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Mach 2 flight, which NACA -~ ES96 43421-1)

pilot Scott Crossfield
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B-29). dropped clear of the
bomber at 32,000 feet, and
climbed to 72,000 feet before
diving to 62,000 feet, where
he became the first pilot to
attain the Mach 2 milestone.

Inside back cover:
Moonrise over Atlantis.
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This volume adds another dimension to
the existing literature about the history of the
Hugh L. Dryden Flight Research Center
(DFRC). While previous accounts—most
notably Dick Hallion’s superb On the Frontier:
Flight Research at Dryden, 1946-1981—cover
part of Dryden’s history from one perspective
or another, this is the first book to provide an
overview of the entire 50 years of the Center’s
history from several perspectives.

In this book, Lane Wallace also provides
insights into the process of research engineer-
ing. She differentiates between flight testing
and flight research, and she describes the

“technical agility” of researchers at Dryden—a

quality that has been an enormously important
ingredient in the process of discovery through
flight here in the Mojave Desert. She has also
captured the spirit of the role flight research
plays in the aeronautics research and develop-
ment chain.

Lane Wallace has included some “be-
hind-the-scenes” events that provide additional
insight into the human side of this highly
technical discipline. Dryden frequently puts the
innovations and ideas of others to the ultimate
test of real flight conditions. The products of
theory, wind-tunnel testing, and computational

Early members of the Dryden
Team, although the
organization that became the
Dryden Flight Research
Center was then called the
NACA High Speed Flight
Research Station. ‘Left to
right, standing: Beverly
Smith, Lilly Ann Bajus,
unidentified, John Cardon,
John Rodgers, unidentified,
Hubert "Jake" Drake, Walter
C. Williams; seated and
kneeling: Mary Litile, Harry
Claggert; Ed Holleman, Angel
Dunn, Roxanah Yancey, De
E. Beeler (early 1950s)
(NASA Photo E96°43403-12)
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"The history of any institution is really the history
of its people. The advances in aeronautics and
space technology at Dryden were literally bought
with blood, sweat and tears."
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fluid dynamics—often developed elsewhere—
are absolutely critical ingredients in the process
of aeronautical discovery. In this book, Lane
Wallace has captured very effectively many of
the ways in which Dryden has cooperated with
its partners over the past half-century to ad-
vance the process of aeronautical discovery that
has so often begun with Dryden’s partners.

An important part of the Dryden spirit
was bequeathed by its first Director, Walter C.
Williams. He joined the National Advisory
Committee for Aeronautics (NACA) in August
of 1940. During World War II, he was a project
engineer in the evaluation of several fighter
aircraft—the P-47, P-51, and F6F—looking at
handling qualities, low- and high-speed flight
characteristics. As a member of Hartley A.
Soulé’s stability and control branch at Langley
Memorial Aeronautical Laboratory, he was one
of the NACA'’s foremost research airplane
advocates. He led the first NACA team at
Muroc and became the first Director of what
was to become DFRC

He had tremendous experience in the
flight testing of high-performance aircraft. As
Dick Hallion noted in On the Frontier, Walt
“was an inquisitive, take-charge sort of engi-
neer, a man who believed that useful research
had to confront actual problems and not be
limited to studying theoretical aspects of aero-
nautical science.” This outlook continues to be
the basis of our work here at Dryden—the study
of aeronautical phenomena and the applications

thereof, the solving of practical problems.

It’s clear that Dryden owes its heritage
to Walt, who died peacefully at his home in
Tarzana, California, on 7 October 1995. To
him, for example, we owe our emphasis on
research instrumentation, on getting the data we
need; on safety and quality assurance; on
careful flight planning by a small, integrated,
and highly competent team. We also got from
him our willingness to tackle the most difficult
and seemingly impossible tasks. The project
structure we use today was really invented in
these early years.

History records all of the technical
accomplishments in terms of Mach number,
altitude, maneuverability, orbits, and the like.
For these alone, Walt will be remembered and
honored. But historians will never capture in
words the zeal and zest that Walt put into his
life and work. This same spirit lives on today at
NASA Dryden. The history of any institution is
really the history of its people. The advances in
aeronautics and space technology at Dryden
were literally bought with blood, sweat and
tears. I therefore dedicate this book to the
Dryden Team that has given so much to accom-
plish the flight research mission for 50 years.

17 April 1996  Kenneth J. Szalai
Director
Dryden Flight Research Center







Joshua trees in desert at
sunrise

P Chapter One: |
A Place for Discovery

" ess than 100 miles north of the bustling international city of Los
Angeles lies a barren, windswept landscape known as the Mojave Desert. It is an
unfriendly environment known for blazing summer temperatures and bone-chilling
winter winds, a place once described by then-Colonel Henry H. “Hap” Arnold as
“not good for anything but rattlesnakes and horned toads.”!

Yet for all of its desolation, the desert also contains unique gifts. It offers
unending days of piercing blue skies; dawns and sunsets that dust its rocky mountain
sides with breathtaking hues of color. And while its arid landscape and dry lakebeds
support little vegetation, for the past half century they have provided an ideal envi-
ronment for pilots, researchers and engineers to test and explore new concepts in
flight.
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It was above this stark expanse of land

that the notorious “sound barrier” was finally
broken; that innumerable speed and altitude
records were set and quickly surpassed; that the
first Space Shuttle proved it could land safely
without power. It was here that the X-15 taught
researchers valuable lessons about hypersonics
and space; that the first fully digital fly-by-wire
aircraft was flown; and that a pilot successfully
landed a transport aircraft using only thrust for
engine control.

Over half a century, this desolate loca-
tion has allowed innumerable technologies to be
explored, improved upon, and given enough
credibility for industry to accept and apply
them. And what began as a small, temporary
detachment to support a single research project
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has evolved into a substantial National Aero- X-1 with crew: left to right,

Eddie Edwards; Bud Rogers,

nautics and Space Administration (NASA
p ( ) Dick Payne, crew chief;

facility known today as the Hugh L. Dryden Henry Gaskins
Flight Research Center. (NASA Photo
E-49-00039)

There are three things that made the
Mojave Desert so well suited for flight research.
The first was the area’s flying conditions, which
included clear skies and 50 or 100 miles of
visibility almost every day of the year. The
second was Rogers Dry Lake—a 44-square-
mile natural landing site that General Albert
Boyd referred to as “God’s gift to the Air
Force.”2 The third factor was that the lakebed
was surrounded by miles and miles of virtually
uninhabited desert, providing a buffer zone
where rocket and jet aircraft could be operated
safely and with far fewer restrictions than a

Flights of Discovery



Although the NACA and the
Air Force would continue
until June of 1948 “neither
[to] confirm nor deny”

the story of Capt. Charles
“Chuck” Yeager’s breaking
the sound barrier on 14
October 1947, the Los
Angeles Times was one of a
number of publications that
reported the story in late
December. Apart from the
facts that Yeager had
exceeded the speed of sound
in the X§-1, the reporting
was rife with so-called
“facts” that were nothing
miore than sheer speculation.
Nearly two years would
elapse, for example, before
the XS-1.came close to the
70,000 feet ‘the Times
reported as already reached.
The Times also reported that
NACA research pilots
Howard Lilly and Herbert
Hoover had already “dupli-
cated Yeager’s feat.” In
fact, Hoover became the
NACA’s first supersonic
pilot nearly three months
after the article appeared, in
early March 1948, followed
by Lilly about three weeks
later.

(Air Force Photo)

more populated area would require.

The Army’s initial interest in the area
around Rogers Dry Lake was as a bombing and
gunnery range in the years preceding World
War II, and a formal army air base was estab-
lished near the town of Muroc in July 1942.3
But it was the
advent of jet
engines and higher
speed aircraft that
highlighted the real
strengths of the
desert location. The
new experimental
jet aircraft, starting
with the Bell XP-
59A, required
longer runways

Suicide Pad 1
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than most air bases
had, and the ¢lassi-
fied nature of the
research required a
remote site for
flight testing. The
Muroc Army
Airfield, officials
realized, was the
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research efforts the NACA had undertaken to
expand the country’s knowledge and under-
standing of aeronautics. Established in 1915,
the NACA’s mission was to “supervise and
direct the scientific study of the problems of
flight, with a view to their practical solution.””
The committee
was to help the
fledgling aero-
nautics industry
by conducting
research that
manufacturers
could not, either

because the work
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Batrier ot 70,000 Feet

& Altitude Above Desert
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was too expen-
sive, long-range,
or required
facilities industry
lacked.

By 1946,
the NACA had
already made
numerous contri-
butions to aero-
nautics. But the
coming of the
high-speed jet
age at the close

this kind of work.

These same reasons led the Army Air
Forces, Bell Aircraft, and the National Advisory
Committee for Aeronautics (NACA) to choose
Muroc as the test site when they undertook the
challenge of designing and building a research
aircraft to break the notorious “sound barrier.”
In the fall of 1946, the first NACA contingent
of 13 engineers, instrument technicians, and
support staff arrived at the Muroc Army Air-
field to support the X-1 effort.4

The X-1 project was just one of many

A Place for Discovery

of World War II
brought new
challenges. Ground facilities did not exist that
could adequately simulate the dynamics of the
transonic environment, which included speeds
above Mach 0.85 but below Mach 1.2. The first
slotted-throat transonic wind tunnel, which
provided much better data at speeds approach-
ing and surpassing the speed of sound, was not
developed until 1950.6 A large part of the
rationale for building the X-1 was because at
that time there was no other way to gather
reliable information about transonic flight.
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and/or faster aircraft—but with a twist. The
impetus for high flying aircraft is fueled largely
by the need to gather information on the Earth’s
atmosphere, and that avenue of research is
focusing primarily on small, remotely piloted
vehicles. NASA’s initiative for a High Speed
Civil Transport (HSCT) differs significantly
from the 1960s goal of a Supersonic Transport
in that it now must be economical and environ-
mentally sensitive as well as fast. Not surpris-
ingly, therefore, the work Dryden is conducting
to support NASA’s High Speed Research
program is looking not just at speed, but at
technologies such as achieving supersonic
laminar flow and mapping the parameters of
sonic booms. A national concern with making
access to space more economical is also driving
Dryden’s current research into reusable launch
vehicles such as the X-33.

Not all of the research conducted at
Dryden fits neatly into these chronological
national themes. Efficiency, for example, is an
important issue in any aircraft design and has
always been a concern for aerodynamicists
working on furthering the basic research and
technology knowledge base. Layered on top of
those basic research efforts, however, are more
focused research programs such as the X-15,
the Aircraft Energy Efficiency (ACEE) pro-
gram, or the Space Shuttle, which are more
closely tied to shifts in national concerns. And
on this level, there have always been inescap-
able parallels between the focus of Dryden’s
research and the nation’s technological and
economic priorities. This is hardly surprising, of
course, given that NACA/NASA has always
been funded by the national government.
Congress is unlikely to approve funding for
research that is totally irrelevant to national
concerns. Yet it is not just funding that drives

A Place for Discovery

the type of research Dryden performs.

The managers and researchers at the
Dryden Flight Research Center understand that
their mission is not only to advance their own
ideas but also to provide support to other NASA
centers, government agencies, the military,
industry and, in the end, the American public.
Consequently, only perhaps 50 percent of the
work the Center does is “exploratory” research
stemming from long-term objectives developed
with its various research partners. The other
half of its work comes from requests by other
centers, government agencies, the military, or
industry for help on other programs or efforts.
Programs on stall-spin characteristics of small
airplanes, tests of an experimental anti-misting
fuel, and research on shuttle thermal tiles and
tires are just a few of the many such projects
Dryden has undertaken over the years.

Dryden Contributions

Yet whether the research was initiated
by Dryden, industry, or by another center or
agency, the work conducted by the Center and
its research partners over the past 50 years has
made some very important contributions to the
aerospace efforts of both government and
industry. In some cases, the impact of the
research has been clear and direct. The flight
experience with the X-15 and the lifting bodies,
for example, provided the space program with
critical information about the use of reaction
controls and gave the designers of the Space
Shuttle the confidence to have it land without
power. Research with the X-3 led to the identi-
fication of both the cause and a cure for a lethal
inertial roll coupling problem that had plagued
the F-100 jet fighter and other aircraft of the
1950s. The Supercritical Wing has been applied
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to numerous aircraft, including all new large
commercial transports and the AV-8B Harrier,
and winglets tested at Dryden have been used
on many corporate jets as well as on the Boeing
747-400 and McDonnell Douglas MD-11
airliners.

After a potentially dangerous pilot-
induced oscillation (PIO) was discovered in the
final pre-launch landing test of the first Space
Shuttle, Dryden engineers were able to design a
suppression filter that fixed the problem without
forcing a redesign of the Shuttle’s entire flight
control system. Research into a Digital Elec-
tronic Engine Control (DEEC) system with a
Pratt & Whitney F100 turbofan engine resulted
in a DEEC system being incorporated into the
company’s production model engines. A prob-
lem with compressor stalls in an upper corner of
the F100’s operating envelope was also suc-
cessfully analyzed and solved as a result of the
research.

In other cases, the Center’s research has
advanced technology or understanding in areas
that have yet to be applied. The X-29, for
example, demonstrated the feasibility of a
composite, forward-swept-wing design. There
is currently no production aircraft that incorpo-
rates this particular technology, but that does
not mean that there won’t be one some time in
the future. The variable-camber, supercritical,
variable-sweep wing Dryden investigated on an
F-111 proved the validity of the technology,
although it has yet to be used. Dryden research-
ers, in partnership with industry, also developed
an integrated, computerized flight and engine
control system that allowed a NASA pilot to
successfully land both an F-15 fighter jet and an
MD-11 transport airliner using only throttle
controls. This technology is too recent a devel-
opment to have spurred any commercial appli-
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cations yet, but several tragic airline accidents
have been caused by partial or complete loss of
hydraulic power that rendered the flight con-
trols useless. Since a propulsion control system
could help prevent this kind of accident, it
might be incorporated into airliners before too
long.13

Harder to trace, but no less important,
are the less direct contributions made by re-
search conducted at Dryden. There are many
instances where, although the technology was
not applied directly, the Center’s research
expanded the knowledge base of aeronautical
engineers or changed people’s thinking on what
was possible. In addition to the direct technol-
ogy that was developed and transferred to
industry through the Digital Fly-By-Wire
program, for example, the research created an
important element of confidence in the basic
concept. The fact that Dryden research pilots
had flown the fly-by-wire research aircraft
without any mechanical back-up controls was a
factor in determining how decision-makers’
viewed the technology’s reliability. That, in
turn, led to the design of pure digital fly-by-
wire systems for the F-16 C/D and the F/A-18
Hornet fighters, and eventually the Boeing 777
airliner.14

By the same token, Dryden’s structural
flutter research with a Remotely Piloted Vehicle
(RPV) led to improved real-time flutter analysis
algorithms for designers to use. The F/A-18
HARY is exploring actual airflow dynamics at
extremely high angles of attack in order to
make the formulas used to predict this flow
more accurate. This information, in turn, can
allow engineers to design aircraft that will
perform better in that flight regime. And a
series of mathematical procedures developed by
Dryden researchers to extract previously unob-

Flights of Discovery




Joshua tree with cow and
unidentified person
{NASA Photo

E96 43403-5)

tainable aerodynamic values from actual aircraft
responses in flight, a process known as param-
eter identification, has become an international
standard. This definitive contribution allowed
flight researchers for the first time to compare
certain flight results with predictions.

In short, the contributions Dryden has
made over its 50-year history have been as
varied as the aircraft its pilots have flown.
Sometimes the
contribution was a
small piece of
technology, a
design approach, or
a new element or
degree of accuracy
in the basic aero-
nautical knowledge
base. And some-
times, like the faint
traces of pioneer
wagon wheels that
might still be found
decades later,
Dryden’s contribu-
tion was simply to
have gone into new
territory first,
exploring a new configuration or concept that
was too advanced, risky, or expensive for

industry to pursue on its own.
Conclusion

The road to discovery is not an easy one.
In order to make contributions to technology or
to our understanding of aeronautics and aero-
space, research has to be working on the cutting
edge of knowledge. There is a constant tension

in flight research that is characterized as “risk

A Place for Discovery

versus reach.”!5 To take too small a step is to
discover nothing new. To take one too large is
to invite catastrophe. And the burden of con-
stantly walking the thin line between those two
extremes is one that every researcher at Dryden
carries.

Walt Williams, head of the small NACA
contingent that arrived at Muroc to support the
X-1 program, recalled that the engineers “devel-
oped a very lonely
feeling as we began
to run out of data”
near the speed of
sound.!6 Ttisa
feeling well under-
stood by anyone
who has ever stood
on the brink of the
unknown. The
designers of the
Northrop B-2 must
have felt it the
morning of the
Flying Wing’s first
flight. The manag-
ers at the Johnson
and Kennedy Space
Centers undoubt-
edly grappled with it as they gave the go-ahead
for the first Shuttle mission. At Dryden, it is a
feeling researchers confront almost every time
they approve new configurations and modifica-
tions for flight.

For no matter how well engineers and
analysts try to anticipate every possible problem
and reaction, physical exploration of the un-
known is never without risk. There is always a
moment when someone has to make the deci-
sion that “enough” has been done and it is time
to go fly, knowing that if a mistake has been
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Brig. Gen. Albert Boyd,
Commander of Muroc Army
Airfield (which became
Edwards Air Force Base on
5 December 1949) from
September 1949 until
February 1952, and Walter
C. Williams, Director of the
NACA High Speed Flight
Research Station during the
same period, examining a
model of the Northrop X-4
research aircraft; which flew
at-Dryden from August 1950
through September 1955
(NASA Photo E95 43116-7)
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Chapter Two:

The Right Stuff

. he Dryden Flight Research Center is not a large facility. At its largest
it employed 669 people, and as of 1995 its government staff complement was ap-
proximately 450. (By way of comparison, the civil service staff of the Langley Re-
search Center in Hampton, Virginia, has numbered as high as 4,485; the Lewis Re-
search Center in Cleveland, Ohio, 5,047; and the Marshall Space Flight Center in

Huntsville, Alabama, 7,740.2) Yet this small desert facility has managed to make a
X-1E aircraft in front

of the headquariers tremendous number of contributions to NACA/NASA, the military, and the aero-

building at . . . . .

the Dryden Flight space industry over the past 50 years. What made those contributions possible is a

f;gz%fmw combination of facilities, people, partnerships, and a unique approach to manage-
oto

ECY96 43434-7) ment and problem solving that has characterized Dryden since its earliest days.
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Aerial view of Muroc Army
Airfield, 10 October 1946,
just ten days after Walt
Williams and his small team
had arrived and one day
before the XS-1 (later
redesignated the X-1) test
program got underway with
Bell test pilot Chalmers
“Slick” Goodlin’s first glide
flight in the experimental
rocket plane. The village of
Muroc appears near the top-
left corner of this photo with
the tracks of the Atchison,
Topeka & Santa Fe Railroad
extending eastward across
Rogers Dry Lake. (They
would continue to bisect the
lakebed until they were
removed in late 1953.) The
XS-1 fueling area and
loading pit were located at
the corner of the far west
(left) end of the

flightline, and a giant
Northrop XB-35 Flying Wing
prototype bomber may be
seen taxiing across from the
West Main Hangar.
Williams’ NACA team shared
space, next door, in the East
Main Hangar. Two smaller
hangars are visible in a
recessed area to the right of
the main hangars. The one
on the far right would be
transferred to Williams’
Muroc Flight Test Unit in
April of 1948 and it would
serve as “home” for NACA
flight research operations for
the next six years.

(Air Force Photo)
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The Place

The NACA engineers, technicians and
support personnel from the Langley Memorial
Aeronautical Laboratory 3 who arrived at the
Muroc Army Airfield in September 1946 were
faced with conditions that could only be de-
scribed as primitive. Muroc had been divided
into two areas: a South Base, where all training
activities took place, and a more remote North
Base, which was used for the Army Air Corps
flight test work. At first, South Base had been
little more than a tent encampment. Barracks, a
control tower, a concrete runway and a sewage
system had been added in 1943, but the condi-
tions were still appallingly rough.

For work space, the NACA personnel
were given part of one of two main hangars at
South Base, and two small rooms for offices.
The hangars were unheated and the desert sand
and dirt blew through them constantly, creating
an ongoing problem for technicians working
with delicate instrumentation. Engineers would
frequently have to sweep a layer of dirt off their
desks in the morning before starting work.
Flight test equipment was also rudimentary,
especially by today’s standards. The “control
room” for the X-1 flights, for example, con-
sisted of a small, mobile van with a radar
antenna on top of it and a radio in the office of
the Chief of Operations.*

Living quarters for the NACA employ-
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ees were even more problematic. Initially, the
mechanics and engineers lived in a small,
ramshackle shantytown halfway between the
South and North Bases. The cluster of firetrap
buildings there was known as “Kerosene Flats”
because all heating and cooking had to be done
with kerosene. An appalled visitor from the
Langley Laboratory reported that the NACA
employees at Muroc had “the choice of working
or going to bed to keep warm. Reading or
writing in your quarters is impracticable be-
cause of facilities and temperature.”

In late 1946, the Marine Corps closed its
air station in the town of Mojave, some 25
miles away from the Muroc Army Airfield. As
a result, Walt Williams, the head of the NACA
contingent, was able to obtain permission for
the married NACA personnel to move into the
former base housing there. The single NACA
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employees, however, had to remain at Kerosene
Flats until Williams finally won the battle to
build new barracks for his staff at Muroc.

The battle over the barracks was actu-
ally part of Williams’ effort to improve all of
the NACA'’s facilities at Muroc. In addition to
better housing, Williams wanted more hangar
space and permission to build lean-to offices off
the hangar. Somewhat ironically, the difficulty
in getting permission to upgrade facilities
stemmed from the fact that Muroc’s base
commander, a Col. Signa Gilkey, had a grander
scheme of facility improvement in mind. Gilkey
had created a “master plan” for the base that
included expanding its property, building a new
runway, and constructing new, permanent
facilities halfway between the South and North
bases. He apparently thought that if he allowed
the NACA to build better facilities in its present

Flights of Discovery

Early “computers’ at work,
summer. [949. In the
terminology of that period,
computers were employees—
typically females—who
performed the arduous task
of transcribing raw data
from roles of celluloid film
and strips of oscillograph
paper and then, using slide
rules and electric
calculators, reducing it to
standard engineering units.
Clockwise from desk in
center: Gertrude (Trudy)

Valentine, Dorothy Clift
Hughes, Roxanah Yancey;
Geraldine Mayer, Mary
(Tut) Hedgepeth, John
Mayer.

(NASA Photo EC49
00053)




Walr Williams in 1949. He
began the year as Director
of the NACA Muroc Flight
Test Unit and remained
the director on 14
November 1949 when the
roughly 100 people working
there became employees of
the NACA High-Speed
Flight Research Station.
(NASA Photo E49 00170)

location, it might hurt his chances of getting
approval for his master plan.

In the end, it took intervention by
members of the National Advisory Committee
for Aeronautics (NACA) itself to gain approval
for new facilities. But in 1948, with the assis-
tance of personnel
from the NACA Ames
Aeronautical Labora-
tory near San Fran-
cisco, lean-to offices
and new men’s and
women’s dormitories
were finally con-
structed. Even then, the
facilities were far from
plush. The single
men’s and women’s
dormitories were
wooden buildings with
shared bathrooms,
living room, and
kitchen. Unlike the

women, the men were

not allowed to eat at
the base officers club, but they did have their
own cook.

There were not many women who came
out to work at Muroc, but those who did ful-
filled an important role in the research program.
A couple of them served as secretary/clerks, but
in those pre-automation days, someone with a
strong mathematics background had to take the
raw data from flight instrumentation and con-
vert it into a format the engineers could process.
The women who did that were known, even
then, as “computers,” and they were a respected
and essential part of the research team.

Interestingly enough, both the women

and men who worked at the Muroc station

The Right Stuff

seemed to take the inconveniences imposed by
their harsh surroundings largely in stride. In
part, they knew they were going to a remote
outpost and hardly expected the lush green
surroundings that existed at Langley. But there
was also an acute awareness among the staff
members that they were being given the chance
to witness and help create history, and that that
privilege was worth some sacrifices.

Muroc’s isolation also helped the
NACA staff become a close-knit group that
both worked and socialized together. Group
picnics, ski trips, and outings to local desert
sites such as Willow Springs, the Tehachapi
Mountains or even Los Angeles on the week-
ends helped mitigate the lack of entertainment
on the base itself. Not surprisingly, more than a
few marriages developed between the single
women and men assigned to the NACA station.

The initial cadre of NACA personnel
went to Muroc on a temporary duty status from
the Langley Laboratory. By the fall of 1947,
however, it had become clear to NACA manag-
ers that the group was going to be there awhile.
In early 1947, the Army Air Forces and NACA
had signed an agreement for joint cooperation
on a complete series of X-planes from the X-1
to the X-3, all of which would be flown at
Muroc. Consequently, the NACA contingent
was made a permanent facility, still under
Langley management, known as the NACA
Muroc Flight Test Unit.

In 1949, Muroc was renamed Edwards
Air Force Base, in memory of Captain Glen W.
Edwards, an Air Force test pilot who had been
killed in the crash of a YB-49 Flying Wing.
That same year, the name of the NACA facility
was changed to the NACA High Speed Flight
Research Station (HSFRS), underscoring the

emphasis of the work the group was conduct-
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ing. Yet it remained a division of Langley until
1954, when it was redesignated the NACA
High Speed Flight Station (HSFS) and made an
autonomous facility reporting directly to NACA
headquarters. That same year, the Station’s
employees, who now numbered 250, moved
into new facilities halfway between the South
and North Bases. Those facilities have been
expanded since that time, but they are still in
use today.6

To many people who worked at the
HSFS, the 1950s were their golden years. Jet
noise, rocket sounds, and sonic booms shattered
the desert air throughout the day, and NACA’s
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Top left. Workers
constructing NACA building,
December 1949 (NASA
Photo E49 00234)

Top right. NACA Muroc
personnel with snowman
(1949). Standing (viewer’s
left to right): Mary (Tur)
Hedgepeth, Lilly Ann Bajus,
Roxanah Yancey, snowman,
Emily Stephens, Jane
Collons, Leona Corbell,
Angel Dunn. Kneeling (left
to right): Dorothy Crawford
Roth, Dorothy Clifi Hughes,
and Gertrude (Trudy)
Wilken Valentine.

(NASA Photo E4900212)

Left. NACA Muroc unit staff
barbecue; 1949
(NASA FPhoto E49 00236)

“stable” was filled with exotic X-planes and
new configuration fighters. Speed and altitude
records were being set on a regular basis, and
there was a tremendous public fascination with
the activities at Edwards that grew as the X-
planes reached higher and higher altitudes and
speeds. The Station’s fame, prestige and prior-
ity status at the NACA probably reached its
peak with the X-15 program, which made its
first flight in 1959, just after the NACA became
the National Aeronautics and Space Adminis-
tration (NASA) and the space race began. That
same year, NASA renamed the Edwards station
once again, redesignating it as the NASA Flight
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Paresev and crew with one
of its tow aircraft, a
Stearman biplane, on
lakebed; Milt Thomipson
seated in Paresev and, to his
right, a motorcycle with
driver who served as.the
chase observer during lift-
off and low-level flights.
(NASA Photo E8713)

Research Center (FRC).

In terms of size, the era of the X-15 was
the high-water mark for the Flight Research
Center. The X-15 was a joint project with the
Air Force and Navy, but it still required a
tremendous number of support personnel. The
FRC staff during that time grew to over 600,
and the NASA facilities at Edwards were
expanded in 1963 to accommodate the larger
staff. The X-15 also received a tremendous
amount of public attention, since its pilots were
flying much faster and higher than anyone had
ever gone before. Slowly, however, the X-15
began to be eclipsed by the Mercury, Gemini
and Apollo space programs. A craft that could
fly back from space had been put on the back
burner in favor of a simpler ballistic capsule

design and, with the Mercury missions, more of
NASA’s resources and the nation’s focus turned

toward the space centers of Johnson and

The Right Stuff

Kennedy.

In an effort to keep the concept of a
flyable space vehicle alive, FRC engineers
began flight research of lifting body shapes and
concepts. That work later contributed valuable
information to the Space Shuttle program, but
its worth was not universally recognized at the
time. In fact, as the X-15 program wound down
in the mid-1960s, the House Committee on
Science and Astronautics recommended the
closing of the Flight Research Center, as “no
future activity beyond the X-15 would require
the existence of the center.”’

This evaluation was proven wrong, but
it pointed out to FRC Director Paul Bikle the
danger of having the Center dependent on a
single research project. In 1963, Bikle’s staff
compiled a 5-year plan for the Center that
outlined a number of projects the Center could

pursue that would support both the space
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work at Dryden continued. In fact, the 1980s
saw the development of the first significant X-
plane since the X-15. In 1984, the radical
forward-swept wing X-29 made its first flight.
And if speed was perhaps less of a driver than it
had been, especially in military aircraft design,
there was a great deal still to be learned about
‘improving systems and making aircraft more
maneuverable and efficient.

Dryden’s work in the 1980s included the
beginning of the High Alpha (Angle of Attack)
Research Vehicle (HARV) F/A-18 program, the
Highly Integrated Digital Electronic Control
(HIDEC) F-15 program, the Advanced Fighter
Technology Integration (AFTT) F-16 project,
and the AFTI F-111/Mission Adaptive Wing
(MAW) effort, as well as the Highly Maneuver-
able Aircraft Technology (HiMAT) remotely
piloted vehicle research. The facility also broke
ground in 1987 for a new $16.1 million Inte-
grated Test Facility (ITF).? The new building
would include not only office space, but hangar
space designed for working on modern, com-
puterized aircraft; simulator facilities that could
even be connected to the actual aircraft cock-
pits; and facilities for rapid aircraft systems
check-out and troubleshooting. With the ITF,
Dryden would be better prepared for the com-
puter-driven information age, both in aircraft
and on the ground.

By 1990, NASA headquarters had come
to the conclusion that Dryden’s dependence on
Ames for all its decision-making was causing
more difficulties than it was solving, and a
number of administrative functions were rel-
egated back to Dryden. The head position of
Dryden was upgraded from a “site manager” to
a “director” level, reflecting the increase in
control over the facility’s activities. Over the
next four years, Dryden moved slowly back
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toward independent operation, and in March
1994, Dryden was officially redesignated as an
autonomous NASA Center.10

The move in part reflected NASA’s
recognition of the continuing importance of
flight research and the invaluable resources that
Dryden’s clear skies and open-desert surround-
ings provided. In fact, soon after Dryden was
redesignated as a center, senior staff at NASA
began investigating the idea of moving all of
the agency’s aircraft and flight research activi-
ties to Dryden.

But more than anything else, Dryden’s
shift back to the status of an autonomous center
reflected NASA’s recognition of the fact that
bigger was not always better. Left on its own,
the small, sometimes irreverent center in the
desert could operate much like the innovative
and effective “Skunk Works” that Kelly
Johnson had created for the Lockheed Corpora-
tion in 1943. Dryden’s particular mission,
location, personnel and circumstances had
created what Center Director Kenneth J. Szalai
described as “a unique way of doing business”
that operated more effectively than anything
outside managers could impose.!!

A Unique Approach

Dryden’s “unique way of doing busi-
ness” was a result of a number of factors that
have characterized the Center throughout its 50-
year history. First, the Center has always been
small, remote, and independent. From the early
days, there were never quite enough people for
the tasks at hand, so employees got used to
being flexible and performing whatever job had
to be done. The fact that it was small and not
easily accessible also meant that it had to
contend with less bureaucracy and politics than
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many other NACA/NASA centers. Even today,
managers are likely to simply “run into” anyone
they need to consult several times in the normal
course of their day, either in the halls or the
center’s small cafeteria. This allows an infor-
mal, face-to-face management and problem-
solving style that is low on paperwork and still
highly efficient and effective.

Dryden’s small size also meant that it
often had to draw on the expertise and coopera-
tion of other NASA centers, research facilities,
and industry in order to accomplish its research.
As a result, the Center has developed strong ties
with external sources that have led to many
important joint research efforts and have helped
transfer new technology back to others who
could use it.

Furthermore, Dryden’s single mission of
flight research has given the Center a very
practical focus around which all activities and
efforts revolve. Although it retains a nominal
organizational structure based on research
disciplines, such as aerodynamics, structures,
etc., Dryden has always relied on matrix man-
agement to operate its flight research programs.
A matrix structure creates a team of people
from various disciplines to work on a particular
project, led by a program manager. At the
center of each team is not any particular disci-
pline of research, but an aircraft. This “real
world” tie requires people to work as a team
and forces everyone to remain focused on
practical applications and solutions.

This practical mind-set is reinforced by
the fact that many of Dryden’s employees have
worked there a long time. Much of their exper-
tise, therefore, comes not from a textbook or
procedure manual but from the numerous
projects they have worked on before. In fact,

Dryden’s official operating manual still consists

The Right Stuff’

of a mere two pages of policies. The rest of its
five volumes are simply procedures that offer
guidelines based on what has worked with
previous Center projects.

The structure of Dryden’s operating
manual reflects not only a reliance on a human
corporate memory, but also a belief on the part
of Center management in empowering its
employees to simply “get the job done.” If a
problem arises at 8:00 at night and the airplane
is scheduled to fly at 8:00 in the morning, the
most important goal is to find a solution that
works. In the minds of Dryden’s managers, a
thousand procedures cannot cover the myriad of
contingencies encountered in flight research as
well as the resourcefulness of employees chal-
lenged and empowered to find creative solu-
tions.

This attitude also creates an environ-
ment where innovation and experimentation are
more likely to occur. The lifting body research,
for example, started as a “backyard” project by
several researchers who believed a craft could
be flown back from space. Knowing it would be
difficult to get approval for a formal program
through accepted channels, they went about
proving the concept themselves first, with a
small amount of FRC money, a steel-tube-and-
plywood wingless aircraft, and a souped up
Pontiac tow vehicle. The success of their design
led to a formal research program which, in turn,
significantly influenced the design of the Space
Shuttle. But without feeling that they had the
freedom to innovate; to venture ever so slightly
beyond the lines imposed by formal procedures
and programs, the researchers who instigated
the lifting body effort would never even have
attempted the project.

This kind of support for individual
innovation at Dryden has endured over the
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someone’s mind to a flyable system. That idea
might have originated in a researcher’s mind at
the Ames Research Center, as in the case of the
M2 lifting bodies, or in the mind of an engineer
at the Langley Research Center, as was the case
with the supercritical wing. It might have come
from the Defense Advanced Research Projects
Agency (DARPA), like the X-29, or from an
individual contractor’s shop, as the Pegasus
project did. The ideas may have been run
through computational fluid dynamics analysis
and wind-tunnel tests elsewhere. They come to
Dryden to be explored in a real-world environ-
ment, but that work requires a partnership
between flight research specialists and the
people who have developed the original idea.

Dryden’s partnerships also stem from
the fact that flight research requires hardware,
which NASA is not usually in the business of
building. As a result, Dryden has always had
ongoing partnerships and relationships with the
aircraft manufacturing industry. Furthermore,
the fact that Dryden is located on Edwards Air
Force Base and uses Air Force facilities on a
regular basis has required an ongoing partner-
ship between the Center and the Air Force.

Although all of these relationships have
had their advantages and have allowed Dryden
to accomplish the work it has over the past half
century, maintaining partnerships can be a
challenging task. NASA and the Air Force, for
example, have not only different agendas and
missions but different operating cultures as
well. Over the years, both the Air Force Flight
Test Center and Dryden have learned a lot
about working together, but creating and main-
taining a smooth working relationship still
requires effort.

In some ways, the success of a partner-
ship depends on the dynamics of the particular
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project. On the X-1, for example, the Army Air
Forces and the NACA had different objectives.
The NACA wanted to proceed methodically
and gather as much data as possible, while the
Army wanted to forge ahead and conquer the
sound barrier as soon as possible.2! With the X-
15, on the other hand, the two organizations had
more compatible goals, which helped the
partnership work more smoothly. In general,
partnerships have seemed to work best when
there were clear, common objectives. If mem-
bers began to feel that the program was moving
away from their area of interest or expertise,
however, problems were more likely to occur.

Yet even when there are common
objectives, there are still challenges to be
overcome for a partnership to be successful.
Lines of authority in joint efforts are not always
clear, and different organizations’ procedures
and requirements do not always mesh. Success-
ful partnerships, therefore, require skillful
negotiation, cooperation, and team-building
efforts. Individual relationships are critical, and
many partnerships evolve from a rocky begin-
ning to a point where the members have devel-
oped enough of a rapport and trust among
themselves to develop procedures and ap-
proaches that are agreeable to everyone. Team
cooperation is so important that, as one Dryden
manager said, “You draw up an organizational
chart, but if you ever have to pull it out of the
drawer and actually look at it, you’re in
trouble.” With a partnership as complex as the
X-31, some of the potential turf issues were
diffused by consciously downplaying all indi-
vidual identities in favor of an “X-31 team”
identity. The partnership was also aided by the
fact that the new Integrated Test Facility (ITF)
at Dryden could house all the different team

members in the same place. That close proxim-
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X-15 contrail after launch
(NASA Photo EC65.:884)

Chapter Three:

Higher, Faster

~ " fthe planned “exploratory” research conducted at the Dryden Flight
Research Center over the past half century, a good portion was devoted to exploring
ways for aircraft to fly higher and faster—especially in the Center’s early years.
After all, the whole reason for the establishment of the Muroc Station was the devel-
opment of faster jet and rocket aircraft that could not be tested safely at other NACA
locations. Furthermore, the driving thrust of aircraft design from the late 1940s
through the 1960s was primarily for increasingly faster and higher-flying airplanes.
So it was hardly surprising that the research at NACA’s “High Speed Flight Station”
during that time focused on technology and advances to help make these goals pos-
sible. More surprising, perhaps, is the renewed emphasis on high and fast flight in

" recent years, although the latest focus is significantly different from the initial work.

Today, aircraft such as the proposed High Speed Civil Transport (HSCT) must meet
new criteria for fuel efficiency and environmental impact as well as speed and per-
formance. In the early days, the goals were less complex, and the focus was on
paving the way to supersonic flight and space. |
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Breaking
the Sound Barrier

The most famous of all the research
projects conducted at Dryden and its predeces-
sor NACA/NASA facilities in the Mojave
Desert is probably the X-1—the rocket plane
that first broke the infamous “sound barrier” in
October 1947.

The X-1, a joint effort of the Army Air
Forces, NACA, and the Bell Aircraft Corpora-
tion, was built to get answers about flight in the
transonic region (approaching and immediately
surpassing the speed of sound) that researchers
were unable to get through conventional ground
and wind tunnel tests. Aircraft design had
progressed rapidly during World War I, but as
high-performance fighters such as the Lockheed
P-38 Lightning developed the capability of dive
speeds approaching Mach 1, they began to
encounter difficulties. Shock-wave, or “com-
pressibility,” effects could cause severe stability
and control problems and had led to the in-
flight break-up of numerous aircraft. Many
people began to believe that supersonic flight
was an impossibility.

Clearly, more information about flight
dynamics at these higher speeds was needed,
but that information was proving difficult to
obtain. In the 1940s, no effective transonic wind
tunnels existed. The NACA Langley Laboratory

X-1 being loaded under mothership, B-50 Superfortress.
The aircraft had originally been lowered into a loading
pit and the launch aircraft towed over the pit, where the
rocket plane was hoisted into the bomb bay. By the early
1950s,-a hydraulic lift had been installed on the ramp to
elevate the launch aircraft and then lower it over the
rocket plane for mating. On 9 November 1951, however,
after a so-called “captive” flight in which this particular
X-1 (tail number 6-064) remained attached to the launch
airplane, both aircraft were destroyed by a postflight
explosion and fire that also injured Bell test pilot Joseph
Cannon. (NASA Photo E51 593)
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was conducting re-
search with small airfoil
models mounted on the
wings of P-51 fighters,
which could experience
local transonic and low
supersonic air flow
even if the aircraft
speed was subsonic, as
well as with rocket
models fired from its
Wallops Island, Vir-
ginia, facility, but
neither approach was
really satisfactory.
Several researchers,
including John Stack of
the Langley Laboratory,
began arguing the need
for a research aircraft to
explore the transonic
region and determine if, in fact, supersonic
flight was possible.

Although numerous researchers across
the country agreed on the need for such an
aircraft, they did not all agree on its design.
Stack and other NACA engineers, along with
the U.S. Navy, favored a jet-powered plane,
while the Army Air Forces (AAF) wanted to
pursue a rocket-powered design. As a compro-
mise, the researchers decided on a two-pronged
approach to their research plane. The AAF and
NACA teamed up with Bell Aircraft to build
three models of the X-1 rocket aircraft, while
the Navy and NACA worked with the Douglas
Aircraft Company to create the D-558-1 jet-
powered Skystreak. The Skystreak’s perfor-
mance would not be as great as the X-1 design,
but a rocket-powered aircraft was seen as a
much riskier proposition. The dual approach,
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therefore, was thought to provide a greater
assurance of success in a transonic research
program.!

The X-1 was modeled after the shape of
a bullet, which was the only shape that had been
proven capable of stable transonic or supersonic
flight. Its four-chamber, 6,000-pound thrust
rocket engine would give it a mere 150 seconds
of powered flight, which led to the decision to
air-launch the aircraft from a specially modified
Boeing B-29 Superfortress. In December 1945,
only nine months after Bell Aircraft received an
Army contract to build the plane, the first X-1
rolled out of the factory.2 A test group, includ-
ing a NACA contingent led by Walt Williams,
took the airplane a month later for its initial
glide tests to Pinecastle Field near Orlando,
Florida. Pinecastle had one of the country’s
very few 10,000-foot-long runways, but the
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flew supersonic

NACA pilots Bob Champine
and Herb Hoover with X-1

(tail number 6-063), in
which both pilots first

(NASA Photo E 005)




X-1E being loaded under
mothership, with a techni-
cian servicing the

rocket plane

(NASA Photo E 2509)

area proved less than ideal for the X-1 flights.
Among other things, scattered cloud decks and
the landscape surrounding Pinecastle could
make it difficult for a pilot to keep the airport in
sight. On the X-1’s very first flight, in fact,
Bell’s test pilot Jack Woolams did not quite
make the runway, touching down on the hard
grass beside it. Woolams and the test team
recommended that the powered flight tests be
conducted at Muroc, where they would have the
advantage of clear skies, open landscape and
dry lake landing sites.3

The NACA team, still headed by Will-
iams, arrived at Muroc on 30 September 1946,
and the second X-1 aircraft arrived a week later.
This second X-1, which had a thicker wing than
the first model, had been designated for the
more thorough transonic research NACA
wished to conduct. The first X-1 was to be used

Higher, Faster

by the AAF to make a
more focused, aggres-

sive assault on the

sound barrier and to
explore the maximum
speed and altitude

capabilities of the
aircraft. The NACA
was responsible for
providing technical
supervision for all the
test flights and the

instrumentation for both

aircraft, however. This
created some degree of
tension between the
AAF and NACA
personnel. First of all,
the AAF wanted to push
ahead and get past the

magic “Mach 1” mark

as quickly as possible, while the NACA wanted
to make sure it got all possible data from every
flight. The two goals were often in direct
conflict, as instrumentation issues often slowed
the pace of the research flights.

This problem was intensified by the fact
that although NACA’s instrumentation was
state-of-the-art for its time, it was still fairly
rudimentary and temperamental. Aside from the
fact it weighed 500 pounds, the equipment was
susceptible to frequent failures, and some
flights failed to return much data.*

Yet despite the conflicts created by the
different approaches and agendas of the two
organizations, nobody on the team lost sight of
the common goal. Almost 50 years later, with
supersonic flight a standard capability of most
military and even some transport aircraft, it is

difficult to fully appreciate the enormity of the
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challenge the X-1 team faced. Many scientists
and researchers, even within NACA, thought
the X-1 would blow up or break apart in flight.
(In fact, one of the X-1’s four engine combus-
tion chambers did explode on a flight in May
1948, but the aircraft was landed safely.) The
researchers and pilots involved with the project
were convinced supersonic flight was possible,
but they knew how many things could go
wrong. Just a year earlier, for example,
Geoffrey DeHavilland had been killed in a
British D.H. 108 Swallow while attempting to
break the sound barrier.

Even without catastrophic failures, the
road to that October flight was not an easy one.
On a flight in early October 1947, for example,
the Air Force’s primary X-1 pilot, Captain
Charles “Chuck” Yeager, achieved an indicated
airspeed of Mach 0.94 but found that when he
pulled back on the control stick, nothing hap-
pened. The speed had created a shock wave on
the surface of the elevator, rendering it useless
and leaving him with no pitch control. Yeager
recovered by shutting down the engines and
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reducing his speed, but the incident taught the

researchers the value of a movable horizontal
stabilizer. From then on, Yeager used the
elevator to control the X-1s pitch at subsonic
speeds but relied on small trim adjustments of
the entire stabilizer at speeds near or past Mach
1. An all-movable stabilizer proved to be such a
critical component for transonic and supersonic
flight, in fact, that virtually every transonic/
supersonic aircraft since then has had one.

On another flight just four days before
the sound barrier was broken, the X-1’s canopy
frosted over during Yeager’s descent and chase
pilots had to talk him down to a blind landing.
To prevent a recurrence of the problem on
future flights, crew members coated the X-1’s
windscreen with Drene shampoo—illustrating
the desert team’s ability to find creative and
effective solutions to unexpected problems.
Finally, however, success was theirs. On 14
October 1947, flying with two broken ribs,
Captain Yeager took the X-1 to a speed of
Mach 1.06 at 43,000 feet, proving for the first
time that a piloted aircraft could successfully
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X-1-2; later rebuilt

(NASA FPhoto E 668)




Technicians servicing X-1 ~ surpass the speed of sound and making the
attached 10 B-29 mothership

113 he ba4 6
(NASA Photo E 595) sound “barrier” a myth of the past.

The X-Planes

While the breaking of the sound barrier
1s the landmark the world remembers, it was
actually just one research mark of many for the
NACA unit at Muroc. NACA began flight
research with the second X-1 just one week
after Yeager’s Mach 1 flight, and NACA pilot
Herbert H. Hoover became the second man to
fly supersonically on 10 March 1948. The
NACA also received the first of its two jet-
powered Douglas D-558-1 Skystreaks in No-
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vember 1947.
The lower-performance D-558-1 took
backseat to the X-1 aircraft, but it did achieve

some useful research on flight in the transonic

region approaching Mach 1. The Skystreak
showed that adding vortex generators, or small
vertical tabs, to the wing of an aircraft could
reduce buffeting and wing-dropping tendencies.’
John Stack of the Langley Laboratory came up
with the idea and, in a typical example of the
Muroc unit’s independent, nonbureaucratic
management stylé, Walt Williams simply
instructed his technicians to try it out. The small
tabs they glued on the Skystreak’s wing allowed
its speed in level flight to increase by .05
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Mach—and proved effective enough that vortex

generators were subsequently incorporated into
Boeing’s B-47 bomber design. Since then,
vortex generators have been used to improve
the performance of air flow over the external
surfaces and even through the engine inlets of a
great many production aircraft.8

Unfortunately, one of the Skystreaks
also claimed the life of NACA research pilot
Howard “Tick” Lilly in May 1948, when its jet
engine compressor suffered a catastrophic
failure on take-off. Lilly, who had been the
third person to fly an aircraft past the speed of
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sound, became the first
NACA pilot at Muroc to
give his life in pursuit of

D-558-1-on ramp with
NACA pilot (Bob Champine)
and crew

(NASA Photo E49 00204)

research.®

The three X-1s and the
D-558-1 were, in a sense,
the first generation of
research aircraft planned
by NACA and the mili-
tary. The second genera-
tion was not far behind—
in fact, follow-on aircraft
were already in the plan-
ning stages before the X-1
even reached powered
flight. The first D-558-1
had not yet been delivered
when the Douglas design
team came up with a more
advanced version of the
aircraft, incorporating a
swept wing and both a jet
and a rocket engine. The
new model, designated the
D-558-2 “Skyrocket,”
entered the line-up of
research aircraft in 1948. To increase the D-
558-2’s performance further, Douglas removed
the jet engine from one of the three Skyrockets,
using the extra space and weight for extra
rocket fuel, and configured the airplane for air-
launch instead of ground take-off.! The Army
Air Forces and NACA also signed an agreement
in February 1947 detailing a joint effort for
additional research aircraft, designated the X-2,
the X-3, the X-4 and the X-5. And while the
first X-1s were still conducting flight research,
an order was put in for three updated versions
called the X-1A, the X-1B, and the X-1D. An
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Turbojet-powered D-558-1
taking off from lakebed
(NASA Photo E49-226)

X-1C was designed, but its funding and re-
sources were reallocated to the other “X”
aircraft and it was never built.

The goals of this multi-aircraft flight
research effort were twofold. The derivative
versions of the X-1, as well as the X-2 and the
D-558-2, were built to explore higher speeds
and altitudes, both to help manufacturers build
aircraft that could operate in that realm and to
provide information useful for future space
flight. The X-3, X-4, and X-5, as well as the
delta-wing XF-92A, explored the behavior of

various configurations in the transonic range.!!

The X-4, for example, was a semi-
tailless design similar to the D.H. 108 Swallow
that had broken apart while trying to reach
supersonic flight in 1946. The X-4 was a twin
jet, swept wing aircraft built by Northrop,
which had also designed a “flying wing”
bomber prototype for the Air Force. Not sur-
prisingly, the X-4, which had a vertical but no
horizontal stabilizer, used the flying wing’s
concept of a combination elevator/aileron called
an “elevon” to control its pitch and roll.

The X-4 was something of a mainte-

nance nightmare, but it did accomplish some
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useful research. For one thing, flights using the
X-4’s large speed brakes were able to gather
data about the flight characteristics of an air-
craft with a low lift/drag ratio that helped the X-
15 research program. The airplane also made it
clear to designers that the X-4 configuration,
which was modeled after not only the Swallow
but also the Messerschmidt Me-163 rocket
plane, was totally unsuitable for transonic or
supersonic flight. Like the Swallow, the X-4

experienced severe oscillations about all three

axes as it approached Mach 0.9. Increasing the

thickness of the elevon trailing edges helped

somewhat, but the problem could not be com-
pletely alleviated.!2 Nevertheless, the X-4
supported General Jimmy Doolittle’s assertion
that “in the business of learning how to fly
faster, higher, and farther, it is sometimes very
important to learn what won’t work.” 13

The X-5, which was a variable-sweep
wing design built by Bell, arrived at Edwards in
1952. It had vicious stall/spin characteristics
that caused NACA pilot Joe Walker to lose
18,000 feet recovering from a stall during one
flight and eventually killed Air Force test pilot

Ray Popson. But its problems were determined
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to be design flaws of the X-5, not the concept of

variable sweep. In fact, the aircraft proved the
feasibility of the concept and allowed research-
ers to learn a lot about the dynamics involved
with that configuration throughout the transonic
range.

Likewise, the Convair XF-92A proved
the suitability of the delta-wing design for
transonic flight. Yet it, too, had some unpleas-
ant flight characteristics, the most problematic
of which was a tendency to pitch up violently
during maneuvering, resulting in positive forces
as high as 8 Gs and, even more alarmingly,

negative forces as high as -4.5 during recov-

Page 50

ery.!* “Pitch up” was, in fact, a problem inher- Two B-29s, one with X-1E
attached.: The silhouettes on
the side of the mothership
speeds, but research with the X-planes gave indicate it had completed 31
launches.

(NASA Photo E-2082)

ent in any swept-wing design at transonic

engineers an opportunity to examine it in
various configurations. One of the major re-
search contributions of the D-558-2 Skyrocket,
in fact, was its investigation into the dynamics
and possible solutions to the pitch-up problem.
Over a 27-month flight program with the
Skyrocket, NACA researchers examined the use
of wing fences (vertical strips running from the
leading edge to the trailing edge of the wing), a
sawtooth-shaped leading edge, and retractable
leading edge slats to control pitch-up.
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Judging from their experience with
these aircraft, the NACA researchers deter-
mined that the best solution to the pitch-up
problem actually was to place the aircraft’s tail
low and far back on the fuselage, to keep it out
of the wing’s disturbed airflow and downwash.
A delta wing design like the XF-92A, of course,
would require another solution because it
lacked a horizontal tail. The NACA engineers
therefore tried a series of wing fences on the
XF-92A, including a combination planned for
the follow-on F-102 delta-wing interceptor that
Convair was in the process of building. The
results were sent to Convair, although the F-102
was subsequently changed quite significantly to
take advantage of the “area rule” design concept
developed by a Langley Laboratory research
engineer named Richard Whitcomb.

Yet the problem swept wing aircraft had
with pitch-up almost paled in comparison with
another difficulty NACA researchers, and a few
unfortunate F-100 fighter pilots, were discover-
ing with aircraft designed for supersonic speeds.
The technical term for it was “inertial coupling”
or “roll divergence,” but to the pilot it meant
that the airplane had a tendency to go suddenly
and violently out of control during rolling
maneuvers. The F-100 jet was the nation’s first
fighter designed to fly past Mach 1 in level
flight, and it had just gone into full production
in 1954 when the inertial coupling problem
surfaced. It was already a suspected cause in
several accidents that had claimed the lives of
F-100 pilots when NACA pilot Joe Walker
experienced it in the Douglas X-3 research
aircraft later that same year.

The X-3 was actually designed for
sustained Mach 2 jet-powered research, but the
aircraft’s engines were so underpowered that it

could not go supersonic in level flight. The
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fastest it ever went was Mach 1.2 in a powered
dive. Yet it was still susceptible to inertial
coupling because, like the supersonic “Century
Series” fighters, it had a thin, short wing and
most of its mass was concentrated along its
fuselage.!s The highly instrumented X-3 was
able to give engineers their first detailed data
and analysis of the dynamics, and therefore the
cause, of the inertial coupling problem.!® As a
result, NACA advised North American Avia-
tion to extend the wingspan and increase the
vertical tail surface of the F-100 design. The
modifications turned the F-100A into a highly
effective supersonic fighter, and the knowledge
gained through the X-3 flights and the F-100
experience has been applied in one form or
another to virtually every supersonic fighter
built since then.!”

The configuration research conducted
by NACA and the Air Force from 1950 to 1956
was particularly important to manufacturers
because they were at the cutting edge of a
revolution in aircraft design and performance
that was taking them into realms they knew
very little about. They could not have predicted
the surprises that Joe Walker found in the X-3
and the X-5 any better than NACA or the Air
Force. Furthermore, the work with the D-558-1,
the X-3, the X-4, the X-5 and the XF-92A was
in the same speed range, and in most cases used
the same types of materials and powerplants,
that the manufacturers were beginning to
incorporate. So even if the aircraft did not
always measure up in performance to NACA’s
hopes or expectations, the research was of great
interest to industry designers and engineers. The
information provided could mean the difference
between the success or failure of an aircraft
design. And in the case of the F-100A, the flight
research at Dryden prevented the death not only
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X-4 in flight
(NASA Photo E 17350)

seconds, losing 10 miles in altitude before it
slowed to a subsonic speed and went into an
inverted spin, from which Yeager was able to
recover. As was the case with many X-plane
partnerships between NACA and the Air Force,
the X-1A was flown first by the Air Force and
then turned over to the NACA for more in-
depth research. Unfortunately, NACA’s time
with the X-1A was brief. On its second NACA
flight attempt, the X-1A experienced a minor
explosion while still attached to the B-29
mother ship, just as the X-1D had. NACA pilot
Joe Walker managed to get out, but the X-1A
had to be jettisoned, ending the X-1A program.
The X-1A had given researchers an
unpleasant taste of some of the surprises that
still awaited them as they reached for higher
speeds. In fact, although both the X-1B and the
X-1E that followed were designed for faster
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speeds, neither one was ever flown above Mach
2.3 because of the stability problems encoun-
tered with the X-1A. The X-1E was not in the
original plans for research aircraft, but the
destruction of the X-1D and X-1A left a need
for a back-up aircraft. To fill that need, the X-
1E was created by modifying one of the exist-
ing X-1 research aircraft and the modified plane
flew with the X-1B from 1955 until 1958. Both
aircraft were used to gather data about the
forces on an aircraft at high speeds and alti-
tudes, including the effects of aerodynamic
heating. Aircraft that could fly hypersonically,
or above Mach 5, and potential spacecraft were
already in the planning stages, and researchers
needed information on the flight environment
and forces with which those craft would have to
contend.

The X-2 was, in a sense, a third genera-
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tion research aircraft, designed to go further in
investigating problems of aerodynamic heating
as well as stability and control by operating at
speeds of Mach 3 and at altitudes between
100,000 and 130,000 feet. To make the plane
more heat-resistant, the X-2 was made of
stainless steel and a nickel alloy. Its 15,000-
pound-thrust Curtiss-Wright rocket engine also
had more than twice the thrust of the X-1 family
engine.

Unfortunately, the X-2’s research career
was destined to be short. The first X-2 exploded
during Bell Aircraft’s initial flight testing of the
airplane. The explosion occurred while the X-2
was attached to its B-50 launch plane, resulting
in the death of not only the X-2 pilot but one of
the B-50 crew members as well. The second X-
2 made its first Air Force powered flight in
November 1955. Its performance was, in fact,
impressive, and on its 12th powered flight, Air
Force Captain Iven C. Kincheloe took it higher
than anyone had ever flown. His flight to
approximately 126,000 feet prompted Popular
Science to dub Kincheloe “First of the Space-
men.” Yet on its very next flight, the last Air

Page 54

Force flight before turning the plane over to
NACA for its more thorough research program,
tragedy struck. Captain Milburn G. Apt, flying
his very first rocket flight, took the X-2 to a
record speed of Mach 3.2, or 2,094 miles per
hour. But as he turned back to the base, the X-2
went out of control and began spinning. The X-
2 had been designed with a jettisonable nose,
which was supposed to protect the pilot until he
reached a speed slow enough for a normal bail
out. But when Apt jettisoned the nose cone, the
shock knocked him unconscious. He came to in
time to jettison the canopy but was unable to
bail out before the cockpit section crashed into
the desert.

The accident ended the X-2 research
program, but it did lead to a couple of changes
in the X-15 program that followed. First, the
idea of a jettisonable cockpit was abandoned in
favor of an ejection seat. Second, a possible
factor in the X-2 accident was thought to be
Apt’s cockpit instruments. Some researchers
thought Apt might have believed he was going
slower than he really was, leading him to
initiate a turn sooner than he should have. As a

Flights of Discovery

Research aircraft from
viewer's left to vight:
X-1E, D-558-2, X-1B on
lakebed (1955)

(NASA Photo E 1914)




D-558-2 dropping at launch
Jfrom B-29 mothership (Navy
designation: P2B)

{NASA Phoro E 2478)

result, the X-15 was equipped with a gyro-
stabilized inertial navigation system (INS) and
flight instrumentation that would give the pilot
much more precise and accurate flight informa-
tion.

The second and third generation rocket
planes had produced some valuable information
about flight at high speeds and altitudes. But it
had come at a cost. So it was against a mixed
background of triumphant records and tragic
failures that the NACA flight research team at
Dryden began working on the X-15—a program
that aimed to achieve not only what the early
rocket planes had left undone but also goals two
or three times as high. 18

The X-15

The X-15 program actually started in
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1952, when several prominent researchers

began lobbying for a research vehicle that could
begin investigating some of the basic problems
that human space flight would entail. At that
time, however, NACA had its hands full with
the problems of Mach 2 flight, so it was 1954
before serious studies began on an aircraft
design for the ambitious goal of flight at speeds
from Mach 4 to Mach 10 and altitudes 12-50
miles above the Earth. In December 1954,
NACA, the Air Force and the Navy signed an
agreement for the research plane that gave the
Air Force responsibility for administering its
design and construction and NACA responsibil-
ity for technical supervision. The Air Force and
the Navy would share responsibility for the
program’s cost. This partnership proved
smoother in many ways than the X-1 project,
due in large part to the fact that although it was
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methods that were time-
 consuming and not fully

niributions resulting in
computer programs
{later improved by
Richard E Muaine) for
manipulating multiple
differential equations to

X-15 with Neil Armstrong
next-to nose. - The future
astronaut and first human to
walk on the-Moon completed
seven flights in the X-15.
(Air Force Photo)







Accomplishing this research was particularly
difficult, not only because it required flying far
beyond any condition or speed anyone had
attempted before, but also because it required
operating an aircraft throughout an incredibly
wide envelope. The X-15 was air-launched at
approximately 45,000 feet, would accelerate to
anywhere between Mach 2 and Mach 6 while
climbing as high as 350,000 feet, execute a
successful hypersonic reentry through Earth’s
atmosphere and then glide back to a 200-miles-
per-hour, unpowered landing on a dry lakebed.
This created a real challenge for the X-15’s
designers. Just as an example, the broad speed
range of the X-15 led them to put three control
sticks in the cockpit. A conventional center
stick was used at slower speeds, and a right-
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hand side stick was used for high-G maneuver-
ing when it was critical not to over-control the
plane. A left-hand side stick operated the
reaction controls when the aircraft was outside
the Earth’s denser atmosphere.2!

The complexity of the X-15 program
also required special ground and air support.
The B-29 and B-50 launch planes were replaced
by a B-52 with a special pylon for the X-15
mounted under one wing. A formal control
room replaced the portable van and radio used
to control previous test programs, in order to
better monitor and respond to the many pieces
of information the X-15 would be transmitting
to engineers during each flight. The control
room later made famous at the Johnson Space

Center was based on the Dryden facility.
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X-15 after Jack McKay's
mishap. In November 1962
McKay was forced by an
engine fatlure to land at
Mud Lake, Nevada. The X-
15’s landing gear collapsed,
[flipping the aircraft on its
back. ‘McKay was injured
but recovered sufficiently to
flyagain. This-aircraft was
later restored and is on
display at the Air Force
Museum riear Dayton, Ohio.
(NASA Phoro E9149)






