






































































































































ORDERS OF MAGNITUDE

development of swept wings, leading to high performance jet bombers like the
Boeing B-47 and the North American F-86 jet fighter. It is also the case that
American engineers, including NACA personnel, had already made independent
progress along the same design path when the German hardware and drawings
were turned up at the end of World War II.

Like several other chapters in the story of high speed flight, the story began in
Europe, where an international conference on high speed flight—the Volta Con-
gress—met in Rome during October 1935. Among the participants was Adolf
Busemann, a young German engineer from Lubeck. As a youngster, he had
watched innumerable ships navigating Lubeck’s harbor, each vessel moving
within the V-shaped wake trailing back from the bow. As an aeronautical engineer,
this image was a factor that led him to consider designing an airplane with swept
wings. At supersonic speeds, the wings would function effectively inside the shock
waves stretching back from the nose of an airplane at supersonic speeds. In the
paper Busemann presented at the Rome conference, he analyzed this phe-
nomenon and predicted that his “arrow wing” would have less drag than straight
wings exposed to the shock waves.

There was polite discussion of Busemann’'s paper, but little else, since pro-
peller-driven aircraft of the 1930s lacked the performance to merit serious consid-
eration of such a radical design. Within a decade, the evolution of the turbojet
dramatically changed the picture. In 1942, designers for the Messerschmitt firm,
builders of the remarkable Me-262 jet fighter, realized the potential of swept wing
aircraft and studied Busemann's paper more intently. Following promising wind
tunnel tests, Messerschmitt had a swept wing research plane under development,
but the war ended before the plane was finished.

In the United States, progress toward swept wing design proceeded indepen-
dently of the Germans, although admittedly behind them. The American chapter
of the swept wing story originated with Michael Gluhareff, a graduate of the
Imperial Military Engineering College in Russia during World War I. He fled the
Russian revolution and gained aeronautical engineering experience in Scan-
dinavia. Gluhareff arrived in the United States in 1924 and joined the company of
another Russian compatriot, Igor Sikorsky. By 1935, he was chief of design for
Sikorsky Aircraft and eventually became a major figure in developing the first
practical helicopter. In the meantime, Gluhareff became fascinated by the pos-
sibilities of low-aspect ratio tailless aircraft and built a series of flying models in
the late 1930s. In a memo to Sikorsky in 1941, he described a possible pursuit-
interceptor having a delta-shaped wing swept back at an angle of 56 degrees. The
reason, he wrote, was to achieve “a considerable delay in the action (onset) of the
compressibility effect. The general shape and form of the aircraft is, therefore,
outstandingly adaptable for extremely high speeds.”

Eventually, a wind tunnel model was built; initial tests were encouraging. But
the Army declined to follow up due to several other unconventional projects
already under way. Fortunately, a business associate of Gluhareff kept the concept
alive by using the Dart design, as it was called, as the basis for an air-to-ground
glide bomb in 1944. This time, the Army was intrigued and asked the NACA to
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evaluate the project. Thus, a balsa model of the Dart, along with some data,
wound up on the desk of Robert T. Jones, a Langley aerodynamicist.

Jones was a bit of a maverick. A college dropout, he signed on as a mechanic for
a barnstorming outfit known as the Marie Meyer Flying Circus. Jones became a
self-taught aerodynamicist who couldn’t find a job during the 1930s depression.
He moved to Washington, D.C., and worked as an elevator operator in the Capitol.
There he met a congressman who paid Jones to tutor him in physics and
mathematics. Impressed by Jones's abilities, the legislator got him into a Works
Projects Administration program that led to a job at Langley in 1934. With his
innate intelligence and impressive intuitive abilities, Jones quickly moved ahead
in the NACA hierarchy.

Studying Gluhareff's model, Jones soon realized that the lift and drag figures for
the Dart were based on outmoded calculations for wings of high-aspect ratio.
Using more recent theory for low-aspect ratio shapes, backed by some theoretical
work done by Max Munk, Jones suddenly had a breakthrough. Within the shock
cone created at supersonic speeds, he realized that the Dart’s swept wing would
remain free of shock waves at given speeds. The flow of air around the wings
remained subsonic; compressibility effects would occur at higher Mach numbers
than previously thought (Mach 1 equals the speed of sound; the designation is
named after the Austrian physicist, Ernst Mach).

The concept of wings with subsonic sweep came to Jones in January 1945, and
he eagerly discussed it with Air Force and NACA colleagues during the next few
weeks. Finally, he was confident enough to make a formal statement to the NACA
chieftains. On 5 March 1945, he wrote to the NACA's director of research, George
W. Lewis. I have recently made a theoretical analysis which indicates that a V-
shaped wing traveling point foremost would be less affected by compressibility
than other planforms,” he explained. “In fact, if the angle of the V is kept small
relative to the mach angle, the lift and center of pressure remain the same at
speeds both above and below the speed of sound.”

So much for theory. Only testing would provide the data to make or break
Jones's theory. Langley personnel went to work, fabricating two small models to
see what would happen. Technicians mounted the first model on the wing of a
P-51 Mustang. The plane’s pilot took off and climbed to a safe altitude before
nosing over into a high-speed dive towards the ground. In this attitude, the
accelerated flow of air over the Mustang's wing was supersonic, and the instru-
mented model on the plane’s wing began to generate useful data. For wind tunnel
tests, the second model was truly a diminutive article, crafted of sheet steel by
Jones and two other engineers. Langley's supersonic tunnel had a 9-inch throat,
so the model had a 1.5-inch wingspan, in the shape of a delta. The promising test
results, issued 11 May 1945, were released before Allied investigators in Europe
had the opportunity to interview German aerodynamicists on delta shapes and
swept wing developments.

Jones was already at work on variations of the delta, including his own version
of the swept wing configuration. Late in June 1945, he published a summary of this
work as NACA Technical Note Number 1033. Jones suggested that the proposed
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supersonic plane under development should have swept wings, but designers
opted for a more conservative approach. Other design staffs were fascinated by
the promise of swept wings especially after the appearance of the German aerody-
namicists in America.

The Germans arrived courtesy of "Operation Paperclip,” a high-level govern-
ment plan to scoop up leading German scientists and engineers during the
closing months of World War II. Adolf Busemann eventually wound up at NACA’s
Langley laboratory, and scores of others joined Air Force, Army, and contractor
staffs throughout the United States. Information from the research done by
Robert Jones had begun to filter through the country's aeronautical community
before the Germans arrived. Their presence, buttressed by the obvious progress
represented by advanced German aircraft produced by 1945, bestowed the
imprimatur of proof to swept wing configurations. At Boeing, designers at workon
a new jet bomber tore up sketches for a conventional plane with straight wings
and built the B-47 instead. With its long, swept wings, the B-47 launched Boeing
into a remarkably successful family of swept wing bombers and jet airliners. At
North American, a conventional jet fighter with straight wings, the XP-46, went
through a dramatic metamorphosis, eventually taking to the air as the famed F-86
Sabre, a swept wing fighter that racked up an enviable combat record during the
Korean conflict in the 1950s.

Nonetheless, America had been demonstrably lagging in jets and swept wing
aircraft in 1945, and the NACA was the target of criticism from postwar Congres-
sional and Air Force committees. It may have been that the NACA was not as bold
as it might have been or that the agency was so caught up in immediate wartime
improvements that crucial areas of basic research received short shrift. There were
administrative changes to respond to these issues. In any case, as historian Alex
Roland noted in his study of the NACA, Model Research (1985), its shortcomings
“should not be allowed to mask its real significant contributions to American
aerial victory in World War I.” Moreover, the NACA's postwar achievements in
supersonic research and rapid transition into astronautics reflected a new vigor
and momentum.

The Sonic Barrier

During World War 11, the increasing speeds of fighter aircraft began to create
new problems. The Lockheed P-38 Lightning, for example, could exceed 500 MPH
in a dive. In 1941, a Lockheed test pilot died when shock waves from the plane’s
wings (where the air flow over the wings reached 700 MPH) created turbulence
that tore away the horizontal stabilizer, sending the plane into a fatal plunge.
From wind tunnel tests, researchers knew something about the shock waves
occurring at Mach 1, the speed of sound. The phenomenon was obviously
attended by danger. Pilots and aerodynamicists alike muttered about the threat-
ening dimensions of what came to be called the sound barrier.

Researchers faced a dilemma. In wind tunnels, with models exposed to near-
sonicvelocities, shock waves began bouncing from the tunnel walls, the "choking”
phenomenon, resulting in questionable data. In the meantime, high speed com-
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bat maneuvers brought additional reports of control loss due to turbulence and,
in several cases, crashes involving planes whose tails had wrenched loose in a
dive. Since data from wind tunnels remained unreliable, researchers proposed a
new breed of research plane to probe the sound barrier. Two of the leaders were
Ezra Kotcher, a civilian on the Air Force payroll, and John Stack, on the NACA staff
at Langley.

By 1944, John Stack and his NACA research team proposed a jet powered
aircraft, a conservative, safe approach to high speed flight tests. Kotcher's group
wanted a rocket engine which was more dangerous, with explosive fuels aboard,
but more likely to achieve the high velocity to reach the speed of sound. The Air
Force had the funds, so Stack and his colleagues agreed. The next problem
involved design and construction of the rocket plane.

Eventually, the contract went to Bell Aircraft Corporation in Buffalo, New York.
The company had a reputation for unusual designs, including the first American
jet, the XP-59A Airacomet. The designer was Robert ]. Woods, who had worked
with John Stack at Langley in the 1920s before he joined Bell Aircraft. Woods had
close contacts with the NACA as well as the Air Force. During a casual visit to
Kotcher's office at Wright Field, Woods agreed to design a research plane capable
of reaching 800 MPH at an altitude of 35,000 feet. Woods then called his boss,
Lawrence Bell, to break the news. “What have you done?” Bell lamented, only half
in jest.

The Bell design team worked closely with the Air Force and the NACA. This was
the first time that the Langley staff had been involved in the initial design and
construction of a complex research plane. Even with the Air Force bearing the cost
and sharing the research load, this sort of collaboration marked a significant
departure in NACA procedures. For the most part, design issues were amicably
resolved, although some questions caused heated exchanges. The wing design
was one such controversy.

There was general agreement that the wings would be thinner than normal in
order to delay the formation of shock waves. In conventional designs, this was
expressed as a numerical figure (usually between 12 to 15) which was the ratio of
the wing's thickness to its chord. One group of NACA researchers advocated a 10
percent wing for the new plane, while others argued for an 8 percent thickness in
order to forestall the effect of shock waves even more. One of Langley’s resident
experts on wing design finally made a thorough analysis of the issue and advised
the 8 percent thickness as the most promising to achieve supersonic speed. As the
design of the plane progressed, Bell's engineers came up with a plane that
measured only 31 feet long with a wingspan of just 28 feet. Stresses on the
remarkably short wing were estimated at twice the levels for high performance
fighters of the day. Fortunately, Bell's designers realized that thickening the
aluminum skin of the wings would result in a robust structure. Consequently, the
skin thickness at the wing root measured .5 inch compared to .10-inch thick wing
skin on a conventional fighter.

Research at Langley influenced other aspects of the design. Realizing that
turbulence from the wing might create control problems around the tail, John
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Stack advised Bell to place the horizontal stabilizer on the fin, above the turbulent
flow. He also recommended a stabilizer that was thinner than the wing, ensuring
that shock waves would not form on the wing and tail at the same time, thereby
improving the pilot's control over the accelerating aircraft. In making these
decisions, the design team recognized that not much was known about the flight
speeds for which the plane was intended. On the other hand, there was some
interesting aerodynamic information available on the .50 caliber bullet, so the
fuselage shape was keyed to ballistics data from this unlikely source. The cockpit
was installed under a canopy that matched the rounded contours of the fuselage,
since a conventional design atop the fuselage created too much drag.

The engine was one of the few really exotic aspects of the supersonic plane. et
engines under development fell far short of the required thrust to reach Mach 1,
forcing designers to consider rocket engines, a radical new technology for that
time. The original engine candidate came from a small Northrop design for a
flying wing. The propellants, red fuming nitric acid and aniline, ignited spon-
taneously when mixed. Curious about this volatile combination, some Bell engi-
neers obtained some samples, put the stuff in a pair of bottles taped together,
found some isolated rocks Qutside the plant, and tossed the bottles into them.
They were aghast at the fierce eruption that followed. Considering the con-
sequences to the plane and its pilot in case of a landing accident or a fuel leak, a
different propulsion system seemed imperative. They settled on a rocket engine
supplied by an outfit aptly named Reaction Motors, Incorporated. The engine
burned a mixture of alcohol and distilled water along with liquid oxygen to
produce a thrust of 1500 pounds from each of fourthrust chambers. Due to limited
propellant capacity of the research plane, the design team decided to use a
Boeing B-29 Superfortress to carry it to about 25,000 feet. After dropping from the
B-29 bomb bay, the pilot would ignite the rocket engine for a high-speed dash;
with all its fuel consumed, the plane would have to glide earthward and make a
dead-stick landing. By this time, the plane was designated the XS-1, for Experi-
mental Sonic 1, soon shortened to X-1 by those associated with it.

Early in 1946, flight trials began. The rocket engine was not ready, so the test
crew moved into temporary quarters at Pinecastle Field, near Orlando, Florida.
The X-1, painted a bright orange for high visibility, was carried aloft for a series of
drop tests. By autumn, the X-1 was transferred to a remote air base in California’s
Mojave Desert—Muroc Army Air Field, familiarly known as Muroc,! after a small
settlement on the edge of Rogers Dry Lake. This was the Air Force flight test
center, an area of 300 square miles of desolation in the California desert north-
west of Los Angeles. Originating as an Air Force bombing and gunnery range,
Muroc was a suitably remote location; the concrete-hard lake bed was highly

'The original Langley contingent was called the NACA Muroc Flight Test Unit, later the High-Speed
Flight Station. When Muroc Field’s name was officially changed to Edwards Air Force Base in 1950,
NACA and government personnel alike adopted the term "Edwards” in colloquial use.
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The post-Apollo era was not necessarily clear in terms of missions and purpose.
The sense of urgency that spurred Apollo had dissipated. In aeronautics, NASA
made sure progress in hypersonic flight and began highly beneficial programs to
control pollution, reduce engine noise, and enhance fuel economy—programs
that assumed growing importance in an environmentally conscious society. In
astronautics, the Space Shuttle was a fascinating program, although critics main-
tained that it was a complex system with no major or scientific mission to justify
its expense. A proposed Space Station, which would absorb numerous Shuttle
flights, was plagued by budget issues; it was not expected to be operational until
some time in the 1990s.

Meanwhile, the loss of Challenger in 1986 underscored the risk of relying so
heavily on the Shuttle at the expense of expendable launch vehicles. Reorganizing
priorities for military and civil payloads proved to be a frustrating exercise. A
renewed wave of criticism concerning lower budgets for space science surfaced, a
reminder of controversies over manned versus unmanned flights that had been
going on since the early days of the space program. There was also concern
stemming from various studies that noted the constraining effects that seemed
endemic to large bureaucracies, as well as the demographic realities of a work
force—heavily recruited in the 1960s—that might lose its sense of adventure as
the time for retirement loomed.

In 1990, the 75th anniversary of its origins as the National Advisory Committee
for Aeronautics, NASA nonetheless appears to be on a steady course. With new
initiatives in commercial space programs and a broad spectrum of projects for
applied science and technology in daily life, NASA surely has ventured far from its
aeronautical origins in 1915. But the dynamics of flight—whether spacecraft or
aircraft—still pervade the agency’s principal activities. Beginning in 1988 with the
STS-26 mission of the Discovery, manned missions aboard the Shuttle have
resumed. At the same time, use of expendable launch vehicles have picked up,
evidence that NASA planners are serious in attempting to broaden their options
for getting payloads into orbit. Looking ahead, the Hubble Space Telescope is
only one of many promising ventures in the area of space science and applica-
tions. The final agreements for international development of the Space Station
have been signed. A broad spectrum of international scientific investigations are
underway. NASA has also joined with the U.S. DoD and the United Kingdom
pioneers in vertical takeoff and landing aircraft like the Harrier to foster the
research and technology for an advanced short takeoff and landing aircraft,
continuing a European connection that dates back to the founding of the agency
in 1915. The forward swept wing X-29 continues an impressive flight research
program; elsewhere, the development of low-speed propfan technology promises
significant gains in fuel efficiency for subsonic airliners of the future.

The dynamics of flight promise to be just as challenging and fascinating in the
future as they have been in the past.
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Background

An up-to-date aerospace bibliography prepared by the staff of the National Air
and Space Museum not only provides anannotated, comprehensive guide to both
American and international sources but also includes a fine review of other
bibliographies: Dominick A. Pisano and Cathleen S. Lewis, eds., Air and Space
History: An Annotated Bibliography (New York: Garland, 1988). For general coverage of
flight, with emphasis on the years through World War I, see Charles H. Gibbs-
Smith, Aviation: An Historical Survey from Its Origins to the End of World War 11 (London:
Her Majesty's Stationery Office, 1970, Rev. 1985). The American chapter of early
aeronautics is definitively recounted by Tom D. Crouch, A Dream of Wings: Americans
and the Airplane, 1875-1905 (New York: Norton, 1981). Joseph }. Corn, The Winged
Gospel: America's Romance with Aviation, 1900-1950 (New York: Oxford University Press,
1983), offers a thoughtful, interpretive analysis. For a combined survey of Amer-
ican aviation and space exploration, see Roger E. Bilstein, Flight in America: From the
Wrights to the Astronauts (Baltimore: Johns Hopkins University Press, 1984-1987). A
popularand useful survey of astronautics, with numerous illustrations, is Wernher
von Braun and Fred I. Ordway I, History of Rocketry and Space Travel (New York:
Thomas Y. Crowell, 1975). A series of scholarly essays with special attention to
American topics is included in Eugene Emme, ed., The History of Rocket Technology:
Essays on Research, Development, and Utility (Detroit: Wayne State University Press,
1964). The Pulitzer prize-winning study by Walter McDougal, The Heavens and the
Earth: A Political History of the Space Age (New York: Basic Books, 1985), analyzes the
American and Soviet space programs as part of the Cold War and technocratic
trends. The NASA History Office has sponsored a series of monographs on airand
space, most of which are noted below. A complete list of NASA History Series
titles appears at the end of this book.
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