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Preface

The history of the United States Air Force is inextricably bound up in the
history of aerospace technology. Major revolutions have influenced the evolu-
tion of Air Force capabilities and systems, most notably those of atomic weap-
onry, the turbojet revolution, supersonic flight, avionics, aerial refueling, space-
flight, precision weaponry, electronic flying controls, composite materials, and
stealth. It is worthwhile to take a retrospective look at some of the aerospace
challenges and opportunities the Air Force faced and how it took advantage — or
failed to take advantage — of them.

With this in mind, the Air Force History and Museums Program organized
a symposium on October 23 and 24, 1995, in which leading historians, technol-
ogists, and military decisionmakers met at Andrews Air Force Base, Maryland,
to present case studies on a series of technological challenges, opportunities,
and problems. This symposium, co-sponsored by the Air Force Historical Foun-
dation, covered relevant technological histories ranging from the turbojet rev-
olution of the 1930s to the stealth revolution of the 1990s. This volume presents
the texts of the papers in the order they were given. Many people within the Air
Force History and Museums Program helped put this program together. I espec-
ially wish to acknowledge the contributions of Jacob Neufeld of the Air Force
History Support Office for his efforts in bringing both the symposium and this
publication to fruition.

RICHARD P. HALLION
Air Force Historian
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Riding England’s Coattails:
The Army Air Forces and the Turbojet Revolution

James O. Young

In 1928, twenty-one-year-old Royal Air Force flight cadet Frank Whittle
speculated that it would be possible to attain very high speeds — speeds in
excess of 500 mph —if one could achieve stratospheric flight. He also per-
ceived that the piston-engined, propeller-driven airplane would never do the job.
To achieve the speed and altitude he envisioned, some alternative form of pro-
pulsion system uniquely suited to those conditions was essential. His deductions
were prophetic.'

During the 1930s, the prop-driven, piston-engined airplane underwent a
dramatic metamorphosis. Streamlined, all-metal, light-weight, monocoque
fuselages, retractable landing gear, and a host of other airframe innovations
reduced aircraft weight and drag to previously unimagined levels. And the
engines? The Wright Brothers had powered their first airplane with an engine
providing about 12 horsepower — or one horsepower per 15 pounds of engine
weight. In the early years of World War II, engine designers would squeeze
more than 2,000 horsepower out of the churning pistons of their ever more
complex, turbosupercharged combat designs (by the end of the war, the Wasp
Major would deliver up to 3,500 horsepower), and they had achieved a power-
to-weight ratio of better than 1:1. To fully exploit this power, there had been
major improvements in fuels and propeller design as well. During the 1930s, for
example, the Army Air Corps adopted 100-octane fuel, and prop designers had
developed aerodynamically efficient, variable-pitch propellers which could be
adjusted, in flight, for optimum performance at different speeds and altitudes.?

In their quest for ever greater speeds during the 1930s, designers came up
with aircraft that appeared to be little more than engines with empennage and
wings. Indeed, the world speed record leaped upward throughout the decade
following Whittle’s original speculations. Perhaps no aircraft better epitomized
this trend than Willie Messerschmitt’s Me 209V-1 that, in April 1939, pushed
the record to 469.22 mph. (Although unofficially surpassed during the coming
war, this mark remained the official record for the next three decades). The Me
209 defined the practical limits of prop-driven aircraft. Its engine, the 12-
cylinder, liquid-cooled Daimler-Benz DB 601ARJ, provided 1,800 horse-
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power — and could be boosted up to 2,300 horsepower for short bursts — but
it had a service life of only 30 minutes.’ And, like many of its kind, the Me 209
was extremely difficult to fly; its pilot, Fritz Wendel, later recalling that it “was
a brute. Its flying characteristics still make me shudder. . . . In retrospect, [ am
inclined to think that its main fuel was a highly volatile mixture of sweat from
my brow and the goose pimples from the back of my neck!”*

Acroengine pioneer Ernest Simpson once described the reciprocating
engine as “an invention of the devil.” Although marvelous examples of mechan-
ical ingenuity and precision engineering, they were infernally complicated and
temperamental. Maintenance was “difficult, frequent, and often painful.” Added
to this was the fact that, by the late 1930s, designers found themselves caught
inavicious circle. Higher speeds required ever-larger engines, which consumed
greater amounts of fuel and resulted in larger and heavier airframes, whose size
and weight served to negate the increased performance of the engines. And the
engines, whether air- or liquid-cooled, posed monumental problems. In air-
cooled engines, for example, the peak power output of an individual cylinder
was something less than 175 horsepower, and thus, to boost power, designers
were forced to add more and more pistons to a single crankshaft. The ever-
increasing mechanical complexity of such linkages became an engineering and
maintenance nightmare. Moreover, each additional row of cylinders had a
detrimental impact on thermal efficiency. Instead of converting the engine’s
heat into useful mechanical work (i.e., power to drive the propeller), much of
it—along with the airplane’s aerodynamic efficiency, as well —had to be
wasted in the cooling of these behemoths. Propellers also created seemingly
insurmountable problems. As their blade tips approached supersonic speeds, for
example, they encountered “‘compressibility burble” — shock waves that caused
an unacceptable increase in drag -— and, as the air thinned out with increasing
altitude, props lost their “bite.”

The field of aeronautics was approaching a crossroads by the mid-1930s.
Aerodynamicists, who had made such great strides since the mid-1920s, were
pointing in a new direction. Indeed, at the Fifth Volta Congress of High Speed
Flight, which met at Campidoglio, Italy, in 1935, the world’s leading aerody-
namicists began to seriously consider the theoretical possibility of flight beyond
the speed of sound.’ It was readily apparent to those assembled that the piston
engine-prop combination could never meet that challenge. It was also becoming
apparent to many that, in the not too distant future, the reciprocating engine
would reach a plateau beyond which only minutely small improvements in
performance could be expected in return for enormous expenditures in terms of
time, money, and engineering effort.”

Though he certainly had not considered the possibility of supersonic flight,
Frank Whittle had forecast many of these developments in 1928; and while
undergoing flight instructor’s training the following year, he saw the solution,
not in any refinements to the existing technology, but in a radically new
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The second reconstructed version of Whittle’s bench test engine in 1938.

approach. He had already rejected rocket propulsion and a gas turbine-driven
prop as impractical. Next, he had examined the possibility of a ducted-fan
system —a jet propulsion system in which a conventional piston engine
powered a low-pressure blower. The blower and engine would both be located
in the duct and fuel would be burned in the flow stream aft of the engine to
generate thrust. He had concluded, however, that this system would be far too
heavy and would, in fact, offer no real advantage over the piston engine-prop
combination.® Then, in late 1929, as he later recalled, “the penny dropped™:

It suddenly occurred to me to substitute a turbine for the piston engine
[in the ducted fan system]. This change meant that the compressor
would have to have a much higher pressure ratio than the one I had
visualized for the piston-engined scheme. In short, I was back to the
gas turbine, but this time of a type which produced a propelling jet
instead of driving a propeller. Once the idea had taken shape, it seemed
rather odd that I had taken so long to arrive at a concept which had
become very obvious and of extraordinary simplicity.’

Thus, after less than two years of self-directed study and speculation, he had
deduced that, for very high speeds and altitudes, employing a gas turbine to
produce jet propulsion was the most feasible and, ultimately, obvious answer.
As originally conceived in his patent application of 1930, air entered the engine
inlet and was initially compressed by a 2-stage axial compressor and then
further compressed by a single-stage, one-sided centrifugal compressor; after
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passing through a diffuser which transformed its kinetic energy into pressure,
the highly compressed air entered a ring of combustors into which fuel was
injected and then ignited; the hot, expanding gases were then expelled at high
velocity through a two-stage axial-flow turbine, which drove the compressor
stages by means of a shaft, and then exited through a ring of nozzles to produce
forward thrust. With all of its moving parts on a single rotating shaft, Whittle
believed, it would be much simpler and far lighter than piston engines.'

Like so many revolutionary breakthroughs, Whittle’s idea was elegant in
its simplicity, and like so many such ideas, it was scorned by the “experts” as
impractical. He had not been the first to speculate about the possibility of
employing a gas turbine for aircraft propulsion. The idea had been studied
throughout the 1920s, though usually in the context of employing a turbine to
drive a propeller. Based on the generally negative findings of these studies,
conventional wisdom scoffed at Whittle’s proposal: compressor and turbine
efficiencies would be insufficient, the temperatures and stresses imposed on a
constant-pressure gas turbine would far exceed the capabilities of materials then
in existence, the weight of any such engine would far exceed its thrust, and so
on. They characterized his proposal as visionary, a very long-term proposition,
at best. Whittle, on the other hand, believed that the application of modern
aerodynamic theory would permit virtually quantum increases in compressor
and turbine efficiencies and that lightweight, heat- and stress-resistant alloys
could be developed which would enable him to achieve adequate thrust-to-
weight ratios in the near term. Moreover, the combined effects of ram air at high
speeds and low temperatures at altitude would augment the work of the
compressor, making a jet engine vastly more efficient the faster and higher an
aircraft flew. Scoffers there were aplenty, and in what has to rank as one of
history’s prime examples of official obtuseness, the British Air Ministry denied
his request for a modest amount of funding to support development of the
concept.'!

By late 1935, he still had not overcome official disinterest, but after having
all but given up, he had finally secured an extremely modest amount (about
$10,000) of private funding to begin the design of an engine for bench tests. By
March of 1937, his backers had managed to increase the total to about $30,000
and his first bench-test engine, the W.U. (Whittle Unit), was ready for its initial
test run. It was an incredibly ambitious undertaking. Whittle set out to build an
engine that would produce 1,200 pounds of thrust at 17,500 rpm. At a time
when the most efficient supercharger compressors were capable of compressing
about 120 pounds of air per minute to a pressure of about twice that of the
atmosphere, he strove for one which could handle 1,500 pounds per minute and
achieve a remarkable 4:1 pressure ratio. He dispensed with the upstream axial
compressor stages and employed a single-stage double-sided centrifugal
compressor to achieve the desired 4:1 compression ratio within a relatively
small-diameter area. Surrounding the compressor impeller was a scroll-type
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volute leading into a vertical expanding diffuser pipe containing a honeycomb
of divergent channels. At the top of the diffuser the air was turned 90 degrees
by a cascade of vanes in an elbow before it entered the single combustion
chamber. Once ignited, the expanding gases were to exit through a nozzleless
scroll-shaped turbine inlet into a single-stage axial-flow turbine which was
supposed to provide just over 3,000 horsepower to drive the compressor (or
more than the net power then produced by any piston engine). While he felt
confident he could achieve the targeted compressor and turbine efficiencies,
Whittle was somewhat daunted when informed by experts that the combustion
intensities for which he was striving were at least 20 times greater than had ever
before been achieved."

On April 12, 1937, he ran up the W.U. for the first time and it nearly blew
apart. For the next two years, he struggled with burned out combustors, erratic
fuel pressures, turbine failures and a host of other problems. During that span,
he had to completely rebuild the W.U. three times with leftover parts and
whatever new components his meager funds would permit. Although he faced
almost insurmountable odds, Whittle was determined. Very patiently and ever
so slowly, he began to overcome those odds as, with each engine reconstruction,
he incorporated significant modifications. As he had intended, for example, he
applied theoretical aerodynamics to the design of his turbine and, with the third
version of the engine, was able to convincingly demonstrate the advantages of
a “free-vortex” design. Each blade was fabricated with a twist in it to compen-
sate for differential radial velocity and pressure across its diameter, producing
dramatic improvements in turbine efficiency."”

Meanwhile, and although he was unaware of it, hundreds of miles to the
east, a brilliant young German physicist was also developing a jet engine of his
own design. Based on his study of aerodynamics, Dr. Hans von Ohain had
deduced that modern streamlining and structural theory would permit speeds
much higher than those possible with the piston engine-prop combination. Thus,
like Whittle, he had concluded that a radical new form of propulsion — one
uniquely suited for high-speed flight — would be required to exploit the full
potential of airframe design. Although he had independently conceived the idea
of a gas turbine-driven centrifugal-flow jet propulsion engine much later than
Whittle, von Ohain had the good fortune to catch the attention of aircraft
manufacturer Ernst Heinkel. In stark contrast to Whittle’s impoverished
circumstances, von Ohain’s efforts to build a bench-test engine were
handsomely subsidized by the enthusiastic Heinkel. Employing hydrogen as
fuel and providing a thrust of about 550 pounds, von Ohain’s engine was
actually tested, for the first time, about a month before Whittle’s first unit and
the success of these tests led to the development of a flight-rated engine and a
small single-engined experimental airplane. Powered by von Ohain’s 1,100-
pound thrust He S-3b on August 27, 1939, the Heinkel He 178 became the first
jet-powered aircraft ever to take to its wings.'
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Even before this flight, however, official government interest had long
since entered into the equation. For, unlike the situation in England, a number
of other German engineers — both in industry and government —had also
already perceived the virtues of the turbojet solution. Most notable among them
were Herbert Wagner and Max Adolph Muller of the Junkers Aircraft Company
and Helmut Schelp of the German Air Ministry. By mid-1937, Wagner and
Muller had settled on the turbojet as “the shortest path to high aircraft speeds,”
and by the end of the year, they had an engine under test. Unlike Whittle and
von Ohain, their very meticulous studies had indicated that an axial-flow
compressor was preferable because it would permit the straightest possible path
for the air to flow through the engine and it would offer the advantages of a
much smaller diameter and lower drag than a centrifugal-flow design. Schelp
had arrived at the same conclusion by mid-1937, and by early 1939, he had
engaged all four of the major German engine manufacturers — Daimler-Benz,
Junkers Motors, B.M.W., and Bramo — in reaction propulsion programs. By the
fall of that year, Junkers was well along in the initial development of a design
which would ultimately evolve into the Jumo 004-B, an axial-flow engine
producing 1,980 pounds of thrust which would begin to enter mass production
in the spring of 1944. And, equally important, by the fall of 1939, Schelp had
also already been instrumental in issuing Messerschmitt a contract to design and
develop atwin-engine turbojet interceptor which, within five years, would begin
to make a name for itself in the skies over western Europe."

Thus, even before a turbojet-powered aircraft had yet flown, the German
military had already begun to sponsor a massive effort aimed at the
development of jet-powered combat airplanes. Unlike the British (and, later, the
Americans), the Germans focused on the development of more efficient axial-
flow engines from the outset. They were to suffer, however, from a severe
shortage of skilled workers and, even more important, a near-total lack of the
high-grade metals and alloys so essential to the development of efficient
turbines and combustors. As aresult, their engines were frequently inferior both
in terms of materials and design. Thus, while designed for a modest service life
of 25-35 hours, the Jumo 004B seldom exceeded ten hours of flying time in
actual practice. Nevertheless, German efforts would bear fruit in a whole series
of turbojet-powered aircraft which would actually enter combat service. The
most notable of these was, of course, the sleek Me 262, the twin-engine,
sweptwing fighter first conceived back in 1939. Capable of speeds in excess of
540 mph, the Me 262 would be unleashed with devastating effect against
American bomber formations over western Europe by the fall of 1944.'

Whittle was completely unaware of any of these efforts when, after a
successful twenty-minute demonstration of the third reconstruction of his
engine to the Air Ministry in late June 1939, he finally won official support and,
with that, came the go-ahead to build a flight-rated engine designated the W.1.
The ministry also approved the design and construction of a small single-
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The Gloster E.28/39 “Squirt” prior to its first flight on May 15, 1941.

engined experimental aircraft, the Gloster E.28/39. With its W.1 unit, which
weighed only 623 pounds and provided almost 1,000 pounds thrust, this
airplane completed its maiden flight on May 15, 1941. Curiously, and even
though approval had already been granted to proceed with the development of
an up-rated engine to be known as the W.2B and power the twin-engined
Gloster Meteor, an official request to have the event filmed was inexplicably
ignored. We have some poor quality motion picture film of this milestone event
only because someone violated security regulations and shot it with his own
camera."”

Among those on hand to witness the early taxi tests of the E.28/39 in April
of 1941, however, was an American who was very interested and, indeed,
shocked by the enormous potential promised by the new propulsion system.
Maj. Gen. Henry H. “Hap” Arnold, Chief of the U.S. Army Air Corps, had been
informed of British efforts the previous September, and prompted by alarming
intelligence reports of German work in reaction propulsion, he had already
launched a high-level inquiry into the subject. On February 25, 1941, he had
asked Dr. Vannevar Bush, then chairman of both the National Defense Research
Committee and the National Advisory Committee for Aeronautics, to establish
a special committee of leading scientists to undertake this effort. Bush, in turn,
had asked 82-year-old Dr. William F. Durand, the “dean” of the American
engineering community, to head up such an effort under the auspices of the
NACA, and by April, the Special Committee on Jet Propulsion commenced its
investigation with tentative inquiries into the potential of rocket-assisted
takeoff, turbine-driven props and ducted fan engines. But, by that time, Arnold
had already witnessed the pure jet Whittle engine in operation on an airplane
and was absolutely stunned by how far the British had advanced. And, if the
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British had done it, he reasoned, there could be little doubt that the Germans
were at least as far along.'®

The fact that the United States lagged behind Great Britain and Germany
and was, indeed, “taken by surprise” has been described as the “most serious
inferiority in American aeronautical development which appeared during the
Second World War.”"® And it has inevitably raised the question: why? In his
pioneering study, Development of Aircraft Engines (1950), Robert Schlaifer
concluded that it was “simply the result of a historical accident: Whittle, von
Ohain, and Wagner were not Americans.”® In his penetrating and highly
interpretive analysis, The Origins of the Turbojet Revolution (1980), Edward
Constant considered this a “catastrophically inadequate” explanation and
argued, instead, that the reason could be found in different national-cultural
approaches to science and technology. The British and, particularly, the
Germans were steeped in a tradition of theoretical science which encouraged
fundamental research into such areas as high-speed aerodynamics and axial-
turbo compressor phenomena. They were mentally and psychologically
prepared to question the basic assumptions of aeronautical science, and both
England and Germany became natural spawning grounds for bold leaps into the
unknown — for truly radical innovations such as the turbojet. The United States,
on the other hand, “was possessed of a scientific tradition extreme in its
empiricism and utilitarianism.” The emphasis, Constant persuasively argued,
was not on theory but on applied research leading to incremental refinements
to existing technology. With a focus almost exclusively on immediately
obtainable results, Americans excelled at subsonic aerodynamics, squeezing
more and more horsepower out of piston engines, and achieving ever greater
efficiencies in propeller design. Thus, while Europeans were exploring the high-
speed frontier and even looking over the horizon toward supersonic flight,
Americans were focused on the here-and-now as they built the best commercial
airline system in the world. Apart from a small group of immigrants, such as the
Hungarian-born and German-trained Theodore von Kérmén, American
scientists and engineers were generally ill-equipped to question the assumptions
on which the existing technology was based because their whole techno-cultural
orientation was focused on palpable, here-and-now solutions to immediate
problems. “The object,” he concluded, “was flight, not science, practice, not
theory.”?!

The question of why the turbojet was “not invented here” may never be
answered to everyone’s complete satisfaction. But, apart from national pride,
it is not nearly so important as why the United States was so tardy in adopting
and developing the new technology even after its revolutionary implications had
become so clear to so many within the aeronautical community in this country.
General Arnold and other Air Corps commanders may have been taken by
surprise (though they should not have been), but an awareness of the potential
offered by — indeed, the necessity for — some form of jet propulsion was fairly
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widespread in this country, especially after the 1935 Volta Congress on high-
speed flight. During the late 1930s, for example, Ezra Kotcher served as the
senior instructor at the Air Corps Engineering School. While specializing in
aerodynamics, he was well enough versed in all fields to be able to teach most
of the academic curriculum and was widely regarded as one of the few truly
brilliant aeronautical engineers at Wright Field. Looking back on that period,
he recalled with a certain amount of sarcasm that “it reached the point that you
couldn’t throw a whiskey bottle out of a hotel window at a meeting of
aeronautical engineers without hitting some fellow who had ideas on jet
propulsion.”* Indeed, in August 1939, just days before the first flight of the He
178, he submitted a report to General Arnold’s office (Air Corps Materiel
Division Engineering Section Memorandum Report 50-461-351) recommending
an extensive transonic research program and suggesting that gas turbine or
rocket propulsion systems would have to be developed to support such an effort
because of compressibility limitations on prop-driven aircraft at high speeds.
His recommendations were apparently ignored by Arnold’s staff.”

In hindsight, it may seem remarkable that Kotcher’s bold recommendations
should have been greeted with so little interest. At the time, however, Arnold
and his staff were riveted on the immediate problem of building an air force to
fight an imminent war, and that meant focusing on the accelerated production
of aircraft and related systems already under development. Indeed, by June
1940, Arnold informed his staff that the Army was only interested in airplanes
that could be delivered “within the next six months or a year, certainly not more
than two years hence” and that all research and development activity would be
curtailed in order to ensure timely production of existing designs.” Within this
context, proposals to develop radical new technologies were relegated to the
back burner. This was particularly true with regard to something as exotic as jet
propulsion because the assumption in the United States — as it had been in
England — was that its development would, at best, be a very long-term
proposition.

" Military interest in exploring the feasibility of the concept in this country
actually dated back to the early 1920s. In 1922, the Air Service Engineering
Division at McCook Field asked the Bureau of Standards to investigate the
practicality of reaction propulsion. While conducting this study, Edward
Buckingham based his calculations on a compressor driven by a reciprocating
engine and did not consider any form of gas turbine. In his report, published by
the NACA in 1923, he concluded that “propulsion by the reaction of a simple
jet cannot compete, in any respect, with airscrew propulsion at such flying
speeds as are now prospect.” Fuel consumption at those speeds, for example,
would be about four times higher. That was true, in 1922, when the airspeeds
envisioned were only about 250 mph. But he went even further, concluding that
there was “no prospect whatsoever that jet propulsion ... will ever be of
practical value, even for military purposes.” Unfortunately, his conclusions
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were based on a number of erroneous assumptions. Because he failed to
consider the possibility that aircraft might someday be able to fly at speeds well
in excess of 250 mph, he failed to consider the possibility that fuel efficiency
might significantly improve at higher speeds. Like his counterparts elsewhere,
he also assumed that compressors would necessarily have to be huge and heavy
devices similar to those then used for industrial purposes. At the Langley
Memorial Aeronautical Laboratory, NACA researchers would accept Bucking-
ham’s conclusions as their own, and his erroneous assumptions would cast a
pall over serious research into the subject for more than a decade. Thus, even
the very few research studies that were conducted by the NACA and the Bureau
of Standards during this period merely confirmed Buckingham’s conclusions
because they were all largely based on those same assumptions.”

Indeed, the piston engine-prop combination was such a given that the
NACA virtually abandoned the field of propulsion research to industry and the
military services and opted, instead, to commit the bulk of its resources to the
study of aerodynamics. Under this circumstance, James R. Hansen has noted:
“The LMAL had but one comparatively small research division devoted to
engine research, but the outlook of its members was ‘slaved so strongly to the
piston engine because of its low fuel consumption that serious attention to jet
propulsion was ruled out.”””?

The aeroengine industry shared this assumption and was certainly not about
to shift toward any radical new concepts. Like their counterparts elsewhere,
Wright Aeronautical and Pratt & Whitney poured enormous resources into
progressive refinements to basically unchanging air-cooled designs. Between
1926 and 1939, the procurement system under which they were forced to
operate actually discouraged radical innovation. There were virtually no
military contracts issued exclusively for experimental research for its own sake.
All such costs had to be recouped or amortized in subsequent production
contracts. Radical innovations could well require years of trial-and-error
development effort before they might prove worthy of mass production; thus,
there was little incentive to pursue such a course.”’ The engine manufacturers
had a vested interest in the status quo and seemed to be largely unaware of — or
unconcerned about — the implications of the pending revolution in high-speed
aerodynamics until very late in the game. Wright Aeronautical conducted no
studies of its own on gas turbines, and it was only in 1941, after it had somehow
obtained intelligence on the success of Whittle’s experiments, that the company
attempted to obtain a license for the manufacture of his engine in this country.”
Prior to 1940, some individuals at Pratt & Whitney had briefly examined the
potential of gas turbines, and by May 1941, the company was conducting some
preliminary tests on components for a compound engine (gas turbine wheel
geared to the crankshaft of a piston engine) designed by Andrew Kalitinksy of
M.LT. This was an extremely low priority effort, however, and nothing ever
came of it.”
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The major engine manufacturers’ priorities were well established and it was
certainly by design that, when the NACA Special Committee on Jet Propulsion
was formed in the spring of 1941, General Amold expressly prohibited their
participation. He wanted them to concentrate on the production of conventional
engines to meet the crisis at hand, and backed by advice from Vannevar Bush
and the chief of the Navy’s Bureau of Aeronautics, he also suspected that they
would be resistant to any radical new departures.*® Despite Pratt & Whitney’s
subsequent claim that it was late in getting into turbojet development only
because of Arnold’s decision, company officials apparently expressed very little
interest in entering the field even after it was invited to participate. Lt. Gen.
Donald L. Putt, then a project officer at Wright Field, recalled a conference with
Pratt & Whitney personnel during which Brig. Gen. Franklin O. Carroll, Chief
of the Engineering Division, tried to encourage them to get involved in
developing turbojets. “They were very firm in their conviction that the turbine
engine would never be much of a threat,” he recalled. “The piston engine was
going to be with us forever; it was the way to go. There might be some place for
a turboprop but for a straight jet, forget it.”!

On the military side, the Power Plant Branch at Wright Field was certainly
not prepared to lead the way. First of all, in the 1920s, the NACA had very
forcefully staked its claim as the institution responsible for fundamental
aeronautical research in the United States, and it jealously guarded its monopoly
throughout the 1930s. The Air Corps, by law, was to limit its activities to
applied research, and throughout the 1930s, officials at Wright Field were loathe
to invade the NACA'’s turf for fear of arousing Congress’ ire. As far as Air
Corps leaders were concerned, it was the NACA’s job to conduct fundamental
research and keep up with the latest scientific developments, and always
strapped for funds throughout the 1930s, they were quite willing to defer to the
NACA in this regard.*

The NACA had abandoned propulsion research to industry and the military,
but this does not mean that anybody ever directed the Air Corps to fill the void
or undertake fundamental research of any kind. The military’s job was to
conduct applied research, and thus, as I. B. Holley has observed, the personnel
of the Power Plant Branch at Wright Field “had their goals rather clearly laid
out for them: they were to strive for better engines, meaning more horsepower
at less weight. They were to minimize fuel consumption, to reduce frontal area
in order to reduce drag, and to achieve maximum reliability and durability.”*

Moreover, even if given the job, there were a number of other circum-
stances which militated against any kind of serious research effort. Gen. Jimmy
Doolittle once observed that research and development is like virtue; everyone
believes in it but no one wants to sacrifice for it. This was certainly true for the
Army Air Corps during the interwar years. Throughout the period, its entire
R&D budget generally hovered between $2 million and $4 million, most often,
at the lower end of the scale. More tellingly, between 1926 and 1939, R&D
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expenditures as a percentage of the total Air Corps budget plummeted from 16
to just 5 percent.* Out of these paltry sums, no more than 30 percent was ever
dedicated to propulsion systems, and virtually none was directed toward
experimental research of any kind because the emphasis at Wright Field was on
the procurement of systems destined for the operational inventory. The very
structure of the Materiel Division mandated this kind of emphasis.

With the establishment of the Air Corps in 1926, both R&D and
procurement were brought together under the new Materiel Division at Wright
Field. While the merger improved coordination between the two areas, ithad a
number of unintended side effects. Most important, the requirements of the pro-
curement side of the house absorbed an ever greater percentage of the available
technical manpower, facilities, and other resources in support of routine speci-
fication compliance testing of aircraft and systems submitted by manufacturers.
The practical consequence of this, as [. B. Holley has noted, was that exper-
imental research fell by the wayside.*

Inadequate funding also translated into serious deficiencies both in the
number and quality of technical personnel assigned. The Materiel Division
suffered from a serious shortfall in engineering manpower throughout the
1930s. A single project officer assisted by a single civilian engineer, for
example, was typically responsible for the development of all pursuit,
bombardment, or trainer aircraft. Moreover, the scientific and technical
competence of the staff was well below par. Lt. Gen. Laurence C. Craigie
served several tours at Wright Field during the 1930s and 1940s, and he recalled
that, when he arrived in late 1934, no more than a dozen individuals, out of
1,100 personnel, could be considered as “real scientists” There were fewer still
who, like Kotcher, could cross disciplines. Five years later, an investigating
board reported “an appalling lack of qualified personnel . . . particularly in key
positions.” The most serious deficiency was among the officers, only a fraction
with any of the relevant scientific and technical training which had, by then,
become so necessary to cope with the burgeoning complexity of aviation
technology.

A handful of the most qualified officers were selected each year to attend
the Air Corps Engineering School. The year-long curriculum, however, pro-
vided little more than a one- or two-week orientation into the activities of each
of the labs and test organizations at Wright Field. The much larger civilian staff
tended to be a cut above the officers, but low pay and limited promotion poten-
tial generally drove the best among them to higher paying jobs in industry. Thus
there were, at best, never more than a few individuals at Wright Field who were
sensitive to the growing interaction between fundamental and applied research
and fewer, still, who were capable of crossing disciplines and perceiving the
sudden convergence of thermodynamic with aerodynamic principles. The up-
shot of all of this was not only that the Air Corps’ principal R&D organization
was ill-equipped to conduct serious research but also that it put the Air Corps
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ata tremendous disadvantage in attempting to deal with the larger scientific and
technical community from which it might have benefited.*

All of this made for an almost classic “who’s minding the store?” scenario.
Industry depended on the Air Corps for direction in terms of requirements, and
the Air Corps, in turn, depended on the NACA for fundamental research.
Because the piston engine appeared to be such a given, the military never called
on the NACA to investigate radical new forms of propulsion and the NACA, in
turn, virtually abandoned the field, leaving it up to industry and the military.
However, industry did not have the incentive to take on the job and the military
did not have the expertise to look in new directions or even to direct either
industry or the NACA to do so.

By 1940, as noted above, Pratt & Whitney was doing some very limited,
component-level work on a compound engine. The NACA was actually
conducting some useful research on compressors, and one of its most brilliant
aerodynamicists, Eastman Jacobs, was preparing to demonstrate the feasibility
of a ducted fan concept first conceived by Italian Secondo Campini in 1930. If
all had gone well, it was conceivable that this system could have been ready for
inflight testing by 1943. Earlier, someone in the Engineering Section at Wright
Field had produced a report in 1936 titled “The Gas Turbine as a Prime Mover
for Aircraft,” but like Kotcher’s report three years later, it did not generate
enough interest to stimulate any kind of major research program. In addition to
looking at jet-assisted (really rocket) take off, the use of piston engine exhaust
to provide supplementary jet thrust, and reviewing (and typically rejecting)
proposals for all manner of reaction propulsion systems, the Power Plant
Laboratory had launched a modest program in 1938 aimed at developing a
successful compound engine by 1943. With no sense of urgency in any of the
above-mentioned efforts, none of them ever evolved into successful propulsion
systems.”’

Asin Europe, interestingly enough, the only projects underway which were
headed in the right direction all had their genesis outside of the aeropropulsion
establishment. In 1936, engineers at General Electric started publishing internal
research bulletins and reports on the feasibility of employing gas turbines as a
primary source of power to drive propellers, and by 1939, Dale Streid was
writing optimistically about “propulsion by means of a jet reaction.” These
studies were ongoing right up to April 1941, when GE (Schenectady Division),
Allis Chalmers, and Westinghouse were invited to join Dr. Durand’s Special
Committee on Jet Propulsion, and each of these turbine manufacturers
ultimately began development of their own turbojet designs.*

Meanwhile, Jack Northrop appeared to have stolen a march on everyone.
On the basis of design studies initiated in 1939, he became convinced of the
superiority of a gas turbine over the conventional piston engine for driving
propellers. After commencing initial development of a turboprop engine he
called the Turbodyne with his own resources, he approached the Army and
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Navy for support. Neither showed any interest until June 1941 when they issued
ajoint contract to pursue development of what was subsequently designated the
XT37. Like all of the early turboprops, the project was ambitious in concept and
excruciatingly slow in development. Three test engines were finally built in
1947, and though never flight tested, one of them eventually delivered an
impressive 7,500 horsepower during bench tests before the project was canceled
in 1949. By then, Northrop’s ingenious engine had been overtaken by the
turbojet.”

By far the most interesting development was taking place at Lockheed.
Since the mid-1930s, Kelly Johnson had been well aware of the theoretical
implications of compressibility phenomena, and by 1939, he and Hal Hibbard
had decided to do away with the prop altogether! Unlike so many others in this
country, they were capable of perceiving the sudden convergence of aero-
dynamic with thermodynamic principles, and they asked Nathan Price to design
a pure turbojet to power a truly radical interceptor at speeds never before
envisioned in this country. Initial development of the engine, designated
L-1000, got underway in 1940, and though his initial concepts were far too
complex to be practicable, Price ultimately came up with a truly remarkable
design — a high-compression-ratio, twin-spool, axial-flow turbojet promising
a then extraordinary 5,000 pounds of thrust at takeoff. Meanwhile, Johnson led
a small design team that came up with the .-133, an equally remarkable twin-
engine, stainless steel airplane, featuring thin wings and canard surfaces and
projected to attain a whopping 620 mph at 20,000 feet (and nearly that speed at
50,000 feet)! Much to Johnson’s chagrin, officials at Wright Field considered
the radical airplane to be far too risky a venture when he delivered the design
and technical data in March of 1942. The engine, however, showed enough
promise for Lockheed to win a contract for further development of what became
known as the XJ37. The engine never got beyond the development stage,
however, Kelly Johnson’s knowledgeable interest in jet-propelled airplanes had
made a very important impression on the Experimental Engineering Section at
Wright Field.*

Like so many among the top Air Corps leadership, Hap Arnold had never
been technically inclined, and he was probably unaware of most of these
developments. But, when confronted with the palpable evidence of Whittle’s
achievement, he immediately grasped its implications and acted quickly to
expedite America’s late entry into the jet age. After promising the British he
would clamp the tightest security precautions on the project, he managed to gain
permission to build the Whittle engine in the United States by late summer
1941. Next, he had to decide who would produce it, but for the reasons noted
above, the major engine manufactures were excluded. Brig. Gen. Oliver P.
Echols, Chief of the Materiel Division of the recently redesignated Army Air
Forces, and his assistant, Lt. Col. Benjamin W. Chidlaw, recommended GE
because they were well aware that the company had pioneered in turbine
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Lockheed chief engineer Hal Hibbard (left) and designer Nathan Price
with the experimental L-1000 (XJ37) axial-flow turbojet.

technology and, over the years since World War I, had perfected the
development of turbosuperchargers which permitted piston-engined airplanes
to climb to otherwise impossible altitudes. Indeed, turbosupercharging was
based on many of the same principles as jet propulsion: at high altitudes, the
thin air was compressed to sea level conditions by a centrifugal compressor,
directed through a carburetor, where fuel was added, and through an intake
valve into a piston cylinder where it was ignited. After ignition, the exhaust
gases were channeled through a turbine wheel that drove the compressor. GE’s
extensive work with turbosuperchargers and, most important, the high-
temperature alloys necessary to build them made it the logical choice to take the
next step. Thus, in a meeting in Arnold’s office on September 4, 1941, GE was
offered a contract to reproduce the 1,650-pound thrust Whittle W.2B engine.*!

Arnold’s choice to design and build the airframe was almost as easy. His
concerns about disrupting top priority existing development and production
programs were a major factor in this decision. Based again on advice from
Echols and Chidlaw, he selected a company which certainly was not
overburdened with such work. With innovative (though not very successful)
designs, such as the YFM-1 “Airacuda” and the P-39 “Airacobra,” the Bell
Aircraft Corporation’s team of designers had at least established a reputation for
inventiveness. Larry Bell’s own seemingly boundless drive, Arnold and his staff
believed, would guarantee that any project would be completed on time and up
to expectations.*?

Bell agreed to tackle the job on September 5, 1941. The next day, he
selected a small group of six engineers and assigned them the task of creating
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a preliminary design for the aircraft. Working with little more than a small free-
hand sketch of the engine, the “Secret Six,” as they were called, prepared a
design proposal and a 1/20th scale model within the span of just two weeks.
Arnold gave his approval, and a fixed fee contract for $1,644,431 was finalized
on October 3. It stipulated that the first of three “twin-engine, single-place
interceptor pursuit models,” with a projected combat ceiling of 46,000 feet and
a top speed of nearly 500 mph, should be delivered within just eight months. A
similar $630,000 contract was negotiated with GE for fifteen engines, with the
initial pair of flight-ready engines, each providing 1,650 pounds of thrust, to be
available for installation on the first aircraft. Remarkably, and though Arnold
doubted that it was possible, his staff was hoping that an engine-airframe
combination could be designed and developed which could be rapidly
transitioned into a combat-worthy production fighter. This goal was incredibly
ambitious and the schedule was tight, to say the least.*

Chidlaw was selected by Arnold and Echols to provide overall direction for
the program, and Majors Ralph Swofford, from the Experimental Aircraft
Projects Section at Wright Field, and Don Keirn, from the Power Plant Lab,
were assigned as airframe and engine project officers, respectively (within
months Chidlaw was promoted to the rank of brigadier general and Swofford
and Keirn each to the rank of full colonel). Swofford and Keirn each shouldered
tremendous responsibility. In those days, a project office was responsible for all
of the many functions now handled by system program offices staffed with
hundreds of personnel. Due to the “Super Secret” nature of this program at its
outset, no more than a dozen people at Wright Field had any knowledge of its
existence. In Swofford’s and Keirn’s case, each was intimately involved in the
design and development process on a daily basis. Each had enormous authority,
and every design change required their personal approval. During the early
months of the flight test program, long before official AAF flight tests got
underway, each would also find himself serving as a test pilot. After every
significant modification to one of the prototype airframes, for example,
Swofford would always fly the airplane before approving or disapproving it for
inclusion in the production design. Small wonder that after he had retired as a
two-star general years later, Don Keirn recalled that he had been entrusted with
far more authority as a major during the hectic early months of this program
than he would ever enjoy as a general officer.*

In a fashion which would become a hallmark of the American aviation
industry during the war years, a small design team hastily set to work at Bell
with a profound sense of urgency and only a few rough drawings of the
proposed engine in hand. Tasked with designing an entirely new type of
airplane, they were further required to come up with a design which would also
be suitable for combat service. Beyond the single stipulation to wrap an
airframe around a pair of the new powerplants, they were free to improvise, but
they had to work quickly and without the benefit of any outside advice or
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assistance. Because of security restrictions imposed by Arnold, for example,
they were not permitted to make use of the NACA'’s full-scale wind tunnel
facilities and were forced, instead, to rely on very imperfect data from the five-
foot, low-speed tunnel at Wright Field. By mid-November, General Echols was
already pleading with Arnold to rescind this restriction because he could already
foresee boundary-layer problems with the engine inlets unless the design team
could get some hard data on high-speed flow conditions. Arnold, however, was
adamant and this decision, indeed, resulted in some serious miscalculations
which severely limited the performance of the airplane. Nevertheless, working
in haste, the design team completed its work by early January 1942, and a small
select crew of Bell workers began to build it, literally by hand, on the closely
guarded second floor of a Ford agency in Buffalo, New York. In the interests
of secrecy, the aircraft had been given the designation XP-59A, a designation
originally intended for a proposed Bell pusher-prop fighter which never got
beyond the mock-up stage.*

Equally stringent security precautions were in force at GE’s Lynn River
facility in Massachusetts, where another small team headed by Donald F.
“Truly” Warner labored, nonstop, on a design that for security purposes had
been designated “Type I-A supercharger.” With the benefit of Whittle’s W.1X
engine, which had been used in the taxi tests of the E.28/39 and on which they
were able to run tests, and working from reportedly incomplete drawings of his
W.2B design, they made some minor modifications to the diffuser, combustors,
and bearings of the British design and built a prototype. On March 18, just 5-1/2
months after taking on the job, they wheeled the engine into a test cell — aptly
named “Fort Knox” — for its first test run. However, the engine stalled and this
attempt was unsuccessful. But, exactly one month later, on April 18, Truly
Warner once again advanced the throttle, and this time, the engine successfully
roared to life. With the push of a hand, he had finally lit the flame of the turbojet
revolution in America.*®

The GE Type I-A engine was a centrifugal, reverse-flow, turbojet which
represented a quantum advance over the design in Frank Whittle’s original 1930
patent. The GE engine featured inlets configured with guide vanes that directed
air into a single-stage, double-sided impeller — a centrifugal compressor — that
roughly tripled the air’s pressure as it passed through the diffuser and into the
ten reverse-flow combustion chambers where it was ignited. The intensely hot,
expanding gases raced through the turbine , which drove the compressor, then
combined to exit through a single exhaust nozzle at high speed to produce
thrust.”’

The GE team proceeded with what would become alengthy and sometimes
painful development process. The thrust performance of the test unit, for
example, never came close to matching the British design predictions for the
W.2B (it was not until early 1943 that they would learn that the thrust curves
they were using were different than those employed by the British). When Wing
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The GE I-A turbojet engine.

Commander Whittle arrived in June 1942, he found that Truly Warner and his
team were struggling with excessive turbine inlet temperatures, cracked turbine
blades, bearing failures, excessive carbon formation in the flame tubes due to
poor combustion efficiency, and a host of other problems. Warner had found it
necessary to experiment with a variety of different diffuser, combustor, and
turbine bucket designs and materials. Whittle was quick to caution that, due to
the decision to locate the engine nacelles alongside the airplane’s fuselage (as
opposed to the wing mounted pods that would be employed on the Meteor),
boundary layer problems would severely reduce ram air efficiency. Despite all
of these problems, Chidlaw reported to Arnold’s office that “Bell and GE have
both done a bang-up job in rushing this thing through” and that the XP-59A
project was “well ahead” of Britain’s Meteor project which had enjoyed a one-
year head start. He attributed this lead principally to GE’s years of experience
with turbosuperchargers which put the United States well ahead in the
development of high-strength, heat-resistant alloys. Nevertheless, Bell’s
completion of the first airframe was held up by GE’s inability to deliver flight-
rated engines until early August, and it was already quite apparent that the I-A
powerplants would never be able to deliver more than 1,250 pounds of thrust.
Indeed, Warner had already proposed major modifications to the original design
which would result in an 1-16 unit capable of producing the desired 1,650
pounds of thrust.”
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Meanwhile, as the Bell team assembled the first airplane during the spring
and summer of 1942, the construction of a small Materiel Center test site got
underway a continent away on the edge of an enormous dry lake at an out-of-
the-way place called Muroc in California’s high desert. Six miles to the south,
Muroc Ammy Air Field served as a training base for fighter and bomber crews
preparing for overseas deployment. The site was selected by Chidlaw and
Swofford in April 1942 because of its extremely remote location, the excellent
year-round flying weather, and the availability of Rogers Dry Lake, with an
expanse of forty-four square miles. It was obvious to them that the immense,
concrete-like lakebed would provide a natural landing field from which to
explore all of the unknown characteristics of the new jet. When Bell chief test
pilot Bob Stanley arrived there in August, he found what could best be
described as “Spartan-like” accommodations: a water tower, an unfinished
portable hangar, and a wooden military barracks. These three totally unim-
pressive structures represented the humble beginnings of what would one day
become the USAF Flight Test Center.*

On September 19, the engines and crated pieces of the airplane were off-
loaded from box cars after a long cross-country journey on what its weary GE
escorts mockingly called the “Red Ball Express.” Working, quite literally, day
and night, Bell and GE personnel set about to reassemble the craft. They
completed the job within a week, and on September 26, the XP-59A rolled out
from the hangar for the first time. In many regards, it appeared to be a fairly
conventional design, but certain features caught the eye. Fully loaded, it
weighed just over 10,000 pounds, and with a wing loading of 25 pounds per
square foot, its immense wings (400 square feet) appeared to be optimized for
high-altitude flight. The tail section swept upward very noticeably and the craft
rested extremely low to the ground on tricycle landing gear. And then, of
course, there was no prop, and tucked beneath the wings, along the fuselage,
were a pair of nacelles housing the I-A engines.”

Those engines roared to life in the aircraft for the first time that day, and by
September 30, just four days later, Bob Stanley and the airplane were primed
for its initial taxi tests. After completing some low-speed trials, he proceeded
to a series of high-speed runs to get a feel for the controls. On a couple of these
runs, late in the day, the wheels of the aircraft actually lifted a couple of feet off
the ground. Stanley, a brilliant engineer and a relentlessly hard-driving
personality who seldom counted patience among his virtues, was all for making
the first flight then and there. Larry Bell, however, overruled him; high-ranking
official observers — such as Dr. Durand and Col. Laurence C. “Bill” Craigie,
Chief of the Experimental Aircraft Section at Wright Field — were not
scheduled to arrive for two days. On the following day, October 1, Stanley
made four additional “high-speed taxis,” during the first of which the aircraft
lifted off and soared some twenty-five feet above the surface of the lakebed. On
subsequent runs, it climbed to as high as a hundred feet. Unofficially, the
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First run-up of the XP-59’s engines at Muroc, California.

XP-59A had unquestionably flown, but the brass had not been there to witness
the event. “Officially,” it had not really happened.®'

Finally, on October 2, the brass were on hand. At about 1 p.m., Stanley
advanced the throttles, released the brakes, and the aircraft, slowly at first,
moved across the hard-baked clay. After what seemed like an unusually long
takeoff roll, its wheels finally left the ground and he made what he described as
a “leisurely” climb to 6,000 feet. Remarkably, just one year — almost to the
day — after commencing the project, the United States had finally and officially
entered the jet age.”” GE’s Ted Rogers reported what he called a “strange
feeling” as he watched the flight: “dead silence as it passed directly over-
head, . .. then alow rumbling roar, like a blowtorch . . . and it was gone, leaving
a smell of kerosene in the air.”** After a second flight, Stanley turned to Colonel
Craigie and said: “Bill, we’ve only got about 45 minutes left on the engines
[they had to be pulled for inspection after every three hours of running time].
How’d you like to take it up?” He didn’t have to ask him twice. Although he
had been on hand only to serve as the AAF’s official observer, he went up for
a thirty-minute flight and thus, quite by happenstance, Bill Craigie became
America’s first military jet pilot. As he was to recall many times: “Things were
a lot less formal in those days.”*

Less formal, indeed! There were no safety chase airplanes that day, and the
most important instrumentation — at least during the initial flights — remained
the seat of the pilot’s pants. It may not have been too scientific, but by latter-day
standards, it was relatively inexpensive and afforded a means of real-time data
acquisition which was always certain to yield immediate analyses of any
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The original mission control center for the XP-59 flight test program
consisted of a two-way radio and a wire recorder. The wires
radiating out from the radio formed its antenna.

problems. There was no telemetry -— indeed, the entire “mission control center”
consisted of a two-way radio and an old voice recorder set up on the lakebed
adjacent to the hangar. Although the aircraft was ultimately instrumented to
cover between 20 and 30 different parameters, the instrumentation was often
primitive, to say the least. Control stick forces, for example, were measured
with a modified fish scale, and engine thrust was originally measured by means
of an industrial spring scale attached to the landing gear and anchored to the
ground. The lack of a satisfactory means of measuring thrust on the aircraft,
especially in flight, would, in fact, hamper flight test efforts throughout the
P-59 program — making it impossible, for example, to correlate airplane drag
to net engine thrust.”

As the business of flight testing the airplane and engines proceeded, they
encountered more than their share of headaches. Early on, forexample, they had
so much trouble starting one of the engines that they named the number one
airplane “Miss Fire.” Overheated bearings, malfunctioning fuel pumps and
barometric controls, detached turbine blades, the three-hour inspection require-
ment and countless other problems eventually forced them to remove the
cowling panels so often that they later started calling it “Queenie,” in honor of
a much-admired exotic dancer. (The designation “Airacomet” only came into
use much later as a result of a contest among Bell employees.) Indeed, persistent
engine breakdowns and lengthy delays in the delivery of replacements, spare
parts, and uprated higher thrust models of the engine caused the program to fall
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way behind schedule. Program officials in the Experimental Engineering
Section at Wright Field had expected to start receiving useful performance data
by January 1943, but by mid-April, the airplanes had only accumulated 29
flying hours. The engine problems, plus the fact that no one really knew how 1o
test a jet airplane, delayed the start of the AAF’s unofficial performance
evaluations until late September 1943, and the official tests were not completed
until March 1944

Although the testing proceeded at an excruciatingly slow pace, the pilots
quickly became familiar with the characteristics of the jet, gaining a lot of
wisdom they would impart in the flight manual. The throttles, for example, had
to be treated very carefully. Rapid acceleration caused engine surges which
could burn up the combustors and turbines. The engines’ extremely slow
acceleration also taught them never to go low and slow on final approach.
Lacking an airstart capability, the engines also had a nasty habit of flaming out,
and as had been expected, they consumed enormous quantities of fuel.
Experience with both of these problems bore out the wisdom of selecting the
lakebed for the tests. In fact, attempting to get as much out of each mission as
possible, the pilots eventually made it a common practice to fly until the tanks
went dry and then glide in to dead-stick lakebed landings.”’

Hoping to catch up in a hurry, the Army Air Forces had attempted to make
the great leap from a proof-of-concept, experimental vehicle into a S00-mph
combat fighter, all in one airplane. It was a bold hope, too bold. The per-
formance of the XP-59A with the original I-A engines fell far short of
expectations. In part, this was because the original thrust data provided by the
British for the W.2B engine were misinterpreted, and the I-A’s actual perfor-
mance fell about 25 percent short of what had been very optimistic projections.
Even with modified I-14 engines, each providing about 1,450 pounds of thrust,
the maximum speed attained was only 424 mph at 25,000 feet. This speed was
attained, moreover, only after the entire airplane’s surfaces had been puttied,
smoothed and sanded and its wings polished. By comparison, in its normal
“dirty” configuration, the airplane’s top speed was only 404 mph at the same
altitude.®

The performance of the slightly heavier YP-59s was even more
disappointing. Some of the YPs were representative of the ultimate production
version of the aircraft. For example, the wingtips were clipped and squared off,
reducing the span from 49 feet to 45 ¥4 feet and its wing area by about 15 square
feet. The size of the vertical stabilizer was reduced and its tip squared off, as
well. The hinge-mounted, side-opening canopy, which was flush with fuselage
of the XP-models, was replaced by a new sliding canopy which protruded about
two inches above the fuselage surfaces and incorporated a larger and flatter
windscreen. To everyone’s surprise and disappointment, the top speed achieved
by the aircraft was only 409 mph at 35,000 feet, even though the YPs were
configured with the uprated I-16 models of the engine (AAF designation J31)
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rated at 1,650 pounds of static thrust, the rating for which the airframe was
originally designed. This poor performance, in comparison with the XP-model,
was attributed primarily to the substantial increase in drag caused by the new
canopy and windscreen.”

The disappointing performance of the overall design, however, was blamed
on a number of other factors. In September 1943, Bell engineer Randy Hall’s
plaintive cry to chief project engineer Ed Rhodes belabored the obvious: “We
need thrust, thrust, and more thrust.”® The low thrust-to-weight ratio and the
oversized (scarcely laminar flow) wings were among the most obvious contrib-
utors. There were many other flaws, however, which could conceivably have
been identified and remedied during the initial design process if the Bell team
could have had access to reliable high-speed wind tunnel data. Their original
calculations concerning boundary-layer effects and engine nacelle inlet area, for
example, were way off the mark, and after the airplanes started flying, Bell was
forced to experiment with various new configurations. The original inlet of 2.86
square feet was ultimately reduced to 2.08 square feet, but even then, it was
scarcely optimized for peak performance. The failure to completely understand
the dynamics of airflow within the nacelles led to a multitude of other problems.
A lot of engineering effort was expended after the flight test program got
underway, for example, attempting to reduce rear compressor inlet tempera-
tures. The aircraft also exhibited a directional “snaking” tendency which
increased in severity with speed. Repeated modifications to the vertical tail and
rudder were to no avail, and the aircraft was judged “unsatisfactory” as a
gunnery platform during official AAF tests.®' The real source of the problem
may actually have had little to do with the rudder, but may well have stemmed
back, once again, to the failure to adequately understand nacelle inlet problems.
At a symposium in late 1945, Benson Hamlin, one of Bell’s key flight test
engineers on the program, reported that the snaking “is believed to be due to the
very large inlet scoops in which it is possible for the inlet ducts on either side
to alternately stall and unstall, causing a fluctuating air flow in the scoops or
nacelles producing an unstable directional stability of the airplane.”®

Though it served as a useful testbed to explore the potential advan-
tages —and pitfalls — of a radical new technology (and it won at least one
distinction when, in February of 1944, Maj. Everrett Leach climbed to an
American record of 47,700 feet), the P-59 was really, for all practical purposes,
a 350-mph airplane — no faster than the prop-driven fighters of its day. And,
indeed, in operational suitability tests during which it was flown in mock
combat engagements against P-38s and P—47s, it was outclassed in virtually
every category by the conventional fighters. Ambitious plans for a major
production run were canceled. In addition to the 3 XP-59A and 13 YP-59A
prototypes, only 50 production models came off of Bell’s assembly line. Not
suited for combat, they were used to train America’s first cadre of jet pilots, a
role which, indeed, made them unique among the first generation of jet aircraft.
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More important, still, was the fact that America’s aviation industry went to
school with this aircraft, and those in it learned their lessons well.®

On January 8, 1944, just two days after the AAF first announced the
existence of the P-59, another jet prototype was prepped for its maiden flight
at Muroc. In contrast to the Airacomet, there was nothing conventional-looking
about this airplane. Designed by Kelly Johnson and delivered by his fledgling
“Skunk Works” in just 143 days, the sleek, single-engined XP-80 looked like
it was made for jet power, and indeed, it was. It was powered by yet another
British import, the British de Havilland Halford H.1B, and as he accelerated to
490 mph, Lockheed test pilot Milo Burcham put on an impressive
demonstration above the lakebed that morning. Among those viewing it was
Bell test pilot Tex Johnston. Immediately afterward, he fired a cable back to
Bob Stanley in Buffalo: “Witnessed Lockheed XP-80 initial flight-STOP-Very
impressive-STOP-Back to drawing board-STOP.” Though its Halford engine
was never able to deliver more than 2,460 pounds of thrust, during official AAF
performance tests conducted just over amonth later, the XP-80 became the first
American aircraft to exceed 500 mph.*

The XP-80, however, was really only an aerodynamic testbed. Prior to the
end of 1942, GE design engineers had already learned enough from their work
with the original I-A engine that the Engineering Division at Wright Field was
willing to give the go-ahead to develop an engine which would more than triple
the I-A’s thrust. Development of the I-40 (J33) proceeded so rapidly that, in
August 1943, Johnson was asked to design a substantially larger airframe to
house an engine providing 4,000 pounds of static thrust. This airplane, the
XP-80A, was the prototype for America’s first combat-worthy jet fighter, the
P-80 Shooting Star. It first flew in June of 1944, and the first production models
were accepted by the AAF in February 1945. Capable of speeds approaching
600 mph, the P-80 demonstrated how far and how fast the United States had
come in just three years. The lessons learned in the P-59/I-A engine program
had paid extraordinary dividends.®

The turbojet airplane could have been — and, but for the delusions of
Adolph Hitler, might have been — a decisive weapon in World War II. But it
was not, and although the United States failed to put a jet aircraft into combat,
with Germany’s surrender and the development of the J33-powered P—80, this
country had arguably moved from the back of the pack into the forefront of the
turbojet revolution within a span of just three years. How did we do it? Well, in
large part, quite obviously because of tremendous advantages in terms of
material, skilled manpower, and industrial know-how. But also, in part, almost
ironically, because of that very same focus on applied science which, Edward
Constant has argued, initially put us behind. No nation in the world was more
adept at — or had more impressive facilities for — transforming the fruits of
pure science into superior products. In some cases, being first is not nearly so
advantageous as being a really superior second, third, or even fourth. Once
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Lockheed XP-80 on the morning of its first flight at Muroc.

presented with a good idea, no nation was better prepared to run with it and a
so-called weakness became an immediate strength.

Nevertheless, none of this would have been possible without the aid and
ongoing assistance of the British, and this lesson was certainly not lost on the
man most intimately involved in the process. Returning from a trip to England
in August 1943, Col. Don Keirn was exasperated by the fact

that enough emphasis has not been placed on research facilities to
enable this country to keep up with developments. Our present position
is largely due to the aid given us by Great Britain and our ability to sift
the information and follow those lines which appear to be most
immediately profitable.®

The implications of his report extended far beyond the turbojet, and they were
not lost on any of those who had been involved in importing the new technology
to the United States.

By the late summer of 1945, as the U.S. military was completing its
inventory of Germany’s massive R&D infrastructure, General Craigie was
preparing to take over as the Chief of the Engineering Division. It would be his
job to help build a new U.S. Air Force that could meet the challenges of the
future. The recent war had taught him that science and warfare had become
inextricably intertwined, and in the future, he was convinced, there probably
would not be time to borrow, let alone to catch up. In a speech to the
International Aeronautical Society, he emphasized that the United States must
“tear a page from the German book of experience and use it as a warning lest
we forget that research can only rarely be hurried, that it must be continuous,
and that most of it must be accomplished during years of peace.” This, he
further emphasized, would require the creation of amassive R&D establishment
“prepared to stand on its own feet” within the Air Force, and he concluded,
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“these feet can only be provided through adequate appropriations and the
provision of adequate personnel and facilities.”®’

This was essentially the same message which Dr. Theodore von Karmén
and the AAF Scientific Advisory Group were about to deliver to General
Arnold. And, indeed, he would define the establishment of acomprehensive and
well coordinated R&D capability which would be second to none — one which
would not only encompass the NACA, industry, and the universities, but also
for the first time, a major inhouse establishment, as well —as the AAF’s
highest postwar priority. The turbojet was the most publicized — and, therefore,
embarrassing — example of the failure of the underfunded, fragmented, and
uncoordinated pre-war military R&D system in this country. In that sense, it
would become a useful symbol for those, like General Craigie, who were given
the job of convincing an austerity-minded Congress — and, indeed, the rest of
the Air Force — that being first was no longer just a matter of national pride, it
was now a matter of national survival.®

At war’s end, the turbojet revolution was still in its infancy. The AAF
already had at least 19 turbojet aircraft projects underway. Most of them,
however, would be relatively crude attempts to adapt existing airframe concepts
to the new propulsion technology and even the most successful of them, such
as the sweptwing F-86, could be considered as, at best, no more than
transitional designs. G. Geoffrey Smith observed, at the time, that the turbojet
revolution had precipitated a momentous turn of events:

it is only as a result of successful development of the gas turbine and
Jjet propulsion that engine manufacturers are able, for the first time in
history, to supply more powerful units than the builders of airframes
can at the moment usefully employ. The relative position [of each] has
been reversed.”

On a very basic level, the genius of Whittle and von Ohain’s vision of a high-
speed airplane had been based on the perception that the engine and airframe
were really two components of a single system joined together in a kind of
symbiotic relationship in which the capability of each was dependent on the
maximum efficiency of the other. Aerodynamicists had unwittingly brought on
the demise of the reciprocating engine, and they now found themselves in the
position of having to catch up with the new technology spawned by their efforts
to take full advantage of its potential.

There was also, of course, a multitude of jet engine development projects
underway at the time as the emphasis shifted overwhelmingly toward axial flow
designs. General Electric, Westinghouse, and the erstwhile piston-engine
manufacturers poured millions into a painstaking search for lighter weight,
higher strength, and more heat-resistant materials as they strove to achieve
higher compression and thrust-to-weight ratios and reduced fuel consumption
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while improving the durability and acceleration capabilities of their engines.
Well before the end of the war, they had made tremendous strides in aero-
thermodynamics (achieving combustion in high-speed airflow). They had also
started looking into the advantages to be gained from various types of thrust
augmentation, such as water injection and afterburning, and they were already
well aware of the tremendous fuel economies that could be achieved with
turbofan designs.”

The turbojet also compelled a host of developments in other fields. The
tremendously high speeds and altitudes which were now within reach, for
example, meant that human physiology could easily become the most critical
limiting factor in the design of high-performance airplanes. Aeromedical
research, a heretofore neglected field, suddenly became a top-priority endeavor,
as did the development of ejection systems, g-suits, pressurized cockpits,
pressure-breathing oxygen systems, and full-pressure suits. The turbojet also
drove major efforts in weapon systems development. An immediate demand for
dramatic improvements in lead-computing optical gunsights and bombsights
gave way to a massive effort to develop radar tracking systems and, among
many, to the conclusion that guns and classic dog fights had become relics of
a bygone age and only guided missiles could meet the requirements of future
air-to-air combat. High speeds and human limitations also compelled the
development of hydraulically boosted and irreversible flight controls and
stability and control augmentation systems. The development of sophisticated
automated fire and flight control systems, in turn, mandated the development
of compact, high-speed computers. The spin-off effects of the turbojet seemed
to be endless.

Like an irresistible force, the awesome potential of the turbojet also forced
designers to confront the reality of transonic flight. Aerodynamicists had long
speculated on the possibility of flight beyond the speed of sound, but it was now
obvious that the means were at hand to actually propel a piloted airplane into
that region. Speculation and theory were one thing, but no one had any valid
data on high-speed stability and control and the effects of compressibility and
there was an urgent need for such information. Ezra Kotcher finally got his
transonic research airplane —the Bell X~1—and the rest, as they say, is
history.”

The new U.S. Air Force had already made tremendous strides in all of these
and many other related areas when turbojet technology finally achieved mature
status with the development of the Pratt & Whitney J57. On April 15, 1952,
almost exactly ten years after Hap Arnold had first witnessed the E.28/39
making short hops during its high-speed taxi tests, eight prototype J57s powered
the YB-52 on its maiden flight. This engine-airframe combination was an
extraordinary accomplishment. Early model B-52s could outpace an F-86E at
altitude, and they demonstrated an intercontinental range capability which, only
a couple of years earlier, had been thought to be impossible for jet-powered
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aircraft. The J57 opened the door for the development of long-range commercial
airliners and supersonic fighters. Early versions of the engine provided about
12,000 pounds of dry thrust and 17,000 pounds in afterburner. In May 1953, the
J57-powered YF-100, with its burner lit, became the first aircraft in history to
exceed Mach 1 on its maiden flight. With the arrival of the YF-100 and the
other first generation supersonic fighters, the marriage of aerodynamics to
thermodynamics was, at last, successfully consummated; for they were the first
airplanes to achieve the kind of symbiotic harmony which, three decades before,
had inspired the visions of Frank Whittle and Hans von Ohain.”
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Harnessing the Genie described the five major scientific studies undertaken
by the U.S. Army Air Forces and the U.S. Air Force since the end of World War
I1. These included Toward New Horizons in 1945, the Woods Hole Summer
Studies in 1957-1958, Project Forecast in 1964, New Horizons Il in 1975, and
Project Forecast II in 1986.

Since that time, new forces have gathered to produce a sixth report entitled
New World Vistas. 1 first thought these studies spread out over fifty years, and
with no apparent connection to one another, represented nothing more that
casual attempts by the Air Force to predict the technological future. But shortly
after initiating research on the subject, it became clear that several things linked
the five reports and, indeed, also applied to the forecast being prepared at
present. Rather than a collection of unrelated analysis, common threads ran
through them. This pattern surprised me. At first appearance, the studies seemed
to be entirely random, without connection to one another. They occurred
without prior plan; no one organization produced them; their participants varied
greatly; their methodologies were not at all uniform; their conclusions varied
significantly; and, in fact, they did not even share common purposes.

Gen. Hap Arnold initiated Toward New Horizons to survey the most
advanced air power technologies of World War II and project them into the
future. The Woods Hole Summer Studies organized hundreds of university
scientists to predict the short- and long-term military applications of space.
Project Forecast attempted to revitalize Air Force thinking by linking national
policy issues to advanced scientific concepts and weapons systems. New
Horizons II endeavored to point the way toward incremental technological
improvements in a period of expected scarcity, that is, the period following the
Vietnam war. Finally, Project Forecast II sought to jolt the Air Force laborato-
ries out of suspected complacency. Thus, for a variety of internal and external
reasons, at roughly ten-year intervals since the Second World War, the Air
Force has launched major science and technology forecasts.

Despite their diverse aims, the five studies did have several factors in
common. First, they reflected an increasing reliance on in-house science and a
steady decline in the role of independent scientists for long-range forecasts.
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Moreover, as the importance of outside scientists slowly diminished, the Air
Force’s Scientific Advisory Board lost its influence over the process of pre-
dicting the future of technology. Parallelling and hastening this trend, military
scientists and engineers trained in R&D came gradually to dominate science
forecasting. Finally, severed from the scientific advisory board in the 1950s, the
practice of periodically reporting the future of science and technology found
itself an institutional orphan, unattached to any particular Air Force organiza-
tion and redefined according to the imperatives of each new study director.
These events developed almost absent-mindedly, with so little notice that
neither military nor civilian scientists and engineers fully appreciated their
occurrence or understood their significance.

The four studies that followed Toward New Horizons increasingly diverged
from the pattern established by its director, Dr. Theodore Von Karmén. This
eminent Hungarian physicist and mathematician did not consciously intend to
present the USAF with a model for scientific forecasting. He only sought to
draft a comprehensive yet practical analysis of the breakthroughs resulting from
World War Il aeronautics. But, in large part because of von K4rmén’s reputation
and Arnold’s patronage, it won converts at headquarters USAF and Wright
Field, contributed greatly to the service’s image of itself as a technically-
oriented force, and established the practice of long-range planning.

Toward New Horizons operated on four principles: to endure fresh disinter-
ested views, advice should be given by people outside the Air Force; senior
university scientists, especially those equipped by temperament and experience
to be generalists, should populate the panels; the report should be comprehen-
sive, the product of sufficient time to allow serious reflection; and the findings
should place scientific and technological possibilities in the context of useful-
ness to national defense, air power requirements, and technical practicality.

As the most influential aeronautical scientist of the century, von Kérman
selected the participants of Toward New Horizons — thirty-three academicians
chosen mainly from the California Institute of Technology and the Massachu-
setts Institute of Technology. This project originated with a request to von
Kéarman from Arnold to search the world for the most advanced aeronautical
ideas generated by wartime research and project them far into the future.

After a year of wide-ranging study in America, Europe, and Asia, the von
Karman team, known then as the Scientific Advisory Group, issued a fourteen-
volume summary of the scientific lessons of World War II and the technical
implications likely to result from these breakthroughs. The product principally
of physicists and mathematicians, it related advanced theoretical concepts to
practical military objectives. Von Karman delivered his study with two chief
recommendations: first, scientific inquiry must be pursued, as Jim Young
pointed out, constantly and applied quickly to support air power; and second,
a single, distinct Army Air Force’s organization should be developed and
devoted exclusively to aeronautical research and development.
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Dr. Theodore von Karmén

Ultimately, von Kérman and his report proved persuasive. The Air Force
established a permanent scientific advisory board in 1947 and the Air Research
and Development Command three years later. But the need remained for com-
prehensive long-term scientific advice for the Air Force. In 1957 the ARDC
commander, Gen. Thomas S. Power, initiated a sequel to Toward New
Horizons, held in Woods Hole, Massachusetts during the summers of 1957 and
1958. Von Kdrman, with great reluctance, again chaired the meetings. But this
time the National Academy of Sciences acted as host and, under its auspices,
attracted the nation’s most able scientific talent from think tanks, academia,
industry, and government.

The Woods Hole Summer Studies shared a basic kinship with Toward New
Horizons. University scientists dominated the proceedings, led the panels, and
decided for themselves the subjects for discussion. But in their mechanics, the
two differed sharply. An army of participants almost ten times the size of
Toward New Horizons descended on Cape Cod during the warm months of
1957 and again the next year. Over 300 people — 198 participants and 105
consultants — appeared at the conference site. The contributors to the Woods
Hole Summer Studies, too many for long-term residence or coherent group
discussion, remained at the Massachusetts location for only a few days at atime,
leaving the Hungarian’s personal assistants to weave the committee findings
into thirteen summary volumes.

Unlike Toward New Horizons, which was organized along the lines of the
applied sciences, the Woods Hole leaders chose to group the recommendations
into weapons system families. As a result, von Kdrman’s second attempt at air
power forecasting yielded a broad but cautious report. Air Force brass re-
sponded to it with little enthusiasm. They did not find its conclusions untrue or
invalid, merely irrelevant. It failed to answer a question of profound national
importance: how to meet the defense crisis implicit in the October 1957 launch
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and orbit of the Soviet satellite, Sputnik? Consequently, the influence of Woods
Hole proved to be nil.

At an hour when Air Force officials desperately sought measures to
overcome the apparent Soviet lead, this omission in the Woods Hole Summer
Studies, based on von Kdrmén’s unyielding belief that long-range reports must
provide balanced coverage of new technologies, had serious ramifications for
the forecast which followed. The experience persuaded USAF authorities that
civilian scientists should be subject to greater military oversight in future
technology analysis. As a consequence, starting in the 1960s, the scientific
advisory board found itself much less autonomous and independent than in the
founding years under its famous leader.

No one did more to harness science to air power objectives than Gen.
Bernard A. Schriever. As Commander of Air Research and Development Com-
mand and its successor, Air Force Systems Command, Schriever had demon-
strated great capacity during the 1950s in bringing the American ICBM force
to fruition. Then, directed in March 1963 by Secretary of the Air Force Eugene
M. Zuckert, he undertook a major review of technologies applicable to USAF
needs through the mid-1970s. Called Project Forecast, it enlisted almost 500
participants, balancing blue-suiters who understood the requirements of war
with some of the most eminent civilian scientists and engineers from the
universities, manufacturers, institutes, and government. In fact, Schriever drew
his team from an unprecedented variety of sources — from the USAF and sixty-
three other federal agencies, from twenty-six institutions of higher learning,
from seventy corporations, and from ten nonprofit organizations. The selection
of Schriever and his project manager, Maj. Gen. Charles Terhune, in itself
suggests a maturing of the forecasting process. Both men not only understood
the scientific world, but represented a growing number of engineers in uniform
able to grasp the technical and military aspects of weapons development. As a
result, Schriever and Terhune structured Project Forecast so that all ideas
produced by the technical panels were assessed in relation to factors of cost and
military requirements. In addition, evaluations of the predominant threats to
American security and broad foreign policy objectives further narrowed the
field of candidate technologies.

Finally, the capability panels translated the concepts which survived this
screening process into actual weapons systems. Far more structured than
Toward New Horizons, Project Forecast, nonetheless, incorporated truly
independent scientific advice and invited the widest possible participation. Also,
like Toward New Horizons, it strove for comprehensiveness, producing twenty-
five volumes which related new air power technologies to the world in which
the Air Force found itself. Project Forecast enjoyed widespread influence
throughout the USAF and many of its recommendations, such as huge inter-
continental transports and lightweight composites for aircraft and engine design,
were fulfilled.
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Could General Schriever’s success be duplicated in the next long-range
forecast? The answer would wait a decade. Almost ten years after his milestone
work, the Air Force undertook yet another long-range study. Known ambi-
tiously as New Horizons II it began in August 1974, at the direction of Air
Force Chief of Staff, Gen. David C. Jones. Its Executive Director, Maj. Gen.
Foster Lee Smith, the Headquarter’s USAF Deputy Chief of Staff for Plans and
Operations, led a steering group of Air Staff major generals. Unlike Toward
New Horizons, Woods Hole and Project Forecast, civilian science advice had
little weight in the deliberations. Indeed, independent scientists and members
of the Scientific Advisory Board functioned only as expert consultants — not
as recognized participants in the study process. As an in-house survey, all of the
forty-nine study members of New Horizons II but one, the Chief Scientist of the
Air Force, wore the service uniform, and almost half worked in the Offices of
the Deputy Chief of Staff for Plans and Operations.

In its functioning, New Horizons II lacked both the global view and the
technical scope of Toward New Horizons and Project Forecast. Its five tech-
nology panels oriented themselves toward mission rather than scientific
objectives, and the study process lacked a crucial feature of Project Forecast:
that of filtering candidate technologies through cost, capability, and threat
assessments. In its final report to Gen. Jones, the New Horizons staff recom-
mended a number of initiatives: advanced data processing for command and
control survivable military satellites, laser weapons in the atmosphere and in
space, and aircraft upgrades for night and all-weather flying. Despite the
constriction of defense spending after the U.S. withdrawal from Vietnam, the
report also suggested a heavy lift global-range transport of even greater
capability than the C-5 aircraft. But lacking Gen. Schriever’s prestige and
contacts in the scientific, industrial and political worlds, New Horizons II
exercised only limited influence over the course of Air Force technology. Yet
it did foster, perhaps unintentionally, the idea of limiting independent civilian
participation in long-term science studies.

During the mid-1980s, once more a decade after the last one, another long-
term forecast occurred. Begun by AFSC commander Gen. Lawrence A.
Skantze, it continued, and in some ways contributed, to the tradition of blue suit
leadership in USAF forecasting. Project Forecast II, initiated in August 1985,
modeled itself on Project Forecast in attempting a systematic and comprehen-
sive survey. It utilized a similar filtering or matrix process which accounted for
thread and cost factors in its analysis panels — scientific possibilities had ten
technology panels and military requirements had five mission panels. Some 200
people contributed as panelists or consultants to Project Forecast II, but there
the similarities ended.

Distinctly different from the varied institutional affiliations of the initial
Forecast participants, all 200 Forecast II participants were Air Force employees.
Although a majority of the 107 panelists were civilians, most worked in the
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AFSC laboratory structure. Indeed, Gen. Skantze undertook Forecast II partly
as ameans of infusing the systems command laboratories with new ideas. While
independent civilian advice may have been solicited by the Forecast II staff,
little found its way into the final report. Even the Air Force Scientific Advisory
Board, the mother institution of USAF forecasting, had almost no impact on its
uitimate contents. Altogether, about 2,000 technical ideas flowed from the
Forecast Il process. Nine hundred originated in the Forecast Il offices and 1,100
came from outside sources, including universities, industries, and think tanks.
While all of the 900 received full consideration in the project screening process,
90 percent of the 1,100, that is, the outside suggestions, were rejected without
any formal review. Thus in-house science and engineering reached its zenith in
Project Forecast I1.

The principal feature of the von Kdrméan model of applying independent
civilian talent to long-range advising all but disappeared. Gone, too, was the
Toward New Horizons practice of relating the technological future to the
institutional life of the entire Air Force and the nation’s defense needs as a
whole.

Eventually seventy candidate systems and technologies emerged from the
rigorous Forecast review system. Unlike its namesake, Forecast I did not relate
them to national security policy or overall military objectives, but simply
presented them as the technological champions of the future. They included
such highly advanced concepts as knowledge-based computer systems,
ultrastructured materials, antiproton technology, the transatmospheric vehicle,
widely distributed phased radar in space, and the so-called super cockpit.

Auempts atimplementing the massive 1,700-page final report began almost
immediately with significant AFSC laboratory funding devoted specifically to
further exploration of these selected technologies. Nonetheless, by 1985,
responsibility for Air Force technology forecasting had devolved on a single
major command, leaving the process a corporate orphan in the USAF as a
whole. After yet another ten years, the Air Force discovered the need for yet
another technology forecast. But this time the old imperatives no longer
implied. The demise of the USSR transformed the nation’s international
objectives in ways not yet fully understood.

The entire U.S. defense posture underwent changes of heroic size, as did the
required technical capability of the armed forces. In the wake of falling budgets
and overturned priorities, the USAF has reassessed its future. No less than its
operational basis, the Air Force’s scientific and technical substructure also
underwent intense scrutiny. The renewal of Air Force science began in 1994 at
the behest of the Chief of Staff, Gen. Merrill A. McPeak. He told the Scientific
Advisory Board to look toward the year 2020 and “stretch beyond the
evolutionary and make sure we don’t miss the leap frog technologies, the
breakthroughs that are our best guarantee that the Air Force will remain the
world’s dominant air and space power.”
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At the same time, the Secretary of the Air Force, Dr. Sheila Widnall, seized
the occasion of the board’s fiftieth anniversary year to reinvigorate it. Her
initiatives began with a symposium late in 1994 commemorating the board’s
half century of service to the Air Force by looking back at its major achieve-
ments. On November 29, 1994, Dr. Widnall continued her offensive on behalf
of the board by directing its chairman to focus the energies of the SAB over the
following year on a long-range forecast she called New World Vistas. The
Secretary wanted New World Vistas first, to predict those scientific fields likely
to be at the forefront of technological change; second, to predict their impact on
affordability of systems and operations; third, to review dual use and commer-
cial opportunities; fourth, to identify technology issues of special interest to the
military; fifth, to advise on science and technology infrastructure; and finally,
to consider joint service applications. Not accidentally, New World Vistas
appears to be a hybrid of Toward New Horizons and Project Forecast I. Von
Karman’s original report has been studied closely in recent years and its
influence is clear both in the structure and objectives of New World Vistas.

As in 1945, the last time a new world system began to materialize, the
Scientific Advisory Board is in a pivotal position in the process. The board will
consider structural changes in the Air Force laboratories and the study is guided,
ultimately, not by a search for novel technical solutions, but by von Kdrmén’s
old objective of identifying broad offensive and defensive capabilities for future
aeronautics. New World Vistas borrows equally from Project Forecast, the other
great Air Force study of the past, in its broad inclusion of industrial and
university scientists and engineers and in its clear organizational distinction
between technical ideas on the one hand and practical Air Force applications on
the other. But, unlike either of the earlier reports, New World Vistas is
conceived as part of a broad servicewide planning process. Indeed, the
Scientific Advisory Board canvassed missionary and planning staffs at the
major commands, as well as the so-called revolutionary planning team in the
Office of the Deputy Chief of Staff for Plans for insights about which new
technologies best suited long-range Air Force plans.

Once the report is completed in December 1995, fifty years to the month
since Toward New Horizons appeared, the senior Air Force leadership will
review its recommendations and integrate the most desirable into the services
corporate strategic plan. New World Vistas’ stated objective to foster “a more
capable, flexible, and less expensive Air Force” both reflects the upheavals the
world has undergone since 1989 and suggests how different the technological
choices will be in this latest instance of Air Force forecasting.
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The Air Force and the Supersonic Breakthrough

Richard P. Hallion

The turbojet revolution, one of the two great revolutions affecting aero-
nautics at midcentury, promised flight at speeds faster than 500 mph. But it was
a second and essentially contemporaneous revolution that enabled the fulfill-
ment of this promise. This latter revolution was the achievement of practical
transonic and supersonic flight: flight around or in excess of the speed of
sound.'

The accomplishment of supersonic flight involved a multiagency and
industrial partnership, development of creative ground and inflight research
methods and tools (including specialized research airplanes), the design of
experimental prototypes conceived to meet perceived operational requirements,
and, eventually, the production and deployment of operational military systems.
Some of the latter were great successes, while others were far less so. Indeed,
the story of the Air Force and supersonic flight is one that has strong elements
of both great success and nagging disappointment, at once both an encouraging
and cautionary tale.

Background to a Breakthrough

The birth of supersonic flight in the United States stemmed from a
generalized “compressibility crisis” encountered by high-performance fighters,
propeller-driven, jet-propelled, and rocket-propelled, in the late 1930s and on
through the Second World War. Essentially, as an airplane dove at speeds
exceeding Mach 0.7, the accelerated airflow around the aircraft (which could,
in places, exceed the speed of sound) generated a series of disturbing perfor-
mance anomalies including shockwave formation, abrupt drag rise, a marked re-
duction in lift, an abrupt reduction (for propeller-driven aircraft) in propeller
efficiency, pronounced airframe buffet, occasional flutter of flight control sur-
faces, and unsettling control characteristics. Depending on the nuances of a
particular aircraft, the latter might consist of undamped or poorly damped longi-
tudinal (pitching); lateral (rolling); and directional (yawing) oscillations; “wing
drop” as the lifting characteristics of a wing abruptly changed; abrupt pitch-up
or pitch-down tendencies; or dramatic changes in control feel and function,
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ranging from extreme oversensitivity, to a sense that the control stick was fixed
immovably in concrete or even, in some cases, to total control reversal.

Many aircraft were lost as a result of structural weaknesses, inadequate
understanding of transonic phenomena and their influence on aircraft con-
trollability, adverse handling qualities, and poor pilot training. Virtually all
high-performance fighters of World War II were susceptible to compressibility
effects, and some , such as the American Lockheed P-38 Lightning, the British
Hawker Typhoon, and the German Messerschmitt Me 163 Komet, were notori-
ously so. Thus one powerful impetus for developing an understanding of high-
speed aerodynamic phenomena was flight safety — to enable the design of safer
high-performance fighter aircraft.

A second impetus driving the supersonic breakthrough was to improve pre-
dictive methodologies; in the era before slotted-throat wind tunnels, no truly
adequate method existed to furnish reliable transonic design information. Fur-
ther, the information that did exist was, in most cases, suspect.2 Based on tunnel
tests in closed-throat tunnels, designers as early as 1920 knew that drag and lift
experienced a marked inverse relationship as velocities approached that of
sound, with drag rising alarmingly.’ In 1935, British aecrodynamicist William
F. Hilton stated that this drag rise phenomenon “shoots up like a barrier against
higher speed as we approach the speed of sound.” The resulting news accounts
shortened Hilton’s cautious statement to the far more lurid and popular “sound
barrier.”*

But the exact magnitude of these phenomena was not precisely understood,
for shockwave reflection across the test section of closed throat wind tunnels
limited their usefulness precisely where researchers were most interested in
understanding what was happening: Mach 0.75 to Mach 1.25. Below Mach
0.75, shock waves did not form. Beyond Mach 1.25, shock waves assumed such
a sharply raked cone form that they generally did not interfere with reliable
tunnel measurements. Clearly the intervening transonic region was one that
required close study, if for no other reason than drag rise plots which hinted at
an asymptotic curve as aircraft velocity approached the magic Mach 1 mark.

The third impetus promoting the supersonic breakthrough was military
necessity and, related to it, the impact of postwar technical sifting through the
ashes of Nazi Germany’s acronautical research establishment. During the war,
the dive limitations of conventional fighter aircraft seriously impacted combat
effectiveness of all the combatant nations. The United States was fortunate that
its major air superiority fighters, the Republic P-47 Thunderbolt and North
American P-51 Mustang, had generally acceptable high-speed dive charact-
eristics. The Lockheed P-38 Lightning, however, was quite a different matter,
and required extensive study and the addition of dive recovery flaps before it
became a fully satisfactory airplane.’ During World War II, the United States,
Great Britain, and Nazi Germany all ran major investigation programs on high-
speed fighter performance and handling qualities in a quest to improve the
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The Messerschmitt Me 262.

performance of existing aircraft such as the P—47, Spitfire, and Bf 109, as well
as to develop a generalized knowledge base applicable to the design of future
high-speed jet airplanes.

Though it did not serve as cither the catalyst or the primary reason for
postwar American supersonic research and development efforts, the opportunity
to examine Nazi Germany’s research establishment at the end of World War II
nevertheless constituted a major force behind such work, particularly given the
unexpectedly strong postwar threat posed by a powerful and technologically
advancing Soviet Union. In truth, Nazi Germany badly managed its scientific
and technological establishment, to the great relief of the Allied war effort. But,
if unfocused, nevertheless there had been a surprisingly fecund quality to
German research, spawning a dizzying series of projects and ideas, including
operational jet fighters and bombers (e.g., the Messerschmitt Me 262 Schwalb
and Arado Ar 234 Blitz), pilotless weapons (e.g., the Fritz-X glide bomb, the
V-1 cruise missile, and the V-2 ballistic missile), rocket fighters (e.g., the
Messerschmitt Me 163 Komet and Bachem Ba 349 Natter), surface-to-air
missiles (e.g., Wasserfall, Rheintochter, Feuerlilie, and Enzian), fanciful future
projects (e.g. the Lippisch P-13 ramjet fighter and the Messerschmitt P.1101
sweptwing testbed), an air-launched rocket-propelled sweptwing supersonic
research airplane (the DFS 346), a long-range Mach 4+ winged missile based
on the earlier V-2 (the sweptwing A—4b, the first winged vehicle to ever exceed
Mach 1-—in February 1945 —though it subsequently broke up during
atmospheric entry), and even a proposed rocket-propelled hypersonic orbital
skip-bomber (the sled-launched Singer-Bredt antipodal aircraft). Much of this
German work would serve as inspiration and/or confirmation for ideas
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expressed in two of the most influential postwar Army Air Forces reports,
Theodore von Karman's Where We Stand (August 1945) and Toward New
Horizons (December 1945), to be discussed subsequently. By that time,
however, the first steps in the Air Force’s steps to the supersonic breakthrough
were already well in hand.®

The Kotcher Initiatives

Much of the success that accompanied the early American efforts at
supersonic flight are directly attributable to a remarkably prescient and
dedicated Army Air Forces engineering officer, Maj. Ezra Kotcher.” Kotcher,
a prewar civilian engineering instructor at the Air Corps Engineering School at
Wright Field, became interested in supersonic flight while listening to a lecture
in the mid-1930s by Lt. Col. Heinz Zornig, the chief of ballistics research for
the Army’s Aberdeen Proving Ground. Artillery shells obviously moved faster
than sound, and Zornig’s lecture showed that they experienced the same abrupt
transonic drag rise characteristic of wings. But their transonic drag rise did not
exceed beyond a factor or three or four the subsonic drag value. There were
daunting differences; if nothing else, artillery shells were symmetrical bodies,
not constrained by wings and other awkward protuberances. Nevertheless, as he
listened, Kotcher developed an intuitive feeling that the “sound barrier” was
“not necessarily a permanent flight barrier, but rather a wind tunnel technique
barrier or a psychological barrier.”®

In August 1939, Kotcher submitted a report on future aeronautical research
to the Kilner-Lindbergh board established the previous May by Army Air Corps
Chief Maj. Gen. Henry H. “Hap” Arnold. In his report, Kotcher called for
“comprehensive flight research programs” to achieve supersonic flight and
advocated development of gas turbine and rocket propulsion systems to over-
come the obvious disadvantages of propeller-driven designs. Kotcher’s boldness
was remarkable; in 1939, the leading American fighter, the Curtiss P-36, could
barely fly half as fast as the speed of sound at altitude, while the previous year,
a U.S. Navy engineering board had concluded that gas turbines were utterly
unsuited as a means of propulsion for aircraft.’

Kotcher’s calls went unanswered by the AAC, though another federal
agency, the prestigious National Advisory Committee for Aeronautics, had a
number of leading aerodynamicists — such as Eastman Jacobs and, foremost,
John Stack — who were pursuing studies aimed at extending the flight frontier
beyond Mach 1. But the NACA had its own blind-side: the potential of the gas
turbine airplane. In April 1941, after seeing the rapid progress of British gas
turbine research, Hap Arnold returned to the United States determined never to
let the AAC develop a dependency on such outside organizations as the NACA
for its future capabilities. The Arnold trip to England marked the birth of his
interest in creating within the service its own scientific forecasting and research
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capabilities. This led, in time, to his strong reliance on Theodore von Kdrman,
the émigré Hungarian scientist who directed the Guggenheim Aeronautical
Laboratory at the California Institute of Technology, eventually triggering the
creation of the postwar Air Force Scientific Advisory Board.'?

After Pearl Harbor, Kotcher shed his civilian suit for a uniform, and by
1944, he was deep in the midst of project management for various AAF jet and
rocket fighters, his interest in transonic flight unabated and unrequited. By late
1943, aburgeoning interest in supersonic flight had emerged within the Federal
scientific establishment. Thus, in mid-January 1944, the Materiel Division at
AAF Headquarters issued a confidential technical instruction authorizing the
initiation of a study for a transonic research airplane to explore flight conditions
from 600 to 650 mph."" The chief of the Engineering Division at Wright Field,
Brig. Gen. Franklin O. Carroll, asked Arnold’s (as yet unofficial) scientific
advisor von Karmdn if it were possible to develop an airplane to fly at Mach
1.5. The distinguished scientist assembled a small study team and generated a
quick report over a weekend favorably endorsing the feasibility of a ramjet-
powered airplane with a gross weight of 10,000 pounds and a small wing of 125
square feet that would be capable of reaching Mach 1.5 at 40,000 feet and flying
at that speed for five minutes. With ramjet technology in its infancy (even more
so than gas turbines and liquid-fuel rocket technology), such a design had little
chance of winning development approval. Nevertheless, it was an important
psychological encouragement, as was a virtually equivalent Mach 1.6 proposed
ramjet-powered research airplane study by two NACA engineers, Macon Ellis
and Clinton E. Brown, in midsummer 1945, by which time, of course, the XS-1
and the D-558-1 were well underway.'?

In mid-March 1944, a series of meetings at the NACA’s Langley Memorial
Aeronautical Laboratory drew together transonic research aircraft partisans
within the NACA, the Navy, and the AAF and resulted in the NACA assigning
personnel to coordinate with the two services for the possible development of
such a craft. Having been slow to awaken to the turbojet revolution, the NACA
now conservatively favored the lower risk turbojet over the more exotic liquid-
fuel rocket. However, in April 1944, on his own initiative, Kotcher had directed
a comparative study that clearly demonstrated the superiority of the rocket.
Kotcher had the Design Branch of the Aircraft Laboratory at Wright Field
evaluate two similar configurations for a “Mach 0.999” design — a whimsical
reference to the supposed “impenetrable sonic barrier” — one powered by a
TG-180 (J35) turbojet and the other by a proposed 6,000 Ib. thrust Aerojet
rocket engine. The rocket powered variant— which bore a generalized simi-
larity to the subsequent X--1, with the exception of its horizontal tail
location — clearly offered superior performance. Kotcher showed the design to
von Kdrman, who concurred in its potential, and then Kotcher took it to General
Carroll who endorsed Kotcher’s design approach, effectively putting the service
on record behind the Kotcher position.'?
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From this point onwards, the AAF envisioned a rocket-powered research
airplane as the best means to substitute for the lack of suitable ground-based
research methods, while the NACA persuaded the Navy to support the less chal-
lenging turbojet alternative; in July 1944, in fact, the AAF rejected outright a
NACA proposal for a jet-propelled research airplane as too conservative. By
mid-1944, two development paths had already diverged from common Air
Force-NACA-Navy-industry desires to build a Mach 1 testbed, spawning by
early 1945 the clearly supersonic Air Force-sponsored rocket-propelled Bell
XS-1 along with the just as clearly transonic Navy-sponsored turbojet-powered
Douglas D-558-1 Skystreak.'*

In the summer of 1944, as V-1s rained down on London and other English
cities, Kotcher was sidetracked from transonic research by a crash program to
produce an American copy (the Republic JB-2) of this Nazi buzz bomb, but
with more precise guidance. Kotcher did not return to transonic planning until
fall. Then, on November 30, 1944, came the catalytic event that triggered the
birth of the Bell XS~1, the first supersonic airplane: a casual conversation
between Kotcher and the chief engineer of the Bell Aircraft Corporation, Robert
J. Woods. That day, as Woods visited Wright Field on other matters, the two
men discussed the problem of transonic flight. Kotcher broached the idea of a
transonic rocket-propelled research airplane; Woods was interested. Kotcher
went further, asking if Bell might be interested in building such a craft, capable
of attaining 800 mph at 35,000 feet for at least two minutes. Woods, on his own,
committed Bell on the spot to developing the plane. The following month, in a
joint conference held at Langley on December 11-12, 1944, the AAF, Bell, and
NACA collaborated on developing final development specifications for the air-
craft, stipulating that it carry a research instrumentation payload of 500 lbs.
Thus was born the XS-1, first of the famed postwar X-series aircraft. Its subse-
quent development consumed the next year, with the AAF issuing a formal con-
tract to Bell on March 16, 1945, for a rocket-powered straight-wing research
airplane. Though the first of two XS—1s began gliding trials in January 1946, it
was not ready for its assault on the “sound barrier” until the fall of 1947."

The Foreign Dimension

As soon as Nazi Germany collapsed in May 1945, Allied technical
intelligence teams began poring over captured German research and
development facilities. The intensive effort that Germany had put into studying
high-speed flight, particular the development of high-speed wind tunnel
complexes and the widespread use of sweptwing planforms for high-speed
aircraft and missile designs, surprised technical intelligence assessors and
triggered immediate efforts to turn the fruits of this work to postwar advantage.
Virtually all the major combatant nations exposed to Nazi technical work
incorporated portions of it in their postwar aeronautical development schemes. '

54



Supersonic Breakthrough

Immediately, three shortfalls in previous Allied work appeared: the failure to
emphasize the development of the turbojet, the failure to capitalize on the
postulation of transonic sweptwing theory, and the failure to begin, at an earlier
date, a serious investigation of the problems of supersonic flight.

Of all of these, critics leveled their greatest criticism at the failure to
appreciate the sweptwing, first postulated as a means of overcoming the
problems of transonic flight by Adolf Busemann at the seminal 1935 Volta
Conference on High Speeds in Aviation held at Campidoglio, Italy."”
Immediately after the war, two aircraft projects then under development — the
North American XP-86 jet fighter and the Boeing XB—47 jet bomber — were
radically restructured to make use of sweptwing planforms. In the almost
hysterical climate surrounding exploitation of German wartime research, the
NACA came under sharp criticism from the Air Force’s Production Division for
not emphasizing a sweptwing planform for the XS-1 then well under
development. In fact, primary responsibility for the decision to build the XS-1
with a straight wing rested with the AAF’s own Air Technical Service
Command, which at the time of the March 1945 contract award, was well aware
of the indigenous American sweptwing research of NACA aerodynamicist
Robert T. Jones. The ATSC rejected a swept XS—1 at the time because the
sweptwing was still an unproved concept, and the NACA strongly concurred;
had the contract been awarded six or eight months later, it might have been a
very different story.'®

In any case, the discovery of German sweptwing research data had two
important results in addition to the impact it had on the F-86 and B—47 efforts.
First, it was largely responsible for accelerating much of the subsequent “Round
One” research aircraft program, including the Bell X-2, the Northrop X—4
semitailless research airplane (inspired in part by the Me 163), and the variable
sweep Bell X-5 (based outright on the Messerschmitt P.1101 project).”
Secondly, and beyond this, the German revelation created its own
myth — namely, that America only discovered the sweptwing when it sifted the
ashes of Nazi Germany, a myth that further weakened the already battered
image of the NACA. In fact, such was not the case, for, independently of
German work, NACA’s Jones had postulated, tested, and reported on the
potentialities of both delta and swept wings for transonic and supersonic flight
well in advance of any confirmatory data coming from the rubble of the Reich.
Indeed, on the basis of reports of Jones’ work, von Kédrmén had arranged for
comparative tests in April 1945 (before he went overseas) of an experimental
sweptwing and a conventional straight wing in a supersonic tunnel at the
Army’s Aberdeen laboratory, at speeds to Mach 1.72; the sweptwing proved
superior.”

By the late summer of 1945, an international race to be the first to exceed
the speed of sound had essentially already begun; the players were the United
States, with the AAF’s rocket-propelled X—1; Great Britain with the jet-powered
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The Bell XS-1.

Miles M.52 and the de Havilland D.H. 108 Swallow; and the Soviet Union, with
the Mikoyan I-270 rocket-powered experimental interceptor and its own
version of the Nazi DFS 346 rocketplane. Much further behind was France,
pursuing development of an air-launched ramjet designed by René Leduc. On
October 14, 1947, with the first supersonic flight of the Bell XS-1, the United
States emerged victorious.

But it had been, as Wellington said of Waterloo, “a close-run thing.” In
mid-1946, citing financial and possible safety reasons, the British government
foolishly cancelled the M.52 program, the first of a long series of questionable
postwar development decisions affecting British aviation. Then, in September
of that year, Geoffrey de Havilland, the son of Great Britain’s oldest and most
distinguished aircraft firm, was killed in the crash, due to loss of control near
the speed of sound, of a semitailless D.H. 108 Swallow, a possible X-1 rival
inspired in part by the Me 163. It would be two years before a Swallow would
again approach the speed of sound, this time successfully.”’

The steps the Soviet Union took to exceed the speed of sound are still
shrouded in mystery. In 1947, the Soviets flew two Mikoyan I-270 rocket-
propelled interceptors patterned on the captured Junkers Ju 248, which was an
outgrowth of the Me 163. Though potentially capable of exceeding the speed
of sound, both I-270s were lost in accidents and thus to history as well. The
Soviet Union made some flight attempts in 1947 with the DFS 346 they had
captured in eastern Germany. In XS-1 fashion, they air-launched it with a
German test pilot using one of three B-29 bombers acquired in 1945 when AAF
crews made emergency landings following bombing raids on Japan. Again, no
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claim of supersonic flight resulted, and the fate of the airplane is unknown. In
the late 1940s, the Soviets test-flew the Bisnovat B-5, an X-1 lookalike with
a modestly swept-back wing, but without any apparent supersonic success.
Then, in September 1949, they succeeded in broaching Mach 1 for the first
time, reportedly with a developmental aircraft for the MiG-17.? By that time,
the “sound barrier” was a thing of the past, having been broken by the XS-1
(October 1947), the XP-86 (April 1948), the D.H. 108 (September 1948), the
straightwing D-558-1 (September 1948), and the sweptwing D-558-2
(February 1949).

The von Kdrman Reports

In November 1944, Hap Arnold had instructed von Kdrmén to prepare a
detailed report on the state and future of aviation to be used as a basis for long-
range Air Force planning, research, development, and acquisition. In his
mandate to von Karmén, Arnold stated, among other assumptions, that, in the
postwar world, “supersonic speed” was a “requirement.”” In Europe to assess
Nazi technical developments immediately after the war, von Kédrmdn wasted
little time in preparing two seminal reports on acronautical development. The
first of these was Where We Stand, a assessment of the current state of
aeronautical development. The second was the multipart Toward New Horizons,
which forecast the future of aviation and suggested bold courses of action. Both
appeared in 1945, the former as Japan was atom-bombed, and the latter in
December, as Bell was rolling the first XS—1 out of its Buffalo, New York,
plant.

Where We Stand addressed supersonic flight, noting that it had appeared as
“a remote possibility” before 1940, but that as the result of “bolder and more
accurate thinking . . . this stone wall . . . will disappear in actual practice if efforts
are continued.”” Von Kadrmin went on to note that “we were slow in
recognizing the necessity of supersonic wind-tunnel research;” by 1945, few
American supersonic test tunnels existed, while Germany had no less than eight
in service in four research complexes, six of which could exceed Mach 3, and
one of which could exceed Mach 4. He concluded,

It seems to me that the Air Forces have to recognize the fact that the
science of supersonic acrodynamics is no longer a part of exterior
ballistics but represents the basic knowledge necessary for design of
manned and unmanned supersonic aircraft. The Air Forces have to
provide facilities and include this field in their research, development,
and training programs.”’

He also noted the potential value of the sweptwing as a supersonic aircraft
planform, and went on to make four recommendations involving development
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of large supersonic wind tunnels, transonic and supersonic research airplanes
to substitute for the lack of tunnel measurement capabilities in the transonic
region, vertical take-off rocket-boosted fighters, and use of forward-firing
rocket thrusters for deceleration of high-performance aircraft prior to landing.
He concluded by emphatically stating that “We cannot hope to secure air
superiority in any future conflict without entering the supersonic speed range.”*

It was his Toward New Horizons, however, that drew the greatest attention,
particularly the opening essay “Science, the Key to Air Supremacy.” This doc-
ument confidently predicted a future for the Air Force built around supersonic
manned and pilotless aircraft and missiles, atomic weapons and atomic energy,
operations over global ranges, the ability to fly and navigate with greater
precision and safety, the ability to attack in all-weather conditions with
devastating force and greater accuracy, and the ability to defeat and counter
enemy efforts to defend against aerial attack. Overall, the report reflected the
climate of the age after Hiroshima and Nagasaki, that in an era of atomic

warfare (and this was written four years prior to the Soviets acquiring an atomic
bomb),

All we can hope is that absolute air superiority, combined with highly
developed and specialized warning and homing devices, will help us
erect an impregnable aeroelectronic wall, which will reduce to a
minimum the possibility of any enemy device [i.e., atomic weapon}
slipping through undetected and undestroyed.

Von Kédrman and his research team accepted as a given:

the necessity for a powerful air force, which is capable of:

a. Reaching remote targets swiftly and hitting them with great
destructive power.

b. Securing air superiority over any region of the globe.

c. Landing, in a short time, powerful forces, men and firepower, at any
point on the globe.

d. Defending our own territory and bases in the most efficient way.”’

Transonic and Supersonic Flight: The Early Years

By the end of 1945, then, the United States Army Air Forces, together with
other Federal organizations and private industry, had set for itself the task of
exploiting the transonic and supersonic speed regimes. The AAF had a planning
document prepared by some of the most outstanding American scientists and
engineers that clearly forecast a supersonic future, and it also had funded
development of a specialized rocket-propelled research airplane on the verge of
its first flight. Two other supersonic research aircraft were also under consid-
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eration: the proposed rocket-propelled air-launched sweptwing Bell XS-2, and
the jet-propelled Douglas XS-3. A further two transonic configuration testbeds
(the semitailless Northrop XS—4 and a proposed Bell variable wing-sweep
research airplane that would emerge as the X-5) were edging towards develop-
ment. Two advanced sweptwing aircraft were undergoing design development,
the North American XP-86 and the Boeing XB—47. A third program, for an am-
bitious rocket-boosted ramjet-powered delta interceptor, the XP-92, was ges-
tating at Convair. Over the next five years, all these aircraft would fly and, with
others, would shape the future of American aviation.

A key question involved forging the best possible flight-testing partnership
between the AAF and the NACA, at the time the nation’s premier aeronautical
research organization, for as will be seen, tensions between the service and the
agency had grown in the wartime years and immediately afterwards. The NACA
had a long heritage of creative flight and ground-test research work, and main-
tained laboratory complexes at Langley, Ames, and Lewis that were uniquely
valuable to the supersonic and turbojet breakthroughs. By the spring of 1947,
with two XS-1s in flight test, the time had obviously come to strike an agree-
ment between the soon-to-be independent Air Force and the NACA on how to
best run the research aircraft programs. The choice of test site was not a
question: Muroc Dry Lake (now Edwards AFB), California. On June 30, 1947,
representatives of the Army Air Forces’ Air Materiel Command and the NACA
met at Wright Field to discuss the future research administration of the XS-1
program; they agreed that the AAF would undertake accelerated flight testing
of the XS-1 to take it through the speed of sound as quickly as possible, while
the NACA would retain the second aircraft for a more detailed exploration of
the sonic regime.”®

This became the pattern followed on other research aircraft as well, up to
the time of the X—15: rapid exploration of the airplane over its performance
envelope by the Air Force, and then a more detailed and systematic study by the
NACA. (Beyond this, it inaugurated the traditional “MOU” arrangements that
have characterized the partnership of the Air Force Flight Test Center and the
NASA Dryden Flight Research Center at Edwards on programs such as the
XB-70A, YF-12A, lifting bodies, AFTI F-16, the X-29, and, more recently,
the X-31). Within the Air Force, program management oversight for the early
X-series aircraft resided within the Air Materiel Command, and, subsequently,
the ARDC; within the NACA, it resided within the agency’s Research Airplane
Projects Panel. Subsequent research airplane coordination between the service
and the NACA was good to excellent at all levels, particularly at Edwards itself,
thanks in part to a strong bond of mutual respect and support between the on-
site Air Force installation commander, Brig. Gen. Albert Boyd, and his NACA
counterpart, Walter C. Williams.”

On October 14, 1947, piloted by Air Force Capt. Charles E. “Chuck”
Yeager, the Bell XS-1 #1 achieved Mach 1.06 (approximately 700 mph) at
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The Northrop X—4.

43,000 feet over the Mojave desert, the first manned supersonic flight in
aviation history, dramatically fulfilling the expectations of research aircraft
partisans. By the next spring, it had exceeded Mach 1.4 (960 mph). But such
was the pace of aircraft development that, even before the XS—1 made its
historic flight, the prototype F-86 Sabre had arrived at Muroc for testing. It was
another aircraft capable of exceeding Mach 1, albeit in a dive, and did so in
April 1948, thanks to its sweptwing. While the XP-86 was no substitute for the
heavily instrumented XS-1, it is ironic that the lengthy contractor test period on
the Bell rocket plane — from January 1946 through the spring of 1947 — nearly
robbed the first of the X-series of its opportunity to make its mark in aviation
history.

Thereafter, supersonic flight at Muroc was virtually commonplace, and
soon, after the introduction of the F~-86A into squadron service in 1949, so were
sonic bangs from supersonic dives by enthusiastic fighter pilots around the
country. Even at this early point North American had plans underway for an
advanced sweptwing fighter called the “Sabre 45” which would emerge in due
course as the YF-100. It reflected lessons already learned from the XS—1 by the
late summer of 1948: relocating the horizontal tail from midfin to low on the aft
fuselage, and changing the adjustable horizontal stabilizer and elevator
combination (which the F-86 shared with the XS—-1, and which worked much
better than a fixed horizontal stabilizer and elevator, as MiG pilots would
discover to their sorrow in Korea) to a genuine slab all-moving tail.

But in many ways, what was happening on the ground was of far more
importance to the future of supersonic flight than what was taking place in the
air. One of the most interesting (of many) aspects within the final von K4drmén
report was its matter-of-fact acceptance that supersonic flight was a practical
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The North American XP-86 during its flight tests in October 1947.

probability, even though the XS-1 had not yet flown and test Chuck Yeager’s
first supersonic sojourn was still nearly two years in the future. Among other
recommendations, the report suggested creation of a supersonic and pilotless
aircraft research center, and a specialized research and development command.®
These two were, in fact, acted on, with the establishment of the Arnold
Engineering Development Center at Tullahoma, Tennessee, and (following
further recommendations by an advisory group chaired by Dr. Louis N.
Ridenour) the eventual creation of Air Research and Development Command.*!

The AEDC story is an often neglected component of the Air Force’s
contribution to the national supersonic breakthrough. As early as June 1945,
AAF members of the Allied technical intelligence teams roaming Germany had
suggested to higher headquarters that German developments warranted creation
of new research laboratory facilities. By December, with the issuance of Toward
New Horizons, the work of Wright Field partisans and von K4rmén had crystal-
lized. He envisioned an ambitious “Center for Supersonic and Pilotless Aircraft
Development,” equipped with Mach 3 tunnels, a hypersonic tunnel, combustion
research facilities, and laboratories for studying flight control systems, medical
aspects of high-speed/high altitude flight, as well as an actual flight test facility,
on the model of such great German research institutions as Braunschweig and
Peenemiinde.*

Such plans threatened the position of the NACA as the nation’s premier
aeronautical research authority, but the NACA had, unfortunately, lost much
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support within both the military and industrial community. In a bid to retain
primacy, the NACA’s leadership first called in the fall of 1945 for a “unitary”
facilities plan meeting the needs of the services, the industry, and the NACA.
When this failed to trigger any enthusiasm, they next announced, in March
1946, their own intention to develop a “National Supersonic Research Center.”
The two plans came into sharp conflict with the Congress and the aircraft
industry for funding and support. An industry-led review panel-attempting to
produce a unitary plan satisfactory to all parties failed to “deconflict” the two
proposals, despite three years of study; at one point, the proposed plan
envisioned multiple centers with no less than thirty-three transonic, supersonic,
and hypersonic tunnels, and a total cost of almost $3 billion — inconceivable
in the post-World War II fiscal environment.”

Exasperated, Congress finally stepped in and structured its own plan,
costing approximately $250 million. Though postwar budgetary considerations
nearly caused cancellation of the plan, the strong personal intervention of the
first Secretary of the Air Force, W. Stuart Symington, and, ironically, the
availability of captured German equipment, test facilities, and plans of proposed
high-speed test installations, helped preserve much of von Kdrmén’s vision, and
the core of the Air Force’s proposal. In 1949, Congress passed the National
Unitary Wind Tunnel Plan Act. The NACA received $136 million for three
supersonic wind tunnels, and an additional $10 million for tunnel construction
at various educational institutions but — significantly -— received no support for
a new national supersonic center. The Air Force, on the other hand, received
$100 million (as but a first step) for construction of a new center — which
became Arnold —though nowhere near as expansive as von Kirméan had
envisioned. Construction began on the Arnold center in 1950, and it began its
first research operations two years later. Arnold has subsequently played a
major role in both the history of supersonic flight, and the history of spaceflight
as well, working productively with industry and other Federal agencies such as
NASA, as well as for the Air Force.*

Too Much of a Good Thing?

The acceptance of supersonic flight as a practicality, which was
accompanied by a remarkable casualness of attitude, did create its own set of
problems. Among these was a tendency by many technologists to view super-
sonic flight as merely an extension of subsonic flight with annoying “transonic
tangles and traps” (as one engineer termed it) in between. Put another way,
many perceived the transition from subsonic to supersonic flight as the great
challenge of supersonic flight when, in fact, “breaking” the “sound barrier” was
but a means of entering a whole new aerodynamic world. It was here that the
more deliberative approach to testing and development characteristic of the
NACA (after the 1958 Space Act, NASA) paid off.* Once beyond Mach 1, an
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entire subset of related problems demanded resolution, including greatly
reduced directional stability (and consequent development of stability augmen-
tation systems), aircrew escape requirements, external stores separation, engine-
airframe matching, and, beyond Mach 2, aerodynamic heating. No better ex-
amples of the results which such overconfidence could produce exist than the
North American F-100A Super Sabre, America’s first supersonic “on the level”
jet fighter, and the Bell X-2 rocket research airplane.

The preproduction YF-100 began flight testing in 1953 and, with its
impressive Mach 1+ performance, quickly won enthusiastic support from pilots
of the Air Force’s Tactical Air Command assigned to evaluate it. TAC’s pilots
minimized cautions from the project test pilot (himself a distinguished fighter
pilot) that the plane required careful study, and, at TAC behest, HQ USAF
ordered the F-100 into full production too soon. Shortly after entering service,
a disastrous series of accidents resulted in the loss of six aircraft and their pilots.
The F-100, with its long fuselage and relatively short wing, had fallen victim
to the phenomenon of inertial coupling, essentially diverging and tumbling out
of control during supersonic maneuvering. It required extensive redesign to be
made into a safe and satisfactory fighter, with changes in fin and wing area, and
the addition of yaw and pitch dampers.”® Tragically, lack of a full appreciation
of how lateral-directional stability tendencies would continue to deteriorate as
Mach number increased, together with questionable flight test management and
mission planning, led to the loss of the Bell X-2 #1 research airplane at Mach
3.196 on September 27, 1956, even though its pilot (who died in the accident)
had extensive experience on the F-100 inertial coupling program.”’

A second problem was a tendency to favor the radical at the expense of the
practical; this resulted in “Buck Rogers”-type proposals (such as von Kdrmdn’s
own suggestion of vertically launched fighters and rocket deceleration systems).
Common sense usually prevailed, but in any case, time, effort, and often great
sums of money were lost in the process. Several notable programs typified this
will for the fanciful, such as the dolly-launched rocket-boosted ramjet-powered
XP-92 which, in addition to its other peculiarities, also would have had its pilot
sitting within the inlet duct of the ramjet! The program spawned the small
XF-92A research testbed; by the time it flew, cooler heads had cancelled the
radical ducted rocket-ramjet XP-92 outright. Another was the Republic XF-103
turboramjet-powered Mach 3 interceptor, cancelled in 1957. (Other services
were far from immune to such thinking as well, with such projects as the Navy’s
attempts to develop turboprop-powered tail-sitting vertical-takeoff-and-landing
fighters — the Lockheed XFV-1 and the Convair XFY-1 — for shipboard use,
and the Army’s proposed “flying infantry” platform, the Davy Crockett battle-
field nuclear weapon, tanks with detachable flying gun turrets, and, wildest of
all, proposed use of Redstone missiles to deliver squads of troops into battle.)*

A third was a tendency to minimize developmental problems by an
overreliance on extrapolative approaches. The so-called “1954 Ultimate Inter-

63



Technology and the Air Force

The North American YF-100 over the North Base at
Edwards AFB during its flight tests in May 1953.

ceptor,” the Convair YF-102A Delta Dagger, typified this problem. Developers
overestimated the value of the XF-92A testbed experience, thinking that the
YF-102 could, in effect, represent a simple “scaling up” of the smaller plane.
Accordingly, the Air Force made major production commitments to this aircraft
under the aegis of the Cook-Craigie concurrency development approach even
as significant unknowns about the magnitude of its transonic drag rise
characteristics existed. Following its initial flight testing, the YF-102 had to be
extensively redesigned to incorporate area ruling, with other changes to leading
edge configuration, fin size, and the aft fuselage, resulting in virtually none of
the early production aircraft having any commonality with post-change aircraft.
Worse, two-thirds of the production tooling purchased for the aircraft had to be
scrapped and replaced by new sets. In fact, the problem continued beyond the
F-102; Convair and the Air Force both underestimated the challenges and
difficulties of going from the F~102 to the Mach 2 F-106 (which began as the
so-called “F-102B"), causing delay, complications, and rapid cost escalation on
that program as well.*

A fourth — and most serious of all — was an unfortunate tendency to see
the future almost exclusively in terms of supersonics and atomic weaponry.
After the Korean War, Air Force research and development stressed developing
supersonic jet fighters and bombers, supersonic cruise missiles, supersonic air
defense interceptors — some even possibly atomic-powered.* The service made
an extensive effort to investigate hypersonic orbital boost gliders as well. While
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some of these projects represented reasonable approaches to the defense chal-
lenges facing the nation, others did not, and, along the way, lessons from earlier
conflicts ranging from World War II through the Korean and Indochinese exper-
iences were not incorporated in the acquisition of future Air Force aircraft. This
was dramatically highlighted in the Vietnam war when the Air Force, to its
discomfort, had to acquire no less than three Navy-developed aircraft to meet
its wartime needs: the Douglas A—1 Skyraider attack aircraft, the Ling-Temco-
Vought A-7 Corsair II strike aircraft, and — most notably — the McDonnell
F—4 Phantom II jet fighter. (In part, this was because after the Korean War — in
which the Air Force and its aircraft had performed well — the service turned
away from conventional war and focused virtually exclusively on a nuclear war
future. The Navy, in contrast, had serious challenges meeting the requirements
of the Korean conflict and afterwards generally used the lessons learned to good
advantage when it made its post-Korean acquisition plans. It dropped dubious
ideas — such as the tail-sitting VTOL fighters — and concentrated on producing
practical supersonic and transonic aircraft such as the Vought F8U-1 Crusader,
the McDonnell F4AH-1 Phantom II, and the Douglas A4D-1 Skyhawk).

In particular, the Century Series fighters offer an instructive lesson in how
the emphasis on speed — not merely low supersonic speed, but near or above
Mach 2 as well — and atomic warfare predominated. By 1960, the Air Force’s
conception of the fighter’s role had evolved from air superiority (typified by the
F-86 in Korea) to either an interceptor of enemy atomic bombers (F-101B,
F-102A, F-104A, F-106A) or a deliverer of nuclear weapons (F-101C,
F-104C, F-105D). Indeed, of the 5,525 Century Series “fighters” (the F-100,
F-101, F-102, F-104, F-105, and F-106), only 1,274 (the F-100D family of
the mid-1950s) were truly multirole “classic” fighter-bombers capable of
undertaking multiple mission taskings. These 1,274 represented only 23 percent
of the fighters procured by the Air Force from 1952 through 1964. Some, while
newer, overemphasized speed at the expense of doing much else, as perhaps was
best exemplified by the Lockheed F--104 Starfighter (dubbed “The Missile with
a Man in It”), essentially a more powerful straight-forward adaptation of the
aerodynamic design approach exemplified by the Douglas X3 research air-
plane.*! Poor design features limited the maneuverability of some aircraft, such
as the F-101 and particularly the F-104, which were seriously constrained by
the pitch-up vulnerabilities induced by their T-tail configurations (with which,
astonishingly, they were designed, even though, at the time of their design, the
weaknesses of such a configuration were already well-appreciated). Most
required long and extensive development and upgrade programs to be truly
useful, while one — the F-105, designed as a nuclear strike fighter — was called
on to act as a conventional iron-bomb dropper in the Vietnam War.

The same tendencies that influenced Century Series fighter development
affected bomber development as well; proposed bombers in the 1950s increas-
ingly reflected unrealistic expectations of sustained Mach 2.5+ or even Mach
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Five of six “Century Series” fighters. Clockwise from bottom: Lockheed
F-104 Starfighter, North American F-100 Super Sabre, Convair F-102
Delta Dagger, McDonnell F-101 Voodoo, and Republic F-105
Thunderchief. The aircraft not shown is the Convair F-106.

3+ flight, with complex “chemical” or nuclear propulsion. One only slightly less
radical aircraft, the Mach 2 Convair B-58A Hustler, did enter service, but
proved difficult to maintain, accident-prone, and of only marginal strategic
value.*” The drive for even more exotic supersonic fighters and bombers
climaxed with the proposed (but never built) North American F-108 Rapier
interceptor and the gargantuan North American XB-70A Valkyrie bomber.
While technically possible, they were increasingly divergent from the real
military needs of the United States in the late 1950s; at the time of their
cancellation, they had gobbled nearly $1.7 billion in taxpayer funding.*
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In Retrospect

Historians always have the luxury of 20/20 hindsight, and one must
sympathize at the least with the challenges and decisions that the Air Force
leadership of the 1940s and 1950s had to make. They had to steer a course
between the too conservative and the too fanciful, and by and large, they did so
quite well, certainly at first. Aircraft such as the F-86, B-47, F-100, and B-52,
and obviously the X-series themselves, are testimonials to the basic wisdom of
acquisition decision making during the early years of transonic and supersonic
aircraft development. Certainly the Air Force deserves great credit for fostering
a supportive climate for supersonic research and for undertaking development
of the X-series aircraft, which as airborne research tools, enabled aeronautical
science to move forward without having to wait for ground research method-
ologies to catch up. Without Air Force money, even if military prototypes had
rapidly exceeded Mach 1 (as was the case with the XP-86), the comprehensive
body of knowledge generated by the supersonic X-series and related programs
would have been missed, making far more difficult the task of industry in the
1950s as it tried to come to grips with the challenge of designing transonic and
supersonic aircraft. Indeed, so great was the expansion of military (and indus-
trial, thanks to military interest) knowledge within supersonic and related fields
of aircraft design that, by the 1970s, Hap Arnold’s vision of a service largely
independently pursuing its technological future without a need to rely (as
opposed to consult) on outside organizations was generally fulfilled.* The
success of contemporary systems, such as the F-15, F-16, and F-117, all attest
to the wisdom of his intentions.

But that success came only after the spoiled fruits of poor choices had
already been sampled. Within a decade of the first supersonic flight, the same
strengths that gave forth comprehensive knowledge of supersonic flight were
giving individuals and major commands entranced more with technological op-
portunity than with military necessity the chance to pursue acquisition choices
sadly distant from what the nation and the service really needed at the time. The
impact of those choices would be felt all too soon as war broke out in Southeast
Asia.

The climate that produced this situation was not inherently a bad one; there
was a healthy vibrancy to aeronautics at midcentury that, today, seems sorely
lacking. But that same optimistic and unquestioning climate nurtured most of
the problems discussed previously. Those problems also illustrate more serious
difficulties which were not per se connected to the supersonic breakthrough but
which have, at other times, also afflicted both military and civilian acquisition.*”
One was the overreliance on contractor-based ideas for new aircraft develop-
ment programs. Many of the least satisfactory aircraft undertaken by the Air
Force in this time frame began as projects initiated within industry and then, as
“paper airplanes,” were offered up to the service. Industry is undoubtedly a

67



Technology and the Air Force

source of fruitful ideas, and a service needs to be aware of what industry has to
offer, but in this case, the price was very high indeed.* Related to this was the
lack of a strong doctrinal underpinning to post-World War II weapon system
development so that technological capability more than requirements necessity
became the deciding factor.”” The weakness of not matching technological de-
velopments with appropriate doctrinal shifts is a long standing one; as one of
the most distinguished students of air doctrine, Dr. 1. B. Holley, has noted,
“New weapons when not accompanied by correspondingly new adjustments in
doctrine are just so many accretions on the body of an army.”** If nothing else,
the story of Air Force fighter and bomber acquisition in the 1950s and 1960s
illustrates the importance of relating acquisition to clearly defined military
doctrine, national needs, and appropriate technology. The history of systems
acquisition by the Air Force since Vietnam, for all the challenges and dif-
ficulties it has experienced, offers an equally important lesson of what can be
accomplished when military doctrine, national needs, and appropriate techno-
logical choices, as opposed to mere technological opportunities, are placed first
and foremost before service decision-makers. The two stories are the twin sides
of the supersonic coin forged by Ezra Kotcher, Theodore von Kdrmén, and all
the others who envisioned flight beyond Mach 1, and then worked to make it a
reality.
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The Origins of Air Refueling in the United States Air Force
Thomas A. Julian

J. F. C. Fuller, the respected British theorist of mechanized warfare and
military historian, noted in 1945 that range throughout military history had been
“the characteristic that dominated the fight,” and with the experiences of the
Second World War fresh in his mind, he voiced his belief that “the fulcrum of
combined tactics” in the new airpower era had to be the airplane.' However,
even with the vast advances in aircraft design and propulsion systems since the
Wright Brothers first flew some 43 years before, in 1946, the issue of range for
both bombers and fighters had not yet been solved in ways that met the national
security requirements of the United States as they were then perceived.

The ultimate solution, air refueling,” was to involve what might well be
called reverse technology transfer: the techniques and basic equipment were
pioneered by the United States and then adopted, further developed and applied
by the British; the British-developed air refueling system was then adopted by
the United States Air Force, and in turn, modified and applied by the USAF as
an interim system to meet its postwar requirements while it developed a new
American system. The latter would incorporate elements of the improved
British system and drew upon the collective experience with both systems.

The earliest technology was by today’s standards relatively crude. Initially
what was involved was merely the translation of standard ground refueling
equipment, i.e., refueling hoses, storage tanks, fuel tanks on the aircraft, and
procedures, into a vertical dimension. However, it was a translation which
called for a considerable amount of ingenuity and pilot skill and courage,
particularly if one considers that there was the ever-present possibility that a
hose might foul the receiver aircraft’s propeller or become wedged into one of
the control surfaces.

The evolution and development of air refueling as a system was driven at
first by the activities of fliers and aeronautical engineers intent on pushing the
limits of this new field, later by the attempts to apply air refueling to
commercial activities. Air refueling’s adoption as a standard procedure by the

*Air refueling will be used throughout this paper, although the terms flight refueling,
in-flight refueling, and aerial refueling are used interchangeably in the literature of refueling.
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new United States Air Force in 1948, however, represents a rather clear case
study of how operational requirements drove the development of new technol-
ogy rather than vice versa.?

The earliest American military experiments with air refueling were in 1923
at Rockwell Field, San Diego, then commanded by the future Commanding
General of the Army Air Forces, Henry H. “Hap” Arnold. In a series of flights
beginning in April, Lieutenants John Richter and Lowell Smith demonstrated
the ability to transfer fuel between aircraft by manually grasping a hose hanging
down from the aircraft serving as tanker, connecting it to a fuel tank aboard
their aircraft, and letting gravity flow occur. The origin of the tests is not clear

In the 1923 refueling
experiments at Rockwell
Field, a de Havilland DH-4
dropped a hose from the
rear cockpit (above) to
another DH-4 (left).
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but Richter was quoted at the time as having wished he had had a refueling
source during his participation in the World War I St. Mihiel Offensive. He had
flown nine sorties but had to return to his home base to refuel after each sortie
because his Spad could only stay aloft 20 to 40 minutes in combat. Richter and
Smith’s efforts culminated in November in a nonstop flight of a little over 12
hours from the Canadian border to Tijuana, Mexico, a distance of some 1,280
miles, during which their de Havilland DH-4B was refueled twice.?

A tragic crash the next month caused by the hose becoming entangled in the
wings of the participating aircraft brought further experiments to a halt until the
famous flightin 1929 of The Question Mark. This aircraft, piloted by Carl Spatz
(as he then spelled his name) and Ira Eaker, who were to be Arnold’s closest
collaborators in the later creation of the independent Air Force, and Lieutenants
Harry Halverson and Pete Quesada, stayed aloft over Los Angeles, California,
for 150 hours and 40 minutes — over six days, in the course of which 5,660
gallons of gasoline and 245 gallons of oil as well as meals, water, and other
supplies were transferred, during more than 50 air refuelings.*

More significant than the undoubted publicity which the airmen’s feat
generated was the technical lesson that it demonstrated, namely, that air
refueling allowed an aircraft with sufficient structural strength, after becoming
airborne, to be overloaded with fuel to a gross weight at which it could not have
lifted off the ground because the wing would not generate sufficient lift at the
low speeds associated with take off. In more technical terms, as the aircraft
increased its airspeed once aloft thereby generating increased lift from the wing,
it could fly with wing loadings (expressed in pounds per square foot of wing
lifting surface) which were considerably higher than the maximum wing loading
at which a loaded aircraft could takeoff from the ground. This extra fuel could
mean greatly increased range with a