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HRE. An aircraft of this type indeed took shape before long, with the designation
X-30. However, it did not originate purely as a technical exercise. Its background
lay in presidential politics.

The 1980 election took place less than a year after the Soviets invaded Afghan-
istan. President Jimmy Carter had placed strong hope in arms control and had
negotiated a major treaty with his Soviet counterpart, Leonid Brezhnev. But the
incursion into Afghanistan took Carter by surprise and destroyed the climate of
international trust that was essential for Senate ratification of this treaty. Reagan
thus came to the White House with arms-control prospects on hold and with the
Cold War once more in a deep freeze. He responded by launching an arms buildup
that particularly included new missiles for Europe.*’

Peace activist Randall Forsberg replied by taking the lead in calling for a nuclear
freeze, urging the superpowers to halt the “testing, production and deployment of
nuclear weapons” as an important step toward “lessening the risk of nuclear war.”
His arguments touched a nerve within the general public, for within two years,
support for a freeze topped 70 percent. Congressman Edward Markey introduced
a nuclear-freeze resolution in the House of Representatives. It failed by a margin of
only one vote, with Democratic gains in the 1982 mid-term elections making pas-
sage a near certainty. By the end of that year half the states in the Union adopted
their own freeze resolutions, as did more than 800 cities, counties, and towns.*

To Reagan, a freeze was anathema. He declared that it “would be largely unverifi-
able.... It would reward the Soviets for their massive military buildup while prevent-
ing us from modernizing our aging and increasingly vulnerable forces.” He asserted
that Moscow held a “present margin of superiority” and that a freeze would leave
America “prohibited from catching up.™"

With the freeze ascendant, Admiral James Watkins, the Chief of Naval Opera-
tions, took a central role in seeking an approach that might counter its political
appeal. Exchanges with Robert McFarlane and John Poindexter, deputies within the
National Security Council, drew his thoughts toward missile defense. Then in Janu-
ary 1983 he learned that the Joint Chiefs were to meet with Reagan on 11 February.
As preparation, he met with a group of advisors that included the physicist Edward
Teller.

Trembling with passion, Teller declared that there was enormous promise in a
new concept: the x-ray laser. This was a nuclear bomb that was to produce intense
beams of x-rays that might be aimed to destroy enemy missiles. Watkins agreed that
the broad concept of missile defense indeed was attractive. It could introduce a new
prospect: that America might counter the Soviet buildup, not with a buildup of its
own but by turning to its strength in advanced technology.

Watkins succeeded in winning support from his fellow Joint Chiefs, including
the chairman, General John Vessey. Vessey then gave Reagan a half-hour briefing at
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the 11 February meeting, as he drew extensively on the views of Watkins. Reagan
showed strong interest and told the Chiefs that he wanted a written proposal. Robert
McFarlane, Deputy to the National Security Advisor, already had begun to explore
concepts for missile defense. During the next several weeks his associates took the
lead in developing plans for a program and budget.”

On 23 March 1983 Reagan spoke to the nation in a televised address. He dealt
broadly with issues of nuclear weaponry. Toward the end of the speech, he offered
new thoughts:

“Let me share with you a vision of the future which offers hope. It is that
we embark on a program to counter the awesome Soviet missile threat with
measures that are defensive. Let us turn to the very strengths in technology
that spawned our great industrial base and that have given us the quality of
life we enjoy today.

What if free people could live secure in the knowledge that their
security did not rest upon the threat of instant U.S. retaliation to deter a
Soviet attack, that we could intercept and destroy strategic ballistic missiles
before they reached our own soil or that of our allies?...

I call upon the scientific community in our country, those who gave us
nuclear weapons, to turn their great talents now to the cause of mankind
and world peace, to give us the means of rendering these nuclear weapons
impotent and obsolete.”

The ensuing Strategic Defense Initiative never deployed weapons that could
shoot down a missile. Yet from the outset it proved highly effective in shooting
down the nuclear freeze. That movement reached its high-water mark in May 1983,
as a strengthened Democratic majority in the House indeed passed Markey’s resolu-
tion. But the Senate was still held by Republicans, and the freeze went no further.
The SDI gave everyone something new to talk about. Reagan’s speech helped him
to regain the initiative, and in 1984 he swept to re-election with an overwhelming
majority.**

The SDI brought the prospect of a major upsurge in traffic to orbit, raising the
prospect of a flood of new military payloads. SDI supporters asserted that some one
hundred orbiting satellites could provide an effective strategic defense, although
the Union of Concerned Scientists, a center of criticism, declared that the number
would be as large as 2,400. Certainly, though, an operational missile defense was
likely to place new and extensive demands on means for access to space.

Within the Air Force Systems Command, there already was interest in a next-
generation single-stage-to-orbit launch vehicle that was to use the existing Space
Shuttle Main Engine. Lieutenant General Lawrence Skantze, Commander of the
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Air Force Systems Command’s Aero-
nautical Systems Division (ASD),
launched work in this area early in
1982 by directing the ASD planning
staff to conduct an in-house study
of post-shuttle launch vehicles. It
then went forward under the leader-
ship of Stanley Tremaine, the ASD’s
Deputy for Development Planning,
who christened these craft as Trans-
atmospheric Vehicles. In December
1984 Tremaine set up a TAV Program
Office, directed by Lieutenant Colo-
nel Vince Rausch.®

Moreover, General Skantze was
advancing into high-level realms of
command, where he could make his
voice heard. In August 1982 he went
to Air Force Headquarters, where
he took the post of Deputy Chief of
Staff for Research, Development, and
Acquisition. This gave him responsi-
bility for all Air Force programs in these areas. In October 1983 he pinned on his
fourth star as he took an appointment as Air Force Vice Chief of Staff. In August
1984 he became Commander of the Air Force Systems Command.*

He accepted these Washington positions amid growing military disenchantment
with the space shuttle. Experience was showing that it was costly and required a
long time to prepare for launch. There also was increasing concern for its safety,
with a 1982 Rand Corporation study flatly predicting that as many as three shuttle
orbiters would be lost to accidents during the life of the program. The Air Force was
unwilling to place all its eggs in such a basket. In February 1984 Defense Secretary
Caspar Weinberger approved a document stating that total reliance on the shuttle
“represents an unacceptable national security risk.” Air Force Secretary Edward
Aldridge responded by announcing that he would remove 10 payloads from the
shuttle beginning in 1988 and would fly them on expendables.”

Just then the Defense Advanced Research Projects Agency was coming to the
forefront as an important new center for studies of TAV-like vehicles. DARPA was
already reviving the field of flight research with its X-29, which featured a forward-
swept wing along with an innovative array of control systems and advanced materi-
als. Robert Cooper, DARPAs director, held a strong interest in such projects and
saw them as a way to widen his agency’s portfolio. He found encouragement during

Transatmospheric Vehicle concepts, 1984.
(U.S. Air Force)
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Anthony duPont’s engine. (GASL)

1982 as a group of ramjet specialists met with Richard De Lauer, the Undersecretary
of Defense Research and Engineering. They urged him to keep the field alive with
enough new funds to prevent them from having to break up their groups. De Lauer
responded with letters that he sent to the Navy, Air Force, and DARPA, asking them
to help.*®

This provided an opening for Tony duPont, who had designed the HRE. He
had taken a strong interest in combined-cycle concepts and decided that the scram-
lace was the one he preferred. It was to eliminate the big booster that every ramjet
needed, by using an ejector, but experimental versions weren’t very powerful.
DuPont thought he could do better by using the HRE as a point of departure, as he
added an auxiliary inlet for LACE and a set of ejector nozzles upstream of the com-
bustor. He filed for a patent on his engine in 1970 and won it two years later.*’

In 1982 he still believed in it, and he learned that Anthony Tether was the
DARPA man who had been attending TAV meetings. The two men met several
times, with Tether finally sending him up to talk with Cooper. Cooper listened to
duPont and sent him over to Robert Williams, one of DARPA’s best acrodynami-
cists. Cooper declares that Williams “was the right guy; he knew the most in this
area. This wasn't his specialty, but he was an imaginative fellow.”*

Williams had come up within the Navy, working at its David Taylor research
center. His specialty was helicopters; he had initiated studies of the X-wing, which
was to stop its rotor in midair and fly as a fixed-wing aircraft. He also was inter-
ested in high-speed flight. He had studied a missile that was to fight what the Navy
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called the “outer air battle,” which might use a scramjet. This had brought him
into discussions with Fred Billig, who also worked for the Navy and helped him to
learn his hypersonic propulsion. He came to DARPA in 1981 and joined its Tacti-
cal Technologies Office, where he became known as the man to see if anyone was
interested in scramjets.”!

Williams now phoned duPont and gave him a test: “I've got a very ambitious
problem for you. If you think the airplane can do this, perhaps we can promote
a program. Cooper has asked me to check you out.” The problem was to achieve
single-stage-to-orbit flight with a scramjet and a suite of heat-resistant materi-
als, and duPont recalls his response: “I stayed up all night; I was more and more
intrigued with this. Finally I called him back: ‘Okay, Bob, it’s not impossible. Now
what?””%

DuPont had been using a desktop computer, and Williams and Tether responded
to his impromptu calculations by giving him $30,000 to prepare a report. Soon
Williams was broadening his circle of scramjet specialists by talking with old-timers
such as Arthur Thomas, who had been conducting similar studies a quarter-century
earlier, and who quickly became skeptical. DuPont had patented his propulsion
concept, but Thomas saw it differently: “I recognized it as a Marquardt engine.
Tony called it the duPont cycle, which threw me off, but I recognized it as our
engine. He claimed hed improved it.” In fact, “he'd made a mistake in calculating
the heat capacity of air. So his engine looked so much better than ours.”

Thomas nevertheless signed on to contribute to the missionary work, joining
Williams and duPont in giving presentations to other conceptual-design groups.
At Lockheed and Boeing, they found themselves talking to other people who knew
scramjets. As Thomas recalls, “The people were amazed at the component efficien-
cies that had been assumed in the study. They got me aside and asked if I really
believed it. Were these things achievable? Tony was optimistic everywhere: on
mass fraction, on air drag of the vehicle, on inlet performance, on nozzle perfor-
mance, on combustor performance. The whole thing, across the board. But what
salved our conscience was that even if these weren't all achieved, we still could have
something worth while. Whatever we got would still be exciting.”*

Williams recalls that in April 1984, “I put together a presentation for Cooper
called ‘Resurrection of the Aerospaceplane.” He had one hour; I had 150 slides.
He came in, sat down, and said Go. We blasted through those slides. Then there
was silence. Cooper said, ‘I want to spend a day on this.”” After hearing addi-
tional briefings, he approved a $5.5-million effort known as Copper Canyon, which
brought an expanded program of studies and analyses.*

Copper Canyon represented an attempt to show how the SDI could achieve
its access to space, and a number of high-level people responded favorably when
Cooper asked to give a briefing. He and Williams made a presentation to George
Keyworth, Reagan’s science advisor. They then briefed the White House Science
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Council. Keyworth recalls that “here were people who normally would ask ques-
tions for hours. But after only about a half-hour, David Packard said, “What’s keep-
ing us? Let’s do it!” Packard was Deputy Secretary of Defense.”

During 1985, as Copper Canyon neared conclusion, the question arose of
expanding the effort with support from NASA and the Air Force. Cooper attended
a classified review and as he recalls, “I went into that meeting with a high degree
of skepticism.” But technical presentations brought him around: “For each major
problem, there were three or four plausible ways to deal with it. Thats extraordi-
nary. Usually its—"Well, we don’t know exactly how we'll do it, but we'll do it.” Or,
“We have 2 way to do it, which may work.” It was really a surprise to me; I couldn’t
pick any obvious holes in what they had done. I could find no reason why they
couldn’t go forward.”

Further briefings followed. Williams gave one to Admiral Watkins, whom
Cooper describes as “very supportive, said he would commit the Navy to support of
the program.” Then in July, Cooper accompanied Williams as they gave a presenta-
tion to General Skantze.

They displayed their viewgraphs and in Cooper’s words, “He took one look at
our concept and said, ‘Yeah, that’s what I meant. I invented that idea.”” Not even
the stars on his shoulders could give him that achievement, but his endorsement
reflected the fact that he was dissatisfied with the TAV studies. He had come away
appreciating that he needed something better than rocket engines—and here it was.
“His enthusiasm came from the fact that this was all he had anticipated,” Cooper
continues. “He felt as if he owned it.”

Skantze wanted more than viewgraphs. He wanted to see duPont’s engine in
operation. A small version was under test at GASL, without LACE but definitely
with its ejector, and one technician had said, “This engine really does put out static
thrust, which isn’t obvious for a ramjet.” Skantze saw the demonstration and came
away impressed. Then, Williams adds, “the Air Force system began to move with

the speed of a spaceplane. In
literally a week and a half, the
entire Air Force senior com-
mand was briefed.”

Later that year the Secretary
of Defense, Caspar Weinberger,
granted a briefing. With him
were members of his staff,
along with senior people from
NASA and the military service.
After giving the presentation,
Williams recalls that “there was

Initial version of the duPont engine under test at GASL. silence in the room. The Sec-

(GASL)
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retary said, ‘Interesting,” and turned to his staff. Of course, all the groundwork had
been laid. All of the people there had been briefed, and we could go for a yes-or-no
decision. We had essentially total unanimity around the table, and he decided that
the program would proceed as a major Defense Department initiative. With this,
we moved immediately to issue requests for proposal to industry.”*’

In January 1986 the TAV effort was formally terminated. At Wright-Patterson
AFB, the staff of its program office went over to a new Joint Program Office that now
supported what was called the National Aerospace Plane. It brought together rep-
resentatives from the Air Force, Navy, and NASA. Program management remained
at DARPA, where Williams retained his post as the overall manager.*

In this fashion, NASP became a significant federal initiative. It benefited from
a rare alignment of the political stars, for Reagan’s SDI cried out for better launch
vehicles and Skantze was ready to offer them. Nor did funding appear to be a prob-
lem, at least initially. Reagan had shown favor to aerospace through such acts as
approving NASA's space station in 1984. Pentagon spending had surged, and DAR-
PA’s Cooper was asserting that an X-30 might be built for an affordable cost.

Yet NASP was a leap into the unknown. Its scramjets now were in the forefront
but not because the Langley research had shown that they were ready. Instead they
were a focus of hope because Reagan wanted SDI, SDI needed better access to
space, and Skantze wanted something better than rockets.

The people who were making Air Force decisions, such as Skantze, did not know
much about these engines. The people who did know them, such as Thomas, were
well aware of duPont’s optimism. There thus was abundant opportunity for high
hope to give way to hard experience.

THE DECLINE OF NASP

NASP was one of Reagan’s programs, and for a time it seemed likely that it
would not long survive the change in administrations after he left office in 1989.
That fiscal year brought a high-water mark for the program, as its budget peaked at
$320 million. During the spring of that year officials prepared budgets for FY 1991,
which President George H. W. Bush would send to Congress early in 1990. Military
spending was already trending downward, and within the Pentagon, analyst David
Chu recommended canceling all Defense Department spending for NASP. The new
Secretary of Defense, Richard Cheney, accepted this proposal. With this, NASP
appeared dead.

NASP had a new program manager, Robert Barthelemy, who had replaced Wil-
liams. Working through channels, he found support in the White House from Vice
President Dan Quayle. Quayle chaired the National Space Council, which had been
created by law in 1958 and that just then was active for the first time in a decade. He
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X-30 concept of 1985. (NASA)

used it to rescue NASP. He led the Space Council to recommend proceeding with
the program under a reduced but stable budget, and with a schedule slip. This plan
won acceptance, giving the program leeway to face a new issue: excessive technical
optimism.*

During 1984, amid the Copper Canyon activities, Tony duPont devised a con-
ceptual configuration that evolved into the program’s baseline. It had a gross weight
of 52,650 pounds, which included a 2,500-pound payload that it was to carry to
polar orbit. Its weight of fuel was 28,450 pounds. The propellant mass fraction, the
ratio of these quantities, then was 0.54.°

The fuel had low density and was bulky, demanding high weight for the tank-
age and airframe. To save weight, duPont’s concept had no landing gear. It lacked
reserves of fuel; it was to reach orbit by burning its last drops. Once there it could
not execute a controlled deorbit, for it lacked maneuvering rockets as well as fuel
and oxidizer for them. DuPont also made no provision for a reserve of weight to
accommodate normal increases during development.”!

Williams’s colleagues addressed these deficiencies, although they continued to
accept duPont’s optimism in the areas of vehicle drag and engine performance.
The new concept had a gross weight of 80,000 pounds. Its engines gave a specific
impulse of 1,400 seconds, averaged over the trajectory, which corresponded to a
mean exhaust velocity of 45,000 feet per second. (That of the SSME was 453.5 sec-
onds in vacuum, or 14,590 feet per second.) The effective velocity increase for the
X-30 was calculated at 47,000 feet per second, with orbital velocity being 25,000 feet
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per second; the difference represented loss due to drag. This version of the X-30 was
designated the “government baseline” and went to the contractors for further study.”

The initial round of contract awards was announced in April 1986. Five airframe
firms developed new conceptual designs, introducing their own estimates of drag
and engine performance along with their own choices of materials. They gave the
following weight estimates for the X-30:

Rockwell International 175,000 pounds
McDonnell Douglas 245,000
General Dynamics 280,000
Boeing 340,000
Lockheed 375,000

A subsequent downselection, in October 1987, eliminated the two heaviest con-
cepts while retaining Rockwell, McDonnell Douglas, and General Dynamics for
further work.”

What brought these weight increases? Much of the reason lay in a falloff in
estimated engine performance, which fell as low as 1,070 seconds of averaged spe-
cific impulse. New estimates of drag pushed the required effective velocity increase
during ascent to as much as
52,000 feet per second.

A 1989 technical review,
sponsored by the National
Research  Council, showed
what this meant. The chair-
man, Jack Kerrebrock, was an
experienced propulsion spe-
cialist from MIT. His panel
included other men of similar
background: Seymour Bog-
donoff of Princeton, Artur
Mager of Marquardt, Frank
Marble from Caltech. Their
report stated that for the X-30
to reach orbit as a single stage,
“a fuel fraction of approxi-
mately 0.75 is required.”*

One gains inSight by con- X-30 concept of 1990, which had grown considerably.
sidering three hydrogen-fueled ~ (U.S. Air Force)
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rocket stages of NASA and calculating their values of propellant mass fraction if
both their hydrogen and oxygen tanks were filled with NASP fuel. This was slush
hydrogen, a slurry of the solid and liquid. The stages are the S-II and S-IVB of
Apollo and the space shuttle’s external tank. Liquid hydrogen has 1/16 the density
of liquid oxygen. With NASP slush having 1.16 times the density of liquid hydro-
gen,” the propellant mass fractions are as follows:*

S-1VB, third stage of the Saturn V 0.722
S-11, second stage of the Saturn V 0.753
External Tank 0.868

The S-1I, which comes close to Kerrebrock’s value of 0.75, was an insulated shell
that mounted five rocket engines. It withstood compressive loads along its length
that resulted from the weight of the S-IVB and the Apollo moonship but did not
require reinforcement to cope with major bending loads. It was constructed of alu-
minum alloy and lacked landing gear, thermal protection, wings, and a flight deck.

How then did NASP offer an X-30 concept that constituted a true hypersonic
airplane rather than a mere rocket stage? The answer lay in adding weight to the
fuel, which boosted the pro-
pellant mass fraction. The
vehicle was not to reach
orbit entirely on slush-
fueled scramjets but was to
use a rocket for final ascent.
It used tanked oxygen—
with nearly 14 times the
density of slush hydrogen.
In addition, design require-
ments specified a tripro-
pellant system that was to
burn liquid methane during
the early part of the flight.
This fuel had less energy
than hydrogen, but it too
added weight because it was
relatively dense. The recom-

mended mix called for 69 Evolution of the X-30. The government baseline of 1986 had
Isp of 1,400 seconds, delta-V to reach orbit of 47,000 feet per
second, and propellant mass fraction of 0.54. Its 1992 counter-
cent oxygen, and 11 percent part had less Isp, more drag, propellant mass fraction of 0.75,
methane.” and could not reach orbit. (NASP National Program Office)

percent hydrogen, 20 per-
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In 1984, with optimism at its height, Cooper had asserted that the X-30 would
be the size of an SR-71 and could be ready in three years. DuPont argued that his
concept could lead to a “5-5-50” program by building a 50,000-pound vehicle in
five years for $5 billion.”® Eight years later, in October 1990, the program had a
new chosen configuration. It was rectangular in cross section, with flat sides. Three
scramjet engines were to provide propulsion. Two small vertical stabilizers were at
the rear, giving better stability than a single large one. A single rocket engine of
approximately 60,000 pounds of thrust, integrated into the airframe, completed the
layout. Other decisions selected the hot structure as the basic approach to thermal
protection. The primary structure was to be of titanium-matrix composite, with
insulated panels of carbon to radiate away the heat.”

This 1990 baseline design showed little resemblance to its 1984 ancestor. As
revised in 1992, it no longer was to fly to a polar orbit but would take off on a
due-east launch from Kennedy Space Center, thereby gaining some 1,340 feet per
second of launch velocity. Its gross weight was quoted at 400,000 pounds, some
40 percent heavier than the General Dynamics weight that had been the heaviest
acceptable in the 1987 downselect. Yet even then the 1992 concept was expected to
fall short of orbit by some 3,000 feet per second. An uprated version, with a gross
weight of at least 450,000 pounds, appeared necessary to reach orbital velocity. The
prospective program budget came to $15 billion or more, with the time to first
flight being eight to ten years.®’

During 1992 both the Defense Science Board (DSB) and Congress’s General
Accounting Office (GAO) conducted major program reviews. The immediate issue
was whether to proceed as planned by making a commitment that would actually
build and fly the X-30. Such a decision would take the program from its ongoing
phase of research and study into a new phase of mainstream engineering develop-
ment.

Both reviews focused on technology, but international issues were in the back-
ground, for the Cold War had just ended. The Soviet Union had collapsed in 1991,
with communists falling from power while that nation dissolved into 15 constituent
states. Germany had already reunified; the Berlin Wall had fallen, and the whole of
Eastern Europe had won independence from Moscow. The western border of Russia
now approximated that of 1648, at the end of the Thirty Years’ War. Two complete
tiers of nominally independent nations now stood between Russia and the West.

These developments greatly diminished the military urgency of NASP, while the
reviews’ conclusions gave further reason to reduce its priority. The GAO noted that
program managers had established 38 technical milestones that were to be satisfied
before proceeding to mainstream development. These covered the specific topics of
X-30 design, propulsion, structures and materials, and use of slush hydrogen as a
fuel. According to the contractors themselves, only 17 of those milestones—fewer
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than half—were to be achieved by September 1993. The situation was particularly
worrisome in the critical area of structures and materials, for which only six of 19
milestones were slated for completion. The GAO therefore recommended delaying
a commitment to mainstream development “until critical technologies are devel-
oped and demonstrated.”!

The DSB concurred, highlighting specific technical deficiencies. The most
important involved the prediction of scramjet performance and of boundary-layer
transition. In the latter, an initially laminar or smoothly flowing boundary layer
becomes turbulent. This brings large increases in heat transfer and skin friction, a
major source of drag. The locations of transition thus had to be known.

The scramjet-performance problem arose because of basic limitations in the
capabilities of ground-test facilities. The best of them could accommodate a com-
plete engine, with inlet, combustor, and nozzle, but could conduct tests only below
Mach 8. “Even at Mach 8,” the DSB declared, “the scramjet cycle is just beginning
to be established and consequently, there is uncertainty associated with extrapolat-
ing the results into the higher Mach regime. At speeds above Mach 8, only small
components of the scramjet can be tested.” This brought further uncertainty when
predicting the performance of complete engines.

Boundary-layer transition to turbulence also demanded attention: “It is essential
to understand the boundary-layer behavior at hypersonic speeds in order to ensure
thermal survival of the airplane structure as designed, as well as to accurately predict
the propulsion system performance and airplane drag. Excessive conservatism in
boundary-layer predictions will lead to an overweight design incapable of achieving
[single stage to orbit], while excessive optimism will lead to an airplane unable to
survive in the hypersonic flight environment.”

The DSB also showed strong concern over issues of control in flight of the X-
30 and its engines. These were not simple matters of using ailerons or pushing
throttles. The report stated that “controllability issues for NASP are so complex,
so widely ranging in dynamics and frequency, and so interactive between technical
disciplines as to have no parallels in acronautical history...the most fundamental
initial requirements for elementary aircraft control are not yet fully comprehended.”
An onboard computer was to manage the vehicle and its engines in flight, but an
understanding of the pertinent forces and moments “is still in an embryonic state.”
Active cooling of the vehicle demanded a close understanding of boundary-layer
transition. Active cooling of the engine called for resolution of “major uncertain-
ties...connected with supersonic burning.” In approaching these issues, “very great
uncertainties exist at a fundamental level.”

The DSB echoed the GAO in calling for extensive additional research before
proceeding into mainstream development of the X-30:
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We have concluded [that] fundamental uncertainties will continue to
exist in at least four critical areas: boundary-layer transition; stability and
controllability; propulsion performance; and structural and subsystem
weight. Boundary-layer transition and scramjet performance cannot
be validated in existing ground-test facilities, and the weight estimates
have insufficient reserves for the inevitable growth attendant to material
allowables, fastening and joining, and detailed configuration issues....
Using optimistic assumptions on transition and scramjet performance, and
the present weight estimates on material performance and active cooling,
the vehicle design does not yet close; the velocity achieved is short of orbital
requirements.®?

Faced with the prospect that the flight trajectory of the X-30 would merely
amount to a parabola, budget makers turned the curve of program funding into
a parabola as well. The total budget had held at close to $250 million during FY
1990 and 1991, falling to $205 million in 1992. But in 1993 it took a sharp dip
to $140 million. The NASP National Program Office tried to rescue the situation
by proposing a six-year program with a budget of $2 billion, called Hyflite, that
was to conduct a series of unmanned flight tests. The Air Force responded with a
new technical group, the Independent Review Team, that turned thumbs down on
Hyflite and called instead for a “minimum” flight test program. Such an effort was
to address the key problem of reducing uncertainties in scramjet performance at
high Mach.

The National Program Office came back with a proposal for a new program
called HySTP. Its budget request came to $400 million over five years, which would
have continued the NASP effort at a level only slightly higher than its allocation
of $60 million for FY 1994. Yet even this minimal program budget proved to be
unavailable. In January 1995 the Air Force declined to approve the HySTP budget
and initiated the formal termination of the NASP program.®

In this fashion, NASP lived and died. Like SDI and the space station, one could
view it as another in a series of exercises in Reaganesque optimism that fell short. Yet
from the outset, supporters of NASP had emphasized that it was to make important
contributions in such areas as propulsion, hypersonic aerodynamics, computational
fluid dynamics, and materials. The program indeed did these things and thereby
laid groundwork for further developments.
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WHY NASP
FELL SHORT

NASP was founded on optimism, but it involved a good deal more than blind
faith. Key technical areas had not been properly explored and offered significant
prospects of advance. These included new forms of titanium, along with the use of
an ejector to eliminate the need for an auxiliary engine as a separate installation, for
initial boost of a scramjet. There also was the highly promising field of computa-
tional fluid dynamics (CFD), which held the prospect of supplementing flight test
and work in wind tunnels with sophisticated mathematical simulation.

Still NASP fell short, and there were reasons. CFD proved not to be an exact sci-
ence, particularly at high Mach. Investigators worked with the complete equations
of fluid mechanics, which were exact, but were unable to give precise treatments
in such crucial areas as transition to turbulence and the simulation or modeling of
turbulence. Their discussions 