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{fntroduction

Would Your Government

Lie to You?

“Is there anything else to which you would wish
to draw my attention?”
*To the eurious incident of the dog in the night-time.”
“The dog did nothing in the night-time."”
“That was the eurious inecident.”

~Conan Daoyle, Silver Blaze

Cin March 6, 19590, one of the United
States Alr Foree's (USAF) sleck,
matte-black Lockheed SR-T1 Black-
bBird spyplanes, sevial number Gd-
17972, shattered the official air specd
record from Los Angeles to Washing-
ton's Dulles airport, There, a briel
snow-dusled ceremony marked the
end of the SR-71% operatienal eareer,
as the record-hreaking aireraft was
handed over Lo the National Air and
Space Musoum,

Officially, the SR-71 was heing re-
Liveed 1o save the S200-$300 million o
vear that it cost to operate the fleet,
Some reporters were told that the SRE-
71 had been declared redundant he-
cause spy satellites had improved so
much that the aiveraft was ne longer
needed,

But there was somelhing badly
wrong wilh the piclure: nol only was
the Air Force, from chief of staff Gen.
Lawrence Welch on down, declining
oppasition o end ibs moest glamorouas
manncd-aireraft mission, but it alse
was discouraging congressional at-
Lempla Lo revive ik Never in its history
had the Air Force—owned and oporat-
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ed by the pilot community—walked
away from a manned mission, however
mundane, withoul a fight.

The money was nlso an issue; $300
million is a lot to most of us, but it is
chickenfeed to the Pentagon. Specili-
cally, il is well under 7 pereent, of what
the Pentagon spends each year on re-
connaissance satellites, [F the SR-7ls
served no other purpose than that of
an emergency backup, in case of an
unlucky string of satellite and launch-
er failures, they would be cheap insur-
anee,

The missing picee in this puszzle,
and a number of others, is a spyplane
called Auroen. The oulside world uses
that name because a cenzor’s slip let it
appear below the SH-T1 and the U-2in
the 1985 Pentagon hudgel request, at-
Lached Lo a budgel ling that ealled for
production Tunds in 1987, Even if that
was the project’s real name—which is
nol certain—it was almost certainly
changed after heing compromised in
such a manner.

The plane’s real name has been
kept soeret, and so s the fact that it
oxists, The project is what is technical-



Iy known as an unacknowledged Spe-
cial Access Program (SATP), More
often, such projects are called “black
proprams.”

The Pentagon's “black world,”

within which such programs are con-

Wauld Your Government Lie fo You?

ducted, is not a separate, seeret mili-
tary force. TC {8 more like a loose un-
derground network, distributed
throughout the services and other
Pentagon agencies. Tis size can he
gauged from the Pentapon's unclassi-

In Mareh 1980 the the US Air Force for
mally retired the SKR-71, allegediv aban
daning a high-priority manned-aircraft
imission and ity fastest, fiehest-fAyving alr
crafl in fovor of satelflifes, Tweo years later,

the chief of the USAFs Spece Conmemand—
clarged with lnpnehing and operating
those satellites—publicly confirmed that
Nis commeaned was, tn 1990, fncapable off
performing ifts mizsion, Lockhead
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Lhering the first 18 vears of the SR-F1%a ea-
reet, these CUfA-awned Lockheed A-12s
e aol officielly ackrowledged fo exist
gl ere profecied by an aotive disinfor-
mation progreane, This did nod fool the So-

fied budgel docaments, which inclade
correct total and summary figures but
which conceal individual programs by
mentioning them only by codename or
by lumping Lhem together under
reneric, meaningless titles,

In the Pentagon's budgel request
For Fiseal year 1993, the blaelk bud-
pet—expenditures masked in this
wayv—amounted to a staggering $18
hillion for research, development, and
production of seeret programs, That

G

viets, whao Rreew ehowt the pragram in TG0
ffeL'e.'rJ.l‘ur.".ng ta Mi€d burean oh tef Fastizlon
Belvakav. in o 1997 hookl ond designed
the MiG-25 Foxbad to Intercopt the A-12.
Lockheed

constitutes 17 percent of the Penta-
gon's entire budget lor R&D and pro-
duction, and exeeods those budpets of
most Western nations,

Ta see the black world in action,
you can Lrek through the Nevada
desert to a mountaingide overlooking
the dry Groom Lake, From several
miles away—as close as you can gel
without entering restricted povern-
ment lands—you can see through the
persistent haze a large ighi-lest cen-



ter. It resembles Edwards Air Foree
Base, Californin, with a sprawling col-
lection of hangars of many different
sizes and styles, scatlered by the edge
of a six-mile runway,

Officially, the Groom Lake com-
plex—also known as Area 5l—does
not exist. Even a Lockheed paper pub-
lished last year on the early days of
the 1T7-2, which refers to tosts at
Groom that were completed thirty-five
yoars apo, can describe (L only as “a re-
mote location.”

Comparing today's Groom Lake
with ground-level photos taken in the
late 1970s, it is apparent that many of
the largest buildings were added in
the following decade. The site is very
active: always visible in recent photos
are a flotilla of Boeing 737s that bring
peaple to Groom from the places
where they live, and where Ltheir
friends and families think they
work—such as Palmdale, Burbank, or
FEdwards in California, or Nellis Air
Force Base in Nevada.

The cost and inconvenience of such
an operation is immense, and there is
only one possible reason for it: Lo pro-
vide a seerel testing place for aireraft
that are obviously different from those
the public is aware of.

Groom Lake has another unusual
feature: a lake-bed runway that is six
miles long, or twice as long as the
longest normal runways in the United
States. Going back to the basics, the
length of a runway is determined oci-
ther by the distance an aircraft re-
quires to aceelerate to fying speed, or
the distance that the aireraft needs io
decelerate after landing, That distance
is proporiional to the speed ol which
liftoff takes place; usually, ultra-long
runways mean aircraft with very high
minimum Aying speeds, and—as 15 the
case al Edwards—these are usually

Would Your Government Lie to You?

aireraft that are optimized for very
high maximum speeds. Almost 19,000
feet of the runway is paved for routine
operations,

But the Air Force denies that Au-
rora, or any high-speed project, is
among the seereta that it hides in the
Nevada desert. Questioned about Au-
rora in the fall of 1992, former US Air
Force Secrctary Donald B, Rice enst
doubt on “the kind of descriptions laid
ol in some of Lthose articles [which|
would take an aireraft of such propor-
tions and capabilities that there
wouldn't be a snowball’s chanee in you
know where of hiding it.”

Mayhe, but the Air Foree has done
it before.

Adr Foree securily cut its teeth on
the Lockheed U-2 spyplane, the first
US aircraft to be kept secret at the
time it entered service. There were,
however, some problems. The U-2
used daylighl cameras and therefore
operated in the daytime. In its original
form, it could not be refueled in Might,
and had to be based in allied nations
on the periphery of the Soviet Union
in order Lo reach its targets.

The U-2 atiracted alitention from
the moment it arrived at Royal Air
Force (RAF) Lakenheath in England.
In an uncanny foreshadowing of the
Auroera story, a sketeh of “the mysteri-
ous stranger” made by a British spot-
ter appeared in the London-hased
magazine Flight,

The USAF finally acknowledped
that the aireraft was a Lockheed U-2,
and released pictures of one of the
models in fake National Advisory
Committee for Aeronautlics (NACA)
markings to bolsler the story that it
was engaged in high-altitude atmos-
pheric research. Buat it did not take
much intelligence to wonder why such
an aircraft should be kept secret,or
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why it should have a designation in
the Utility eategory—previously used
for the chunky, 200 mile per hour
tmph) de Havillund Canada Otter
transport.

Securily did a belter job next time.
The U-2's intended replacoment was
Lockheed's miant CL-400, codenamed
Suntan. The Mach 2.5 airerall was
powered by tolally new air-tarbo-ram-
jet (ATH)Y engines burning liguid hy-
drogen, Pratt & Whitney carved a
completely new facility out of the
Florida Everglades to build and test
the engine, and Lockheed virtually
completed the first fowr airerafll belore
Suntan was eanceled doe o lechnieal
snngs in 1958,

Not one word leaked oul aboul
Suntan until twenly yvears lntor, when
Lockheed started talking about liquid
hyvdregen as a future aireralt fuel.

Suntan, which had been sponsored
by the USAF, was veplaced by a Cen-
tral Intelligence Ageney (CLA) projoct
for a kerosene-fueled Mach 3 aircraft,
called Guata. Aller Lockheed was se-
lected to build the aireraft, in Septem-
ber 1958, Gusto was renamed Oxcart.

Lockheed's initial design was
called the A-11, and featured o peneil-
slim forward fuselage. As design work
progressed, the drawings were maodi-
fied Lo reduce radar reflectivity: in
particular, woad chines were added to
the fuselage, With these changes, the
aireralt that ew in April 18962 was
called the A-12,

Secrecy was paramount, and
Groom Lake—which had been Lem-
porarily abandoned afler the T-2 was
declassificd—was rebuilt into a fully
cquipped base that would support nol
only the A-12 flight-lesis buat alzo the
CIA’s twelve operational aireraft. The
A-12 was designed to be inherently
more secure lthan the 17-2 because it
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could refuel in flight and was therelore
much less restricted o ils use of hases,

There were some close calls, On an
early test Might, an A-12 was rvelueling
from a tanker when a commercial jel
cruised by, only a few thousand feet
away, Government offieials mel the
flight when it landed, briefly deiained
the passengers, and warned them to
say nothing about anvthing they
might have seen. On another oceasion,
a eouple in o light airerall gol lest and
landed al the first suitable field
which happened to he Groom Lake.
“We scared the hell aut of them and
sent them on their way,” recalls a for-
maer Lockheed enpginecr.

In May 1963, one of the A-12s
ecrashed near Wendover, Utah. The
wrockape was cleaned up, witnesses
were asked to sign security agree-
ments, and the press was Lold Lhal an
F-1045 had crashed,

Mevertheless, the plane's existence
was an almost complete surprise when
President Lyndon Johnson announced
its existence in Febrouary 1964, The
news sparked off a flurry of specula-
tion, bul many years passed before it
wis redlized thatl Johnson's statement
was—to use the elegant expression
once used in courl by a Dritish civil
servant—"cconomical with the truth.”

Johnson called the plane the A-11,
although the A-11 had never been
buill, and said that “the A-11 aireraft
now at Bdwards AFB are undergoing
cxtensive tests to determine their ca-
pabilities as long-range interceplors.”

[n faet, the USAF had ordered a
development of the A-12, called the
YF-12, as an interceplor, and two of
Lhemy were underpgoing tests al Groom,
But there were no A-11s, or A-12s, or
¥1'-125 atl Edwards and never had
been. Tn arder Lo keep the verifinble
facts consistent with the president's
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While Amerivans were not fold abort the
A-12 they were told abowd this wirerafl,
ariginadly and ineareectly called an “A-11.7
Actually, it is o YF-I2A with natftonal

statement, the YI-125 were rushed to
FEdwards and—since the plan view of
the airerall was sull secret—immedi-
alely placed inte hangars, They were
still so hot from their supersonic dash
that they triggered the sprinklers in
the hangar, drenching the reception
comTmittee,

The Air Force had also orderod
thirly examples of the RS-71, a recon-
naigsanee-strike airplane, developed
from the YF-12, designed Lo nssess
damage afler a nuclear attack and to
testroy with nuclear weapons any tar-
gets that had escaped the first attack.
In December 1964, Johnson revealed
the existenes ol the aiveralt, bt ealled
it. the SR-71 Blackhird, Allegedly, it
was a misreading, but the olficial des-
ignation of the aireraft was changed 1o
SR (strategic reconnaissance) and the
et thatl the airerafl could have been
developed easily to carry weapons was
nol alluded o until the carly 19580,

Fiul the ClA A-12s remained se-
cret, despite the fact that by 1965
there were 1,800 people working at
Groom Lake. By the end of that vear

marhings, buzz numbers and o foke poet-
hole (to persuade analvsis thol i was o
three-sealerd hasiily added for its first puh.
deity shotz Lockheed

the airerall was declared ready for op-
cration, Tn May 1967, A-12s wore de-
ployed to Kadena Air Base, in Oki-
nawa, to conduct regular Qighls over
North Vietnam and some over North
Korea, They continued to de so until
mid-1968, when the CIA A-12 unil
was deactivated, the aireraft were
placed in secure storage at Palmdale,
and the mission was assumed—/or
reasons ol economy—by the USAF's
ST-T1s.

Although the A-12s had bean flv-
ing regularly oul of Kadena, their exis-
Lenee wenl unnoticed, So did that of a
companion program to the A-12,

This was the D-21 ramjel-powerced
reconnaissance drone, designed to be
launched at Mach 3 from the back of
an A-12, and with the almest unheligy-
able range of more than 10,000 miles
al. Mach 3.8, The 121 became opora-
tional in 1970, but was retived in 1972
for political and technical reasons
after $2 billion had been spoeni.

A fow years later, some of the D-
21s were photographed in open slor-
age at Davis-Monthan AT, Arizoena,

9



Infroduction

but the Air Force released scant de-
tails of them and implied that they
were developed as test vehicles o tar-
ot drones, The D-21s were later
placed in a secure nrea, and their exis-
Ltence woent unreported outside the
trade press,

The A-125 were kept indoors at
Palmdale, California, for ten vears.
The TSAF had lest several SR-71s in
the carly yvears of the program, and it
was felt that the A-12s might be need-
ed as spares. To April 1952, twenty
vears after the first flight, the exis-
tenee of the A-12 was doclossificd, The
D-21 was revealed at the same time,
bl nothing was said about its capabil-
ities, and its development history is
still officially classified.

Moare than a dozen A-T2s—as big as a B-58
borher——were |‘|:'.I|'?Jlrlfr'frini' in fedel ACCTTeY

10k

Before April 1982, the existence of
the A-12 had been intentionally con-
vealed for twenty-three years, despile
flving operational missions out of non-
secure boses, through o combination of
security, cover stories, and misleading
information. The ullimate irony is that
the securily measures had Yttle effect
on Ltheir intended target. The Soviet
Unien's intellience services were well
aware that the A-12 existed as carly
as 1960, MG chiel desipner Belvalkoy
revealed in o 1991 book; the Mi(3-25
Mach 3 fighter was designed to
counter Lhe A-12 nol—as ClA leaks
suggesied in the late 1970s—the al-
ready moribund XB-70.

And now, il is Aurora that does
nol exist.

———-.-_u:.
ot iy

el

h

_,,_-'

B 5k

bhefore fthe program's existence was ae-
fenoededredd, vin Jim Goodall



Chapter 1

Blackest of the Black

Surely you have heard of it?. ..
It has been the most jealously guarded
of all government secrets.

—Conan Doyle, The Bruce-Partington Plans

About a year and a half after the SR-
T1 was retired, around Tam on a
Thursday morning in June 1991, a
sonic boom rolled across the southern
Californin basin, 1t was enough of o
shock to make people call their local
rudio stations, asking il the noise had
been caused by an carthquake; but it
had nat.

The boom was an unusual oceur-
rence because military pilots know
that booming urban areas is bad for
public relations, [t was alse unusual in
that it eould be tracked and measured
in a way that would be impassible nny-
where else in the world: Looking for
signs of the Big One—{he next mas-
sive release of the tension locked in
the San Andreas fault—is not only a
California ebsession, bul a full-time
job for US Geological Service (USGS)
seismologislts based at the Calilornia
Institute of Technology in Pasadena,

The CalTech seismalogists moni-
tor and map every guiver in the
ground with an array of 220 plus re-
mote seismographs seallered across
the Southlnnd, Mrom the southern
coasts Lo the castern Mojave Desert,

During the 19803, thev had found
that their instruments would respond
when the space shuttle orbiters passed
overhead at supersonic speed, en their
gliding approach to Edwards ATR,
They also realized that they could re-
construet the shuttle's track and speed
by comparing the fime at which the
boom, sweeping along like a vast cone
Lrailed by the apacecrall, arrived at
different points.

It seemed to the USGS seismaolo-
gists that the June 1991 boom, and
other booms that were tracked be-
tween Oclober 1991 and June 1992
were produced by something moving
hetween Mach 3 (2, 000mph) and Mach
4 12,650mph), The shuttle flies much
faster than this during re-entry, but
na shuttles were landing on those
dates. The world’s air speed record is
2,193mph, or Mach 3.3—set in July
1976 by the now-retired SR-T71,

The track that the seismologists
plotted on the map ron roughly north-
east over Los Angeles and across the
Muojave Desert, headed somowhere be-
tween Death Valley and Las Vegas, 1L
pointed toward the sprawling Nellis
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range, the largest expanse of military
testing and practice range in the
Western warld.

The unidentified vehicles that
boomed Los Angelos in 1991 and 1992

were not heard from again beyond
Mevada, In all probability, they were
headed for Groom Lake, But if they
were headed for Groom, some 300
miles from Los Angeles, they were at

DIRECTION GF FLIGHT

WEATHER—BERIGHT, WITH A
HALY CLOUD LAYER
AT HGIH LEVEL.

Fril —s

AND AFPEARED TO KEER
STATICN ON THE PORT SI0E
OF THE K135,

Formation seen from Galveston Key
By Chris Gibson ang Gragme Winton in August 1568

WAS (POSSIBELY) MORTH

FINS HAL FULLY SPREAD WINGS

K5

MATTE BLACK
&7 \WiTH NO DETAIL
VISIELE

THIS APPEARED TO
BE REFLELLING
FROK THE KO-1345,
OF SIMILAR 5IZE
1O THE F-111, BT
POSSIELY LARGER

The original sketch by Chris Gibson of the
airevaft which e sawe over the North Sea
i Awgraest 1989, Chris Gihson
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most fifteen minutes from arrival.
Even at their record-breaking spoed,
they were already decelerating,

The Los Angeles booms were more
than an isolated incident, They wore
the first corroborated, non-hearsay ev-
idence Lo supporl rumors, sightings,
and hearings that had been accumu-
lating since the mid-1980s.

The lirst roports were heard in
1986, not long after the federal gov-
crnment sealed off another larvge tract
of open land near Groom Lake, The of-
fect was Lo make Groom less visible to
observers on publie land; clearly, for
some reason, the Pentagon felt that
the base's securily was inadeguate, or
wis about to become so,

In February 1988, the New York
Tones veported that the USAF was
working on g stealthy recennaissance
aircraft capable of Mach 6 (about
4,000mph). The story was abtributed
to “Pentagon sources”™; other papers
Lhat Lried to Follow it Tound closed
doors and a cold trail.

Early in 1990, around the time the
SR-T1 was retirved, Aviation Weeh
made another reference to such an air-
crafl, reporting Lhat witnesses had
heard an incredibly loud aireraft de-
parting from Edwards at nighl. One of
them likened the noise Lo “the sky
being ripped open.” Othors referred to
i “pulsing” sound that rose and fell in
volume at about one eyele per second,
One of the magazine’s readers, re-
sponding Lo the story, reported seeing
an aiveraft traverse an estimated 400
mile distance in six minubes over thoe
Pacific.

In November 1991, a Roval Air
Foree air Lrallic conlroller saw o radar
blip emerge lrom the base at Machri-
huanish, Seotland, and was startled Lo
gee it aceelerate to Maoch 3, Aceording
to the respecied Scottish daily paper

Blackest of the Black

The Scotsman, which reported the in-
vident in February 1992, the controller
called Machrihanmish to ask what had
iranspired, and was told to {orget
what he had geen,

Aboutl the same time, another wit-
ness 4 few miles from Machribhanish
reported hearing a tremendous noise,
like standing directly underneath a
departing military aireraft,

Miachrihanish is one of the most
romote, least accessible air bases in
FEurope. Localed near the tip of the
rugged Kintyre Peninsula in western
Seotland, it is many hours rom any
large town by road, and it lies on the
edge of the open Atlantic channel be-
tween Scotland and northern Treland.

Machrihanish 15 usually a quiet
base, used as a jumping-ofl’ point lor
heavily loaded C-58 and for maritime
reconnaissance airveralt on North At-
lantie patrols. Tn 198G, vreports had
linked Dachrihanish to the then-sze-
eret F-117 stealth fighter; the basc
also hosts a detachment of US Navy
BEAL (Sea-Air-Land) special-opera-
Linng forees,

Another unexplained phenome-
non was recorded in May 1992, when
a photographer snapped mysterious
contrails over Amarillo, Texas,
Dubbed *doughnuts on a rope,” the
contrails appeared to emanate from a
high-speed airerall. Days later, an-
other report of similar trails was
heard; again, from the vicinity of
Machrihanish,

In the fall of 1992, T received o lot-
ter from Chris Gibson, o Scottish oil-
explorabtion engincer and a former
member of the British Royval Ohserver
Corps (ROCK The ROC was a volun-
teer organization that had been
formed in the 1920s to identify and
count enemy airernfl over Britain, 1t
was one of the first organizations any-

13
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fn the fate 1970, the Soviel Union de-
ploved this formiddalie SAM sysfem, e
PMLU-I00 thnows to the Weat as the SA- T
Grrumiblel, Combining long ronge with o

whore to develop ways of Lraining and
testing aireraft recognition. Tn the
1980, Gibszon was o master of this art,
eompeting in international recognition
tournaments where a long-distance
aliot of an mireeal would he flashed on
a sereen for s fraction of a second,
Attached to (ribzon's letler was a
neat, economicnl sketeh of what he
had zeen from the oil vip Galveston

14

sophisticated muidance suite ond greal mo-
bility, i represented o serious theeat Lo e
ST

Koy in August 1989, Gibson had made
the sketch just after the sighting, but
had kepl. quicet about it, He was still a
moemboer of the ROC at the time, and
as such had signed Britain’s dracon-
tan (Mleial Scervels Act, an evil mon-
ster of a law that had heen rammed
through Parliament during a 1911
German spy seare. By 1892, out of the
ROC, he felt more able to reveal a



drawing that had nothing to do with
his HOC duties,

Gibson's rig was in the North Sea’s
Indefatigable field, directly beneath a
bwenty-hy-sixty-mile block of sky
called Air-to-Air Hefueling Area
CAARA) BA. On that day in 1989,
cruising northward through AARA 6A,
were Lwo I"-111s and a KOC-135
tanker—and, apparently refueling
from the tanker, an airplane in the
shape of a pure isoceles Lrinngle, with
a leading-edge sweep of seventy-five
degrees. It was a little longer, overall,
than the F-111s.

It was Aurora—or at least, what
we call Aurora,

The North Sea sighting, the hoom
reports, and the retirement of the SR-
71 suggest that Aurora was operi-
tional by mid-1989, Such aircralt are
not created overnighl: Aurora, with its
record-shallering speed and altitude
performance and its radical design,
must have been Hown in 1985 or 1956,
and the program would have started
in 1982 al ithe latest,

The idea that the Pentagon is still
building billion-dollar aircraft in
wartime-like scereey, even alter Lthe
collapse of the Soviet Union, has made
skeptics out of many people, In the
1980, the Pentogon spent billions Lo
develop stealth aireraft that would
evade defenses by being hard lo detect
and even maore difficult to track, Why,
then, should it simultaneously spend
mare money on hypersonie aireenfi?

The answers may lie in the sweep-
ing changes in deflense policy that took
place in the corly 1980s—often in such
secrecy that thelr magnitude was
never fully appreciated at the time,
The new administration of President
Ronald Heagan, taking oflice in Janu-
ary 1981, found thal there was a tech-
nelogy base for a hypersonic aireraft.
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There were also a number of reasons
why Reagan’s Leam may have felt that
there was a pressing need for such a
vihicle.

By 1981, the 8R-T1 fleet had per-
furmed thousands of operational mis-
sions over China, North Vielnam, and
the Middle Easl, and routinely skirted
the edges of the Soviet Union—never
quite breaching Eisenhower's ban on
overflights but constantly irritating
the Soviel air defenses, More than 800
missiles had been fired at them and no
5KH-71 had ever been seralched (al-
though a missile Mrogrmoent was onee
found lodged in one of the CIAs A-
1ds),

Mewer missiles might pose more
of a threat, In an interview in early
1953, Lockheed Skunk Works chiefl
Ben Rich commented that the only op-
erational system that was considered
a threat to the SH-T1 was the Sovied
53-200 Volga surface-Lo-air missile
(SAM), which had been specifically
designed to shoot 1t down, Even then,
it was only a threat if it was armed
with a nuclear warhead: the problem
was nol that it could not reach the
SR-71, but that it was insufficiently
responsive to get close Lo an evading
targel.

The 19805 saw the advent of 1wo
new weapons, the PMU-300 (SA-10
Grumble) and the SA-12 Gladia-
tor/Giant, Both systems have a similar
maximum altitude capability Lo the S-
200 {aboutl 100,000 leel) bol have
much better tracking and puidance
syslems; the PMU-300, in particular,
uses the same guidance principle as
the US Patriol missile.

Furthermore, as the 5A-10 en-
tered serviee, the Soviet Union re-
leazed the older SA-5 for export, sup-
plying the weapon te Syreia, Libya, and
North Korea, and located sites in War-

L5
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The SA-12 Gladictor| Giant SAM system
leeenches Lo differont missifos, This veli-
cle carrivs the larger of them, the higgest
SAM designed since the carly 19605,
JDW/Charles Bickers

saw Pact territory. These develop-
ments would inhibit SH-T1 operations
to an increasing extent.

An aireraft that flew much faster
and much higher than an SR-T1 would
outfly the envelope of existing mis-
siles, Indeed, it would be very hord Lo
design any praclical missile to chal-
lenge i, A hypersonic aireraft is much
harder to shoot down than is a ballis-
tic missile. The missile is faster, but it
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climbs so high on its hallistic track
that the defenses gel more warning of
its arrival and can prodict its track
with greater aceuracy. A missile is
also unmaneuverable and, in most
cases, dumb: it has no means of detect-
ing or evading a shoot-down.

A hypersonic aircraft will not he
very maneuverable in the ¢lassic
sense, bul it is so fust that even a gen-
tle turn or a relatively small change in
speed will put it miles away, in mere
tens of seconds, from the projected in-
terceplion point that the SAM used for
its Arst fire solution.

In the thin air above 100,000 feot,
a SAM would either need large control
surfaces or a ramjet with thrust-vec-
toring control to mateh its target’s ma-
neuvers, Tl also needs a larpe warhead
because the thin air also reduced blast
effects. The resull is a large, rather
high drag missile—and Tofting such a
vehicle twenty-plus miles straight up
will Lake a very large booster.

Finally, such a missile—even if it
could be buill—would be barely mo-
bile, would probably not even protect
its launch site from observation (he-
cause the range of obligue reconnais-
gance sensors would exceed any feasi-
ble slant range), and would be useless
againat low-ying Lorgels,

Hypersonics, therefore, are not
only survivable but robust: IL costs
substantially more to defend against
them than to build them because defens-
es can prolect only o point, while the
hypersonic aireraft can be anywhere.

The age ol the SR-T1 fleet may
also have affected the timing of the
program. The Blackbirds were under-
going a major upgrade in 1951, includ-
ing the installation of 8 completely
new automatic flicht and inlet control
system that promised 1o male the pir-
craft considerahly more roliable and



safor. But it was also clear that the
aireralt would need continued work 1o
keep them maintainable in the future,
partly because they used so many
unigque systems and components, Al
some point, they would have to be oi-
thor substantially uppraded or re-
placed; otherwize, their mission would
be abandoned, leaving salellites Lo
perform TS reconnaissance in defend-
cd areas,

Total reliance on satelliles leaves
holes in the US intelligence siruelure,
even in the post-Cold War era, From
the perspective of the new Reppan ad-
ministration, in 1981, the holes would
have zeemed more like yawning
chasmes. The reasons why are rooted in
the natural limitations ol satellites,
their checkered developmoent history,
and the Reapan team's own passion-
ately held views of the nature of the
Cold War,

When the S5R-Tls were retirved,
some reporters were told that the
Elackbird had been replaced hy recon-
naissance satellites. They were not
told this on the record, however, be-
cause,officially, there are no recon-
naissanece salelliles, IM o TTSAT rocloet
for, until Tate 1992 the shuttle)
launches a reconnaissance satellite, it
is described as a “classilied payload.”
IMowever, enough is known ahout the
development of reconnaissance satel-
lites to give a thumbnail sketeh of
their capabilities, and compare their
operalional advantoges and limita-
tions with those of an aircraft,

The USAF provides the syslems
that collect dwo of the most important
groups of foreign intelligence: signals
intellipence (SIGINT) and image intel-
ligence (IMINT. Overall responsihility
for SIGINT—the interception and
analysis of radio-frequency emissions
from foreign military sources—rests
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with the National Seeurity Agency
(NEAL Where NSA dovices pgo into
gpace or flv, the USAF provides the
platforms. The collection of image in-
telligence, which may be acquired by
optical, infrared, or radar sensors, is
coordinated by the Nalional Recon-
naissance Office (NRO).

The NSA and the NRO cach spend
more money than the Central Intelli-
gence Agency (CIA) While Lthe laller is
a houschold word, lfew Amoericans roal-
iz that the NRO and NSA exist, This
is no accident: Until the summer of
1992, it was a technical Telony Lo re-
veeal the existence of the NRO.

The MR operates reconnaissance
satellites of two main Lypes: the KI-
11 vptical satellite, built by TRW, and
the Lacrosse vadar satellite, built by
Martin-Marietta. Both types are
launched by Titan TV rockets into
polar orbits, so that they orbit at near-
right-angles to the rotation of the
carth. As they orbil, the carth rolates
slowly beneath them, so that their or-
bital tracks cross the earth's entire
asurface,

Most Largels of interest are north
ol the equator, so o satellite is usually
launched into an elliptical orbit with
ils northern perigee (closest point to
tho carth) located over the latitudes of
preatest concern, The lowest practical
perigee allilude—Dbelore almospheric
drag shortens the satellite’s Tifetime—
is gome 120 miles,

Wheon the CliCs A-12 spyplanes
were being built, satelliles were in
thedr infaney. Their camoeras could not
mateh the resolution of airborne cam-
eras, and the only way Lo return im-
agery wis Loouse o “hoeked,” o jeltison-
able film pod, Both of these disadvan-
tages have been overcome, by digital
datla Lransmission and botter optics,
but st o price,
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The only way to take hivh-resolu-
tion pictures from orbital altitudes,
covering peinls that may be hundreds
of miles from the satellite’s ground
track, is to use the largest and most
advanced telepholo lens ever created,
The optical system of an imaging
satellite is similar in size to a large as-
Lronomical telescope, with a primary
mirror that may be more than six feot
in diameter. It is mainly for this rea-
son Lhol optical reconnnissanee satel-
lites are very large and expensive.

Cameras on an airerafl do not
have to Tools 2o far, so 8 much smaller
eamera can achieve similar resolution.
The technieal objeclive cameras iled
to the 8I-T1, which were installed in
the: chine bays, have similar resolution
b the giant lenses of the KH-11,

Less is known about radar recon-
naissance satellites, bul they are also
large and eostly because their radar
systems are designed to achieve high
resolulion ol long range, Another
problem is providing power for the
radar, Solar cells can provide eleclrical
power in daylight, although not on an
abundant scale. They cannot help
when the satellile is in the shadow of
the earth—and observing tarpets at
night is one of the main reasons for
having a radar satellite in the Tirst
place. One expert has speculaled that
much of Lhe Lacrosse’s mass is ac-
counted for by hatteries.

The power available to energize a
radar on board an aircrall, on the
other hand, is limited only by the size
ol the generators installed; the atveralt,
adar needs less power in the first
place because its targets are closer,

Satellite costs are eoncealod with-
in the Pentagon’s classified budget,
but most authorities believe Lthat cach
satellile costs several hundred million
dollars to build and test. In addition,
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each satellite iz launched by a $200
million-plus rocket,

Satellites cannot be cconomically
recovered or maintained on orbit. They
require a supply of fuel to keep them
in a slable orbit, and when that fuel is
exhousted they are de-orbited and
burn up in the atmosphere. Howover,
the fuel is also used Lo change the
salellite’s orbit. This takes the form of
an “in-plane maneuver—nudging the
satellite sideways around the earth,
while it continues its polar arbit,

Satellites have unigue operational
advantages. Onee orbited, they pro-
vide rouline and consistent coverage
over large areas. They cannot be shot
down, and their operations, by inter-
national law, are not a violation of an-
other country’s sovereigniy,

On the other hand, satellites are
predictable. They can be observed as
they are launched, and Lracked with
telescopes and radar, and their rising
and setting Limes con be accurialely
predicted. This allows intelligence tar-
gels Lo conceal or mask their activities,
A satellite operator can surprise the
target once with an in-plane maneu-
ver, bul every such maneuver cats into
the satellite’s fuel reserve and hence
its life expectancy,

An aireraft is more unprodictable,
It can be made even more so if its op-
erational tempo and routines are con-
cealed by basing it in an area where
its departure cannot be oheerved hy
foreign apents. Time-over-target is
controlled by the operator: a pass may
be selected to coincide with a specific
evenl (ships leaving porl at high tide,
for instance), to lake advantage of low,
direet morning or evening light, or to
catch a prodicted break in the weath-
g8,

Longevily is another advantage of
the aireraft. Not all satellites are ma-



neuvered in the same way over their
lifetimes, which secounts Tor differ-
ences in life expectancy amongr satel-
lites. So far, the longest survival Lime
for any reconnaissance salellite is Nive
vears, for a KH-11 launched in 1987.
However, analysts suspect that the
craft had been inoperative bafore it
wits de-orbited in 1992, Three years is
a more typical lifetime, Kach satellite
on orbit, therefore, represents a $200
million-plus annual amaorlized cosl for
hardware alone,

The 3R-71s had been in service for
more than twenty-one yvears when
they were retired. Even if a replace-
ment aireralt cost a billion dollars, the
hardware portion of its total life-cyele
cost would be one-third Lo one-quarter
of the cost of keeping one satellite sta-
tion filled over the same period.

Another disadvantage of satellites
is that it is hard to balanee peacetime
needs with wartime or crisis de-
mands. In peacetime, it hardly mal-
ters if a targel is covered by cloud
today: another satellite pass will met it
tomarrow or the day after. This cuts
na ice with a combal commander who
needs Lo know iF his airerafl must re-
attack a target within hours, or a
commander-in-chiel’ who needs 1o
lenow i an invasion threat te an ally
is real or a bluff,

One way Lo increase the [requency
of passes is Lo orbil more salelliles
during a erisis. But this demands a
large reserve stock of satellites and
rockets, something which can be done
with small, low-resolution vehicles bt
not with the big, cxpensive satellites
in use now. The other way to increase
Lhe number of passes is Lo mole ex-
travapant use of in-planc manouvers,
but this may result in a lack of cover-
age later, as salellites run oul of fucel
ahead of schedule, and hefore replace-
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Speetocwdar el lanheh, meossive o fs 1
fngr eageeily, the Space Shattle hos proven
clfsgepapnire iy o fls idetory wtifiy, e
aren s the exclusive Teancher of TS mdli-
fiory sebelletes, the Shactile flew s last Pen-
fengrone medsston i fote 7982, Roclowel]

ment vehicles can be completed, test-
od, and put on orbit,

Satellite management was at the
ronl of the coniroversy over salellite
coverage in the Gulf, AL a postwar con-
ference, retired USAF chief of staff
Gen. Michael Dugan commented Lhai
sabellites had Fuiled Lo support the
combat units “becauvsze they were
scheduled by God and Kepler.”
Tiernard Randolph, o former comman-
der of USAF's Space Systems Division
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Develfoped by LTV, the ASM-135 anti-
sietellide LASAT sysfom corvied wnder this
F-153 proved capable of desteoving satellitos

and now o senjor TEW execulive, ri-
posted that the satellites were “sched-
uled by some weenic in Washington,
which is why they didn’t support the
Lroops.”

Nesert Storm commauander Gen,
Charles A. Horner, commander-in-
chiel of the US Space Command,
pointed out that “in the black world,
the customer, the operator and the
acquirer aee all Lhe same |Lhal is, the
NROJ and | am not sure that serves
the black world well, becanse eertain-
Iy we Tound in Desert Storm thal tho
cuslomer happened to he operating
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fn orbid with a shotgun hlust of meial frag
mends, LY

oul of the Middle ast.”

Aircraft are far more flexible as
well, Assuming that satellites are the
mast eost-effective means of handling
the bulk of peacetime reconnaissance,
wowing of spyplanes might Ny only a
handful of operational missions in a
maonth, plus a fow more sorties for
Lraining, but most training could be
carried out on a simulator, In a crisis,
however, aireralt can shift o a higher
operational tempo or even “surge” for
a short period, flying ten or more
times as many sortics as in penee-
time.



Adding more satellites, too, pro-
vides betler coverage over Lthe enlire
world; exira airerall missions are di-
rected only whoere they are needed,

The satellite's basic drawhacks
have always been appreciated, In fact,
in the 1870s, a serious attempl was
made to overcome them. Many of the
reconnaissance salellite’s disadvan-

Lages would be much less important if

it was practical to refuel or repair the
satellite on orbit, or to bring il down Lo
earth, refurbish il, and send it up
again. The NRO planned to do exactly
Lthis in the carly 1970s, using the
space shuttle,

From its inceplion, the shuttle was
an amphibian, living mostly in the
glaring light of the National Aeronau-
Lies and Space Administration’s
(NASA) publicity machine buat draw-
ing much of its nourishment from the
black depihs of the intelligence com-
munity.

When NASA bepgan Lo study the
shuttle in the late 1960s, the agency
saw Lhal Lthe project could not make
ceonoemic sense unless the shuttle re-
placed all other US space launchers,
neluding those which the USAF used
Lo Taunch the NRO's spy satellites.
The Department of Delense (Dold)
agrecd Lo this belore the shultle pro-
gram started in July 1972,

In 18972, a shuttle flight was sup-
posed to cost $1005 millien, and four
orbiters were expected to make 580
Mights between 1979 and 1990, or
about 50 flights per vear. Aboul a
dozen flights a yvear would start at
Space Lounch Complex 6 at Vanden-
herg Air Force Base, Lompoe, Califor-
iia, {rom which the satellites could boe
safely launched into polar orbits,

Shuttle flights would be a0 [re-
guent and cheap that the NRO conld
plan a new class of long-lived, refue-
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lable, recoverable satellites. This be-
came the Loclkheed Missiles and Space
Company KH-12—an extremely capa-
ble, multi-gpectral imaging satellite
which, because it could be refueled,
would have an almost unlimited ma-
neuvering capability, 1t would also
have some surge capacity: In a crisis,
the NRO could drive the KI1-125 all
over the map and hump olther pay-
loads from the shuttle manifest to
miake way for more refueling flights.

The shuttle fell light yvears short. of
MNASA's predictions, however, Colum-
five made its frsd Mlight in April 1981,
two vears behind schedule: it was clear
by then that the shultle's freguency
and cost goals would not be attained. A
1230 manifest called for thirly-nine
Nighta by Seplember 1984; by the time
thal dale arrived, howoever, only twelve
flights had been performed. There
were also serious tochnieal problems
with the Vandenberg facility. In view
el Lthe delays, the USAEF prevailed on
the Do) to abandon its commitment Lo
use the shuttle exclusively, and ar-
dered nonew generation of Titan boost-
ors from Martin-Marietta.

Then, on the twenly-lith shuttle
Might in January 1986, the orbiter
Challenger exploded. Soon afterward,
the USAF mothballed the Vandenberg
facility. A modificd KH-12, to he
Launched by the new Titan, was under
consideration for some Ltime bul ap-
pears to have been abandoned in 1988,

Bul Lhe oporslional potential of
the WH-12 had begrun to diminish long
before it was canceled. Every time the
shuitle sehoedule slipped or the cost of
a shuttle launch went up, the KH-12
became less flexible and less economi-
cal.

The Challenger loss was also a re-
minder that an air-breathing recon-
naissance syslem is an aceidont<insur-
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ance policy, In 1985 and 1986, as the
NRO was planning to phase oul the
EH-11 in favor of the KH-12, the loss
ol the Challenger and Lthe explosions of
two Titan hoosters left the United
States with only one IMINT satellite
in orbit, Even in 1992, aecording to
Coneral Horner, DoD Taunches were
chronically late, and the limitations of
Lanneh Theilitios have pul the sehedule
“in a hole that we cannot get out of.”

By 1981, nobody could realistically
assert thal a shuttle-supported salel-
lite could mateh the lMexibility,
lomgevity, and surge eapability of the
aircraft al any reasonable enst; one
mare argument against an SR-T1 re-
placement was on the point of col-
lapse.

Butb there was another, muceh more
important reason why it is most un-
lilkely that the Reaspan administration
would have neglected the need Lo keop
a robust, air-breathing reconnaissance
copability, Mast discussions of the re-
connaissanee abilities of satellites and
airerall, including the preceding para-
graphs, rest on one agsumption; that
hoth are used in peacetime or in medi-
um-intensily Victnam-type canflicts,
in which the worst threal to the recon-
naissanece vehicle is a SAM fired in di-
reet defense of hostile territory,

Reagan’s strategic advisors, veter-
ans of the ominously named Commit-
tee on the Present Danger, heligved
that assumptions of that kind were
suicidally dangerous, They belicved
that the Soviet Union was arming for
conventional war and seeking nueloar
superiority, preparing to fight and win
a nuclear war that might last weeks or
months, Unless the United States de-
veloped a similar or superior capabili-
Ly, they believed, the country would be
unable to risk Lhe use of nuelear
weapons and would he likely Lo lose
232
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the initiative in any conventional con-
flict,

In October 1981, Presideni Rea-
gan signed National Securily Decision
Directive 13 (NSDD-15), which in-
strucled and authorized the Pentagon
lo plan and equip for a six-month nu-
clear war ending in victory. The goal
was to develop systems that could sup-
port “eontrolled nuelear eounter-at-
tacks over an extended period while
maintaining a reserve of nuclear
forces sufficient for trans- and post-at-
tack protection and coercion.”

The Pentagon began Lo invest hun-
dreds of billions of dellars in new nu-
clear weapons, such as the B-2
bomber, the Advanced Croise Missile,
the Trident D5 submarine-launched
missile, and the MX rail-mobile heavy
ballistic missile. Less visible buf just
as important was the Milstar commou-
nications satellite system, designed Lo
maintain control ever this new foree,

All the new weapons had two fea-
tures in common: they were designed
to ride oul a first-strike nuclear at.-
tack, and they were necurnte and
could be easily relargeted, Milstar was
the nuclear machine's nervous system,
sending targeting data Lo the plat-
forms. But it would all be much less
uselul il Lhe system was blind.

There is no sign that the NRO's re-
connaissance satellite systom was ever
designed Lo survive a nuclear war, TL
could harely enduare a conventional
confllict, Moreover, the balanee of
power in a space war was tilted in
favor of the Soviet Union,

The Soviet Union bad deployed an
operational anti-satellite (ASAT) sys-
tem in the mid-1970s, and although
the elfeclivencss of this weapon was
disputed (the Penlagon said it would
work) there was no reason that a bet-
ter sysiem could not be developed,



based either on missiles or on ground-
based lasers,

The US did develop a small air-
launched ASAT, but did not field it.
ABSAT technology was more dangerous
to the United States—which launched
relatively lew, long-lived satellites—
than the Soeviet Union, which
launched four to five times as many
vehicles in an average yonr, The Sovi-
et satellites were less valuable tarpets
and easier (o replace,

The US launch facilities were also
far more vulnerable than Ltheir Soviet
equivalents, TBoth US launch bases—
NASAs Kennedy Space Center and
the USAEF's Vandenberg AFB—iare
coastal sites thal can be kept under
continuous surveillance from interna-

tional airspace; both, in Lhe kind of

conventional war envisaped in the
Cold War era, could have been at-
tacked by non-nuclear, radav-guided
heavy cruize missiles launched by Tu-
96 long-range airerall or submarines,
hoth, even now, are more vulnerable
than maost sites to coverl seaborne al-
tack,

While the United States could be
Laken out of the space launch business
guite quickly, the Soviel Union's
launch sites were located deep inside
Lhe Soviet Union, immuone rom con-
ventional attack.

What the early 1980s warfighting
plans apparently lacked, and it was o
glaring omission, was any sign of a
survivable, controllable reconnais-
sance system that could find mobile
Largets, such as missile launchers, or
asgess damage to protected or fxed
targels. The KH-12 could not fulfil this
mission because the shuttles that
would service it were not survivable,

A hypersonie aireraft, on the other
hand, could fill the target-spotting role
easily. Assuming that Milstar sur-
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vived as designed, it eould transmit re-
connaissanee data back to the attack
control center in real time, where it
could be interpreted and used as the
basis i Lgeting, The hypersonie air-
craft could search roads and rail lines
for mobile interconlinental hallistic
missiles (TCBM) and communications
systems, and check air bases for sur-
viving bombers.

The hypersonic aireraft could pass
targeling dala Lo ICBMs, D62, or B-2s,
and might also be teamed with more
radical weapmms. In the early 1980s,
Lackheed Missiles and Space Company
won a seeret contract to develop a
strategic hypersonic-glide vehicle
(HGYE T was designed Lo be launched
from a B-52, at 68,000 feet—it is sel-
dom realized that a B-52 can reach
that kind of altitude, bul il can—it
would be rocket-boosted to Mach 18 at
high altitude, and could glide more
than 5,000 miles to ils targel, arriving
barely thirty minutes afler launch, The
main challenge was acrodynamic heat-
ing: the HGV was made of heat-resis-
tant carbon-carbon composile skin
panels on g ttaniom substiructure. Its
planform, interestingly enough, was a
pure triangle with ils leading edpes
swepl al seventy-five degrees.

With the response speed of Lhe
ballistic mizsile and the short warning
time and Lerminal maneuver perfor-
manee of o eruise missile, the HGV
could be launched against mohile Lar-
gets detected by Aurvorn and hit them
before they had time to move,

It is an outside chanee that Aurora
itself was, like the SI=71, designed for
a reconnaissance-strilke mission, not
Just spotting for other weapons. Ben
Rich, in a 1983 interview, lamented
ithe facl thal the SR-T1 had never heen
armed. He noted that the standard
AGM-69 Short-Range Attack Missile,
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which would fit in an SR-71s chine
bay, would go 30 miles Irom a sca-
level launch, 100 miles from a B-52'5
cruiging altitude, and 500 miles from
an SE-T1, “We need to make the Sovi-
els worry about aireraft at 100,000
feet,” he said. “We've given away the
high ground.”

Hypersonic airerafl have a unique
tfTensive potential beenuse they are
immune from direct attack by the de-
fenses, and heeause their shoer spoed
can be turned into a kill mechanism,
MeDonnell Douglas studied hyperson-
it strike aiveralt that were armed with
conical missiles that resemblod 1CBM
re-entry vehicles. The missiles were
boosted to Mach 12 after lounch and
were designed to hit their targets at
e Lhan Mach 7,

Unlike an aireraft, these one-shot
vehieles could be protected from the
heal by ablative coalings, making such
high speeds possible at low altitude.
They would be aceorate because their
launch aireraft, safe from defensive
fire, could guide them all the way to
impact vin o microwave link: studios
showed that they would hit within fif-
Leen feel of their aim-points.

“At 6,000 feel per second, a pound
of metal releases as much energy as a
pound of TNT." says Paul Ceysz, pro-
lessor of aerospace enpineering at St
Lowis Universily and one of the lead-
ing US experts on hypersonie teehnol-
ogy. who worked on some of the Me-
Donnell studies. A solid penelrator
welghing 200 pounds would “carry
enough cnergy to lilt the Kirov [a
25000 ton Soviel eruiscr] ten Teel oul
of the water,” he explains. However,
whal il would actually do is slice
through the ship's steel sides like o
hot knife through butter,

Allernatively, an explosive cord
could peel open the penetrator body
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just before impact and dispense a hail
of tungsten darts called Mechettes.
Three-pound flecheties would shred o
conerete bridge and one-pound darts
would desteoy Lanls,

Hypersonics could also play a role
in the emerging doctrine of “nonlethal
warfare,” which Tooks at ways of dis-
abling or destroying the machines of
war wilhout killing their operators.
For example, a 100 pound payload of
BB-size pellets, dispensed into a 100
foot diamoeter cloud, would obliterate
every radar and communications an-
lenna on a warship and leave it blind
and deal, without sinking it or harm-
ing any crew below deck. It is more
likely, though, thal Aurora was de-
sigmed as an intelligence-gathering
system because this would explain the
secreey that has enshrouded the pro-
gram from birth.

For Lhe national-intelligence com-
munity—the CIA, NSA, and NRO, and
all the activities that relate to their
missions=—to deliberately deceive the
public is net just an unfortunate ne-
cessily, Cover and covert are the prin-
cipal words in the seeret world's vocah-
ulary. “As open war depends on
woenpons, 5o does Lhe seeret war de-
pend on cover,” a former CIA operative
explained in the 1963 book A Short
Cowerse (n the Seeret War by James Me-
Carga. “Weapons arc not in themselves
the purpose o war, but they shicld the
soldier and enable him o advanee to
his objective—or they protect his re-
treat. Cover shields the secret agent
from his opposition.”

The community has shielded ils
technical means of gathering intelli-
gence as tighlly as it has shielded its
human ngents, 1f an adversary knows
next to nothing about the systems that
can observe him, the argument runs,
he is unable to use camoullage, con-
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vealment, and deceplion to frustrate or
mislead the US intellipence communi-
Ly. Lilting the cover on intelligence
systems reduces their value,

Since the Us intellipence commu-
nity took shape in the 1950s, it hos ro-
vealed as little about its activities as
possible. Officially, the US govern-
ment has never launched any spy
satellites; one of the reasone that we

sirike weapons, including the B-18. Rock-

Blackest of the Blavck
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know they exist and that we know
what their lifetimes are is thal their
launches cannot be concealed and that
they can be tracked in space,

In 1891, an apparently genuine
CIA hislory of the A-12 program was
virculated widely among Skunk Works
observers and insiders. One ol the is-
sues iL diseussed was the replacement

of the A-12 by the SR-71. The author
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Naorthrop's 8-2 stealth bomber wos de- hardened Milstor sotellile sysferm—but the
sigred fo drop ruclear bombs with pio- sadelltfes thal wondd provide the daia thet
point aecwracy on heavily profected, woell- Milstar would disseminate would guickdy
defended targets, cned by the expensioe, be efestroved fn any nueloar war, Norlhrop
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noted thail the CIA campaigned
strongly 1o keep the A<12s in service,
in parallel with the USATFs open SH-
71 operation. One renson was that, in
the CIA's view, covert was betler, in-
ereasing the possibility of surprise and
confusing the adversnry's ecounterintel-
ligence experts.

Afreralt can be more eovert than
satellites, As the SR-7T1s showed in
1973, when they Mew 15,000 mile non-
stop missions over the Middle East,
aircrafl ean cover the entire globe
without landing outside the United
States. They are not up in space and
able to be tracked twentv-four hours a
diay, und their takeolls cannot be ob-
sorved as satellile Launches can.,

In the 1980s, the secrecy thal had
formerly covered intelligence activities
was extended to the new weapons of
nuclear warfighting, The B-2 was do-
veloped as a black program, and its
operational characteristics—range,
bombload, and sensors—were strictly
classified. Milstar was similarly elassi-
lied. The Lockheed HGV project was
evon more deeply buried,

It is Ltherefore not at all difTicult to
beliove that, in 1981-1982, the US
govornment awarded a development
contract [or a hypersonic manned re-
connalssance aireraft to succeod the
SR-T1, to complement a constellation
of nonrecoverable satellites in peace-
time, and to provide wartime rocon-
naissance for nuelear warfighting
woeapans; and that the project was,
trom the start, covered by the same
level of ¢lassification as reconnais-
sanee satellites,

Lockhead's Skunle Works, now the
Lockheed Advanced Development
Company, is by far Lthe most likely
prime contractor for Aurera. Through-
out the 1980, financial analysts have
concluded that Lockheed has been en-
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paged in several very larre classified
projects, bhul Lhey have never beon
able to identify enough of them to ac-
vount for all the company’s income.

Technically, the Bkunk Works has
a unigue record of managing large,
high-risk programs under a veil of un-
paralleled secrecy. Tt also has o record,
even in such risky projects, of deliver-
ing what it promised to deliver.

With the collapse of the Soviet em-
pire in the late 19805, many people
felt that the US povernment’s eovert,
aclivitics would be cut back. This hap-
pened, but only Lo some extent, The
black budget peaked in 1988, and de-
elined steeply therealler as Lhe Penta-
pon declassilied spending fipures for
major weapon systems such asg the B-2
and Wilstar,

The core of the black budget—
mest of it to do with intelligence collec-
tion—is intact, As noted earlior, the
Pentagon’s unclassified budget request
for fiseal year 1993 appears o inelude
almost $16 billion for claszified re-
search, development, and procurement
projects,

This is only an estimate, based on
the assumption that the wnelossifiod
T} budret ineludes sceurate total
budgets lor all services and most Dol
AEENCIes,

Black programs are camouflaged
in several ways in the unclassilied ver-
sion of Lhe budiet. Some are identifiod
by ecodenames. Air Foree codenamed
linwe items such as Centennial and Se-
nior Citizen (hoth tactical R&D pro-
grams) have no dollar amounts listed,
But individual service budgets inclade
subtotals for dilTerent categories of
spending, For example, in the cosoe of
USAF R&D on strategic svstems, the
total of the line items in the category
does not equal the category tolal, The
dilference—3$399 million—is account-
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ed for by black programs. Rescarch
and developmenl associated with in-
telligence programs is 95 percent
black: $2.4 billion in liscal year 93,

Classilied Munding is also con-
cealed under umbrella line items. For
instance, a single line item for “solect-
ed activities” is buried in the penulti-
mate page of the USAEF procurement
budget, under “other procurement”
and listed below such exciling items as
“palled, air earge.”

Al $5.56 billion, it is the higoest
single line item in the entire Daol)
equipment budgel, TL i5 four- [ifths as
large as the entire procurement bud-
get for the US Army, and it has in-
creased to mateh inflation sinee 1991,

Aboul throe-quarters of the black
money (just under $12 hillion) was re-
guested for Air Foree programs: 3.6
billion for research and development
and $8.3 billion for procurement—pro-
duction of weapons, spares, and sup-
port equipment, The main reason for
this 18 thal the activities that support
intellipence-gathering systems are
averwhelmingly buried within the Adr
Force.

There are some large uneertainlies
in caleulations of this kind. Analyst
John Pike of the Federation of Ameri-
ecan Scientists, for example, is con-
vinced that the vast “Selecied Activi-
ties" line ilem is in el Lhe operating
budgel of the CTA, rather than being
part of USAK procurement.

Un the other hand, the process of
caleulating the black budget from the
gaps and inconsistencics in the unclas-
sified edition seems suspiciously sim-
ple. As noted in Tim Weiner's detailed
study of Lthe blaek budpget, Blank
Check, the intellipence world can also
be funded {rom other programs:; un-
gpent Tunds can be transferred from
almest any federal activity with very
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little effective oversight. There iz no
averl evidence thal intelligence activi-
ties have heen supported by funds
from outside the Pentagon budged, bul
no-one who has studied the spooks’
Byzrantine history would dismiss such
u pussibility as out of hand.

What is certain is that the hlack
budget in the 1HE0s contained enough
money for an Aurora program, Al an
educated guess, such a project would
probably have cosl around $1 billion a
vear on research and development, in
its peak years, plus several hundred
million dollavs for each nireraft, There
would probably not be many aircraft
invalved: the CLA built only Dleen A-
125, and less than twenly Auroras
would probably fill any conceivable
mission requirement. The aircrall
would have been hand-built, to a great
extent: Extensive tooling and automa-
tion would make no sense tor a short
production run.

In 1990s Pentagon argol, Aurorn
is whal is called a “silver bullet” pro-
gram: a system acquired in small
numbers, but so revolutionary in ils
capabilities thal il is virtually inval-
nerable and capable of influeneing Lhe
outcome of a larpe-seale conflict even 1l
deployed in ones and twos, The F-117
and T2 are silver bullets; 2o was the
SR-T1.

Aurora and Lthe reconnaissance
satellite program are still kept secret,
despite the end of the Cold War, be-
cause the intelligence operators like it
that way. Up to the beginning of 19934,
Lhey had one of their own in the White
Homise: Georpe Bush was the only TS
president to have served as the diree-
Lor of Coentreal Tntelligence—the
supreme commander of the CLA, NBA,
and NRO.

Do not hel the rent that things
will change under the new administra-



Another weapon designed for neclear
warfighting was the Midgetman small fn-
tereontinentol Bellistic Missile (1CBM), 1o
he varried in the Hard Mobile Louncher
AP shorwen fere, Midgetinan was e

tion, The lust new Demaeralic prosi-
dent came to office with a pledge to
open up the governmont that had done
s0 much Lo implement Nixon's seeret
and illegal commands. Jimmy Carter
passed the Freedom of Information
Act. He also presided over the launch
ol the first stealth airerall, the biggest
black-world project sinee the atom
bomb, His right-hand man in that ven-
ture, Dr, William J. Perry, is back in
Washington as deputly sceretary of de-
fense to the Clinton administration.

Bloackest of the Black

signed specifieally to atiaek torgels that
survived o firsd wave of missiles, byt
warddd beoof mited sse without g oiable Fe.
conReissanee sysfear fo support it Bosing

However, bolh Congress and olher
parts of the military are pressing for
some changes in the intelligence com-
munity. In particular, reforms have
been proposed that would reduce the
dominance of the ClA and place the
NRO under o new direclorate of imag-
ing intelligence. This would be respon-
gible not only Tor supporting national
foreign intelligence programes, but
alse, to a much greater extent, for pro-
viding reconnaissance for forces in the
field.
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Both satellites and air-breathers
have important missions in the post-
Soviet world. The Gull War was an ex-
ample: imagery that showed the mass-
ing of Traqi forces close to the Saudi
border, immediately alter the invasion
of Kuwail, wos apparently eritical in
persuading Saudi Arahia’s King Fahd
to invite coalition forces into his coun-
try.

Nuclear and chemical weapons,
long-range missiles, and other delivery
systems could be critical in fulure re-
gional conflicls. Embargoes and inter-
national {reatics have persuaded
many countries to launch their own
domestic projects Lo develop such
weapons, usually in secret, Detailed
overhead imagery, with the highest
possible reselution, provides hard evi-
denee of such efforts and can reveal
how far they have progressed.

In the former Soviel TTnion, Russia
has agreed Lo drastic cots in its nu-
elear wenpong, as long as il knows
that the other former republies will
make good on their pledges to re-
nounce them. High-resolution imagery
can show whether a missile silo has
really been destroyad, and whether all

A0

missiles in a certain location have
been removed,

The people who own these intelli-
gence Largets have enough sense and
technical capability to map the orbits
of reconnaissance satellites, Neither
are camoulloge and deception expen-
sive or high-tech activities,

The world has come to depend on
its spies in the sky, Satellite and air-
craft intelligence have dispelled myths
and reduced lear and Lension rom
their earliest days. Withoutl overhead
imaging reconnaissance, arms control
would have been impossible, In the
unstahle, unpredictable future, the
idea of atlempling to manage or medi-
ale a crisis on the other side of the
rlabe without accurate, real-time
image intelligenee is ladicrons, [ just
cannot be done,

[t can be argued that a combina-
tion of satellites and airerafl is a more
econnmical approach to this task, more
rabust against simple countermea-
sures and accidental failures, than ei-
ther satellites or aireraft alene, In
some wiys, the guestion is not “Why
Aurora? but “Why not earlier?



Chapter 2

Flying Toward Space

There is a strong family resemblance abhout misdeeds,
and if you have the details of a thousand at your finger ends,
it is odd if you ean’t unravel the thousand and first.

—Conan Doyle, 4 Study in Scarlet

In 1971, Senator Barry Goldwater he-
came one of the Nirst civilians to take o
ride in the SR-T1. The SR-T1's creator,
Clarence L. "Kelly” Johnson, was
there to brief Goldwater, After the
flight—aecording to SR-71 pilot Abe
Kardong—Goldwater asked Johnson
where the next step would be.

“Mach 6", Johnson replied.

Aurora may have been hard to de-
velop, but it certainly would not have
been impossible, Tn fact, many people
will assert that it could, should, and
would have been done a long time ago,
woere it not for some short-sighted,
panicky decisions in the 1960s.

In the days of Elvis and the Tdsel,
military planners confidently believed
that hypersonic fighters and bombers
would be in service by the early 1970s,
The lirst half-century in the develop-
ment of practical military aireraft
could be charted in terms of increasing
speed—hut never more so than in the
yoears after World War T1.

In the twenly years after the end
of Warld War 1, the speeds of military
aireraft doubled, Although war is often
considered a spur to high technology,

most military airerall increased only a
little in the war years, By 1945, anly n
handful of jets had broken the 500mph
barrier—hbut it was the start of a speed
explosion,

In 1960, aireraft that could exceed
LHD0mph were poing inlo squadron
serviee. Aireraft capable of 2,000mph
woere under development, and were
supposed Lo be in service by 1965 o
fourfuld increase in speed in about
Lwenly yvoars,

The next logical step waz to hyper-
sanic speeds, The definition of “hyper-
sonie” is nob quite a8 neat as “super-
zonic,” bul aerodynamicists consider
thal the hypersonic realm starls when
the airin front of the vehicle's leading
cdges "stagnales™: a band of air is
trapped, unable {o flow around Lhe ve-
hicle, and reaches extremely high
prossures and lemperatores, As a rule
of thumb, the edge of the hypersonic
regime lics at a speed ol roughly a
mile per second-—3,600mph or Mach
5.4,

Three technology streams led to-
ward hypersonic Might in the 1940s
and 19505, One was the development
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The aggressive pursuid of speed 0 the posi-
feer ere L fvpified by the Dowglos X3 De-
signed e T45, when the officiad world's
air speed pecord st stood al JG5 i, e
X3 was {ntended for sustained [ight

of an engine that could propel a vehi-
cle al such speeds, if only for a few
moments. Another was Lhe explo-
ration of hypersonic aerodynamics as
a means of overcoming a fundamenial
problem of space exploration: bringing
a space vehicle oul of orbit in one
piece. A Lthird was the development of

a2

engines lor sustained high-Mach
flight.

The first breakthrough came in
the late 1930s, with the development
of practical rocket engines, Tn one of
history’s extraordinary feats of tech-
nology, Wernher von Braun's Leam
succeeded—in October 1942—in
launching an A-4 missile powered by a
55,000 pound-thrust liquid rocket en-
gine, [ifleen times more powerful than
any olher engine even conceivod ab
that time.

Not only did the Germans develop
and deploy the first ballistic missile,
bt they originated a dilferent concept:
the hybrid ballistic/facredynamic or
hoost-glide vehicle,

The starting point [ these stud-
ies was the el thal the A-4 missile
struck the ground at 2,000mph; this
was far more than necessary Lo evade
any contemporary defenses, and repre-
sented wasted eneryy, Yon Hraun de-
cided Lo L wings to the A-4, so0 that it
would descend in a high-speed glide
rather than a ballistic dive. The range
of the weapon would he almost dou-
bled.

The winged missile was called the
A-8, Tests in Peenemunde’s Mach 4.4
shock tunnel, the only installation of
its type in the world, led to the choice
of small, thin, swepthack wings of very
low aspeet ratio, Design work was sus-
pended in late 1943 due to problems
with the hasic A-4, bul resumed a year
later because the Allies were overrun-
ning the territory from which A-ds
could reach their intended Larpets. A
winged test vehicle, the A-4h, attained
2, 700mph in carly 1945,

Also on the drawing Loard was o
manned aircraft based on the A-9,
with a retractable landing gear, flaps,
and airbrakes, It was designed to
achieve a maximum speed of



2 800mph in a boosted climb to 95,000
faet.

Even that proposal paled beside
the visionary project of Fugen Sanger
and lrene Bredt: a 100 ton rocket
bomber with a global range. T would
be launched from o two-mile sled track
that would accelerate it to Mach 1.5
Released from the track, the bomber
waould climb to 5,500 feel hefore the
rocket ignited. The bomber would then
climh steeply to 130,000 feetl, convert-
ing much of its 90 tons of fuel into po-
tential and kinetic energy,

Next, the Sanger bomber would
dive down into thicker air where its
wings could generale more HML, and
pull up into a ballistie trajoctory, using
most of the rest of its fuel and peaking
175 miles above the earth. TL would
nol have enough energy to go into
orbit, but that was not Sanger’s inten-
tion. Instead, as it approached 130,000
feet on its dive back lo earth, it wouald
pull up inte anolther ballistic are,
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peaking 115 miles up. The bomber
would continue around the world with
a series of propressively lower and
shorter arcs until ils energy was ex-
hausted and it commenced o Tongr,
slow rlide back to base.

After the war, the Sanger project
proved highly influential in the United
States. Dr, Walter Dornberger, who
had been a key member of the German
V-2 rocket team and who was familiar
with Sanger's work, woenl Lo wark lor
Bell Airerafl Corporation, which had
assumed leadership in the develop-
ment of apecialized high-speed re-
search aireraft. Dornberger managed
Lo raise considerable interest in sub-
orbital hoost-glide concepls, descen-
dants of the A=Y, in the 1950s,

AL the same time, more conven-
tional aircraft—designed for constant
apeed in level Night—were pushing to-
ward higher performance. From 1944
onward, the USAF and NACA (Na-

tional Advisory Commitiee Tor Acro-

o 1045, even Mach 2 was not the fmit.
Witk o sl stenetore and a tarbopiinp
fedd figued rocke!, the Bell X-2—ordered in

theet year, bt not Qo ol s desige speed
aretil tere years latee—as aomed ol Moek

3. USAF

an
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nautics) used experimental aireraft to
fly out o higher speeds and altitudes
before designers put peneil to paper on
practical airerafl that would operate in
those regimes,

The plan had mixed success (the
X2 was less of a trailblazer than an
example of how not to do Mach 31 but
the objective was sound, and, from
1952-1953, similar considerations
drove the UUSAF, NACA, and the Of-
fice of Naval Research—which had
sponsored the Mach 2 Douglas D-555-
2 Skyrocket —to think about a hyper-
somic research vehicle,

fesearch into ramjets and other wneorven-
tiomal engines for sustoined [Tght close o
Maeh 3 was a priority in the 1945-19610
era. The North Americen Navaho super-
soaic cruise missile wsed two Curtiss.
Wright ramjers in the cruise, bt was Lifted
aned aecelerated by o lguid-rochet boostor,
I5AF
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In 1954, the Navy program was
merged with the USAF-NACA offort,
Late in the year, NACA issued a re-
quirement for an air-launched manned
research vehiele with a maximum
speed of more than Mach 6 and a max-
imum altitude of more than fifty
miles. North American Aviation Ineor-
porated beat Douglas, Bell, and Re-
public Aviation Corporation, and was
awarded the contract for the new re-
search vehicle, ealled the X-15.

The X-15 was a rugped, simple air-
craft that included everything it need-
ed to accomplish its mission and oex-
cluded evervthing else. It used a con-
ventional gjection seat and a prossure
suit rather than the fashionable cap-
sule. The seat was patterned on a trac-
tor seat. This emphasis on simplicity
was to pay off in the longest and most
suceessiul test program in the rocket
series, Three X-158s flew more than
300 missions, exceeding all the speed
and altitude goals set al the beginning
of the program.

Very early in the game, some of
the principals in the X-15 propram—
including North American chief de-
signor Harrison Storms, X-15 chiel en-
gineer Charles Feltz, and chief compa-
ny test pilot Scott Crossfield—econ-
ceived o follow-on effort in which a
modified X-15 would be mounted on
one of the boosters from the Navaho
missile.

The North American XSM-g4
Navaho was one of the mosl important
programs the USAF ever canceled.
The huge ramjet-powered Mach 3 mis-
sile broke a vast amount of new
ground in high-speed propulsion and
navigation. One of the many new lech-
nologics that it necded was a liguid-
rocket booster large enough to loft it Lo
a speed and height where its ramjets
would work,



The Bepublic XF-103 was designed in
f950 a8 0 Mach 3 interceptor. Iis Curtiss-
Weright powerplant was an "under-and.
aver” turho-ramjet, with an afterburaiog
Lreebusfed et bt acecleraded e alreraft

MNorth American formed a new di-
vision to develop the rockel motors for
the threc-molor, 415,000 pound-thrust
hooster and named it Rocketdyne.
(The Navaho booster engine, the LR-
1065, was used in the Atlas missile and
in all its subsequent space-launcher
derivatives, up to the present doy.)

As the initial X-15 approached it
firsl Might, the Navaho had been can-
celed and several complete boosters
were available. The team calculated

Fiying Toward Space

fora speed where the ramfel would ignite
el frowght the fighter haome afier its in-
fereeption ean, Repoblie vin Riehard D
Meis

that the X-15 could attain Mach 12
after a Navaho launch, and have a
range of 8,000 miles: it did nol escape
their allention that it was enough to
cross the Soviet Union after a launch
from the United States and land at a
friendly base. The only madification
reguired Lo the X-15, as far as the ini-
tial studies were concerned, was some
structural beeling-up to withstand the
greator heat penerated by the faster
re-ecntry,
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The finel XF-103 configuration had an ex-
tenelvel nlet U and ronnd nozslo, Republic
via Richard DeMeis

After the Soviel Union put Sput-
ndde Tointe orbit, in October 1957, the
plans grew more ambitious; the ad-
vanced X-15 became an orbital system
using three Navahe hoosters and a
sealed-up, two-person X-158. But

there were problems. The X-15 itsell

was unproven and behind sehedule,
mainly due to delays with the Reac-
tion Motors XLE-99 rockel engine,
while the nine-engine booster seemaed
complex and unwieldy,

At the same time, work within
Bell, Martin, Boeing, and the USAF
was painling to the boost-glide vehiclae
as a simpler system that would per-
form in roughly the same way, Start-
ing in the mid-1950s, this work led 1o
a series of NACA and USAF sludics
including Hywards (hypersonie
winged rescarch and development sys-
tem); WS-1180, and Brass Bell, both

6

designed for reconnaissance missions;
and ROBO, lor rocket bomber, which
was an intercontinental boost-glide
missile,

In November 1867, the UUSAR is-
sued a preliminary requirement for a
boost-glide vehicle called Dyna-Soar—
Entlimting that it would use both “dy-
namic” (orbital) and “soaring” (aerody-
namic) principles Lo stay aloft. The
basic difference between this system
and the X-15B was that the prupulsmn
and fuel tanknge was removed fram
the orbiting and re-entry vehicle, re-
ducing the mass that had to be pro-
tected from high temperatures. Thus,
it could be launched inty sub-orbital
flight by o modified intercontinental
ballistic missile (TCBM) like a Titan,

Dyna-Soar was a rescarch vehicle,
as nriginally planned, but the Air
Foree left little doubt that it was inter-



eated in its mililary polential, both as
o reconnaissance platform and as a
means of reaching and holding the
“high ground” of space,

The value of space-based recon-
naissance was clear because a space-
erafl would be almost impossilile Lo in-
tercept. By the late 19505, howoever, it
was not clear how reconnaissance im-
agery could be returned Lo earth with-
oul bringing the entire satellite out of
arbil,

A recoverable hoost-glide vehicle
promised a solution to such problems.

Fiying Toward Space

A manned, maneuverable spacecraft
would alsa be able to rendezvous will
Sovield satellites and examine them for
evidence of reconnaissance devices
and nuclear ordnance: at that time, or-
ilal weapons had not been outlawed.
After o oeontest with a Bell-Martin
team, Bocing was selected to build
the X-20 Dyna-Soar in November
1958, The vehicle was o small, delta-
wing glider, made largely of “refracto-
ry" metal alloys that telerate high
temperatures and re-radiate heat.
High-nickel-content steel was to be
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Devigned in 1957-1960, the graceful Noveh
Arevican XB-70 was designed o achicve
high efficiency through a very close inte-
gration of propulsion and corodynamies.
The wedge-shoped body below the wing

used in most of the structure, alloys
bascd on molybdenum and columbi-
um would be used in the leading
edges, and the nese-cap, made hy
LTV, was ceramic.

Some design features pointed
clearly Lo the fact that Dyna-Soear was

15

contained engines, weapons bay, and land-
inge grecer, aned was shaped to peserate o e
ries of shock waves that actually increased
Lift aned vecfuced efreg. Roclowoll

a short step from an operational vehi-
cle. Unlike previous re-entry systems,
it had no ablative coatings, so il could
be turned around quickly between
Mights, The USAF also made much of
the fact that Dyna-Soar would he able
to land at any USAF base.
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Loaurched from he A-12 af Macek 3, the 1-
BT ceregplodedd ifs endive mission v Hee boest

At first, the Air Force planned to
slari with a series of sub-orbital
Nights, using a Titan 11 booster, Orbit-
ing flichts would need more power,
provided by strapping on large solid-
rockel boosters Lo Lthe sides of the
Titan. In December 1961, however, the
USAE decided Lo go straight from air-
launched subsonic and supersonic
flight tests to the first, unmanned or-
bital flights.

Dyna-Soar received a boost Mrom
the success of the X-15, which had
romped ahead after overcoming its en-
gine troubles. The XLE-99 had flown
in November 1960, and within g year
TUSATF pilot Bob White had taken the
X-156 to 4,093mph, or Mach 6.04. The
engineers knew thal the mathematical
predictions that they had used to de-
sign the X-20 were reasonably accu-
rate in the hypersonic regime.

But Dvna-Soar was undermined
by othor developments, By 1962, the
first reconnaissance satellites—the os-

oprerating envelope for e romjel engine,
Liockheed

[ ||_||...-
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Fastest of afl 1960s oir-dreathers was the

T, 0 ife-pange D220 drane, seen
perched an the back of ane A-12, Tockheed

A4
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.

This rocket-dike noezle was fitted to the D-
2% Marquardt H45 rarjer engine, With
its extremely high fived expansion rotio, it
in tightly apedimized for Righ speeds and
high altitudes, via Jim Goodall
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tensibly eivilian Dscoverer and the
military satellite and missile observa-
tion system (SAMOS)—had been made
Lo work.

Then, in 1963, the USAF and Sovi-
et Union signed a treaty limiting the
military uses of space, It oullawed of-
fensively armed space vehicles, recog-
nized that space surveillance was
legal, and prohibited physical interfer-
ence with satellites, Most of the Dyna-
Sear's military missions had heen
eliminated,

The USAF was under budgetary
and political pressure, and Dyna-Soar
Wwas an expensive projecl with sudden-
ly marginal applications, NASA, on
the way to the moon, was nol inlorest-
ed in taking over the program, and it
wias enneeled late in 1963,

The X-15 and Dyna-Soar projects
had investigated solutions to some of
the challenges of hypersonic flight, bul
Lthese rocket-driven vehicles did not
address one of the toughest problems:
the need for more efficient. powor,

During the 1950s, turbojet engines
moved quickly toward their speed lim.
its. It was clear that, beyond Mach 3,
the ramjet was the most logical next
step, Pioneer Roy Marquardt, a Cur-
tiss-Wright Corporation team, and
aothers pitched ramjols for vehieles
that would be faster than would bhe
possible with contemporary turbojets.
In fael, ramjets had been adopted for
three vehicles in the Mach 3 class be-
[isre 1950,

The most swccessful of all the US high.
spocd research alrerafl was without o
dowbi the X145, Sturdy and refiadie, the X
155 flew more than 300 flights to tup speeds
of Mach 7.4 and o moximum altitede of
354,000 feet. Roclewell International
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North Armerican designed the X-15 with a
deliberately consersative cerodyeamie con-
figruration, with o short lopered wing and
gegrarate swepd fadl, As e compoany's

Une was the Navaho, with two
Curtiss-Wright ramjets; another was
the Boeing XF-99 Bomare, which de-
spite its designation was nol o fghler
hul a monster surface-to-air missile
with Marguardt HJ43 ramjets. In both
cases, the designers used large, sopa-
rable rockel boosters to accelerate the

Flving Toward Space

Ui

Enomuledge of delta wings increased, how-
coer, North Amerivan proposed meodified,
delte-winged XI5z wath loweer deag ond
fiptfeer atebility. Roclowel]

vehicles to almost Mach 2 helore light-
ing the ramjets; this meant that the
ramjels never gperated far outside
their most efficient apeed rvegime and
gave the missiles a very respectable
range.

The third ramjet project was the
Hepubhlic XF-103, ordered into develop-
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Advaneed X018 stvelivs contined (ndo the

mid-1960%, culminating in this stretohed
atreraft (10 feet fonger than the basie X-15)

ment in 1951 This was 4 manned in-
terceptor, designed in anticipation that
the Soviet Union would eventually
build o large fleet of supersonic
bombers. As a manned aireraft, it
needed power over a larger (light enve-
Tope than the missiles, so it was de-
signed with a unique powerplant thal

42

with o Pi-degree delta wing wnd tip.
moterted fins, A larger rochet engine—pos-
sibly Rocketdyne's LI 106 —is Dnstafied,

combined an alterburning turbojet (a
Wright J67), developed from Lhe
British Bristol Aeroplane Company’s
Olympus and a Curtiss-Wright XRJ55
ramjet, using the same inlet and ox-
hauvst syslem, On pure ramjet power,
the XF-103 was expected to attain no
less than Mach 3.7, or 2,450mph.
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The deltae X-15 would have had o cender-
line efvop tank fo fncrease mator burn Hime,
speed, and altitede, Although @ wonld be
racdieally different in shape from the X185,

The X103 radical turbo-ramjet
engine was pround-tested in 1956, but
the project was canceled the following
year in favor of the more conventional
North American F-108 Rapier, a Mach
3 turbojet design. The Navaho was
canceled around the same time, and
Curtiss-Wrirht soon withdrew from
the ramjet business,

Roy Marquardt's company kept its
focus on what the company’s leader
thought would be the engine of the fu-
ture. The Marquardt plant al Van
Muys, California, expanded Lo house o
unique range of high-Mach test cham-
bers, Marquardt’s engines were classi-
fied by their diameler: the 28 inch
RJ43 for the Bomare was followed in
tests by a 36 inch engine, and a 48
inch ramjet was also planned. Since
thrust was proportional to the airflow,
and henee to the square of the diame-
ter, the 48 inch ramjet had three

North American planned to wse the Hird
X-15 airframe as a basis for the now air-
eraft. Rockwell

times Lthe power of the 28 inch engine,

The Marquardt engines were test-
flown hetween 1951 and 1959 on sixty-
one Lockheed X-T unmanned Lest vehi-
cles. The highly successful X-T pro-
gram included one fight thatl reached
a maximum ach number of 4.31.

The McDonnell Aireraft Corpora-
tion, meanwhile, was working with the
Applied Physics Laboratory (APL) of
Johns Hopkinsg University on ramjet-
powered surface-to-air missiles, APL
was largely funded by the Navy, and
had played a key role in developing
the Terrier, Tartar, and Talos mis-
siles. In the late 1950s, anticipating
that Navy ships would be threalened
by Boviel supersonic bombers armed
with stand-ofT missiles, APL and be-
Tonnell Douglas developed a monsier
ramjet-powered SAM called Tvphon.
Some Typhon test vehicles reached
Mach 5—the problem was that they

il
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went out so far and so fasi that no
radar could track and control them.

It was the Lockheed X-7, however,
that led directly to the fastest and
highest-flying aircraft ever used oper-
ationally, By 1990, that aircrall was
still highly elassified, almost Lwenty
vears aflter its last attempled opera-
Lo,

1 o 3

Morth American proposed to leanel the

muodified X105 from the baek of the XR-70:

as Lockheed found with the A- 127121
combingtion, the airflon above o delta
wing is whiform and benign even ot Mach
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On May 1, 1960, Francis G. Pow-
ers' L2 gpyplane was shot down over
Sverdlovsk in the Soviet Union, ond-
ing almost four yvears of clandestine
overflights in an international scan-
dal. President Dwight Eisenhower,
misled by his advisors, tricd to main-
tain that the U-2 had drifted off course
during an upper-atmosphere research

T oaned conducive to o elean seporation.
(The rotorions A- T2/ D27 collision was
due fo different factors.) Lownched ot
FINOOE frat and Mach 3, the X-15 wanld
have attained Mach 8 Roclowell



Toothe era of Apoflo, funds for high-speed
resenrch would support orly o more mod-
eat enfincement of the X-15, with a small
Fuselage steetel, exteranld fuel tanks, and
an ablative conting to webhstend higher

flight, but Powers' own confession and
the espionage kit on his airerall gave
him away. Fisenhower felt that he had
no choice but to ban manned recon-
naissance flights over the Soviel
Union.

The loophole in the ban—un-
manned overflights were not men-
tioned—was designed to protect the
new reconnaissance salellites, Bl the
ban did remeve the primary mission of
the A-12 Oxeart, which Lockheed and
the Central Intelligenee Apency were
developing to replace the U-2,

To comply with the ban on
manned overflights, Lockheed pro-
posed to add a second stage to the A-
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feniperi b pes, [reedver thr deeil im o seeeeed§ o
perimental seramjet engine, fueled by lig-
utd feydragen carvied tn the veatral tnil.

Rockwell

12 an unmanned reconnaissance vehi-
cle using some of the acrodynamic and
materials technology developed for the
A-12, but with an even higher speed
and phenomena] range, Around 1962,
Lockheed was authorized to proceed
with this system under the codename
Taghoard, with the company designa-
tiom T-21.

The 21 was to be launched from
the hack of the A-12. Il was an ex-
pendable, single-mission vehicle, and
it wus completely automatie from the
moment it was launched. Its blencded-
delta body could accommaodale o cam-
era and an cjectable film pod, The en-
pine was a Marquardt BJ43-MA-11,
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Enconraged by the success of the X135, the
USAF and Boeing designed the X-20
Pryna-Soar, o small, sthgle-pitod recoper-
able speceplane thet could fand on o con-
ventional runtweay, Note that the sharp

This phote shows Dyna-Soor [{,'AHErJuf e
Jettisonable shield that profected the wind
shield during feunch and re-entry, Bosing

16

feardf g velges of the X185 heve given way
tn @ Dlufiedped delfa, better ahle o resisé
dhe ligh temperatures and pressures
caused by hvpersanie flow stageetion. Toe-
ing

actually removed from a surplus Be-
mare missile; the fuel was the same
JP-T that was used on the A-12 itself

[n operational use, the A-12 would
launch the D-21 at almost Mach 3,
around HO,000 feet. The D-21 would
aceelerate and climb Lo near Mach 4
and 100,000 feet as fucl burned off,
using its inerlinl navigation system Lo
follow & pre-programmed Lrack to the
target, where the camera would oper-
ate automaticnlly,

The D-21 would exil hostile air-
space, fly to a predetermined point
over internalional waters, and glide to
a lower speed and altitude where the



film pod could be salely gjected. An ex-
plasive charges would Blow the top-se-
cret aircraft into tiny, unrecognizable
lragments. All thatl would be left would
be the film pod, descending by para-
chute and transmitting its location
with a beacon. A homing deviee wouald
puide a C-119 or C-130 transport to the
retrieval zone, where it would snag the
parachute lines with a trapeze and
haul the {ilm pod on hoard.

Thie most extraordinary foature of
the 1:21, however, was its range. This
figure was officially classified until
very recenily. Tl was a shock to ob-
servers when, at a 1987 meeting,
Skunlk Werks chiel Ben Rich disclosed
that the D-21 had an endurance of no
less than four hours at Mach 3.8
(2,520mph’, translating into a total
range of 10,000 miles—equal o that of
a4 B-52. That this was possible, even
with a small, fast vehicle, was an illu-
minating lesson in the value of high
speed: the D-21 showed, Tor those who
were cleared to know about it, that
speed does not necessarily mean inelli-
ciency.

The D-21 was an claborate system
that did not quite work, Air-lanunching
an eight-ton vehicle at Mach 3 could
never be regarded as free from risk. In
May 1966, on the sixth launch at-
tempt, a D-21 suffered a control fail-
ure and eollided with the A-12 mothor
ship, Both A-12 crew members ejected,
but the observer was drowned.

The supersonic air launch was de-
creed unaccepltable for operational
use, and the D-21 program stopped
while a new, rocket-honated version
was developed, Lo be launched from a
[3-62H, In the carly 1970s, two B-52Hs
were modified to launch the D-21B
and were basad alongside the 3R-71
Blackbirds at Beale Air Force Base,
California.
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Althowgh Dvaa-Sear was canceled in 1963,
siwtilar fechnology was applicd {o wne-
mearerted fevpersonie glide velueles (HGVs)
fnuneched by Atlas or Titan boosters for e
clear strike and other missions. First fegl-
ol I the early TOE0s, GV recofvod roes
newed attention in the 19505 s o means of
eveeding defonses and altacking mobile tor
gety, Loral

Several operational reconnais-
gance (lights were atlempled over
China and the Soviet Union, but none
was suecessiul: the D-21s disappeared,
or missed their Liregels, or the Tlme-re-
covery system failed, After President
Richard Nixon agreed Lo cease over-
flights of China in 1972, the program
was terminated,

The D-21 achieved its extraordi-
nary performance using relalively con-
ventional fuel and surplus engines,
Rescarchers knew that much more
was achievable, In the early 1960z, the
atrands ol ramjel, boost-glide, and
rockel research were briefly pulled to-
gether in a visionary study for a so-
called Aernspaceplane: a vehicle Lthal
could take off and Tand from a normal
runway and either ascend into orbit or
cruise in the high hypersonie regime,
It would therefore combine the near-
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unlimited endurance of the satellite
with the aireraft’s ability to maneuver
and change course. Il used radical new
engines—neither ramjets nor rocketls
but an amalgam of both—and would
have been fueled with liquid hydrogen,
something that Lockheed's CL-400
had proven possible,

The challenges that the Acro-
spaceplane posed inspired a preat deal
of research and study, which in turn
advanced the art of hypersonic design.
But it relied on engine concepts that
husd not even been proved in a labora-

Lockheed's classified airdounchod HOV
project from the mid- 1950 resembled this
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tory, and il probahly could not have
been built with the materials of Lthe
day.

Above all, there was no money Lo
even starl the project. Planners whao
had dreamed of fleets of Mach 3 fight-
ors and bombers never sanw their vi-
gions realized. The only Mach 3 air-
crall Lo enter service were Lhe Lock-
heed Blackbirds and the MiG-25 inter-
ceptors that were bl to cateh them.
The USAF never even fielded a Lruly
supersonic strategic bomber afler the
[3-58; the B-1 was designed for Mach

ardists impression peodvced By Genernld
fhynamics, GD



2, but is only marginally supersonic in
its service form.

Mach 2.5 turned out to be a
platean for fighter speeds, and the
most successful fighter of the 19705
and 1980s, the I'-16, could barely
touch Mach 2, Fven the new F-22
probably has a lower maximum Mach
number than the aging [°-4,

There were all sorls of reasons Tor
this reversal. One was money., The air-
eraft of cach generation were not only
much faster than their predecessors,
Lhey were also bigger and more expen-
sive, The F-4 fighter of the late 1950s
was as heavy as a B-17 Fortress, and
Lhe ¥YI'-12 was more than Lbwice Lhoe
gizo of an F-d, The cost went up even
faster.

Ancother reason, though, was thatl
many people—including President
John Kennedy's secretary of defense,
Robert McMNamara, and his team of
analysts—believed thal faster, higher-

The FIMN-& was designed o e air
fernehed from o 520 Fuel for indtial ac
eeleeation was to be earried in fwo confor-
mal tonks forming o V-shaped collar
arnd e velfiiele. TISAT via David Sele-
gan
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Foothe fete 0602, Loclfweed and the USAKR
Flight Dyeemivs Loboratory bt o full-
seale mockip of o hypersorie research air-
craff wsing the FOL.S shape, hearing an
uncanny resemblance tn the vehicle seen
owee Hhe North Scea fn Awgust 13389, This
configuration used o stabilization fech-
siise ceelled “eompression sharing” te dis-
pense with (he lorge wing-fip fins of the X-
200 ered other airerafi, It afso feetured flip-
cuet weings Lo reduee s Tonding speed and
rodrinetable fairings in frond of the splié wind-
shietel, UISAT vin Dhavid HL“IL‘]{ELIL

flving airerall simply would be oul-
paced by Taster, better surface-to-air
missiles. At least, that was what their
computer analyvses seemed to show,
Experience proved them wrong, how-
ever; missile systems have, in many
ways, yet to fulfil the confident predie-
tions of the Inte 195058 and early
19605, Bul their decisions wore law at
Lhe time,

Then, aeronautical research look a
blow [rom another gquarter. In April
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Thiz eallection of FIM, fivpersonie stuedy
shapes includes the FDL-5 (front row lefl),
the WOL-8, waed for the X248 (hack row
left), and a couple of boost-glide vehicles
fevnter frand and hael rore, second Jroar
right). The spatula-nosed shape thack row
right) is an Acrospoeeplare coreept; a8 in

1961, a Soviet rocket shot Yuri
Gagarin’s Vostok capsule into orbit,
Within months, a monsler was con-
ceived that, onee grown to full size, ate
almost the entire budget of the X-15%
sponsor—the National Advisery Come-
millee for Aerenautics, renamed the
National Aeronaulics and Space Ad-
ministration. NASA went to the mooen,
and high-speed flight research was left
with the table scraps.

Between them, the change in mili-

Lary priorities and the expansion of

space research eliminated any chance
of building another new aiverall Tor

60

thee cose of e fatest X300 configeredion,
the wide nose provides better compression
for the wneder-fuselage rFonfel engines.
Kight out of the fourteen shapes correspond
exaedly to the North Sea sighting of August
1988, USAF via David Selegan

high-speed Might research., Without
flight-test vehicles, the high-speed
regime was unexplored territory, a
land where only models, studies, and
theeretical rescarch could go.
Fortunately, some of the programs
that cscaped the axe gencrated very
useful new data, In particular, the
USAF Flight Dynamics Laboratory
(FDL) devised new and more efficient
shapes for hypersonie vehicles, Tt had
been known that conventional shapes,
wilh a separate or slightly blended
wing and body, were adequate aerody-
namically but did not work well from a




thermal standpoint; they suffered
from high loealized healing loads, and
the wings were too hot to hold fuel,

In the late 1950s, NASA aerody-
namicists devised radical shapes with
no wings at all, These “lifting bodies™
weoere short and rounded, and used
combinations of flat and eurved sur-
faces to generate L and control Lthe
distribution of aerodynamic heat, It
appeared that they would perform ef-
fectively at very high speeds; the ques-
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Lion was whether they would behave
well enough at low speeds to be able 1o
land on a runway.

In 1964, Northrop Corporation de-
livered a 1,200 pound piloted waonden
lifting body, the M2-F1, 10 NASA It
was o glider, bhul it was followed by the
rocket-powered, all-metal M2-F2 and
the HL-10, with similar ayatems bul a
different aerodynamic shape: the M2-
F1 and M2-F2 were flat on top, while
the HL-10 was flat underneath.

US.AIR FORCE X24A g

T

NARA researchers, wilth an insztitutional
Bias towards Wt body™ shapes for re-
entry vefiteles, promoded Fownd-fronted Tif-
ing-body shapes like the Martin-Marieiin

N-24A. The lenv-speed handling gqualitios of
these shapes varied from inferesting to
fazardous, TTSAF

7|
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The X240 stuedivs embraced o range of so
futionns, including this air-lounched, un.
averrinedd veliiede careicd iy NASA's ¥
120 (AL that fime, NASA was very keen o

A wind-tunnel mode! of the X240, pro-
prosedd Dy fhe PO gnd NASA (e 1975,
fPRysically, this wireraft wowld have hod
rotihing in comron with the X244 and X-
4B Note, again, the T5-degree delta
shope, USAF via David Selegun

ha

nsing sube-gende, wnmarned researel gie
crafi.t None of them wos funded, af legst
fre e afieite worfed. Loekheed

The results of these tests were
mixed. The M2-1'2 may be best known
for ils role in the television series The
Six Million Dollar Man, which fea-
tured the protolype’s May 1967 crash
in its opening credits, The aircrafl
erashed due to roll oscillations. By the
time MASA’s now-dominant astronaut
lobby chose its next megaproject—a
reusable spuee vehicle—Lhe necessary
acrodynamic technology to make it
work well did nol exist, The shuttle
ended up with a rather basic acrody-
namic shape that combined low rigk



with uninspiring performance.

The NASA-designed lifling-body
shapes were short and blunt because
Lhey wore desipned as controlled, ran-
way-recovered re-entry vehicles, TTLi-
male aerodynamic efficiency was not
particularly important since they were
not desiimed to make long atmospher-
ic glides or maneuvers, excepl Lo posi-
tion themselves for Tanding, and tran-
somic drag was not important because
the vehiele would be lofted through
the transonic 2one in a zero-liML state,
on a rockel. On the othor hand, weight
wis important beeause it determined
how much payload could be launched
willy a given hooster,

The Air Force, in a series of tesis
under the ASSET and PRIME pro-
grams, demonstraled small unmanned
lifting-body re-entry vehicles with
blunt-body shapes. However, the ser-
vice also supported a mid-1960s Me-
Donnell Aireraft program to demon-

strole o hypoersonic vehicle capable of

long-range, high-speed flight through
the almosphere. This was the Boost
Glide Rescarch Yehicle (BGRY),

The BGRV was a slender-delta-
shaped vehicle lnunched by an Atlas
booster. Because it flew in the atmos-
phere, it could be maneuvered
throughout. its Might and could be pro-
gramed to hit a target from any direc-
Lion; beeause it flew much lower Lhan
a satellite or a ballistic TOBM war-
head, it would be much eloser to im-
pach when it was detected, One one
test, a BGRY was released from an
Atlas over the northwestern United
Stales and was deliberately splashed
into the ocean off Japan. “If we hadn't
done that it would have carricd on
past Australia,” an engineer recalls.

The Flight Dynamies Lahoratory's
later shapes—FDL-5, FDL-G, FDL.-T,
and FDL-8—were designed with sus-
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tained hypersonie flight, both gliding
and powered, in mind a8 well as re-
entrv. Even at high hypersonic speeds,
they were capable of lift-to-drag ratios
as high as 3:1. They differed in their
fin and tail arrangements, but in plan
view, they wore all quite similar: They
were plain seventy-five-degree trian-
gles,

In late 1968, the TUSAF decided to
maodify a surplus blunt-body vehicle, a
Martin 5V-5dJ, into a rocket-powered
aircraft with the FDL-8 shape. Extra
panels and fins were built on to the
airerafl, which was redesignated the
x-24B and made its first Mlight in Au-
gusl 1973, In a thirty-six-Nlight pro-
gram ending in November 1975, the X-
24B attained a maximum speed of
Maeh 1.76, bul, more importantly,
demonstriated a hiph degree of control-
lability despite its radical shape and
dramatic leading-edge sweep angle, Tt
was Lthe only lifting-hody aircratt to
landd on o conventional runway, rather
than the Edwards lake bed.

Further hypersonic rosearch, how-
ever, required o new vehicle, Plans for
such an aircraft took shape as the N-
248 Might-tesl program drew to a
elose; although it was a new aireraft,
MNASA and the USAF assigned it the
desipnation X-240, The X-24C used a
modified T'D-# shape, Powered by ei-
Lher o Thiokel XLRE-99 or a Rockel-
dyne LE-105, it was to he ahout as fast
as the X-15, with a top speed of Mach
T4 (G,600mphl, and would have been
about equal in weight (56,000 pounds)
to the streiched, drop-tank-cquipped
X-15A-2, Like the X-15 and X-24B, it
was to be air-launched from NASA's
NE-528.

The X-240C was not designed pri-
marily Lo extend the frontiers of ab-
solute or sustained speed, Rother, it
was designed as a flying testbed for

il
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The FIM, also investisated @ Manewveding
Re-entry Research Vehicle iMRRVI to vx-
frlowe Tight regimes from Macl 8 o orbif,
This version, with folding outer wings wnd

ramjel or secramjel engines, which
woere Lo be mounted under the rear of
the body. The goal was to test the
seramjels during aboul forly scconds
of high-speed level flight,

In 1875, NASA planned Lo contin-
ue X-240 studies until 1978, select o
scramjet and aireralt desipn in that
year, and ly the first of two X-24Cs in
1981, The two aircralt would carry out
a 100 sortie flighi-test program over
Len yoars, lindshing in 1991,

Some companies proposed alterna-
tive approaches 1o the X-24C require-
ment. Lockheed’s X-24C-L301 study
envisaged a much smaller vehicle, car-

a4

taid, wonld have beer Teunched into orbit
by the Shuttle. Smaller versions cowld
S Been fnvnched by o Titan expendabio
brozter, USAF via Dravid Selegan

riced on the back of one of NASA's YT-
12 Blackbirds and Taunched like the
[3-21. The Lockheed vehicle would
have been much smaller than the B-532
launched X-24C; however, the YF-12
could have carried a 25 (M) pound
payload to Mach 3.2, and the much
higher launch speed and altitude
would compensate {or Lthe vehicle's
smaller size,

Bul il was not to happen—at least
apparently, The X-240 was relerred b,
for a while, as the National Hypersonic
Flight Research Facility (NHFRE), bt
NASA and the USAF never found
money to build prototypes.
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T il
Boeing's Air Launched Sortie Vehicle The Space Shuttle engine tn the 747 tail
(ALSV) design study was o recoverabie or. arllewveed (f fo release the oehiter in o ke
biting vehicle corried on a modified 747 gree efimb,
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Tliis Roelueell arlist's concept from 1980 is
fypical of ideas for a transatmospheric ve-
hicle (TAVY with a normal operating
vegiowe extending frem the oufer edges of

Historian Hene Francillon, howew-
er, in a definitive survey of Logkheod
aircraft published in 1982, reported
Lhat Loekbecd had already flown an ex-
perimental aireraft capable of sus-
tained flight at Mach 6. This could
have been a blaelk-world extrapolation
of the air-launched X-24C-L301 projeet.

The next public relerences Lo hy-
personic airerall appeared in 1982,
when Boeing released details of an Air

514

the almogplives Inte spoee. A variety of wn-
converiionad engines were considered for
TAVe, tneluding hybhrid furbo-rockets,
Raockwell

Launched Sortie Vehicle (ALSV)
which it was studying under a U5 Air
Force contract. The ALSV orbiter was
an FDL-5 shaped boost-plide vehicle,
about the size of an F-16 or Dyna-
Soar, weighing 22,000 pounds without
fuel. Like Dyna-Soar, it could be fown
wilth or without a pilet, and it was in-
tended to support a variety of military
miasions, althouph reconnaissance
was the most obvious example,



Flving Totward Space

A later version of the Hockwell TAV study,
with a aingle seat and @ difforent propel-
sfan svstent, Rockwall

=1
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Also from the Rockwell project office was
thes Shatledike voldele tawnched from a
47, Unlike the Boecing study, the 747 does
nat have o booster engine and it is
veppeippeel with o Vetadl to cleae dhe woke off

The ALSV was not designed 1o
carry a large paylead. Its advantapes
wore that it would be mobile, flexible,
independent of rocket-launch sites,
and almost entirely reusable, To
achieve these poals, the desipners cre-
aled a system in which the orbiter
perehed on the back of o highly modi-
ficd Boeing 747, The 747's fuselage

4t

the orbiter, Noindet is eisible, bt o hybeid
atr-breathing feacket-cyvele engine wonld
praobably e eazenticl for this Rind of vehi-
efe. Hockwell

would hold 100 tons of liquid hydro-
gen (LHgy and liquid oxygen (LOX) in
well-insulated tanks, and a single
Rockeldyne space shullle main engine
would be installed in the tail, The or-
biter itself would be fitted with seven
uprated Prait & Whilney RL-10 en-
gines—voersions of o relinble, proven
LHg-LOX rocket—and would carry a



large external fuel tank.

To launch the ALSY, the 747
would climb (o 22,000 feet and fill the
vehiele's light, uninsulated external
fuel tank in the cold upper air. Then,
the mother ship would fire its rocket
engine and climb al a sixly-degree
angle to 37,000 feel before releasing
Lhe orbiter, which would eontinue into
orbit. The launch point could he any-

[T |-.I|'I i
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Fiving Toward Space

where in the world because the 747
could be refueled in flight to give it el-
fectively unlimited range, ALSV, Boe-
ing, and the UUSAF zaid, could be oper-
ational as carly ag 1988, but it wasz nol
funded.

Instead, the USAE continued with
a series of studies under the Advanced
Military Spacellight Capabilily
CAMSC) program, By 1984, this work

s e R e i .-.-... e
o I R [t o=
“flving sled”: Exhaust from five jet engines
fi teapped wederavatl the wings and s
the entive veficle on o cushion of air before
it aecelerates to fIving speed. Rockwell

Launching a hypersonic aireraft from o
carependtonal ramey can Oe o problom, De.
cause short wings and high fuel doads can
mean high takeafi speeds, This Rockeel!
concept wses what might almost be eolled o
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had generaled a number of much more
ambitious desipns, with some of the
same goals as the visionary Aerospace-
plane of the 14605 The elass became
known as the Transatmospherie Yehi-
cle (TAV).

TAV designs varied, bul their
main commuon feature was that they
could descend from orbit to altitudes
between 250,000 and 350,000 feet, al
speads of Mach 26-28, before return-
ing to orbit again. Some were desipned
for air launch, some for zero-length or
vertical launch using boostlers, and
some for ronway deparbures using
specially designed or modified carrier
airerall.

An FDL technical paper published
in early 1983—before Heagan-era se-

well coneepd, shererng et £ sepeeeates st
cfter tafeoff. The slea would refurn under

&0

crocy policies reached full bloom—gave
a remarkable glimpse ol plans at the
time. The paper discussed a Maneu-
vering He-ontry Research Vehicle
{MERRY), designed to pave the way for
an operational AMSC vehicle or a
TAY, The MERY could be built in var-
ious different sizes, from a fifty-foot-
long, 40,000 pound wvehicle carried
aloft. by the spoee shuttle, through o
forty-foot, 30,000 pound vehicle
launched by a Titan HHLC to a small
twenty-five-foot vehicle Taunched by a
B-52. T1 would be capable of orbital,
Ltransatmospherie, and hypersonic
flight.

The paper also illusirated a full-
seile mocl-up of an FDL-5 shaped ve-

hicle designed by FDL and Lockheed.

aufomatic contrad and {ond af the runway
it geest fefi,



Loelhweed issued this impression of g TAV
clesign tn 1984, Few details were e,

Rocket-powered, and in the X-15 size

class, it was to be fitted with a pair of

Lurpe external Tuel tanks that foled
around its nose like a collar. This re-
search led to a convergence of hyper-
sonic and orbital vehicles: the former
with higher speeds, and the latter
with beller aerodynamics than the
shuttle and transatmospheric maneu-
verability.

Mot long afterward, Lockheed an-
nounced that it was studying a strate-

Fiving Toward Space

i was gpparently poteered by o modified
Shuttie eocked engine, Lockhood

gie reconnaissance TAV, By mid-1984,
the project involved several hundred
people in the Skunk Works, al Rocket-
dyne, and at other subcontractors,
However, the more ambitious
poals of the TAV-—vorsus the more
modest, state-of-the-art approach typi-
lied by the AMSC—meant that it
would require some basic advances in
materials and propulsion Lechnology.
Even in 18984, with bhargeoning defense
budgets, it was impossible to envision

Bl
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Thiz 1085 USAF study for a single-stage-
to-arbil TAV features six combined-cvefe
eugines on the sides of o conival body, Ope
timized Jor reconnoissance or strike, with a
sorverld, Topeevad e peevdocied, the design e
phagized Hght weight. TTSAF

G
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The UUSAF TAV study featured o conical
aft bhody thot ocled as an exponsion remp
for the side-monnivd ongines, TISAF

an operational TAV before the laie
19890s. Hypersonie hardware still ap-
peared Lo be on the back burner,

Or was it? The MRREV, the FDL-5
shape, and other hypersonie aireraflt
discussed in the 1983 paper shared

one distinguishing feature: a plain, tri-
angular plantorm with a leading-edge
swoep of seventy-live degrees, just like
the airerafl that Chris Gibson saw
over Lhe North Sea in August 1984,

G
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The Hypersonic

Revolution

The plans, comprising some thirty separate patents, each
essential to the working of the whole, .,

—Conan Doyle, The Bruce-Partingfon Plans

There are three reasons why the
North Sea sketeh is the most persua-
give rendition of Aurora to appear so
far. The first is the observer's gualifi-
cations. The second is the fact that the
MNorth Sea airerafl corresponds almaost
exuetly in shape and size Lo hyporsonic
reconnaissance aircraft studied in the
19705 and 1980s by McDonnell Dou-
glas and the Air Foree. Third, the
MNaorth Sea aireraft looks totally unlike
anything else. No aiveralt olther than a
highly supersonic vehicle, or a lesl air-
craft for such a vehicle, has evor bheon
Lailt or studied with such a planform,

The hypersonic regime has some
unigue characteristics, On o praph of
speed and altitude, the practical flight
envelope looks like a narrow, curving
funnel: Al any given Mach number,
the permissible altitude ranpge i3
small. On the low and fast side of the
envelope, Triction generales tono much
heat for the vehicle to endure for more
than seconds, this part of the envelope
belongs to short-time-of-flight “hyper-
veloeity™ missiles,

On the high and slow side, there is
not enough dynamic air pressure (the

6id

pressure rise caused by the vehicle's
gpeed) Lo sustain level ight or to feed
air-breathing engines. The shuttle op-
erates in this regime in its vertical,
rocket-boosted ascent.

Al hypersonic speeds, aerodynam-
it desiyrn pives way Lo acro-Lhermody-
namic desigm, Not only must the vehi-
cle generate minimum drag, but it
also must he free of design features
that give rise to concentrations of
heat; the design must spread the heal
over the struclure, preferably in
places where there is enough mass Lo
disgipate it quickly, Conventional,
thin-section wings and tail surfaces
misl be eliminated or made as amall
as possible,

Thermal management is critical.
Skin [riction pumps heat energy into
the airerafl, and it must be pumped
out again if the vehicle s to have any
endurance, The only way to do this is
Lo heat the fuel belore il s fed Lo the
engine, and dump the hoeost everbooed
through the exhaust, Thiz, of course, is
done on Mach 2-3 supersonic cruisers
such as the Concorde and SR-71, but 11
is more severe on a hypersonic vehicle,



The cooling capacily of the Tucl must
be used carefully and efficiently, or the
vehicle’s range and endurance will be
limited by heating rather than foel ea-
padity,

Cooling is only a part of Lthermal
management. Aceeleration, attitude
changes, and manecuvers all change
the heat loading and the heat distriba-
tion: accurate flight control is essen-
tial. Also, even Lhe best cooling scheme
does nol climinate the need for high-
temperature materials,

The conventional Lurbojel engine
is out of the picture. Any jet inlet sys-
tem ig desipned to decelerate the in-
coming airstream to a speed that the
engine can handle; in the case of a jot,
Lhis speed may be barely transonic. At
the same time, the air is compressed
and heated. Above Mach 4-5, this
process generabes such high tempera-
tures at the inlet face that no turbine
engine could compress it [urther and
survive, Palliatives such as bleeding
much of the airflow past the engine,
which works on the SH-T1, will not
waork at such speeds,

The basie principle of any hyper-
sonic propulsion system dates back o
Franece in the 1930s, when Rene Ledue
patented the acre-thermodynamie
duct, or ramjet. Like any air-breathing
internal combustion engine, the ram-
jet operates on a comprossion-eombus-
Liom-expansion eyele, and produces net
power boeaunse the expansion releases
maore energy than is required by the
COMPression process.

The basie serodynamic challenge
in a ramjet-powered hypersonic de-
sign—and no engine olther than the
ramjel has been shown to work effi-
viently at such speeds—is that the
ramjel engines provide enormous
thrusi, bul that they alse generate
cnormous drag in the process of slow-
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ing down and compressing the Mach 8
airstream. Nel thrust, or the diffoer-
ence between thrust and drag, is only
o small portion of the total thrust, so a
small inerease in drag can wipe it out
completely, When the net thrust
reaches zero, the aiveralt has reached
its maximum speed.

The way Lo make the ramjet en-
gine efficient is to spread it over the
entire length of the vehiele. The B5R-71
did this to some oxtent beeouse ils on-
gines breathed air that had already
been compressed by the shock wave ol
the nose. In a hypersanic ramjel air-
erafl, the entire underside of the for-
ward body is o ramp that compresses
the air, and the entire underside of tha
tail 15 an exhaust nozzle, The ramjet
“cowl” bencath the body is just the
high-pressure section of the engine.

So much compressed air under-
neath Lthe body serves another pur-
pose; it holds the airplane up. For a
hypersonic aireraft, wings are super-
fluous and, at Mach 6, a positive em-
barrassmoent, cousing excess drag and
requiring extra cooling.

The ramjets need a large inlet
proa Lo provide the high thrust needoed
for Mach 6 cruise. As a result, the en-
gines oceupy a large area beneath the
vihicle, Al the same time, the need to
accommuodate a large-volume fuel dri-
ves the aiveraft toward an all-body
shape.

High speeds have tended to be as-
sociated with short range, but—as was
seen with the small, 15,000 mile range
[-21 drone—Lhis is nol nocessarily
true. One reason for the D-21°: preat
range is that it was a “point design,”
with a very narrow Might envelope, Tt
did not need to Ny below Mach 3, =0 its
simple, fixed inlet and exhaust were
designed to operate efMiciently in its
design Mightl regime. The inlet cone,

Gh
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for example, was gradually flared so
that the air moving over it penerated a
series of relatively weak shocks at the
D215 eruising specd. The 1221 did
not need fuel io ¢limb to its cruising
height, it had no landing gear or recov-
ery gear, and it needed to be strong
enough for only one flight, so its strue-
ture was very light,

A B-52, with its long-span wing,
has an inherently high lift-to-drag
ritio (about 19:1) at its normal sub-
sonic eruising speed. A delta like the
D-21, with the skin frietion and wave
drag associated with its supersonic
cruising speed, will be hard put to
achieve o lifl-to-drag ratio of 6:1. The
B-52 seems to be more efficient—but
the missing factor is speed.

A Taster aircraft uses energy
{drag) to resist gravity (lift) at a higher
rate than a slower aiveraft, but it eov-
ors the ground faster, o it uses enerpy
for a shorter period. The classie
Breguet range equation allows for
this: the lift-to-drag ratio is multiplied
by the Mach number (M x /D). The
M(L/D) for the Mach 0.85 B-52 is 16:1:
for the D-21, it is 23:1,

Engine efMciency is also a Metor.
Overall pressure ratio (OPR) is a
benchmark of efficiency for a turhojet
or ramjet engine, just as compression
ratio is an indicator of effliciency for a

piston engine. Even today, an OPR of

d5:1 is a mark of a high-efficiency sub-
sonic turbine engine, But at Mach 3.8,
a simple ramjet like the RJ43 could
generate an OPR of more than 40:1
tan unattainable Arure for a turbine
engine in the 1960s) with no moving
pearls,

Of course, an efficient high-speed
shape would be of little use if the air-
eralt could not take ofl and land at
normal speeds. At such low speeds,
Aurora draws on the results of the lift-
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ing-body research done by NASA and
the USAT in the 19608 and 19705,
There are two main factors that make
these wingless shapes practical al nor-
mal takeolT and landing speeds. First,
the entire body is a lifting surface, and
it hag o preat deal of nrea, Seeond, lile
the Concorde’s wing, the sharply
swepl leading edge generates o power-
ful vortex at high angles of attack,
which elings to the leading edge and
boosts the wing's lif.,

Stability and control are chal-
lenges for a hypersonic aireraft. The
forces acting on the forward part of Lthe
body—the inlets and body sides—are
extremely large. Ramjel unstarts,
where a shoek wave that is normally
contained within the duct pops out of
it, can cause rapid inereases in drag
that are not necessarily syvmmetrical.
But the all-body shape does nol pro-
vide an ideal environmeni for conven-
tional control surfaces. There is not
much span available for elevons,
which are also on the back of a long-
chord wing. Vortices from the forchody
ean blanket, buffel, or otherwise inter-
fere with the verticals at high angles
of attnck,

This iz why the outer wings of
some hypersonic desipns, ineluding
the National Acrospace Plane (NASP)
design, have become all-moving sur-
faees for piteh and roll contrel. The
size of the verticals is a matter for de-
bate. MeDonnell Douglas’ studies
have rather large vertical surfaces,
above and below the body, which help
with stability by acling as endplates
for the all-moving wing tips; NASD,
and a NASA study disclosed in early
1993, have quite small surlaces, The
FDL-& shape, which formed the basis
for a USAF-Lockheed study, was
carefully contourcd according to a
principle dubbed “compression shar-



ing,” and used only a single vertical
lin.

Control problems may also be
eased by using unconventional devices
to handle the most dilficult cases. In

sonie Revolutfion

Donnell Douglas designs,
elractable “mustache” wing tips
sed to help rotate the aireraft for

eafl, allowing the elevons Lo be
made smaller. Also, a highly swept all-

compony's Mach & by
Donnell Doaglas
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The “hypersonic funnel™ is defined by the
faets thad the atmospliere is Tess dense as
adtitude increases, and that the movement
af e pefeiele corises dynaniic prossure o
it forces air ont of its path. Above the top
“mefnireine speed™ e, there is too e alr
pressare to lift the velicle or mabe air-
breathing engines work; befow the bottom
line, presswures are too Tgh for the strue-
ture. There is a high-speed limit on con-

body could be a suitable application for
active vorlex control. By using cither a
very small movable surface or an air
jet to modify the leading-edge vorlex,
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ventional ramjels, where the inlet pressure
excevels 100 ponnds per sgeare inch and
weight becomes o problem. Sonic boom
nuergreessieres drop by more o ol when
the crnise altitude increases from 60,000
feet (Concarded to 8000 feet (SK-T1). A
hypersonic vehicle af 100,000 feel ey ol
feave any perceptible boom on the ground,
MeDonnell Drouglas

researchers have shown thatl it is pos-
sible Lo penerate very powerful yaw
and roll forces. Doing so predictably
and controllably is a challenge.
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Must engine peogde folle i feems of specifie
fuel consumpiion; fypersonic and rocket
designers fall about specific impulse

pornels of thrust per pownd of fuel per soe-
ol Turbofeds are very efficient, but de nof
ek meach above Mool 3 becase F-"u" e
peratures are bog high for the Turbine,

Aurora appears small when seen
from directly boelow, TL may be as much
as twenty feet shorter than an SR-71,
Size, however, 18 very deceplive.

Structurally, the all-body shape 1s
highly cfficient, mainly because there
are no acrodynamic frecloaders like a
conventlional fuselage, and the average
pross-sectional area is lavge, 1 offers a
proat deal of velume—space for useful
load, equipment, and fuel—inside a
sbruclure Lhat is light, efficient, and
compact and has o relatively small
surtace area to generate friction drag.

Aureora eould weigh as much as
170,001 pounds fully loaded, but a
clear two-thirds of its mass would be
fuel, and it eould be more. This com-
parez with Lthe 57 pereent fuel fraction

Rowfets vade froe Macl A to Mach 7, Bt
they produce no thrust of standstill and
dittle bedow Maeh 2, Hyelrogen provicdes
high specific impulse, hecanse of Ita im-
mense energy contend por unit af weight.
Pratl & Whitney

of the SR-71, which is good by most
standards, oven today's,

The choice of fuel is a basic consid-
eralion. As already noted, the Tael is
used to cool the vehicle, At hypersonic
speeds, however, even an exotic
kerosene such as the JP-T used by the
SR-71 cannot absorb enough heat to
meet the cooling requirements withoat
breaking down chemically and clog-
ging the fuel system.

There are o number of unusual hy-
drocarbon fuels that can absorh
greater heat. Methyleyelohexane
{MOCTITY, Tor example, absorhs hoat
through a chemical reaction and
breaks down intoe hydrogen and
toluene, which can then be burned as
fuel. For Aurora, though, the most
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An expanded view of the lower feft corner
of the previous graph, this shows how an
airarigmented ar ducted rocket delivers
higher specific impulse than o pure rocket

likely solution is a ervogenic fuel—a
cold, liquefied gas. The Skunk Works
knew a great deal about eryvogenic
fuels thanks to the CL-400 program,
and had blown the dust off its records
during the 1970s when it proposed to
build an experimental hydrogen-fueled
freiphter based on the Lockheed Tri-
Star jetliner, In 1981, eryogenics were
more of a known quantity than exotic
hydrocarhons.

The best candidate fuels identified
so far are methane and hydrogen.
Methane is abundant: it forms 85-95
percent of natural gas. Tt provides 16
percent more energy per pound than
conventional hydrocarban fuels, and
can absorb more than four times as
much heat. It is liquid at minus forty-

KL

and ean serve as the aceeleraior for o mam
Jetl A turbafel iy more efficient bt much
feavier,

three degrees Fahrenheit at almos-
pheric pressure,

Liguid hydrogen (LHs), which is
used on the shutile, provides more en-
ergy and absorbs more heal por pound
than any other fuel. Il hias more than
twice the encrgy per pound of
methane, and absorbs almost six times
as much heat.

The snag with LITg is its very low
density, one-third that of ligquid
methane, This means bigger fuel
tanks, a larger, heavier airframe, and
more drag. While LHg is the fuel of
choice for a spoace ‘A.-'l."]'lit.?[E (which peeel-
erates quickly out of the atmosphere),
studlies have shown that methane is
better for an aireraft cruising al Mach
53-7. For the same range and payload,



Lhe methane-fueled aireralt is smaller
and lighter than an TLITg airerafi. LITg,
with a boiling point of minus 420 de-
grees Pahrenheil, is also more difficult
to store than methane.

Methane is easy to use as a fuel; in
many places, cars and other vehicles
have been adapied o burn liquid nat-
ural gas, On the ground, it can bo
stored in pressurized cvlinders at am-
bient temperatures. MceDonnell Dou-
glog has studied in-Might refueling
with liquid methane, and it poses no
fundamental problems; a KC-135,
medilied with lightweight, insulated
tanks on its main deck, could easily
carry enough methane to Fuel an
eighty-ton aireraft.

Beeanze the liguid fuel wants Lo he
a gas, the Aurora designers have some
novel options in engine design. As
nobed, there is little disagrecment Chat
the ramjet is the most efficient means
of propulsion in the cruise. 1t is also
simple, in principle: air is forced into
the inlel by the movement of the vehi-
cle, compressed, and mixed with Tuel,
The mixture is ignited and allowed to
expand, producing thrusi.

The ramjet is fundomoentally dil-
ferent from other engines in that the
air is compressed only by the forward
moverment of the entire engine, rathoer
than by pistons or rotating airfoils,
Any moving parls in the gas stream
are there to modalale the Now, not (o
add cnergy to it (like a jot's compres-
sorh or to take it away (like a turbined,

Consequently, the ramjet has two
Bigie and unigque allributes, The (st
is that zero airspeed equals zero
power. Any ramjet-powered vehicle
necds an peceleeplor—another Lhrust
source that can puzh it to a speed
where the ramjet will operate,

The second is that the ramjet’s
power and efficiency are proportional
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to speed. Like a piston engine or a tur-
bine, the ramjel’s statistics—power-to-
weight ratio, power-to-frontal-area
ratio, and fuel efficiency—all improve
as the overall pressure ratio improves
heeause it can do more work by pump-
ing the same amount of air.

The only way to improve pressure
ralio in 2 ramjel is Lo increase ils
speed. 1t follows, therefore, that any
ramjet-powered vehicle has a critical
apeed and altitude at which the ramjet
alone will provide enough power to
overcomoe the vehicle's drag.,

Without complicated moving
parts, Lhough, & ramjel cannol operate
efficiontly over o wide specd ronge,
Mressure and volume are inversely re-
lated (Boyle's law). Il a ramjel is Lo op-
crate efficiently, the areas of its inlet,
duct, and nozzle must vary according
Lo the varyving pressure of Lhe gas
stream as b moves through the en-
mine, These aveas can be varied, up to
o point, but only by ramp and nozzle
svatems which become higger and
more compliciled as Lhe desived speed
range increases,

Most hypersonie studies show that
the vehiele needs an necelerator that
can take it to a speed between Mach 2
and Mach 3. The Lockheed D-21 had a
remarkably efficient engine, bul il op-
erated only in a narrow speed range,
[rom Mach 2.8 to Mach 3.8, and need-
ad a carrier aircraft or beoster to reach
that speed. Other high-spead ramjet
vehicles—such as missiles or Bo-
marc—were desipned to he boosted to
Muach 2 ar above before the booster
dropped away.

The eritical design ease for the ae-
celerator may be the transonic zone,
around Mach 1. The vehicle is full of
fuel, the ramjet eyele is barely opera-
tional, and drag hits a hump. Even the
sleek SR-71 normally dives through
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Upper: in a rochet-based combined-cyele
engine, the Hywid methene foel flows
fhrowgh an airfraome conling cireadl (11 or
a heat exchanger (2) in the compressor air
fnled. The vxpanding moethane deivos o fur
bine (31, which spins the compressor (4.
The methane and compressed air nee
burned in rocket-tvpe nozzles (5) inside the
rarnged duct, At speeds below Mack 2.5,
extra methane and LOX are supplied to the
nozeles (o generate more thrusl, As the pe-

T2

hivle aeeelorates, more methane is stipagef el
throggh the infector struf (6) and is berned
i the airflow endoring the rangot, Lower:
ot eruizing speeds, the compressor inlet
cureed Iredef Dot 4.'.1'4.'.’1::.1.15'4!:' re shd :fuu':.',
the compressor is uneonpled from the tur-
hine, and the rocket nozzles are relracted.
The hot fiel flows through the turbine to
power the aircraft's systems and [y fod to
the ramjet throngh the tnjeetor strwd (G,
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Relative
Fuel Tank

.ﬂ-’fr]r;.llff,a,’ f‘rnn‘i' -'.IFF"I for .Urr{l’.i'urn!' I'.'J'I'I'I II"‘”"F”
methane o dydrogen increnses Hhe energy
cvailalie from each ponnd of fuel, Bt
means that less energy is eveilable per
il of valwme Decanae mothane and By

the transonic regime, so as Lo bhroak
through it faster and save fuel.

The classic accelerator solulion is
the lurbo-ramjel, in which a ramjel
and a turbojet share a single inlet and
nozzle, and the ramjet combustor is
also the augmentor. The SR-71's JA8
engine iz close Lo a turbo-ramjet be-
cause much of the airflow 1in the eruise
bypasses the bare engine; in a true
turha-ramjel, the process is earried
further and the turbojet section is shut
off completely at croising speeds. The
trouble with this selution, however, ia
that the turbogjel and the varable inlet
and nozzle are dead weight and vol-
ume in cruising flipht, and the turbo-

I'.Irrl'iﬂ'l"!h' e rj"."r.lnr-m'h'mrlr:.' |rl"!h'.'1: r.i'r’r.' =t Illr.'I:i'ﬂ' I
JP-4 As shown fere, the fuel tonk gets
fargrery the endive aivframe {2 Digger; aned it
needs meore thrust, perticelorly for dron.
sanie aeenderation. MeDonnell Douglns

jets are nol smally they have Lo be
powertul enough tor takeoff, climb,
and Ltransonic acceleration. An Aurora-
siee vehicle would need ad Teast four
large fighter engines.

Hypersonic propulsion desipners
rate different engines according to a
number called “specilic impulse™ (15p),
15p 15 the amount of thrust, in pounds,
produced by a pound of fuel in a sec-
and, Mathematically, the two pound
quantities cancel each other out, so
15p is measured in seconds. 15p is re-
ally the same as specific fuel consump-
tion {sfe), but it indicates the engine's
thrust-producing potential more di-
rectly than an sfe number,
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In 1978, Lockheed proposed to build o
savadd nrmher of modified L0001 aivliners
as hydroagen-powered froighiors, to evali-
ate the potentiol of lguid hvdrogen oz o
fiedure fuel for civil eeiation, The hvelragen

Any cngine’s apecific impulse
varics with speed. A 747's enpgine, for
example, has an I8p of more than
5,000 seconds at Mach 0.9, but no TSp
al all at higher speeds. A turbojet has
high ISp at Mach 1, but it declines al
Mach 2 and runs out above Mach 4.
Rockels have very low ISp—400 see-
onds is considered good, even with lig-
uid hydrogen—but it is constant from
zoro o Mach 25, Ramjel ISp stoarts at
zere and gradually builds toward

T4

wonld have been careied tn special extro
fuselage sections fore and aft of the wing.
The profect shoused thet Lockhecd consid
ered eryogente fuel to be suitable for regue
foer erireraft operalions, Tockheed

Mach 6. The trick is to find o combina-
tion of propulsion systems that pro-
vide a good 18p across the whole flight
envelope, within acceptahle weight
lirnils,

There are two elues Lo the way in
which the Awrora desipners solved the
problem. The National Aerospace
Plane (NASP) team, open about most
aspects ol the program, has been tight-
lipped about even the most basic prin-
ciples of the “low-speed” or “accclera-



tor” portion of the NASP engine. OIfi-
cinls have indicated that, in parts of
the evele, it works as a ducted rocket.

A ducted or air-avgmented rockel
is a way of hoosting the rocket’s TSp,
The rocket exhaust is directed into an
aeredynamic duetl, draws air through
the duet, and acecelerates it. Al low
speeds, the larger mass flow and lower
total exhaust velocity make the engine
maore efficient. Also, the rocket ex-
haust can be made luel-rich by redoe-
ing the amount of exidizer available,
and the remaining tuel can be burned,
ramjet-style, in a combustor,

The second clue to the Aurora on-
gine is that witnesses have reported
unusual noises in the vicinity of bases
where Aurora operates. These include
very-low-frequency pulsing sounds, as
slow as one pulse per second, and an
extremely loud noise on takeoft,

Remarleably, the surging or puls-
ing sound is associated with a class of
standstill-to-hypersonic “combined-
cyele” propulsion syslems invented in
the late 1950 for the Aerospace
Plane,which was strikingly similar Lo
the X-30, according Lo thoze who
worked on it, and concealed sinee then
by obscarity rather than security, Sim-
ilar engines have been investigated in
Ruasin and Jopon,

These powerplants are called
“rocket-based combined-cycle” (RBCC)
engines, An RBCC engine uses cryo-
genie fuel and combines features of a
ramjel, a rocket, and a turbine engine
in an integrated engine thatl can pro-
vide thrust from standsiill to Mach 6,
Tt is lighter than a classic turbo-ramjet
and delivers higher [Sp across the en-
Lire speed range than a rockel-ramjet
combinalion,

The EBCC engine is based on a
ramjet duet, which incorporates both
a fuel injecior and a group of small

The Hypersonic Revolution

rocket-type nozzles, and a turbine-dri-
ven compressor (which is not a turbo-
jeth. The methane fuel drives the lur-
bine az it expands from a liquid to a
pas, and both the high-pressure air
from the compressor and the methane
from the turbine are delivered to the
rocket nozzles in the ramjet duet. Lig-
uid oxvgen (LOX) can be added to the
nozelos,

To start the engine, methane is
pumped through the aireraft’s skin,
where it is heated to ambient tempera-

? ADVANGED INTERCEPTOR AIRCRAFT
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ture. The methane expands through
the turbine, spinning the compressor
and pumping air into the nozzles,
where the compressed air-methane
mixture is ignited. The high-velocity
rockel exhaust draws air through the
ramjel duct., As the engine ignites,
methane is used Lo cool the ramjet
duct walls. pumping more energy into
the turbing,

At idle and low speeds, however,

the ramjet duct is too large for the air-
flow. The flow becomes discontinuous,
with a cyelic build-ap and release of
pressure in the duel, producing the
distinetive noises associated with
these unidentified aireraft. The fro-
quency may be as low as one per sec-
ond and the amplitude is very larpe,
even with a small test engine. “It’s the
rod-nwlulest sound yvou ever heard,”
says one witness,

This drawing of Aurare (s bosed an the
North Sew evewitness veport andd on opes-
sonree studies of hypersonie designs, The
forehody profile is raised Tn order to
amonth owd the increase in eross-seefional

76

aren along the vehicle ond reduce fronsan-
ie drag, The bulged wnderside or “heer
Lelly” results from the wse of the entire
b forehody as o comnpiression peag,



The pulsing is a low-speed phe-
nomenon and has no conneetion with
pulsed detonation wave engine
(PDWE) Ltechnology, which has been
linked to the unusual “doughnut-on-a-
rope” contrails that have been seen
aver the Uniled States. The explana-
tion for these eontrails 1s sGll not elear.

The RBCC engine needs more
thrust for takeoft, climh, and transonic
aceeleration, so LOX is added to the
rockel nowzles, This inecreases Lheir ex-
haust velocity and draws more air
through the ramjet—in effect, the
ramjiel Lthinks il is going faster than
the airplane —and therehy increases
the pressure ratio to the point where
more methane can be added (through
the fuel injector) and burned in the
duct. The RBCC engine is now run-
ning as an air-augmented rocket.

The engine needs less oxygen as
the vehicle accelerates, for two main
reasons. Fivst, more air is flowing into
the ramjel duct; second, increased
skin friction and higher duet tempera-
tures mean that the methane driving
Lthe turbine has more energy, so the
compressor s delivering more air pres-
sure to the rocket nozzles. The LOX
fow is gradually reduced and reaches
zero at about Mach 2.5,

At higher speeds, the methane
supply to the rocket nozzles may be
shul down and all the fuel is deliverad
through the fuel injector. Up o almost
Mach 6, the compressor exhaust can
eontinue to supercharge the ramjet—
inereasing ils thrust and TSp. At cruis-
ing speed, the compressor inlet closes
(the turbine continues to operate, to
provide auxiliary power) and the strut
with the rockel nozzles relracls o re-
duce drag in the duct. The engine can
then run as a pure ramjet.

Physically, the engines would be
installed in multiple modules, Several
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small ramjets are shorter and lighter
Lhitn one Targe duet with the same aire-
flow and thrst potential, The use of
the wide underbody as an inlet ramp
makes il desirable for the inlel area to
he relatively wide and shallow, which
is easier to achieve with multiple
ducts. One eyewitness to Aurora de-
geribed it as having “an evil smiley
face” underneath,

Professor Paul Czysz, who studied
RBCC engines for hypersonic airerafl
at MeDonnell Douglas, says thal their
performance is remarkable. A hyper-
gonic airveralt, with eombined-eyele en-
gines sized for cruising Might, will
have thrust equal to its fully loaded
weight on takeoft and in the climb,
when the engines are in their rocket
mode, With high threust and low deag,
“they po like scalded rahbits,” he says.
A Marquardl paper, published in
1976, deseribes o similar engine as a
“supercharged ejector ramjet” and
credits it with a thrust-te-weight ratio
of 25:1—two-and-a-half times that of
today’s bost fighter engines,

Some idea of the potential of these
engines can be gained {rom looking at
MNASP, Blocky, wide in cross-seclion,
and almost wingless, NASP could not
be described as aerodynamically per-
Foel Tor the Mach 0-2 regime, Tt
weighs at least 350,000 pounds at
takeoll, and its body dwarfs the ramjet
madule inlets, Yet, those engines have
cenough power to prope]l NASP Lo Mach
4.

In its ducted rocket mode, an
RBCC engine will be unbelievably
noisy, The multiple, small roclkel noz-
zles, with a velocity of many thousands
of Teel per second, will be mixing in the
ducts with slower airllow through the
inletz, and the total exhaust will mix
with the outside air, The process will
penerate noise efficiently al many (re-

i
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Remarkably, this NASA study was pub--
lished ane month after the Novth Sea
sighting was first publicized. It is bigger
than the Avrora design—ii is designed as
a strike afreraft with a 1O,000-pound

quencies, which will interact with one
another, Add the fact that the engines
could be pushing out almost as much
thrust as a 747's engines, and it is easy
to see why Aurors “sounds like the sky
heing ripped open,”

Unlike many ramjel-based propul-
sion schemes, the combined-cycle en-
gine works reasonably well even in
level Might at subsonie sposds—when
the aircraft is refueling in flight, for
instance. In thal mode, it is about as
efficient as a 1960s technology mili-
Lary turbofan,

TH

weapon lovd—and wses over-pnd-under
terboranfels rather than Lighter com-
birved-evele engines, However, the stoilari-
s are striking, NASA

There are & number of good rea-
sons why these engines work so well.
Aceording to Dr, Fred Billig at the Ap-
plied Physics Laboratory of Johns
Hoplkinsg TTniversity, which experi-
mented with them in the 1980s, one of
the attractive features of the com-
hined-cyele engine is that it delivers
high thrust per unit of frontal area |
which, in the transonic realm, “is more
important than many people think.”
This is because it does nol run as a
pure ramjet until it s almost at its
eruising speed; al takeofT, it is a ducted
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Clubeaney dreaning

rocket, and it then transitions seam-
lessly—withoutl any mode or shape
changes—into a supercharged ramjet.

The turbo-compressor section of
the RBCC is fundamentally different
[rom a Lurbojet because the compres-
sor and turbine are in separate gas
streams. In a turhojet, the air that has
been compressed in the inlet and the
compressor is extremely hot at high
speeds, so that the engine has to be
throttled back to keep turbine temper-
alures within limits. This does not
happen in the combined-cyele engine,
s0 the turbo-compressor can run to its
maximum capacity throurhout the
speed range, Also, the capacity of the
compressor can be increased by using
liguid methane to cool and densify the
air that enters the inlet,

Above all, however, the combined-
eyvele engine is recovering energy thal
most systoms throw away. By using
methane to eool the structure, the en-
gines, and the systems, the combined-
cycle engine converts the heal gener-
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I 1885, MeDunael! Davglas proposed o
d08-passenger Mach & atrliner. Degipned
primarily for the fast-prowing aiv routes
hetween the US and Asia, it becane known

B

as the Orfend Express—a nome fotor mis
applicd to NASP by an vrer-onthusiostic
Prosiclenited speechwriter, WeDonnell Dou-
glas



The effect i a substantial boost in [Sp
across the entive speed range,

In thiz respect, Aurora works ex-
actly like World War 1T highters such
as the P-51, in which the engine radia-
tor was placed in an aerodynamic duel
Lhat functioned as o ramjel and, ol
high speeds, allegedly produced
enough thrust to offset most of the
drag of the conling system,

The RBCC 15 far from the oanly en-
pine concepl to have been studied for
the zero-to-hypersonic mission, The
air-turbo-rampel (ATR) or turbo-rocket
dites back Lo 159449 patents and a ver-
sion of the concept, the Pratt & Whit-
ney PW30M, was designed and buaill for
the Lockheed CL-400 spyplane. The
ATR resembles an afterburning turbo-
fan, excepl that the turbine that dei-
ves the [an runs on hol, unburnt hy-
drogen or methane rather than air,
iJapan’s 1HI Heavy Industries is test-
ing an ATR.) In all these engines, the
Fan is ollowed Lo windmill al high
speeds, so the faster the aireraft goes,
the more it hehaves like a ramjet.

More recently, Pratl & Whilney
has desipned a refined version of the
ATR, the twin-spool hydrogen ex-
pander ITSHE) engine, which dispens-
ee with the complex heat exchangor,
Another intripuing engine devised hy
them is the rocket fan, which 15 based
on the oldest known design for o heat
engine: the steam turbine devised by
Hero of Alexandria in A} 75, 1t is sim-
ilar to the ATI except that there 18 no
turbine, and the fan is driven by tiny
rocket nozzles in the blade tips.

There is a chance that some other
varialion on the many zero-lo-hyper-
somie eyveles has been developed and se-
lected for Aurora, A Pratt & Whitney
engineer who presented a paper on the
TSHE and the rocket fan at a 1985 con-
terence added a gnomic and perhaps
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significant comment: “In the course of
this work, another interesting cyele
came up—bul that's another siory.”

Cn balonee, though, the scoreey
that surrounds NASP's engine, the
fact Lhal iL is parlly a ducled rocket,
and the Aurora noise reports, all point
toward an RBCC solution for both
NASIE and Aurora, with Rocketdyne,
Marquardi, and Prail & Whilney as
the leading candidate contractors,

Propulsion and thermal manage-
ment are probably the toughest chal-
lenges in producing a hypersonic air-
eraft. Aurora’s structure may not be as
hard to design and build as the A-12
wis in ils day. Modern titanium alloys
would be adequate for most of the sur-
face and for the substructure.

Theoughout its carly delinition
stage, WASE was expected o use new
high-temperature titaninm-based ma-
terials called “intermetallies™ for most
ol ils structure. In early 1992, howew-
or, the NASEF ofice said that a conven-
tional titanium allov—Beta-215—
would be adequate, and was already
avadlable in production quantities. No
known aireraft uses Beta-215.

Since the SR-71 days, more greal
strides have been made in the highly
heat-resistant materials that are
necded for the parts of the vehicle that
seg stagnalion lemperatures in Lhe
realm of thousands of deprees, Lock-
heed's experimental hypersonic-glide
vehicle used reinforced carbon-carbon
(RCC) composiles, consisting ol carbon
fibers in o carbon matrix, formed
under heat and pressure, and capable
of withstanding temperatures as high
as 4,000 degrees Fahrenheit without
cooling, These could be used for the
leading edges of the wings and inlet,
and for the rear underbody,

Aurora’s airframe might well in-
corporate some stealth technology, It

#1
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The X300 NASE differs from Anrora and
other hypersonics in hoeving o broader for-

does not need it to survive, but re-
duced frontal radar cross-section
(RCS) might help it to achieve sur-
prise. Clearly, Aurora is going Lo have
an infrared (1K) signature like the ris-
ing sun. Bul most defonsive syslems
do not make use of long-range TR de.
tectors because unless they are air-
Lorne, they are useless in cloudy
weather. If designers did decide to ro-
duce RCS, they could use the radar-
absorbenl material (RAM) developed
by Lockheed for the F-22's exhaust
svabem, which is based on a ceramie-
matrix composite material,

Like the SR-T1, Aurora probably
has o crew of Lwo: pilot and veconnaiy-
sance syslems operator {RSO). Flying
Aurora will be quite unlike flying a
conventional aireraft, There will be Tit-
tle, if any, oulside view because a nor-

52

ward fuselope, fncreasing drog but provid-
ing more thrust for aceeleration. USAF

mal windshield causes too much drag
and gets oo hot.

There are a number of solutions to
the vision problem. Fully synthelic vi-
s1om, relying on sensors to provide a
TW-Lype picture to the pilot, is dis-
lrusted by pilols hut is being consid-
cred for the next-generation eivil su-
persenic Lransport. Unlike the Con-
eorde, that aireralt would not have an
articulated drosp-snoot nose, so it
would rely completely on synihoetie vi-
sion or aulomatic landing. A more con-
servalive but heavier solution would
he o retractable windshield and ele-
vating pilol’s seat and conlrols,

In the eruise, al more than a mile
per second, vision is irrelevant. By the
time the human eye can see some-
thing, it is too late Lo do anything
about it. Instead, the pilot will be a
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MAIN LANDING
GEAR BULKHEAD
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AFT LOX TANK

MAIN LANDING GEAR

TANK WEE

Internol view of the X-300 shows tha! 1 is
put together unlike a eonventional air
plane, with much of ity strength in large,

mission manager, monitoring the air-
erall and ils systems and following the
course of the flisht on large-format
cathode ray tube (CRT) displays. The
pilot’s most important funelion will be
to cope with the unexpected: differ-
ences in upper-air temperature,
weather over the target area or the re-
fucling wone, or problems with the sys-
tems, for cxample,

The RS0 will supervise a hattery
of sensors. The mosl important could
be a synthetic-aperture radar (SAR), a
side-looking radar that takes a se-
quence of anapshots of the target as
the aircraflt moves, and compiles them
into o single rador image which is as
sharp as it would be if it were aequired
using an antenna hundreds of feet
wide, The best SAR imapes are classi-
fied, but have been described as “near-

Lighd, lengtieise webs attoched to e singfe
crnss-hullfend level with the landing gear
MaLnts.

photographie,” allowing difTerent Lypes
of vehicles (tanks or trucks, for in-
stancel to be distinguished easily from
meore Lhan 100 miles away regardless
of clouds or smoke.

In elear weather, Aurora would
use daylight and inflrared cameras for
ultra-detailed work. Thanks to satel-
lite programs, clectronic cameras
using charge-coupled device (CCDD ar-
rays now achieve equivalent resolution
Lo ultra-fine-grain reconnaissance
film; CCDs also have some ability to
work in low light levels. A phased-
array anlenna built inte Aurora’s
upper surface—near the rear end,
where heatl and wonization would be at
a minimum—would allow il to irans-
mit real-time or near-real-time im-
apery to the Pentagon’s satellite net-
waork.

B
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NASP [y designed to go all the way into
arhif, bt fendiog feeods are seed Hhat it
maey never fTv ad afl, USAF

a4



This iz not o photograph but en (mooe ac-
guired by a synthetic-aperinre rador. The
radfar wsed here, a Lorgd P08, Is o gen
ergfion or fwo ofder than the high-resolu-

On the ground, the digitized im-
agery is fed into a machine thatl uses a
laser to print the imagery on to film,
with results that are indistinguishable,
even by experts, Trom original [lm
loaded directly into the camera. Film is
wsed for the final eutput because these
cameras gather data at such a rapid
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tiotn Flieghes aned Loral SARs peeed in the
SR-ZT aned 122 bat oll imagery from those
rerefrera vs feogfily efuastfed. Taoreal

rale Lhal they will guickly swamp even
the vast eleetronic “juke-box” memories
used by the intelligence communiiy. In
[act, Aurora could offer an operational
advantage over satellites in that it can
use film as an alternative to CCDs.
One thing is cortain: very little in
Aurora’s development will have been

5
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casy. Former Lockheed chief engineer
Clarenee “Kelly™ Johnson onee re-
called: “1 offered a $50 reward to any-
one who eould find anvthing that was
easy. Someonc came up with a marker
that could mark part numbers on tita-
nium. IL worked well—but then Lhe
part number fell right out of the part.”
The marker contained a small guanti-
iy of chlorine, which is death to titani-
um. Later, it cost the Adr Force $1 mil-
lien Lo develop a paint for the USAF
slars-and-bars insignia which did not
turn brown alter the first Mach 3
flight,

Like the A-12 and other high-
specd aireralt, Aurora will have pre-
sented challenges in thermal managoe-
ment, high-speed propulsion efficien-
ey, und the design of unique subsys-
tems and components to operate at
high temperatures. I it does use
woeapons, or i il is designed so that it
can be adapted to launch weapons,
new weapon release concepts will be
necessary, Some kind of rigidly encap-
sulated ejection seal will be necessary
it safe ejection is required Lhrouph
mosl of the flight envelope.

Some discussion of Aurora's rela-
tionship to NASP, particularly oulside
the program, has assumed that NASD
is 0 cover Tor Aurorn or o conduit for
white-world materials work into the
program. In some ways, however,
NAEP can be seen as an extrapolation
of Aurora, which gol under way as the
results of early Aurora work began Lo
emerge.

Many of NASP's key features rep-
resent one significant step bevond Au-
rora. NASP uses a more exotic, higher-
encrgy fuel: slush hydrogen rather
than methane, Aurora, with its La-
pered, pointed nose, is a cruiser—the
shape is o compromise hetween drag

B

and inlet efficiency. NASP's spatula
nose ereates more drag and weighs
more, but it looks more like what it is,
an inlel ramp, bocanse NASP does not
cruise in the atmosphere but constant-
ly accelerates. NASP uses a similar
engine Lo Aurora, but adds a superson-
ie combustion ramjet (seramjet) mode
[or speeds above Mach §, and a rocket
for the linal kick into orbit.

WAGSP iz designed to re-enter the
almosphere with most of its fuel gone,
so it makes little use of active cooling
and requires a better thermal protec-
Lion gystem (TPS) which adds weight.
Ta keep the rest of the structure as
light as possible, it uses titanium-ma-
trix composites rather than monolithic
Litanium,

The USAT"s NASP program diree-
tor, Dr. Rebert R, Barthelemy, does
not confirm these links, but does not
exactly deny Lthem either, As he said in
a late 1992 interview: “It's [NASP] in-
volved o lot of people, and we've been
very serious about what we've been
doing.”

“Bul,” he continued, “woe've cor-
Lainly developed cerliain capahilities
that might, right new for all 1 know,
be being used by all kinds of communi-
Lies. And there may also be some spin-
ofT [rom some earlier work that's found
its way into our activity,”

Aurora is not just a spyplane, [t is
a very important slepping-stone to-
ward real access to space, the kind of
access Lhal NASA's civil-service lifers
promised from the shuttle but failed to
deliver, Unfortunately, one factor
above all prevents Aurora’s potondial
from being exploited and prevents its
true importance [rom being recog-
nized,

The 1S government says that it
doesn't exist,
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The Price of Denial

When you have eliminated the impossible, whatever remains,
however improbable, must be the truth.

—Conan Doyle, A Study in Scariet.

Faced with clear evidence that Aurora
exists, in the form of a sighting by a
highly qualified witness plus a stream
of other reports, the US Air Force has
continued to deny thal Aurorn is real.

“The Air Foree has no such pro-
gram . . . and if such a program exisi-
ed elsewhere, I'd know about it—and T
don't,” stormed Bush administration
USAF Secretary Donald B, Rice in a
letter to the Washingfon Post in De-
cember 1992, “The Air Force has no
aireralt or airerafl program even re-
motely similar to the capabilities
being attributed Lo ‘Aurora,™ he con-
tinued, adding thatl “the Air Foree has
never created cover stories to protect
any program or vehicle like Aurora,”

Rice’s denial followed a series of
documented ohservations pointing to a
seerel, high-speed aireraft program.
As well as the North Sea sighting,
there were Lthe Awiatinn Week reports
and the California booms. There was
the lack of controversy over the SR-71
retirement and the upward-spiraling
size ol the black budget,

Mot everyvbody can be right, and
there are a number of hypotheses con-

cerning what might actually be hap-
pening in the skies over the United
Stales, Rice's comments supgpest that
there are no classified, highly super-
gonic airerall in existence, 17 that is
the case, then all the cyewitness ob-
servations are wildly inaccurate. In
the case of the North Sea sighting, the
only possible explanation is that the
slory was an intentional fabrication—
an explanation that nobody who has
talked to the wilness ean casily credit.
Thig hypilhesis does not address the
sonic booms, It requires an allernative
explanation [or the level of activity at
Groom Lake, and the noncontroversial
retirement of the SR-71.

Alternatively, secrel supersonic
aircraft may exist but be very different
[rom Lhe type of system deseribed in
Lhis book, with different missions and
characteristies; or they may not he op-
erational. This hypothesis covers the
California hooms and the activity atl
Croom Lake, Bul it has a Fatal Naw;
Rice's denial quite clearly covers all
ﬁlll:h PO,

Eleeted officials who would know

about Aurora have deftly svoided talk-
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Eerly in 1893, Aevospace Daily described
o oseered recoliieissanee alrerafl project
that had allegedly been canceled in 1956,
Ms deseription of v - 1-sized, Mach 5 wir

ing nbout it. 1 asked Sen. Sam MNunn,
chairman of the Senate Armed Ser-
vices Committee (3A3C), about the
Culifornia booms at a press conlorence
in Dayton, Ohio, in the summer of
1992, Also present was Sen. John
Cilenn from Ohio, who is o senior
member of the Senate Intellipence
Commuillee.

Benator Nunn is briefed on classi-
fied military colleetion programs, in-
cluding unacknowledged SAPs (Spe-
cial Access Programs). Normally, the
full SASC and intelligence commit-
tees—including Senator Glenn—are
given the same briefing,

Bul Steven Afterpood, who edils
the Secrecy and Governnrent Bulletin
for the Federation of American Scien-
tists has reported the existence of a
subsct of SAPs called “waived pro-
prams,” in which the scercly of de-
fense waives the roquirement to notify

HA

eraft was oddly reminiseent of this Lock-
frevel artizt's dinpareasion, released dn TRSE

TLockheed

the full commitlees, and briefs only
the chairperson and senior minority
member of cach committes. If the hy-
personic airverall is a walved program,
MNunn would be briefed on it and
Clenn would not.

MNunn's response 1o the question
was to refer il immediately to Glenn,
without expressly deelining to com-
ment. Glenn declined to commeni.

Meanwhile, the TISAF, through its
public afMirs offices, has attempted
Lo—as they put it—"debunk” reports of
high-speed aireralt. Gen. Waltor
Hogle, chiel of USATF public affairs,
even suggested that the unidentified
wireraft might have been a Royal Air
Force Vulean homber, which is not
only incapable of refucling from a KC-
1336 bul is almost as big as the tanker,
with a three-times-grealer wingspan
than the unidentificd airerafi, Chris
Gibson, an expert in aireraft recogni-



tion, responds scornfully: “A Vulean? |
think T learned that one when 1 was
three vears old.”

The serviee's official response Lo
the North Sea sighting is that the re-
port “will probably remain unchal-
lenged, simply heeause there is not
enough information available to even
hazard a puess.”

But the report—as published in
the British magazine Jane's Defonce
Weeldy—includes the precise loealion
of the August 1989 sighting. Gibson
toes not recall Lhe precise date, but
saya thal il was close to midday, and
that the cloud eover was thin and
high, a factor which would narrow
down the ehoice of dates.

The magazine also said that the
aireraft was refueling from o KC-135
tanker and was accompanied by two

Jdapan's Advenced Space Plane (ASP pro-
Jeet fs one of a rnember of reusable lagsoh-

The Price of Denial

F-111 bombers. The USAT has only
bwo IP-111 units in Turope, and a sin-
ple wing of tankers,

Aviation and the military are both
nolorious for their obsessional record-
keeping, but General Hogle said in
January 1093 that he did not koow if
the TISAF has attempted o determine
which KC-135s and F-111s used
AARA (Air-lo-Air Refueling Area) 6A
during August 1989, Certainly. no Air
Foree investigator has contacted Chris
Gibson, or anyone else involved with
the story, in an cffort to narrow down
the dates of the event,

The question of tanker support
brings up another of the many anom-
alies in USAF statements relating to
reconnaissance aireraft, In 1992,
Strategic Alre Command and Tacticn
Air Command were merged into Air

ers wnder stgely weorfdwide. S fae, only rig
tests haee heen wndertaken. Bill Sweelman

&0
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Clermany's Sanger proposal iz a very large
tro-slage system wilh o rocket-powered or-
GBiter mownted oo million-poend, Mach G,

Combat Command (ACC) and, at the
aame time, mast of their tinkers were
transferred to Air Mohility Commuand.
Almost Lthe only exceplions were o few
tanker units eo-located with homber
wings or the newly formed composite
Wings,

One tanker unit does not fit the
pattern. The 9th Wing at Deale AFD
in California still operates the KO-
13560 tankers Lthat were specially mod-
ified to support the A-12 and the SR-
71.

1]

Farfet - poteeredd lanneher, Thealsche Aoro-
B

At a conference in early 1993, Gen,
Ronald Fogelman, commander of
AMC, remarked that the KC-1350Q=
“belong Lo bMike Loh JACC commander
Gen, John M. Loh] right now, hecause
they're tied up in support of the U-2
program,”

This statement 15 inaccurate, be-
cause the U-2K cannol be refuelled in
flight. If the KC-135Qs do not supporl
U-2Rs, what do they supporl? And why
doos the commuander of AMC, who has
overall responsibility for tanker irain-



ing and support, not know the right
answer to thatl question?

The Air Force has also cast doubt
on the seismographic evidence collect-
ed since June 1991 by the US Geologi-
cal Survey (UISGS), Under contract to
the USAF, Mussachusetls Institule of
Technology's Lineoln Laboratory ana-
lyzed one of these readings and con-
cluded that it was caused by a Navy
fighter on an air defense flight-test
IMIIES1Y .

This does not explain repeated
readings from sensors more than
eighty miles inland, unless pilots have
been routinely violating the ban on su-
personic flight over metropolitan areas,
The USAF Flight Test Center states
that the boom carpet of an aireraft at
80,000 foet extends only twenty-five
miles on either side of the flight path.
Booms have been known to propagate
over greater distances—but only under
unusual conditions, when produced by
large aireraft at high altitudes,

Another sirange inconsistency is
that the Air Force's first statement on
the mysterious sonic booms in Califor-
nia referred to an analysis of just one
of the hoom events, which allegedly
matched the boom with the track of “a
Navy fighter participating in an air
defense flight-test mission.” In its lat-
er statements, the Air Force claims to
have linked all the California boom
events to Navy sorties.

Air Foree denials cut no ice with
researchers in the Netherlands, who
have investigated a sonic boom heard
over Holland on August 19, 1992, The
boom caused property damage and
prompled questions from the Dutch
parlinmoent to the Ministrey of Defence,
which found no record of supersonic
maovements in Duatch airapace.

According to Hein W. aak of the
Royal Netherlands Meteorological In-
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stitute, the signal “differs in many as-
peets” from earthgquakes, and resem-
bles a simple chemical explosion in the
almosphere. However, there is no
record of any ineident that would
cause such an explosion.

Records of the booms caused by
smaller aireraft such as Mi(3-29 and
MiG-31 fighters have also been stud-
ied, bul these are too small Lo couse o
substantial hoom while remaining out-
side Duteh aivapace, according to one
of the researchers.

The Dutch team also investigated
the possibility that the boom could
have been caused by re-entering space
debris or a meleorite, but concluded
that the former would not have pro-
duced so intense a shock, while a me-
teorite large enoupgh to cause such o
hoom would have produced a firehall
as bright as the new moon. Their con-
clusion: the boom was produced by an
unidentified supersonic aircraft over
the Naorth Sea,

Another sonic boom was detected
over Los Angeles on November 17,
1983, A CalTech rescarcher promplly
checked with all the military bases in
the aren operating supersonic aireralt,
from China Lake south to Miramar
NAE, San Dicgo. None had any super-
sonic sorties in the region ol the time,

IL is not surprising that boom re-
porks are confined to the vicinity of the
North Sea and California. Studies sup-
pest thal a hypersonie airerall, eruis-
ing above 100,000 feel, would not
cause a perceptive sea-level boom. On
takeoft, a hypersonic aircraft will
climb steeply to its cruising allitude,
keeping the boom conflined to a rela-
tively small area.

On deseent, a long, pradual decel-
eration within a narrow speed-and-
height. corrider is eritical to maximize
range and payload and keep the air-
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erafl within ils thermal and structoral
limits, Therelfore, the hoom is most Tike-
Iy to be heard during descent to land-
ing—uover California or Nevada—or Lo
a refueling rendezvous, as over the
MNorth Sea.

The dilMieully of pinning down a
specific traclk for the beomer could be
attributable to a phenomenon called a
“secondary boom.” When the Coneorde
supersonic ransport entered service,
it was found that the sonie boom from
a large aircraft above 60,000 feet could
be relracled in Lthe upper atmosphers
and couse a disturbance many tens of
miles from its source. {Secondary
booms, however, have nol been associ-
ated with small aireraft at fighter-like
altitudes.|

The 175 Air Foree's eredibility is
further undermined by the fact that
the Department of Defense explicitly
authorizes the dissemination of mis-
leading information in order fo profect
elagsiled programs,. In oa supplement
to the National Industrial Security
Program manual, released in dralt
form in March 1992, the Do) told con-
tractors how to draft cover stories that
“musl be believable and cannol reveal
any information regarding the true
nature of the contract.”

Steven Aftergood, of the Federa-
tion of American Scientisls, commentls:
“Ohnee we know Lhal the Dold practices
this kind of deception, it becomes
harder to discern what's for real and
whal is not,”

What could well he such a cover
story emerged in early 1993, when
unidentiflied Pentagon and industey
sonrees told trade newsletber Aero-
space Daily that a top-sceret Aurora-
type project did exist, but was can-
celed about TH86 aller only drawings
and “small models™ had been made,

The canceled plane was to have a

o2

specd of Mach 4-5, but, a source told
the newsletter, “we couldn't make it
work.” Trying to make the plane’s
ramjel engines operate ol high speed
was like “lighting a match in a wind
tunnel,” another source said. “IUs notl
an casy thing to do, and it hasn™t been
done vet,”

Hypersonic expert Paul Ceysz
ealls such slatements nonsense, recall-
ing that MeDonnell Aireraft and Johns
Hopkins were flying Typhon test vehi-
clez at Mach 5 in 1880. The match-in-
arwind-tunnel analogy “was used in
the 19505, and it wasnt valid then,”
says Czysz. He recalls that, when he
first heard that comparison wsed, "1
was burning hydropen at 7,000 fect
per second” in laboratory tests.

M ihe Aerospaee Daily story is cor-
rect, moreover, the IS sovernment
first canceled one aireraft because its
hest engineers could not make ramjets
work properly al Mach 5—and, at the
same time, lounched o full-seale pro-
ject to build a plane that wouald {1y four
Lirnes as fasl on ramjel power, The Na-
tional Acrospace Plane (NASPY was
riven President Heagan's blessing in
February 1986, with the aim ol Nying
a prototype all the way into orbit in
the early 1990s.

The idea that the US government
may be engaged in such “disinforma-
tion™ eflforts may be unpalatable, but
there are all too many reasons why it
is far from incredible. The use of cover
stories Lo coneenl the A12, described
in the introduction, is one example.
Outside the defense world, the namber
of government officials who have heen
canght in attempts to deceive their su-
poriors or Congrress is stagpering—auand
they are onlv the ones who got caught.

“Thes State Department only led
to me a couple of hundred times.” re-
calls a former member of the Senate.



Often, he sayvs, they did so when they
fell trapped: if they were faced with a
direct gquestion, a “ne comment” was
tantamount Lo o confirmation. “At that
point, they might as well announce it
to the press,” he adds.

The eosl of sueh seereey is mea-
sured in dollars as well as in official
erodibility, Lockheed's Ben Rich esti-
mates that 10-15 percent of the cost of
a Special Access Program is spent on
security. TL goos for special seeure [a-
cilities, special procedures, the time
that new hires spend cooling their
heels on Tull pay while their clearances
are reviewed, and the exira cost of
working at Groom Lake rather than
Palmdale or Edwards,

Add missed opportunities to the price,
There is a worldwide need fin o space
launch system to do what the shuttle was
supposed o do: provide regular access o
space at an affordable cost. A number of
eoumtries are working on the problem in dif
forent ways,

Germany’s Deutsche Aerospace is
investigating the Sanger vehicle,
named after the visionary designer of
the skip-bomber. Sanger is a two-stage
winged vehicle: a giant, million-pound,
Mach 6 carrier aireraft powered by
turbo-ramjel engines, carrving a
smaller rocket-powered Lop stage.
Sanger would probably work, and
would be quile Nexible, but the mas-
give first stape will be expensive.

British Aerospace (BAe) made a
splash in the early 19805 with its Hor-
izontal Take-Off and Landing
(EIOTOL) vehiele, BAe based ils oripgi-
nal plans on the Rolls-Royee RB.545
engine, which was designed to use lig-
uid hydrogen to cool and densily at-
mospheric air in a heat sxchanger.
The high-pressure hydrogen from the
heat exchanpger drove a compressor
that fed the air to a rockel chamber,

The Price of Deniaf

Arathor Japunese speceplane project (s
HOPE (H2 (rbiting Plane), a 33,000.
pound, unpileted, rensable space frans-
parter capaoble of delivering or refrioving
arbited paylonds. Kawasaki

BAce cxpected the 440,000 pound
HOTOL to orbit a 15,000 pound pay-
load afler taking off from a Lrolley.
Further studics showed thal BAe had
been optimistic about the weight and
efficieney of Lhe engine, and that the
pavload was in fact marginal,

More recently, BAe has worked
with the Ukraine’s Antonov design bu-
reau to develop a pure-rocket, air-
launched vehicle weighing some
00,000 pounds. It would be earried to
altitude by Antonov's monster An-
225—tho world's largest airernfl, The
An-225 is a stretched, six-engine ver-
sien of the An-124 heavy cargo trans-
port and was desipned to carry the So-
viel Buran space shuttle. The air-
lnunehed HOTOL is a relatively low-
risk approach, hut. its sheer size—the
complete vehicle weighs close 1o a mil-
liom and a half pounds—is daunting.

Japan's Nalional Acrospace Labo-
ratory (NAL) is studying a single-
stage Advanced Spaceplane which
would use a liguid-air-cyele engine
ILACEY, not unlike the HOTOL on-
gine, for takeoft and aceeleration to
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hypersonic speeds, and seramjets from
Mach 6 {o near-orbital speeds, [t
would be fueled by slush hydrogen.
The problem here is that LACE has al-
ways been considered a high risk, and
the efficiency of the entire densiflica-
tion and liquelfaction process is erili-
cal. The WAL has some LACE demon-
slration work under way.

The TS National Acrospace Plane
still looks like a strong contender. Tt
has the most advanced technolopgy and
lowest projected weight of any con-
cept—the NASP program office still
believes that it can build an opora-
tional NASP, with a useful payload,
thal weighs only 600,000 pounds. Bul
its performance is dependent on
scramjel efficiency, which is impossi-
Ble to determinge without light-tests,

The problem facing all these
spaceplane projects is money. NASPE,

which was the hest Tunded of all of

them, has already been cul back and
may face cancellation beeause of o Tack
of support from NASA.

On December 2, 1992, midway
through the Fourth Annual Acrospoace
Planes conference in Orlando, Florida,
the shuttle Discovery lilted ofl' with a
classified payload. Bul nol everyone
was cheering. The cost of the launch
was equivalent to one vear's funding
for all the spaceplane projects dis-
cussed in Orlando, most of which are
expected to ran out of money by 1905,

“The launch we saw this morning,
althouph most people are afraid Lo ree-
omnize it, cost $H00 million,” says John
Swihart, veteran Boeing engineer and
president of the Nalional Center Tor
Advanced Technologics (NCAT).
“That's ludicrous. That's something we
ean't continue to do. We've got to think
of a better way,”

The answer, given the budpets
that all the nations involved are likely

4

toosee in the 1990s, 15 international
collaboration, But Auarora costs o por-
manent ghadow over any negotiations.
Europeans are convinced that NASD is
a cover for Aurera, and that the Unit-
ed States iz not serious about the
spaceplane business, The US govern-
ment has an unfortunate history of
initiating eollaborative programs, and
then pulling out because a parallel
black program shows more promise.

The Europeans are also convineed
that NASP will not work, on the hasis
ol their own studies of NASP-type ve-
hicles, Bual Ltheir designs are based on
turbo-ramjet engines rather than com-
bined-cycle powerplants, which are
lighter and provide higher average
I5p.

It is entirely possible that not all
the news aboutl Aurora is good. Secre-
ey has often been a cover lor Lechnical
and financial problems, or for activi-
ties that have outlived their useful-
ness, TG is coneeivable Lthal Aurora has
misgsed performance targets—ihe
Blackbird, brilliant as it was, never
made ils design range. Aurora may
have overrun its projected cosls or it
may be designed and equipped in such
a way that it is dedicated to an obso-
lete nuclear warfighting mission.
Sooner or later, that story will come
oul.

Cpening up Aurora would accom-
plish several things. TE would celear the
air for spaceplane collaboration. It
might convinee NASA and the Furo-
peans that there is a case for pursuing
a single-stage-to-orbit system based on
RBOC engines and scramjets, And it
would give Lthe NASP community ac-
cess Lo an excellent high-speed Lest ve-
hicle,

Mothing thrives in the dark, ex-
coept ghosts, mushrooms, and bad deci-
sions.



Postscript

Cover Maintained, Secrets Kept

When this boolk elosed for its frsl printing
in the spring of 1993, the Clinton Adminis-
tration was still in the process of filling the
Pentagon slots, However, my prediction
that there might be no abrupl unveiling of
the Reagan-Bush secrel military has proven
closer to the Lruth than [ expected.

In September 1993, the Pentagon
moved ta seal off 3,900 nores of public lund
in Nevada. A letter from Air Force Secre-
tary Sheila I Widnall lo Interior Seeretary
Briee Babbitt said that the land was need-
ed “for the safe and seeure operation of the
activitics on the Nellis range.”

Widnall's explanation is vague to the
point of deceptiveness. The gral has noth-
ing to do with safely, Beyond dispute, the
reason for the land grab is to prevent civil-
inng from 2eeing Groom Lake,

The lastest grab is the completion of a
much larger takeover which was planned
and authorized under the Reagan adminis-
tration al the height of the Cold War, In
1984, Lthe Adr Foree took over 88,000 neres
to the east of the Groom base, on similarly
vague grounds,

The lastest seizure straggles along the
1884 boundary like a gerrymandered voting
district, Tl eovers lhe hill known as White
Sides and a couple of other vantage points.

There is no way that the seizure could
have the slightest effoct on “sale . |, | opera-
tion” of the base, as Widnall states in her
letber Lo Babbilt,

The seizure confirms that Groom Lake
iz not a monument to the Cold War, but an
active flipght-test, center, [L eonfirms that the
Soviel Union never was the only targel of
the ullra-tight security thal surrounds the
Pentagon’s black budget,

The Boviel Union has come apart. Trag
was deleated using (apparently) unelussi-
fied technology. TF the black world has in-
vented anvihing newer and more exatic—
which il certainly should have done, wilh

all that money—-the adversories the TS will
face in the future will probably not be able
to do much about it. 50 who, exactly, is the
bloclk world keeping secrels (rom?

Someone who should know is depuly
defense secretary Dr. William J, Perry, On
the surface, Dr. Perry has the typical Clin-
ton-appointes profile: o technical, business,
and academic baelground and an office in
the Carter administration.

But Perry has long-standing connee-
twms to the secrel world, In 1964, Porry
helped found BSL Ine. (now part of TRW],
which supplies electronic eavesdropping
equipment to the armed forees and intelli-
2onee agencies,

Tn the Carter ern, Perry was the Pen-
tapon's under-secretary of defense for re-
seurch and engineering—a Litle that belied
his responsibilities. To those in the know,
Iir. Perry is Lthe godfather of stealth.

Perry was instrumental in the decision
tu fast-track stealth into servics, over the
doubts of many service chiefs—and to bury
it in the Penlagon basement.

By the ond of 1993, Dr. Perry had given
fow specches, gronted very fow intorviews,
and had not discussed the secret budget at
all.

Widnall, the new Air Force Secretary,
is also used to the secret world, having
sorved for several yveors ns o trostee of the
Aerospace Corporation, the discreel non-
profit organization which provides manage-
ment services to most Pentagon space pro-
grams—well over hall of which are black
prijecls,

In December 1993, Defense Secretary
Lizs Aspin unexpecledly resigned. Nominat-
ed to replace him was Adm, Bobhy Ray [n-
mun—a careet intelligence man, [ormerly
deputy director of cenlral intelligence and
director of the NSA, It is a fair guess that,
for the temare of the current administration,
Ciroom Ladke will keep its secrols,
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Wh}r did the Pentagon retire the SR-71 spyplane in 1990,
with barely a peep of protest?

What causes the sonie booms that the US Geological
Service has clocked on its seismographs at Mach 3—4 over the
Southern California desert since 19917

What was the strange aircraft, shaped like an isosceles
triangle with a 75-degree sweepback, that Chris Gibson, an
expert in aircraft recognition trained by the British Royal
Observer Corps, saw from the oil rig Galveston Key over the
North Sea in August 19897

“The missing piece in this puzzle, and a number of others,
is a spyplane called Aurora,” says author Bill Sweetman. But
the US Air Force denies that such an aircraft exists.

In this groundbreaking book, Sweetman investigates the
many reports of unidentified high-speed aircraft that have
circulated since 1988. He argues convincingly that the mys-
tery aircraft’s shape and size are an uncannily perfect match
toa Mach 6, methane-fueled, ramjet-powered replacement for
the Lockheed SR-71 and that—despite official denials—
Aurora exists, its cost and official identity buried within a
vast secret military budget.

Bill Sweetman is the worlds preeminent journalist on
black-budget aircraft. His previous books, including Stealth
Bomber, Lockheed F-117 Stealth Fighter, and YF.22 and YF-23
Advanced Tactical Fighters, have all been acknowledged as
the first and definitive books on their subjects.
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