden to be Deputy Administrator.
The nominations were quickly confirmed by the Senate and the two men
were sworn in on August 19, 1958. Shortly Glennan gave notice in the Fed
eral Register that, as of October I, 1958, NASA would officially be in opera
tion.*
TRANSFERS

Once NASA was in operation, certain transfers of functions, facilities,
and organizational units from other Government agencies were quickly ef
fected. These included:
I. Department of Defense responsibilities for the International Geo
physical Year (IGY) scientific satellite program. Project Vanguard
and the Naval Research Laboratory (NRL) Vanguard Division
which involved about 150 men. Also transferred was a group of
nearly 50 NRL men who had been associated with the NRL
Upper Atmosphere Sounding Rocket group.
2. Several lunar-probe and satellite projects which were being car
ried out for the Advanced Research Projects Agency (ARPA) by
the Army Ballistic Missile Agency (ABMA) , the latter located at
Huntsville, Alabama.
3. Air Force program for the development of the F-1 single-chamber
rocket motor capable of developing up to 1.5 million pounds of
thrust.
4. Together with the Army's space projects, Glennan sought to ac
quire the organizational units that were working on these pro
jects. These units included the ABMA Development Operations
Division, headed by the well-known Wernher von Braun, and the
Jet Propulsion Laboratory at Pasadena, which was being operated
for the Army by the California Institute of Technology. The
Army readily relinquished JPL to NASA but fiercely resisted the
3

Ibid.
• Proclamation executed by Glennan on Sept. 25, 1958; published in Federal Register on
Sept. 30, 1958 (23 F.R. 7579) .
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surrender of the ABMA unit. Increasing pressure was brought to
bear on the Army and early in 1960 the transfer was effected. The
transfer included about 4000 men, facilities at Huntsville and
Cape Canaveral, and also the Saturn rocket-development project.
The Saturn rocket was a cluster of eight "conventional" liquid
rocket motors which together provided a total thrust of 1.5 mil
lion pounds.
NEW CENTERS

The Army group and facilities which NASA acquired at Huntsville
were augmented, to some extent reorganized, and in July 1960 given a new
name: the NASA George C. Marshall Space Flight Center. In designating its
research establishments, NASA chose to use the term "Center" instead of
"Laboratory." The primary function of the Marshall Center was the devel
opment, assembly, and launching of large rocket-powered space vehicles.
Considerably earlier-in 1958-plans had been laid to establish a new
space-projects center near Washington, D.C. The resulting organizational
entity, at first largely composed of NRL groups occupying scattered tempo
rary facilities, was in May 1959 named the NASA Goddard Space Flight
Center and in 1960 was moved into new facilities built for it near Beltsville,
Maryland. The assigned functions of the Goddard Space Flight Center were
the planning and construction of vehicles and payloads for scientific applica
tions and manned-space-flight programs and the conducting of flight opera
tions relating thereto. The Center would also have a major responsibility in
the establishment and operation of a global tracking and data-acquisition
network.
In 1961, in view of the growing magnitude and importance of the
manned space flight program, plans were laid for the construction of a
Manned Spacecraft Center near Houston, Texas. The intended functions of
this Center were to conduct resear~h and development in manned spacecraft
and to plan and carry out manned space flight missions.
NASA at first depended on the military for launching operations but in
1960 established a Launch Operations Directorate to assume general respon
sibility for NASA launchings at both the Atlantic and the Pacific Missile
Ranges. Originally connected with the Marshall Center, the Directorate in
1962 .became a separate entity known as the NASA Launch Operations Cen
ter. The new Center, located at Cape Canaveral, Florida, soon had a staff of
well over 1000 and was participating in the design of some immense assem
bly, checkout, and launching facilities which NASA was planning to build
at the Cape for future manned space flight operations.
NASA ORGANIZATION AND GROWTH
In building and administering NASA, Glennan had many people and
agencies to satisfy. He operated under intense public and political pressures
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while coping with monumental organizational problems. Never before had
a major Government agency been fabricated so quickly out of so many di
verse elements. The task, moreover, was made vastly more difficult by the
public's expectation that the new agency should immediately perform mira
cles in a new and highly sophisticated field of endeavor about which a nota
ble state of ignorance prevailed. Glennan attacked the problem with intel
ligence and vigor, but the organizational turbulence that developed in
NASA Headquarters reached substantial dimensions and persisted through
out the period 1959-1962.
By the time, late 1960, that presidential elections were at hand, NASA's
staff had risen to about 16,000 from the 8000 originally inherited from
NACA. Glennan attempted to avoid unnecessary growth of NASA person
nel. Foil owing the practice of the Atomic Energy Commission, on which he
had once served, he chose to deal with NASA's expanding research needs by
letting research and development (R&D) contracts with outside agencies
rather than by expanding in-house capabilities. As a result, the old NACA
laboratories did not share in the growth of NASA's staff.
NASA's annual operating budgets had, prior to the election, also risen
considerably. The approximate figures were: $340 million in fiscal year
(FY) 1959; $500 million in FY 1960; $965 million in FY 1961. For FY 1962
NASA had asked for something over $1200 million but Mr. Eisenhower's
Bureau of the Budget had reduced the amount to about $ll00 million. At
this stage the growth of NASA appeared to have reached a plateau at which
it might remain. Despite the recognized importance of space research, there
was obviously a limit to the amount of money the U.S. Government could
prudently devote to it. Such a limit, the Eisenhower administration seemed
to feel, lay between $1000 million and $1500 million per year. Moreover,
the NASA administration was apparently willing, without too much strug
gle, to accept this limitation.
The presidential election in 1960 brought John F. Kennedy into office,
and Glennan, following earlier plans, submitted his resignation. He was soon
replaced by James E. Webb, a very persuasive individual who, though lack
ing the technical background of Glennan, was a highly experienced and
very powerful administrator. As a matter of form, Dr. Dryden also resigned
but his resignation was not accepted.
During the transition from Mr. Eisenhower to Mr. Kennedy, there was
a period of uncertainty concerning NASA's progress and fate. Then, on
April 12, 1961, the Russians launched Vostok I carrying a man, for the first
time, into space. The mortification which the people of the United States
felt over this "defeat" in the undeclared space ,race was almost as keen as it
had been in the case of Sputnik I. Pressure for more rapid action quickly
arose. In his State of the Union message on March 25, 1961, Mr. Kennedy
declared that the time had come for the country to take longer strides in
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space and he thereupon set as a national goal, to be accomplished before the
end of the decade, the task of landing a man on the moon and returning him
safely to earth. A similar task was indeed already on NASA's tentative
agenda but scheduled for some indefinite period after 1970.
Mr. Kennedy's declaration, followed quickly by the flight of Vostok II,
provided a powerful stimulus which galvanized the Nation into action.
NASA's FY 1962 budget was quickly increased by 60 percent to about $1800
million and the FY 1963 budget, prepared in 1962, was in the neighborhood
of $3500 million. Correspondingly, the agency's personnel complement in
creased to over 25,000 by the end of 1962. The rapid growth was, of course,
accompanied by another period of organizational turmoil. An additional re
sult of the Kennedy impulse, over which there was considerable complaint
in scientific circles, was that more than 50 percent of the huge NASA budget
was being spent on the man-on-the-moon "space spectacular."
Clearly, the great surges of U.S. effort in the space field were reactions
to Russian achievements. Aside from launching payloads of impressive size,
the Soviets had, in space, realized a number of important "firsts." These had
included:
•
•
•
•
•
•

First to launch satellite: Sputnik I, October 4, 1957
First to put animal in orbit: Sputnik II, November 3, 1957
First satellite to orbit sun: Lunik I, January 2, 1959
First to impact moon: Lunik II, September 12, 1959
First to photograph back of moon: Lunik III, October 4, 1959
First to put man in orbit: Vostok I, April 12, 1961

The United States, of course, was not standing still while the U.S.S.R.
was accomplishing its "firsts" in space. During this period, NASA and the
U.S. military services performed many outstanding space feats and U.S. ef
forts rose to an awesomely magnificent peak of scientific achievement at the
end of 1962 with the Venus rendezvous of Mariner II.
ExTERNAL RELATIONS

The activities of NASA impinged on the interests of people and agencies
throughout the world as NACA's activities never had. In respect to the mili
tary services, NASA was in the position of an equal rather than a mere tech
nical adviser. NASA not only engaged in research but also actively com
peted with the military in the field of operations. While in earlier years the
military had not hesitated in stepping into NACA's assigned field of aero
nautical research, it was now reluctant to share with NASA any part of its
operational role. Indeed in 1957-1958, when the space task assignment was
being considered, it had fought very hard, though unsuccessfully, to main
tain this traditional monopoly.
The Space Act declared the peaceful intentions of the United States in
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space but, while giving the major assignment to a civilian agency, did, nev
ertheless, limit that assignment through the statement:
... except that activities peculiar to, or primarily associated with the de
velopment of weapons systems, military operations or the defense of the
United States (including the research and development necessary to make
effective provision for the defense of the United States) shall be the re
sponsibility of, and shall be directed by, the Department of Defense. . . . 5
Also arrangements were made for giving the needs of the military due con
sideration in NASA plans and for integrating the military into NASA space
operations, particularly in the fields of policy making, broad technical plan
ning, booster-rocket development and procurement, launch operations,
tracking and data acquisition, and spacecraft recovery.
The military was never wholly satisfied with its somewhat limited space
role and took every opportunity to enlarge it. This attitude was especially
true of the Air Force which in March 1961 was assigned responsibility for
all research engineering and flight testing in connection with DOD space
projects.
NASA became a partner of the Atomic Energy Commission in the
Rover nuclear rocket project which had been initiated by AEC and the Air
Force. In August 1960 a joint NASA-AEC office was established to coordi
nate the activities of the two agencies in the field of nuclear-rocket applica
tions in space flight.
The universities and the scientific community were also thoroughly in
tegrated into NASA activities. The National Academy of Sciences and other
scientific and technical bodies provided counsel and assistance to NASA
while NASA undertook, on a large scale, the sponsorship of space-related
studies in universities throughout the country. Many university groups, op
erating under contract with NASA, developed space experiments to be car
ried aloft in NASA satellites. NASA also sought advice and assistance from
scientific groups abroad and collaborated with many countries in space pro
jects. NASA activities were thus of worldwide scope and interest.
NASA's relations with industry were notably different than those of
NACA had been. NACA had had no business to offer and its relations with
industry were thus of a straightforward technical nature unaffected by con
siderations of money. NASA, on the other hand, had vast amounts of money
to pay to industry for research, development, and manufacturing services.
The advice it received from industry on R&D matters had thus to be
scrutinized with care, and the welcome now given by industry to a NASA
visitor would, unhappily, be a little suspect.
One of the more significant changes accompanying the transformation
of NACA into NASA occurred in the field of public relations. NACA was
• See footnote 1.
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known to but a few people and its activities were relatively obscure. NASA,
however, became widely known as its spectacular exploits appeared on the
television screens of the world. Everyone from schoolchildren to corporation
heads offered advice and passed judgment on NASA operations. Never before
had day-to-day progress in the exploration of a new field been so accessible to
public observation. Aside from the hundreds of millions who were merely
interested in NASA activities, there were also large numbers who were ac
tively involved in its functions. Estimates indicated that as many as 2 million
people were participating, in some degree, in the man-in-space program and
this estimate, of course, did not include the 190 million people each of
whom was contributing about $10 per year to pay for the program.
NATURE oF NASA REsEARCH
A basic difference between the operations of NACA and NASA was in
the nature of the research undertaken by the two agencies. The work of
NACA fell almost exclusively in the field of applied research-research
aimed directly at improving the performance and reliability of military and
commercial aircraft. Pure research, aimed simply at satisfying man's endless
curiosity about nature, was an activity which Congress had heretofore been
unwilling to fund. But the end objective of much of NASA's research was
pure in character; no one expected any early practical rewards for landing
a man on the moon or for determining the temperature and the magnetic
fields of Venus. The revolution in man's thinking produced by the Space
Age was perhaps best revealed by the actions of congressmen in appropriating
vast sums of money for pure research.

Congressman Albert Thomas of
Texas, member of House Appro
priations Committee from 1941 to
1965 and Chairman of the Inde
pendent Offices Subcommittee from
1949 to 1952 and 1955 to 1965.
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There were many who questioned the wisdom of spending so much
money for such operations as going to the moon or to Venus and there were
some who tried to rationalize the action by devious arguments of question
able validity. Still others appeared willing to accept without question or
hindrance man's unique urge to learn more about the universe in which he
lives. This great urge, like the one to procreate, is not benefited by attempts
at explanation. The philosophy behind such feelings was well expressed in a
statement attributed to the Arctic explorer Fridtjof Nansen: "The history
of the human race is a continuous struggle from darkness toward light. It is
therefore to no purpose to discuss the uses of knowledge-man wants to
know and when he ceases to do so he is no longer man."
Still unsettled, however, was the question of how much a man or ana
tion can afford to spend to satisfy human curiosity. About all that could be
said on this point was that past investments of effort and funds in such activ
ities had, on the whole, paid off handsomely for they account in large part
for the difference in status between man and the lower animals.
INFLUENCE ON AMES

This then was the nature of the organization and activity of which the
Ames Research Center found itself an increasingly smaller part. Fortu
nately, the organizational commotion attendant on the formation of NASA
was largely centered in the East. Ames was thus substantially isolated from
these disturbing activities, and the transition from NACA to NASA was all
the easier for Ames because it, together with the other former NACA cen
ters (Langley, Lewis, and the High Speed Flight Station), continued, as be
fore, to report to the same old NACA Headquarters group. This group was
headed by Ira S. Abbott who in February 1960 was Director of the Office of
Advanced Research Programs which, together with the Office of Space Flight
Programs and the Office of Launch Vehicle Programs, comprised the main
technical divisions in the NASA Headquarters organization.
The four former NACA centers were able to maintain some semblance
of their old and close relationship and, as under NACA, their work received
the coordination and advisory benefits of a group of technical committees.
Coordination of activities was, of course, a much more complex function for
NASA than it had been for NACA and required an effort of which the tech
nical committees provided only a part. Likewise the executive function of a
Headquarters technical division under NASA was the more difficult because
it had to adjust to a more complex, heterogeneous, and fluid pattern of
agency management than NACA had ever known or imagined.
Ames relationships with those NASA centers which were concerned
with operations were not particularly close. Nevertheless, these centers were
interested in the basic research being conducted by Ames and occasionally
asked Ames to carry out specific research projects in support of their space·
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flight missions. Such support was, of course, arranged through Headquar
ters. NASA was a larger, looser, and more impersonal organization than
NACA. Increasingly, as tiine went on, the people employed within the agen
cy's far-flung boundaries found themselves strangers to each other-both in
person and in function. The intimacy that had characterized NACA's opera
tions was forever gone.
N ACA people had long felt that there was a basic incompatibility be
tween research and operations and that whenever the two competed for at
tention, manpower, and funds, research was at a severe disadvantage. Thus
as NASA got under way, concern quickly developed over the unfair compe
tition the Administration's glamorous space operations would provide for
the basic laboratory research upon which any successful space operations
would surely depend. Dr. Dryden sincerely felt that basic laboratory re
search must be preserved and protected. Dr. Glennan seemed to agree but,
despite their good intentions, a serious question remained as to whether it
would be humanly possible to protect NASA's laboratory research from a
starvation arising from public and political pressures for spectacular space
achievements.
Ames management was steeped in the traditions of laboratory research
and had little interest in undertaking space operations or space-project man
agement. Indeed its attitude toward such activities was slightly disdainful.
Within the Center, however, there were people who had a definite interest
in space-project management and who, despite top-level resistance, pressed
their point of view. Such divergent views had small effect and during the
first year or two under NASA, Ames proceeded very much as it had under
NACA. Money for facilities came a bit easier but from 1958 to the end of
1960 the Center was allowed no increase in manpower.6 The growth of man
power in NASA was largely concentrated in the area of space operations and
space-hardware development, neither of which was significantly represented
in the Ames program.
Research at Ames was little benefited by the Space Age transformation
-at least in the early years. In fact it received a sharp setback in 1959 when
NASA Headquarters decided that NASA flight research should be concen
trated at the Administration's Flight Research Center at Edwards, Califor
nia. The only flight-research activity left at Ames was that associated with
the development of vertical takeoff and landing (VTOL) and short takeoff
and landing (STOL) aircraft. These projects were allowed to remain at
Ames because it was felt that their prosecution would be greatly facilitated
by the proximity of the 40- by 80-foot tunnel. The removal of Ames flight
projects was regarded at Ames as an act of questionable wisdom. It was in
any case a poor reward for the outstanding flight research which the Center
'See app. A.
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had carried out. Headquarters allowed Ames to retain one F-86 airplane so
that the Center's pilots might maintain their flying proficiency and thus
their ability to contribute to flight-simulation programs.
As earlier indicated, NASA was a Government entity having powerful
acquisitive rights. When first formed, it had the authority to take over al
most any Government property, facility, or activity for which it could prove
a legitimate need. One of its smaller acquisitions at this time was the 76-odd
acres of Navy-owned land on which the Ames Research Center rested. 7
Prior to the takeover, NASA had been allowed to occupy this land on the
basis of a "use permit" granted by the Navy. Now the land became NASA
property but, inasmuch as it still lay within the Naval Base reservation,
Ames administrative procedures had to be coordinated with Navy require
ments. From past experience, this necessity presented no serious problem.

• 75.6 acres transferred from Navy on April 2, 1962, combined with 39.4 acres obtained from
several purchases of adjacent privately owned land brings total owned by NASA, on April 2,
1962, to ll5 acres.
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EARLY CHANGES

Ames was fairly well isolated from the organizational tur
A LTHOUGH
moil in Washington, it was obliged to reorganize and redirect its
efforts to cope with space-age responsibilities. New are~ of space-related
research had to be covered and, inasmuch as no increase in staff had been
allowed, it was necessary to consolidate and reduce some of the Center's
older, aeronautical activities. It was not, however, until December 31, 1959,
more than a year after NASA was founded, that the first major organiza
tional change was made at the Center. This organizational event was pre
ceded by certain important personnel shifts of a localized character.
On August 31, 1959, Harry Goett, Chief of the Full Scale and Flight
Research Division, left Ames to become Director of the new Goddard Space
Flight Center. His going, though a big gain for Goddard, was a great loss for
Ames. Fortunately there had developed at Ames a cadre of extremely able
young men from whom vacancies could be filled. Goett's former position
was filled by Charles W. (Bill) Harper, who had been chief of the 40- by
SO-Foot Wind Tunnel Branch. Bill, a sports-car racer by avocation, had dis
played a high level of technical ability and leadership at Ames. In research
he readily distinguished the kernel from the chaff and pressed on toward the
target with exemplary vigor. The success of his leadership was further as
sured by his pleasant, debonair, personality. Harper's former position, in
the 40-by-80, was taken over by Woodrow Cook.
Another loss to the Center, fortunately temporary, occurred in the sum
mer of 1959 when Dean Chapman left Ames for a year of study at the Uni
versity of Manchester in England. This opportunity was afforded by the
Rockefeller Public Service Award which Chapman won for his outstanding
work on spacecraft reentry trajectories.
The major organizational changes made at the end of 1959 were princi
pally concerned with the research divisions. The changes included (1) the
appointment of Harvey Allen to the position of Assistant Director, parallel
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ing that held by Russell Robinson; (2) elimination of the Theoretical and
Applied Research Division; (3) the granting of divisional status to aero
thermodynamics research ; and (4) the formation of a new Vehicle Environ
ment Division, under Alfred Eggers, to deal exclusively with problems of
spacecraft design and operation.
As noted, the assumption, by Ames, of new space-research responsibili
ties necessitated a consolidation and a curtailment of some of the older
aeronautical research activities. Moves in this direction by early 1960 in
cluded the following:
(1) In November 1959, the 10- by 14-Inch Supersonic Wind Tunnel
Branch was disbanded and the tunnel reassigned, for use as re
quired, to the 3.5-Foot Hypersonic Wind Tunnel Branch.
(2) The 14-Foot Transonic Wind Tunnel Branch also was dis
banded late in 1959 and the tunnel reassigned, for use as re
quired, to the 11-Foot Transonic Wind Tunnel Branch (Uni
tary Plan Wind Tunnel Division) .
(3) The 7- by 10-Foot Wind Tunnels Branch was disbanded earlier
and the two tunnels reassigned on a standby basis to the 40- by
80-Foot Wind Tunnel Branch.
(4) The remaining six non-Unitary wind tunnels were combined
into three branches.
Most of the changes so far mentioned are reflected in the abbreviated
organizational chart for January 1960. The chart, however, does not reveal
the formation, in December 1958, of the Ames Manned Satellite Team,
headed by Alfred Eggers. The responsibilities of this team were (1) to con
sider the design problems of a manned satellite, (2) to propose a practical
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system for such a satellite, and (3) to recommend research programs neces
sary for the development of the proposed system. This very influential
group, which in June 1960 was reconstituted under the leadership of Alvin
Seiff as the Ames Manned Lunar Mission Team, was instrumental in setting
the manned lunar mission 1 as a NASA goal. As reconstituted, the team
was organized as follows:
A. Seiff, Chairman; C. A. Syvertson, vice chairman; M. H. Mead,
guidance and control; G. A. Rathert, piloting, simulation, bioengi
neering; A. L. Erickson, launch vehicles; G. G. Edwards, landing;
B. Look, parachutes; H. Hornby, rendezvous, propulsion; G. A.
Smith, guidance techniques; S. F. Schmidt, trajectories, control; G.
Goodwin, heat transfer; C. A. Hermach, materials; A. C. Charters,
meteoroid damage; and C. F. Hansen, physics.
LATER DEVELOPMENTS

Once the excitement over the initial Space Age developments at Ames
began to fade, a certain restlessness in the Center's staff became evident.
Don Wood retired and Alex Charters resigned in March 1961. Alex's posi
tion as chief of the hypervelocity ballistics range was filled by Tom Can
ning. A little later Fred Hansen, chief of the Physics Branch, resigned and
the vacancy thus created was filled by Michel Bader, who had come to Ames
from Caltech.
.
On April 19, 1961, Don Heinle, Ames test pilot, was killed in the crash
of an F-101 at Edwards. Reportedly, his plane got into a flat spin from
which he was unable to effect a recovery. Don was well liked at Ames and
had made many contributions to the Center's flight research. His passing
was a sad loss.
In August 1962 Bradford Evans replaced Dan Wentz as Information
Officer. A month later Red Betts retired and his position was filled by Ray
mond Braig. Also, late in 1962, R. T. Jones departed from Ames on an ex
tended leave of absence to work with an eastern research group on the de
velopment of an artificial heart.
The period 1961-1962 was also marked by a number of organizational
changes. Early in 1962 Arthur Freeman was given the title "Assistant Direc
tor for Administration," but his task remained essentially unchanged. He
had held the same position longer than anyone else at the Center except
Smith DeFrance. NASA management was impressed with the need for ensur
ing that new devices and ideas developed for space operations be quickly
brought to the attention of industry for possible application in other non
space fields. To further this purpose, an Applications Officer was appointed
at each NASA center. At Ames the position was assigned to George Ed
1
The team proposed a series of manned flights reaching ever closer to the moon but not an
actual lunar landing.
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wards, who for a time thereafter carried on the applications work while con
tinuing to act as head of the 12-Foot Pressure Wind Tunnel Section.
The scope of the Ames research operation was considerably enlarged in
August 1962 when a Space Sciences Division was formed. The new division,
assigned to Harvey Allen's directorate and headed by Dr. Charles P. Sonett,
was the first Ames unit established primarily for the purpose of carrying out
experiments in space. Sonett had perhaps had as much experience in devis
ing space experiments and instruments as anyone else in the country. As
an employee of the Space Technology Laboratories, Sonett had worked for a
number of years on Air Force space probes. More recently, he had been con
nected with the NASA Headquarters Office of Space Sciences. Because of
manpower limitations, the Space Sciences Division at Ames grew much
more slowly than Dr. Sonett had hoped, or expected, and by the end of 1962
had not increased much in size. First member of Sonett's staff was John
Wolfe, who had been working with Michel Bader, in the Physics Branch, on
solar-plasma probes. Another early staff acquisition was John Spreiter, who
was appointed head of the Theoretical Studies Branch of the new division.
FoRMATION OF LIFE-SCIENCES ACTIVITY

One of the most important organizational changes at Ames was the
starting of a life-sciences activity in February 1961 with the arrival of Dr.
RichardS. Young. Two weeks later Young was joined by Dr. Jiro Oyama.
Dr. Young was then connected with the new Office of Life Sciences Pro
grams which, under Dr. Clark Randt, had been established in NASA Head
quarters. Randt's office had developed an interest in biological experiments
to be carried out in spa<;:e by means of satellites (e.g., Project Bios) and a
laboratory was needed in which some ground experimentation could be
performed prior to flight. Such work, they decided, could be done at Ames.
This was the mission of Drs. Young and Oyama. They established their first
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john H. Wolfe and Richard W. Silva (top left), Dr. Charles P. Sonett (top right),
Dr. RichardS. Young (bottom left), and Dr. Webb E. Haymaker (bottom right).

biological research facilities in a small penthouse atop the instrument re
search building. At this stage, Dr. Young was not a part of the Ames organi
zation. He received administrative support from the Center but reported to
Dr. Randt.
Prior to Dr. Young's arrival at Ames, NASA Headquarters considered
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the establishment of a major NASA life-sciences activity at Ames Research
Center and other sites. Ames was of interest because of the well-known bio
logical centers and scientists located in the San Francisco Bay region; an
other reason for the tide's turning in favor of Ames may have been the hu
man-factors aspect of the Center's flight-simulation activities. This item
might not have been effective had it not been for the enlightenment and
persuasion which reportedly was offered to Dr. Randt by his friend Dr. Har
ald Smedal. Dr. Smedal, a captain in the U.S. Navy Medical Corps, had ear
lier become interested in the flight-simulation work at Ames and had joined
the Center's staff.
The decision to establish a life-sciences research activity at Ames was
made in November 1960,2 but further action was delayed until the next
spring when Drs. Young and Oyama became the first members of the Ames
life-sciences organization. Walter Peterson, the first Ames staff member
to be associated with the new activity, was appointed Administrative
Assistant to the Assistant Director for Life Sciences. The latter posi
tion (Assistant Director for Life Sciences) was filled in July 1961 by Dr.
Webb Haymaker, internationally known neuropathologist who at one time
had been president of the American Association of Neuropatho1ogists. Ap
pointed as Dr. Haymaker's deputy was Dr. G. Dale Smith. A month before
Dr. Haymaker's actual arrival at Ames, in November 1961, the Biotechnol
ogy Division of the Life Sciences Directorate was formed under the direc
tion of a new man at Ames, Dr. Siegfried J. Gerathewohl. Its task was re
lated quite closely to the flight-simulator work at Ames, and members of the
Center's staff were available to form an operating nucleus for the new unit.
Despite the fairly good start made in organizing the Biotechnology Di
vision, the Life Sciences Directorate was in a continuous state of turmoil for
the next 2 years. As is often the case with new research organizations, little
was accomplished during this period. The October 1962 Organization Chart
is representative of the conditions prevailing.
MANPOWER PROBLEMS

Manpower problems at Ames were acute. The Center had not been
permitted to augment its staff to handle the new research responsibilities
that had been thrust upon it. Some of the new fields of research required
training and experience of a kind which the old NACA staff at Ames did
not possess. Disciplines involved in life-science research were obviously out
side of NACA's experience and, even with respect to the physical space sci
ences, training of one kind or another would be required.
The Government Employees Training Act of 1958 was of some help.
This Act allowed selected Government employees time off from their work
• Decision cited in letter from Dr. Clark T. Randt, Director, Office of Life Sciences Programs,
to Dr. S. J. DeFrance, Director, Ames Research Center, dated Nov. 15, 1960.
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to attend university courses when these would significantly improve their
ability to serve their employer. In pursuit of this opportunity, Ames staff
members took courses at local schools. At Stanford University, the Center's
longstanding cooperative arrangement remained in force and, as before, a
number of Ames employees, notably John Spreiter, Harvard Lomax, and
W. J. Kerwin, taught courses at the university in the aeronautical and space
sciences.
Ames found some small relief from its manpower miseries in the post
doctoral fellowship program of the National Academy of Sciences. This pro
gram, funded by a grant from NASA, was not intended to solve NASA's
staffing problems. Its purpose, rather, was to allow selected scientists from
the international community to work in NASA space-research centers and
thus gain experience that would be useful to them and the countries from
which they came. The candidates were carefully screened and given assign
ments for one year which under favorable conditions might be extended to a
second or a third year. The postdoctoral fellows, as they were called, were
mostly very able men who often made substantial contributions to NASA's
research effort and who, in some cases, later accepted regular employment at
the Center. Dr. Cyril Ponnamperuma, the first postdoctoral fellow to serve
at Ames, arrived in the summer of 1961. An extremely able research man,
Dr. Ponnamperuma later joined the permanent staff of the Center's Life Sci
ences Directorate.
Still another arrangement that provided some slight relief for Ames'
manpower shortage was an agreement reached between NASA and the mili
tary services whereby graduating college students in ROTC were allowed to
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spend their required two years of service in NASA rather than in the mili
tary. Quite a few men came to Ames under this arrangement.
These programs were valuable but unfortunately did little to solve the
pressing manpower problems at Ames. The remaining avenues for dealing
with these problems were: (1) curtailment of some of the less important
work at the Center, and (2) the letting of contracts with outside agencies to
carry out both routine and research tasks. Contracts could certainly be let
for some of the routine services that absorbed the Center's manpower. Such
services included training, routine computing, equipment maintenance, ar
chitectural design, and operation of the mechanical and electrical auxiliaries
of the research facilities.
The letting of contracts for research was another matter. NACA and
Ames had always favored the development of in-house capability for re
search work. But times had changed. Through oral persuasion and man
power squeeze, Headquarters was forcing Ames to move in the direction of
research contracting. The Life Sciences Directorate clearly and with good
reason would use contracting to accomplish many of its research objectives.
The Space Sciences Division, which, because it was new, suffered most
keenly from the manpower shortage, would also be forced to follow the con
tract route, at least for routine services such as computing and for support
ing research and development work. A new day for Ames was in the making.
DISSEMINATION OF INFORMATION

With the founding of NASA, all of the old NACA report series were
discontinued, as was NACA's practice of holding frequent inspections and
technical conferences. Numerous meetings were held by NASA but few bore
much resemblance to the old NACA technical conference. The establishment
of a new report series was undertaken soon after NASA was founded but
was not implemented until July 1959. In the interim, research reports issued
by NASA were given a simple designation consisting primarily of the date
of issue and a letter symbol indicating the Center of origin. A typical desig
nation for a report issued during this period was: Memo 2-19-59A, where
the A stood for Ames.
Of the several report series established in July 1959, the three main ones
were designated by three letters followed by a serial number. The assigned
designations were:
TM X-000
TN D-000
TR R-000

(replacing NACA RM series)
(replacing NACA TN series)
(replacing NACA TR series)

TM X series reports, like those of the old RM series, were classified if re
quired but those of the other two series were unclassified. In addition to
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these three report series, there was a CR series for contractors' reports and
an SP (Special Publication) series of NASA publications.
While NASA clearly held the right to publish the work of its staff and
its contractors, it generally denied neither group the privilege of first publi
cation of unclassified information in non-NASA media. And since outside
publication often satisfied the agency's requirements, the results of NASA
financed research often did not appear under NASA report covers. Many
NASA research men, particularly those operating in the new life-science and
space-science fields, preferred to publish their papers in professional jour
nals. Often new NASA test results were first presented at a meeting· of some
technical society. NASA men were in much demand as speakers at such
meetings and some NASA research men made their way in London, Istan
bul, New Delhi, and Tokyo as easily as they did in San Francisco. Within
the world's scientific community, space research was providing the bonds of
a common interest and a vehicle for increasing international collaboration.
The stigma which NACA once attached to public-relations activities
was, in the new NASA environment, completely missing. Brad Evans thus
entered Ames employ as a first-class citizen with a very important job to do.
The job required a man with a broad knowledge encompassing, at once, a
reasonably good understanding of the technically complex work being done
by the Center and an understanding of the almost equally complex aspects
of information transmission. Moreover, the job required political "savvy"
and a fine sensitivity in human relationships. Often the blunt, obscure lan
guage of research engineers had, through Brad's good offices, to be softened
and clarified for public consumption. The contributions of the public-rela
tions man, the information specialist, were appreciated in these days.
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COMPLETIONS

HE hypervelocity research laboratory was completed in 1961 at a
T cost
of about $1 million. This laboratory became the home of the
Physics Branch, which carried on with ion-beam studies begun in 1957-1958
by Michel Bader and with the investigation into the properties of gases
at high temperatures earlier initiated by Fred Hansen. This work was be
coming increasingly important, and was both fundamental and applicable
to current practical design problems.
The 3.5-foot tunnel, also completed in 1961, was equipped with inter
changeable nozzles for operation at Mach numbers of 5, 7, 10, and 14. No
longer was it considered feasible to provide variable-geometry nozzles for
wind tunnels designed. to operate at high speeds and temperatures. In the
3.5-foot tunnel a tremendous pebble-bed heater had been incorporated with
the expectation that it would preheat the air to 4000° F and thus prevent
liquefaction in the test section. Unfortunately, the heater was able to pro
vide air temperatures of only 3000° F and the use of the Mach 14 nozzle was
thus precluded.
The unexpected limitation on the performance of the pebble-bed heater
arose, in part, from a chemical and structural instability of the refractory
material (various mixtures of zirconia, alumina, calcia, etc.) produced, at
high temperature, by a migration of its constituents. Additionally, the rela
tive motion of the pebbles arising from thermal expansion produced refrac
tory dust that sandblasted the finely polished tunnel throat and test model.
Different refractory materials were tried as were also various arrangements
and combinations of these materials. By the end of 1962 no solution to the
problem had been found other than to accept, for the time being, the lower
operating temperature and speed.
The item which had been proposed in 1958 as a 12- by 12-inch helium
tunnel was completed late in 1960 and actually turned out to be a 20-inch
square helium tunnel. At the same time, a 14-inch helium tunnel was built
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3.5-foot tunnel and 20-inch helium tunnel with hypervelocity research laboratory
in foreground.

in the 3.5-foot-tunnel building. The 14-inch tunnel was built at very little
cost inasmuch as the 3.5-foot tunnel was already equipped with a helium
processing plant, helium storage facilities, and much of the piping required.
All that was required were some simple nozzles.
Both the 14-inch and the 20-inch helium tunnel were equipped with al
ternate nozzles for operating at Mach numbers of approximately 10, 15, 20,
and 25. Such high Mach numbers were easily achievable with helium inas
much as heating was not required to avoid liquefaction. Because of the ease
with which the helium tunnels could be operated, they were often used to
run tests that would simplify and shorten test programs scheduled for the
more cumbersome and expensive 3.5-foot tunnel. The limitations of helium
for simulating air in a wind tunnel were also examined. It developed that
helium test results are highly questionable in cases where: (1) a complex
pattern of intense shock waves is present, (2) an occluded pocket of subsonic
flow exists in an otherwise supersonic flow pattern, and (3) the ratio of skin
friction to pressure drag is high.
Another facility completed and put into use in 1960 was the 1-foot hy
pervelocity shock tunnel on which Bernie Cunningham and his colleagues
had spent so much development time. This tunnel was originally intended
to be a part of a new hypervelocity atmosphere-entry simulator named the
parabolic entry simulator, or PES. The PES was assembled but inasmuch as
the need for the device was disappearing and the difficulties of operating it
were great, the project was abandoned before the simulator was ever used.
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The shock tunnel, however, was felt to be useful for other test purposes and
thus it was installed in an old Quonset hut construction shack, which was
glorified by the name of "hypervelocity airflow laboratory," just north of the
6- by 6-foot tunnel.
Described in TN D-1428 by Cunningham and Kraus, the shock tunnel
consisted of a driver tube which was separated by a diaphragm from a shock
tube which in turn was separated by a second diaphragm from a nozzle and
supersonic throat. The throat was connected to a large evacuated vessel
which received the gases flowing from the tubes. In operation, the driver
tube was filled with an explosive mixture of hydrogen and oxygen gas to
gether with a certain amount of helium for softening the explosion. The
shock tube was filled, under pressure, with air or any other test gas which
might be required to simulate the atmosphere of, for example, Mars or
Venus. The combustible gases, ignited by an electrically heated wire, built
up a pressure that burst the first diaphragm and caused an intense shock
wave to race down the shock tube. The shock waves, both direct and repeat
edly reflected, heated and pressurized the test gas to such a degree that it
burst the second diaphragm and flowed past a test model mounted in the
supersonic throat.
The 1-foot shock tunnel was capable of producing flows lasting up to
100 milliseconds or more at Mach numbers up to 14. Enthalpies ranged up
to about 4000 Btu per pound. Operation of the tunnel required considera
ble preparation and only one shot could be made in an 8-hour shift. Adding
to the operating time and difficulties was the mess caused by the water gen
erated during a shot. This water was, of course, the condensate of the steam
produced by the combustion gases.
HYPERVELOCITY FREE-FLIGHT FACILITIES
The use of a shock tunnel in counterflow arrangement with a light-gas
gun had been pioneered in 1958 with the somewhat reluctant approval of
Ames management by Tom Canning and AI Seiff. The pilot hypervelocity
free-flight facility (pilot HFF facility) , as the first device of this kind was
called, was built of spare parts from around the Center and was fairly crude;
but it demonstrated the soundness of the principle. There had been much
questioning of the feasibility of such a device in view of the timing problems
involved in making successful measurements. The principle of the HFF facil
ity having been proved, Tom Canning and a few others at Ames wished to
proceed immediately with the development of larger and more sophisticated
HFF facilities capable of providing speeds, densities, and enthalpies corre
sponding to those encountered by a spacecraft returning from an earth
orbit, a trip to the moon, or even a voyage to one of the planets. The HFF
principle seemed the most likely of any yet developed to satisfy these simula
tion requirements. It appeared, however, that Ames management was not
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sufficiently well sold on the HFF idea to embark on this expensive enter
prise without additional preparatory work. As a result Ames invested about
$350,000 in a prototype HFF facility which was completed in 1961. This fa
cility, which like the pilot HFF facility was located just south of the 1- by
3-foot tunnel, was approximately 200 feet long-much larger than the pilot
facility. It incorporated a two-stage shock-compression gun that produced
speeds of more than 20,000 feet per second and a shock tunnel that pro
duced an air pulse having a speed of up to 15,000 feet per second. The maxi
mum relative speed between air and model approached 40,000 feet per sec
ond, while the achievable stagnation enthalpy was greater than 30,000 Btu
per pound and the Reynolds number per foot was over 1 million. The tun
nel was designed for a modest Mach number of 7 in order to maintain the
air density at a fairly high level. It will be recalled that a high density as
well as a high enthalpy is necessary for the simulation of aerodynamic heat
ing.
The performance of the prototype HFF facility proved satisfactory and
shortly Seiff and Canning submitted a proposal for a huge new HFF facility
that would cost about $5 million.

Prototype hypervelocity free-flight facility.

SHOCK TUBE

H

TEST SECTION
NOZZLE

I

VACUUM TANK

B. Pat Denardo and impact range.
IMPACT RANGE

The Ames Research Center was now taking a substantial interest in the
effects of meteoroid strikes on spacecraft. Although Ames had already built
three ballistics ranges in which such studies could be made, it was decided
that a fourth range should be designed specifically for terminal ballistics
work. The principal requirement for a range of this nature would be a gun
of such size and power as to generate the highest possible launching speed.
As in the other ranges, the gun, target, and test section would be enclosed in
a single tubular chamber that could be evacuated to represent high-altitude
conditions or filled with gases typifying various atmospheres.
The new range, named "impact range," was built in 1961 and first put
to use in 1962. It was located with the other three Qanus, pilot, and main)
ranges in the range building which had been constructed along the western
border fence. The impact range thus became a part of a complex of four
facilities that together were known as the hypervelocity ballistics range
(HBR) . The HBR was operated by the HBR Branch originally headed by
Alex Charters and, after Charters left in February 1961, by Tom Canning.
GuN DEVELOPMENT

Inasmuch as the gun was perhaps the most important element in a
range or a hypervelocity free-flight facility, it became the subject of an in
tensive and continuing development program. The Bioletti-Cunningham
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shock-driven gun was relatively simple and generated launching speeds of
around 20,000 feet per second but unfortunately it was not really suitable
for launching heavy models. The Charters-Rossow-Denardo piston-compres
sor gun could launch heavier models, but launching speeds were limited to
about 13,000 feet per second and, in any case, the gun was mechanically and
otherwise impracticable in its existing form. The practicability of the gun
could be increased, of course, by closing the breech and eliminating the
reaction piston which, most disconcertingly, flew out of the rear end. This
change would get rid of some of the more serious complications but even so
the gun just did not have enough "zock" to produce the desired high launch
ing speeds.
The main problem of the piston-compressor gun was that a small
pocket of gas had to be left at the end of the driver tube to act as a shock
absorber for the heavy metal piston. Otherwise the piston would slam into
the end of the smaller launch tube with a devastating wallop. The pocket of
gas, though useful as a shock absorber, introduced a thermodynamic, or vol
umetric, type of inefficiency that took the edge off the piston's thrust. It
softened the blow as does the clearance volume in the cylinder head of an
automobile engine. What was needed was a means for closing out that vol
ume while still obtaining shock absorption.
The solution to this problem was found by a young man named John
Curtis who had recently joined the Ames staff. Curtis decided that what was
needed was a semisoft plastic piston that deformed on impact and thus acted
as its own shock absorber. He believed, moreover, that the shock-absorbing
action could be made still smoother if the last portion of the driver tube was
made slightly conical (tapered) so that the soft-nosed piston, while coming
to rest, would squeeze down and completely fill the cone. The nose of the
piston, Curtis believed, would actually "squirt" forward, generating the
highest possible pressure and driving the last bit of gas into the launching
tube.
The idea proposed by Curtis was tried and proved immensely success
ful. The deformable-piston gun quickly demonstrated its ability to generate
launching speeds as high as, or higher than, those of the shock-driven gun.
John Curtis had really saved the Charters gun from extinction. The new
Charters-Curtis deformable-piston, light-gas gun was destined to become the ·
standard at Ames and, good though it originally was, its performance was
continually increased by later refinements. Also, its efficiency was found to
increase with its size. In the course of the gun's development, many different
piston shapes and materials were investigated, with polyethylene becoming
the favored material. Some of the pistons were made with an internal cavity
containing water. The gun design ideas originated by Curtis are described
in his report TN D-1144 (ref. C-1), "An Accelerated Reservoir Light-Gas
Gun."
334

june 25, 1965, deformable-piston gun applied to main range. Used
plastic pistons are under gun at left.

ABLATION RESEARCH REQUIREMENTS

The HFF Facility could, perhaps more accurately than any other de
vice, simulate the aerodynamic and heating conditions experienced by reen
try spacecraft. Nevertheless it had a number of faults, one of which was the
short period of time over which the simulated conditions prevailed. Not
only did this fault introduce severe operational difficulties but, even worse,
it precluded the use of the facility for simulating certain aerodynamic and
heating processes that required more than a few milliseconds to reach an
equilibrium stage. One of these processes, unfortunately, was the thermo
chemical process of ablation, which at this time was regarded as the most
promising means for protecting spacecraft from the ravages of reentry heat
ing.
Ablation was a mass-transfer cooling process, like sweat cooling, in
which a solid material with which a spacecraft could be coated would absorb
heat by the physical processes of melting, evaporation, and sublimation; the
material thus transformed would gradually be dissipated into the surround
ing airstream. The choice of ablation material depended on the rate and du
ration of the heating pulse, and materials such as plastics (e.g., Teflon),
quartz, and graphite appeared useful for this purpose.
The physical processes of ablation had been found to proceed with suf
ficient rapidity to allow them to be investigated in counterflow devices such
as the atmosphere-entry simulator; indeed, that was the main function of
the AES and the intended function of the abandoned parabolic entry simu
lator. Often, however, there were chemical reactions between the ablator
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and the boundary layer that proceeded rather slowly and could not be inves
tigated in short-period test devices of the HFF .or the AES type. These reac
tions were prevalent in ablators that formed a surface char layer through the
pores of which the vaporized ablation material percolated. It was for the in
vestigation of charring ablators that a special test device was needed. That
device was the arc-jet tunnel.
ARC-jET DEVELOPMENT

The development of the arc-jet at Ames was a complex and very impor
tant process that began in 1956, rapidly increased in intensity during the
early years of NASA, and continued thereafter at a high level. It began with
the preliminary study and applications of the few available commercial arc
heaters (such as Plasmadyne) and continued with the development of a se
ries of increasingly refined arc-jets that represented a major contribution
both to arc-jet technology and to aerothermodynamic research. Early contrib
utors to this work have already been named. Others who contributed in
the 1959-1962 period included Glen Goodwin, Howard Stine, Charles Shep-
ard, Velvin Watson, Roy Griffen, Ernie Winkler, Warren Winovich, and
Brad Wick.
The arc-jet, or arc-jet tunnel, though sometimes of the continuous-flow
type, is typically a supersonic blowdown tunnel in which air, or any other
gas, from a pressure vessel is released to flow through a supersonic throat,
over a test model, and into an evacuated receiving chamber. Running time
is usually from one to several minutes. On its way to, or through, the super
sonic throat, the air is heated by a powerful electric arc. One of the major
problems in the design of an arc-jet is to arrange an intimate mingling of
the airstream with the arc so that the heat of the arc is transferred to the air.
The problem is difficult because the air seems to want to avoid the arc. An
other critical problem in arc-jet design is to keep the whole unit, particu
larly the sonic nozzle and the electrodes, from melting. Water cooling, sweat
cooling, and other means are used. Contamination of the airstream by va
porized electrode material must also be minimized. Such partial solutions to
these problems as were available had required years of imaginative develop
ment work.
The first arc-jet units developed at Ames were completed in 1960.
Their electrodes were in the form of hollow, water-cooled concentric rings
over which the air passed on its way to the sonic nozzle (constriction) of the
supersonic throat. A magnetic field was used to move the arc around the
rings so that it would not cause excessive heating and erosion at any one
point. One of these concentric-ring arc-jets was able to add 1500 Btu to each
pound of air passing through it while operating at 100 atmospheres air pres
sure with an arc power of 2 megawatts. At low pressures (less than 1 atmos
phere), the heat, or enthalpy, added to the airstream was as much as 9000
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Btu per pound. The first published information on Ames concentric-ring
arc-jet development work was the paper "Electric Arc Jets for Producing
Gas Streams with Negligible Contamination," by C. E. Shepard and Warren
Winovich. This paper was presented in 1961 at a meeting of the American
Society of Mechanical Engineers and published as ASME Preprint 61
WA-247.
The enthalpy of 9000 obtained with the concentric-ring arc-jet did not,
of course, represent spacecraft reentry conditions. A much more efficient
transfer of heat from arc to air was needed. Howard Stine and Glen Good
win bent their minds to this problem. The heat-transfer efficiency would be
much higher, they figured, if the air and the arc were forced to commingle
by passing them both through a narrow constriction in the airflow passage.
The cathode would thus be upstream of the constriction, the anode down
stream, and the arc would pass lengthwise through the constriction. This de
vice was known as the "constricted arc."
The constricted arc was not new in principle but its successful develop
ment, as carried out by Howard Stine with the help of Charles Shepard and
Velvin Watson, was a major accomplishment and produced a revolution in
arc-jet design. With this work the potentiality of the arc-jet for simulating
intense aerodynamic heating was much enhanced. Stine's classical work on
the constricted arc represented a beautiful blending of theory with experi
ment. The theory is contained in TN D-1331 (ref. C-2), "The Theoretical
Enthalpy Distribution of Air in Steady Flow Along the Axis of a Direct
Current Electric Arc," by Howard A. Stine and Velvin R. Watson.
In the first constricted arc-jet, initially operated in the fall of 1961, the
arc was made to pass through a short constricted throat which was installed
in the airflow passage ahead of the sonic throat. This unit, as described in a
paper which Glen Goodwin delivered in Paris in 1962, produced enthalpies

From left to right: Bradford H. Wick,
Max A. Heaslet, Howard A. Stine,
and Howard K. Larson.
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up to 12,000 Btu per pound with an arc power of 2.5 megawatts at an air
flow of 0.1 pound per second and 7 atmospheres pressure. The tests con
firmed the theory of Stine and Watson, yet it appeared that the performance
of the unit was handicapped by the fact that the heat, in effect, was being
trapped in the plenum chamber ahead _of the sonic nozzle. If the heat could
be added to the air as it passed through the sonic nozzle, it was believed a
better result could be achieved. If then the sonic nozzle were lengthened to
prolong the contact between the arc and the air, a large improvement in
performance might be expected. One problem, of course, was to prevent the
arc current from passing through the walls of the elongated sonic throat
rather than through the air passage. This problem could be solved, it was
found, by constructing the nozzle of thin, transverse, water-cooled segments
or laminations separated from each other by insulating material in the form
of boron nitride washers. Boron nitride was a good electrical insulator yet
provided some thermal conduction.
The principles just mentioned were, incorporated in a new unit called
the supersonic arc plasma jet, which was designed and built in 1962. Prelim
inary tests with this unit indicated that enthalpies of 30,000 Btu per pound
could be obtained. The arc-jet had now proved itself ready for research use;
in fact, some research had already been performed with Plasmadyne and
concentric-ring units. At this stage, late in 1962, a number of papers on arc
jet technology were being prepared by such authors as Howard Stine, James
Jedlicka, Charles Shepard, and Velvin Watson. An earlier Ames paper, pre
sented in 1962 at the Second Symposium on Hypervelocity Techniques, was
entitled "A Wind Tunnel Using Arc-Heated Air for Mach Numbers of 10
to 20," by Forrest E. Gowen and Vaughn D. Hopkins.
GASDYNAMICS LABORATORY

A Plasmadyne arc heater was incorporated in 1959 or 1960 into the 8
inch low-density wind tunnel and later two complete arc-jets, of the concen
tric-ring type, were installed in the 1- by 3-foot wind-tunnel building, now
called the fluid mechanics laboratory. Later, two constricted-arc units were
installed in flow channels in the old low-density heat-transfer building, now
called the space technology building. These installations were small and
mostly of an experimental character, but Glen Goodwin and Dean Chap
man had come to the conclusion that the arc-jet offered sufficient promise to
justify the construction of a major facility to exploit the device for studies of
ablation and other heating phenomena. Glen and Dean each prepared speci
fications for the facilities they had in mind and when later these were com
bined and submitted to Ames management, the estimated cost of the pro
posed "mass transfer and aerodynamics facility," as it was called, was $15
million. Smitty DeFrance was not very enthusiastic about the proposal, and
Jack Parsons knocked the allowable price down to $5 million. The proposal
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was then submitted to NASA Headquarters, where Ira Abbott, head of
OART at the time, cut the price to $4 million, at which level it was ap
proved. The facility, now called the "gasdynamics laboratory," was put
under construction in 1960-1961 and completed in 1962. It was located just
north of the Unitary Plan wind tunnels.
The gasdynamics laboratory designed for the exploitation of the arc-jet
consisted not so much of the arc-jets themselves as of the mighty auxiliaries
necessary to operate arc-jets of any reasonable kind or size. Positions were
provided in the facility for the installation of three separate arc-jet units. Of
the $4 million spent on the gasdynamics laboratory, approximately $1.7 mil
lion went for air-handling auxiliaries (evacuator and collector), another
$1.36 million was spent on the 15-megawatt electrical power supply, and the
remainder, nearly $1 million, was invested in wind-tunnel controls, data
handling facilities, and building. The facility so constructed had a great
deal of operational flexibility and was well suited for the purpose intended:
the further development of arc-jets, fundamental studies of ablation, and
the effects of ablation on the aerodynamic characteristics of reentry bodies.
It was not long before concentric-ring and constricted-arc-jets were installed
and operating in the new laboratory.
339

Gasdynamics facility and 20-inch helium tunnel.

FLIGHT SIMULATORS

Flight simulators were at this time beginning to take on the character
of major facilities. The analog-computer elements associated with the simu
lators already had become quite extensive. In 1960 it was found desirable to
assign responsibility for these elements, and all of the other simulator hard
ware, to a special group. This group, headed by John Dusterberry, was the
Analog and Flight Simulator Branch of the Full Scale and Systems Research
Division. Research to be conducted with the equipment, however, was
planned by other branches.
Of the several elements of which a flight simulator was composed, the
most difficult to develop, and most costly, was the motion generator. Owing
to development difficulties and costs, the motion generator was omitted
from early simulators; in fact, it was not always felt to be needed. In
1957-1958, Ames built the pitch-roll chair, a relatively crude device which
provided motions about either the pitch or the roll axis. In 1960 this device
was improved somewhat to allow, in flight-simulation exercises, any combi
nation of two angular accelerations to be impressed on the pilot. The mo
tions were produced by an amplidyne-controlled, 10-horsepower, electric
motor. Two other devices for generating angular motion, one in which a
large sphere was freely floated on an air bearing, were built but were not
especially successful.
Harry Goett was the main driving force in getting Ames started in the
flight-simulator business; when he departed for Goddard, Bill Harper car
340

John C. Dusterberry.

ried on the movement with equal or greater vigor and with the effective
support of George Rathert. It was, however, under Goett's direction that the
pitch-roll chair was built and it was also owing to his persistent efforts that
action was initiated in 1959 on the construction of what was called the
"five-degrees-of-freedom motion simulator." This simulator incorporated a
centrifuge of 30-foot radius. The simulated cockpit, located in a hooded cab
at the end of the centrifuge arm, was driven by motors, as required by the
simulation, about each of its three axes (pitch, roll, and yaw) . The cab was
also driven through a limited range of motion along the vertical axis and of
course was driven by the centrifuge arm along a curved path of fixed radius
in the horizontal plane. Thus the motions that could be simulated in the
cab were three angular motions, one translational motion, and a curvilinear
combination of the remaining two translational motions. The curvilinear
motions, and associated accelerations, were, of course, fairly representative
of airplane flight.
The motion simulation achieved by the new facility was quite good ex
cept that the rates of motion were limited by power, the range of motion
was limited by structure, and the accuracy of movement was limited by pre
cision of the controls. To have greatly reduced any of these weaknesses
would have cost much more money than was available to Goett for this pro
ject. The five-degrees-of-freedom simulator was built largely of spare parts
scrounged from all possible sources, and the fact that a successful device of
such complexity could be built in this manner was in no small way attribut
able to the ingenuity of Sam Davidsen and others of the Engineering Ser
vices Division. The simulator was placed in operation early in 1961.
In the design of flight simulators, an interesting substitute · had been
developed for the costly and complicated motion generator. This arrange
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ment made use of optical trickery to give the pilot the impression that he
was moving while in actuality he was at rest. Such a scheme was employed
in a landing-approach simulator built at Ames in 1961-1962. The simulator
had a stationary transport-airplane-type cockpit incorporating more or less
conventional controls and instruments. Apparent motion was provided by a
commercially developed device known as the Dalto Visual Simulator. With
it, a TV picture of a model moving-belt runway was projected on a screen in
front of the windshield. The image thus presented gave the impression of an
actual landing situation in which the attitude, elevation, and approach
speed of the airplane were indicated. The landing-approach simulator was
the usual closed loop consisting of pilot, controls, programed analog com
puter, motion generator, and cockpit instruments except that in this case
the generated motion, controlled by the computer, was applied to the TV
camera rather than to the cabin itself. The pilot was thus visually able to go
through a landing maneuver with any airplane for which the computer had
been programed. All six degrees of motion were simulated in the picture.
Another unusual, but useful, flight simulator built at Ames in 1961 was
the "height control test apparatus." This device, which was attached to an
exterior wall of the 40- by 80-foot tunnel building, was designed to simulate
the vertical motions of an airplane, helicopter, or V/STOL aircraft. The de
vice consisted of a cab, simulating a two-man cockpit, which by means of a
motor-driven winch was moved vertically through distances of up to 100 feet
at speeds as high as 22 feet per second and accelerations as high as ± 1.5g.
Arrangements were made whereby a TV monitor could be used to present
an artificial landing scene in lieu of the real view of an open field. The
height control test apparatus, which cost about $170,000, was put into use in
1962.
In none of the flight simulators built so far had motion in each of the
six degrees of freedom been independently provided. In the five-degrees-of
freedom simulator, for example, the translational motions along the two
axes in the horizontal plane were not independent and the motion in the
vertical direction was limited to only ± 2 feet. What was really needed, Ames
engineers felt, and this particularly for V fSTOL work, was a truly six-de
grees-of-freedom simulator that would provide a reasonably large range, say
± 10 feet, of translational motion along each axis. Such a simulator would
obviously be rather large and expensive; but Bill Harper, feeling that the
need was urgent, applied enough pressure to get the project under way in
1962. It would be ready for use in 1963.
+

Top left: the fixed-cab landing simulator. The Dalto visual simulator is used
for runway simulation. Top right: The height-control test apparatus, the flight
simulator provides extensive vertical motion. Below: The 5-degrees-of-freedom
flight simulator.
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DIGITAL COMPUTER FACILITIES

The use of digital electronic computers for theoretical computations
and data workup had become so extensive as to require a separate building
for that purpose. A proposal for the construction of such a building, at a
cost of about $2.5 million, was approved in 1959. The approved facility,
named the "data reduction building," was constructed in 1960-1961 and oc
cupied early in 1962.
In 1961 the Center's IBM 7040 was replaced by an IBM 7090 (later
modified to 7094), and during the same year a Honeywell H 800 machine
was leased. The H 800 had hard-wire connections to the 6- by 6-foot, the
14-foot, and the Unitary wind tunnels and was used exclusively for data
workup. With the procurement of the H 800, the Electrodata machines were
retired.
The use of electronic computers for administrative work at the Center
was increasing steadily, and in 1962 an IBM 1401 machine was leased to
handle this load. Additionally, the IBM 7094 was used for certain adminis
trative tasks.
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the end of 1962 it was apparent that, although most of the Ames
ByCenter's
research continued to fall in the "applied" category, a small
but growing part of it could be called "pure"-performed mainly to satis
fy human curiosity with no immediate practical objective in mind. Some
work on meteors fell in this category, for example, as did some in the field
of space science.
Work on aircraft and airplane flight problems was not neglected, but
certainly the work on spacecraft and space flight predominated. While the
space research, for the most part, followed the familiar pattern of experi
mentation and theoretical analysis conducted in the laboratory, it neverthe
less also introduced two new forms of activity. One of these was the
planning of specific space experiments (including the design of the required
instruments) to be carried out by some other group. The other new activity
was the management of space-flight research projects which were intended to
carry out experiments designed by others.
Notable features of Ames research during this period were (1) the em
phasis on reentry aerothermodynamics, particularly on the phenomena of
radiation and ablation; (2) the acceleration of the movement toward the
development and use of flight simulators; (3) the wotk on V jSTOL air
craft; and (4) the beginning of work in the fields of human factors, biology,
meteors, and space physics.
AIRCRAFT CONFIGURATIONS AN:.:> AIRFLOWS

Boundary-Layer Transition. It had long been recognized that the
maintenance of a laminar boundary layer was of great benefit to the per
formance of both subsonic and supersonic airplanes, and that a laminar-flow
condition could be maintained more easily in an accelerating flow than in a
decelerating flow. The flow over an airplane wing and fuselage involved
both accelerating and decelerating flows but more of the latter, since the net
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reaction of these components in the line of motion was drag. There was a
question, however, as to the degree of flow deceleration a boundary layer
could tolerate without going turbulent, and there was also a question of the
effects on transition of sweepback. Dr. Werner Pfenninger of the Northrop
Aircraft Co. was of the opinion that the installation of carefully designed
suction slots at many points over the whole surface of a wing would make
possible the maintenance of laminar flow over the whole wing. The same
result might also be achieved with the fuselage although in this case 100
percent laminar flow was perhaps too much to expect. The benefit of such an
installation, if the system were light and efficient, would clearly be great. The
speed of an airplane so equipped would be enhanced and, in the case of a
bomber, a tremendous increase in range could be achieved.
The Ames 12-foot tunnel was the ideal instrument in which to check
out some of Dr. Pfenninger's theories as well as to investigate boundary
layer transition. Ames worked closely with Dr. Pfenninger on his project
and at the same time pursued the matter of boundary-layer transition on a
more general level. Gary Chapman of the SSFF tunnel undertook in TN
D-1066 and TN D-1075 to demonstrate and analyze the generally deleteri
ous effects of wing sweep on transition at supersonic speed. At about the
same time, Fred Boltz, George Kenyon, and Clyde Allen of the 12-foot tun
nel were demonstrating (e.g., TN D-338) that the bad effects of sweep on
transition also prevailed at high subsonic speeds. It appeared from the tests
that the lateral component of flow caused by wing sweep produces bound
ary-layer vortices which precipitate transition. As a matter of related inter
est, Don Jillie and Edward Hopkins of the 8- by 7-foot Unitary tunnel inves
tigated the combined effects of Mach number, leading-edge bluntness, and
sweep on transition. This work, reported in TN D-1071, confirmed the ad
verse effects of sweep for Mach numbers from 2.0 to 4.0 and further revealed
that, for straight wings with blunt leading edges, an increase of Mach num
ber favors the maintenance of laminar flow.
Basic Configurations. Many of the airplane-configuration studies un
dertaken during this period were concerned with the design of the North
American B-70 Mach 3 bombing airplane and with preliminary designs for
a commercial supersonic transport (SST). The SST had become of interest
as a national development project and it was felt to be the responsibility of
NASA to take the lead in determining the most promising general configu
rations from which a successful SST might be developed. Toward this end,
the NASA Langley Research Center sponsored what was known as the
SCAT (supersonic commerical air transport) program to investigate four
basic SST configurations designated SCAT 4, 15, 16, and 17. SCAT designs
4 and 15 were quickly disposed of, leaving SCAT 16, having a wing with
controllable sweep, and SCAT 17, having a canard configuration with a
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fixed delta wing. These two design arrangements were studied intensively
both by NASA, in its wind tunnels, and by certain major aircraft compa
nies. Ames, because of its long-standing interest in delta-wing and canard con
figurations, gave most of its attention to SCAT 17; whereas Langley, for
similar reasons, devoted most of its efforts to SCAT 16. The Boeing and the
Lockheed aircraft companies were later awarded Government contracts for
SST designs based essentially on the SCAT 16 and the SCAT 17 configura
tions.
Ames studies of both the B-70 and the SST (SCAT 17) represented
largely a continuation of earlier work on canard and delta configurations.
Numerous reports issued from this effort. There were, for example, TM
X-363 by Richard Petersen and TM X-392 by Victor Peterson and Loren
Bright, which determined the extent to which the stability of a delta-wing
airplane would be benefited by deflecting downward a portion of the wing
tips. There were also TM X-651 and TM X-781 by LeRoy Fletcher, which
reported on the static and dynamic stability of delta-wing canard configura
tions at Mach numbers up to 3.50. In addition, TN D-690 by Victor Peter
son and Gene Menees, revealed the adverse aerodynamic interference
produced by a horizontal canard control surface on the wing and vertical tail
surfaces. The slow-speed performance of SST configurations was established
in the 40- by 80-foot tunnel by the team of Jim Brady, Dave Koenig, and
Virgil Page. Typical reports from this work are TM X-643 and TM X-644.
The work by the Ames staff on the SCAT 17 configuration is best indicated,
perhaps, by the paper (ref. C-3) entitled "A Critical Study of Delta Wing
Configurations for the Supersonic Transport Application," by J. L. Jones,
L. W. Hunton, T. J. Gregory, and W. P. Nelms.
Inlets. This period saw a continuation of research directed toward the
development of efficient supersonic inlets. Inlet work was conducted in the
8- by 8-inch, the 1- by 3-foot, and the Unitary tunnels and some of it was spe
cifically intended to develop an inlet for the B-70 airplane. Among the con
tributors to this effort were Norman Sorenson, Tom Gregory, John Gawien
owski, Richard Kurkowski, Earl Watson, William Peterson, John Lundell,
Richard Scherrer, and Lewis Anderson. In TN D-584, the latter three de
scribed work conducted in the 1- by 3-foot tunnel on an idealized form of
circular internal-compression inlet. A pressure recovery of nearly 90 percent
was obtained with this inlet at a Mach number of 3.8. This was perhaps the
highest recovery ever obtained at that Mach number and demonstrated the
possibilities of internal-compression inlets. Despite the high performance
theoretically possible with internal-compression inlets, an inlet combining
external and internal compression was generally regarded as being more
practicable.
Vortex Flows. The wings, bodies, and control surfaces of aircraft
produce vortices which interact strongly with the general airflow pattern
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Above: A North American XB-70 in flight. Below: The canard configuration in
40- by 80-foot tunnel.
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around the aircraft. Over the years these interactions were the subject of nu
merous theoretical studies at Ames by such men as William Pitts, Jack Niel
sen, George Kaattari, Max Heaslet, John Spreiter, and Al Sacks. Those early
studies produced very useful results but did not, by any means, exhaust the
field. Thus, during this period, J. Richard Spahr of the Fluid Mechanics
Branch was able to make a very real contribution in developing a general
method for calculating the paths of vortices generated by wing-body combi
nations and for determining the effects of such vortices on the load distribu
tion and stability of aircraft. This work, which was performed in 1960, was
reported in TR R-101 (ref. C-4).
AIRCRAFT FLIGHT STUDIES

As earlier noted, NASA Headquarters in late 1959 ruled that flight re
search involving the flying of airplanes would be conducted exclusively at the
NASA Flight Research Center at Edwards, Calif. One exception to this
rule was to be flight research on V j STOL aircraft. The Headquarters rul
ing in this matter accelerated Ames efforts in the application of ground
based flight simulators to flight research. Variable-stability airplanes were
also flight simulators but, since they were not ground-based, they too were
transferred to Edwards. The transferral of the variable-stability airplanes was
a painful blow to Ames since the Center had pioneered in the development
and application of these highly useful devices. The original variable-stabil
ity airplane developed by Ames was a Grumman F6F-3. Following that de
velopment were the North American F-86 variable-stability and the F-86
variable-control airplanes. Finally during 1958 and 1959, a North American
F-100 had been converted into one of the most elaborate and fully auto
mated variable-stability airplanes ever built. Much of the responsibility for
the development of the F-100 variable-stability airplane fell on John Foster
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of the Instrument Research Division. Some of the basic design principles for
the F-100, and earlier, variable-stability airplanes are given in the paper
"Servomechanisms as Used on Variable-Stability and Variable-Control-Sys
tem Research Aircraft," which Foster presented in October 1957 at a meet
ing in Chicago of the National Electronics Conference. Unhappily, the just
completed F-100, along with the other research airplanes, was shipped off to
Edwards.
Shortly before the airplanes were moved to Edwards, a rather interest
ing study was made with the F-86 variable-stability and variable-control air
planes by Norman McFadden, Richard Vomaske, and Don Heinle. At this
stage, the design features and operational ranges of airplanes were so extreme
that one could scarcely expect an airplane to have adequate inherent static
and dynamic stability under all flight conditions. It was clear that certain
"black boxes" in the form of stability-augmentation devices would be re
quired. Such devices were fine as long as they worked, but forever lurking in
the designer's mind was the question of what would happen if they failed.
An airplane would have to be designed so that the failure of a black box
would not be catastrophic; the airplane in that event must at least be man
ageable even though its flying qualities were far from ideal. It was now nec
essary to determine the worst control and stability characteristics that could
be accepted from a safety standpoint. The variable-stability airplane was the
best available instrument for such a study and was used for this purpose in
the just-mentioned investigation by McFadden, Vomaske, and Heinle; the
results are presented in TN D-779, "Flight Investigation Using Variable
Stability Airplanes of Minimum Stability Requirements for High-Speed,
High-Altitude Vehicles." Pilot opinion was, of course, a vital element of this
study.
Ground-Based Simulations. The study by McFadden, et al., of mini
mum acceptable stability under emergency conditions (black-box failure)
could, of course, have been accomplished with a ground-based simulator.
However, Ames did not have a ground-based simulator in which all motions
of an airplane could be simulated, and thus the perennial question arose as
to the importance of incomplete or imperfect motion simulation in such a
study. Considerable enlightenment on this question came from a coopera
tive research program jointly undertaken by NASA and the Navy using the
huge centrifuge of the U.S. Naval Air Development Center at Johnsville,
Pennsylvania. One of the reports emanating from this program was TN
D-348, "A Study of Longitudinal Control Problems at Low and Negative
Damping and Stability with Emphasis on Effects of Motion Cues," by Mel
vin Sadoff, Norman M. McFadden, and Donovan R. Heinle.
The cab of the centrifuge, as used in the study, was equipped with an
airplane cockpit with control stick and instruments; the rotor motion was
controlled by an analog computer that had been programed with the dy
350

RESEARCH
namic characteristics of some selected airplane. The centrifuge was thus the
motion-generator portion of a simulator which simulated motions imper
fectly but nevertheless did provide normal accelerations in accordance with
stick motions. Pilot opinion of tolerable emergency stability limits was deter
mined, for a simulated airplane, in the centrifuge and these data were com
pared with similar results from simulators (fixed cab, pitch-roll chair, and
variable-stability airplane) having different motion-generating characteris
tics. From such comparisons, it was possible to determine the stability ranges
in which motion simulation was necessary and which kinds of motion simu
lation were of most value.
The study also investigated the interesting possibility, in a simulation,
of replacing the pilot with his response equation programed into the com
puter. It was recognized that if the response of a pilot to the usual flight
stimuli could be expressed in mathematical form, flight problems could
then be solved with a computer alone. While the development of an accur
ate human-response equation was too much to hope for, this study of the
matter produced some useful results.
SST Studies. The use of ground-based simulators for flight studies not
only eliminated the hazard to life and property inherent in flight testing but
also made possible the acquisition of important design information applica
ble to an airplane prior to its construction. Flight simulators were thus ex
tremely useful for studying critical flight problems to be expected in the op
eration of the projected supersonic commercial transport airplane. Such
studies were pursued at Ames by the team of Maurice White, Richard Vom
aske, Walter McNeill, and George Cooper. The work was undertaken with
the new five-degrees-of-freedom (centrifuge) simulator at Ames as well as
with a simulator providing only angular motions, i.e., the cab portion of the
five-degree simulator with centrifuge inoperative. Of particular interest to·
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the investigators was the determination of the need for stability augmentors
in the SST. Of equal interest was the effect of the failure of a stability aug
mentor as a separate emergency, or combined with the failure of an engine.
In such emergencies, the airplane is momentarily out of equilibrium if not
out of control and, before control can be restored, may achieve speeds and
attitudes from which recovery is impossible.
The SST simulator work carried out by White, Vomaske, McNeill, and
Cooper during this period is reported in two papers, one TN D-1888 and
the other (ref. C-5) a paper entitled "Assessment of Critical Problem Areas
of the Supersonic Transport by Means of Piloted Simulators," which was
published in the May 1962 issue of Aerospace Engineering.
The authors concluded from their investigation that motion simulation
provided by available flight simulators left much to be desired and that, for
representing the emergency flight upsets that might be encountered by the
SST, a simulator providing substantial translational as well as angular mo
tions would be required.

v jSTOL STUDIES
A rather deep chasm had long existed between aircraft which derived
lift and control force from their motion through the air (airplanes) and
aircraft which derived these forces largely from the direct application of en
gine power to special lifting surfaces (helicopters). Efforts to bridge the
gap, to build a craft that would fly with the efficiency of an airplane yet be
capable of vertical takeoffs and landings (VTOL), were now meeting with
some success as a result of the growing sophistication of airplane and power
plant designers. More commonly, the gap was not wholly bridged and the
resulting craft was capable only of short takeoff and landing (STOL) . The
general class of V jSTOL aircraft was of growing interest to aircraft users,
particularly the military, and both the Army and the Air Force had let con
tracts with industry for the development of prototype V jSTOL configura
tions. The old NACA laboratories (Ames and Langley) had been drawn
into this work and when in 1959, under NASA, all flight research at the lab
oratories, except V jSTOL research, was proscribed, their interest and efforts
in V jSTOL research greatly increased.
Ames was in a particularly favorable position to pursue research on
V/STOL aircraft because of the availability of the 40- by 80-foot tunnel in
which V jSTOL aircraft could be tested at full scale. The Center's back
ground of handling-qualities research as well as its experience with varia
ble-stability aircraft and other flight simulators was also helpful. Ames'
earlier boundary-layer-control work provided a natural entry into V jSTOL
research; indeed, BLC was the first practical step toward achieving a V /
STOL airplane. The downward deflection of the propeller slipstream by
means of elaborate multicomponent flaps was perhaps the next step. Another
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approach might be to have the engines, and perhaps also the wings on which
the engines were mounted, capable of being rotated in flight so that the pro
pellers could lift more effectively for takeoff. Still another possibility might
be to install separate lifting engines and propellers in the wings or fuselage ,
to be used only for takeoff and landing; for this system, special types of en
gines would be needed. All of these schemes and many more were under in
vestigation and the whole field was wide open for inventive genius. At this
stage, only the simpler V j STOL arrangements were ready for application.
The more radical ones were still very much in the study stage of develop
ment.
Ames concerned itself mainly with the slow-speed aspects of V jSTOL
research and particularly with the control and handling qualities of such
craft. No one really knew what handling qualities were required for
V jSTOL aircraft and one of the first tasks undertaken by Ames was, on the
basis of its large experience with such matters, to analyze the situation and
establish tentative V j STOL handling-qualities criteria. This worthwhile task
was undertaken by Seth Anderson, whose work on this subject was pub
lished as TN D-331 (ref. C-6), "An Examination of Handling Qualities
Criteria for V j STOL Aircraft."
There was much to be done in actually determining the flying qualities
of V jSTOL airplanes and the ability of the pilot to take full advantage of
such slow landing and takeoff potential as the airplane might have. The pi
loting technique for a V j STOL aircraft was definitely more difficult than for
conventional aircraft owing in part to the more complicated controls and
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the low inherent stability of the airplane at a very slow speed. The flying
problems of STOL aircraft were investigated quite extensively at Ames by
the team of Hervey Quigley and Robert Innis. Bob Innis was an engineer
ing test pilot who had joined the Ames staff in 1954. The work of Quigley
and Innis in this field was first concerned with two large cargo airplanes
which were capable of STOL operation by virtue of boundary-layer-control
installations. One was the two-engine Stroukoff YC-134A on which the suc
tion type of BLC was applied to the flaps and also to the ailerons, which
moreover were drooped, in landing, to give additional lift. The other air
plane was a four-engine Lockheed C-130 airplane on which BLC and high
lift were obtained by blowing air over the flaps and drooped ailerons. In the
C-130, the air for BLC was provided by two jet engines mounted in out
board wing pods.
As reported in TN D-862, Innis and Quigley investigated the lift, drag,
and stalling characteristics of the YC-134A as well as its stability and control
characteristics-the latter particularly in approach and landing operations.
Among other things, the airplane, at slow speed, was observed to have a bad
stall characterized by an uncontrollable rolloff and large sideslip angles. In
the tests of the C-130, reported in TN D-1647, the lateral-directional han
dling characteristics were closely observed and were found, under landing
conditions, to be so poor as to render the landing of the airplane at a speed
of less than 65 knots very difficult. Several special techniques for operating
the airplane under STOL conditions were developed.
The flight tests of the BLC cargo-type airplanes were correlated with in
formation obtained in the 40- by 80-foot wind tunnel and from flight simula
tor tests. Of the wind-tunnel tests, typical results for a four-engine tilt-wing
model with blowing BLC are described in TN D-1034 by James Weiberg
and Curt Holzhauser. The simulator tests, described in TN D-1773 by
Hervey Quigley and Herbert Lawson, constituted a study of the C-130 lat
eral-directional characteristics which were known to be deficient. This
study, which was made on the fixed-cockpit landing-approach simulator in
corporating the DALTO visual (TV) simulating device, revealed much
about the stability and control characteristics of the airplane and suggested
ways in which the lateral-directional stability faults of the airplane might be
corrected.
The BLC cargo airplanes represented an important, but conservative,
approach to the V fSTOL airplane development problem. Much interest
had developed in more radical types such as the X-14A VTOL test-bed
(prototype) vehicle built for the Air Force by the Bell Aircraft Co. and
flown extensively by Fred Drinkwater in Ames flight research programs.
The X-14A was a rather small, fixed-wing, jet-propelled aircraft in which
the jet slipstream could, by means of a cascade of flaps, be diverted down
ward as required to produce any desired combination of thrust and lift. By
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controlling the flaps, the pilot could make the airplane rise vertically and
then move off horizontally. Air jets were required for control at speeds
below that at which conventional lifting-surface controls became effective.
The X-14A represented a type of airplane for which stability, control,
and handling characteristics were largely unknown. It was for the purpose of
studying these factors that the airplane was turned over to the Ames Re
search Center. To increase the extent and usefulness of the information ob
tained. from the X-14A, Ames modified the airplane's control system to
provide variable-stability and variable-control characteristics. The first flight
study made with the X-l4A is reported in TN D-1328 (ref. C-7), "A Flight
Determination of the Attitude Control Power and Damping Requirements
for a Visual Hovering Task in the Variable Stability and Control X-l4A
Research Vehicle," by L. Stewart Rolls and Fred J. Drinkwater III. The
X-l4A was a very versatile aircraft and was used at Ames, not only for
V j STOL flight studies but also for simulating the flight of a spacecraft land
ing on the moon.
Still more radical designs of V jSTOL airplanes envisioned the use of
lifting propellers built into wings and fuselage. Such applications had be
come more practical as a result of the development by the General Electric
Co. of gas generators and turbine-driven fans especially designed for the
purpose. As a joint project, the Army, NASA (Ames) , and General Electric
made conceptual designs and preliminary evaluations of a number of differ
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ent lifting-fan V fSTOL configurations. Models of the configurations were
evaluated aerodynamically in the 40- by 80-foot tunnel. Several test reports
were written, but the results of the whole project were summarized in the
paper "Characteristics of Aircraft with Lifting-Fan Propulsion Systems for
VfSTOL," by Robert H. Goldsmith (GE) and David H. Hickey (Ames).
This paper was presented at the annual meeting of the Institute of the Aero
space Sciences in New York in January 1963.
PILOT ADAPTATION TO FLIGHT ENVIRONMENT

Numerous experiments had been made to determine the tolerance of
animals and humans to acceleration forces but in general these tests had not
been particularly informative with respect to the effect of acceleration on
the ability of experienced pilots to perform piloting tasks. The latter ques
tion, however, was one of several related matters investigated in a coopera
tive research program undertaken by the NASA Ames Research Center and
the Aviation Medical Acceleration Laboratory of the Naval Air Develop
ment Center, Johnsville, Pennsylvania. In this program, the Navy's centri
fuge at Johnsville was incorporated as a motion generator within the control
loop of a flight simulator.
Several reports resulted from the joint program, one of which (TN
D-348) has already been mentioned. Two additional reports (TN D-337
and TN D-345) dealt more specifically with the human-factors aspects of
the program. These were authored by Brent Creer and Rodney Wingrove of
Ames and Captain Harald A. Smedal of the USN Medical Corps. Captain
Smedal, as earlier noted, eventually joined the staff of the Center and favor
ably influenced the decision to establish the NASA life sciences activity at
Ames. A fourth report generated by the joint program (TN D-91) de
scribed a special restraint system which greatly helped a pilot maintain con
trol of his craft while subjected to high and varying accelerations. This re
port was authored by Captain Smedal and two Ames test pilots, Glen Stin
nett and Robert Innis.
The two human-factors reports revealed that a well-trained pilot could
adequately carry out a control task during moderately high accelerations for
prolonged periods of time; however, his ability to precisely control a vehicle
of marginal dynamic stability deteriorated rapidly at accelerations over 4 g.
The pilots could nevertheless tolerate accelerations of 6 g for as much as 6
minutes. Physiological measurements were made during the tests, and it was
found that the respiratory function was one of the more limiting factors
with respect to acceleration tolerance. This factor, however, was less critical
when the direction of the acceleration was such as to tend to throw the eye
balls out of the head. The "eyeballs out" acceleration, to use the vernacular
of the trade, is in contrast to the reverse "eyeballs in" acceleration and the
most common "eyeballs down," or normal, acceleration.
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DYNAMIC LoADs AND MATERIALS
The Ames Research Center was now taking an increasing interest in
the dynamic loads to which aircraft and spacecraft structures were subjected
and thus also to the materials and structures used in such craft. Aerody
namic loads continued to be of primary interest, but loads caused by the
sloshing of liquid fuel in a booster rocket or by the impact of landing on the
moon were also under consideration. The use of such materials and struc
tures in spacecraft as best to resist the impact of meteoroids had become a
problem for research, as had also the erosion of spacecraft surface materials
by the steady flux of fragmented atoms (ions) in space. In the materials
field, the study of substances for use in ablation heat shields was, of course, of
primary interest.
The long-standing problem of wing flutter received some attention dur
ing this period, as best indicated by reports TN D-344 by Henry Lessing,
John Troutman, and Gene Menees, and TN D-1206 by Reuben Bond, Bar
bara Packard, Robert Warner, and Audrey Summers. The first report, from
the 6- by 6-foot tunnel, demonstrated a rather clever technique for measur
ing pressure distributions on a wing while it was undergoing forced bending
oscillations at supersonic airspeeds. The second provided some useful analyt
ical tools for dealing with flutter and gust-response problems.
Bond and Packard also, in TN D-859, provided an analytical method
for calculating the elastic-dynamic behavior of a launch vehicle in flight.
This report was useful not only for calculating structural loads but also for
determining the effects of missile bending on the design of the control sys
tem. The unsteady airloads on ascending missiles were generally greatest at
the point in the trajectory where the missile passed through the transonic
range, and these loads unfortunately were aggravated by the blunt-nosed
"hammerhead" shape of the missile. The bulbous, hammerhead nose shape
was often unavoidable because the diameter of the spacecraft (payload) sit
ting atop the booster was greater than that of the booster. Certain nose
shapes caused an unsteady separating flow that excited a longitudinal bend
ing vibration (flutter) of the missile. This vibration could, depending on the
damping characteristics of the missile, be quite destructive. A study of the
dynamic-load problem of hammerhead missiles was undertaken in the 14
foot tunnel. Charles Coe and Henry Cole were important contributors to
the study; one of the more notable reports resulting from it was TN D-1982
(ref. C-8), "Dynamic Response of Hammerhead Launch Vehicles to Tran
sonic Buffeting," by Henry Cole, who was well recognized at the Center for
his accomplishments in the field of structural dynamics.
In any study of the structural dynamics (flutter) of a launch vehicle,
the structural or internal damping of the missile was a critical factor. An
important element of the internal damping, it had been found, was the
sloshing of the liquid fuel in the fuel tanks of the missile. The effect of fuel
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sloshing, and the design of baffies to control the sloshing, thus became a
rather important subject for study. Here again the abilities of Henry Cole
came into play. As reported in TN D-694, he and Bruno Gambucci made a
very useful study of fuel sloshing and baffie design.
The simulation in the laboratory of conditions existing in space was al
ways difficult and in many cases impossible. The zero-g condition, for exam
ple, could not be simulated for any very useful period of time on earth, and
the interacting radiation and magnetic fields in space could not be simu
lated at all or at least not until their basic nature had been determined
through actual spaceflight tests. On the other hand, the flux of ions that
prevailed in space, and their erosive effect on spacecraft materials could on a
small scale be simulated in the laboratory. The first task here was to develop
a facility for generating ions and for accelerating them in a narrow beam of
uniform speed or energy. Ion beams of different energy levels could then be
allowed to impinge on specimens of spacecraft materials to determine the
erosive effect. The test specimens could thus be exposed at various angles
and for different periods of time to ion beams having different energy levels.
The resulting erosion, called "sputtering," was a function of angle, exposure
time, and energy level. The energy level of the ions, as represented by their
mass and speed, was expressed in the electrical units of electron-volts (eV)
or more often in units of thousands or millions of electron-volts (keV or
MEV). Sputtering effectiveness, or yield, was measured by the number of
atoms of the target material that were knocked out by each ion that hit the
target. The bombardment had to be carried out in a near vacuum, of course,
and delicate measurements were obviously involved.
The development of an ion-beam apparatus was one of the projects un
dertaken by Michel Bader not long after he arrived at the laboratory from
Caltech in 1955. His objective was a device of a type not built before which
would produce a beam containing many particles of relatively low speed
and energy. The energy level ranged from 0 to 8 keV. A description of how
this device was developed and used in sputtering research is given in TR
R-105 (ref. C-9), "Sputtering of Metals by Mass-Analyzed N2+ and N+,"
by Michel Bader, Fred C. Witteborn, and Thomas W. Snouse.
The sputtering that occurred in space flight was known to be a slow
process not likely to endanger the structural integrity of a spacecraft. Nev
ertheless its roughening effect could seriously alter the performance of
surfaces intended to absorb, transmit·, reflect, or emit radiation. Power
generating solar cells, for example, would be affected, as would the surfaces
of optical instruments and radiating elements. In space flight, the tempera
ture control of the spacecraft was often a critical matter and the only method
for disposing of unwanted heat was to radiate it to cold outer space. Special
radiation surfaces were often provided for this purpose and it was obviously
necessary for the radiating efficiency (emissivity) of these surfaces to remain
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constant, at the design value, during flight. Such surfaces were usually
smooth at the beginning of a fli~ht but sputtering soon roughened them and
changed their emissivity.
The effect of sputtering on the emissivity of surfaces was clearly an im
portant matter, so its investigation was undertaken by the Ames Research
Center. The results of this work are contained in TN D-1646, "Effects of
Sputtering with Hydrogen Ions on Total Hemispherical Emittance of Sev
eral Metallic Surfaces," by Donald L. Anderson and George J. Nothwang.
Following a different tack in the emissivity study, Carr Neel prepared an ex
periment by means of which the thermal radiation characteristics of several
surfaces were measured in an actual space flight. The experiment which
Carr devised was carried in the S-16 Orbiting Solar Observatory launched
in March 1962 and was one of the first Ames experiments to be conducted
in space. Some of the results of Carr's work are contained in a paper which
he read in May 1963 before the Ninth Aerospace Instrumentation Sym
posium in San Francisco. It was subsequently published by NASA as TM
X-51,196.
SPACECRAFT CoNFIGURATIONs AND AIRFLows

Spacecraft configuration and airflow studies at Ames during this period
were largely concerned with (1) blunt nonlifting reentry bodies, (2) lifting
reentry bodies including boost-glide-vehicle configurations, and (3) dy
namic stability of reentry bodies.
Nonlifting Bodies. In the blunt-body area, the analytical and numeri
cal methods for calculating the flow existing between blunt bodies and the
bow shock waves they produced were extended by a number of Ames re
search men. The resulting reports included TN D-791 by Frank Fuller and
TN D-1426 by Mamoru Inouye and Harvard Lomax. Also included in this
group of reports were TN D-1423, "Predicted Gas Properties in the Shock
Layer Ahead of Capsule-Type Vehicles at Angles of Attack," by George E.
Kaattari, and TN D-1979, "Experimental and Theoretical Pressures on
Blunt Cylinders for Equilibrium and Nonequilibrium Air at Hypersonic
Speeds," by Donald M. Kuehn.
Kaattari's paper notably considered the case of the blunt body at an
angle of attack; in this situation the shock wave is not symmetrically dis
posed with regard to the body and this adds to the difficulty of calculating
the shape and position of the resulting shock wave and of determining the
character of the airflow behind it. The experimental portion of the study
reported by Don Kuehn was carried out in a 6-inch arc-jet facility in the 1
by 3-foot wind-tunnel building. The tests were run at a nominal Mach num
ber of 15 and at a stagnation enthalpy of 1000 Btu per pound. The results
were correlated with a number of available theories and found to be repre
sented best by a theory (blast wave) that had been developed to explain the
aerodynamic effects of explosions.
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One of the blunt-body configurations that received attention at Ames
during this period consisted of a blunt-nose cylinder the rear end of which
flared suddenly into a conical skirt. The flare was intended to stabilize the
body in flight; but Ames research men found that within the general blunt
nose flow pattern, the flare produced an occlusion of alien flow the effects of
which, on drag and stability, had not been anticipated. Within the occlu
sion, the flare produced oblique shock waves and sometimes boundary-layer
separation. Although, as just noted, the blunt-nose flare configuration intro
duced a flow peculiarity, it was nevertheless considered worthy of study as a
promising shape for the Polaris ballistic missile warhead and perhaps for
other applications.
The stability characteristics of blunt-nose flare configurations were in
vestigated quite extensively in the Unitary (11-foot ) and the 6- by 6-foot
tunnels. The principal contributors to this effort were Phillips Tunnell,
David Reese, William Wehrend, Victor Peterson, and Willard Smith. At
about the same time, Don Kuehn of the Fluid Mechanics Branch reported
in TR R-117 and TR R-146 on studies he had made of boundary-layer sep
aration caused by flares mounted on both blunt-nose and sharp-nose reentry
bodies. Additionally, a rather extensive series of experimental and theoreti
cal investigations of blunt-nose flare configurations was conducted by Alvin
Seiff and Ellis Whiting of the SSFF tunnel. From the latter program, came a
series of important reports including TM X-377, TN D-1147, TN D-1148,
and TN D-1304. In general, Seiff and Whiting found that the stabilizing ef
fects of flares on cylindrical bodies was less than had been expected and, also
unexpectedly, varied with speed. On the other hand, the effectiveness of
flaps or flares on conical bodies was greater than had been anticipated.
Aside from the studies just mentioned, many other investigations of
nonlifting bodies were made during these years. Among them was the inter
esting undertaking described in TN D-1300, "Effects of Simulated Retro
rockets on the Aerodynamic Characteristics of a Body of Revolution at
Mach Numbers From 0.25 to 1.90," by Victor L. Peterson and Robert L.
McKenzie. This study provided an insight as to what happens to the flow
over a reentry body when it is being decelerated by forward-firing retro
rockets.
Still more important were the studies undertaken during this period of
the effects of gas mixtures representing the atmospheres of Mars and Venus
on the aerodynamic behavior of various spacecraft configurations. This pio
neering work was initiated by a 6- by 6-foot-tunnel group which included
Jack Boyd, W. Pat Peterson, and Willard Smith.
Lifting Reentry Bodies. Although the relative simplicity of nonlifting
reentry bodies gave such configurations an initial priority in spaceflight op
erations, the numerous advantages of lifting reentry bodies were well recog
nized and the investigation of lifting bodies at Ames was intensively pur
360

Model of reentry body in 3.5-foot tunnel throat.

sued. As uncertainty existed regarding the optimum shape for such bodies, a
variety of configurations was investigated at subsonic, transonic, and super
sonic speeds. Among the configurations tested were slender, blunt-edge delta
wings and lenticular or disk-shape bodies equipped with fins and control
flaps. Perhaps the most promising configuration, which had been suggested
by Al Eggers and his associates in the 10- by 14-inch tunnel, was a blunted,
flat-top semicone with control flaps and vertical stabilizing fins. Eggers,
whose design conceptions were now appreciated more than ever, was given
the AIAA Sylvanus Albert Reed Award in 1961.
Numerous investigations of lifting-body configurations were under
taken in the Unitary, the 6- by 6-foot, and the 12-foot tunnels. Semicone
configurations were studied in the Unitary tunnel by Jack Tunnell and in
the 6- by 6-foot tunnel by Ralph Holtzclaw. At the same time, disk-shape, or
lenticular, configurations were investigated at transonic and supersonic
speeds by Fred Demele and Frank' Lazzeroni. In the 12-foot tunnel, semi
cones were investigated by George Kenyon and Fred Sutton; lenticular con
figurations by Fred Demele and Jack Brownson, and blunt deltas by George
Edwards. A useful summary of the lifting-body test work, authored by
David Dennis and George . Edwards, was published in TM X-376 (ref.
C-10).
The lifting bodies so far mentioned were designed to develop only low
values of LfD and were thus expected to provide but a small amount of
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reentry-path control. Also investigated were configurations representing
boost-glide vehicles which were to be rocket-boosted to the fringes of space
and then glide long distances on airplane-like wings. The Air Force's new
research vehicle, Dynasoar, then in the study phase of development, was of
the boost-glide type. Dynasoar-type configurations received a considerable
amount of research attention at Ames, and resulting reports included TN
D-341 by Al Seiff and Max Wilkins, TM X-659 by George McCullough,
and TM X-656 by Horace Emerson, John McDevitt, and John Wyss. The
investigation by Seiff and Wilkins provided information on drag and
boundary-layer transition on a complete glider model at Mach 6.0 and at
full-scale Reynolds number. The significance of TM X-656 was that it pro
posed an original design for a folding-wing vehicle which would be rocket
launched but would thereafter use four jet engines to fly and land like an
airplane. This project was said to have inspired the formation of a mission
analysis group at Ames.
Dynamic Stability. In most of the reentry-body studies just men
tioned, the static-stability characteristics of the body were determined and in
some cases, through the use of techniques invented by Ben Beam and Henry
Lessing, their dynamic-stability characteristics were also evaluated. Still
other investigations, to be mentioned, were largely concerned with dynamic
stability.
Static stability, the tendency of the body to return to some preferred
attitude when displaced, was of course an essential characteristic of a reentry
body; but, since the body was thermally protected for flight in but one di
rection, it was unfortunate when it had two "preferred" attitudes about
which it was stable. Unhappily some of the reentry bodies with square-cut
rear ends were statically stable rear-end forward as well as front-end for
ward. Thus an initially tumbling body might well choose the rear-end-for
ward attitude for reentry and burn up for lack of thermal protection on that
end. It had been found, however, that the rear-end-forward flight regime
could be rendered unstable, and thus eliminated, by adding a conical
projection to the flat base of the reentry body. A useful evaluation of this
benefit was reported in TN D-1327, "Static Aerodynamic C\laracteristics of
Short Blunt Cones with Various Nose and Base Cone Angles at Mach Num
bers From 0.6 to 5.5 and Angles of Attack to 180° ," by Stuart Treon.
Dynamic stability, the tendency of an oscillation once started about the
statically stable attitude to damp out, was another important requirement
for reentry bodies, since violent, large-amplitude oscillations could not be
tolerated in most cases. However, as demonstrated by Allen, T obak, and
others, the dynamic-stability problem was eased considerably by the fact that
a reentry vehicle was accorded a degree of pseudodynamic stability through
out that portion of its reentry path in which air density and dynamic pres
sure were increasing. This period of grace often carried the body past the
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peak of aerodynamic heating but, for bodies containing people or insrru
ments to be recovered intact, an inherent dynamic stability was desirable.
Dynamic-stability investigations of reentry bodies were conducted in
several wind tunnels as well as in the new pressurized ballistic range, which
was ideally adapted for such work. Among the wind-tunnel investigations
was one on the damping in pitch of blunt-nose flare models reported in TM
X-648 by James Monfort and Jack Tunnell. This study was conducted in
the Unitary Plan tunnels, as was an investigation of the static and dynamic
stability of a flat-top wing-body model reported in TM X-361 by Bedford
Lampkin and Kenneth Endicott of the 8- by 7-foot-tunnel staff.
The free-flight facilities at Ames were very useful for stability investiga
tions and during this period were used quite extensively for this purpose.
The pressurized ballistic range, owing to its high Reynolds number capabil
ities, was particularly applicable to stability research and was used for the
investigation of the static and dynamic stability of blunt-cone bodies re
ported by Peter Intrieri in TN D-1299. Similarly, the supersonic free-flight
tunnel was used by Simon Sommer and Barbara Short (TM X-373) to ex
amine the stability characteristics of the Mercury capsule and by Ellis Whit
ing (TM X-657) to investigate the stabilizing effect of fins mounted on
blunt-nose missiles. Important work of the same kind was carried out by
Don Kirk and Robert Carras of the SSFF Tunnel Branch.
The static and dynamic stability of a model tested in a free-flight facil
ity had to be deduced from its motions. If the motions of the model could
be described by a mathematical formula, the stability coefficients were thus
generally defined. In the dynamic-stability formulas devised for this pur
pose, it was usually assumed that the static stability of the test body-its
tendency to return to the preferred attitude-varied linearly with the angle
of pitch; but at the higher angles of pitch encountered by a reentry body,
the relationship was definitely not linear and the dynamic-stability formulas
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were thus not accurate. It remained for Maurice Rasmussen, a Stanford man
temporarily employed at Ames, to develop a mathematical method for deal
ing with these nonlinearities in stability analyses. Rasmussen's work, a very
useful contribution, is contained in TN D-144 (ref. C-11), "Determination
of Nonlinear Pitching-Moment Characteristics of Axially Symmetric Models
From Free-Flight Data."
SPACECRAFT FLIGHT STUDIES

The theory of satellite orbits was a subject which fitted in well with
Bill Mersman's interests and with the electronic computing facilities of
which he was in charge. Out of these interests and facilities came two eru
dite reports of which the titles offer as much information as can readily be
absorbed by the layman. The first of these reports was TR R-99, "Theory of
the Secular Variation in the Orbit of a Satellite of an Oblate Planet"; the
second was TR R-148, "The Critical Inclination Problem in Satellite Orbit
Theory." Studies such as these made possible the prediction of satellite
orbits.
Dean Chapman followed his classical, 1958, study (TR R-11) of entry
into planetary atmospheres with a second important entry study, reported in
TR R-55 (ref. C-12), "An Analysis of the Corridor and Guidance Require
ments for Supercircular Entry Into Planetary Atmospheres."
Spaceflight trajectories, it might be mentioned, could generally be de
scribed in terms of conic sections-circles, ellipses, parabolas, and hyperbo
las-and each trajectory so described was associated with a range of launch
ing and reentry speeds. The lowest speed range was associated with circular
satellite orbits. The circular speed had to be increased to produce an ellipti
cal orbit and increased still more for parabolic and hyperbolic trajectories.
The ellipse, moreover, was the path requiring minimum-energy expendi
ture and least fuel consumption for travel between two circular orbits
such as those of the earth and Mars-but unfortunately for long trips the
minimum-energy route was too time consuming to be useful. The speed
associated with a parabolic trajectory was unique in that it represented es
cape speed-the lowest launching speed for which the spacecraft would
leave the earth never to return unless power was exerted to bring it back.
Escape speed for launchings from the earth 1 was about 36,000 feet per sec
ond (25,000 miles per hour).
It was clear from the title of TR R-55 that Chapman was concerned
with speeds higher than those encountered in ordinary circular orbits. Dean
showed in his study that the corridor in space through which a spacecraft
must enter the earth's atmosphere, if it is to return safely to earth, is very
narrow and rapidly becomes narrower as entry speed increases. On one side
1
From the moon, about 7800 fps; from Mars, about 16,500 fps; and from Jupiter, about
196,500 fps.
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of. the corridor is the undershoot boundary, beyond which the spacecraft
will be destroyed by excessive deceleration or heating. On the other side lies
the overshoot boundary, beyond which air drag will be insufficient to keep
the spacecraft from shooting completely past the earth. Thus a nonlifting
spacecraft returning, say, from Mars must be guided with sufficient precision
to hit a layer of the earth's atmosphere that, relative to the earth's diameter,
might correspond in thickness to the skin of an apple. If the spacecraft has
some lifting capabilities, can generate a lift-drag ratio of as much as 1.0, the
entry corridor-though still narrow-is considerably widened. Thus, for
spacecraft returning from deep-space missions, the ability to generate a posi
tive lift-drag ratio is very valuable. Chapman pointed out that additional
benefit from lift might be available if the values of lift (L) , drag (D) , or
the ratio L j D could be modulated or varied throughout the entry process.
The critical heating, deceleration, and corridor problems of supercircu
lar reentry arose directly, of course, from the use of air drag as the sole brak
ing mechanism. While it was fully appreciated that these problems could be
greatly relieved by killing off the supercircular velocity with. retrorockets
prior to entering the atmosphere, such a procedure involved weight and cost
penalties too severe to contemplate except as a last resort.
Following Chapman's work, other entry studies, aimed at showing the
benefits of modulating L, D, or LjD, were undertaken at Ames. Among
these were the studies reported in TR R-80 by Tom Wong and Robert Slye,
in TN D-1145 by Elliott Katzen and Lionel Levy, and in TN D-1427 by
Lionel Levy. Another reentry study which gave particular attention to the
heating problem was reported in TN D-334 by Tom Wong, Glen Goodwin,
Reentry corridor for supercircular velocities.
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and Robert Slye. All of these studies dealt with supercircular reentry speeds
such as those encountered by spacecraft returning from deep space.
One of the more outstanding studies of reentry at supercircular veloci
ties was made by Rodney Wingrove and reported in TR R-151 (ref. C-13),
"A Study of Guidance to Reference Trajectories for Lifting Reentry at Su
percircular Velocity." His study provided the detailed analytical basis for
the design of guidance systems capable of dealing with exceedingly critical
guidance problems involved in lift-controlled reentry from supercircular or
bits. A steppingstone to Wingrove's analysis was an earlier study which he
and Robert Coate had reported in TN D-787, "Piloted Simulator Tests of a
Guidance System Which Can Continuously Predict Landing Point of Low
LfD Vehicle During Atmospheric Re-Entry."
The report just named represented one of the early uses at Ames of a
flight simulator for spaceflight research and also one of the first spaceflight
guidance-system studies attempted at the Center. Soon to be undertaken,
however, were other space-guidance-system studies, representative of which
was the one reported in TR R-135, "Application of Statistical Filter Theory
to the Optimal Estimation of Position and Velocity on Board a Circumlunar
Vehicle," by Gerald L. Smith, Stanley F. Schmidt, and Leonard A. McGee.
A certain amount of effort was expended during this period on mission,
or system, studies. Of these the titles of the resulting reports are sufficiently
descriptive. There was, for example, TN D-1207, "An Analytical Study of
Orbital Rendezvous for Least Fuel and Least Energy," by Harold Hornby.
There was also TN D-1143, "Orbital Payload Reductions Resulting From
Booster and Trajectory Modifications for Recovery of a Large Rocket
Booster," by Alan D. Levin and Edward J. Hopkins. Levin and Hopkins
produced a second report, TN D-1295, which also dealt with the problem of
recovering the first-stage rocket booster. Booster recovery was, indeed, a mat
ter of great economic significance inasmuch as the one-shot use of costly first
stage rockets appeared to be a tremendously wasteful practice.
AERODYNAMIC HEATING: PHYSICS AND CHEMISTRY

General Problem. The speeds of interest to Ames engineers in the
Space Age were much higher than those they had been concerned with in
earlier years. The ballistic-missile warhead, for which Allen had suggested a
blunt-nose configuration, had a reentry speed of 18,000 feet per second or
less. Spacecraft, however, had reentry speeds of about 25,000 feet per second
when returning from circular orbits or as much or more than 36,000 feet
per second-earth parabolic speed-when returning from deep-space mis
sions. Inasmuch as aerodynamic heating was known to vary as some multiple
power (::::::::3) of velocity, it was obviously much higher for returning space
craft than for returning missile warheads.
It was in the layer of air between the body and the bow shock wave-a
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layer commonly called the gas cap or shock layer-that aerodynamic-heating
phenomena were most strikingly evident. At parabolic reentry speeds, this
layer reaches temperatures much higher than that of the sur.face of the sun.
As a bell, when struck by a hammer, jangles for a moment before settling
into its fundamental tone, so also a mass of air, slugged by a shock wave,
jangles in brief but violent discord before relaxing into a more orderly state
of activity. Strange things happen to the air molecules during this transient
but hectic period of disequilibrium. First, the molecules are set in violent
motion, bouncing back and forth, hitting each other and raising the temper
ature and pressure of the gas to a sharp peak. Then their energy penetrates
the molecules, setting up various natural modes of vibration by and between
the atoms. In consequence of their relative motion, the atoms of some mole
cules break the chemical bonds which tie them together and fly apart in the
process called dissociation. Then, if the shock is severe enough, the very
electrons which circle the nucleus of the atom become so agitated that they
break away from their parent nucleus and fly away on their own in the
process called ionization.
Following the initial pressure and temperature rise, each of the pro
cesses that successively takes place absorbs energy and decreases temperature.
Quickly the molecules and fragments settle down to an equilibrium state of
activity and temperature but, even in the equilibrium state, their activity
and temperature are very high. The time required for the air to relax to the
equilibrium state depends on the frequency with which the molecules col
lide with one another, thus with the air density, and thus with the flight al
titude. Whether or not the relaxation process is completed before the air
reaches the body which produced the shock wave depends on the distance of
the shock wave ahead of the body, which in turn depends on the size and
shape of the body. If the relaxation process is not completed by the time the
out-of-equilibrium air reaches the body, the body will obviously be exposed
to an unusually high air temperature. This condition, it has been found, is
likely to occur only at high altitude during the early, usually uncritical,
stage of spacecraft reentry heating.
A flow which remains in a constant state of dissociation is said to be
"frozen," but ordinarily the forces of recombination, tending to heal the
shattered molecules, are dominant. Moreover, recombination is sometimes
precipitated by the catalytic action of the body surface. Inasmuch as the re
combination process itself generates heat, the air temperature to which a
catalytic body surface is exposed is unusually high.
Allen's blunt-body principle was based on the assumption that the heat
generated by the shock wave, some distance from the body, could not reach
the body through the normal process of convection. The assumption was de
monstrably correct, but convection was not the only mode of heat transfer:
there was also radiation. Radiation varies with the fourth power of the abso
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lute temperature and, in the case of ballistic missiles, the gas cap does not
get hot enough for radiation to be a significant factor. But as reentry speeds
increase, the highly heated, dissociated, and ionized gas cap radiates intensely
and the body is no longer isolated from the heat of the shock wave.
Radiation affected the aerodynamic heating process as the forward pass
affected football-it changed the whole game. The heat of the shock wave
no longer had to buck the line to reach the body; it was passed directly to
this receiver largely unhindered by the intervening gas. But the effects of
radiation were not quite that simple. The intervening gas did not transmit
the radiation without some resistance. It absorbed radiation in proportion
to its density and thus altered its own convective and radiative heat-trans
fer properties. Moreover, the incandescent gases of the shock layer radiated
forward as well as backward. Thus, though the body was traveling at hyper
sonic speed, the air along its path could feel its hot presence before either
the body or its preceding shock wave arrived. Indeed, the air ahead of the
shock wave absorbed some of this radiated heat and carried it back to the
body. On the other hand, the energy of the incandescent gas suffered a deple
tion or decay of its energy as a result of radiation; thus the gas had less heat
to transport by convection. Radiation intensity also depended on the chemi
cal composition of the radiating gas. Owing to the high carbon-dioxide con
tent of the atmosphere of Mars and Venus, a spacecraft descending for a
landing on either of these planets would suffer more intense radiation than
one landing on the earth.
Radiation was recognized as a serious aerodynamic-heating threat in
spacecraft design and considerable effort was spent at Ames, and elsewhere,
in determining the earth reentry speed at which it became a significant fac
tor. Research engineers were relieved to find that radiation became of serious
consequence only at earth parabolic speeds and higher, but they noted with
some awe the rapidity with which its effect developed, once started. Follow
ing onset, the radiative factor for blunt bodies was found to increase at
something like the 15th power of the velocity, quickly becoming the
dominating influence in aerodynamic heating. Inasmuch as a body could
not be shielded from the radiated heat of the bow shock, it was obviously es
sential to reduce the intensity of the shock by changing its shape from nor
mal to inclined. This objective, it was realized, could only be accomplished
by making the body pointed. The point of the body, in contact with the in
clined shock, would be subjected to terrific convective heating and would
certainly melt, but this was a problem that would have to be faced if the
devastating effects of radiation were to be avoided.
It was clear that the phenomena of dissociation, ionization, and radia
tion had added tremendously to the problem of comprehending and analyz
ing reentry aerodynamic heating. It was also clear that very effective thermal
protection for spacecraft must be provided. Sweat cooling was known to be
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very effective, but the problems of providing a porous nose, of carrying fluid
in the spacecraft, and of forcing the fluid through the pores at the proper
rate were extremely troublesome. How much simpler it would be if the
cooling material were a solid, such as a plastic, which could be coated over
the front face of the spacecraft and allowed to melt, evaporate, or sublime
with attendant cooling! A material passing from a solid to a gaseous state
could normally be expected to absorb more heat than one (sweat-cooling
fluid) passing only from a liquid to a gas. Moreover, the solid material
would insulate the spacecraft structure from the convected and radiated
heat. The insulation might, indeed, be so effective as to allow its surface
temperature to be elevated to such a level that a substantial portion of the
body's heat load would be disposed of by radiation to outer space.
Considerations of this kind led to the belief that the ablation heat
shield, as the protective layer was called, was the most promising means for
providing thermal protection for spacecraft. Much remained to be learned,
however, about the physical-chemical processes of ablation and about these
lection of specific ablation materials for applications involving a variety of
thermal exposure patterns. It seemed possible that optimum ablation ma
terials might be obtainable only through synthetic development.
Nonequilibrium Flows. The aerodynamic and heat-transfer properties
of nonequilibrium airflows, and the chemical processes of dissociation and
recombination, were subjects for numerous studies at Ames during this
period. Among those who made contributions to these efforts were Paul
Chung, Aemer Anderson, Ernest Winkler, Roy Griffin, Glen Goodwin,
John Howe, and Jack Stephenson. One of the outstanding reports in this
field is TR R-109 (ref. C-14), "Hypersonic Viscous Shock Layer of
Nonequilibrium Dissociating Gas," by Paul Chung. Chung had earlier
joined with Aemer Anderson in a study of "Dissociative Relaxation of
Oxygen over an Adiabatic Flat Plate at Hypersonic Mach Numbers," which
was reported in TN D-140. These two studies were purely analytical in
character. Also analytical was the paper, by Glen Goodwin and Paul Chung,
on "Effects of Nonequilibrium Flows on Aerodynamic Heating During
Entry Into the Earth's Atmosphere From Parabolic Orbits." This paper
was presented in Zurich at the Second International Congress for Aero
nautical Sciences. In still another paper the authors, Goodwin and Howe,
introduced the similarity parameter qo/.,;p;;; where qo and Po are re
spectively, the rate of heat transfer and the pressure at the nose of a body
and r is the nose radius. This parameter proved very useful in correlating
heat-transfer data obtained experimentally, in nonequilibrium, gas-cap flows.
Experimental studies of dissociation and recombination phenomena
were also undertaken at this time. One was conducted in an arc-jet facility
and reported by Ernie Winkler and Roy Griffin in TN D-1146, "Effects of
Surface Recombination on Heat Transfer to Bodies in a High Enthalpy
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Stream of Partially Dissociated Nitrogen." The purpose of this study was to
investigate the effect of surface catalysis on recombination and heat transfer.
Another study, of experimental character, had to do with the development
of a technique for determining relaxation time in free-flight model tests. It
was carried out by Jack Stephenson and reported in TN D-327.
Radiation Studies. Radiation and its effects on heat transfer to reentry
bodies was the subject of numerous research investigation~ at Ames. One of
the major contributors to this effort was John Howe of the Heat Transfer
Branch of the Aero-Thermodynamics Division. One of John's interesting
studies was an analytical investigation of the possibility of blocking the ra
diation from the gas cap to the body by injecting an opaque gas into the
boundary layer. As reported in TR R-95, he found that the technique was
effective in some cases and that its overall effect on the heat transfer to the
body varied somewhat with the reflectivity of the body surface. Howe also
produced TN D-1031, "Radiation Emission Effects of the Equilibrium
. Boundary Layer in the Stagnation Region," but his most noteworthy con
tribution, perhaps, was the analytical study he carried out with the help of
John Viegas, which is reported in TR R-159 (ref. C-15), "Solutions of the
Ionized Radiating Shock Layer, Including Reabsorption and Foreign Species
Effects, and Stagnation Region Heat Transfer."
A notable experimental study of radiation effects was carried out in the
pilot hypervelocity free-flight facility during this period. It is described in a
paper (ref. C-16) entitled "Measurements of Radiation From the Flow
Fields of Bodies Flying at Speeds up to 13.4 Kilometers per Second," by
Thomas N. Canning and William A. Page. This paper was presented at an
AGARD 2 meeting in Brussels in April 1962. The velocities (13.4 kps;::::;
44,000 fps) at which the tests of this investigation were conducted were
perhaps the highest yet attained at Ames. Photographs of the model, itself
speeding at 10 kilometers per second, were taken with a camera the exposure
time of which was limited by a Kerr cell to 50 billionths of a second.
Radiation from the gas cap was measured by special instrumentation
involving the use of photomultiplier tubes. It was learned, among other
things, that the vaporized material from the ablation heat shield was itself a
source of radiation, particularly in the model wake. Later the radiation from
ablation by-products was more specifically investigated by Roger Craig and
William Davey, whose work is reported in TN D-1978.
At the previously mentioned AGARD meeting in Brussels, Bradford
Wick presented a paper (ref. C-17) entitled "Radiative Heating of Vehicles
Entering the Earth's Atmosphere." Brad's paper was concerned with the
prediction of radiation heating effects. The latest research results were uti
lized in the analysis and special attention was given to two spacecraft, one
assumed to be returning from the moon at a speed of 37,000 feet per second
'Advisory Group on Aeronautical Research and Development (NATO).
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and the other from a trip to Mars at a speed of about 50,000 feet per second.
The extreme conditions represented by these examples brought out all as
pects of the radiative-heating problem.
A fairly basic analytical study of radiative heat transfer was produced
by Kenneth Yoshikawa and Dean Chapman and reported in TN D-1424
(ref. C-18), "Radiative Heat Transfer and Absorption Behind a Hypersonic
Normal Shock Wave." This study, which considers the emission, absorption,
and decay of radiant energy in the shock layer for gas temperatures up to
15,000° Kelvin (centigrade absolute), provides useful analytical methods
and data. Temperatures of the degree mentioned, it was indicated, could be
encountered by spacecraft at earth entry speeds of from 40,000 to 60,000 feet
per second.
It was surprising how many of the current heat-transfer studies at Ames
made use of Fred Hansen's report (ref. B-55) on the thermodynamic and
transport properties of high-temperature air. For its all-around usefulness,
Hansen's report deserves special mention in the Ames hall of fame. Origi
nally published as TN 4150 in 1948, it was subsequently republished in
more permanent form as TR R-50. John Viegas and John Howe performed
the useful service in TN D-1429 of converting Hansen's tabular data into
analytical forms that could readily be handled by computing machines.
The efforts of Max Heaslet and Frank Fuller in theoretical aerodynam
ics ceased with the formation of NASA. Their attention turned to equally
abstruse radiation theory, a subject which they proceeded to attack with the
support of their colleagues, Barrett Baldwin and W. Prichard Jones. An ex
ample of the work of Heaslet and Baldwin is their paper, "Predictions of
the Structure of Radiation-Resisted Shock Waves," which in June 1963 was
published in the journal of the Physics of Fluids. Another example of work
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in this field is TR R-138, "The Propagation of Plane Acoustic Waves in a
Radiating Gas," by Barrett Stone Baldwin, Jr.
Ablation. Although research on ablation heat shields may have had
little bearing on the conception of the Ames atmosphere-entry simulator, it
became the principal function of the facility soon after the simulator was
put to use. One of the early reports issuing from the AES group was TM
X-394, "The Ames Atmospheric Entry Simulator and Its Application to the
Determination of Ablative Properties of Materials for Ballistic Missiles," by
Frank M. Hamaker. As time went on, the capability of the AES for ablation
studies was continually increased through the incorporation of improved
guns. The original one-stage gun was replaced by a two-stage gun, which in
turn was replaced by a three-stage gun capable of firing projectiles at speeds'
up to 25,000 feet per second.
Among the men active in ablation research in the AES were Raymond
Savin, Gary Bowman, Hermilo Gloria, and Richard Dahms. Typical of their
work is the study reported in TN D-1330, "The Determination of Ablative
Properties of Materials in Free-Flight Ranges," by Savin, Gloria, and
Dahms. In this study, small blunt conical models, made of various thermo
plastic (ablation) materials, were launched at speeds of 15,000 feet per sec
ond and were caught after decelerating to about 1000 feet per second. The
erosion of the front face was observed and the loss of material through abla
tion was determined from the difference in their weights before and after
launching. The weight-loss data and other test information were introduced
into analytical formulas to provide a better quantitative definition of abla
tion as well as to provide a comparison of the several materials tested.
Plastic ablation materials were adopted for the models tested in the
AES because such materials had earlier been found to have promising abla
tion characteristics. Such materials as Teflon, ethyl cellulose, and high-den
sity polyethylene, which in flight appeared to go quickly from the solid to
the gaseous state (sublime), were investigated. For each, a quantity known
as the "heat of ablation"-the amount of heat necessary to ablate one pound
of material-was determined.
Other free-flight facilities were used for ablation and aerodynamic-heat
ing studies and a number of ingenious techniques were developed for such
investigations. In one, for which Layton Yee and William Kerwin were
largely responsible, the temperature at some critical point on the model was
measured by a tiny thermocouple carried in the model. The thermocouple
in the speeding model in effect transmitted its readings by radio by generat
ing a magnetic field that was picked up by a coil surrounding the flight
path. An example of the use of this device is given in TN D-777, of which
Yee was coauthor. Still another clever device developed by the SSFF staff was
a technique in which the model was quickly slowed, then caught in a special
calorimeter which measured its heat burden. This technique was originally
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suggested by AI Seiff, but Gary Chapman exercised much skill in developing
it to a practical stage. The technique is described in TN D-1890 (ref.
C-19), "Measurement of the Heat Transfer to Bodies of Revolution in Free
Flight by Use of a Catcher Calorimeter," by Gary T. Chapman and Charles
T. Jackson, Jr.
The arc-jet, which had been under continuous development at Ames,
became a more useful tool for ablation studies than the AES. It provided
more manageable test conditions, its heat was delivered over a longer period
of time, and the test model was held firmly in place. By the end of 1962, the
AES was essentially passe, its mission largely taken over by the arc-jet.
Among the ablation studies conducted with the arc-jet was the analyti
cal-experimental investigation reported in TN D-1205, "The Performance
of Ablative Materials in a High-Energy, Partially Dissociated, Frozen Nitro
gen Stream," by Nick S. Vojvodich. This study, made with teflon, nylon,
and polyethylene ablative materials, was aimed at determining the effect of
recombination, as promoted by surface catalysis, on ablator performance.
Rather incidentally, but quite importantly, the tests revealed that, at low
heating rates, the nylon and polyethylene materials remained in the liquid
phase so long that the liquefied material was swept off the ablator surface by
the airstream before it evaporated. Under these conditions, the effectiveness
of these two materials, as ablators, was much reduced.
Another ablation study in which an arc-jet was used was reported in
TN D-1332 (ref. C-20), "Measurements of the Effective Heats of Ablation
of Teflon and Polyethylene at Convective Heating Rates from 25 to 420
BtujFt2 Sec," by Dale L. Compton, Warren Winovich, and Roy M. Wake
field. This study confirmed the liquid-phase problem of polyethylene at low
heating rates. Teflon, on the other hand, seemed to go directly from the
solid to the gaseous phase and thus maintained its ablation cooling effective
ness even at low heating rates. It appeared that ablation materials having a
prolonged liquid phase would not be suitable for applications where the
heating occurred at low intensity but for relatively long periods of time.
These conditions could occur on the nose of a reentry vehicle which used
lift to reduce heating intensity and they could also occur on the afterbody of
any reentry vehicle.
For applications in which the heat load was prolonged, the insulating
qualities of the ablation material became important as did also the ability of
such materials to avoid structural failure as a result of softening or embrit
tlement. It was also recognized that, to insulate against radiation heating,
the ablation material must be opaque. A study of the insulating qualities of
several ablation materials was reported in TN D-1889, "The Influence of
Heating Rate and Test Stream Oxygen Content on the Insulating Efficiency
of Charring Materials," by Nick S. Vojvodich and Ernest L. Winkler. This
study took cognizance of the oxidation or combustion of ablation material
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that might occur during entry into an atmosphere containing oxygen. The
combustion problem would presumably not be present for entry into the at
mospheres of Venus and Mars, which are believed to be composed largely of
nitrogen and carbon dioxide.
Projections. For 10 or 15 years, Harvey Allen had concentrated much
of his attention on the problems of aerodynamic heating as affecting missile
and spacecraft design. He not only guided the research work of his division
or directorate but also made use of all available new knowledge in analytical
projections aimed at uncovering and solving future design problems relat
ing to aerodynamic heating. The projection process was continuous and one
which exercised his extraordinary abilities for finding hidden pathways
through confusing masses of physical evidence. Harvey's projections were of
much interest to the scientific community and he was in great demand as a
speaker at technical meetings. His numerous papers often overlapped one
another in content, but each new one carried his projections a little farther.
One of Allen's papers, on "Problems in Atmospheric Entry from Para
bolic Orbits," was presented in 1961 to the Japanese Society for Aeronauti
cal and Space Sciences. Another notable paper (ref. C-21) , entitled
"Hypersonic Aerodynamic Problems of the Future," was presented at a
NATO specialists meeting in Belgium in 1962. Allen also joined with two
of his colleagues in producing one of the outstanding Ames reports of this
period. This report, TR R-185 (ref. C-22), was entitled "Aerodynamic
Heating of Conical Entry Vehicles at Speeds in Excess of Earth Parabolic
Speed," by H. Julian Allen, Alvin Seiff, and Warren Winovich. TR R-185
was reminiscent of the original blunt-body report by Allen and Eggers as it
dealt with the optimum nose shape for a reentry vehicle and made use of the
mathematical stratagems for which Allen was well known. In contending
with a problem as tremendously complex as aerodynamic heating, an in
stinct for tolerable approximations was a wonderful asset.
In their report, Allen and his colleagues deliberately chose to deal with
the reentry speed range, above 37,000 feet per second, in which radiation
effects were important. Allen had long ago shown that the heating of a reen
try body by convection could be minimized by using a blunt nose. However,
the normal shock wave produced by a blunt body generated very high tem
peratures in the gas cap and thus, at high reentry speeds, very intense radia
tion. At speeds well above parabolic, it would clearly be essential to reduce
radiation to the body even at the expense of increasing convection. The
question was: How could this objective be best accomplished?
It was known that the heat, and particularly the radiation, produced by
a shock wave decreased rapidly with the backward inclination of the shock
wave. Indeed, radiation intensity was believed to vary by as much as the
15th power of the sine of the angle of shock inclination-the angle being
referred t.o body axis. The shape of the reentry body required for operating
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in a radiation environment was clearly one that produced an inclined shock
wave and the cone was a rather obvious choice. With such a shape, the shock
inclination and radiation intensity could be controlled by varying the cone
angle. The cone shape also offered the advantage of being readily applicable
to lifting-body configurations-much more so, in fact, than a blunt shape.
The authors of TR R-185 found that the optimum cone angle (included
angle) for the entry-speed range from 37,000 feet per second (parabolic) to
74,000 feet per second (twice parabolic) varied from about 110° to about
55 °. With these optimum, radiation-reducing configurations it was found,
rather surprisingly, that the heat burden imposed on the body still came
largely (85 to 90 percent) via the convective route.
One of the more serious problems in the application of conical noses to
reentry bodies arose from the fact that the sharp point was quickly melted
and flattened by convection heating. Once the nose was rounded to any sig
nificant degree, a normal shock wave would form in front of the rounded
area and the radiation in this region would become extremely intense.
Somehow, Allen and his partners concluded, the shape of the cone must be
maintained. This objective might be accomplished, they decided, if the
point of the cone could be cooled in some fashion or continuously renewed.
The use of ablation materials (Teflon or quartz) was contemplated, of
course, but unless a long projecting spike of the material were mounted on
the nose of the cone, the flattening would still occur. And the spike seemed
impractical. A better way, it was felt, was to renew the point continuously,
like the lead of a mechanical pencil, by propelling a rod of ablation material
through a hole in the nose of the body.
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These then were some of the conclusions arrived at by Allen, Seiff, and
Win.ovich. They are simply stated but were reached only with great effort
and the services of a huge IBM 7090 computer.
IMPACT PHYSICS AND METEORS

The hypervelocity ballistic ranges were obviously well suited for impact
research, but the reasons Ames originally entered this field of research are
slightly obscure. Explanations involving practical applications appeared a
little thin; indeed, the reasons may have been more deeply based in the in
herent urge of boys to throw rocks at things and see them smash. With the
coming of the space age, an excuse fortuitously appeared in the need to
study the effects of meteoroid impacts on spacecraft. Later, in view of
NASA's liberal attitude toward pure research, even this reason was largely
abandoned and the impact work accelerated on the basis of sheer interest.
One could hope that fun, as it often does, might become profitable.
One of the first NASA impact studies was reported in TN D-94 (ref.
C-23) , "Investigation of High-Speed Impact: Regions of Impact and Impact
at Oblique Angles," by James L. Summers. In this investigation, small metal
spheres of widely varying densities were fired into lead and copper targets at
speeds up to 11,000 feet per second. At low impact speeds, it was found that
a sphere of hard, strong material (tungsten carbide) would enter the target
and remain largely intact. At higher speeds, it would penetrate and shatter
into pieces. Finally, as the impact speed increased still further, both it and
the target material would melt and splash. The resulting crater would be
large and its surface would be plated with the material of the sphere.
One of the first investigations of the effect of meteoroid impact on a
space vehicle is reported in TN D-1039 (ref. C-24), "Preliminary Investiga
tion of Impact on Multiple-Sheet Structures and an Evaluation of the Me
teoroid Hazard to Space Vehicles," by C. Robert Nysmith and James L.
Summers. Though some meteoroids are composed of metal, most are formed
of stony material. Meteoroid velocities in general range from 36,000 to
236,000 feet per second and fortunately most of the meteoroids are very
small. In the design of spacecraft structures best calculated to resist the ef
fects of meteoroid hits, a question had arisen as to whether to use a skin
composed of one thick sheet or of two or more thin sheets, perhaps with a
filler of some kind in between. It was a question that had to be answered in
the laboratory. From their study of this problem, Nysmith and Summers
found that, for resisting meteoroid impacts, a multiple-skin structure was
much better than a single-skin structure of the same weight though even it
was not proof against penetration.
As gun development advanced, higher launching speeds were available
for impact tests. In a study reported in TN D-1210 by Pat Denardo, plastic
projectiles were launched at speeds up to 25,600 feet per second at massive
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aluminum targets mounted on a ballistic pendulum. The use of the ballistic
pendulum in this case allowed measurements to be made of the transfer of
momentum from the projectile to the target. The penetration, crater vol
ume, and material splashed from the crater were also observed. The basic
character of the crater changed noticeably with the impact speed. In gen
eral, the crater rapidly increased in size and irregularity with speed as the
materials in the impact area became more fluid and, at the highest speeds,
quantities of fluid material were ejected clear of the target.
The best source of evidence on impact cratering was, of course, the
moon. Through a telescope, the breadth and depth of lunar craters could be
readily measured and the radial rays of ejected material easily observed. It
was appropriate therefore that Ames, as part of its impact research program,
should undertake a study of the mechanics of meteor impacts on the moon.
From this study, it was hoped, might come information useful in the prepa
rations for man's first lunar visit. The investigation was undertaken as a
joint project with the U.S. Geological Survey. Principal investigators were
Donald E. Gault for NASA and E. M. Shoemaker and H. J. Moore for
USGS.
The first phase of the joint program was to conduct, in Ames range fa
cilities, several series of impact tests using assumed lunar material (sand and
rock) as the target. Such investigations were duly carried out and their re
sults published in various technical journals. Finally the results of these ex
perimental investigations were used as the basis for the analysis reported in
TN D-1767 (ref. C-25), "Spray Ejected From the Lunar Surface by Meteo
roid Impact," by Donald E. Gault, Eugene M. Shoemaker, and Henry J.
Moore. This study made use of available statistical data on the size, fre
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quency, and velocity of impacting meteoroids to determine the mass and size
distribution, the velocities and trajectories of solid material ejected from the
crater on impact. It was shown that, although the bulk of the material
splashed from the craters reaches an altitude of no more than 6 miles, some
relatively small portion is ejected at sufficiently high velocity (7800 feet per
second) to escape from the moon's gravitational field.
In the impact tests they had conducted on rock and sand, Gault and his
colleagues had been astonished at the volume of material ejected from the
craters. In tlieir subsequent lunar analysis, they estimated that the mass of
rock and sand thrown up by a meteor striking the moon might be as much
as a thousand times that of the meteor itself. Thus they conceded the possi
bility that the lunar surface might be permanently shrouded in a very thin
dust cloud arising from its continuous bombardment by meteorites and fall
ing lunar debris. Gault also estimated that as much as 10 tons of ejected ma
terial escapes from the moon each day. Of this, about 85 percent goes into
orbit around the sun while the remainder forms a "cloud" of lunar material
circling the earth.
Harvey Allen's interest in aerodynamic heating had led him, quite
early, to a study of the heating and ablation of meteoroids as they ripped into
the earth's atmosphere at speeds ranging from 7 to 50 miles per second. One
of his early studies of this subject was recorded in a paper entitled "On the
Motion and Ablation of Meteoric Bodies," which he presented at the Du
rand Centennial Conference at Stanford in August 1959. In this paper he at
tempted to correlate the information on meteors that astronomers and astro
physicists had collected with what had been learned in the relatively new,
laboratory-developed science of aerodynamic heating. Allen's continuing in
terest in meteors was evidenced by his inclusion of a discussion of the sub
ject in his 1962 paper on "Hypersonic Aerodynamic Problems of the Fu
ture" (ref. C-21).
In one of the last uses of the 1- by 3-foot blowdown tunnel before it was
dismantled, Dean Chapman in early 1959 exposed a ball of "glycerin glass"
(frozen glycerin) to the tunnel's Mach 3 airstream. As confirmed by photo
graphs, the glass quickly softened and, as its surface melted into a viscous
fluid, a system of surface waves appeared that were concentric about the
stagnation point. Shortly after this, Dean departed for England for the year
at the University of Manchester that constituted the Rockefeller Public Serv
ice Award with which he had been honored.
En route to England, Dean stopped off at the U.S. Museum of Natural
History in Washington and while there told the Museum's curator, Dr. E.
P. Henderson, about the wave patterns he had observed on the glycerin-glass
models. Henderson immediately recognized the likeness between the wave
pattern Dean described and the wave pattern on certain buttonlike pellets
of black glass which, over several centuries, had been picked up at various
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places, notably Australia, on the surface of the earth. Even though the tek
tites, as the pellets were called, had been observed for hundreds of years,
their origin was still most uncertain and the subject of much speculation in
scientific circles. The Australian aborigines pointed to the sky when asked
where the pellets came from. The Museum had a collection of meteorites
which Dean examined with interest, and Henderson mentioned a fine col
lection of tektites in the British Museum in London. Dean's interest was
vastly aroused. Although he did not recognize it at the time, these events
had brought him to a major turning point in his scientific career. It was for
the purpose of learning the nature and origin of tektites that Chapman at
this point set forth on a scientific sleuthing task that would occupy his full
attention for years. The hunt was an exciting exercise in pure research.
During his year at Manchester, Dean took the opportunity to study tek
tite collections in the museums of Europe, and a couple of years later he and
Howard Larson, his colleague at Ames, went around the world visiting tek
tite collectors, obtaining specimens, and making measurements and molds of
specimens in existing collections. The tektites found in different parts of the
world were not all of the same shape, but those found in Australia were
commonly of a small (Y2-inch diameter) button shape and some of these,
despite millenniums of weathering and erosion on the earth's surface, still
revealed annular, or ring, waves similar to those which had appeared on the
glycerin-glass models.
An important part of Chapman's detective work on tektites was per
formed with the arc-jet facilities of the Ames Research Center. Earlier tek
tite studies, of which there had been many, had been made by chemists,
geologists, naturalists, geochemists, petrologists, mineralogists, and physicists
-but none by aerodynamicists and none by scientists equipped with the spe
cial knowledge of aerodynamic heating and ablation that only recently had
been developed at Ames. To Dean it was fairly obvious that one face of the
button tektites had been melted by aerodynamic heating and the viscous liq
uid surface thus formed had been swept back, like the waves of the sea, by
aerodynamic forces. Indeed, in an arc-jet tunnel, using actual tektite mate
rial, he was able to produce a tektite button, complete with ring waves, that
was almost identical with the better preserved of the natural specimens
found in Australia. Natural tektites, cut in half, revealed flow lines in the
surface material from which flight speed could be deduced; and it also be
came clear that, for the most part, the buttons had originally been spheres, a
shape acquired following a previous melting.
Quite early, Chapman began to suspect an extraterrestrial origin for
tektites and later, by systematically eliminating each alternate posssibility,
he concluded that the most likely origin was the moon. Tektites were
composed, he believed, of material splashed from the moon's surface many
thousands of years ago by one or more huge meteors. The material splashed
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up in such an impact would be molten, and the hotter and faster-moving
portions would tend to break up into spherical drops. Some drops would es
cape from the moon, harden in the cold of outer space, and be drawn into
orbit around the sun. Others, ejected from the moon with just the right
speed and angle, would be captured by the earth's gravitational field and
land on the surface of the earth. On entry into the earth's atmosphere, their
front. face would melt and flow back, thus forming the shape and surface
waves of the Australian button tektite. The buttons, flattened-face forward,
would be statically stable and the pseudostability, provided by increasing air
density, would damp out oscillations during the ablation (heating) period.
Dean Chapman and Howard Larson prepared a number of scientific
papers on tektites during this period, one of which was the fascinating docu
ment (ref. C-26) entitled "On the Lunar Origin of Tektites," which in
1963 was published in the Journal of Geophysical Research.
A few of the scientists who had earlier studied tektites were in agree
ment with Dean concerning the origin of these geological curiosities. More
of them, however, including one Nobel Laureate, were strongly opposed to
Chapman's theory. Among the prevalent ideas regarding the source of tek
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tites were the ones that they had been produced by lightning or volcanoes,
had come from comets, or had been splashed over Australia by a huge me
teor which long ago had impacted in Antarctica. Indeed the years of specu
lation on the subject had allowed time for many experts to go out on limbs
from which retreat was embarrassingly difficult.
Some of the more serious objections to Chapman's theory were based
on preconceived opinions or, in Dean's words, "intuitive expectations" re
garding the origin, structure, and materials of the moon. In these cases, the
sweeping approach of the cosmologist was at odds with the ability of a re
search specialist to wring the truth out of tiny scraps of physical evidence.
The opinions of world-famous scientists in the objecting group were
not to be taken lightly: but neither was the carefully studied opinion of
Dean Chapman. Dean had the temerity to disagree with the "experts" and
proceeded with penetrating analytic power to disassemble their arguments
one by one. As 1962 ended, the matter was far from settled; but the Ames
staff, at least, was backing Dean Chapman.
SPACE PHYSICS

Space research after 1958 was notably augmented by direct on-the-spot
observations made by instruments sent aloft in spacecraft. The simulation of
spatial phenomena in earthbound laboratories was difficult, if not impossi
ble, and would remain so at least until much more had been learned about
the phenomena from direct observation. This technique was a frightfully
expensive one, it was appreciated, and the greatest care had to be exercised
in planning the experiments, designing the instruments, and, of course, in
recovering and analyzing the data. All these activities were the assigned
function of the new Space Sciences Division, headed by Dr. Charles P. So
nett, at the Ames Research Center. The first member of the Ames staff to
transfer to the new division was John Wolfe, who later became chief of the
Electrodynamics Branch. However, one of the first units of the division to
commence operations, late in 1962, was the Theoretical Studies Branch un
der John Spreiter.
Spreiter and Wolfe had, in fact, been working in the space-science field
well before the division was formed. In the course of this work both had
developed a considerable interest in the interaction between the earth's
magnetic field and the continuous flow of charged particles (nuclei of hy
drogen and helium atoms and electrons) emanating from the sun. It had
been suggested that, at a distance of about 10 earth radii, the geomagnetic
field formed a blunt-nosed, egg-shaped boundary that fended off the oncom
ing particles. The limited experimental evidence then available revealed no
sign of a boundary at 10 earth radii but did show a termination of the geo
magnetic field at about 14 earth radii. A question thus remained concerning
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the location and nature of the boundary that defined the limits of the mag
netic field, or magnetosphere.
John Spreiter and Ben Briggs decided that this problem was a good one
on which to exercise their analytical abilities. Their first studies of the sub
ject are contained in the paper, "Theoretical Determination of the Form of
the Boundary of the Solar Corpuscular Stream Produced by Interaction
with the Magnetic Dipole Field of the Earth," by John R. Spreiter and Ben
jamin R. Briggs, published in the January 1962 issue of the Journal of Geo
physical Research (henceforth, for convenience, to be designated ]GR).
The theoretical study by Spreiter and Briggs also indicated a boundary
at from 8 to 10 earth radii. Efforts were made in scientific circles to explain
the discrepancy between theory and space measurements. The existence of a
weak interplanetary magnetic field working perhaps at cross purposes to the
geomagnetic field was postulated. Theoretical studies of this possibility sug
gested that a tenuous collision-free shock wave would form at some distance
ahead of the geomagnetic boundary, and between the shock wave and the
boundary the magnetic field would be irregular. The situation would thus
be similar to the blunt-body flow patterns encountered in conventional aero
dynamics except that the flow would be extremely tenuous. The interplane
tary-field idea was investigated theoretically by a number of people includ
ing John Spreiter and William Prichard Jones, whose paper (ref. C-27) ,
"On the Effect of a Weak Interplanetary Magnetic Field on the Interaction
Between the Solar Wind and the Geomagnetic Field," was published in the
June 1963 issue of the ]GR.
While Spreiter and his colleagues were carrying on their initial theoret
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ical attack on the space flow-field problem, Michel Bader of the Physics
Branch was also investigating the problem through the Center's first space
experiment, carried out in 1961. With the help ofT. B. Fryer of the Instru
ment Research Division and F. C. Witteborn of the Physics Branch, Bader
developed an instrument for measuring solar-particle flux. The instrument
was carried aloft as one of the experiments in the Explorer XII satellite,
which was launched on August 16 of that year. The data obtained with the
instruments aboard Explorer XII revealed no sharp boundary between the
geomagnetic field and the "solar wind" but did suggest the existence of a
broad interference zone between the two. This indication seemed reasona
bly compatible with the shock-wave concept. The results of Bader's experi
ment are contained in his paper, "Preliminary Explorer 12 Data on Protons
below 20 KEV," which was published in the ]GR, December 1962. After
this work had been completed, the Space Sciences Division was formed and
solar-wind experimentation was taken over by Charles Sonett and John
Wolfe.
It might be mention~d that during this period, Bob Jones was dabbling
in relativity theory. Typical of his work was the paper "Conformal Coordi
nates Associated with Uniformly Accelerated Motion," which in 1961 was
published in the American Journal of Physics. Another fairly abstruse
study, relating perhaps to space physics, was made by Vernon Rossow and
published as TR R-161, "Theoretical and Experimental Study of the Inter
action of Free-Surface Waves on Liquid Metals with Transverse Magnetic
Fields (One Dimensional Unsteady Waves)."
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undertakings were tremendously complex operations
SPACE-RESEARCH
requiring the close cooperation of many diverse groups, each with its
own interests and responsibilities in the project. Inasmuch as the task
of coordinating these operations for a particular project was enormous, it is
not surprising that a form of activity called "project management" was
brought into use. Project management could only loosely be called research;
and during the early days of NASA, important people in the management
of NASA felt that project management was not a proper activity for Ames.
Nevertheless, at both Headquarters and Ames there were many who felt
differently and under the pressure of these individuals the Center moved
into the project-management field. The movement was at first very gradual
and slightly traumatic.
Ames' first space-project work, led by Harry Goett and Bob Crane, was
a study of the possibility, or feasibility, of meeting the precision require
ment (I j 10 second of arc) of an attitude-stabilization system for the pro
posed Orbiting Astronomical Observatory, OAO. The study was later ex
tended to the proposed Nimbus meteorological satellite, which also required
a precise pointing system. These studies resulted in the preparation by
Ames of specifications for the stabilization systems for both OAO and
Nimbus.
While the OAO work was under ~ay, Ames asked NASA Headquarters
for permission to assume technical responsibility for the OAO project. The
request must have been made with the strong urging of Goett and Crane for
it was known that both DeFrance and Allen were opposed to the Center's
undertaking project work; Robinson was neutral toward it, and Parsons was
only mildly favorable. In any case, the Ames proposal was not well received
in Washington. With the full concurrence of Dr. Dryden, Ira Abbott of
Headquarters replied with a strong suggestion that Ames stick with research
and leave project work alone. 1
1

Stated in a report prepared by Crane for presentation at Pioneer seminar at Ames on Nov.
24, 1965. Report describes early history of some of the Center's project-management activities.
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One might have imagined the project-management matter to be settled
by Abbott's instructions but by 1960 Alfred Eggers, who had recently been
made chief of a new Vehicle Environment Division, had become very much
interested in the research possibilities of a solar probe. At the same time,
Charles Hall, his assistant division chief, was promoting the solar probe as a
project to be managed by Ames. In June 1960 Eggers formed a committee of
Ames research men to consider and make proposals on the solar-probe pro
ject; and late in 1961, backed by the committee's findings, Hall on two occa
sions discussed the project with Headquarters groups. Headquarters thought
the project too ambitious and, according to Crane, recommended as an al
ternative the development of a small, cheap interplanetary probe. A few
years later the adjectives used in this connection seemed a little naive.
The Space Technology Laboratories, having heard of Ames' interest in
a small interplanetary probe, submitted a proposal for such a device. Ames
considered the proposal and early in 1962, with the concurrence of Head
quarters, awarded STL a 3-month study contract on the probe. In June
1962, armed with material obtained from the STL study, an Ames group
headed by Smith DeFrance and John Parsons headed for Washington to sell
the project to Headquarters. The attitude of Ames management toward
such work had obviously changed considerably-whether from internal or
external pressure, it was not clear. In any case, DeFrance and Parsons re
quested permission to undertake the management of the interplanetary
probe project. Approval was not immediately forthcoming but was granted,
in November, with the proviso that the Ames manpower outlay for the pro
ject be limited to 25 or 30 people. The first name chosen for the project was
PIQSY (Pioneer International Quiet Sun Year), but this was soon reduced
to "Pioneer."
In 1961 Ames engineers had become interested in still another project,
this one having to do with the effect of the environment of space on living
animals. The interest arose out of a study, made by Ames at the request of
Headquarters, on the feasibility of sending primates (monkeys) aloft for pe
riods of 14 days in leftover Project Mercury capsules. At this time, it should
be noted, Dr. Richard Young had but recently arrived at Ames to conduct
certain biological studies in preparation for the launching of Project Bios.
Bios was an early NASA space biological experiment the launching of
which, as it later developed, was unsuccessful. Although NASA had in No
vember 1961 included a monkey named Enos in its second Mercury orbital
flight (MA-5), the United States was substantially behind Russia in space
biological research, at least as far as orbital-flight operations were concerned.
There was thus, at this time, an obvious need for the United States to ex
pand its efforts in this field.
Carl Bioletti had assembled a group of 10 or 12 people at Ames to
make the monkey-flight study that Headquarters had requested. The results
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were submitted to Hec..dquarters early in 1962, at which time an intense ar
gument broke out between the Air Force and NASA as to whether NASA
should now be allowed to enter the human-factors or life-sciences area of
aerospace research which heretofore the military services had so thoroughly
dominated. This argument, in which Bob Crane was involved for several
months, was finally resolved in a favorable way for NASA, and NASA then
proceeded to establish its Life Sciences Directorate at Ames.
By the time the jurisdictional argument was settled, NASA had re
ceived numerous proposals for space biological experiments from universi
ties and other research agencies. Bioletti's group was asked to review these
proposals and to determine the feasibility of incorporating them in a space
flight program designed specifically for biological research. In carrying out
this mission, Carl and some of his group visited all of the 30-odd people, or
agencies, who had made the proposals to see exactly what was required. He
found that the most of the proposals involved small test specimens or short
test periods and were incompatible with the 14-day monkey test. If the pro
posed additional tests were to be carried out, it appeared that a second satel
lite-booster system, selected especially for these tests, would be required. A
search for the system best adapted to the new requirements was undertaken
in the fall of 1962.
In October 1962, Ames was officially assigned responsibility for Project
Biosatellite. 2 This project encompassed the first biological research work
which Bioletti's group then had under consideration. With the establish
ment of Project Biosatellite and Project Pioneer in the fall of 1962, the Cen
ter was well launched in a project-management activity.
Even before the establishment of Project Biosatellite, Ames had become
involved in flight biological research. The Center in 1961-1962 had assumed
payload responsibility for certain flight tests aimed largely at determining
the effect of cosmic rays on the brains of animals. The animals in these tests
were monkeys, hamsters, and beetles that were carried in balloons to alti
tudes of up to 25 miles. Four launchings were made, the first in July 1962.

'As stated in letter from NASA Headquarters to Ames Research Center, attention Dr. Smith
Oct. 26, 1962. Letter signed by Edgar M. Cortright for Homer E. Newell, Director,
Office of Space Sciences.

J. DeFrance,
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space exploration was a game for giants and the United States
I Nand1963Soviet
Russia dominated the scene. Each had performed feats
of astonishing scientific and technical virtuosity in the new field, but the
exploits of the United States had been accomplished much more openly
than those of Russia and the quantitative results were more voluminous
and widely distributed. The Soviet Union in its space research had op
erated largely alone and secretively, whereas the United States in fostering
space research had sought the collaboration of other countries-even Rus
sia-and soon had cooperative space programs with as many as 50 countries.
NASA, commonly referred to as the Space Administration, had become
known the world over. Its operations, which in 1961 appeared to be leveling
out at an annual budget of about $1200 million, received a tremendous up
ward impulse from the Russians' first manned orbital flight in April 1961
and from the simultaneous declaration of national intent, by President Ken
nedy, to land a man on the moon and return him safely to earth before
1970. Under the stimuli of the Russian feat and the Kennedy declaration,
NASA's budget in 1964 and 1965 shot up to over $5 billion, and its staff,
which in mid-1961 had been 18,000 rapidly grew to 30,000 in mid-1963 and
to 34,000 in 1965. At this time, in 1965, the Space Administration appeared
to have reached a new plateau of activity and expenditure above which Pres
ident Johnson and the Congress were reluctant to have it go. From its very
beginning, NASA had been in a continuous and extremely rapid state of
growth. Truly efficient operation under these conditions was too much to ask
for; all that could be expected, and what was actually realized, was a good
degree of effectiveness achieved through the blunt instrument of dollars.
The Kennedy impulse gave high priority to the manned-lunar-landing .
effort and by 1964 it was absorbing something like 65 percent of NASA's
total annual appropriations. Many scientists felt that the priority assigned to
the lunar-landing program was too high-that the program was in the nature
of a stunt and would not yield information in proportion to the money
spent. Indeed, not a few scientists, and many laymen, suggested that the
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space program as a whole was overblown and that the greater part of the
money devoted to it could be spent with much more benefit to man on re
search in such fields as biology, medicine, earth sciences, or sociology. The
cited fields of research, however, had never possessed the peculiar deep
seated appeal 1 required to command financial backing in the amounts their
proponents desired or in the amounts they undoubtedly deserved. Until
such time, if ever, as a more rational distribution of Federal research funds
might be arranged, some comfort could be taken from the fact that the space
program was so broad in scope that it carried many of the other fields along
with it. And probably true was the often-heard remark that, if space re
search were wiped out, the other fields of research would surely lose by it
not gain. This line of reasoning, however, had limited appeal for workers in
the more traditional fields of scientific research who looked with a jealous
eye on NASA's $5 billion annual appropriation and who considered the
offer of a ride on the coattails of space research a rather poor solution to
their problems. Better, they felt, that the widely flying coattails should be
trimmed.
Ames by 1963 was caught up in the growing swirl of organizational and
operational turbulence centered in NASA Headquarters. Long since, the
Center had lost the warmth and intimacy of its early NACA days and now,
as a part of a very large organization, it was subjected to the many trying
rules and regulations which organizations of such size must establish to sur
vive. Moreover, NASA Headquarters had gone through repeated reorganiza
tions, all having the unsettling effects on the field centers. Originally the
field centers reported to specific program offices in Headquarters-the old
NACA centers, to the Office of Advanced Research Programs manned by a
familiar group of former NACA people. 2 In November 1961, however, the
old arrangement was abandoned and all field centers, while continuing to
receive technical guidance from the program offices, were required to report
administratively to the Associate Administrator. Ames thus lost a familiar
and useful intermediary in Washington and its.relations with Headquarters
became more complicated. The new arrangement lasted until November
1963 when, in a major reorganization, the field centers were reassigned to
Headquarters technical divisions, or offices.
Following the reorganization of 1963, the research activities of NASA
were carried out under the general direction of three program offices in
Headquarters: the Office of Advanced Research and Technology (OART),
which concerned itself largely with the operation of the old NACA labora
1
Space exploration is aptly described by Wernher von Braun as having sex appeal; but its
appeal, fundamental and inexplicable though it may be, is surely less durable than that of sex.
Clearly, also, the appeal applies far more to space exploration by man than to space exploration
with instruments, and more to either than to laboratory space research.
• See ch. 1.
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tories; the Office of Space Science and Applications (OSSA) and the Office
of Manned Space Flight (OMSF), which were largely concerned with
space-flight operations. DeFrance and the directors of the other old NACA
laboratories reported to OART, but important segments of Ames activities
were managed and funded by OSSA and considerable work was done for
OMSF and the various research centers. The lines of management and con
trol were thus somewhat tangled. Since the days of NACA, the Headquar
ters staff had mushroomed by over 1000 percent 3 and numerous individuals
of uncertain position and vaguely defined authority were now issuing in
structions to Ames, some even bypassing the Director and going directly to
the Center employee. To Smitty DeFrance, whose whole management phi
losophy was built on running a tight, efficient operation, these developments
were scarcely appealing.
Ames had long been a Center devoted exclusively to research in the
physical sciences. The life scientists represented a distinctly foreign element
at Ames. Their disciplines, their mode of operation, and their very language
were sharply different from those of the Ames physical scientists and engi
neers. These factors had certainly, in some degree, been evaluated by the
Ames management when it made its decision to seek to acquire the life-sci
ences activity. Indeed it had been expected that certain interdisciplinary
benefits would spring from the arrangement. Both, at least, were intramural,
laboratory-type activities sharing the normal aversion of their kind to any
thing called "operations." The integration problem was in no way insupera
ble and, in a spirit of cooperation, both sides made sincere efforts to adjust
to each other. Nevertheless, complete compatibility between the Ames body
and the new graft seemed unachievable and the bonds of attachment be
tween the two were rather slow in developing.
while glamorous space operations increasingly dominated NASA's ac
tivities, Ames, perhaps better than any of the old NACA laboratories, re
sisted pressures to indulge in such operations and maintained its position as a
research laboratory. But in 1963 pressures from both outside (Headquar
ters) and inside became too great to resist. The Center thus moved into the
field of project management even though, in the minds of some, the quality
of the Center's product must thereby be diluted. Those in the activity, how
ever, regarded it merely as another form of research.
During this period it also became clear that NASA's policy of doing
more of its work by contracting and less by in-house effort was having an
impact on Ames. NACA had always run an in-house operation, but NASA
Headquarters, by assigning more work while withholding personnel comple
ment, was forcing Ames into an ever-growing contracting business. The dan
ger of becoming mere contract monitors rather than research men was of
• Compared with 400 percent for the NASA staff in the field.
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concern to most, but not all, members of the Ames staff. Some were sure
that the practice degraded the staff and there were individuals who declared
that, if Ames let a contract for research work they were presently doing, they
would quit NASA and go to work for the contractor.
The environment to which Ames was exposed during this period was
one which undoubtedly produced considerable internal strain. Moreover,
the role of the Center, once well understood and supported by every mem
ber of the Ames staff, had now become so ramified and diffuse as to tax the
comprehension of the management itself. Under these circumstances it was
natural that Ames research men should become increasingly preoccupied
with personal or group achievement in specific fields of endeavor and should
show less concern for the performance and vaguely defined goals of the Cen
ter as a whole. Largely missing in the Center's staff therefore was that ele
ment of pride .and esprit de corps which formerly had arisen from the feel
ing of being, collectively, a self-reliant and vital organ of a clearly directed
enterprise.
The internal strain to which the Ames organization was now being
subjected was accompanied by irritations of more common origin-the
traffic and congestion arising from a rapid growth of population in the San
Francisco Bay area. The pleasant fruit orchards with which Moffett Field
had once been largely surrounded had given way to close-packed housing
developments. Travel on the local highways and byways, once a happy expe
rience, had become an exasperating fight with traffic. The density of popula
tion in the area had indeed provided considerable justification for the ear
lier transferral of the Center's airplane flight testing to the more remote and
secure environment of the NASA Flight Research Center at Edwards, Cali
fornia.
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EARLY ORGANIZATIONAL CHANGES

January 19·63 a major revision of the Ames organization was an
I Nnounced.
Necessitated by changing missions and requirements, it
established two new management offices, or directorates, each of which
like the previous four was headed by an Assistant Director of the Center.
One of the new directorates, headed by Robert Crane with the title of As
sistant Director for Development, was obviously needed to deal with the
project-management responsibility which the Center had recently assumed.
The second was headed by an Assistant Director for Research & Develop
ment Analysis and Planning in the person of Alfred Eggers. It was formed
specifically to provide a channel for AI to exercise his talents and interests
which for the past few years had focused on mission studies. The move
was well justified by the leadership and personal productivity which Eggers
had demonstrated.
These major changes in January 1963, together with minor changes
that took place later in the year, are reflected in the chart which shows the
Ames organization as it existed on January I, 1964. The Life Sciences Direc
torate was at this time headed by Dr. Harold P. Klein, who formerly had
been chief of the Exobiology Division. An expert in the field of microbiol
ogy, he had for 7 years prior to his arrival at Ames been· professor of biology
and subsequently chairman of the biology department at Brandeis Univer
sity in Massachusetts. Dr. G. Dale Smith, who had once been Deputy Assist
ant Director of Life Sciences, had become Manager of Experiment and Life
Support Systems in Project Biosatellite. Dr. RichardS. Young, the first life
sciences man to appear for duty at Ames, was at this time Acting Chief, and
in 1965 became Chief of the Exobiology Division. Also Steve Belsley was
now Acting Chief, and was soon to become Chief, of the Biotechnology Di
vision. The Biotechnology post assumed by Belsley had been vacated by Dr.
Siegfried Gerathewohl when, late in 1963, Dr. Gerathewohl accepted an as
signment at Headquarters. It will also be noted in the chart that the third
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Dr. Harold P. Klein, member of
Life Sciences staff.

life-sciences division-the Environmental Biology Division-was at this
time headed by Dr. Eric Ogden with Dr. David D. Feller serving as Assist
ant Chief. The staff of the Life Sciences Directorate had been carefully se
lected and all the key men were of the highest repute, known nationally, if
not internationally, for their work.
The work of the Life Sciences Directorate had no direct connection
with Project Biosatellite and there was surprisingly little interchange be
tween the two activities. This situation was said to be a source of regret to
both the life-sciences and the project-management people. It could also be
said that the three life-sciences divisions were quite individualistic and their
work was only tenuously related. Additionally, the modes of operation of
each of the three divisions, especially regarding contracting, were considera
bly different as were also their means of financial support. The Exobiology
Division was funded by OSSA 1 in Headquarters, whereas the other two divi
sions were funded, as was most of the remainder of Ames, by OART. A
degree of financial inflexibility thus arose from the inability of the Life
Sciences Directorate to transfer funds freely between its several divisions.
Moreover, the situation left room for one or another of the divisions to feel
that it had been slighted with respect to financial support. A divisive in
fluence was thus unfortunately present.
One of the outstanding features of the organizational change in Janu
ary 1963 related to the organization of the research divisions; they were now
organized around disciplines rather than around specific research facilities.
This change, which actually had begun a few years earlier, represented a
complete reversal of the old NACA practice of organizing a research group
around each major facility. While there was something to be said for each
'The Headquarters Life Sciences ]>rograms Office, to which all three Ames life-sciences
divisions might otherwise have been responsible, was eliminated in 1961 and its functions were
split up between the remaining Headquarters program offices.
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method, the shortage of personnel and the trend of research had made or
ganization according to discipline seem desirable.
Inasmuch as many of the wind tunnels were now used much more for
development work than for fundamental research, it was feasible to assign
these facilities to a single group which would operate them as a service to
development or research groups located either within or outside of the Cen
ter. Also, since the Unitary Plan tunnels had been built to serve a similar
function, they too were included in the facility group just mentioned and
the name "Unitary Plan" was dropped. Thus within the Aeronautics Divi
sion there was established, under the leadership of Loren Bright (later as
signed to Verlin Reed), an Experimental Investigations Branch to manage
and operate a group of wind tunnels which included the 8- by 7-foot, the 9
by 7-foot, the 11-foot, and the 14-foot, the 12-foot, the 6- by 6-foot, and the 2
by 2-foot tunnels. Later the 1- by 3-foot tunnel, which had established an
enviable record in the field of research, was added to the list.
TRANSFERS AND ORGANIZATIONAL REPERCUSSIONS

In June 1964 Al Eggers was transferred to Washington to become Dep
uty Associate Administrator in OART. His departure represented a serious
loss to Ames and left the directorate created especially for him without a
permanent head. In his place, Clarence Syvertson became Acting Assistant
Director while continuing his permanent assignment as Chief of the Mission
Analysis Division. David Dennis retained his position as Assistant Chief of
the Division.
The mission-analysis work at Ames had been Al Eggers'. primary inter-

David H. Dennis.
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est and, when he went to Washington, he apparently sought to persuade
Ray Bisplinghoff, his immediate superior, that OART should have its own
mission-analysis group and that the proposed group might best be located at
one of the OART-controlled Centers, specifically Ames. As usual, Eggers' ar
guments were convincing; in January 1965 a Headquarters (OART) Mis
sion Analysis Division was established at Ames with the staff of the Ames
Mission Analysis Division becoming, on a tour-of-duty basis, the nucleus of
the OART Division and with Clarence Syvertson becoming its Chief. It was
expected that the staff nucleus thus acquired would be augmented by men
temporarily assigned by other OART-controlled Centers such as Langley,
Lewis, and the Flight Research Center at Edwards; but, as time went on, the
realization of this expectation seemed increasingly remote. Ames, in any case,
was to furnish administrative support for the OART division, but manage
ment responsibility was to rest with OART.
The function of the original Ames Mission Analysis Division had been
to make studies to determine research areas in which Ames could most effec
tively use its time and money. The function of the OART division would
be essentially the same, except that the studies would be extended to encom
pass the broader interests of OART. The Division was also given responsi
bility for coordinating the OART advanced-study program. The planned
complement of the Division for 1965 was about 50, but here again hopes
were not realized.
The formation of the OART Division at Ames left in a rather frac
tured state the Directorate for Research and Development, Analysis and
Planning that had been created for Eggers. Thus as 1965 ended, plans were
in hand for eliminating the Directorate, leaving only the OART Mission
Analysis Division headed by Syvertson. The planning function which had
been carried out by Eggers' directorate was at the beginning of 1966 to be
transferred to a new Programs and Resources Office under Merrill Mead
who had but recently returned from a tour of duty in Washington. Mead's
new office was also to absorb the functions of Ferri! Nickle, the Resources
Management Officer, who retired at the end of 1965. Nickle and Parsons, it
may be recalled, were the first Ames employees and also the first to arrive at
the Moffett Field site. Nickle had made important contributions to the early
construction program at Ames and subsequently, as Budget Officer and later
as Resources Management Officer, had served with great ability. Reporting
to the Office of the Director, Nickle each year led the "battle of the
budget," a rather thankless task but one of vital consequence to the Center.
In September 1964, three months after Eggers departed, Bill Harper
was transferred to Headquarters to become Chief of the Aeronautics Divi
sion in OART. Here again the loss to Ames was keenly felt. Harper was
badly needed at the Center at this time and fortunately it appeared that his
assignment to Washington might be temporary. Accordingly, Larry Clous
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From left to right: George H. Holdaway, Frederick A. Demele, Dr. Seymour N.
Stein, and Phillips ]. Tunnell, members of Technical Planning Division staff.
ing was made Acting Chief of the Full Scale and Systems Research Division
with Woodrow Cook and Norman Johnson as Assistant Chiefs.
OTHER LATE DEVELOPMENTS

Before the end of 1965 there was one more major change in the Ames
organization, but this will be described at a later time. There were also a
few smaller but individually important developments during this period.
One was the retirement in March 1965 of Carlton Bioletti, who for 33 years
had served in NACA and NASA. The position he vacated as Chief of Pro
ject Biosatellite was filled by Charles Wilson. To be happily reported was
the return to Ames in July 1965 of the exceptionally able Morris Rubesin,
who had satisfied his earlier craving to be an entrepreneur. Rubesin was
shortly appointed Chief of the Physics Branch, filling a position earlier re
linquished by Michel Bader, whose interests had turned to airborne astro
physical research. Another organizational change, made in September 1965,
was the appointment of Dr. John Billingham as Assistant Chief of the Bio
technology Division. Also to be mentioned was the honor earned by John
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William R. johnson (left) and Carol ]. Tinting and Harry ]. DeVoto (right).

Boyd, technical assistant to the Assistant Director for Astronautics, who in
1965 was named to receive the 1965-1966 Stanford-Sloan Executive Fellow
ship. A similar award, the 1962-1963 MIT-Sloan Executive Fellowship, had
earlier been won by Merrill Mead, Chief of the Ames Technical Planning
Division.
Flight-simulator work was growing apace and the facilities had become
so complex and extensive that it was deemed desirable to establish a sepa
rate division, in Russ Robinson's directorate, to manage, further develop, and
operate these facilities as a service to the several research groups that had
need for them. The new organizational unit, known as the Simulation Sci
ences Division, was founded in September 1965 with George Rathert as
Chief and John Dusterberry as Assistant Chief. The function of the new
division was noticeably similar to that of the Experimental Investigations
(wind tunnel) Branch earlier mentioned. It was not expected to carry on
research, except that required for the improvement and fullest exploitation
of flight simulators.
Also to be mentioned was the formation within the Administration Di
rectorate of a Technical Information Division headed by William R. John
son. Included in this Division were a Library Branch under John W. Pol
lock, a Graphics and Exhibits Branch under Harry J . DeVoto, Jr., and a
Manuscript Branch under Carol Tinling.
The less happy events occurring in the 1963-1965 period included the
deaths of Dr. Harald Smedal in the spring of 1963, of Ray Braig in October
1964, and of Ralph Huntsberger in June 1965. Dr. Smedal, extremely popu
lar, was a man of the highest ability. Ray Braig, one of the charter members
of the Ames staff, was very well liked and his performance had always been of
the highest quality. His position was subsequently filled by Frank Lawrence.
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Ralph Huntsberger was a competent performer whose work on the design,
construction, and operation of the Unitary Plan tunnels was quite outstand
ing. In 1964, together with Bill Harper, Jay Christensen, and Earl Keener,
Ralph won the NASA Group Achievement Award for contributions to the
X-15 program. Lloyd Jones was selected in December 1965 to take over
Ralph's position.
Another death affecting Ames was that of Dr. Hugh L. Dryden on De
cember 2, 1965. Once Director of NACA, Dr. Dryden had since the begin
ning of NASA held the position of Deputy Administrator of the latter or
ganization. Above all other men, he had given character to the huge, sprawl
ing, tumultuous organization that NASA had become. The feeling for Dr.
Dryden among his many acquaintances was one of deepest respect while
among those who knew him best, it bordered on the reverential. In him a
gentle, humane spirit had cloaked a driving intellectual force. President
Johnson, in eulogy of Dr. Dryden, said:
Hugh Dryden's death ended nearly 50 years of single-minded devotion
and effort by one of the most distinguished civil servants this country has
ever known. Beloved by all his associates and respected throughout the
world, Dr. Dryden more than any other man led us into the age of jet air
craft and space exploration.
MANPOWER SHORTAGE AND CoNTRACTING

With regard to the supply of manpower, the Ames Research Center was
being squeezed unmercifully. Through the first 3 years of NASA, the Ames
staff had remained constant at the final NACA level of about 1475. 2 Then
with the Kennedy impulse of 1961-1962, it rose quickly to a new plateau of
about 2200. 3 The personnel growth was about 50 percent, but the responsi
bilities assigned to the Center increased by 100 percent or more. The
squeeze was on manpower rather than on money and, although there was a
national shortage of scientists and engineers at the time, its imposition on
Ames appears to have represented deliberate Headquarters policy. Ames was
being "encouraged" to carry on more of its work by contracting rather than
in-house.
Ames management had resisted pressures encouraging the Center to un
dertake project management and space operations. Other NASA Centers,
such as Lewis, had yieided more quickly to these pressures and during the
Kennedy impulse had acquired the staff needed for such activities. By the
time Ames was prepared to enter the game, the manpower alloc<;!.tions result
ing from the Kennedy impulse had been completed and the lid on person
nel recruitment had again been clamped down tightly. At Ames the pangs
arising from manpower shortage were thus very acute and new activities in
•see app. A.
3

lbid.
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the fields of space sciences, life sciences, and project management were espe
cially hard hit. All possible means were used to relieve the situation but
none except contracting was very effective.
Some improvement in the manpower picture at Ames was achieved by
decommissioning certain low-productivity wind tunnels and by grouping
others under a single operating branch. An important additional benefit
came from the National Academy of Sciences postdoctoral fellowship pro
gram, which provided a number of very able research men who were not
counted in the Ames personnel quota. Of somewhat less help was the. annual
faculty summer fellowship program under which 10 to 15 university faculty
members would spend 10 weeks in the summer working, for mutual benefit,
at the Ames Center. The latter program was jointly sponsored by NASA
and the American Society for Engineering Education. Some indirect bene
fits were also achieved by improving the competence of existing staff
through cooperative training arrangements with local colleges and universi
ties. The Stanford-Ames program, begun many years earlier, was still in ef
fect though operating at low ebb. In the past, such programs had enabled
Ames employees to acquire skill in the new disciplines evolving in the gen
eral fields of aeronautical and space science. But while such "retreading" op
erations had been useful in the past, many of the newer disciplines were of
such fundamental complexity as to place them beyond the reach of a re
treaded wind-tunnel engineer. Recently graduated Ph. D.'s were needed.
In the solution of the Ames manpower bind, the remedies just cited
were quite inadequate. Contracting, with all its disadvantages, was the only
way out. Contracts were let for the maintenance of major mechanical auxili
aries, for computing services, for maintaining and operating some of the
now-extensive electronic computing equipment and architectural and engi
neering services in connection with facilities design, for staff training and, in
1965, for wind-tunnel operation. As a result of needs expressed for the ser
vices of the 12-foot tunnel, which had been largely dormant since 1963, Ames,
in March, let a contract for the operation of the tunnel to ARO, Inc., a sub
sidiary of Sverdrup 8c Parcel& Associates, Inc., of St. Louis. The work of the
tunnel, as operated by ARO, was still coordinated by Verlin Reed's Experi
mental Investigations Branch. By the end of 1965 the arrangement with ARO
had proved so successful that thought was being given to the letting of
contracts for the operation of the 6- by 6-foot and the 14-foot tunnels.
In a similar move, NASA, in February 1965, completed arrangements
with the U.S. Army whereby that agency was granted permission to use, for
its own purposes, with its own staff and largely at its own expense, the Ames
7- by 10-foot tunnel No.2. This tunnel had been idle for a number of years
and required a considerable investment by the Army in its restoration and
in the updating of auxiliary equipment. Not only were the Army's uses of
the tunnel of interest to Ames but there were additional benefits from the
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arrangement which accrued to the Center. These benefits arose from the
fact that the Army agreed to provide not only the operating staff for the tun
nel but also additional personnel to assist Ames in carrying oui: research and
development projects of particular interest to the Army. To accomplish
these purposes, the Army established a group of about 45 people at Ames in
what was known as the Army Aeronautical Activity at Ames (AAA-A) . The
head of AAA-A was Colonel Cyril D. Stapleton, USA, while the technical
director, 4 former Ames employee, was Paul Yaggy. The relationship be
tween Ames and the Army proved very friendly and mutually profitable.
Such were the measures taken to deal with the manpower squeeze at
the Ames Research Center; but they were not enough. Contracting, it was
clear, must be extended to the design and construction of research instru
ments, to the planning and execution of research projects, and even to the
analysis of the resulting data and the writing of research reports. In the life
sciences activity at Ames, a large part of the research was performed by agen
cies to whom NASA contracts or grants had been given. The contract re
search for the Exobiology Division amounted to only a few percent of the
total; but that for the Environmental Biology Division represented about 70
percent of the total, and that of the Biotechnology Division also loomed
rather large. The Space Sciences Division of the Astronautics Directorate
likewise became involved in an extensive contracting operation, but its con
tracts were largely restricted to the procurement of services and to support
ing research and development. The research experiments themselves were
mostly conceived, and often carried out, by the Space Sciences staff. The
project-management activity at Ames was largely a contract operation. Its
funds for the most part were spent on contracts for booster hardware, space
craft design, research planning, instrumentation, and analysis of data. In
addition to the cases cited, almost all of the physical research divisions at the
Center carried out certain research and development projects by means of
contracting. •
In the matter of research contracting, the interests of the Center dif
fered considerably from those of NASA as a whole. To NASA, the practice
gave access to talent, facilities, and a sheer volume of technical manpower
that could not feasibly be assembled within the confines of a Government
laboratory. It was probably the only way the huge task confronting the
agency could be accomplished. From the standpoint of the Center, whose in
terest lay mainly in basic research, such contracting was in many respects de
bilitating. It would, of course, inhibit the full development of the Center
and would dilute the quality and reduce the morale of the staff. It would
render more difficult the problem of acquiring and retaining research men ·
of the highest quality and would be particularly harmful if it reduced the
Center's best research men to mere contract monitors-assuming that they
• See app. A re costs of contracting.
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would accept such a role. Moreover, if contracting were undertaken in areas
of research in which the Center's staff members were acknowledged leaders,
the results would surely be an inferior substitute for the product that might
otherwise have been obtained. As with mercenary soldiery, there was in any
case a question of the quality of "bought" research.
What was happening was fairly obvious. To handle its vast responsibili
ties, to achieve the necessary speed and volume of output, NASA was delib
erately paying the associated penalty. The penalty was a deterioration at
least of its research centers and probably also of the quality of its research
product; and of course the cost of the product, good or bad, was shockingly
high. The process was earlier referred to as the "shotgun" approach-effec
tive but costly. These then were some of the influences operating at Ames
during this period.
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Facilities

SERVICE FACILITIES

HE rapid growth of personnel and activities at Ames during 1962-1963
T produced
severe strains on service facilities, some of which were al
ready overburdened. A new cafeteria was built in 1963-1964, and con
struction of a large addition to the instrument research laboratory was un
dertaken in 1964 and completed in February 1965. The old cafeteria, under
the auditorium, was converted to office space. At the same time the ad
ministrative responsibilities of the Center had grown as a result not only
of the increase in personnel but also of the multiplicity of directives emanat
ing from a mushrooming Headquarters organization, and in 1964 a
large administrative management building was put under construction.
This new structure, completed late in 1965 at a cost of $1,200,000, was
located on Bush Circle and in design and location was almost the mirror
image of the data reduction building. In the meantime an extension of
the administration building annex was being made to house the OART
Mission Analysis Division.
WIND TUNNELS AND WIND-TUNNEL TECHNIQUES

The 10- by 14-inch tunnel was disassembled in 1962-1963 and crated up
for transplantation into the 3.5-foot-tunnel building. The transplantation
was not completed, and throughout this period the tunnel remained crated
with no prospect of reassembly.
In September 1963 the failure of a fan blade in the 14-foot tunnel com
pressor resulted in a decision to replace all 96 blades. Although contracting
was the rule of the day, the replacement of the blades eventually turned out
to be another job for Red Betts' blade-carving machine. At the end of 1965,
however, the reblading task was still not completed and would not, it was
expected, be finished before May 1966. Since its completion in 1955 at a cost
of $11 million, the 14-foot tunnel had been used considerably; but now,
with the long layup due to blade failure, one might be led to recall Carl
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Bioletti's remark, "a damned waste of money," made in 1950 when con
struction of the tunnel was being considered. Carl, of course, had not fore
seen Space Age situations in which some bit of essential design information
obtained in the tunnel could readily mean the difference between success
and failure of a space shot costing $50 million or more. Owing to the huge
financial gamble of space exploration, supporting laboratory research facili
ties, at whatever cost, represented a prudent investment. In what it had re
vealed concerning hammerhead missiles alone, the 14-foot tunnel had easily
paid for itself.
The 3.5-foot tunnel shared with the 14-foot the distinction of being one
of the two most expensive tunnels ever built at Ames. 1 It had made impor
tant contributions in the field of spacecraft aerothermodynamics, yet it was
rather new and still in the process of justifying itself. The realization of its
considerable potential for testing large models at high speeds had been
somewhat hindered by the rather unsatisfactory performance of its pebble
bed heater. A search for a more satisfactory material for the "pebbles" had
been undertaken in a pilot heater located in a small addition to the 10- by
14-inch tunnel building. From such studies a cored brick made of yttria-sta
bilized zirconia seemed promising, but the cost and difficulty of rebricking
the huge 3.5-foot pebble-bed heater were large and Ames management was
reluctant to make the necessary investment of time and money without
more assurance regarding the superiority of the new material.
Another modification of the 3.5-foot, however, seemed desirable. This
modification, undertaken in 1963-1964 and completed in 1965, made it pos
sible to operate the tunnel with gases (nitrogen, carbon dioxide, etc.) repre
senting the atmospheres of certain other planets2 in our solar system. The
modification represented a practical substitute for a "hypersonic planetary
gas test facility" (HPGTF) which in 1961 was in preliminary design and
considered as a possible auxiliary for the new gas-dynamics facility. As a
result of this substitution, the HPGTF was never completed.
At this time numerous facilities had been built for investigating reen
try heating, but only the hypervelocity free-flight facilities lent themselves to
studies of the purely aerodynamic factors of extreme speed, and in these se
vere restrictions were imposed by the requirements of small, simple models
and short operating time. The idea thus arose at Ames of building a very
fast, Mach 50, helium tunnel in which models of reasonable size could be
tested for fairly long periods. Although preheating had not heretofore been
used in helium tunnels, it was nevertheless necessary in the Mach 50 helium
tunnel which, at a cost of $1.5 million, was built at Ames during 1965. The
tunnel had just been completed as the year ended and not much was known
about its operating characteristics except that it had so far attained a Mach
'Unitary cost more but constituted three tunnels.
2
For example, Mars and Venus.
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number of 45. Even while the Mach-50 helium tunnel was under con
struction, the interest of Ames engineers in helium tunnels continued
to wane, and by the end of 1965 it was at fairly low ebb. The use of
helium was accepted as being tricky and some felt it impractical except
perhaps for checking out certain theoretical concepts. The monatomic char
acter of the helium molecule, with all of its thermodynamic implications in
cluding the absence of chemical dissociation, was generally believed to limit
the usefulness of helium for simulating the aerothermodynamic environ
ment of high-speed reentry. Thus, while retaining a tantalizing potential for
achieving high Mach numbers, the helium tunnel, at Ames, remained a con
cept of somewhat dubious overall practicality.
Here it should be said that the development of new research facilities is
an integral part of any research effort and is thus subject to the same risks
and gambles as the research itself. A perfect record of success in research-fa
cility design carries with it the strong implication that the agency making
the record has been guilty of conservatism quite unbefitting a research insti
tution.
·
A problem regarded as inherent in wind-tunnel testing arose from the
flow interference produced by the structure (sting) that supported the
model. This problem was, of course, not present in facilities using gun
launched models and during this period the idea developed that it might
also be avoided in conventional high-speed wind tunnels, especially since
the techniques for making free-flight measurements were now highly devel
oped. For example, in a vertical tunnel, with the airstream going upward, a
model, originally supported, could be dropped and its weight might thus
nearly balance the upward air force. The model would thus remain for some
time, in free flight, in front of the viewing window. This scheme had been
used in the Langley spin tunnels in the 1930's. Alternatively, in a horizontal
tunnel, the model might at first be held just downstream of the test section
and then, at the right time, propelled forward in front of the viewing win
dow with just enough force to balance the air drag for a few seconds. Drag
and stability could be determined, as in the case of a gun-launched model,
by observing the motions of the model. At the same time information on
pressures and temperatures could be obtained, Ames engineers found, by
telemeter. The idea for the technique as applied to supersonic wind tunnels
had come from Caltech; but at Ames it was developed to a state of practical
ity through tests in the 6- by 6-foot tunnel, in the 14-inch helium tunnel,
and in a vertical arc-jet tunnel located in the fluid mechanics building. This
ingenious development was carried on by a number of men including John
McDevitt, Joseph Kemp, Ronald Hruby, and Lionel Levy and is reported
in such papers as TN D-3319 (ref. C-28) by Hruby, McDevitt, Coon, Harri
son, and Kemp, and TM X-1154 by Kemp. A paper on the subject by Levy,
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McDevitt, and Fletcher was also presented at an AGARD meeting in Brus
sels in September 1964.
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Gun development as a science in itself had advanced continuously and
at Ames, perhaps, had reached a higher level of refinement than anywhere
else in the world. Most of the guns at Ames were now of the deformable-pis
ton type. Their speed had been raised to an impressive 37,000 feet per sec
ond; this peak speed, a world's record, was obtained in 1965 with a gun used
in the impact range. 3 Notably, it was also earth-escape speed and thus the
Ames gun was theoretically capable of firing a bullet so fast that it would
leave the earth forever.
Further increases in the speed of guns would not come easily. Neverthe
less, despite anticipated design difficulties, there was still hope that guns hav
ing higher speeds-perhaps as high as 50,000 feet per second-could be de
veloped. Perhaps if an inner wall of the driver tube could, by an exploding
charge, be collapsed sideways, higher gas pressures and velocities could be ob
3
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tained than by pushing the gas lengthwise from rear to front. The problem
was being studied by the Stanford Research Institute under an Ames con
tract.
Material and structural limits were being pushed in gun design. In the
case of air guns-more commonly known as shock tunnels or shock tubes
the diaphragm separating the driving from the driven gas had become a par
ticularly troublesome design problem. Such diaphragms were expected to
burst at the design pressure with the pieces, held at the periphery, bending
backward and thus providing the minimum resistance to the flowing gas.
Above all, they must not shatter with the pieces flying downstream. Diffi
culties increased as the diaphragms were made thicker to resist higher oper
ating pressures and the problem was particularly difficult in the case of the
shock tunnel. To achieve the desired bursting performance in the shock tun
nel, it was necessary to score the dtaphragm along the desired bursting lines
and then to initiate the bursting by means of an explosive charge placed in
the scored grooves. A study of the diaphragm design problem was reported
by Robert Dannenberg and David Stewart in TN D-2735.
Don Gault, of the Space Sciences Division, had been using the impact
range to study the pattern of material ejected from an impact crater. One
problem he had encountered arose from the fact that the force of gravity
was at right angles to the line of fire and thus it was not possible to repro
duce the ejecta patterns that were evident around the craters of the moon.
What was needed was a range in which the gun could be fired downward
toward a horizontal target surface. In 1964 this need was met by the con
struction of the vertical impact range. It was located in the old 10- by 14
inch wind-tunnel building, which had been largely taken over by the Space
Sciences Division and renamed the space technology building annex.
The vertical impact range was designed to use any of several guns
which could shoot at the target at selected angles ranging from the vertical
to the horizontal. First operation, with conventional power guns, occurred
late in 1964. Light-gas guns were later installed and the most advanced of
these, the deformable-piston gun, was installed and ready for operation in
November 1965. To study ejecta trajectories and the sequential phases
of crater formation, a special camera capable of taking pictures at the rate of
4 million frames a second and capable also of taking stereographic pictures
was provided for use with the vertical impact range. The effect of reduced
gravity, such as prevailed on the moon, was obtained by dropping the target
at the time of impact.
Research interest at Ames was moving toward increasingly higher reen
try speeds and thus much design attention was being given to the means by
which extreme reentry conditions could be simulated in the laboratory. The
man-carrying Apollo spacecraft, returning from its planned trip to the
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Vertical impact range-the gun is
shown in a horizontal position but
may be raised in several steps to a
vertical one.

Donald E. Gault.

moon, was expected to reenter the earth's atmosphere at a speed of about
35,000 feet per second. Reentry from missions to nearby planets such as
Mars and Venus could, by the use of special techniques, be accomplished at
speeds of no more than 50,000 feet per second; and reentry from a trip to a
more remote planet such as Jupiter could possibly, through the use of simi
lar techniques, be accomplished at speeds of 65,000 feet per second. Such
speeds appeared to represent th·e maximum that might be encountered for
some time to come. Flights to celestial bodies· beyond our solar system
seemed likely to be of such long duration4 that return and reentry were
only of far-out academic interest.
Thus at Ames there existed an urge to develop facilities capable of sim
ulating entry speeds of 50,000 feet per second or more. The pilot hyperve
locity free-flight (HFF) facility came closest to filling this need but still fell
far short of the goal. By 1963, however, guns and shock tunnels, as well as
free-flight testing techniques, had reached a state of development and sophis
tication which made possible the planning of a very advanced HFF facility
having speed potentialities well beyond that of the pilot HFF facility. What
• Dryden had estimated that it might take 160,000 years for a round trip to the nearest star.
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was actually designed in 1963 was a laboratory building housing three large
and powerful test devices. This complex, which was to cost over $5 million,
was put under construction in 1964 and was largely completed in 1965. It
was named the hypervelocity free-flight facility which, somewhat confus
ingly, was the name of the individual test devices of which it was composed.
The test devices incorporated in the main facility were:
An aerodynamic hypervelocity free-flight facility.
A radiation hypervelocity free-flight facility.
A gun-development hypervelocity fr'ee-flight facility.
The aerodynamic HFF facility, the largest of the test units, was a counter
flow arrangement capable of generating relative speeds between air and
model of 50,000 feet per second and stagnation enthalpies of 50,000 Btu per
pound. Test Reynolds numbers up to 80 million per foot of model length
could be reached. As indicated by its name, the aerodynamic facility was to
be used for aerodynamic studies, the measuring of forces and moments;
whereas the radiation HFF facility, also a counterflow device and having the
same performance as the aerodynamic HFF facility, was to be used for
studying radiation in the gas cap and wake. The gun-development facility,
as its name implies, was to be used for gun-development tests and did not in
clude a counterflow shock tunnel. The aerodynamic facility had a total length
of about 400 feet, a test-section length of 75 feet, a test-section diameter of 3.5
feet, and a gun length of 145 feet. Corresponding figures for the radiation
facility were 260, 18, 3.5, and 145. The radiation and gun-development facil
ities became operational in 1965, but the larger and somewhat more compli
cated aerodynamics facility would not be ready for use until early 1966.
As the speed of HFF facilities increased, testing techniques became
painfully difficult. Arranging a meeting, at a prescribed point in the test sec
tion, of a model traveling at 30,000 feet per second with a short pulse of air
traveling in the opposite direction at 20,000 feet per second required con
trols that were fantastically precise and photographic devices that had shut
ter speeds of only a few billionths of a second. Moreover, the boundary-layer
thickness and the pressure of the air pulse continuously varied as it passed
along the test section and thus the Reynolds number of a test was dependent
on where, along the test section, the model intercepted the air pulse. All of
this technical complication was endured, however, as the HFF was the only
facility at Ames, or elsewhere, in which both the aerodynamic and the heat
ing phenomena of extreme reentry speeds could be truly represented.
The possibility of using the shock tunnel for the testing of fixed models
had been demonstrated through the development and operation, at Ames, of
the 1-foot shock tunnel. As earlier mentioned, the operation of this facility
was a slow and messy business-the mess resulting from the condensation of
steam generated by the burning of hydrogen and oxygen in the driver tube.
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Consideration had been given by the 3.5-foot-tunnel staff to the develop
ment of a new shock tunnel which would have a higher performance than
the old tunnel and be cleaner and easier to operate. These worthy goals
were' to be accomplished by eliminating combustion as a source of power. In
the new tunnel, which was under construction in 1965, the driver gas, he
lium, was to be heated by a tremendous surge of electric-arc power. The
electrical energy, equivalent to over 10 million horsepower acting for
ljlO,OOO second, was to be obtained through the discharge of a bank of ca
pacitors. The new facility, which might be called an electric-arc shock tun
nel, was believed to have potentialities for generating air speeds up to
40,000 feet per second. Unfortunately the duration of the air pulse pro
duced would only be a couple of milliseconds and the air as it passed over
the model, having just received such a frightful shock, would likely be com
pletely out of chemical and thermal equilibrium. The device was thus con
sidered unsuitable for use in a counterflow, HFF, arrangement.
The arc-jet, in which an arc heats the airstream but is not its primary
driving means, continued in a rather rapid state of development during this
period. The arc-jet installations by the end of 1965 included three in the
fluid mechanics building, two or three in the space technology building, two
in the gas dynamics laboratory, and one in the Mach 50 helium wind-tunnel
facility. The one in the Mach 50 facility, known as the l-inch constricted-arc
supersonic jet, was perhaps the most sophisticated of all and had the highest
performance of any arc-jet yet built at Ames. It could be operated with any
desired mixture of air, nitrogen, and carbon dioxide; and, while the Mach
number of the gas stream was only 3, its temperature was so high that en
thalpy values of up to 200,000 Btu per pound were potentially obtainable.
One of the newer units in the fluid mechanics building, a unit called the
entry heating simulator, was particularly notable because in it the test model
was to be exposed not only to the heat of the arc-heated airstream but also
to a separate source of radiative heat produced by arcs and focusing mirrors.
The auxiliary radiation source was to be used to simulate the radiating gas
cap which the arc-jet, owing to its low Mach number, was itself unable to
produce.
The use of a separate source of radiation in the entry heating simula
tor was, indeed, evidence of a basic weakness of all arc-jet facilities. In such
facilities it had not been possible to obtain high enthalpy and high Mach
number at the same time. Howard Stine, who together with Charles Shep
ard and Velvin Watson had received a NASA award in 1965 for his major
contributions to arc-jet development, freely admitted this weakness of the
arc-jet as a research tool. As yet, he said, no one had fully learned how to
control the vast amount of electric power that is poured into an arc-jet
how to keep the power from reducing the arc-jet structure to a puddle of
molten metal. In the operation of arc-jets, to avoid overheating the structure
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it had been necessary to reduce the pressure (thus the density) of the air
stream as its temperature (enthalpy) was increased. In other words, ex
tremely hot air molecules were tolerable if they were sufficiently few in
number. One may recall having held one's hand in the shower of sparks em
anating from a Fourth of July sparkler and feeling nothing more than a
mild warmth-because the sparks, though white hot, were relatively few
and small. The sparkler flux was obviously of high enthalpy (Btu per
pound) , but inasmuch as the density was low not many pounds struck the
hand and little heating resulted.
In the most critical heating phase of spacecraft reentry, the air in the
gas cap is both hot and fairly dense and the resulting heating condition .lasts
for seconds, if not minutes. Owing to the low density of its airstream, the
arc-jet had not been able to duplicate the high heating rate of the gas cap
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but had, nevertheless, been able to maintain a very high heating rate for a
prolonged period of time. The HFF facility, on the other hand, could dupli
cate the high heating rate of the gas cap but could not maintain the heating
long enough to represent actual reentry flight conditions. Thus it was clear
that, in the simulation of reentry heating, the arc-jet and the HFF facility
represented two imperfect, and distinctly different, approaches which by vir
tue of their differences possessed advantages that were complementary.
Further comparisons of the arc-jet with the HFF facility might be noted:
1. The arc-jet with a running time of several minutes or more pro
vides more time for force measurements and photography and suf
ficient time for development of the charring ablation process.
2. The arc-jet allows the testing of larger models which more accu
rately represent the flight article. Models tested in the HFF facility
are small, tend to be of oversimplified design, and, since small
models are more sensitive to the effects of roughness, must be
made with great precision. Also the HFF facility models must be
designed to resist extremely high launching loads.
3. The arc-jet models are firmly supported, a condition which facili
tates instrumentation and makes it possible to obtain a wider va
riety of test data. Also the models are not lost, as they are in the
HFF facility.
4. Unlike the arc.-jet, the HFF facility can simulate the Mach num
bers, Reynolds numbers, and gas-cap heating conditions of actual
reentry flight, but not the flight duration.

It might be added, as an incidental note, that Stine's work on arc-jets,
while aimed at the development of a research tool, had revealed certain pos
sibilities for the application of the arc-jet as an efficient power plant for
spacecraft. In 1965 experimentation was under way on the use of a trans
verse magnetic field to accelerate the flow of plasma issuing from an arc-jet.
SPACE ENVIRONMENTAL REsEARCH FACILITY
In the design of space vehicles, engineers were continually encounter
ing problems arising from the limitations of materials. At Ames, research
that bore on the subject of materials began in 1959-1960. In early 1963 a
Materials Branch was formed under Charles Hermach and Bernard Cun
ningham, and in 1964 construction commenced on a materials research labo
ratory. This laboratory, called the space environmental research facility, was
completed at a cost of $3,530,000 and put into use in March 1965. The new
facility was provided with excellent equipment, including spectroscopes, an
electron microscope, and several ion accelerators. Among the latter were in
struments that the Physics Branch had developed for sputtering research
an activity which had now been taken over by the Materials Branch.
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Under construction within the new space environment research facility
late in 1965 was a test chamber in which certain important aspects of the
environment of space could be simulated. This device, called a combined
environment chamber, consisted of a large vacuum chamber incorporating
three proton accelerators having beam energies ranging from 2 to 300 MeV.
Through the use of a combination of oil-diffusion pumps and condensers
cooled by liquid nitrogen and liquid helium, it was expected that the cham
ber could be evacuated to the extremely low pressure of I0- 10 millimeters of
mercury. A smaller vacuum chamber, thought to be capable of reproducing
the low pressures existing between earth and moon (about I0-13 mm mer
cury), already had been completed but no way had been found for measur
ing that degree of vacuum.
STRUCTURAL DYNAMICS LABORATORY

Ames' long-standing interest in wing flutter was transferred early in the
Space Age to an interest in the dynamic structural loads of spacecraft and
their launching vehicles. A Structural Dynamics Branch, which had been
created in 1960 under Al Erickson and Henry Cole, undertook research on a
number of problems such as launch-vehicle instability, landing-impact atten
uation, and fuel-sloshing loads. This work had so expanded by 1963 as to
Structural dynamics laboratory building.
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require a new facility. Construction of this facility, known as the structural
dynamics laboratory, began in 1964 and was largely completed by the end of
1965. Its cost was about $1,650,000.
The new structural dynamics laboratory provided a wide array of con
ventional and special structural research equipment as well as some badly
needed office space. The most imposing element of the laboratory, however,
was a 100-foot-tall concrete tower to be used principally for tests of launch
vehicles but additionally for drop tests of spacecraft landing gears. A launch
vehicle tested in the tower could be exposed to an environment simulating
in many structurally important respects what the vehicle would nor
mally encounter as it ascended through the earth's atmosphere. The envi
ronment would include a moderate vacuum (10 mm mercury or less), heat
ing (infrared radiation sources totaling 12~'2 megawatts), vibration (by
means of variable-frequency shakers), and noise such as produced by a
rocket motor. The tower was given a pentagonal cross section, to preclude
the development of a strong standing wave pattern, and was separately
mounted on a 6-foot-thick block of concrete floating, without benefit of
piles, in the rather mucky soil of Moffett Field. This manner of mounting
was expected to isolate the tower from external vibrations, but certain con
genital skeptics on the Ames staff could not refrain from speculating that it
might create a leaning tower rivaling the one in Pisa.
BIOLOGICAL RESEARCH FACILITIES

Soon after the Space Sciences Division and the Life Sciences Directorate
were formed, they found themselves severely hampered for lack of office and
laboratory space. Both made extensive use of trailers and the Life Sciences
Directorate was forced to find temporary housing for some of its activities,
in the nearby town of Mountain View. While the Space Sciences Division
continued to have a housing shortage, steps were initiated in 1963 to re
lieve the more critical need of the Life Sciences Directorate.
The first building created for the biological interests at Ames was a
bioscience laboratory built in 1963-1964 and located just north of the 6- by
6-foot tunnel. Although this facility provided office and laboratory space in
a two-story building, its main feature was a vivarium-more commonly
known as an animal shelter-providing accommodation for experimental
animals such as monkeys, apes, and dogs. Accommodations for smaller ani
mals (cats, rabbits, rats, etc.) were provided in air-conditioned trailers adja
cent to the bioscience laboratory.
The animal shelter served both the Life Sciences and the Biosatellite
interests at Ames. By the end of 1965, the shelter, in behalf of the Biosatel
lite project alone, cared for several hundred Macaca nemestrina (monkeys)
which, because of their short tails, were called "pig-tailed" macaques. Car
ing for the monkeys was Don Warner, manager of the clinical, biochemistry,
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and vivarium section of Project Biosatellite. The animals were treated with
all due consideration; Dr. Dale Smith to whom Warner reported was, in
deed, a member of the National Animal Care Panel whose function it is to
assure the humane treatment of experimental animals. The bioscience labo
ratory had a surgery, a recovery room, and isolation wards, and its stainless
steel animal cages were scrupulously cleaned with superheated steam at fre
quent intervals.
The monkeys arriving from southeast Asia were suspected of harboring
germs of possibly dangerous tropical diseases. Extreme precautions were
taken to avoid transmittal of disease germs from monkey to handler and also
from handler to monkey. Before working with the monkeys, the handler was
required to shower and change into a freshly laundered and sterilized uni
form. On finishing the handling task, he was required to shower and disin
fect himself carefully before changing into street clothes. Food for the mon
keys consisted of no less than Purina Monkey Chow, a relative of the dog
and cat chows with which pet lovers are familiar. Surplus or over-age ani
mals were turned over to National Institutes of Health centers, such as the
National Center for Primate Biology run by the University of California at
Davis, California.
Although the main purpose of Project Biosatellite was to conduct bio
logical experiments in space, there was, nevertheless, a need for certain pre
liminary, ground-based investigations to assure the success of the flight ex
periment. For example, it was considered desirable to subject the flight
experimental packages to a realistic simulation of the longitudinal accelera
tions and noise levels anticipated during launch and recovery. The facility
needed for such a simulation-a centrifuge-was put under construction in
1963 and completed in 1964. This facility, known as the Biosatellite centri
fuge, was located under the return passage of the 40- by 80-foot tunnel. Its
50-foot-diameter rotating arm could provide accelerations up to 15 g,
reached at a controlled rate of up to 2 g per second, for payload packages of
up to 1200 pounds located at either or both ends of the arm. Arrangements
for providing a noise environment for the payload wer~ also available.
It was recognized during 1963, or before, that the Life Sciences Directo
rate would require a major office-laboratory facility quite beyond anything
of the kind that the bioscience laboratory might provide. Such a facility was
put under construction in 1964 and completed in 1965. On December 30,
1965, it was dedicated in a special ceremony attended by Congressmen Miller
and Gubser of California, Dr. Mac C. Adams who was the new head of
OART, Professor Harold Urey of the University of California, Professor
Joshua Lederberg of Stanford, and other notables.
The new facility, called the life sciences research laboratory, was a
three-story, well-equipped unit costing over $4 million. In appearance it was
strikingly different from the other Ames buildings. From the first, Ames ar
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chitecture had been characterized by two-story arrangements, simple hori
zontal lines, and flat unpainted concrete surfaces. This was the pattern origi
nally established by NACA designers and later carried on at the Center's
request by contracting architectural firms. In the case of the life sciences re
search laboratory, however, the architect was not bound by the usual re
quirement of style conformance and perhaps felt there was some advantage
in making more intensive use of the diminishing building space available at
the Center. He shunned the traditional long lines and used instead a not
unattractive arrangement of rectangular masses, the external surfaces of
which were dimpled like a lunar landscape.
It was the interior, not the exterior, of the life sciences research labora
tory that was, in any case, important. The research facilities were outstand
ing. The exobiology lahoratory on the third floor, for example, contained in
addition to the usual laboratory instruments a mass spectrometer and a ra
ther large collection (a dozen or more) of gas chromatographs. It con
tained a separate enzyme laboratory and on the whole was regarded by the
Chief of the Exobiology Division as being the best equipped laboratory in
the world for detecting traces of organic elements.
Still uncompleted at the end of 1965 was a "high bay" building asso
ciated with the life sciences research laboratory. This building, it was
planned, would provide space for some of the larger items of research equip
ment including, in particular, biological research simulators required by the
Biotechnology Division. One of the simulators, under construction in 1965
but not scheduled for completion until 1966, was a man-carrying rotation
device in which investigations could be made of human reactions to angular
accelerations and velocities about any selected axis.
The Life Sciences Directorate, in 1962-1963, had built a small centri
fuge in the basement of 1he instrument research building. This centrifuge
was mainly used by Dr. Ogden's Environmental Biology Division for small
animal investigations.
FLIGHT SIMULATORS

The 1959 Headquarters ruling transferring all flight testing, except
that involving V/STOL aircraft, to the Flight Research Station at Edwards
accelerated the steps Ames was already taking in the development and use
of flight simulators. The ruling, however, was not wholly practicable, and
by 1963-1964 some of the proscribed airplanes were being returned to the
Center. Among these was the F-100 variable-stability airplane for which, in
1965, a flight-research program was being readied. Other airplanes arriving
at Ames were a Douglas F5D required for a special wing test, a Lockheed
C-130 partially adapted for variable-stability work, a Convair 340 adapted
for a blind-flying study, and a Convair 990 four-engine transport purchased
by NASA for use by the Center as a flying research laboratory. There was
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also a small LearJet which the Center owned and used for both research
and research support.
Although the airplanes were returning to Ames, the Center continued
to press its flight-simulator development work and by the end of 1965 the
simulator facilities in use and under construction were quite impressive. No
longer was it necessary for Center engineers to build simulators, without
Headquarters knowledge, out of spare parts scrounged from wherever ob
tainable. Many millions of dollars were now being spent on the construction
of some very sophisticated devices. These expenditures appeared prudent in
view of the possible saving of human lives and the tremendous cost of the
aircraft (such as the SST) and the spacecraft (such as the Apollo) for which
the simulators were to provide essential design information.
It had been found, moreover, that in the solution of stability and con
trol problems of specific aircraft, the groundbased simulator and the wind
tunnel worked well as a team, enhancing each other's effectiveness. First, the
aerodynamic coefficients of the original airplane configuration, as obtained
in the wind tunnel, would be programed into the computer of the simula
tor. Simulator runs would then suggest desirable changes in the configura
tion. These changes would then be checked out in the wind tunnel and the
new coefficients obtained. This cycle, repeated, would rapidly home in on
an optimum configuration.
Ames' simulator equipment had become very extensive by 1965 and
completely filled the original NACA hangar, which now was called the space
flight simulation laboratory. Simulators were normally composed of a num·
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ber of basic units: the computer, the cockpit display and controls, the mo
tion generator, and now, in the newer simulators, the device for providing
the external visual cues simulating the external scene that the pilot would
normally see through the windshield of his airplane. The heart of the simu
lator was, of course, the computer, which was programed to represent the
dynamics of the aircraft or spacecraft being simulated and which controlled
the cockpit instruments, the motion generator, and the external-visual-cue
device.
The computer equipment was expensive, but fortunately the same
equipment could often be made to serve alternately more than one simula
tor. Such equipment was usually composed of analog units of which by 1965
Ames had assembled a vast array including over 1000 amplifiers. In a recent
simulation, an attempt had been made to augment the analog equipment
with an IBM 7094 digital computer tied in through a long cable reaching to
its remote location. Also, combined analog and digital computing equip
ment was to be provided for some of the sophisticated simulators which, at
the end of 1965, were under construction.
The motion generator was usually the largest and most expensive com
ponent of a simulator and as time went on more and more realistic motion
simulation was demanded. To satisfy the simulation requirements of
VfSTOL aircraft, there was built, in 1963, at a cost of $640,000, a motion
generator providing six degrees of freedom including large (± 10 feet)
translational motions along each axis. This facility was called the all-axes

6-degrees-of-freedom flight simulator.

Brent Y. Creer.

motion generator or, when combined with other simulator elements, the
six-degrees-of-freedom simulator.
Among other smaller simulators built during the 1962-1964 period were
the moving-cab transport simulator-a refined version of an earlier device
-and a midcourse navigation simulator. The latter device, intended for use
in spaceflight navigation studies, consisted in part of an Apollo-sized crew
compartment mounted on an air bearing in such a way as to allow small an
gular motions in pitch, roll, and ya~. The compartment contained appro
priate instrumentation; and an externally simulated star field, made visible
by room darkening, provided the visual reference points required for navi
gational exercises. The cabin motion could be controlled manually by air
jets or automatically, in a closed loop, by a computer.
While the simulators just mentioned were being put to use, plans were
in preparation for the design and construction of much more pretentious fa
cilities for simulating the flight of both aircraft and spacecraft. Bill Harper
had in 1962 proposed the construction of a large centrifuge for simulation
work at Ames, but the proposal was rejected by Headquarters on the basis
that the request should have been for a more comprehensive, spaceflight
guidance facility of which the centrifuge was a part. When, the following
year, a suitably augmented proposal was submitted to Headquarters, it was
approved. A further augmentation was later approved, with the result that
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the final plan encompassed a complex of four facilities. These facilities were
being designed during the latter half of 1963, were being built and checked
out at the factory during 1964-1965, and were scheduled for installation at
Ames in 1966.
The new simulators were to be installed in a building especially con
structed for the purpose on a site bordering the airfield near the existing
space flight simulation laboratory. Named the space flight guidance research
laboratory (SFGRL), the building and its complement of four facilities cost
over $13 million. The facilities comprising the SFGRL were:
•
•
•
•

Flight simulator for advanced aircraft.
Man-carrying motion generator.
Midcourse navigation simulator.
Satellite attitude control facility.

All four were designed to make use, as needed, of a common analog-digital
computer system. All, it was planned, would ultimately be used for space
flight simulation purposes, except that the flight simulator for advanced air
craft would for several years serve the development needs of the Nation's su
personic jet transport.
The flight simulator for advanced aircraft, costing about $2.6 million,
was expected to be the largest and most sophisticated airplane ~ight simula
tor ever built. Unfortunately the delay entailed by the long process of pro
curement would curtail its contributions to the supersonic transport project.
Within its three-man cabin (replica of transport cabin), the crew would be
subjected, in simulated form, to all of the meaningful sensations they could
expect to encounter in the flight of the supersonic transport. The simulator
was designed to provide all six degrees of angular and translational motion.
Moreover, the range of lateral motion was made unusually large (±50 feet)
to properly simulate the extensive sweeps of sidewise motion which the crew
would experience in their location far ahead of the wing in the long nose of
the airplane.
The equipment for providing the external visual cues-the external
scene as viewed from the cabin-was rather elaborate and expensive
($285,000) . By means of a projector mounted atop the cabin, the simulated
external scene would be projected in color on a screen mounted in front of
the cabin. The projected scene would be obtained from a color television
camera moving, as controlled by the computer, over a model landscape. The
computer-controlled camera would follow the motions of the computer
controlled cabin, thus giving the proper picture orientation and distance.
The man-carrying motion generator, costing about $9.8 million, was
the most expensive item of equipment to be located in the space flight guid
ance research laboratory. It was a huge centrifuge which, when coupled with
the computer, with the visual-cue apparatus, and with other auxiliaries,
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was capable of providing a spacecraft crew with all of the sensations, except
weightlessness, they would experience in a flight from the earth to the moon
or to Mars. In particular, it would simulate not only the accelerations of
takeoff and landing but also the angular and vertical motions, the external
scene, solar radiation, and cabin environment-temperature, pressure, gas
composition, and vibration, all of which were to be controllable.
At the end of a 50-foot arm, driven by an 18,600-horsepower de motor,
the three-man cabin could be accelerated by the centrifuge to a level of 20 g
at rates up to 7Y2 g per second. An alternate, one-man cabin which was
being provided could be accelerated up to 50 g, if unmanned, or otherwise
to the limit of human tolerance. In addition to the rotation provided by the
centrifuge, the cabin was to have unlimited motion about the roll, pitch,
and yaw axes, as well as a vertical motion of ± 2 feet. It was expected that
the cabin motions would normally be controlled by the computer, in a
closed-loop system, but manual control without benefit of computer-ex
cept possibly for a small on-board computer-would also be possible.
The midcourse navigation simulator, the third facility in the space
flight guidance research laboratory, was to be a refined version of the one
earlier described. Its cost is included with that of the centrifuge. The device
was a manned-flight simulator, either computer or manually controlled, in
which it would be possible to conduct deep-space navigational exercises on
earth. Its three-man cabin, or capsule, mounted on a spherical air bearing,
would allow limited (up to ± 13°) angular motion about all three axes. For
the use intended, the simulation of translational motions was unnecessary.
The environment provided in the cabin was to include the same variety of
controlled conditions as were available in the cabin of the centrifuge. Also
to be provided were celestial screens on one of which simulated stars, pre
cisely located, would realistically transmit their light in narrow beams of
parallel rays.
.

434

FACILITIES
The satellite attitude control facility, the fourth item in the space flight
guidance research laboratory, was a device to be used in studying attitude
control, or stabilization, systems such as are required by certain types of
unmanned satellites. One such satellite is the Orbiting Astronomical Obser
vatory, the attitude of which must be very precisely controlled to allow the
telescope it carries to be pointed at the star, or other heavenly object, to be
observed. In other cases, spacecraft are required to keep their solar panels
pointed at the sun or their radio antennas or instruments pointed at the
earth or their payload pointed in some prescribed direction. The devices
that provide the stabilization derive their power from such sources as air
jets, reaction wheels, gravity, gyroscopic forces, or geomagnetism and refer
their actions mainly to celestial bodies, including the earth and its gravita
tional and magnetic fields.
In the Ames facility, it was planned that the stabilizing devices to be
investigated would be mounted on an 8-foot-diameter table floating friction
lessly on a spherical air bearing inside an evacuated 22-foot-diameter
sphere. The motions of the simulated satellite (table) around the earth

Artist's drawing of satellite attitude-control simulator.
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were to be represented by moving an earth model around the table in circu
lar or elliptical paths according to the orbit desired. Other external refer
ences or influences would include a star screen, coils for producing a mag
netic field corresponding to that of the simulated earth, and a heater for
simulating earth infrared radiation. A simulated sun was also to be pro
vided at a later date. As in the case of the other three facilities in the lab
oratory, the attitude-control facility was designed so that it could be operated
in a closed loop with a computer. Its cost, incidentally, was about $1.2
million.
LoNG-PATH GAs CELL

Much had been, and much remained to be, learned about the atmo
spheres and the surface characteristics of solar-system planets from the
spectrographic analysis of radiation emanating from the planets. However,
accurate interpretation of the spectrographic data required a knowledge of
the absorption and emission characteristics, at various pressures and tem
peratures, of the planetary atmospheres. These were matters of great con
cern to the Ames Space Sciences Division and were matters about which
much could be learned in a ground-based laboratory if proper facilities
could be provided. One such facility, conceived by Ames scientists in 1964,
was a long, enclosed chamber through which a beam of selected radiation
could repeatedly be passed to obtain the absorption characteristics of the
gas with which the chamber was filled.
The device just mentioned, called the Ames long-path gas cell, was
completed early in 1965. Although only 25 meters long, the chamber was
equipped with a system of mirrors by means of which the beam of radiation,
introduced at one end, could be bounced back and forth for a total path
length up to 1 kilometer before it fell on the detector. The chamber was so
designed and equipped that it could be charged with any gas, or combina
tion of gases, at any pressure in the range from 104 to I0- 5 millimeters of
mercury. As 1965 ended, the long-path gas cell was being used to obtain in
frared absorption spectra of gases known or suspected to be present in ex
traterrestrial planetary atmospheres. Such information, it was expected,
would be utilized in later spectrographic studies aimed at determining the
pressure and temperature of planetary atmospheres and the abundance of
the various gases of which they are composed.
CAPITAL GROWTH

The capital equipment of the Ames Research Center had greatly ex
panded during the NASA regime. 5 In October 1958, Ames contributed to
the new agency a plant valued at about $80 million. By the end of 1965, the
"See app.A.
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cost value of Ames facilities, including the space flight guidance research
laboratory, had grown to about $175 million. As a result of modifications
and improvements, the value of many of the facilities had risen far above
the original cost. For example, the I- by 3-foot tunnel, which originally cost
$1.2 million, had by 1965 increased in value to $4.1 million. Corresponding
figures, in millions, for other facilities are: supersonic free-flight tunnel
($0.23 to $1.7); 6- by 6-foot tunnel ($4.5 to $6.4); 12-foot tunnel ($3.8 to
$5.1) ; 40- by· 80-foot tunnel ($7.1 to $8.9) ; Unitary Plan tunnels ($24.8 to
$32.2). Some of the facilities, of course, were obsolete by 1965 and their true
value had fallen to essentially zero.
The accelerated building program of the Ames Research Center during
the period 1963-1965 required more land than the ll5 acres which, at the
end of 1962, were owned and occupied by NASA. On being apprised of this
problem, the Navy granted Ames a license 6 to use an additional ll0.7 acres
of land at the base. The ownership of this parcel was permanently trans
ferred to NASA on January 22, 1965, bringing the Administration's holdings
at Moffett Field to a total of approximately 226 acres.

• License No. NOy (R) 65159, dated May I, 1964.
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HE in-house research at Ames was becoming increasingly fundamental
T and
an increasing proportion was of the pure variety aimed prin
cipally at satisfying human curiosity and having little relation to practical
applications. Research objectives were, in fact, often intermingled. For
example, applied aerothermodynamic research provided the practical knowl
edge required for the design of spacecraft to be used for the pure ob-
jective of exploring some foreign planet. Applied research thus represented
the pillars on which pure research was mounted and often found useful
applications beyond its original objective. Indeed these related practical
benefits were frequently used as justification for the costs of the pure
research, though such costs seemed much too heavy to be amortized by
this means. 1 It is also of interest to note that a strong element of "pure"
motivation existed behind much of the applied research-indeed behind
the work of any man worthy of the appellation of research scientist or
engineer.
The pattern of research at the Center had become very complex. The
life-sciences, space-sciences, and project-management activities were getting
into full swing. Aeronautical research represented no more than 20 percent
of the total effort; the remaining 80 percent was devoted to a diversity of
space problems. The interest in aerodynamic heating, ablation, and radia
tion continued strong during this period but the speed range of interest was
outrunning the capacity of the test facilities. Aerodynamicists had turned
to meteors as a source of information on aerodynamic heating at extremely
high speeds. Indeed, for this and other reasons, a surprising interest had de
veloped in these celestial bodies.

1

See ch. 10 re Technology Utilization.
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AIRCRAFT DESIGN STUDIES

Research relating to aircraft, although a fairly small percentage of the
Ames research effort during the period 1963-1965, still constituted a sub
stantial volume. A significant amount of this research was in the nature of
development studies of advanced military aircraft undertaken in behalf,
and at the request, of the military services. This work, dealing with such
aircraft as the Dynasoar, the B-70, the F-111, the YF-12A, and various other
airplane and missile types, was generally classified. The Dynasoar, which as
the X-20 was to have been the next major step beyond the X-15 in the re
search-airplane program, was canceled in December 1963 when the inter
ests of the Air Force turned to a manned orbiting laboratory (MOL) . The
research-airplane program carried on with the X-15 and before the end of
1965 that airplane had attained speeds of over 4000 miles per hour and alti
tudes of over 65 miles.
Aside from the development work just mentioned, the remaining air
craft research conducted at Ames during this period was focused on the su
personic transport, on large subsonic transports several of which were being
designed, and on various types of V jSTOL vehicles.
Although airfoil research was a bit old fashioned in these days, certain
specialized aspects of the airfoil problem invited study. One example was a
theoretical study, made by Joseph Cleary and John Axelson and reported
in TR R-202, of sharp and blunt airfoils in hypersonic flow; another was an
analysis (TR R-201) by James Der of the performance of airfoils operating
in air that, as a result of a shock wave, was in a state of disequilibrium.
Despite the vast amount of earlier work on wing planforms, there was
still something to be learned on this subject. One of the more important
wing-design concepts arising at this time, a scheme involving a nonlinear
(S-curve) leading edge, came from Britain. The distinguishing feature of
the OGEE wing, as it was called, was the leading edge of the inboard por
tion which not only was rather sharp but, more noticeably, swooped for
ward as it approached the fuselage. At the same time the leading edge of
the tip section was rounded backward, thus completing the S-curve. The re
sult was a planform not unlike that which was found in the vertical tail
surfaces of earlier airplanes but which, surprisingly, had not before been
applied to a wing. The action of the sharp, highly swept inboard sections
(cf. dorsal) was to produce a strong vortex extending spanwise over the
forward portion of the wing. Unexpectedly, perhaps, the vortex stabilized
the flow over the wing and provided, in a simple efficient way, the benefits
sought but not always achieved through the use of heavy, complicated lift
control devices. The OGEE wing was in 1965 applied experimentally to a
Douglas F5D-l airplane which was then tested by Ames engineers both in
the 40- by 80-foot wind tunnel and in flight. The modification so improved
the stability and control characteristics of the airplane that the pilot felt
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Above: North American X-15 in flight. Below: OGEE wing on Douglas F5D-1
airplane.

safe in lowering the landing approach speed by 10 knots. The results of the
FSD-1 tests were reported in TN D-3071 by Stewart Rolls, David Koenig,
and Fred Drinkwater.
Design studies of the supersonic transport (SST) made by NASA and
industry had by 1964 revealed two promising configurations: one a canard
arrangement incorporating a delta wing, and the other having a wing the
sweep of which could be varied as required in flight. Ames gave some at
tention to the variable-sweep configuration but much more to the develop
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ment of the canard-delta design. In fact, Ames engineers were largely
responsible for the successful development of the canard-delta SST configura
tion, an accomplishment for which they received some acclaim.
In 1963, as part of the SST program, the Ames Vehicle Aerodynamics
Branch undertook a study of the effect of spanwise variations of leading
edge sweep on wing performance. This work, reported by Ray Hicks and
Ed Hopkins in TN D-2236, led to considerations first of the OGEE planform
and then of a more practical substitute-the "double-delta" wing. The dou
ble-delta, which provided the principal benefits of the OGEE planform, rep
resented, in effect, the superposition of two delta planforms having different
amounts of sweep. The double-delta planform was adopted by the Lockheed
Aircraft Corp. for use in its SST proposal.
To provide the designers of the SST with requisite information, it was
necessary to try to anticipate the flying qualities of the airplane. For this
purpose, flight simulators were extremely useful. Flight-simulator studies of
the SST, made during an earlier period by White, Sadoff, Cooper, and oth
ers, have already been mentioned. Further work of this kind, on the land
ing characteristics of a canard-delta SST configuration, was carried out and
reported by Richard Bray in TN D-2251. In this study the known perform
ance of the Boeing 707 was used as a reference for judging that of the SST.
Inasmuch as the SST was expected to involve a tremendous national
investment, the need was evident for the utmost care in evaluating SST de
sign proposals. The Federal Aviation Agency (FAA) established a Super
sonic Transport Evaluation Team composed of specialists in all of the many
aspects of aircraft design and operation. Heavily represented on this team
were several NASA Centers including Ames. The work of the team won
high praise from FAA and, for their contributions, certain NASA represent
atives, including several men from Ames, won honors from their own
agency. Among those at Ames so honored were Edward W. Perkins, George
E. Cooper, Maurice D. White, Adrien E. Anderson, Mark W. Kelly, and Nor
man E. Sorensen.
The Ames flight simulators also found use during 1963-1965 in studies
of a number of special airplane flight problems. In one of these, reported by
Tom Wempe in TM X-54,063, the Ames height control apparatus (attached
to the side of the 40- by 80-foot tunnel) was used to investigate the prob
lems of a pilot who, as required by some military missions, attempts to fly
very low over irregular terrain. The pilots performing the simulated mis
sion "crashed" a number· of times, thus demonstrating the importance of
simulator studies. Another useful application of flight simulators at Ames
during this period was a study of the serious situation that had occasionally
occurred in the operation of commercial jet transports when severe turbu
lence was encountered, particularly during the climb to altitude. Under such
conditions, a momentary loss of control arising from a burst of turbulence
can lead to rather wide excursions of airplane attitude and possibly to
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structural failure during attempted recovery. The technique for handling
the airplane safely in such circumstances obviously can be studied much
more safely in a flight simulator than in flight. The work of Ames pilots and
engineers on this problem was very constructive. It was reported at an AIAA
meeting in July 1965 in a paper (ref. C-29) entitled "Summary of NASA
Research on Jet Transport Control Problems in Severe Turbulence," by
Melvin Sadoff, Richard S. Bray, and William H. Andrews. From the study
of this problem it became clear that a simulator providing wide ranges of
translational, as well as angular, motion would be of much value.
VfSTOL aircraft were becoming of increasing interest both at home
and abroad and for commercial as well as for military applications. While
normally thought of as applying to craft having only modest top-speed cap
abilities, VTOL principles had been used in some cases, such as the British
Hawker P-1127, for high-speed fighter-type aircraft.
V fSTOL aircraft offered a tremendous range of design possibilities
many, assuredly, no good but few so bad that they could be abandoned
without wind-tunnel prototype flight tests. The diversity of V jSTOL de
sign was especially great with respect to the powerplant and the means by
which engine power was used to produce both thrust and lift. The power
plant was far more important than in an ordinary airplane; indeed, it was
the very heart of any V/STOL design. In VTOL types, other than helicop
ters, a power failure in flight almost inevitably spelled catastrophe. Ames
pilots, it should be noted, were shocked by the ease with which glib propo
nents of dangerous and impractical VTOL devices were able to sell their
ideas.
Owing to the complexity, diversity, and in many cases impracticality of
the design of V jSTOL aircraft, their development seemed permanently to
remain in the prototype stage. By 1965 a few of the simpler VfSTOL
schemes appeared ready for application to operational aircraft but the
more radical ideas continued to be limited to highly experimental craft. In
the development of V fSTOL aircraft, analysis had played its part but there
was no substitute for experimental confirmations obtained in wind tunnels
and simulators and through prototype flight tests. A new V fSTOL science
had to evolve and in the generation of this science NASA played a leading
role, working closely with the military services, the FAA, the industry, and
even with foreign development agencies.
Ames, in particular, had by 1965 become a world authority on VfSTOL
aircraft. Its elevation to this role resulted in some degree from its interest
in the V fSTOL field but even more from its impressive background of
flight-research experience and from its possession of a large wind tunnel
and advanced simulator facilities. The counsel and assistance of Ames
engineers and pilots were regularly sought by domestic and foreign agencies
engaged in the development of V jSTOL aircraft. Se~h Anderson of Ames
was in 1965 made chairman of a new international committee that was
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Left: Tandem, dual ducted
fan model, mounted for test
in 40- by 80-ft tunnel. Below:
Breguet 941 airplane landing.

formed for the purpose of dealing with the establishment and standardiza
tion of V fSTOL handling requirements.
An example of the international cooperation provided by Ames was the
Center's joint program with the French Air Ministry and the Breguet Air
craft Co. to investigate the handling qualities, stability and control and op
erational characteristics of the Breguet 941 (deflected slipstream) trans
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port. One phase of this program was reported by Hervey Quigley, Robert
Innis, and Curt Holzhauser in TN D-2231 (ref. C-30). As reported in TN
D-2966 by Holzhauser, Innis, and Vomaske, Ames also collaborated with
certain Japanese national and private organizations in a flight and simu
lator study of an experimental Japanese STOL seaplane.
On the domestic front, Ames investigated numerous VfSTOL configu
rations in the 40- by 80-foot wind tunnel. These included types involving
ducted fans, propellers-in-wing, jet-helicopter rotors, deflected slipstream,
complicated jet flaps, and tilt wings. An example of this work was the tests
of a large model of the four-engine, tilt-wing, Ling-Temco-Vonght XC-142
reported in TN D-1857 by Wallace Deckert, Robert Page, and Stanley Dick
inson.
In flight research the Bell X-14A variable-stability VTOL airplane
proved very useful, as did the Lockheed C-130 equipped with boundary
layer control. The value of the C-130 for STOL stability research was con
siderably increased by the incorporation of certain variable-stability features
in the airplane-a modification performed by Lockheed under contract with
Ames. Though the powerplant may have been the heart of any V fSTOL de
sign, stability and control were certainly the crux of its operation. Inherent
stability under landing and takeoff conditions was found very difficult
to obtain, with the result that electromechanical stability augmentors
("black boxes") came to be regarded by many V fSTOL designers as a
practical necessity.
The critical recirculation problem of V jSTOL aircraft was investigated
at Ames in a special, outdoor, static test rig which allowed the distance be
tween the test model and the ground to be varied. Recirculation, one of the
more serious problems of hovering VTOL aircraft, occurs when the hot
downwardly deflected jet of the lifting engines finds its way back, through
ground reflection or other influences, to the engine inlet. The recirculating

Ground-effects VTOL test apparatus.
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air may carry debris from the ground to the inlet and, being relatively hot,
will reduce the power of the engine and perhaps actually cause it to stall.
Ames studies indicated that, as a result of recirculation, the use of the de
flected-slipstream principle for VTOL aircraft was questionable.
Because of manpower limitations and other factors, Ames found it desir
able, in the 1963-1965 period, to let contracts for certain V jSTOL investiga
tive work. Contracts were let with Boeing for a number of flight studies
designed to exploit the special capabilities of the Boeing 367-80 prototype
airplane. This airplane was one of the 707 class which had been so modified
(BLC and special high-lift devices added) as to give it an unusually low
landing speed and further so modified as to provide lateral-directional vari
able-stability characteristics. With this airplane, Boeing in 1965 undertook
two studies for Ames. One was a study of the landing-approach characteris
tics of a large swept wing STOL transport; the other was an investigation
of the flight characteristics of the huge C-5A cargo-transport airplane in
which the Air Force had recently become interested.
In addition to carrying on its own V jSTOL contracting work, Ames in
1964-1965 was collaborating with the FAA and industry in a design study
aimed at the development of a short-haul, STOL commercial transport air
plane. The general requirements of such an airplane were investigated at
Ames and the results of the study were presented in 1964 at a meeting of
the AIAA as a paper entitled "Design and Operating Considerations of
Commercial STOL Transports," by Curt A. Holzhauser, Wallace H. Deck
ert, Hervey C. Quigley, and Mark W. Kelly. Additionally, Ames was pro
ceeding on research leading to the ability to land aircraft under conditions
of zero visibility which would have obvious application to STOL trans
ports; flight investigations of a Convair 340 airplane, equipped for blind
landings, began in this period. Following these efforts, NASA let contracts
with Boeing, Ling-Temco-Vought, and Lockheed for feasibility studies of
various V jSTOL concepts applicable to the short-haul transport. These
studies were under way as 1965 ended and were to be completed in time for
results to be presented at a general V.JSTOL conference at Ames in 1966.
The importance of the pilots' role in the V jSTOL work at Ames can
scarcely be overemphasized. Their evaluations, in simulators and in flight,
of the performance of V jSTOL types were particularly valuable in view of
the meagerness of existing knowledge and experience relating to the opera
tion of such craft. In this pioneering work, there was obviously much dan
ger. The Ames pilots most deeply involved were Fred Drinkwater and Bob
Innis, both of whom luckily escaped serious injury in their flight tests of
VfSTOL aircraft. The staff at Ames was more than pleased when, in 1964,
both pilots won the coveted Octave Chanute Award for their V jSTOL
work. For significant contributions to the safety and efficiency of flight test
ing, Fred Drinkwater also, in 1965, won the Richard Hansford Burroughs
Test Pilot Award.
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Fred ]. Drinkwater, left, and Robert
C. Innis, right, test pilots.

DYNAMIC LOADS AND MATERIALS

The desire to land instrument packages and human beings safely on
foreign celestial bodies stimulated an interest in the means for attenuating
the landing impact. A primary requirement, of course, was that the weight
of the shock-absorbing material be as small as possible. Thus the factor
"specific energy absorption" (SEA) -energy absorption per pound of
weight of the absorbing material-became an item of interest. In seeking
the highest value of SEA, research engineers considered many forms of en
ergy absorption. These included (1) gas compression (air bags) , (2) accel
eration of masses, (3) friction, and (4) cutting, crushing, extrusion of
materials, or other forms of materials deformation. Processes resulting
in a rebound were considered undesirable. One interesting method of
energy absorption with which Ames engineers experimented was the pull
ing inside out of an aluminum tube. Another one was the cutting or crush
ing of a mass of plastic foam . The plastic (polystyrene) would be carried
compactly as a fluid and then "blown up" in time to harden just before
impact.
SEA, it was soon realized, was by no means the only important factor in
the design of a lunar or planetary landing system. It was also necessary
that the supporting elements of the landing gear provide stability, so the
spacecraft would not tip over, and have broad feet so as not to sink into
the lunar dust. The gear also had to be stowable in a small space for launch
ing. With all these requirements, the design of a spacecraft landing system
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offered room for the exercise of a great deal of ingenuity. It also represented
a natural field of activity for the Ames Structural Dynamics Branch. The
work of the Structural Dynamics Branch in this field is best represented,
perhaps, by the paper published in 1965 by the American Society for Test
ing and Materials, entitled "Materials Needs for Energy Absorption in
Space-Vehicle Landings" (ref. C-31), by R. W. Warner and D. R. Marble.
Although there had been earlier work on materials at Ames, the mate
rials research effort began to take on significant proportions only in 1963
1965. The sputtering work, which had been instituted by Mike Bader and
Fred Hansen, was continued during the early part of this period by Tom
Snouse, whose work appeared as TN D-2235, "Sputtering at Oblique Angles
of Ion Incidence." In the meantime, Ames materials research engineers had
become interested in the effects on certain spacecraft materials of the hard
vacuum and ultraviolet radiation encountered in space. One phenomenon
investigated was the welding that sometimes takes place between two
pieces of metal which are brought together in a high vacuum. This study
was reported in TM X-56,334, "Solid Phase Welding of Metals under High
Vacuum," by William Gilbreath and H. T. Sumsion.
Strangely enough, it was also found that the vacuum of space affected
the mechanical properties of metals-particularly single crystals of certain
metals. For example, it was possible to produce a single crystal of magne
sium so large that it could be machined into a cylindrical tensile test speci
men. When the specimen was pulled beyond the yield point in various de
grees of vacuum, its cross section remained circular, as expected, as long as
the air pressure was greater than I o-s mm of mercury. At lower air pres
sures, however, the cross section became oval and the material showed in
creasing ductility. These characteristics suggested that under normal condi
tions the ductility of a test specimen is greatly affected by the oxide film
which immediately forms on the surface of virgin test-body material as it is
exposed by stretching. In a high vacuum, the oxide film does not form fast
enough to lend its strength to the stretching material. The study of this
phenomenon by Ames engineers was reported by Dell Williams and How
ard Nelson in the paper, "Effect of Vacuum on the Tensile Properties of
Magnesium Single Crystals," published in the AIME Transactions in July
1965.
In spacecraft design, plastics were used quite extensively for heat
shields, thermal-control coatings, etc. Unfortunately, under a space envi
ronment, many plastic materials tend to evaporate, be clouded by ultravi
olet radiation, be eroded by micrometeoroids, or suffer other detrimental
effects. To study these effects in a fundamental way the Materials Branch un
dertook what it referred to as its "polymer program." Out of this program
by the end of 1965 had come several research reports, one being TM
X-54,030 by John Parker and Hermilo Gloria on "The Kinetics of the Vac
uum Weight Loss of a Composite Comprising a Subliming Solid in an Inert
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Polymer Matrix." There was also a series of papers on the mechanical prop
erties of polymers, an example of which was TM X-54,020, "An Analytical
Method for Evaluating the Effects of Radiation in Vacuum on the Mechani
cal Properties of Rigid Plastics," by Jerome J. Lohr and John A. Parker.
Additionally, a study of the degradation of plastic materials exposed to ul
traviolet radiation was being made in 1965 by Ronald Reinisch.
The Gasdynamics Branch was also much interested in certain materials
problems. Carr Neel of that branch had for several years been investigating
performance degradation, produced by the environment of space, of painted
"thermal control" panels. The development of ablation materials was by
1965 becoming a rather sophisticated science, and it now seemed feasible to
synthesize new ablation materials by altering the molecular structure of
existing plastics in such a way as to make them more suitable for ablation
purposes. So that such investigations could be pursued more effectively, a
fine new chemical laboratory was being established in 1965, within the Gas
dynamics Branch. John Parker, a well-known polymer chemist whose work
has already been mentioned, was in charge of the new laboratory.
SPACECRAFT CoNFIGURATION AND AIRFLows

The studies of spacecraft configurations and airflows undertaken at
Ames during this period seemed to fall into four categories: theoretical or
experimental studies of (1) basic airflows, (2) conical reentry bodies, (3)
Apollo-type capsule configurations, and (4) lifting reentry bodies, in parti
cular the M-2 configuration which originated at Ames.
In the first category, the analysis of the familiar blunt-body flow prob
lem was continued in a study reported in TR R-204 by Harvard Lomax and
Mamoru Inouye. At the same time, a less formal and very practical analyti
cal approach to the blunt-body flow problem was made by Elliott Katzen
and George Kaattari and reported in a paper entitled "Inviscid Hypersonic
Flow around Blunt Bodies," which in 1964 was presented at a meeting of
the American Institute of Aeronautics and Astronautics (AIAA) .
In another phase of the basic-flow work, several studies were made of
the effects of ablation on the aerodynamics of reentry bodies. This work is
well represented by two important papers prepared in 1965 but not pub
lished until the following year. One of these, presented at an AIAA meeting
in January 1966, was entitled "Free-Flight Aerodynamics of a Blunt-Faced
Reentry Shape With and Without Ablation," by Lionel L. Levy, Jr., and
Leroy S. Fletcher (ref. C-32) . Special interest attached to this study be
cause it employed the free-flight test method which had recently been de
veloped by the Gasdynamics Branch for use in the vertical arc-jet tunnel.
The second paper, prepared for an AGARD meeting in Brussels in
May 1966, was entitled "Boundary Layer Separation and Reattachment
With and Without Ablation," by Donald M. Kuehn and Daryl J. Mon
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son. This work represented an extension of studies of boundary-layer sepa
ration on reentry bodies which Don Kuehn had been making for several
years.
Also in the first category were two studies of a somewhat different
type. One was TN D-2135 by Maurice Rasmussen and Don Kirk, which
dealt with the pitching and yawing motions of a spinning symmetric mis
sile. This study represented an extension of earlier work by both authors on
the application of nonlinear analytical methods to the analysis of free-flight
(HFF) model tests. The second study was TM X-54,045, "Electric Drag on
Satellites-Theory and Experiment," by William C. Pitts and Earl D. Kne
chtel, which in April 1964 was presented at an AGARD meeting in Mar
seilles, France. This study evaluated the extremely small resistance to mo
tion (drag) encountered by a satellite as a result of its passage through a
flow (solar flux) of electrically charged particles. In determining the life
time of a high-flying satellite, this "electric drag," though minute, may
nevertheless be important.
The second category, the study of conical reentry bodies, is perhaps best
represented by the work of Peter Intrieri and particularly his report TN
D-3193 (ref. C-33) entitled, "Experimental Stability and Drag of a Pointed
and a Blunted 30° Half-Angle Cone at Mach Numbers from 11.5 to 34 in
Air." Another worthwhile study was made by Joe Cleary and reported in
TN D-2969, "An Experimental and Theoretical Investigation of the Pres
sure Distribution and Flow Fields of Blunted Cones at Hypersonic Mach
Numbers."
In the third category, the Apollo configuration, the work undertaken
was quite extensive. Included in this effort was a study, reported by Louis
Stivers in TM X-1081, in which measurements of forces and moments on an
Apollo capsule were made at high air speeds and at angles of incidence rang
ing from -30° to + 185°. There was also, as reported by Jack Mellenthin in
TM X-1203, an investigation of an Apollo capsule model at Mach numbers
up to 21.2 in a helium tunnel. Additionally, a particularly interesting study
of the Apollo capsule was made in the 14-inch helium tunnel and reported
by Joe Kemp in TM X-1154 (ref. C-34). This study, in which afterbody
pressures of free-flying models were transmitted by telemetry, represented
the first application of the free-flight testing technique in the helium tunnel.
Out of the hypervelocity free-flight facility came another important study
dealing with the Apollo capsule. Reported in TM X-1086 by Robert Sam
moods, it was an investigation of the force and moment characteristics of the
Apollo capsule at Mach numbers up to 35 in air. The effects of changing the
corner radius of the capsule were investigated as one element of this study.
In the fourth-lifting-body-category, the work was a continuation of
studies under way at the Center since 1957. Indeed, Ames from the first had
been a major advocate of the lifting-body principle for spacecraft. In the
press of competition the nonlifting body had been adopted for the first U.S.
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man-in-space operation, but the advantages of the lifting reentry body be
came increasingly apparent and increasingly important as more advanced
space missions came under consideration. It became clear that, as compared
with a simple drag body, a lifting reentry body would widen the entry corri
dor, simplify the entry navigation task, and provide some control over entry
heating and accelerations. It would also offer some latitude in choice of a
landing site and permit a landing on solid earth, if desired, rather than at
sea. The design of a lifting reentry vehicle was, however, a much more diffi
cult and time-consuming task than the design of a nonlifting body and re
quired a great deal of preliminary research. By the end of 1965, this research
effort, being pursued elsewhere in the country as well as at Ames, had
reached a fairly advanced state.
Among the major contributors to the lifting-body research work at
Ames was the team of George Holdaway, Joe Kemp, and Tom Polek. As re
ported in TM X-1029 and TM X-1153, this trio investigated experimen
tally the control characteristics and horizontal landing capabilities of a vari
ety of blunt, lifting reentry bodies. Among the many other contributors to
the lifting-body studies during this period were John McDevitt, John Rak
ich, Gene Menees, Jack Mellenthin, John Axelson, Leland Jorgensen,
George Kenyon, and Ronald Smith. In TN D-3218, Rakich and Menees re
ported on a series of tests in the 3.5-foot tunnel of flared bodies at incidence,
while in TM X-950 Gene Menees and Willard Smith described reentry
body tests made alternately in air, carbon dioxide, and argon-the last two
gases being regarded as likely constituents of the atmosphere of Mars.
The lifting-body configuration that Ames engineers considered most
promising was one for which AI Eggers and his 10- by 14-inch-tunne1 staff
had laid down general design principles in 1957. This configuration-essen
tially a blunt, flat-topped semicone-was later, when fitted out with con
trol and stabilizing surfaces, cockpit, and landing gear, given the name of
M-2. Much effort was spent at Ames developing a practical configuration
which would provide the necessary amount of lift, stability, and control
while at the same time resisting the ravages of reentry aerodynamic heating.
Toward this end development test work was conducted in the 11-foot, the
12-foot, the 3.5-foot, the 6- by 6-foot, and the 8- by 7-foot wind tunnels.
These tests provided the information required for the construction of a
flying prototype, called the M2Fl. The M2Fl, made of plywood with a
steel-tube frame, was a glider designed to be towed aloft by a DC-3 airplane
and released. It, in large part, was built by the Briegleb Sailplane Corpora
tion of America under contract with NASA. It was thoroughly tested in the
40- by 80-foot tunnel, and was then flight-tested at the NASA Flight Re
search Center at Edwards. The information gained from these and other
tests was utilized in the design of a second, larger, more refined flight proto
type, the M2F2, which the Northrop Aircraft Corp. built. The M2F2 was
made of aluminum and, like the X-15, was designed to be carried aloft for
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M2F2 reentry vehicle model
in 40- by 80-foot tunnel.

launching by a B-52 airplane. In 1965 it was undergoing checkout tests in
the 40- by 80-foot tunnel in preparation for later flight tests.
While Ames was concentrating its efforts on the M-2, considerably dif
ferent reentry-vehicle configurations were being developed by the NASA
Langley Research Center and the Air Force. Langley's design, called the
HL-10, was shaped something like a high-prowed flat-bottom boat. In 1965
Northrop was building a flying model of the HL-10 for flight-testing at Ed
wards. It was planned that both the M2F2 and the HL-10 would later be
fitted with 8000-pound-thrust engines. The flight tests of the M2F2 and the
HL-10 were expected to provide a comparison of the low-speed, maneuver
ing, and landing characteristics of the two configurations but not of their
high-speed reentry performance. The Air Force, however, was preparing to
evaluate its design, called the SV-5D, at high speed by means of rocket
launched test flights.
Late in 1964 four members of the Ames research staff received special
recognition from NASA Headquarters for their conception and develop
ment of the M-2 reentry vehicle. The four men were Alfred J. Eggers (who
had recently joined the Headquarters staff) , Clarence A. Syvertson, George
G. Edwards, and George C. Kenyon.
SPACECRAFT FLIGHT STUDIES

Spacecraft reentry techniques and problems had been fairly well exam
ined in earlier years; nevertheless, a few additional studies, relating to very
high entry speeds, were made during this period. One of these, reported in
TN D-2818 by Henry Lessing and Robert Coates, described an entry guid
453

Contributors to M-2 development. From left to right: George C. Kenyon, George
G. Edwards, Dr. Alfred]. Eggers, and Clarence A. Syvertson.

ance scheme appropriate for lifting-body entries made at speeds up to 50,000
feet per second. A second study was reported by Robert Carlson and Byron
Swenson in a paper, "Maneuvering Flight within Earth-Entry Corridors at
Hyperbolic Speeds" (ref. C-35), which in January 1965 was presented at a
meeting of the AIAA. This study looked into the question of how much the
entry corridor, already narrow because of the high entry speeds, might be
further restricted by the probable imprecision of the onboard knowledge re
garding entry angle, velocity, and altitude. It thus dealt with a very practical
problem relating to manned spacecraft returning from interplanetary mis
swns.
Devices that control the attitude of a vehicle in space generally utilize
power generated by gas jets, inertia wheels, or other means. These devices
may be made to operate automatically or, if a pilot is present, they may be
controlled manually. The design and efficient use of a manually controlled
jet system were matters of some interest to Ames engineers and there was a
question of how well a pilot could control the attitude of his spaceship in
the vacuum of space. Out of this interest came TN D-2068, "Simulator
Studies of the Manual Control of Vehicle Attitude Using an On-Off Reac
tion Control System," by Armando Lopez and Donald W. Smith.
The possibility of using gravitational force to stabilize a space vehicle
and keep it pointed at the earth was at this time well understood in princi
ple, but much remained to be learned about the practical application of
such a scheme. The problem was studied by Bruce Tinling and Vernon
Merrick, who then prepared a paper on "The Status of Passive-Gravity-Gra
dient Stabilization" for presentation in June 1965 at the International Fed
eration of Automatic Control Symposium in Stavanger, Norway.
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A substantial number of the spacecraft flight studies undertaken at
Ames during this period were aimed at solving the guidance and control
problems of the Apollo spacecraft. This work came under the surveillance
of a special Apollo Guidance and Control Team established at Ames under
the leadership of Merrill Mead in September 1961. The principal matters to
be considered by this team were (1) the problems of midcourse navigation,
and (2) how best to use a human pilot in reentry. Among the studies bear
ing on the problems was one reported in TN D-2697, "Application of Statis
tical Filter-Theory to the Interplanetary Navigation and Guidance Prob
lem," by John S. White, George P. Callas, and Luigi G. Cicolani. Studies
were also made of the feasibility of using handheld sextants for space-naviga
tion purposes. Several important papers were written on this subject, one of
which was TN D-2844, "Investigation of a Manual Sextant-Sighting Task in
the Ames Midcourse Navigation and Guidance Simulator," by Bedford A.
Lampkin and Robert J. Randle. The sextant used in this case was one
which Ames scientists had modified and specially adapted for space naviga
tion. Plans were being made in 1965 for experiments with the sextant in
space during the projected flight of Gemini XII.
Early manned space flights had been controlled largely by automatic
means but, as more experience was gained in such flight operations, an in
creasing interest was taken in the abilities of the pilot and crew to guide and
control their spacecraft. The sextant sighting study just mentioned was one
of many attempts to investigate this matter at Ames. One of these, amply
described by its title, was TN D-2807, "Evaluation of Pilot's Ability to
Stabilize a Flexible Launch Vehicle during First-Stage Boost," by Gordon
H. Hardy and James West. In this study the Ames five-degrees-of-freedom
flight simulator proved very useful. Another investigation of the same gen
eral character was reported in TN D-2467 (ref. C-36), "A Study of the Pi
lot's Ability to Control an Apollo Type Vehicle during Atmosphere Entry,"
by Rodney C. Wingrove, Glen W. Stinnett, and Robert C. Innis. This
study, also performed with the five-degrees-of-freedom simulator, brought
t~e reentry task down to a very personal and practical level. Wingrove's
work in the reentry field had been quite outstanding and included the
paper, delivered in June 1965 in Norway, on "Guidance and Control in Su
percircular Atmosphere Entry."
Pilot performance under conditions of stress-such as might be encoun
tered in space flight-was also investigated at Ames. Representative of this
work is the study described in TN D-2710, "Effect of Combined Linear and
Oscillatory Acceleration on Pilot-Attitude Control Capabilities," by C. B.
Dolkas and John D. Stewart. The physical limitations of the pilot with re
spect to the withstanding of accelerations was a critical matter in space flight.
Accordingly, a great deal of effort was spent in devising special restraining
harnesses, or suits, that would enable the pilot better to withstand accelera
tion loads. At Ames a very promising restraining harness and suit were de
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veloped by Hubert C. Vykukal and E. Gene Lyman. As 1965 ended, the
evaluation of this equipment was about to begin. Vykukal had been work
ing on such matters for years and in 1963 had been accorded recognition for
the design and development of a "universal pilot restraint suit."
During this period a number of Ames engineers received honors and
awards for their work in space-flight guidance research. In 1963, John White
and Rodney Wingrove jointly won the Dr. Samuel Burka Award of the In
stitute of Navigation for their analysis of guidance and navigation problems
connected with manned missions to the moon. In 1965, Rodney Wingrove
was chosen to receive the AIAA Lawrence Sperry Award for his contribu
tions to controlled reentry and precise landings of U.S. manned spacecraft.
Also in 1965 Gerald L. Smith was honored by his agency for having devel
oped a computer analysis which resulted in a NASA decision to give
ground-based navigation a primary role during Apollo lunar missions.
MISSION STUDIES

Much interest existed during this period in the exploration of neigh
boring planets-particularly Mars, since that planet was reasonably accessi
ble, had surface features which had long intrigued astronomers, and seemed
more likely than any of. the others to harbor some form of life. The Mars
landing, it was felt, would probably be made first by an instrument package
and, much later, by human beings. Before even an instrument package
could be landed safely, it would be desirable, Ames engineers realized, to
obtain much more information about the atmosphere of the planet.
AI Seiff, on giving thought to this matter, concluded that much could
be learned about the structure and chemical composition of the atmosphere
of a planet from the dynamic response and gas-cap radiation of an instru
mented probe vehicle as it penetrated the planet's atmosphere in a crash
landing. The structure (pressure-density-altitude relationship) of the atmos
phere could be deduced from the motions of the probe-telemeterd back
to earth-and the chemical composition might be revealed by the gas-cap ra
diation measurements-also telemetered back to earth. The technique as
conceived represented a wholly new approach to the study of planetary at
mospheres and Seiff realized that it might well provide the basis for a useful
planetary probe mission. His thoughts regarding such a mission were devel
oped in 1962 and published in April 1963 as TN D-1770, "Some Possibili
ties for Determining the Characteristics of the Atmosphere of Mars and
Venus from Gas-Dynamic Behavior of a Probe Vehicle." This paper was fol
lowed by others, including one, "Defining Mars' Atmosphere-A Goal for
the Early Missions" (ref. C-37) , which AI Seiff and Dave Reese prepared in
1964 for presentation to the AIAA.
Seiff's enthusiasm for the· Mars probe project aroused the interest of
others and considerable research bearing on the project was undertaken. At
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tempts to devise engineering models of the Mars atmosphere were made by
the team of G. M. Levin, D. E. Evans, and V. I. Stevens,2 and also by H. E.
Bailey. These efforts were reported in TN D-2525 and SP-3014. Also, as re
ported by Victor Peterson in TN D-2669 and TR R-225, techniques for de
termining the structure of planetary atmospheres through probe operations
were devised and evaluated for accuracy.
The application of the probe method of planetary atmosphere determi
nation required more theoretical and experimental information on the flow
properties of gas mixtures than was then available. Accordingly, tests involv
ing the use of various gases were instituted in several facilities including the
1-foot shock tunnel and the 3.5-foot tunnel. Some of these tests have already
been mentioned. Theoretical analyses were also instituted. One of these is
reported in TR R-222, "Equations for Isentropic and Plane-Shock Flows of
Mixtures of Undissociated Planetary Gases," by Victor Peterson.
The dynamic stability of the Mars probe was also a matter of serious
concern to Ames engineers. This was investigated in a general way by Mur
ray Tobak and Victor Peterson. This team produced two reports, one of
which was TR R-210, "Angle of:Attack Convergence of Spinning Bodies
Entering Planetary Atmospheres." The other was TR R-203 (ref. C-38),
"Theory of Tumbling Bodies Entering Planetary Atmospheres With Appli
cation to Probe Vehicles and the Australian Tektites." In addition, the gen
eral aerodynamics problem of the Mars probe was covered in a paper by Le
land Jorgensen, "Aerodynamics of Planetary Entry Configurations in Air
and Assumed Martian Atmospheres," published by the AIAA in 1966.
While the Mars atmosphere probe, owing to its early feasibility, ab
• G. M. Levin of the Goddard Space Flight Center, D. E. Evans of the Manned Spacecraft
Center, and V. I. Stevens of the Ames Research Center were members of an Ad Hoc Planetary
Atmospheres Committee established by the NASA Office of Advanced Research and Technology.
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sorbed much attention at Ames, interest continued at the Center in landing
a man on Mars. The manned Mars mission was analyzed by the Ames staff
and also, in greater detail, by several commercial aerospace companies oper
ating under NASA contracts. One of the Ames studies is reported in TN
D-2225 (ref. C-39), "A Parametric Study of Mass-Ratio and Trajectory Fac
tors in Fast Manned Mars Missions," by Duane W. Dugan. Another study,
which related to both the manned Mars and the Mars probe missions, was
reported by Robert McKenzie in TN D-2584, "Some Effects of Uncertain
ties in Atmospheric Structure and Chemical Composition on Entry Into
Mars."
Also to be mentioned was the development of the Venus Swingby tech
nique, whereby the braking effect of the gravitational attraction of Venus
would be used to slow the reentry speed of a space vehicle returning from a
mission to Mars. Analysis had shown that Mars-mission reentry speeds,
which might otherwise amount to 75,000 feet per second, could be reduced
through the use of the Venus Swingby technique to 50,000 feet per second
or less. Work on this important development was led by Harold Hornby of
the Ames Mission Analysis Division and carried out under contract with
Ames by the Thompson Ramo Wooldridge Corp.
AERODYNAMIC HEATING, ABLATION} AND RADIATION

Research in the general field of aerodynamic heating, radiation, and ab
lation continued in 1963-1965 to represent a substantial portion of the ef
fort of the Ames Research Center. The work was quite diverse but seemed
to fall roughly into four categories: (I) physics of gases, (2) convective heat
transfer, (3) ablation, and (4) radiation. There was, of course, considerable
overlapping between these categories.
The work on physics of gases was carried on by the Magnetoplasma
dynamics Branch of the Thermo- and Gasdynamics Division as well as by
the Physics Branch of the Vehicle Environment Division. The Magnetoplas
madynamics Branch was using the arc-jet in studies of the chemistry and
thermodynamics of high-temperature gases. This work was of fundamental
significance and also contributed to further arc-jet development. The efforts
of the Physics Branch were concentrated by the end of 1965 in the fields of
chemical kinetics, atomic collisions, and vacuum ultraviolet radiation. Ultra
violet radiation was now of interest to Ames research people inasmuch as
the frequency of radiation produced by a reentry body moved into the ultra
violet range as reentry speeds increased and gas-cap disturbances became
more violent.
Representative of the numerous technical papers that resulted from
physics-of-gases work at Ames during this period was TN D-26ll, "A Criti
cal Evaluation of Existing Methods for Calculating Transport Coefficients
of Partially and Fully Ionized Gases," by Warren F. Ahtye. There were also
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TN D-2794, "The Vacuum Ultraviolet Radiation from N+ Electron and
0+ Electron Recombination in High Temperature Air," by G. Hahne, and
a paper by Leroy Presley and Charles Chackerian, "Chemical Kinetics Stud
ies of CO in an Arc Discharge Shock Tube," which in 1965 was presented at
a meeting of the American Physical Society. Additionally, there was TN
D-2678, "Effects of Uncertainties in the Thermal Conductivity of Air on
Convective Heat Transfer for Stagnation Temperatures up to 30,000° K,"
by John T. Howe and Yvonne S. Sheaffer.
The studies of convective heat transfer undertaken during this period
were often concerned with the tremendously high reentry speeds of vehicles
returning to earth from planetary missions or with the aerodynamic heating
that would be encountered by a vehicle penetrating the atmosphere of a for
eign planet such as Mars or Venus. Under consideration at this time were
reentry speeds of up to 70,000 feet per second and stagnation temperatures
of up to 24,000° K-up to four times the temperature of the surface of the
sun. At these speeds and temperatures, the heating of a blunt reentry body
would come primarily from radiation; but Allen and others had shown that
the radiation component could be greatly reduced, and the aerodynamic
heating confined largely to convective heating, if the front face of the reen
try body was made in the shape of a cone the included angle of which was
decreased as the entry speed increased. Thus, even at the highest reentry
speeds, convective heating remained a very important factor as did also the
condition of the boundary layer-laminar or turbulent-upon which
convective heat transfer is strongly dependent. Moreover, it was now clear
that, owing to the threat of radiation, convective heating could be con
trolled only by ablation and not, as in days of yore, by body blunting.
Among the many studies of convective heat transfer made by Ames en
gineers, those described in the following papers might be taken as represent
ative: TN D-2463 (ref. C-40) , "Theoretical Laminar Convective Heat
Transfer and Boundary-Layer Characteristics on Cones at Speeds to 24
KmjSec" (nearly 80,000 feet per second), by Gary T. Chapman; TR R-224
(ref. C-41), "Convective Heat Transfer in Planetary Gases," by Joseph G.
Marvin and GeorgeS. Deiwert; TN D-3017, "Pressure and Convective Heat
Transfer Measurements in a Shock Tunnel Using Several Test Gases," by
Joseph G. Marvin and Clifford M. Atkin; TN D-2871 (ref. C-42), "Free
Flight Measurements of Stagnation-Point Convective Heat Transfer at Ve
locities to 41,000 FtjSec," by Dale L. Compton and David M. Cooper; and
TM X-1096, "Free-Flight Measurement of Heat Transferred to the Apollo
Afterbody With and Without Ablation," by Layton Yee. The measurement
of heat transfer in free-flight facilities was difficult at best and novel methods
were devised for its accomplishment. Thus Compton and Cooper in their
study determined stagnation temperatures and corresponding heat transfer
at test speeds higher than had ever before been obtained by observing the
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point in the trajectory at which melting of aluminum models began to
occur.
Numerous studies of ablation were undertaken during this period. Abla
tion had become the generally accepted method of protecting spacecraft
against the rigors of reentry heating; but the more the ablation process was
studied, the more complex it appeared. The process was particularly difficult
to treat analytically. Mathematical description of gas-cap conditions, at best
almost impossible, became still more difficult with the addition of chemi
cally reactive ablation products to the gases normally present. Moreover, the
ablation process itself, and the thermal protection it provided, were quite
complex. It was known that an ablation material changing in state, in a non
chemical reaction, from a solid to a liquid to a gas would absorb heat and
that the relatively cool ablation gases flowing along the body would fend off
the hot gases in the gas cap, thus reducing convective heat transfer to the
body. It was also known that under certain conditions some of the melted
ablation material would be swept away in waves and thus would fail to com
plete its cooling mission.
There was, however, much more to the ablation process than the effects
just noted. In ablators of current interest, such as those which were' made of
phenolic nylon, the aerodynamic heating would cause a chemical reaction, a
pyrolysis, in the plastic and the resulting vapor would then itself often react
chemically (sometimes burn) with the gas-cap gases. The reaction, or pyrol
ysis, zone in the ablator would gradually work inward from the surface
leaving a porous char layer through which the ablation vapors would perco
late. If the gas-cap atmosphere contained oxygen (not present in the Mars
atmosphere), the ablation vapors and the char-layer surface would tend to
burn, thus adding to-not subtracting from-the heat load. However, the
char-layer surface would get very hot and dissipate some of its heat by radia
tion. Thus the whole pattern of convective and radiative heating in the gas
cap was materially affected by the ablation process as was also the character
of the boundary layer.
The action of the ablator, in all of its ramifications, was difficult of
comprehension, but experimentation had confirmed its effectiveness in pro
tecting space vehicles. Of all of the beneficial actions of an ablator, the most
important, perhaps, was the fending off of the hot gases by the ablation va
pors. The radiation of heat by the char layer had also been found to be im
portant.
A group of six research papers may be cited as representative of the
ablation studies at Ames during the period 1963-1965. One was TR R-207
(ref. C-43), "Mass Addition in the Stagnation Region for Velocity up to
50,000 Feet per Second," by John T. Howe and Yvonne S. Sheaffer. In this
paper, Howe and Sheafl:er undertook the difficult analysis of gas-cap flow to
which ablation by-products had been added. Another paper was TN
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D-2437, "Heat Transfer Measurement for Binary Gas Laminar Boundary
Layers with High Rates of Injection," by C. C. Pappas and Arthur F.
Okuno. In the work described here, the authors injected gas into the bound
ary layer to evaluate the major benefit of ablation which arises from fending
off the hot gases. This effect could not be determined in tests made with a
solid ablator inasmuch as it would be obscured by chemical, and other, reac
tions produced by the ablator. Another paper in this group, one which was
presented at an AIAA meeting in July 1965, was entitled "Generalized Ab
lation Analysis With Application to Heat Shield Materials and Tektite
Glass," by Fred W. Matting and Dean R. Chapman. A useful computer pro
gram for ablation analysis was developed in this study.
Additional papers in the group on ablation included one, published in
a 1964 issue of the AIAA journal, entitled "Effect of Gas Composition on
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Arc-jet entry heating simulator in operation with John Lundell observing test.
the Ablation Behavior of a Charring Material," by Nick S. Vojvodich and
Ronald Pope. Another paper published in the AIAA Journal in 1965 was
"Experimental Investigation of a Charring Ablative Material Exposed to
Combined Convective and Radiative Heating" (ref. C-44), by John H.
Lundell, Roy M. Wakefield, and Jerold W. Jones. Finally, a review of Ames
work on ablation was prepared by Brad Wick and presented in a paper enti
tled "Ablation Characteristics and Their Evaluation by Means of Arc Jets
and Arc Radiation Sources." In June 1965 Brad delivered this paper before
the Seventh International Aeronautical Congress held in Paris.
Radiation, as produced by reentry vehicles, also received much atten
tion at Ames during these years. Radiative heating was known to decrease
very rapidly with the backward inclination of the bow shock wave. Thus, by
using a pointed conical body, which produced an inclined shock, it could be
kept under control. The trouble was that the normal ablation processes rap
idly blunted the conical point and when that occurred, a vertical (normal)
shock would form in front of the blunted portion. Control of radiative heat
ing thus depended on the designer's ability to ensure that all portions of the
bow shock wave maintained a backward tilt.
While many radiation studies were made in the arc-jet facilities at
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Ames, gas-cap radiation could be truly represented only in the hypervelocity
free-flight facilities. It was thus not surprising that much of the radiation re
search effort was concentrated in the HFF Branch headed by Tom Canning
and Bill Page. Indeed. the HFF radiation team, headed by Page, was be
lieved to be one of the most knowledgeable groups of reentry radiation ex
perts in the country.
Although the HFF facility was able to reproduce gas-cap radiation
phenomena, it did not, for obvious reasons, lend itself to easy radiation mea
surements. Much ingenuity was therefore exercised in devising methods for
measuring the radiation, and the distribution of radiation, in the gas caps of
fast-flying models. When it came to measuring ultraviolet radiation, which
is absorbed by air, the problem of measurement in the HFF facilities
seemed almost insurmountable. Almost it was, but not quite. Dale Comp
ton, one of the clever chaps in the HFF radiation team, solved the problem
by using the ultraviolet radiation detector as the target for the speeding test
model. Thus the detector, in the barest instant before being struck by the
model, was reading the true value-of ultraviolet radiation.
A number of the technical papers resulting from the research per
formed by the HFF radiation group bear mentioning. Among these is TM
X-852, "Measurements of Spatial Distribution of Shock Layer Radiation for
Blunt Bodies at Hypersonic Speeds," by John Givens, Thomas N. Canning,
and Harry Bailey. Another, published in the Journal of Quantitative Spec
troscopy and Radiative Transfer) is entitled "Oscillator Strengths for the
N2 Second Positive and N2+ First Negative Systems From Observations of
Shock Layers About Hypersonic Projectiles," by Victor H. Reis. Still an
other important document was TR R-193 (ref. C-45), "Shock-Layer Radia
tion of Blunt Bodies at Reentry Velocities," by William A. Page and James
0. Arnold. In addition to these, there was a study, reported by Jack Ste
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phenson in TN D-2710, of the radiation emanating from the glowing wake
of ablating blunt bodies.
Some very fundamental theoretical studies of radiation phenomena
were made by such men as Max Heaslet, Franklyn Fuller, Barrett Baldwin,
W. P. Jones, and Walter Pearson. Out of their work came a number of re
ports of which two are representative: TN D-2128, "On the Direct Solu
tion of the Governing Equation for Radiation-Resisted Shock Waves," by
Walter E. Pearson; and TN D-2515 (ref. C-46), "Approximate Predictions
of the Transport of Thermal Radiation Through an Absorbing Plane
Layer," by Max A. Heaslet and Franklyn B. Fuller.
IMPACT PHYSICS AND METEORS

A surprising interest in meteors developed at Ames. It was related in
part to practical matters but also to broad philosophical questions-such as
the origin of the solar system. Meteor impact was of interest in connection
with the damage it might do to spacecraft; meteor flight was of interest be
cause it provided a means of studying aerodynamic heating and ablation at
speeds (up to 50 miles per second) so far unattainable in the laboratory;
and meteor composition and shape were of interest because of what they
might reveal about the composition and origin of our solar system. All told,
meteors provided Ames scientists with a very satisfying and rather open
ended field of study.
The meteors that had produced the large craters on the moon were ob
viously large as were also a few that had left evidence on the earth. It ap
peared, however, that the overwhelming majority of such bodies were small
-their size ranging down to, or less than, that of a small marble. In substan
tial part, therefore, meteor studies were concerned with small objects, essen
tially cosmic dust.
Most meteorites, 3 it appears, fall into two broad classes depending on
composition. Stony meteorites, the first and more common class, are com
posed of stony or rocklike materials. One variety, the chondrites, contain
tiny globular occlusions (chondrules) which may have been formed by con
densation from a primordial solar nebula. Iron meteorites, the second class,
are in large part composed of iron and nickel and are about twice as dense
as the stony variety. In addition to the two main classes, there are also tek
tites, composed of siliceous glass of somewhat lower density than the stones.
Finally, although none has been found on earth, there is some evidence of
the existence of a very low-density variety of meteoroid which at Ames was
identified by the name "fluffy."
Although the speed of meteoroids was beyond the capabilities of Ames
test facilities, Ames engineers had, as earlier reported, been able to use
the Ames impact range to assess the threat to spacecraft arising from meteo
• A meteorite is what remains of a meteor or meteoroid that has come to rest on earth.
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roid impacts. During 1963-1965, the Ames impact range proved useful for
investigating the impact characteristics of certain man-made meteoroids as
well as for further generalized studies of the impact phenomena. Two pa
pers relating to this work may be cited.
One of these reports is TN D-1981, "Investigation of the Impact of
Copper Filaments into Aluminum Targets at Velocities to 16,000 Feet per
Second," by C. Robert Nysmith, James L. Summers, and B. Pat Denardo.
The filaments used in the experiments were very fragile threads of copper, a
few thousandths of an inch thick and three-quarters of a~ inch long. They
resembled the filaments which, as contemplated in the Air Force's "West
Ford" project, were to be orbited by the billions into a radio-wave-reflecting
band around the earth. The study reported in TN D-1981 suggested what
might happen to a fast-traveling spacecraft that encountered such man-made
projectiles in space. The copper filaments were far too fragile to be hurled
down the impact range at the target. Instead, one was supported on threads
in the range and the target, an aluminum sphere, was hurled at it. The tests
showed that the filament, hit end on, would at speeds of 16,000 feet per sec
ond penetrate the aluminum sphere to a depth of about four-tenths of an
inch.
The second report to be mentioned is TN D-3369 (ref. C-47), "Pene
tration of Polyethylene Into Semi-Infinite 2024-T351 Aluminum up to Ve
locities of 37,000 Feet per Second," by B. Pat Denardo. This study was partiLeft: cross section of an aluminum
sphere penetrated by fine copper fila
ment showing a penetration of over
0.4 inch. Right: Front view showing
point of entry of the filament.
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cularly notable because it established a world speed record for guns. Never
before had a projectile been hurled so fast by a gun. The advances made by
Ames in gun development were evident. In this case, the gun used a 125
gram powder charge exploding behind a I 00-gram polyethylene deformable
piston to compress hydrogen gas which drove the projectile out of the bar
rel. The projectile was photographed by cameras operating with exposure
times, as controlled by Kerr-cell shutters, of 5 billionths of a second. The
impact with the target was made at a speed well above that (25,000 fps) at
which the target material became fluid and confirmed the earlier established
relationship that the penetration of a spherical projectile into a target, and
thus the volume of material ejected, varies as the two-thirds power of the
projectile velocity expressed as a fraction of the speed of sound in the target
material. This speed criterion was thus in the nature of an impact Mach
number.
While the work just mentioned was going on in the impact range, Don
ald Gault and William Quaide of the Space Sciences Division were intently
pursuing their studies of impact cratering in materials considered represent
ative of the surfaces of the earth and the moon. The new vertical impact
range proved very useful in these studies though it could not reproduce the
highest meteor speeds and there were also some questions about scale effect.
The speed of the vertical gun was, nevertheless, such that it could at least
reproduce the lower end of the lunar primary impact velocities and the full
range for the secondary impacts produced by ejecta from primary meteor
impacts. Regarding scale effect Gault, Quaide, and Verne Oberbeck ob
tained reassuring evidence from craters produced at the White Sands Prov
ing Ground by the impact of missiles.
The White Sands evidence also confirmed the impact-range observa
tions that an impact in sand, regardless of the angle of missile approach,
would produce a circularly symmetrical crater-in top view. Impact in rock,
however, produced a different result which, at least at the lower speeds (of
secondary impacts), depended very much on the strength of the target mate
rial. Owing to the natural fractures in rock, impacts in such material often
produced a squarish crater.
In 1965, Gault and his colleagues were using a new technique for study
ing the flow of material in impact craters. In this technique, targets having
strengths as desired are made from quartz sand bonded by thermosetting ce
ment. The sand is laminated in thin horizontal or vertical layers, each layer
being stained with a different color. After the target has been impacted, it is
carefully sectioned by sawing. The distortion of the different strata can thus
be easily observed and measured. Through the use of this technique, it has
been possible at Ames to reproduce in the laboratory many of the peculiar
structures found in natural craters. Credit for the method of building the
targets goes to Andre Bogart and his coworkers of the Model Construction
Branch.
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Impact in stratified sand target. The sand is colored and bonded with thermo
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In their cratering work, Gault and his staff had cooperated closely with
people of the U.S. Geological Survey office in nearby Menlo Park. Together
they had become a team of world authorities on impact cratering. In behalf
of the International Astrophysical Union, three of this team-Don Gault,
Bill Quaide, and Verne Oberbeck-undertook an interpretation of the pho
tographs of the lunar surface taken by Ranger IX. The study was reported
in a paper entitled "Interpreting Ranger Photographs from Impact Crater
ing Studies."
Gault's cratering studies had involved considerations of the physical na
ture of the cratering process as well as of the character and trajectories of
the material ejected. He had concluded that material was regularly escaping
from the moon as a result of impacts of meteor showers-remnants, perhaps,
of comets-and that some of it, together with material from remoter origins,
was reaching the earth. These considerations encouraged an interest among
members of his staff in the nature of the extraterrestrial material and in the
possibility that scientifically interesting information could be obtained from
it. Interest in these matters led to a fairly intensive study of the composition,
origin, and probable thermodynamic history of meteoritic materials.
In 1964-1965, the Space Sciences Planetology Branch participated in
the Luster project, an operation in which meteoric particles in space were
collected by means of a space probe. Part of the collected material was sub
jected to chemical analysis at Ames as were also certain meteorites that had
been found years earlier on the surface of the earth. The particles examined
were often very small, which would have made chemical analysis difficult
had it not been for the recent commercial development of an instrument
called an electron microprobe. This instrument was capable of nondestruc
tive chemical analysis of a particle only a few thousandths of a millimeter in
diameter. The technique was to bombard the specimen with a finely focused
beam of high-energy electrons whereupon the specimen would emit X-rays
468

RESEARCH
in a pattern of wavelengths and intensities characteristic of the materials
present. The emitted pattern was analyzed by. means of an X-ray detection
system.
Leader of the analytical work on meteorite composition was Dr. Klaus
Keil, a brilliant NAS Fellow from Germany who later became a permanent
Ames employee. While examining a stony meteorite (enstatite chondrite)
which in 1926 had fallen near the Pakistanian village of Jajh deh Kot Lalu,
Keil and his colleagues discovered within the meteorite an occlusion of a
new material, silicon oxynitride (Si 2 N 2 0). The new mineral, which they
chose to call "sinoite," had only recently been produced in a laboratory by a
team of Swedish scientists; it had never before been discovered in a natural
state on earth and presumably could not have been generated in any recent
earth environment.
The finding was first reported in the October 9, 1964, issue of Science
by its discoverers, Christian A. Andersen of the Hasler Research Center, Go
leta, California, Klaus Keil of Ames, and Brian Mason of the American Mu
seum of Natural History, New York. More details of the finding were given
in a paper (ref. C-48) entitled "Electron Microprobe Study of the Jajh deh
Kot Lalu Enstatite Chondrite," by Klaus Keil and Christian Andersen.
Keil's studies of chondrites led him to believe that they may have come
from small planetary bodies which condensed directly from the solar nebula
at about the same time-perhaps 41f2 billion years ago-that the earth was
formed. Inasmuch as the earth's rocks have since remelted one or more
times, the chondritic material appeared to be a billion or more years older
than the oldest rocks discovered on earth. Meteorites thus provide clues,
otherwise unavailable on earth, of the primordial materials and environ
ment that existed during the formation of our solar system.
Keil and his associates also examined iron and stony meteorites to deter
mine from their grain structure the rate at which the material cooled fol
lowing the solidification process. The cooling rate suggests the depth to
which they were buried in the planetary bodies of which, presumably, the
meteorite was originally a part. For the meteorites examined, the indications
of this analysis are that the burial depth was fairly shallow-150 miles or less.
In the meantime, and throughout the period 1963-1965, Dean Chap
man continued his scientific search for the origin of tektites-those glasslike
pellets which in great numbers had been discovered in the Australasian re
gion from Tasmania to the Philippines. Dean's detective work had by 1965
become one of the most fascinating displays of scientific virtuosity in the an
nals of the Ames Research Center. Helping him in this work were Howard
Larson, Fred Matting, Frank Centolanzi, and others. The best record of
Chapman's tektite studies during this period exists in his paper -(ref. C-49)
entitled "On the Unity and Origin of the Australasian Tektites," published
in Geochimica et Cosmochimica Acta, 1964.
Through careful measurements made on thousands of tektites, Dean
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and his colleagues determined that despite the variation in physical appear
ance of tektites from different parts of the Australasian area, they were nev
ertheless of common age and common origin-which he was convinced was
the moon. Their age since last solidification, as determined by both the ar
gon-potassium and the uranium-fission age-dating processes, was 700,000
years. These were by far the youngest tektites found on earth. Tektites
found in Czechoslovakia were about 15 million years old and others found
in the United States (Georgia and Texas) were still older-about 35 mil
lion years.
The youth of the Australasian tektites no doubt accounted for the fact
that the ablation pattern, produced by their entry into the earth's atmo
sphere, had not been worn off in all cases by chemical and physical erosion
occurring on earth. And from the ablation pattern and other clues, Dean
was able to deduce their entry speed (about 7 miles per second) and entry
angle. He was also able to explain the differences in shape of the Australa
sian tektites-why those that fell in southeast Australia were often nice
round little buttons, while those from areas farther north tended to be irreg
ular blobs. If the tektite material had been splashed from the moon, the
buttons would come from the hotter, less viscous, central part of the splash
and the stringy blobs from the cooler, more viscous, outer portions. The
spray of Australasian tektites, Dean concluded, had moved from south to
north.
Opponents of the lunar-origin theory pointed out that, from the moon,
the earth blocks out only lfl5,000th of the celestial sphere; thus the proba
bility that a SJ?lash from the moon would ever hit the earth would be very
small, and if it did, they said, it would sweep over the whole earth and not
just Australasia. But Dean, with the help of his colleagues at Ames, and an
IBM 7094 computer, made trajectory studies which showed that, because of
the earth's gravitational pull, the probability that a lunar splash might hit
the earth was much greater than the 1 in 15,000 cited by the objectors and
was indeed about 1 in 200-as an average for all possible points of origin on
the moon.
Then from lunar photographs, Dean selected 10 of the youngest
(700,000 years considered very young) craters-ones in which the rays of
ejected material were still clearly visible-and made trajectory studies to de
termine whether some narrow stream of molten ejecta from any one of the
craters could have reached the earth and, if so, what its landing pattern
would have been. He found that the probability of an earth hit from most
of the craters, including one on the back side, was quite high (as high as 1
in 60 in one case) but that from only one, Tycho, would the landing pat
tern correspond to the distribution of Australasian tektites. Tycho, a crater
over 50 miles in diameter located in the lower left quadrant of the moon,
had in some past millennium been formed by a cataclysmic event of such
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appalling magnitude that it might be likened to the ramming several miles
into the earth of the combined city and suburbs of Los Angeles.
The spurts of ejecta from a crater, as evidenced by the lunar rays and as
observed in impact tests at Ames, are very narrow and the dispersion of
those coming from a lunar crater would be further restricted by the focusing
effect of the earth's gravitational field. It was clear from the trajectory analy
sis that the landing pattern of a stream of ejecta from the moon might well
be restricted to a fairly small portion of the earth's surface. The analysis
had, indeed, indicated the exact angle at which a spurt of ejecta would have
had to emerge from Tycho if it were to produce the observed pattern of
Australasian tektites. Chapman set his protractor at that angle and laid it on
an enlarged photograph of Tycho. Under the protractor's edge lay a promi
nent ray!
Many simplifying assumptions had been required in making the trajec
tory analysis and Dean offered no assertions that the Australasian tektites
came from Tycho. He remained firmly convinced, however, that they came
from the moon. A few of the scientists who earlier opposed this view had
yielded a little in the face of Chapman's convincing evidence. As 1965
ended, however, the Nobel Laureate appeared to be holding his ground in
opposition.
In October 1963, at a ceremony in which Vice President Lyndon B.
Johnson was principal speaker, Dean was presented with NASA's highest sci
entific award, its Medal for Exceptional Scientific Achievement. He was the
first man at Ames to receive this award.
Harvey Allen shared in the general interest in meteors that prevailed at
Ames during this period. His special concern with the subject, however, was
to gain information on aerodynamic heating that might be useful in the de-
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sign of some future space vehicle. That, at least, was the nominal objective;
but scientific curiosity, unrelated to practical application, was certainly one
of the influences which each year led him more deeply into the subject. By
the end of 1965 he had become an authority on meteor flight and kept in
touch with meteor observation groups in the United States, Canada, and
Europe.
The difficulties of increasing the speed potentialities of laboratory test
facilities had become so great that the thoughts of Ames engineers had
turned to meteors as a possible source of information on high-speed heating
effects. Meteors were known to travel at speeds from 7 to 50 miles per sec
ond, and their flashing entry into the earth's atmosphere was a common and
readily observable occurrence. Astronomers had in fact been making photo
graphic records of meteor trails for many years. Unfortunately for the pur
pose of their study, most meteors are very small and only a few of the larger
ones reach the earth and are recovered for inspection. Moreover, as Allen
pointed out, the visible flight of most meteors occurs at an altitude at
which the air is too tenuous to act as a coptinuous medium or to form a
shock layer, or gas cap, ahead of the meteor. Much of the meteor evidence
is thus lacking in practical value for the aerodynamicist. Nevertheless, it
was felt at Ames that useful information was obtainable from the evidence
provided by the rather few large meteors that fall, and the Center encouraged
the observatories to obtain more and better information on future events
of this kind.
The evidence of meteor flight regularly obtained by the observatories
consists of precisely timed photographs obtained by two cameras separated
by a known distance, and also of photometric measurements of the lumi
nous intensity of the meteor throughout its visible flight path. The camera
data provide altitude, flight-path angle, and a time history of velocity and
deceleration. Such data also allow the calculation of the rate of ablation
the change in diameter of the meteor-if the density is known. However, un
less the meteorite is recovered, its density is difficult to determine. The lu
minosity data can be used to estimate the rate of mass loss; and Allen,
through the use of a rather devious procedure, was able to show that the
density could also be estimated. It was clear to Ames engineers that the in
terpretation of meteor observations could be greatly aided by a program of
laboratory tests aimed at the evaluation of such factors as the luminous
efficiency and the ablation characteristics of meteoritic materials.
Allen had gone into the meteor-analysis methods with some thorough
ness in the report TN D-2068, "Prospects for Obtaining Aerodynamic Heat
ing Results from Analysis of Meteor Flight Data," by H. Julian Allen and
Nataline A. James. Along another tack, he and his colleagues, aided by .a
large electronic computer, calculated the performance of four series of hypo
thetical meteors, each series composed of a different material (stone, iron,
pumice, and tektite glass) and covering a range of meteoroid diameters (0.4
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to 0,000001 inch) and a range of entry speeds (7 to 45 miles per second).
This very interesting study was reported in TN D-2872 (ref. C-50) , "Effect
on Meteor Flight of Cooling by Radiation and Ablation," by H. Julian
Allen, Barrett S. Baldwin, Jr., and Nataline James. The report provided an
swers to a number of pertinent questions, such as: (1) At what size does
melting occur and over what range of altitudes does the molten state exist?
(2) Under what conditions will a nonrotating body with a molten front
face have a solid rear face? (3) When will the dynamic pressure overbal
ance the surface tension and break up a molten drop? (4) How does the
size of a meteorite vary with the initial size of the meteoroid? (5) At what
altitude does the speed fall to a negligible value? And (6) what is the be
havior of the luminosity of these bodies with respect to both maximum
magnitude and magnitude variation with altitude?
Meteor evidence obtained by astronomers had revealed certain anoma
lies such as sudden changes in luminous intensity and sudden drastic reduc
tions in density of the meteor body. Fragmentation of the meteor or pecu
liarities in surface radiation had been offered as possible causes. Why the
density of a meteor of stone should suddenly fall by an order of magnitude
was, nevertheless, rather difficult to explain. One possible answer appeared
in the course of a major study which Howard Stine and his Magnetoplas
madynamics Branch staff in 1965 were making on meteors and their hazard
to spacecraft. This study included measurements of radiation spectra from
meteor models in arc-jet facilities and in particular it involved the determi
nation of their luminous efficiency-a factor which heretofore had been
largely guessed at but which was needed for an accurate interpretation of
Hight observations.
In the course of the study just mentioned, a stone meteorite model,
containing some moisture, was tested in an arc-jet at very low pressure. In
this high-enthalpy, low-pressure environment, the stone bubbled up, becom
ing frothy or Huffy. Its density fell quickly to a low value. The environment
to which the test model was subjected corresponded to high-altitude meteor
flight-but would moisture be present in a stone meteoroid? Possibly, Allen
thought, if it were of cometary origin. No fluffy meteorite had yet been
found on earth but an object of this kind would not, until this time, have
been recognized as a meteorite. Henceforth, however, meteorite hunters
would be on the lookout for such an object.
SPACE AND PLANETARY PHYSICS

The composition and structure of the planets were subjects which were
open to a surprising degree of analytical treatment, and such studies received
attention from Ames space scientists during the period 1963-1965. Repre
sentative of this effort is a paper (ref. C-51) entitled "Models of Uranus
and Neptune," by Ray T. Reynolds and Audrey L. Summers, which was
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published in the January 1965 issue of the Journal of Geophysical Research.
The major effort of the Ames space scientists during this period, however,
was devoted to investigations of phenomena that were closer to home and
more accessible to our spacecraft. These included the magnetic fields of the
earth, moon, and nearby planets but related mostly to the flow of solar parti
cles (solar wind) and its interaction with the earth's magnetic field.
The solar wind was known to be composed largely of hydrogen and he
lium nuclei, heated to a temperature of at least 100,000° K, which flow out
from the sun in all directions sweeping over the earth and far beyond at
speeds of a million, or more, miles per hour. The earth's magnetic field re
sists this earthward flow of charged particles and fends them off along a
boundary which is about 10 earth radii out from the earth on the solar side
but which trails backward, closing behind the earth far downstream. The en
closed, elongated area within the boundary, an area in which the magnetic
field is dominant, is c<~:lled the magnetosphere. The magnetosphere is obvi
ously of vital consequence to human beings for it protects life on earth from
damaging, if not deadly, radiation.
The boundary between solar plasma and the magnetosphere is never
steady, for the defensive power of the magnetosphere is continually being
tested by great surges of particle flux coming from the sun during "solar
storms." It is a boundary of conflict between opposing forces, where temper
atures rise to a million or more degrees Kelvin as the raging particles from
the sun struggle to reach the earth. It is a boundary of great scientific as well
as practical interest.
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The theoretical attacks on the boundary problem which had begun ear
lier were continued during this period. Representative of the more recent
work in this field was the study reported in TR R-206, "On the Stability of
the Boundary of the Geomagnetic Field," by John R. Spreiter and Audrey
L. Summers. A contribution was also made by Vernon Rossow in a paper,
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"Magnetic Compression of Collision-Free Plasmas with Charge Separation,"
which in 1965 appeared in the journal of the Physics of Fluids._ Addition
ally, the assaults on the boundary produced by solar storms were studied by
Joan Hirshberg and reported in a paper, "Recurrent Geomagnetic Storms
and the Solar Wind," which in November 1965 was published in the jour
nal of Geophysical Research.
The opportunities for carrying out experimental research in space were
relatively few and the cost of such research was exceedingly high. Accord
ingly, there was much competition among scientists in the matter of devis
ing experiments so promising that they would be chosen for inclusion in a
spaceflight program. To be chosen, not only must the experiment be well
conceived but the instruments with which the experimenter proposes to
carry out his mission must also be of the highest quality and reliability.
This was the sort of business in which Charles Sonett's Space Sciences Divi
sion was extensively engaged and much of it was the responsibility of the
Electrodynamics Branch headed by John Wolfe. Wolfe had come to Ames
in 1960, had become involved in spaceflight research while working in the
Physics Branch, and then became the first Ames staff member to join the
Space Sciences Division when it was formed. The Space Sciences Division
had not long been in operation and had remained painfully short of man
power, yet its performance in the highly competitive field of space research
had been noteworthy. Its experiments had been chosen for the following
space missions:
Mission
Ames Experiment
Plasma probe
Explorer IV
IMP I, II, III
Plasma probe
OGO I
Plasma probe
EGO A and B
Plasma probe
Pioneer VI (A)
Plasma probe
Pioneer B and C
Plasma probe and magnetometer
Apollo lunar landing
Tri-axis magnetometer
Numerous papers were written by Space Sciences Division personnel on
studies of magnetic fields and solar-plasma flows. Two papers may be cited
as being representative of this work. One (ref. C-52) , published in the
March 1966 issue of the journal of Geophysical Research is entitled "Obser
vations of the Solar Wind During the Flight of IMP 1," by John H. Wolfe,
Richard W. Silva, and Marilyn A. Myers. The second was the paper entitled
"Evidence for a Collision-Free Magnetohydrodynamic Shock in Interplane
tary Space," by C. P. Sonett, D. S. Colburn, L. Davis, E. J. Smith, and P. J.
Coleman, Jr. This paper, which was published in Physical Review Letters in
August 1964, contained material included in the book Solar Wind (general
editors: Robert Mackin, Jr., and Marcia Neugebauer), published in 1966 by
Pergamon Press of New York.
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Space-physics experiments were also being devised by individuals in
other divisions of the Ames Research Center. Experiments to determine the
effects of space radiation on thermal-control coatings had been prepared by
Carr Neel of the Gasdynamics Branch and flown in 1962 in OSO I. Similar
experiments prepared by Carr were flown in OSO II, which was launched in
1965. In both cases the experiments were successful, and those in OSO I
yielded the additional information on reflected earth radiation reported in
TM X-54,034, "Albedo and Earth Radiation From Emissivity Sensors on
the First Orbiting Solar Observatory," by John P. Millard and Carr B. Neel.
In space research a tremendous premium was placed on the design of
accurate, lightweight, reliable instruments, and much ingenuity was demon
strated in the development of such equipment. For his work in devising in
struments for the OSO I and II flights, Carr Neel received an award of
excellence from the Instrument Society of America. Among the other note
worthy space-research instruments devised by Ames research engineers were
a plasma probe, originally developed by Mike Bader and Fred Hansen but
later improved by Roger Hedlund, Tom Fryer, and others of the Instru
ment Research Division, and an excellent magnetometer in the design of
which major contributions were made by Charles Sonett, William Kerwin,
John Dimeff, and others.
Another useful instrument which attracted much interest was an im
pulse balance for measuring the momentum of micrometeoroids striking a
spacecraft. This instrument, designed by Vernon Rogallo for use in Project
Pioneer, was so sensitive that it could detect the heartbeats of a chicken em
bryo in an egg 4 days old. The instrument found numerous uses such as for
measuring the thrust of laser and ion beams, and in 1965 it was being con
sidered by the Food and Drug Administration as a possible means of evalu
ating the effects of drugs and chemicals on heart action.
BIOLOGICAL EFFECTS OF SPACE ENVIRONMENT

Of particular concern to the life-sciences people at Ames was the effect
of the environment of space on the performance of the whole man and on
the functioning of his organs. Of particular concern were the physiological
and psychological stresses peculiar to space flight and the ability of a man to
withstand these stresses. Human test specimens were used whenever feasible,
but in many cases the severity of the test conditions dictated the use of ani
mals, such as rats, mice, cats, dogs, chickens, and monkeys. Much of the
work that related to the performance of man as a whole fell under the jur
isdiction of the Biotechnology Division under Steven Belsley, while most of
that concerned with the more detailed organic and physiological effects was
the responsibility of the Environmental Biology Division under Eric Ogden.
The psychological part of the program had largely to do with the mea
surement of certain sensory perceptions which might well be important to
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the crew of a spacecraft. The perceptions evaluated included the judgment
of signal duration, pattern recognition, and visual responses to bright ob
jects such as might be seen in space. For the exploration of the last-men
tioned problem, a new high luminance vision laboratory was being installed
in 1965 as a facility of the Biotechnology Division. Published papers repre
sentative of the psychological work at Ames include TM X-54,058, "Inter
sensory Judgments of Signal Duration," by Trieve A. Tanner, Jr., R. Mark
Patton, and R. C. Atkinson; "Methods of Confusion in a Pattern Matching
Task," by James A. Duke; and "Visual Problems of Space," by R. Mark Pat
ton. Among other contributors in this particular field of endeavor were
Ronald Kinchla and Richard Haines.
Effects of the immediate cabin environment on the mental and physical
well-being of a spacecraft crew were also studied extensively. Some of this
work was aimed specifically at the Apollo lunar mission and some also at
longer space missions. One of these studies was an examination of the per
formance of two human beings (one being Ames test pilot Glen Stinnett)
during confinement in an Apollo-size capsule for 7 days. Carried out in
1962, this investigation resulted in two reports, one of which, published in
1963, was TN D-1973 (ref. C-53), "Behavioral Testing During a 7-Day
Confinement: The Information Processing Task," by Rollin M. Patton.
The nature of the cabin atmosphere-its composition and pressure
was a matter of grave importance in spacecraft design. In the Mercury and
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Gemini flights, NASA had used an atmosphere of pure oxygen at about 5
pounds per square inch pressure and was planning to continue this practice
in the Apollo. Questions arose about the physiological implications of pro
longed exposure to a pure oxygen atmosphere, and this was the subject of at
least two investigations conducted with animal subjects. One of these inves
tigations was reported in a paper (ref. C-54), "Effects of Prolonged Expo
sure of Animals to Increased Oxygen Concentrations," by G. A. Brooksby,
Robert W. Staley, and Robert L. Dennis, presented in November 1965 at
the Third International Conference on Hyperbaric Medicine at Duke Uni
versity. The second study, yet unreported, was made by Jorge Huertas. In
this case a monkey was installed in a special "hypobaric hyperoxic chamber"
where he was exposed for periods up to a month to an atmosphere of pure
oxygen at 5 pounds per square inch pressure. During the prolonged expo
sure, observations were made of numerous physiological and behavioral fac
tors to detect any abnormalities arising from the environment.
Aside from claustrophobia and the effects of an unusual atmosphere,
there were many other stresses to which a spacecraft crew would be sub
jected during a long space journey. One was a tendency toward dehydration.
A study of this matter at Ames, conducted on human subjects, was reported
in the paper, "Voluntary Dehydration in Man," by John E. Greenleaf, pub
lished in the July 1965 issue of the Journal of Applied Physiology. Another
important cabin stress would arise from the malfunction of the gastrointes
tinal system during the close and prolonged confinement in a spacecraft. A
study of this problem made at Ames is reported by Carl J. Pfeiffer in a
paper, "Space Gastro-enterology-An Appraisal of Gastro-Intestinal Func-
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tion as Related to Space Flight," published in the Medical Times, Septem
ber 1965.
The metabolism of fats and carbohydrates, and food-energy sources for
space flight, were the subjects of extensive investigations at Ames. A major
contributor to this effort was Donald Young. Representative of the numer
ous papers published on the subject was "Carbohydrate and Fat Metabolism
During Prolonged Physical Work" (ref. C-55), by Donald R. Young. This
paper was presented in March 1965 at the Symposium on Survival Nutri
tion, at the Arctic Aeromedical Laboratory in Seattle.
Spacecraft-crew requirements for air, food, and water were all under
study in 1965, as was the problem of gastrointestinal function and waste dis
posal. For very long flights such as a trip to Mars, clo~ed ecological systems,
involving the complete recycling of all wastes, were being considered. Lead
ing the work on such systems was Phillip Quattrone.
Among the more obvious stresses to which spacecraft crews would be
subjected were those which would arise -from changes in the force of gravity.
A constant gravitational force has been a basic factor in man's evolutionary
history and thus, in anticipation of space travel, there was good reason to
question his tolerance of changes in gravitational environment, particularly
of prolonged exposure to unusual conditions. There was interest not only in
the effects of altered gravitation on organic function but also on the pro
cesses of reproduction and the physical and behavioral characteristics of
offspring conceived and born under such conditions.
At Ames a study of these matters was undertaken by a group of scien
tists headed by Jiro Oyama. The subjects used for the investigation were rats
and mice, and the vehicle for simulating the gravity variations was the centri
fuge. The rat cages were hinged so that the combined centrifugal and gravi
tational force acted normal to the bottom of the cage. The rats were whirled
for periods of one or more years at speeds simulating gravity forces of 2.5,
3.5, and 4.7 g. They mated and the babies were born and grew to full ma
turity while whirling on the centrifuge. The effects of acceleration on be
havior, mating practice (discouraging above 3.5 g), metabolism, body
weight and size, food consumption, organ development, and other physio
logical factors were determined. The effects of reducing the acceleration to I
g (removing rats from centrifuge) after long exposure to high acceleration
were also noted. Numerous papers were written on this study, one of which,
"Effects of Prolonged Centrifugation on Growth and Organ Development of
Rats," by J. Oyama and W. T. Platt (ref. C-56), was published in April
1965 in the American journal of Physiology. One interesting effect noted in
the centrifugation of rats was the large deposits of fat in the livers of rats
that had been exposed to fairly high (4.5 g) accelerations for as little as 3
hours. This phenomenon was examined in some detail and reported in a
number of papers, among which was "Chemical and Metabolic Changes of
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Hepatic Lipids From Rats Exposed to Chronic Radial Acceleration," by D.
D. Feller, E. D . Neville, J. Oyama, and E. G. Averkin (ref. C-57).
Space-cabin environment was expected always to be abnormal in some
degree, and the effects on heart function of such conditions as high tempera
ture and abnormal atmospheric-gas composition were considered worthy of
study. Among the resulting papers was one by Eric Ogden entitled "Tem
perature Change and Oxygen Deficit as Determinants of Cardiac Power." It
was presented at the 23d International Congress of Physiological Sciences in
Tokyo in 1965.
Stresses such as those to which space crews are subjected were known to
cause the breakdown of proteins in the body and the release of certain en
zymes which might affect body functions. The Life Sciences Directorate had
excellent biochemical and endocrinology laboratories and was thus ·well
equipped for enzyme studies. Leaders in this work were J. Ken McDonald
and Stanley Ellis. Representative of their work was the study reported in the
paper "Properties of a Dipeptidyl Arylamidase of the Pituitary," by J. Ken
McDonald, Stanley Ellis, and Thomas Reilly, published in September 1965
in the journal of Biological Chemistry.
One of the major efforts of the Ames Environmental Biology Division
was a study of the pathological effects, on animals, of radiation such as that
to which space travelers might be exposed. This radiation included protons
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(perhaps the most serious threat) , alpha particles, X-rays, and gamma rays.
The radiation work at Ames was carried on with the assistance of the Uni
versity of California Radiation Laboratory by an exceptionally competent
team headed by the internationally known neuropathologist, Webb Hay
maker, and including Jaime Miquel, J. F. Estable-Puig, R. D. de Estable,
Tom Taketa, and others.
The subjects used in the radiation studies included fruit flies, rats, cats,
and rhesus monkeys; in some cases the whole body was exposed, and in oth
ers only the brain. In all cases, the animals were examined very carefully for
pathological changes resulting from the radiation. Brain damage resulting
from radiation was evidenced by many cellular changes and by an accumula
tion of glycogen in the brain. The fruit flies were used for studies of chro
mosomal changes produced by simulated cosmic ray primaries.
The papers issuing from the radiation studies at Ames, of which Hay
maker is an author of a dozen or so, are rather large in number. An example
is the paper, "Glycogen Accumulation in Monkey and Cat Brain Exposed to
Proton Radiation," by J. Miquel and W. Haymaker (ref. C-58) . It was pre
sented at the International Congress of Neuropathology in Zurich in 1965.
A second example of the radiation work at Ames is a paper entitled "Effects
of Acute Doses of High Energy Protons on Primates," by S. Tom Taketa, C.
A. Sondhaus, B. L. Castle, W. H. Howard, C. C. Conley, and W. Haymaker
(ref. C-59) .
Ames benefited from the services not only of Webb Haymaker but also
from those of his wife, Dr. Evelyn Anderson, a distinguished endocrinologist
who contributed greatly to the establishment of the Ames endocrinology
laboratory. Dr. Anderson also headed a team which was responsible for de
veloping a method for detecting a hitherto unknown stress hormone in the
blood stream. In 1964 she was one of six recipients of the Fourth Annual
Federal Woman's Award.
Although the life-science and the physical-science groups at Ames had
little in common, mutual benefits occasionally arose from their being to
gether. Along the common boundary of their activities, either group could
benefit from the expertise of the other. One area in which the physical sci
entists were able to help the life scientists was in instrument design. Tom
Fryer, Gordon Deboo, and Joseph tuccaro of the Instrument Research Divi
sion were particularly active in this field. The work of Zuccaro is indicated
by the title of a paper, "Pioneering Work in Bioinstrumentation for Flight
Experiments and Flight Simulation," which in 1965 he presented at a na
tional meeting of the IEEE. Fryer and Deboo wrote a number of papers on
bioinstrumentation among which was one entitled "A High-Performance
Miniature Biopotential Telemetry System" (ref. C-60). The instrument
described in this paper had created widespread interest and had been used
quite extensively by C. M. Winget of the Ames Life Sciences Directorate for
studies of circadian rhythms in animals. It was particularly useful for mea
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suring such physiological factors as body temperature, brain waves, and
heart action under conditions in which direct wire connections to the sub
ject were not feasible.
Aside from developing bioinstruments, Ames physical scientists occa
sionally undertook to apply their special knowledge of fluid flows to the so
lution of some life-science problem. An example of such application is
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reported in the paper (ref. C-61) by John Howe and Yvonne Sheaffer on
"An Analysis of Recent Hypotheses of Plasma Flow in Pericapillary Spaces."
EvoLUTION AND DETECTION OF ExTRATERRESTRIAL LIFE

Perhaps the most stirring prospect in space research is the possibility
that life may be discovered on some celestial body other than earth. One
might suppose that if an intelligent manlike creature existed on some re
mote planet, his discovery by earth men would shake the foundations of our
society. A much more likely discovery might be of some rudimentary form
of life; but even this would be of tremendous scientific interest. The life
form discovered might well, indeed, lie in that hazy zone between the inani
mate and the animate through which life on earth, in its evolution, passed
several billions of years ago. In their search for extraterrestrial life, space sci
entists, it is clear, must know what kind of evidence to look for, must know
how to detect it in a foreign environment, must know how to recover it by
means of a remote-controlled vehicle, must know how to nurture any life
forms discovered to facilitate later studies and, if such discoveries are re
turned to earth, must know how to protect the foreign and the domestic life
forms from each other. These, then, were some of the problems that faced
the Exobiology Division of the Ames Life Sciences Directorate.
The Exobiology Division was headed by Richard Young, who had
started the life-science activity at Ames in February 1961. The division in
1965 was comprised of a Chemical Evolution Branch directed by Cyril Pon
namperuma, a Biological Adaptation Branch directed by Robert Painter, and
a Life Detection Systems Branch directed by Vance Oyama. The work of the
division was of a very basic nature. Most of it was conducted in-house, none
with human subjects, and little with animal subjects other than micro-organ
isms, eggs, and frogs. Indeed the evidence of life that was being sought was
so subtle as to be easily obscured by the bacterial "filth" with which all hu
mans and other animals on earth are laden. The experimental work of the
Exobiology Division was mostly performed in its own, excellent laboratories
though some of it was being carried out in space through experiments
placed on space vehicles. Experiments devised by Richard Young and his
colleagues were scheduled for inclusion in Gemini flights and the Biosatellite
program.
If lif~forms have developed on other celestial bodies, it is assumed that
they did so through a general evolutionary process which began with a pri
mordial, hydrogen-rich environment, 4 and proceeded first through numer
ous organic chemical phases, then through biological stages of increasing so
phistication. The crux of the process is the step, or steps, from the chemical
to the biological stage, and it is assumed that this step would not take place
• An atmosphere presumably containing methane, ammonia, water vapor, and hydrogen, but
no free oxygen.
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unless the chemical environment were favorable. The nominal purpose of
the Chemical Evolution Branch was to investigate some of the chemical
steps in the evolutionary process; however, if this effort proved successful,
the Branch staff could be expected to press on, with great joy and gladness,
to the early biological phases. The prospective task was enormous, for it was
recognized that in nature the crucial "step" from chemical to biological may
well alone have occupied millions of years and been so subtle as to defy any
subsequent human effort to demonstrate that, through it, life had truly been
produced. Some workers in the field of molecular biology seemed to feel
that life is but a property of matter in a certain state of organization and
that, if the proper molecules and their organization could be arranged in a
test tube, the awesome phenomenon of life would automatically appear.
Much work had been done in this field by scientists around the world and,
while amazing progress had been made, life had not yet been produced in
the laboratory nor was there any solid basis for guessing when this objective
might be achieved.
Living matter is largely made up of specialized proteins, each assembled
from a variety of amino acids contained in the cells. The amino acids so as
sembled are connected together, chainlike, in a pattern which is specific for
each particular protein. The pattern for the amino-acid chain comes from a
gene, also a chain, contained in the cell nucleus. The gene chain is com
posed of nucleotides each composed of three chemical compounds-a sugar,
a phosphate, and any one of four nitrogenous bases. It is, however, the pat
tern of the bases in the gene chain that determines the pattern of amino
acids in the protein.
Clearly the sugars, phosphates, and bases of the gene chain are essential
chemical building blocks of life. They are produced in living animals and
plants by a chemical breakdown of food or by photosynthesis. The questions
Dr. Ponnamperuma and his staff undertook to answer was whether the indi
vidual building blocks could be synthesized in the laboratory, whether they
could then be combined into nucleotides, and finally whether the nucleo
tides could be induced to form a gene chain-hopefully self-replicating. If
they could demonstrate in the laboratory the chemical steps which led to the
origin of life on earth several billions of years ago, this development would
then lend much weight to the .common presumption that life has also
evolved elsewhere in the universe. The results of such work might also sug
gest what to look for in the search for extraterrestrial life.
In proceeding toward the goals just mentioned, Dr. Ponnamperuma
and his associates had, by the end of 1965, synthesized under conditions rep
resenting a primitive earth environment, some of the bases (adenine and
guanine), sugars (ribose and deoxyribose), sugar-base combinations (aden
osine and deoxyadenosine) , and nucleotides (such as adenosine triphos
phate) contained in the gene chain, as well as some of the amino acids used
in protein construction. Still in the early stages, however, were their at
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tempts, through the use of catalytic enzymes and other means, to encourage
nucleotides to form a chain.
The work of Ponnamperuma and his associates was reported in numer
ous papers. One of these (ref. C-62) is entitled "Synthesis of Adenosine Tri
phosphate Under Possible Primitive Earth Conditions," by Cyril Ponnam
peruma, Carl Sagan, and Ruth Mariner. Another, which in May 1965 ap
peared in Science} is entitled "Nucleotide Synthesis under Possible Primi
tive Earth Conditions," by Cyril Ponnamperuma and Ruth Mack.
Dr. Ponnamperuma had come to Ames in June 1961 as the first NAS
Fellow stationed at the Center. He later became a permanent member of
the staff. In recognition of his outstanding work, he was in 1964 presented
with the NASA Sustained Superior Performance Award.
In the detection of life, extraterrestrial or otherwise, it is first necessary
to establish the criteria by means of which the existence of life will be
judged. Inasmuch as the boundary between the animate and the inanimate
is rather hazy, there has been some disagreement in scientific circles as to
what the criteria should be. Though not in full accord on the subject, scien
tists generally agree that living matter: (I) is of organic composition, (2)
metabolizes (uses up energy and rejects a byproduct substance), (3) grows
and reproduces. The first criterion is not conclusive in itself and, while the
addition of the second is very reassuring, the matter is really clinched only
when the third one is also present.
In view of our total ignorance of the life forms that may exist on for
eign bodies, the Exobiology Division assumed that useful related knowledge
might be obtained from an investigation of the tolerance of earth life forms
to extreme conditions of temperature, pressure, atmosphere, moisture, radia
tion, salts, and gravity such as may be found naturally, or produced artifi
cially, on earth. This work, which comes under the surveillance of the Bio
logical Adaptation Branch, was still, in 1965, in an early stage.
The detection of life on celestial bodies other than the moon will pre
sumably first be accomplished by remotely controlled, unmanned instrument
packages (automated chemical laboratories) that are landed on the body.
The development of life-detection procedures had, indeed, been studied
extensively by the Exobiology Division as had also the design of automated
chemical laboratories for life-detection purposes. Additionally, life-detection
field studies were made in Death Valley in 1964.
A number of papers on life-detection problems had, by 1965, been
written by members of the Exobiology Division. The best summary of
the subject was perhaps to be found in NASA Special Publication SP-75
(ref. C-63) entitled "An Analysis of the Extraterrestrial Life Detection
Problem," by RichardS. Young, Robert B. Painter, and Richard D. Johnson.
The subject was also treated in Dr. Young's book, Extraterrestrial Biology}
published by Holt, Rinehart & Winston in 1966.
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Project Management and Other Technical Activities

HE common practice in laboratory research had been for the engineer
T who
planned an experiment to serve as the project manager and
the coordinator of required support activities. The support activities, how
ever, were rather small in scope, involving mainly the branch and division,
and seldom reached outside of the Center. In space-flight research, the sup
porting role became of such overwhelming magnitude, scope, complexity,
and cost that a special NASA-wide project-management team was required
to deal with it. The scientist-experimenter, who certainly could not be
expected to launch his own spacecraft, was now freed of extraneous dis
tractions and allowed to remain the specialist he generally preferred to be.
But space-project management was a new class of activity-not exactly re
search, yet closely attuned to research requirements. Made to order for
engineers, it was the kind of integrative, multidisciplinary task in which
the engineer, as a professional type, often reached the peak of his achieve
ment.
NASA space-research programs were planned and organized by the
Headquarters program offices with the advice and counsel of the scientific
community. When a decision had been made to proceed with a specific pro
gram or project, the research centers of the nation, or the world, would be
invited to submit proposals for experiments to be undertaken in the pro
gram. The competition was keen and often 5 or 10 times as many experi
ments were proposed as could be carried in the spacecraft. The experiments
to be carried would be selected by a scientific advisory panel or steering
committee established by the program office at NASA Headquarters. Over
all supervisional responsibility for the program would be retained in Head
quarters, while active management would be assigned to a project-manage
ment team located, ordinarily, at one of the NASA research centers.
The general function of the project-management team was to organize
and coordinate the diverse activities involved in (I) the selection and pro
curement of booster rockets, (2) the design and procurement of spacecraft,
(3) the integration of the experiments with the spacecraft, (4) detailed mis
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sion planning, (5) the launching of spacecraft, (6) tracking and data acqui
sition by the worldwide NASA network, and (7) the recovery of spacecraft·
-if such was planned. The acquired data were ordinarily turned over to
the experimenter for detailed analysis and publication largely as he saw fit.
Not only had each of the elements of support to be successfully com
pleted, but all had to be brought together at exactly the right time for inte
gration into a smoothly functioning whole. Timing was often an agonizingly
frustrating matter especially, as in the Biosatellite project, where a diversity
of carefully prepared plants and animals had to be assembled in the space
craft at precisely the right moment and in exactly the right condition. Ex
periments with living creatures could easily be devalued or completely
ruined by any significant delay in the hour of launch. Wheat seedlings and
larvae, for example, had to be in the right state of development, and frogs'
eggs had to be fertilized just hours before launch. In addition, of course,
many of the life forms had to have their own special air-conditioning system,
the animals had to be regularly fed, and means had to be provided to deal
with, and possibly chemically analyze, the excreta. Attention had to be
given even to such seemingly minor matters as to whether the teeth of the
rats would grow so long during the tests that they would chew holes in the '
feeding nipples. It was not too much to say that the physical scientists at
Ames were learning a great deal about animal research. The life scientists
were a little amused.
Space-project management required broad experience, management
ability, and very steady nerves. Robert Crane, a man eminently suited for
the task, had earlier been appointed Assistant Director for Development, an
office which held responsibility for most of the space-project management ac
tivity at Ames. Crane was calm and capable, quite equal to managing either
the Development Directorate or the whole Center. He was ably supported
by Charles Hall, manager of Project Pioneer, and Charles Wilson, manager
of Project Biosatellite. When the Development Directorate was formed, the
Ames management, always mindful of the unfair competition basic research
would suffer at the hands of glamorous space operations, enjoined Crane
from draining off the manpower and research effort of the research directo
rates at the Center. Crane therefore found it desirable to establish, within
his own directorate, a systems-engineering division. John Foster became
head of the new division. Although his staff was painfully limited in num
bers, Foster, through the extensive use of contracting, was able to provide the
often unique equipment systems required by the Development Directorate
as well as the systems engineering effort needed for the design of such equip
ment.
In view of the attitude of Ames management toward hardware develop
ment and space operations, Bob Crane's new directorate began with some
thing of a handicap. The handicap was augmented by the circumstance that

490

TECHNICAL

ACTIVITIES

both the Pioneer and the Biosatellite projects came under the Headquarters
Office of Space Science and Application (OSSA), whereas the Center as a
whole came under the Office of Advanced Research and Technology
(OART). Some degree of organizational incompatibility thus prevailed.
Bob Crane had expected that the project work being carried on at
Ames would benefit not only his own Development Directorate but also the
research directorates at the Center. He hoped that the space projects would
provide something of a focus for the otherwise fairly indefinite pattern of
basic research. And he felt that the technical support of the research directo
rates would be of great help to his activity. Bob's hopes had not in 1965
been fully realized. Within the Ames operation, the project work was
treated with a friendly indifference. This attitude prevailed in Project Pio
neer and particularly in Project Biosatellite. The indifference of the Life
Sciences Directorate toward the Biosatellite project was somewhat surprising
and rather disappointing to Crane. The only experiment the Life Sciences
Directorate had proposed for the Biosatellite was a relatively minor frogs'
eggs experiment and this had been submitted by the Exobiology Division,
the activities of which also came under Headquarters OSSA. It appeared
that the Life Sciences Directorate, in common with the other research direc
torates at Ames, was firmly wedded to the laboratory where one's research
could proceed at the desired pace and be kept under close personal control.
Some experiments, of course, had to be performed in space, but as long as
the bulk of research remained to be done in earthbound laboratories, many
scientists were reluctant to forsake these familiar and productive haunts for
the glamorous but uncertain realms of space.
AIRBORNE RESEARCH PROJECTS

Not all project-management work at Ames came within the jurisdic
tion of Bob Crane and his Development Directorate. In 1963 a small group
of Ames men had participated in an airborne (DC-8) research expedition
to observe a solar eclipse along its path of totality, which lay in Canada. The
group included Sheldon Smith, of the Physics Branch, and Ray Torrey, of
the Guidance and Control Systems Branch. As participants in the expedi
tion, this pair, with the aid of others at the Center, developed and built a
rather unique gyro-stabilized camera for photographing the eclipse from the
expedition's airplane. A description of the camera is given in the July 1964
issue of the !SA Transactions in a paper entitled "A Stabilized Automated
Camera for Airborne Eclipse Photography," by S. M. Smith, M. Bader, R.
A. Torrey, and M. E. Henderson.
The photographs of the eclipse obtained with the camera were quite
good and the experience of the expedition gave Smith, Bader, and others
the idea that Ames should have an airborne research laboratory of its own.
Such a laboratory, it was felt, would provide ready observational accessibil
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ity to astronomical and other events occurring, sometimes on short notice,
in remote parts of the world. The idea of the airborne research laboratory
was approved by Ames and Headquarters management and was shortly im
plemented by the procurement of a Convair 990, four engine, jet trans
port airplane.
In May 1965, during the International Year of the Quiet Sun, a group
of 38 scientists took off in Ames' new airborne laboratory to join other
groups traveling by land, sea, and air to witness another solar eclipse-this
one reaching totality in the South Pacific. The operation was coordinated
and managed by Mike Bader. The airplane on this occasion carried the
Ames eclipse camera as well as 13 other experiments provided by 4 foreign
observatories or universities and 9 American organizations. The eclipse ob
servations made on this occasion were very successful. As they were made
from a high-speed airplane flying at high altitude, their value was the
greater because (1) the period of totality was prolonged by following the
path of total eclipse, (2) a greater range of wavelengths was observed owing
to the altitude of the airplane, and (3) the background light around the
eclipsed sun, normally produced by light diffusion in the atmosphere, was
much reduced because of the altitude of the airplane. The reduced back
ground light made it possible to observe the solar corona out to a distance of
12 solar radii, whereas from the ground the corona appeared to extend to
only about 3 solar radii.
As the eclipse mission came to an end, the participants, by common
agreement, selected the name "Galileo" for the airplane which had served
them so well. The name was chosen in honor of the well-liked Dr. Gug
lielmo Righini who, on the mission, represented the Arcetri Observatory of
Florence, Italy. NASA Headquarters quickly approved the name, and Brad
Evans wrote a letter to the mayor of Florence.
Not long after the eclipse expedition, another occasion arose to use the
Galileo. This occasion was the discovery, in October 1965, of the Ikeya-Seki
comet. Hurriedly an expedition was arranged to observe the comet during
perihelion, which was best observable in an area 150 miles northeast of Ha
waii. Fred Drinkwater was pilot and Mike Bader was again project manager.
Of the seven experiments carried on this expedition, four came from vari
ous NASA Centers and three from other American sources. The experi
ments involved a variety of spectrographic measurements as well as white
light photography. While some of the spectrographic observations suffered
from a lack of light intensity, the white-light photographs were very good
and were the only photographs obtained of the comet at perihelion.
The eclipse and the comet expeditions convinced Ames management of
the value of an airborne research laboratory and, as 1965 ended, plans were
being made to intensify the exploitation of the Galileo.
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PROJEer PIONEER

The eclipse and the comet expeditions represented but a small part of
the project-management activity at Ames, which mainly centered in the Pio
neer and the Biosatellite projects. The Ames group directing the Pioneer
project numbered over 40 people, was headed by Charlie Hall, and in
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Galileo astronautical research airplane, a modified Convair 990.

eluded Howard Matthews, in charge of flight operations and data processing;
Ralph Holtzclaw, spacecraft systems manager; Herbert Cross, scientific ex
periments manager; and Robert Hofstetter, responsible for launch vehicles,
launch operations, and trajectory analysis.
"Pioneer" was a name applied by NASA to a class of deep-space re
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search vehicles to which numbers were assigned only after a successful
launch. Most recent of the series, Pioneer V had in 1960 demonstrated
NASA's ability to send commands to a spacecraft at distances of over 22 mil
lion miles. A block of four Pioneer space flights, designated A, B, C, and D,
had been assigned to Ames management with the implication that more
might later be added. The cost of completing the four missions was esti
mated at something over $40 million. These funds would mostly be spent
on hardware contracts. Douglas and Aerojet-General would provide the
Thor-Delta booster rockets, and the Space Technology Laboratories would
build the spacecraft in which the experiments would be carried. The experi
ments would be provided by various scientific organizations, the launching
would be managed by the NASA Goddard Space Flight Center, and the
tracking and data acquisition would be accomplished by means of the
NASA Deep Space Network operated by the Jet Propulsion Laboratory.
Pioneer A was scheduled for launching into an elliptical solar orbit hav
ing a period of about 310 days and a perihelion distance from the sun of
about 77 million miles-just inside the orbit of the earth. Its 140-pound,
spin-stabilized spacecraft, made up of 56,000 separate parts, would carry 35
pounds of instruments to implement six carefully selected experiments.
Most of the experiments were concerned with studies of the sun and its
emanations. The sun was, indeed, a very promising subject for study be
cause, other than the earth, no celestial body was so important to man.
One of the experiments in Pioneer A was to be a solar-plasma probe
provided by John Wolfe of the Ames Space Sciences Division. In addition,
there would be a plasma cup detector provided by the Massachusetts Insti
tute of Technology; a radio-propagation detector provided by Stanford
University; a magnetometer supplied by the NASA Goddard Space Flight
Center; and a cosmic-ray anisotropy detector provided by the Graduate Re
search Center of the Southwest. Inasmuch as faint interplanetary magnetic
fields were to be measured, extreme care was exercised to ensure that the
spacecraft was magnetically clean. Further precautions in this matter were
taken by mounting the sensor of the magnetometer at the end of a 5-foot
boom.
Finally, on December 15, 1965, after a heroic preparatory effort, Pio
neer A was launched. The spacecraft, soon to be designated Pioneer VI, suc
cessfully achieved the planned orbit around the sun and shortly flight infor
mation began flowing into the Pioneer Control Center which had been
established at Ames. The instruments appeared to be working very well; in
deed, by the end of the year, it was clear that Pioneer VI was providing very
important new knowledge about the sun and its emanations. Having dem
onstrated their competence, Charlie Hall and his associates were already
turning their attention to Pioneer B, scheduled for launching in the sum
mer of 1966.
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PROJECT BIOSATELLITE

The responsibilities of the Biosatellite project management group were
generally similar to those of the Pioneer group. The Biosatellite group of
more than 70 people was, in 1965, headed by Charles Wilson. Included in
the group were Bonne Look, manager of spacecraft systems; Dale Smith,
manager of experiments and life systems; and Don Warner, manager of the
clinical, biochemistry, and vivarium section under Smith.
Contemplated in Project Biosatellite was the launching of a spacecraft,
carrying living plants and organisms, into an earth orbit of from 160- to
180-mile altitude. The purpose was to determine the effects of a space envi
ronment, principally weightlessness and radiation, on living matter. The
results, it was felt, would be scientifically interesting, if not practically useful,
and hopefully might shed some light on problems that man will encounter
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in space. As of 1965, six Biosatellite flights had been scheduled: two of 3-day
duration, the first to be launched late in 1966; two of 21-day duration, to be
launched in 1967; and two of 30-day duration, to be launched in 1967-1968.
Beyond that, the Biosatellite group hoped it might win approval from Head
quarters to launch biology experiments in an Apollo-size vehicle-perhaps
as an auxiliary payload on a regular Apollo flight.
The Biosatellite spacecraft and experiment hardware were being built
by the General Electric Co. under contract with Ames. From Cape Kennedy,
according to plan, the spacecraft would be launched into orbit by a thrust
augmented Thor-Delta booster. No attempt would be made to completely
stabilize the spacecraft, but excessive rotational velocities would be nullified
by gas jets. Inasmuch as a large part of the data would come from photo
graphic records or postflight examinations, a serious attempt would be made
to recover the spacecraft intact. Recovery, the responsibility of the military
services, would be effected if possible by snatching the spacecraft from the air
as it descended on parachute. Failing that, the specially equipped recovery
airplane would attempt to snatch the spacecraft from the sea. A final re
course would be recovery by surface vessel.
The selected experiments, including one contributed by Richard
Young of the Exobiology Division, were being provided by a variety of agen
cies including Dartmouth College, the University of California (both the
Berkeley and the Los Angeles institutions) , the University of Southern Cali
fornia, Colorado State University, Texas Woman's University, Texas Medi
cal Center, the Institute of Cancer Research, Oak Ridge National Labora
tory, Brookhaven National Laboratory, and North American Aviation, Inc.
Over 170 experiments had been proposed but fewer than 20 were accepted.
The two 3-day flights would carry 12 or 13 experiments; the two 21-day
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flights, three; and the two 30-day flights, also three but on a single animal
subject.
The intended purpose of the 3-day flights was to determine the effect of
weightlessness, radiation, or a conibination.of the two on plant and animal
life. Inasmuch as the spacecraft was not expected to enter the Van Allen ra
diation belts, an artificial, strontium-85, radiation source was to be provided
in the capsule. The radiation experiments were to be placed at appropriate
distances from this source.
Answers were to be sought in the 3-day flights to such questions as
whether the limbs of a pepper plant will continue to grow upward; whether
the roots of a wheat seedling will grow downward; and whether frogs' eggs
will hatch into normal frogs or two-headed monsters. The frogs' eggs experi
ment was one that Richard Young had tried, without much success, in Gem
ini III and was planning to try again in Gemini VIII. Frogs' eggs, it was
believed, had a heavy end which, under the influence of gravity, established
the orientation of the egg. If during a certain stage in the egg's development,
the egg was deliberately turned heavy-end up, a two-headed frog would re
sult. The question of interest therefore was whether this unfortunate condi
tion might occur naturally in a weightless environment. The 3-day flights
were also expected to show whether radiation, or the combined effects of ra
diation and weightlessness, would produce genetic changes in spores, larvae,
wasps, fruit flies, or spiderwort herbs or would affect the rate of proliferation
of virus in bacteria.
Of the three experiments to be carried on the 21-day flights, one was to
observe the occurrence of histologic changes in human-liver tissue during an
exposure to weightlessness. Another was to observe the effect of weightless
ness on the growth pattern of a fast-growing plant of the cress family. Still
another, the most difficult, was to determine the effect of weightlessness on
the gross body composition and metabolic rhythms of rats. For this purpose,
eight adult rats, wired for telemetry transmission of body temperature and
muscular activity, would be car~ied in the spacecraft. At the same time, a
larger control group of rats on the ground would' be subjected as nearly as
possible to the same environmental conditions-except for weightlessness
as those in space. Providing control groups and establishing baseline condi
tions for animal subjects used in research was no small task.
The sole test subject of each of the 30-day flights was to be a 15-pound
pig-tailed macaque from southeast Asia. The tests were expected to show the
effects of prolonged exposure to weightlessness on brain function, cardiovas
cular function, and bone density-a demineralization was expected. The
monkey to be chosen for a particular flight would be selected from
hundreds; his body composition and organ functions would be thoroughly
documented before flight, and he would be trained to eat pellets pulled
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from a tape on a rotating wheel, to suck fluids from a tube, and to carry out
certain functional or psychological exercises.
Although a rather pampered animal, the monkey would, nevertheless,
have to endure a number of indignities such as having his eyeteeth pulled
out (to avoid bite hazard to handler) , having several electrodes perma
nently embedded in his brain with clip-on terminals projecting from his
skull, having catheters installed in his main blood vessels (as well as in his
bladder for the removal of urine) , and having a form-fitting "butt plate"
attached by screws to his rump bones to hold him in place and to facilitate
the collection of feces . In addition, there would be leads inserted between
his ribs to transmit electrocardiograph readings, and thermocouples and
pressure sensors would be attached at various points on his body. His food
and fluid intake would be carefully metered, his excreta would be chemi
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cally analyzed, and he would be expected to sit still for 30 days carrying out
psychological exercises for which he had been trained. The least of his wor
ries, presumably, would be whether the Air Force would miss when they
tried to snatch him from the air on his return to earth. A second trip would
be too much to contemplate.
TECHNOLOGY UTILIZATION

The often-asked question of what good it would do to land a man on
the moon was sometimes answered by proponents of the plan with the re
mark that the value might come less from landing on the moon than from
learning how to get there. They were in such cases referring to the expecta
tion that the tremendous outpouring of scientific and technical effort re
quired to solve the practical problems involved in getting to the moon
would result in the development of new materials, equipment, techniques,
and processes which would have broad application throughout industry and
a major impact on the economy of the Nation and the world. While one
might be forgiven for believing that it was human curiosity rather than
byproducts which accounted for our going to the moon, there was certainly
much truth in the theory.
This was so clear in 1962 as to lead the NASA Administrator to take
steps not only to facilitate the transfer of technology but also, and very im
portantly he felt, to document it for ready referral. He assigned the task of
expediting the process to the Headquarters Office of Applications, which
shortly arranged for the appointment of Application Officers at each of the
research Centers. The activity was given a still higher priority in 1963, and
made more pointed, when in the course of a major reorganization of the
Headquarters establishment, a separate Office of Technology Utilization, re
porting directly to the Administrator, was formed. Subsidiary Technology
Utilization (TU) Offices were established at each of the Centers, and the
whole spinoff operation was greatly accelerated. At Ames the appointed TU
officer was George Edwards. He operated with a full-time professional staff
of two or three, but with the assistance of individuals (numbering 50 or 60)
in the research branches who served as TU representatives.
Formally stated, the objective of the NASA Technology Utilization
program was to transfer to the public domain those scientific and technical
results of the aerospace effort which potentially have other uses-in indus
try, business, medicine, education, and in the various agencies of Federal,
State, and local governments. The specific tasks of the TU organization
were: (I) to identify potentially useful innovations generated in NASA re
search centers or through the activities of its contractors; (2) to expedite
the preparation of descriptive material, photographs, related and supporting
evidence that would be helpful in the application of the innovation to
other fields (here the patent status of the innovation would be determined
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and indicated); and (3) to promptly bring the innovations to the attention
of possible users by suitable publication of descriptive information.
In operation, the procedure might, for example, start with the develop
ment of a unique instrument, such as Vernon Rogallo's momentum balance,
in one of the Ames research branches. The instrument would be noted by
the local TU representative and identified as being potentially useful to oth
ers. The TU representative would bring the matter to the attention of
George Edwards and his staff, who would examine the instrument with re
gard to its general usefulness, discuss the patent aspects of the case with a
patent counsel at Ames, and then prepare a summary of the innovation and
send it to the Headquarters TU Office in the form of a "flash sheet." The
idea proposed in the flash sheet would be evaluated both by Headquarters
and by a private technical agency retained for the purpose by NASA. If ap
proved for dissemination, a thorough description of the innovation would
be published in any one, or more, of several forms .
The forms adopted for TU publications include: a Technical Brief,
dealing with items of small scope; a Technology Utilization Report, dealing
with important single subjects; a Technology Handbook, describing pro
cesses; and a Technology Survey, reviewing a whole technical field. One ex
ample of the TU Report is SP-5007, which originated at Ames and is enti
tled "Measurement of the Heartbeat of Bird Embryos With a Micrometeor
ite Transducer." This report describes an instrument capable of measuring
the thousandth part of the momentum of a grain of salt that has dropped half
an inch. The published information about the instrument generated consid
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erable interest in industrial and medical centers and it was not long before
the commercial production of the instrument was being planned.
From all NASA Centers, the total number of flash sheets submitted to
the Headquarters TU office for evaluation in 1965 was 2589. Of these, 1116
were accepted for publication. Comments on the NASA TU program
in the technical press had earlier been critical but in 1965 were turning
to praise.
The principal problem faced by George Edwards in his TU operations
was a shortage of manpower. This problem had been aggravated by the ne
cessity of digging out ideas from often indifferent contractors as well as by
the heavy influx of inquiries about TU innovations. Also, Edwards and his
staff were often major contributors to technical conferences such as the one
on "Space, Science, and Urban Life" sponsored jointly by NASA and the
Ford Foundation and, with the cooperation of the University of California,
held in Oakland in March 1963.
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........................................................•..............................................................•.
A Change of Leadership

T

HE first generation of top management at Ames was approaching
retirement age. A few had already retired and others, it was clear,
would soon follow. Within another 5 years the management picture could
change rather markedly. Some change in the outlook and policies of the
Center would occur even if the new management team were chosen from
the existing staff. The change would very likely be more drastic if a new
Director from outside the Center were appointed. The opportunity for
this arose late in 1965.
On October 15, 1965, Dr. Smith J. DeFrance, Director of the Ames Re
search Center since its founding, retired after 45 years of public service. He
had been an effective leader, well liked by his staff and respected throughout
the aerospace community. Coming to Moffett Field in 1940, on the eve of
World War II, DeFrance had applied his long experience and characteristic
driving energy to the construction of a new Laboratory which well served
the country's wartime needs and grew, under his guidance, to a research cen
ter of international repute. The Laboratory which he founded bore the
stamp of his integrity.
Dr. DeFrance was in 1964 one of 10 men to receive the Career Civil
Service Award of the National Civil Service League and, on October 5,
1965, at a ceremony held in Washington, he was accorded NASA's highest
award-the NASA Medal for Outstanding Leadership. He was further hon
ored on October 19, 1965, with a retirement dinner, in San Jose, attended
by 800 of his friends from all over the country. Also a portrait of Dr. De
France, executed in oil, was hung opposite that of Dr. Ames in the lobby of
the Ames Administration Building.
When Dr. DeFrance's plan to retire was announced, there was much
speculation as to who would replace him. There were, on the Center's staff,
several worthy candidates for the position; nevertheless, qualms developed
over the possibility that an "outsider" might be picked. It was therefore an
occasion that brought relief as well as pleasure to the staff when the an
nouncement was made that the new Director of the Ames Research Center
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would be H. Julian (Harvey) Allen. This honor closely followed an earlier
one. At the same Washington ceremony at which DeFrance had received his
medal, Allen had been awarded NASA's highest scientific honor-the
NASA Medal for Exceptional Scientific Achievement.
Harvey assumed his new duties with a certain air of resignation and
quickly took steps to ensure that they would not infringe too heavily on his
personal research work. He turned over a large segment of his administra
tive responsibilities to Jack Parsons who was, in fact, quite capable of man
aging the whole Center. Administrative responsibilities were also shifted to
Loren Bright, for whom the position of Executive Assistant to the Director
was established. Having thus substantially unburdened himself, Allen again
picked up the threads of his aerodynamic-heating research while the work of
the Center moved forward with scarcely a ripple.
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Epilogue
A S the author considers the writing of this closing statement, the
fi need for an epilogue to the Ames history is not very clear. True,
the present ending is rather abrupt, but that is the way it is: the record of
a mighty stream of activity suddenly disappearing like a cataract plunging
over a cliff. Better, perhaps, than letting it dribble off to an unheroic end!
If the epilogue is to be a forward projection, a common objective of
such literary devices, the writer is in trouble. In an area of activity that is
changing with the rapidity of the field of aerospace science, forward projec
tions are likely to lead only to argument, and later embarrassment. Perhaps,
as a reversal of common practice, the epilogue can be put in the form of a
retrospective view of certain salient factors in the evolution of the Ames Re
search Center. The author should, indeed, like to talk about human beings
and their relation to research. Yes, that might be worth doing and the results
may be regarded as one man's opinion.
The evolution of the Ames Research Center at first closely followed the
evolution of its parent organization, NACA. But as the parent organization
grew and changed into NASA, Ames became a relatively smaller, and some
what divergent, part of the whole. Its physical growth was by no means phe
nomenal. Indeed, in that respect it did not keep pace with its sister centers.
Why? One can only guess. Langley, of course, was NACA's senior aerody
namics laboratory and NACA's management always had an eastern bent. To
some extent the same sectional influences prevailed as those which originally
delayed the formation of the Ames laboratory. But there was more to the
matter than that. Ames destiny was strongly influenced by the character of
the Center's management. The term "conservative" can truthfully be ap
plied to Ames managers, but the current implications of the word do them
an injustice. They were brought up in the exceedingly frugal environment
of NACA's early years and became permeated with the old-fashioned notion
that there should be a maximum return to the country for every dollar
spent. They were not great entrepreneurs nor were they bubble artists.
They wanted to expand the Ames research operation but only as required
by clear-cut missions and only with such rapidity as would allow them to
maintain a high degree of control and efficiency.
In matters such as described, the Ames managers were conservative and
they were even more conservative in their predilection for fundamental lab
oratory research as opposed to hardware construction, contract monitoring,
and glamorous space operations. Their experience, professional principles,
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and tastes did not encourage their direct participation in some of the costly,
highly publicized, spectacular events of the space age. They preferred activi
ties closer to their fundamental interests-activities that could be pursued
within Ames boundaries and over which they could themselves maintain
control. In this they were somewhat isolationist-an attitude which, because
of their detached western location and the continuing eastern bent of
NACA management, may have been forced upon them. In any case they
moved slowly into the nonresearch fields of space exploration; indeed they
had to be pushed by NASA Headquarters and by a few of the younger mem
bers of the Ames staff.
The reluctance with which Ames managers moved into the new fields
of space exploration undoubtedly resulted in smaller appropriations and
personnel allocations for the Center. It was clearly impossible for NASA
management, despite its good intentions, to protect Ames' basic laboratory
research from a certain starvation arising from public and political pressures
for spectacular space achievements.
While the Ames staff were slow in moving into non-, and extramural,
research fields, they proceeded with brilliance and speed in their laboratory
investigations of certain fundamental problems of aerospace science upon
which the success of glamorous space missions often depended. Here there
was no conservatism on the part of Ames management-only encourage
ment and support. At Ames there was, in laboratory research, a spirit of dar
ing and adventure which enabled the Center to maintain its position at the
forefront of a science that was developing with phenomenal speed.
Aerospace research has, since the founding of Ames, undergone tremen
. dous growth both in magnitude and in sophistication. At the time Ames was
established, NACA was "the" Government aeronautical research agency, ac
counting for most of the Nation's work in that field. This situation carried
on to the end of World War II, at which time the field of aeronautical re
search literally exploded. With war's end came the realization that NACA
could no longer, alone, handle the full burden of the Nation's aeronautical
research. It would be necessary to seek appropriations much larger than
NACA, typecast as a small agency, could command; it would be necessary to
employ research facilities located elsewhere than in NACA laboratories: and
it would be necessary to enlist research talent that preferred to operate in
environments provided by universities, industry, and other Government
agencies. Thus while NACA remained the single largest, most experienced,
and best equipped agency devoted to aeronautical research, the burden of
research after the war was shared by a growing number of public and pri
vate agencies largely financed, of course, by the Government. The begin
ning of the Space Age found NACA but one of many such agencies-and of
that one, Ames constituted less than a quarter. The expansion accelerated
during the space age and, under NASA, Ames became but a very small part
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of an American aerospace establishment which stretched around the world.
More and more of NASA's research was now being performed under
contract by private organizations. Such organizations, large and small, were
generally not handicapped by civil service salary restrictions and were pre
pared and happy to undertake, at a moment's notice, research as desired on
any subject in any field. As 1965, and this history, ended, one might well
have asked, "Why does the Government continue to operate a small re
search center such as Ames? Why not let the research out on contract and
allow private enterprise to do the laboratory's work?" To attempt an an
swer: perhaps the reason is to maintain the tradition of Government in
house research, or possibly it rests in the belief that such in-house research is
more economical and controllable than is research conducted via contract.
The answer may also lie in the obvious fact that contract research will yield
results of the greatest value when it is administered and monitored by peo
ple who themselves carry on research.
But may not more subtle factors have been considered? Perhaps in the
case of Ames, the reason is that over the years the Center has concentrated
its efforts in certain important areas of aerospace research and in these parti
cular areas its engineers and scientists have few, if any, equals and have pro
vided themselves with unique facilities. Perhaps the reason is that Ames has,
with care and attention, provided an environment which has attracted and
held good men against the temptations of higher salaries offered from out
side. Perhaps, more generally, the reason stems from the belief that a career
Government research man, whose livelihood and activities are not subject to
the vicissitudes ahd deadlines of contract procurement and completion, will
be more likely than others less fortunate to find the relaxed, contemplative
atmosphere which favors fundamental research. There is a continuity of ef
fort in Government laboratories that often is not feasible or possible in pri
vate research centers. Such continuity may result in the development of a
deeper understanding of scientific problems and a greater effectiveness in
fundamental research.
I am speaking here of the work of the few at Government laboratories
such as Ames. The work of the many could, indeed, be let out on contract
with little loss of research quality though perhaps at considerably higher
cost. But it is the work of the few exceedingly competent individuals, men
who in the face of tempting offers from private industry choose to remain
with their colleagues in the evocative environs of their own laboratories,
that justifies the existence of the whole Center. A single original idea from
one of these men may notably affect the world.

E.P. H.
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Appendix B

Major Honors and Awards Won by the
Staff of the Ames Research Center as a
Result of Work Performed at the Center
Allen, H. julian
Sylvanus Albert Reed Award (Institute of the Aeronautical Sciences), 1955
Distinguished Service Medal (NACAjNASA), 1957
Wright Brothers Lecture (Institute of the Aeronautical Sciences), 1957
Science Trophy (Air Force Association), 1958
Exceptional Scientific Achievement Award (NASA), 1965
Anderson, Dr. Evelyn
Fourth Annual Federal Woman's Award, 1964
Boyd, john W.
The Stanford Alfred P. Sloan Fellowship in Executive Development, 1965
1966
Chapman, Dr. Dean R.
Lawrence B. Sperry Award (Institute of the Aeronautical Sciences), 1952
Rockefeller Public Service Award, 1959
Exceptional Scientific Achievement Award (NASA), 1963
Christensen, jay V.
Group Achievement Award (NASA), 1964-with Ralph F. Huntsberger,
Charles W. Harper, and Earl R. Keener
Clausing, Lawrence A.
Octave Chanute Award (Institute of the Aeronautical Sciences), 1947
Outstanding Achievement Award (University of Minnesota), 1954
Cooper, George E.
Octave Chanute Award (Institute of the Aeronautical Sciences), 1954
Arthur S. Flemming Award (Junior Chamber of Commerce, Washington,
D.C.), 1954
DeFrance, Dr. Smith j.
Presidential Medal for Merit, 1948
Vice President, Institute of the Aeronautical Sciences, 1948 and 1951
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Honorary Doctor of Law degree (University of California at Los Angeles),
1952
Honorary Doctor of Engineering degree (University of Michigan), 1953
Career Service Award (National Civil Service League), 1964
Outstanding Leadership Medal (NASA), 1965
Drinkwater, Fred ]., III
Octave Chanute Award (American Institute of Aeronautics and Astronau
tics), 1964-with Robert C. Innis
Richard Hansford Burroughs Test Pilot Award (Flight Safety Foundation),
1966
Eggers, Dr. Alfred]., ]r.
ArthurS. Flemming Award (Junior Chamber of Commerce, Washington,
D.C.), 1956
Outstanding Alumni Award (University of Omaha), 1958
Sylvanus Albert Reed Award (American Institute of Aeronautics and As
tronautics), 1961
Harper, Charles W.
Group Achievement Award (NASA), 1964-with Jay V. Christensen, Ralph
F. Huntsberger, and Earl R. Keener
Huntsberger, Ralph F.
Group Achievement Award (NASA), 1964-with Jay V. Christensen, Charles
W. Harper, and Earl R. Keener
Innis, Robert C.
Octave Chanute Award (American Institute of Aeronautics and Astronau
tics), 1964-with Fred J. Drinkwater III
]ones, Robert T.
Sylvanus Albert Reed Award (Institute of the Aeronautical Sciences), 1946
Kauffman, William M.
Arthur S. Flemming Award (Junior Chamber of Commerce, Washington,
D.C.), 1955
Keener, Earl R.
Group Achievement Award (NASA), 1964-with Jay V. Christensen, Charles
W. Harper, and Ralph F. Huntsberger
Lewis, William
Robert M. Losey Award (Institute of the Aeronautical Sciences), 1949
NoTE.-Mr. Lewis was a meteorologist employed by the U.S. Weather Bureau and was as
signed to the Ames Aeronautical Laboratory from October I, 1944, to May 6, 1949. During
that assignment he did the research for which the award was made.

McAvoy, William H.
Octave Chanute Award (Institute of the Aeronautical Sciences), 1943
Mead, Merrill H.
The M.I.T. Alfred P. Sloan Fellowship in Executive Development,
1962-1963.
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Neel, Carr H.
The Award of Excellence (Instrument Society of America), 1965
Rodert, Lewis A.
Collier Trophy (National Aeronautic Association), 1946
Syvertson, Clarence A.
Lawrence B. Sperry Award (Institute of the Aeronautical Sciences), 1957
Van Dyke, Dr. Milton D.
Fulbright Award for Research, 1954
John Simon Guggenheim Award, 1954
Vincenti, Walter G.
Gold Medal Award (Pi Tau Sigma), 1948
Rockefeller Public Service Award, 1955
White, johnS.
Samuel Burka Award (Institute of Navigation), 1963-with Rodney C. Win
grove
Wingrove, Rodney C.
Samuel Burka Award (Institute of Navigation), 1963-with John S. White
Lawrence B. Sperry Award (American Institute of Aeronautics and Astro
nautics), 1965
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List of References
Product Display
The principal product of a research laboratory is the technical report.
The following list of reports is intended to serve more as a "product dis
play" than as a conventional reference source. The listed reports represent
but a small fraction of the total output of the Ames Research Center. They
were selected by the author, somewhat arbitrarily, on the basis of their histor
ical and technical significance and, as a group, are believed to be broadly
representative of the Center's best research efforts during the period of this
history. The list by no means includes all of the important reports pro
duced by the Center. Nor does it document the Center's continuous and ef
fective development-test effort by means of which the Nation's military and
civilian aircraft have, during the past quarter century, been notably im
proved.
PART

A-1.

A-2.

A-3.

A-4.
A-5.

A-6.

I

Rodert, Lewis A.; McAvoy, William H.; and Clausing, Lawrence A.: Pre
liminary Report on Flight Tests of an Airplane Having Exhaust
Heated Wings. NACA ACR, April 1941. (Issued as NACA WR A-53,
1941.)
Hardy, J. K.: An Analysis of the Dissipation of Heat in Conditions of
Icing from a Section of the Wing of the ·c-46 Airplane. NACA Rep.
8~1. 1945.
Neel, Carr B., Jr.: An Investigation of a Thermal Ice-Prevention System
for a C-46 Cargo Airplane. !-Analysis of the Thermal Design for
Wings, Empennage, and Windshields. NACA ARR 5A03, 1943.
Jones, Alun R.: An Investigation of a Thermal Ice-Prevention System for
a Twin-Engine Transport Airplane. NACA Rep. 862, 1946.
Goett, Harry J.; Jackson, Roy P.; and Belsley, Steven E.: Wind-Tunnel
Procedure for Determination of Critical Stability and Control Charac·
teristics of Airplanes. NACA Rep. 781, 1944.
Nissen, James l\L; Gadeberg, Burnett L.; and Hamilton, William T.:
Correlation of the Drag Characteristics of a Typical Pursuit Airplane
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A-9.
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B-4.
B-5.

B-6.
B-7.
B-8.

B-9.
B-10.

B-ll.

B-12.
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Obtained from High-Speed Wind-Tunnel and Flight Tests. NACA
Rep. 916, 1948.
Frick, Charles W.; Davis, Wallace F.; Randall, Lauros M.; and Moss
man, Emmet A.: An Experimental Investigation of NACA Submerged
Duct Entrances. NACA ACR 5I20, 1945.
Allen, H. Julian: General Theory of Airfoil Sections Having Arbitrary
Shape or Pressure Distribution. NACA Rep. 833, 1945.
Graham, Donald J.; Nitzberg, Gerald E.; and Olson, Robert N.: A Sys
tematic Investigation of Pressure Distributions at High Speeds Over
Five Representative NACA Low-Drag and Conventional Airfoil Sec
tions. NACA Rep. 832, 1945.
PART

B-1.

IN

II

Heaslet, Max A.; Lomax, Harvard; and Jones, Arthur L.: Volterra's Solu
tion of the Wave Equation as Applied to Three-Dimensional Super
sonic Airfoil Problems. NACA Rep. 889, 1947.
Spreiter, John R.: The Aerodynamic Forces on Slender Plane- and Cruci
form-Wing and Body Combinations. NACA Rep. 962, 1950.
Heaslet, Max A.; Lomax, Harvard; and Spreiter, John R.: Linearized
Compressible-Flow Theory for Sonic Flight Speeds. NACA Rep. 956,
1950.
Jones, Robert T.: Estimated Lift-Drag Ratios at Supersonic Speed.
NACA TN 1350, 1947.
Vincenti, Walter G.; Nielsen, Jack N.; and Matteson, Frederick H.: In
vestigation of Wing Characteristics at a Mach Number of 1.53. I-Tri
angular Wings of Aspect Ratio 2. NACA RM A7Il0, 1947.
Vincenti, Walter G.: Comparison Between Theory and Experiment for
Wings at Supersonic Speeds. NACA Rep. 1033, 1951.
Frick, C. W.; and Chubb, R. S.: The Longitudinal Stability of Elastic
Swept Wings at Supersonic Speed. NACA Rep. 965, 1950.
Chapman, Dean R.; and Perkins, Edward W.: Experimental Investiga
tion of the Effects of Viscosity on the Drag and Base Pressure of Bodies
of Revolution at a Mach Number of 1.5. NACA Rep. 1036, 1951.
Chapman, Dean R.: An Analysis of Base Pressure at Supersonic Velocities
and Comparison with Experiment. NACA Rep. 1051, 1951.
Allen, H. Julian; and Perkins, Edward W.: A Study of Effects of Viscosity
on Flow Over Slender Inclined Bodies of Revolution. NACA Rep.
1048, 1951.
DeYoung, John; and Harper, Charles W.: Theoretical Symmetric Span
Loading at Subsonic Speeds for Wings Having Arbitrary Plan Form.
NACA Rep. 921, 1948.
Kauffman, William M.; Liddell, Charles J., Jr.; Smith, Allan; and Van
Dyke, Rudolph D., Jr.: An Apparatus for Varying Effective Dihedral
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B-13.

B-14.

B-15.
B-16.

B-17.
B-18.

B-19.

B-20.
B-21.

B-22.
B-23.

B-24.

B-25.

B-26.

in Flight With Application to a Study of Tolerable Dihedral on a
Conventional Fighter Airplane. NACA Rep. 948, 1949.
Chapman, Dean R.; and Rubesin, Morris W.: Temperature and Velocity
Profiles in the Compressible Laminar Boundary Layer With Arbitrary
Distribution of Surface Temperature. ]our. Aero. Sci., vol. 16, no. 9,
Sept. 1949, pp. 547-565.
Scherrer, Richard: Comparison of Theoretical and Experimental Heat
Transfer Characteristics of Bodies of Revolution at Supersonic Speeds.
NACA Rep. 1055, 1951.
Stalder, Jackson R.; and Jukoff, David: Heat Transfer to Bodies Travel
ing at High Speed in the Upper Atmosphere. NACA Rep. 944, 1949.
Stalder, Jackson R.; Goodwin, Glen; and Creager, Marcus 0.: A Compar
ison of Theory and Experiment for High-Speed Free-Molecule Flow.
NACA Rep. 1032, 1951.
Seiff, Alvin: A Free-Flight Wind Tunnel for Aerodynamic Testing at Hy
personic Speeds. NACA Rep. 1222, 1955.
Huntsberger, Ralph F.; and Parsons, John F.: The Design of Large
High-Speed Wind Tunnels. Presented at Wind-Tunnel and Model
Testing Panel, Fourth General Assembly, AGARD, Scheveningen,
Netherlands, May 4, 1954. AGARD publication AG15fP6, pp. 127-152.
Lomax, Harvard; Heaslet, Max. A.; Fuller, Franklyn B.; and Sluder,
Lorna: Two- and Three-Dimensional Unsteady Lift Problems in
High-Speed Flight. NACA Rep. 1077, 1952.
Vincenti, Walter G.; and Wagoner, Cleo B.: Transonic Flow Past a
Wedge Profile With Detached Bow Wave. NACA Rep. 1095, 1952.
Vincenti, Walter G.; and Wagoner, Cleo B.: Theoretical Study of the
Transonic Lift of a Double-Wedge Profile with Detached Bow Wave.
NACA Rep. 1180, 1954.
Spreiter, John R.: On the Application of Transonic Similarity Rules to
Wings of Finite Span. NACA Rep. 1153, 1953.
McDevitt, John B.: A Correlation by Means of Transonic Similarity
Rules of Experimentally Determined Characteristics of a Series of Sym
metrical and Cambered Wings of Rectangular Plan Form. NACA Rep.
1253, 1955.
Chapman, Dean R.: Airfoil Profiles for Minimum Pressure Drag at Su
personic Velocities-General Analysis With Application to Linearized
Supersonic Flow, NACA Rep. 1063, 1952.
Chapman, Dean R.; Wimbrow, William R.; and Kester, Robert H.: Ex
perimental Investigation of Base Pressure on Blunt-Trailing-Edge
Wings at Supersonic Velocities. NACA Rep. 1109, 1952.
Eggers, A. J., Jr.; and Savin, Raymond C.: A Unified Two-Dimensional
Approach to the Calculation of Three-Dimensional Hypersonic :Flows,
With Application to Bodies of Revolution. NACA Rep. 1249, 1955.
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Van Dyke, Milton D.: A Study of Hypersonic Small-Disturbance Theory.
NACA Rep. 1194, 1954.
B-28. Perkins, Edward W.; Jorgensen, Leland H.; and Sommer, Simon C.: In
vestigation of the Drag of Various Axially Symmetric Nose Shapes of
Fineness Ratio 3 for Mach Numbers from 1.24 to 7.4. NACA Rep.
1386, 1958.
B-29. Nielsen, Jack N.: Quasi-Cylindrical Theory of Wing-Body Interference at
Supersonic Speeds and Comparison with Experiment. NACA Rep.
1252, 1955.
B-30. Pitts, William C.; Nielsen, Jack N.; and Kaattari, George E.: Lift and
Center of Pressure of Wing-Body-Tail Combinations at Subsonic,
Transonic, and Supersonic Speeds. NACA Rep. 1307, 1957.
B-31. · Jones, Robert T.: Theory of Wing-Body Drag at Supersonic Speeds.
NACA Rep. 1284, 1956.
B-32. Reynolds, Robert M.; Sammonds, Robert 1.; and Walker, John H.: An
Investigation of Single- and Dual-Rotation Propellers at Positive and
Negative Thrust, and in Combination With an NACA 1-Series D-Type
Cowling at Mach Numbers up to 0.84. NACA Rep. 1336, 1957.
B-33. Turner, Howard L.; Triplett, William C.; and White, JohnS.: A Flight
and Analog Computer Study of Some Stabilization and Command Net
works for an Automatically Controlled Interceptor During the Final
Attack Phase. NACA RM A54J14, 1955.
B-34. Triplett, William C.; Brown, Stuart C.; and Smith, G. Allan: The Dy
namic-Response Characteristics of a 35° Swept-Wing Airplane as De
termined From Flight Measurements. NACA Rep. 1250, 1955.
B-35. Allen, H. Julian; and Eggers, A. J., Jr.: A Study of the Motion and Aero
dynamic Heating of Ballistic Missiles Entering the Earth's Atmosphere
at High Supersonic Speeds. NACA Rep. 1381, 1958.
B-36. Charters, A. C.; Denardo, B. Pat; and Rossow, Vernon J.: Development of
a Piston-Compressor Type Light-Gas Gun for the Launching of Free
Flight Models at High Velocity. NACA TN 4143, 1957.
B-37. Eggers, A. J., Jr.: A Method for Simulating the Atmospheric Entry of
Long-Range Ballistic Missiles. NACA Rep. 1378, 1958.
B-38. Spreiter, John R.; and Alksne, Alberta Y.: Thin Airfoil Theory Based on
Approximate Solution of the Transonic Flow Equation. NACA Rep.
1359, 1958.
B-39. Eggers, A. J., Jr.; Resnikoff, Meyer M.; and Dennis, David H.: Bodies of
Revolution Having Minimum Drag at High Supersonic Airspeeds.
NACA Rep. 1306, 1957.
B-40. Holdaway, George H.; and Hatfield, Elaine W.: Transonic Investigation
of Yawed Wings of Aspect Ratios 3 and 6 with a Sears-Haack Body and
With Symmetrical and Asymmetrical Bodies Indented for a Mach
Number of 1.20. NACA RM A58C03, 1958.
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Heaslet, Max A.; and Fuller, Franklyn B.: Drag Minimization for Wings
and Bodies in Supersonic Flow. NACA Rep. 1385, 1958.
Eggers, Alfred J., Jr.; and Syvertson, Clarence A.: Aircraft Configurations
Developing High Lift-Drag Ratios at High Supersonic Speeds. NACA
RM A55L05, 1956.
Hall, Charles F.; and Boyd, John W.: Effects of Canards on Airplane Per
formance and Stability. NACA RM A58D24, 1958.
Kelly, Mark W.; Anderson, Seth B.; and Innis, Robert C.: Blowing-Type
Boundary-Layer Control as Applied to the Trailing-Edge Flaps of a
35° Swept-Wing Airplane. NACA Rep. 1369, 1958.
Davis, Wallace F.; and Scherrer, Richard: Aerodynamic Principles for the
Design of Jet-Engine Induction Systems. NACA RM A55Fl6, 1956.
Beam, Benjamin H.: A Wind-Tunnel Test Technique for Measuring the
Dynamic Rotary Stability Derivatives at Subsonic and Supersonic
Speeds. NACA Rep. 1258, 1956.
Douvillier, Joseph G., Jr.; Foster, John V.; and Drinkwater, Fred J., III:
An Airborne Simulator Investigation of the Accuracy of an Optical
Track Command Missile Guidance System. NACA RM A56G24, 1956
(Confidential) .
Cooper, George E.: Understanding and Interpreting Pilot Opinion. Aero.
Eng. Rev., vol. 16, no. 3, March 1957, pp. 47-51, 56.
Cole, Henry A., Jr.; Brown, Stuart C.; and Holleman, Euclid C.: Experi
mental and Predicted Longitudinal and Lateral-Directional Response
Characteristics of a Large Flexible 35° Swept-Wing Airplane at anAl
titude of 35,000 Feet. NACA Rep. 1330, 1957.
Chapman, Dean R.; Kuehn, Donald M.; and Larson, Howard K.: Investi
gation of Separated Flows in Supersonic and Subsonic Streams With
Emphasis on the Effect of Transition. NACA Rep. 1356, 1958.
Smith, Donald W.; and Walker, John H.: Skin-Friction Measurements in
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prototype, !l!l2
radiation hypervelocity free-flight, 419,
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414, 452
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}- X 3-ft., !147, !J59, 405
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414
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360, 363, 373-374
Unitary Plan, 347, !161, !163, 405, 408-
409
8- X 7-ft., 346, 363, 452
ll- X ll-ft., 318, 360, 452
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325, 402-403
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Aero-Thermodynamics Div., 318, !171
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Apollo Guidance and Control Team, 455
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Biological Adaptation Br., 485, 487
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428, 478, 479
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482, 483, 485, 491
Magnetop1asmadynamics Br., 459, 474
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Manned Satellite Team, 318
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Physics Br., 321, !129, 386-!187, 407, 424,
459, 477, 491
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424-425
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vortex, 347-349
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booster recovery, 366
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446
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428, 447
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444
human factors, 356
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!1!1!1-334
Charters-Curtis deformable piston,
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465-474
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