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THE DEVELOPMENT OF WINGED REENTRY VEHICLES

1952 - 1963

Foreword

These notes review briefly, from the viewpoint of a NACA/NASA
participant, the conceptual evolution and related technical advances
through which manned reentry vehicles progressed from a state of ques-
tionable feasibility, through minimal ballistic capsules, to the ulti-
mate sophistication of maneuverable, landable, reusable winged systems.
Some pertinent informat?gn not found in the existing literature will be
presented, together wiéi discussion of some significant misconceptions.

The literature éurrounding the impressive successes of the winged
Space Shuttle qu%té rightly emphasizes the development of the reusable
ceramic tile heéf protection system, the enormous boosters, and the
elaborate automatic flight-control systems. Little is said, however,
about the aerodynamic design features and the modes of operation during
reentry; these were established some 20 years before the first Shuttle
orbital flight and have been so widely accepted for so long that they
are now taken for granted. But it was not always so, and these notes
record how the optimal design features and modes of operation evolved
and eventually became established.

The author spent most of his professional career in high-speed
aerodynamiés with NACA and NASA from 1936 to 1974, serving as a research
division chief from 1947 to 1974. After retirement from NASA he was
active as a consultant, and during this period he authored two previous

documents of a historical nature: |The High-Speed Frontier| NASA SP-445,

1980, and A Hindsight Study of the NASA Hypersonic Research Engine, a study

prepared for the Propulsion Division of NASA/OART in 1976 (unpublished).


http://history.nasa.gov/SP-445/cover.htm

The Outlook in 1952

The overriding real-life focus for hypersonics research in 1952 was
the problems of the various long-range missile concepts. Our Hypersonics
and Gas Dynamics groups at Langley, which had been formed in 1945 and
1948, were busily engaged in general exploratory hypersonic aerodynamics
and heating research, and in occasional specific missile configuration
testing for RAND and others. Our principal tool was the[Langley Il-inch
hypersonic tunnel which was this country's first hypersonic facility,
conceived and proposed in 1945, and operated successfully at Mach 6.9 for
the first time in 1947. _Our|Gas Dynamics Laboratory, which contained
several hypersonic nog;les, came into operation a few years later, in
the early '50's. In;;he late '40s, Ames also became involved in missile-
related research,ré#d in the early '50's H. J. Allen completed his
famous "blunt-bo&y" contribution. Many of us had read the Sanger-Bredt
papers, and more recently the first progress reports on the studies of
military manned boost-glide systems being undertaken at Bell Aircraft.
These documents were most stimulating, but there was such a mult:iplicity
of enormous technical problems that these systems seemed very far in the
future. Manned space flight with its added problems and the unanswered
questions of safe return to earth was seen then as a 2lst Century enter-
prise. In our wildest fancies ﬁone of us visualized it actually happen-
ing, as it did, within the decade.

The (1952 recommendation of the NACA Aerodynamics Committee for
increased emphasis on hypersonics research at Mach 4 to 10 had little
immediate effect on the existing Langley programs, with the exception
that it inspired the PARD group to evaluate the possibilities of in-

creasing the speeds of their test rockets up to Mach 10 (Ref. 1l). The
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rest of us who had actually been expanding our efforts in hypersonics
substantially for the past 5 years were gratified to see NACA management
"getting up to speed." The final part of the recommendation "to devote
a modest effort" to the speed range from Mach 10 to the speeds of space
flight was responded to at Langley by setting up an ad hoc 3-man study
group consisting of C. E. Brown, Chairman, from my Compressibility
Research Division; C. H. Zimmerman of Stability and Control; and W. J.
0'Sullivan of the Pilotless Aircraft Division (PARD). The Brown group
was asked to assess the problems, develop research program ideas, and,
following the suggestiope of Bob Woods of Bell Aircraft, to define a
manned research airplé;e capable of penetrating the hypersonic flight

regime. The group-m;t periodically for several months and then dis-

banded. Their report was circulated internally in June of 1953 (Ref. 2).



The Brown-Zimmerman-O'Sullivan Study

Outside of our two small groups in the Compressibility Research
Division, very few others at Langley in 1952 had any knowledge of
hypersonics. Thus the Brown group filled an important educational
function badly needed at that time. In the process they had teo educate
themselves, since none of the three had any significant previous back-
ground in hypersonics. When Floyd Thompson told me of his plan to set
up such a group, I suggested adding one of our hypersonic aerodynamicists
and also a budding specialist in hot-structures from the Structures
Division. Thompson re;eEted the suggestion saying that he was looking
for completely fresh;ﬁnbiased ideas and had picked three individuals who
had previously sthn'much origiﬁality in their respective fields; they
would ask for helb from the experts when they needed it.

The Brown g&oup made an interesting review of the potentialities of
hypersonic systems at speeds up to orbital and they became interested
especially in the commercial possibilities of the boost-glide rgcket
system for long-range transport, a scheme not previously explored to any
extent in the literature. As regards needed research programs they
rejected the traditional use of ground facilities and indicated that
testing would have to be done in actual flight where the true high-
temperature hypersonic environment would be generated. To do this they
suggested extending the Wallops-Island rocket-model technique to much
higher speeds with possible test model recovery in the Sahara. In
response to their directive to consider a manned research airpliane to
follow the X-2, they endorsed an earlier proposal of Dave Stone to
extend the X-2 to the Mach 4 to 5 range, a proposal shortly rejected

by the Research Airplane Panel.
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Listening to Brown summarize the study early in 1953 our hypersonic
specialists felt a strong sense of deja-vu, especially at his pronmounce-
ment that "the main problem of hypersonic flight is aerodynamic heating."
Nevertheless this was timely education in the basics for the uninitiated
in Langley and NACA headquarters managements. Fortunately the group's
conclusion that flight testing, rather than ground-based approaches,
would have to be relied on for hypersonic R&D, which proved to be quite
wrong, did not slow the progress of any of our developing ground tech-
niques. As everyone in the business now kmows hypersonic ground facil-
ities generally do notka?tempt to simulate the high-temperature features
of the hypersonic enqi&onment at the higher speeds; however, it has

proved possible and quite practical through the principles of partial

simulation in a Vﬁriety of ground facilities both to advance basic tech=-

nology and to support the development of uniformly successful hypersonic
systems ranging from ICBM's to the[Space Shuttle| (see Ref. 3, for
example). Selective flight testing, usually of the final article, is
often desirable just as it has always been throughout aircraft history -
but ground-based techniques - rather than flight - remained the primary
tools of hypersonic R&D.

The original plan to have the Brown Group's results reviewed by an
inter-center Board was never carried out.

Several misconceptions regarding presumed connections of the Brown
Group's study with subsequent projects have appeared in the historical

literature which need to be corrected. |This New Ocean| for example

states on p. 57 that "the Langley Study group which had been working on
the problem since 1952," -'presumably the Brown group - was the source

of NACA's proposal in July of 1954 leading to the X-15. Actually, as


http://crgis.ndc.nasa.gov/historic/Space_Shuttle
http://history.nasa.gov/SP-4201/toc.htm

6
has been documented in full detail in Ref. 4, the X-15 concept originated
in a 1954 study by Becker, Faget,Toll, and Whitten which made no use
whatever of any of the Brown group's study. This misconception, which
has arisen on other occasions, probably has its roots ir. the careless
and incorrect wording found in the "NACA Views" document of August 1954
(Ref. 5), where no clear distinction was made between the Brown group of
1952 and the X-15 group of 1954, Written in the slanted officious style
typical of the promotional literature of federal agencies the NACA Views
contains other inaccuracies, for a notable example, the statement on
page 2 that "independggf—studies" at the other NACA Labs "were markedly
in agreement (with Laggley's pre=X-15 study) concerning feasibility,
goals, . . . and general arrangement of the airplane." The truth is
that Ames favored a military-type air breather for Mach 4 to 5. The
Lewis Lab recommended against a manned airplane (Ref. 4).

Another unwarranted claim is seen in A New Dimension, NASA Ref.
Publ. 1028, on p. 288 where author Shortal states that the Brown group
study "excitedALangley interesf" in a boost-glide system follow-on to
the X-15 "to become known as Round III and later as the NACA/USAF
Dyna Soar Project." As one 9f the 2 or 3 individuals at Langley most
deeply involved in these later boost-glide programs I can state posi-
tively that their origins sprang solely from military applications and
interests.- At most the Brown group study provided Langley with useful
background education. The - commercial transport version of boost-glide
that the Brown trio visualized did not survive in later studies (see

NASA SP-292, p. 429-445).
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Bell Aircraft Company Studies of Boost-Glide

=

| Military Systems

Fm Walter Dornberger, former German Army Commander of Reenemunde who

{ was hired by Bell after the war, directed a succession of studies at

Tm Bell which had great educational value for the NACA and the Air Force.
Essentially these were greatly advanced and improved Sanger concepts

f” incorporating advanced technology and greater technical depth. Of

special value and interest were Bell's new structural concepts, due
largely to Wilfred Dukes' group - the first hypersonic aircraft hot

structures concepts to bé developed in realistic meaningful detail.
I

— 1 T

These included wing structures protected by non-load-bearing flexible

L4

metallic radiative heat shields or ''shingles", cabin structures employing

—3

(’ both passive and active cooling systems to keep the interior temperatures
within human tolerance, and water-cooled leading-edge structures. Bell

recognized that there were enormous gaps between their preliminary con-

T3 T3

cepts and actual realization, and like most of their contemporaries in

the fifties they usually recommended "vigorous" research programs to fill

3

the gaps.
Periodic progress reports of the Bell Studies of the 1950-'57 period

were circulated to the interested NACA research groups, including the

—3  —3

Brown group, the X-1S5 group, and the Round 3 groups. Unfortunately, they

were usually classified "Secret" by the Air Force and thus were generally

?ﬂ not used as references in NACA reports, which ordinarily were classified

™ "Confidential” or lower. With little question Bell's "BOMI', "BRASS BELL",

1 and "ROBO" studies provided the principal stimulus for USAF interest in

Fﬂ (. | boost-glide systems culminating in 1956 in USAF's proposals for the
HYWARDS research program and later for the Dyna-Soar program. The rapid

o
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expansion after 1954 of NACA studies of boost-glide systems and
hypersonic glider aerodynamics heating, and structures was greatly

stimulated and benefited by Bell's work on these military systems,
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The First Manned Winged "Reentry' Vehicle -
The X-15

Dr. Dryden used to liken the X-15's great elliptic excursion out of
the atmosphere into space to the leap of a fish out of water. Our
original intent was to create a period of 2 to J minutes of weightless-
ness for a first exploration of the effects of this characteristic
feature of space flight. But as the Langley study of March 1954 pro-
gressed we soon realized that the problems of attitude control in space
and the transition from airless to atmospheric flight during reentry
were at least equally fiénificant to the wéightlessness question
(Ref. 4). And as ti@é went on the dynamics of the reentry maneuvers and
associated problems ;f stability, control, and heating emerged as clearly
the most difficult and significant of the entire program (Ref. 3).

The X-~15's reentry problems were similar in all important respects
to those of the Space Shuttle: the transition from space reaction con-
trols to aerodynamic controls; the use of high angles of gttackito keep
the dynamic pressures and the heating problems within bounds; and the
need for artificial damping and other automatic stability and control
devices to aid the pilot. These automatic systems were in an early
stage of development in the 'S50's and the X-15 pilots had to contribute
piloting skills beyond those required in the Shuttle operation. Any
advantage over the Shuttle reentry accruing from the lower speed of the
X-15 tended to be offset by the much steeper reentry paths of the X-15.
The pioneering X-15 reentry systems and their derivatives and the X-15's
reentry flight experiences led directly to the systems and techniques
employed in the Dyna-Soar and later in the Shuttle. The reaction con-

trol system used in the X-15's space leap also found application in the



10
Mercury, Gemini, and Apollo systems.

An interesting facet of the original heating analysis of the X-15's
reentry from its "space leap', made by Becker and Peter F. Korycinski,
under forced draft in their long work days of March and April, 1954, is
worth noting. We discovered that Mach 7 reentry at low angles of attack
was impossible: the dynamic pressures quickly exceeded by large margins
the limit of 1000 ll/sq. ft. set by structures considerations, and the
heating loads became disastrous. However, we found that these problems
were solvable by using sufficient 1lift during reentry = the higher the
angle and the associéggﬁ‘lift the higher the flight altitude and the
lower the peak dynaq}; pressure and the lower the heating rates. The
reduced L/D's characteristic of the higher angles of attack reduced the
times of exposuré to high heating rates, thus reducing the reentry heat
loads as well as the heating rates. On reflection it became obviocus to
us that what we were seeing here was a new manifestation of H. J. Allen's
"blunt body" principle. As we increased angle of attack our configura-
tion in effect became more 'blunt", disipating more of its kinetic energy
through heating of the atmosphere and less in the form of frictional
heating of the vehicle. Clearly Allen's concept was as meaningful in our
high-1ift X-15 reentry as it was in the non-lifting missile cases he had
considered in 1952.

The figure in ref. 4 which depicts the trajectories and vehicle
altitudes which were found feasible from the heating standpoint shows
that dive brakes could be employed in conjunction with lift to increase
drag and further reduce L/D in order to ease the heating problem -
again in accord with Allen's "Blunt-Body" concept. Unfortunately the

limited treatment of the heating studies reported in ref. 4 did not
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include all of the implications of high-lift high-drag reentry. These
details were discussed, however, in most of the oral presentations we
made throughout 1954. The problems of how to make the X-15 configura-
tion stable and controllable in the high-angle-of-attack (11 to 26
degrees) regime involved in its "reentry" trajectory outweighed the
heating considerations at that time. Nevertheless our heating analysis
provided the first clear detailed insights into the reentry heating
problems of winged vehicles and their possible solution by use of com-
bined hiéh lift and high drag. This new knowledge was invaluable in
our later work on the»"§¥WARDS" and "Dyna~Soar" projects in which we
extended studies of h;éh—lift and high-drag reentry to near-orbital

speeds for delta winés operating at angles of attack u§ to 450.



Ames Exploratory Comparative Study
of Hypersonic Systems

This 1954 study (Ref. 6) was started at about the same time as the

pre~-X-15 work at Langley. It was concerned solely with sub-orbital
long-range flight and did not consider orbital operations or reentry.
H. J. Allen made the first review of their results a year and a half
later in November 1955 at the Langley Conference on High-Speed Aero-
dynamics. In retrospect the study was interesting and important on
three counts:

1) 1Its compﬁrisoqa-of rocket and air breathing systems.

2) The unveiligé'of the Ames so-called "flat-top" drooped-wing-
tip glidér }or intercontinental ranges.

3) The finding that the simple, blunt-shaped, ballistic capsule
was thé optimal vehicle from an energy standpeoint for very
long ranges (semi-global or greater).

In regard to item 3 Allen liked to explain, "For very long ranges it is
better to throw it than to giz.it." Of course, his ballistic vehicle
had some unpleasant characteristics: high deceleration rates and the
necessity of an uncontrolled parachute landing if it were to be re-

covered.

Over four years later after much additional study and new technology

for satellite reentry had been added by Industry, by Langley, by Ames,
and by others, a "final" version of Ref. 6 - having the same title but
much embellished - was published as NACA TR 1382. The authors of This

New Ocean (pp. 66-68) mistakenly assumed that all of the insights

acquired by 1959 in this study were at hand in 1954. It should be noted
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especially that the desirable features and operational techniques of
winged satellite reentry vehicles did not exist either in the 1954
study or in Allen's 1955 review.

What is true and what should be noted by historians is the fact
that the studies of hypersonic glider systems by Bell, Langley, Ames and
others in the early '50's were a most pertinent and important prelude to
the successful satellite reentry vehicle technology developed later in
the decade. In many respects the environmental and operational problems
of reentry from orbit along a shallow (gradually descending) trajectory
are quite similar to-those of the sub-orbital glider system. Thus X-15,
HYWARDS, and Dyna-So§§'were important precursors of the Shuttle. And
Allen's sub-orbit#; Lallistic system of 1954-55 led directly to the

project Mercury concept.
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Project '"HYWARDS"

We were surprised in March, 1956 to learn from the ARDC staff at
Andrews AFB that USAF was establishing a specific project to develop a
research airplane successor to the X-15. After one of the Bell Aircraft
Company briefings on their ROBO study we NACA invitees were told that
USAF/ARDC management was determined never again to find themselves un-
prepared as they were when NACA proposed the X-15 and gained technical
direction of the X-15 project. USAF's only specification for such a new
research vehicle at that time was "a rocket glider with a speed of about
Mach 12." "HYWARDS" %?é'the acronym for this hypersonic weapon and

~

R and D system.

Although we wer; very busy-at Langley in the spring of 1956 with
supporting research for the X-15, it was obvious that the question of a
successor merited high-priority attention. F. L. Thompson immediately
set up an ad hoc inter-divisional study group patterned directly after
the X-15 group. It was larger, however, and had more time to §glfill
its task. The principal members of our "HYWARDS" study group were:

J. V. Becker, Chairman; also leader of the Heating Analysis group

M. Faget, Propulsion & Configuration

L. Sternfield %

Stability, Control, Piloting

F. J. Bailey
I. Taback, Instrumentation, Range, Navigation
R. Anderson }_

Structures, Materials
P. Purser
P. Doneley, Loads and Flutter
A. Vogeley, Operationé and X-15 Coordination

P. Korycinski, Coordination; Heating group

3
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As the work progressed a number of others were added, notably
P. Hill, Configuration, Propulsion
E. Love
Configuration, Aerodynamics, Stability & Control

M. Bertram

As a starting point we decided to focus on a design speed of Mach 15
for purposes of analysis, not at all sure that it would prove feasible,
but believing that it was about the lowest speed for which an attractive
military boost-glide mission could be defined. Perhaps the most
important recommendation in our first formal report of the study on
January 17, 1957 (Ref. 7) was that the design goal should be raised to
18000 feet per secongf;r about Mach 18. We had learned in our heating
analysis that at thi; 5peeh boost gliders approached their peak heating
environment. The rapidly increasing flight altitudes at speeds above
Mach 18 caused ; reduction in heating rates; at satellite speed, of
course, on the outer fringe of the atmosphere the heating rates became
negligible. Mach 18 was an enormous step beyond the X-15, reqq}ring new
developments in every area of applicable technology. Promising general
concepts for these developments were formulated; however, in many areas,
especially in high-temperature internally-cooled structures, we were
confronted by enormously complex development problems. Our expressed
hope that such a system could be developed and ready for flight in 5
years appears, in retrospect, to be far too optimistic.

Qur proposed vehicle system embodied advanced glider prototype con-
cepts both aerodynamically and structurally. The heating analyses
carried out by Becker and Korycinski had revealed major advantages for
a configuration having a flat bottom surface for the delta-wing, and a

fuselage located in the relatively cool shielded region on the top or lee



16
side of the wing - i.e. the wing was used in effect as a partial heat
shield for the fuselage and its critical contents. This "flat-bottomed"
design had the least possible critical heating area for a given wing
loading and this translated into least circulating coolant, least area
of radiative heat shields, and least total thermal protection in flight
(Fig. 1). In these respects the configuration differed importantly from
the previous Bell designs, which employed mid-wing arrangements. This
was the first clear delineation of the possibility of aerodynamic design
features which could significantly aleviate the heating and ease the hot-
structures problems. - Later application of these principles to actual

4

flight systems was first made in the Dyna-Soar program, and they are

also obviously applied in the current Space Shuttle.

In the major review of our HYWARDS study for Langley top management

on January 11, 1957 Becker also discussed operation of the Langley
glider if boosted to the near-orbital velocity required for once-around

or "global" range. Using Fig. 2 he pointed out that the maximum-L/D mode

- of operation resulted in much more difficult temperatures and heating

loads than if the glider were operated at half its maximum L/D and high
angles of attack. 8till further alleviations woula be expected if the
vehicle were operated at its maximum lift (L/Davl, 45° angle of attack)
(ﬁef. 8, copy attached). High L/D operation made sense only for the
shorter ranges.

During the period in 1955 when the work statement for the X-15
design competition was being formulated at Langley I had received
several phone calls from A. J. Eggers at Ames expressing conc?rn that

the work statement did not ‘specify very high aerodynamic efficiency
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(i.e. very high Lift/Drag ratio). They proposed to add to the X-15
design problems the enormous complications that would have been involved
to make it an advanced prototype of their early notions at that time of
what the ultimate long-range glide vehicle should look like. I pro-
tested that this would delay the procurement unacceptably without adding
materially to the research products envisioned for this exploratory
penetration into the realm of manned hypersonic flight. Soule and NACA
HQ personnel agreed.

When "HYWARDS" appeared in the spring of 1956 the Ames group saw at
last an opportunity to promote their penchant for high Lift/Drag and
they set up a study gfzup consisting of A. J. Eggers, G. Goodwin, R.
Crane, H. J. Allen, L. Clausing and others. Their proposal (Ref. 9)
called for a speed of Mach 10 which produced a range of only about
2000 miles even fhough their glider was designed for the highest conceiv=-
able hypersonic Lift/Drag ratio (about 6). To favor high L/D they made
use of the favorable interference lift that occurs when the pressure
field of an underslung conical fuselage impinges on the wing. In this
concept, unfortunately, the entire fuselage with its critical special
cooling requirements was located in the hottest region of the wing flow
field ~ on the high pressure lower surface where added thermal protection
wéight was required. Although the Ames report virtuously stated that the
configuration should be "capable of the highest possible Lift/Drag ratio
consistent with . . . (other requirements)" it was apparent to us that
actually their configuration had 'the highest possible L/D without regard
for the other requirements.' The drooped wing tips of the Ames con-

figuration were supposed to add slightly to the L/D but their use did
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not survive later careful evaluations in the Supersonic Transport
programs.

A comparison of the Ames and Langley vehicles initially proposed for
BYWARDS is seen in Fig. 3. A rather noticeable feature of the Langley
design is the large cones attached to the elevons. These were proposed
by E. S. Love to provide sure effectiveness for both directional and
longitudinal stability and control at the higher speeds. They were
shortly discarded in favor of separate toed-in tip fins and rudders
which proved better from the L/D and heating standpoints.

' Aside from the questions relating to the "flat-top" arrangement,
the least supportabqu;eature of the Ames proposal was the low design
speed they recomme%d;d, about Mach 10. Eggers made a mild attempt to
justify this speed at the first meeting of the Steering Committee for
these Research Vehicles on February 14, 1957 (Ref. 10). Shortly after
this meeting, however, Ames decided to accept our reasoning for 18000
ft/sec, and on May 17th they forwarded a Supplemental Report describing
their 18000 ft/sec system (Ref. 11). High L/D was still retain;d as the
primary feature of their new design.

Ames' predilection for high-L/D needs to be explained. The possi-
bilities for combining aerodynamic bodies - wing and fuselage in
p;rticular - 80 as to produce beneficial aerodynamic interference effects
had become one of the most intriguing aspects of configuration research
in the late '40's and early '50's - stimulated perhaps by the great
success of Whitcomb's Transonic Area Rule| developments. A number of
researchers at Ames wererdeeply involved in the improvement of super-
sonic configurations through favorable interference. At the same timé

Ames did not have a significant effort in high-temperature structures
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and heat protection. This area of research was centered at Langley.
Thus the Ames emphasis on high-L/D in the hypersonic research airplanes
was simply a reflection of their established primary research interest
rather than any special understanding or analysis of the real-life
trade~-offs that must be made between high-L/D, structural height, and,
especially for hypersonic aircraft, heat-protection-system weight.

NACA management was now faced with the problem of how to deal with
these two distinctly different configuration philosophies. To provide
some needed background information and at the same time promote our
Laﬁgley ideas in which J-believed strongly, I constructed Fig. 4 for
discussion at a majo::;resentation to Langley management in May 1957.
Based on analysis of'the range equation for a circular earth, the
results showed that due to the large centrifugal 1ift at Mach 18, the
traditional aerddynamic efficiency factor, Lift/Drag, has less than
half of the relative effect on range that it has at low flight speeds.
At the same time, aircraft weight, which is increased by high L/D,
retains the same large importance that it exerts at low séeeds. To
further stress the point I prepared Fig. 5 showing that for the extreme
case of once-around or "global' range an L/D=1 vehicle required only a
slightly higher boost 5pe§d than the L/D=4 vehicle. More importantly,
the L/D™L vehicle, operating at its maximum lift angle of attack (45°)
had greatly reduced heating problems, and this meant that it could be
smaller and lighter than the L/D~4 vehicle. This result, of course,
came as no surprise to us at Langley since we had discovered the heating
advantages of high-lift low L/D operation in our X-15 study as mentioned

previously. This was the first specific delineation of an important
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principle of operation later employed in the Dyna-Scar and Space Shuttle
systems.

A "NACA Views" document for the HYWARDS study (Ref. 13) was written
at Langley, chiefly by key members of the Langley team, during the late
spring of 1957. In the interests of peace and brotherhood both the
Langley and Ames vehicles were included, to illustrate two alternative
approaches, "low-heating" and "high-L/D." Editing by Soule and Mulac
at Langley and Clotaire Wood in NACA HQ strove for fine impartiality.

A number of ﬁresentations of the content of this document were made
during the spring at Lapgley, Ames, NACA HQ, and at the Pentagon on
July 1l. General Putéyand Dr. Dryden indicated that further steps
towards an advanced ;rOgram of this kind were in order, but should be

taken with discretion so as not to jeopardize the X-15 program which

was still haviné funding problems.
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The NACA "Round III" Meeting at Ames
on October 16-18, 1957
The intent of this gathering was to permit detailed discussion and
coordination of the work of the four NACA Laboratories relating to
HYWARDS, at the working level and at upper management levels as well.
It was very much needed because of the strong differences of opinion
which had developed, particularly in regard to the glider configuration
concepts. In the "Views" (Ref. 12) it was stated that the Ames high-

L/D approach would have a range advantage of some 1300 miles if launched

at the same Speed,l&m¥r?t/sec, as the Langley glider. However, it was
easy to show by simpl; engineering calculations that the glider weight
penalty associated with the higher L/D wouldyfor equal system weights,
nullify this rapge advantage. This important fact had been edited out
of the "Views" in the interest of harmony.

Reflecting on the above as objectively as possible, I realized that
both the Ames and the Langley designs were probably far from optimum.
We had simply selected "reasonable'" but arbitrary values for wing
loading, skin temperature, etc. A truly optimized vehicle - in which
the trade-offs among the key variables had been systematically evaluated -
might have different proportions, features, and R&D problems. It was
rather foolish for both groups to be so vociferously wedded to their
present configurations. I decided this was the most important point
I could make at the Round III meeting. To make the point convincingly
I analyzed the effects on the performance of the Langley glider due to
changes in wing size and wing loading. The results were dramatic: by

using a wing 40 percent smaller the range of our glider system was
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increased from 4700 to 5600 nautical miles (Fig. 6). The L/D with the
smaller wing was reduced about 14 percent, but this was far outweighed
by the associated 4000 1b reduction in glider empty weight. I concluded
that we should concentrate not on increasing L/D by every known means,
but rather on seeking "optimized" configurations which generally would
have guch smaller wings than the high-L/D designs.

By the time of the Round III meeting we had also eliminated Love's
high~-drag tip cones = substituting toed-in tip fins - and thus making
the range of our system with both improvements 6900 nautical miles,
or more than 1006 milef'éreater than the claimed performance of the Ames
Yhigh-L/D" design. '

These resultsAa;d other details of the Langley study were included
in my summary talk at the first Round III session on October 16th
(Ref. 13,14). fhe ideas were accepted with little question.

Many of the Ames people had begun to realize that design for very
high L/D was frought with enormous technical problems of heating and
structural heat protection which had no easy practical solutions (Ref.
15). But a still more compelling new development of crisis proportions
had captured the interest and imagination of all of us - Sputnik I was
oébiting overhead. Now, only some 1l days after its launch, we all
felt mounting pressures to come to grips with the problems of manned
satellites, particularly the critical reentry problem. The Ames view
expressed by Eggers and others said in effect, "NACA should be working
on the satellite reentry problem rather than on the HYWARDS sub-orbital
gliders. Very low L/D should suffice for satellite reentry and this
will make the technology much easier to develop than that for the

gliders."
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It should be noted here parenthetically that the ideas of pure
ballistic and slightly-lifting wingless hypersonic vehicles did not
emerge for the first time in NACA thinking at the Round III meeting as
has been suggested (Ref. 15). "Lifting bodies' wiihout wings had been
studied since the early '50's by both Langley and Ames. It had been
abundantly demonstrated in the prior ICEM developments that ballistic
operation generally minimized the heat load problem, and it was equally
well understood that the high decelerations of ballistic reentry could
be greatly alleviated by small L/D, in the range achievable by blunt
wing-less bodies (see~fgr'example Ref. 6 and This New Ocean). The new
contribution of the Roind III meeting was the NACA decision to take on
satellite reentry a§‘; major new challenge for research.

Ames also in effect said '"We have lost interest in the sub-orbital
glide systems and believe we should focus all of-our R& activities on
satellite systems, for which we no longer need high L/D." The thority
view expressed by I. H. Abbott of NACA HQ was that the satelliti reentry
problem for non-lifting or only slightly-lifting vehicles should be

studied, but as an addition to the boost-glide system rather than an

alternate (Ref. 13). Notwithstanding this management dictum Ames

terminated its hypersonic yinged vehicle work shortly after the Round
III meeting and devoted all of its energy to the low=L/D lifting capsule.
Their hypersonic winged glider concept was left stranded in the early
conceptual state indicated in Fig. 3, and they never moved ahead to
winged reentry vehicles. In fact, as we will see later, they developed
a strong antipathy to such vehicles. Thus, within NACA, it was left

entirely up to Langley not only to pursue winged gliders and winged
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reentry vehicles technology, but also to provide the logic and the
promotional support for winged systems.

Immediately after the first day of the Round III meeting I came
down with the flu. Henry Reid and Pete Korycinski kept me informed of
the later sessions at my bedside at the motel. I had plenty of time to
reflect on Sputnik which had been launched 12 days earlier and which
was passing overhead periodically, announcing the advent of the Space
Age. However, at that time the boost-glide sub-orbital system seemed
much more immediate and more urgent from a military point of view than
satellites either manned-or unmanned. The Dyna-Soar project had been
proposed by USAF/ARDQ';nly 2 months earlier, and would not be approved
_ until the month af?e; Round IIf, still specified as primarily aimed at
boost-glide applications in spite of due consideration by USAF of the
implications of'Sputnik (Ref. 16).

At the same time my optimization study for Round III had convinced
me that the '"NACA Views" vehicles we had recommended were far too large

and too complex for an effective new research airplane system. I

resolved to take a fresh new look upon returning to Langley.
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Langley Parametric Analysis of Glider and
Reentry Vehicle Coolant Requirements
The most disturbing feature of the large boost-gliders proposed in
the "NACA Views", by far, was the large weight of internal coolant they
carried and the complex internal systems required to circulate the coolant
to large surface areas. We all realized from the outset, of course, that
the use of a circulating coolant was a highly undesirable complication,
but our structures group saw no alternative pending the future develop-
ment of a better high-temperature material, which at that time was often
referred to as "unobtainium." The required coolant for each of NACA's

4
hypersonic vehicles piior to 1958 had been determined on an ad hoc basis

using the particula;'wing ioading, skin temperature, etc., assumed for
each case. It was clear by mid-1957, however, that the problem was of
such controlliné importance that a systematic, parametric analysis
revealing the influences of the key variables was justified. P. F.
Korycinski and I initiated such an analysis about two months p{}or to
Round III. Exciting preliminary results were realized early in November
1957, and a final report of the work was published early in 1959 (Ref.
17). We found that skin temperature exercised an enormous over-riding
effect on the coolant required, which increased inversely with skin
temperature raised to the 16th power! The conservative peak skin
temperature for HYWARDS advocated by our structures group, 1800° F,
required very large coolant weights. However, a nominal rise in allow-
able temperature to 2200° F, which was not beyond reasonable expectations

for improved metallic or ceramic surface materials, completely eliminated

the need for surface coolant except for the small-radii wing leading
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edges of the high-L/D gliders. That is, radiation from the hot wing
surface would balance peak frictional heating for skin temperatures of
2200° F. For global-range gliders or delta-wing reentry vehicles, which
required maximum L/D's in the range of only 1 to 2, leading edge radii of
the order of 6 inches are permissible, and our analysis revealed espe-
cially interesting results for these winged vehicles, if they were
designed to operate at high angles of attack approaching maximum wing
lift in the peak-heating region of their glider or reentry trajectories:
For a peak skin temperature of only 2000° F no coolant whatever was
required. To achieve-this result a flat-bottom wing large enough for a
wing loading of the ogé;r of 20 1b per sq. ft. was required, operating
near its hypersonié.m;ximum 1lift coefficient of 1, at an angle of attack
of about 45 degreeés. This high-lift operation of course produced a high-
altitude reentry'trajectory - near the upper limit of the corridor for
practical vehicles. Thus it was possible later on, in the Dyna-Soar
project, to design the metallic DS-1 vehicle with zero skin coolfnt. And
in the current winged Space Shuttles, which use advanced ceramic tiles
capable of surface temperatures well in excess of 2000° F, (Ref. 18), the
same result is enjoyed with considerable relaxation of the wing loading
and other limiting design variables.

- After this study no further consideration was given to internally-
cooled glidq or winged reentry vehicles. The cumbersome and impractical
vehicles advocated in the "NACA Views" were now obsolete and conveniently
forgotten.

It should be recorded here that Glen Goodwin of Ames carried out a
parametric analysis { glider cooling generally similar to ours, at about

the same time. Neit:2r of us had seen the other's study until we met to
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discuss possible papers for the forthcoming 1958 High-Speed Aerodynamics
Conference. Goodwin proposed to give a summary paper but Langley'argued
that a detailed discussion of cooling was now unnecessary since the real
message of these studies was that cooling could be avoided for both long-
range gliders and reentry vehicles. This all-important result could be
treated in the papers dealing with the individual vehicle concepts. Thus,
the Goodwin cooling paper was dropped from the agenda, and to the best of

my recollection the Ames study was never published.
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Early Manned Satellite Vehicle Concepts
Pressures to develop technology for a manned satellite continued to
grow and soon enveloped the military services and their contractors.
USAF initiated studies of "Manned Ballistic Rockets" in 1956; initially

sub-orbital missions were considered for comparison with the boost-glide

system but now (in the fall of 1957) the focus was shifted to the

minimal orbital mission referred to as '"Man-in-Space-Soonest" (MISS).
At least 1l contractors studied as many concepts and we soon became aware
of their problems by visits and calls from the company people involved.

In November of 1957-I made a first crude attempt to apply the results
of our coolant study Fé the design of a minimal one-man satellite vehicle
(Fig. 7). I selecteé.only enough L/D (about 3/4) to insure low decelera-
tion and nominal laéeral maneuverability. The vehicle would be landed by’
parachute. Its wing loading, quasi-flat bottom, and other features were
chosen to permit metal skin temperatures no higher than 2000° F at the
peak heating point in its reentry, with zero internal cooclant. John
Stack took this sketch to a meeting of the High-Speed Aerodynam;;s Com-
mittee in November 1957. However, there is no evidence that he ever used
it, and if reentry vehicles were discussed at wll it would probably have
been in unrecérded pre-meeting discussions with the other NACA members.

) By the time Stack had returned from his Committee qeeting I had found
that for on}y a small increase in weight a far more attractive winged
reentry vehicle could be achieved, one capable of much greater range
control and conventional glide landing while still retaining the advantage

of zero coolant. The general specifications for such a vehicle were

stated and illustrated specifically in my paper on winged reentry vehicles
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given the following spring at the last NACA High Speed Conference, which
will be covered later in these notes.

The early concepts developed by the 11 "MISS" contractors emerged
in late January 1958 at an Air Force briefing which I was invited to
attend. Figure 8, summarizing the concepts, is taken from my report of
the meeting upon returning to Langley. Seven of the concepts were
ballistic, with McDonnell showing a shape similar to what eventually be-
came Mercury, obviously benefitting from their contacts with Faget. The
four winged vehicles with L/D's ranging upward to 6, showed the general
lack of understanding ieryhe Industry at that time of how the winged
hypersonic glider coul& be greatly simplified and its mode of operation
altered to facilitate;reentry. The Ames concept of a blunt lifting
half-cone with L/D of about 1/2 at this time was in its earliest forma-
tive stage - too early to have been utilized by the MISS contractors
even if they had been interested in it.

Historians and lay readers should not be confused by the multiplicity
of aircraft-like vehicle configurations appearing in the sémi-te;hnical
literature of the 'S5 to '65 period under the general subject heading of
"Space Transportation System Studies." Vehicles carrying hundreds of
passengers and cargo to and from orbit were often depicted in detail by
imaginative artists. The ﬁain interest of nearly all of these studies
centered on the propulsion system and the "cost-per-pound-in-orbit" of
operating tge system. The enormous problems of reentry were not treated
except for arbitrary and usually meaningless weight allowances for myth-
ical "guidance and control" systems or equally non-existent "“heat pro-
tection systems." Obviously none of these gtudies contributed anything

towards solution of the reentry problem.



Of greater significance were a number of unconventional reentry
schemes that appeared in the years following Sputnik. Most of these
attempted to alleviate the reentry heating problem by using extremely
low wingloadings or, in the case of ballistic designs, very low disc
loadings, i.e., very large surface areas which permitted higher attitude
reentry trajectories. These schemes included inflatables, erectable
kite-like arrangements, and a variety of other variable-geometry inven-
tions. More often than not the heating problems were treated inade-
quately. Some of the more interesting schemes are depicted and assessed

in Ref. 19 and 20. None_ever materialized in any actual application.
’
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John Stack's Attitude Towards Space Projects

It should be noted parenthetically that Stack was not really much
interested in the reentry problem or in space flight in general. The
X-15 promotion was the only space-related project that he clearly sup-
ported in the '50's, to the best of my recollection, but even so with
only a semblance of the notorious promotional fire he could generate if
he was really interested. His main enthusiasms in the '50's were the
SST and advanced military aircraft. To a degree he seemed to have
developed a hostile, adversary attitude towards Space, perhaps because
it threatened to drain résources that otherwise might belong in aero-

P

nautics. When the Anpilo project was established he sneeringly told
me, "I donft buy thi; 'to the Moon by noon' stuff." Noting the enormous
sizes of the rocket boosters ("like the Washington Monument"), he sided
with the abortivé early attempts to find viable air-breathing aircraft-
like launch systems. After leaving NASA and going to Republic he con-
tinued to favor advanced aircraft as opposed to Space projects.- All of
the developments discussed in the present document, i.e. X-15, HYWARDS,
Round III, Dyna=Soar, the Langley reentry concepts, etc. took place with
little or no technical or managerial inputs from Stack. Most of them were
under the aegis of H. A. Soule - who wore a NACA HQ hat labeled "Research
Airplane Projects Leader." However, this fact would never have deterred
Stack from all-out participation if he had been interested.

For one with his previous record in the forefront of high-speed
aircraft developments Stack's decision to remain in the aeronautical camp
and glare at the dramatic space developments as they were accomplished by

others is one of the most curious personal enigmas in NACA history.


http://crgis.ndc.nasa.gov/crgis/images/5/5c/StackBio.pdf
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The Last NACA Conference on High-Speed
Aerodynamics, March 18-20, 1958

Since the mid-forties NACA's periodic conferences on High Speed
Aerodynamics had succesafully high-lighted the agency's most advanced
research in aeronautics for Industry-wide audiences of as many as 500
specialists. This final meeting under the NACA banner focused principally
on manned satellites; vehicle concepts and supporting technology. Any
historian who doubts NACA's virility in its last days or its ability to
respond quickly, fulfilling both advisory and research functions in a
truly outstanding way, should read the Conference document (Ref. 21) and
interview a sampling ?éithose who attended.

As originally pignned at a meeting in NACA headquarters on
December 16, 19§7~£he agenda did not include any papers dealing explicitly
with reentry vehicle concepts. Supporting technology was included in
several papers to be given on the second day. Some of Faget's work with
the ballistic concept was mentioned, but it was buried in a general dis-
cussion of operational problems. Following traditional NACA poiicy to the
effect that the development of aircraft designs was properly the province
of Indusiry, nothing else was to be said about vehicle concepts.

The week following this BQ meeting one of the contractors responding
to USAF's '"Man~in-Space Soonestﬁ study visited me to discuss his candidate
reentry ve@icle, an L/D~6 winged glider, forcefully impressing on me the
need fof NACA to discuss winged reentry vehicle concepts at the forth-
coming conference. Right after the holidays I called on Bob Gilruth, who

was coordinating the Langley papers, with a proposal to prepare such a

paper. He was in full agreement, and he pointed out that Faget's study also
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deserved to be a separate paper. Not to be outdone, Ames then proposed
to add a paper covering their L/D~/1/2 half-cone approach. These three
conceptual vehicle papers were programmed for the first session, imme-
diately following Chapman's analytical study of reentry mechanics and
heating.

My paper on the winged concept opened with a brief discussion of
the general unsuitability of high-L/D gliders as reentry vehicles. L/D's
in the range 1 to 2 were shown to be adequate for hoth g-alleviation and
range control. A general comparison of the relative heating of lifting
and'non-lifting reentry‘gmphasized the large reduction in both heating
rates and heating loadgnmade possible by low L/D, high-lift operation of
winged vehicles. Inéiuded in the compafisons was the case of a con-
ventionally-shaped fighter-type aircraft reentering at 90-degrees angle
of attack, i.e. as a non-lifting o£ ballistic vehicle which converted to
conventional flight for low-speed range and landing. This mocde of
operation, feasible in principle, did not appeal to me because it re-
tained most of the crudities of ballistic vehicles and sacrifice.d the
advantages of 1ift, except for approach and landing. Nevertheless I
included this concept (top of Fig. 9) for the sake of completeness and
out of deference to my friends in the Flight Research Division, some of
whom were interested in it.. The paper concluded with the small con-
figuration (bottom of Fig. 9) which embodied all of the features we now
advocated on the basis of ocur HYWARDS work and our coolant study: L/D
in the range 1 to 2 for range control, hypersonic maneuvering, and
inherent capability for conventional glide-landing; radiative solution
of the heating problem by operation near maximum wing lift; use of

large leading edge radii, flat-bottom wing, and fuselage located in the
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protected lee side of the wing. Roger A. Anderson of the Structures
Division provided the structural design and weight estimates for this
minimal winged satellite, and E. S. Love assisted with the aerodynamic
layout. The estimated all-up weight was 3060 lb., only about 1000 1b.
more than the minimal ballistic capsule.

This paper created more industry reaction - almost all of it
favorable - than any other 1 had written. If we had had a more energetic
booster than Atlas at that time the first U.S. manned satellite might well

have been a landable winged vehicle.
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Project Dyna-Soar

The source evaluation and selection activities for the |Dyna-soar
research and test vehicle (DS-1) afforded major opportunities in the
spring of 1958 for NACA to influence the program and the vehicle con-
cept. In broad terms the declared intent of DS~1 was "to research the
characteristics and problems of flight in the boost-glide flight regime
up to and including orbital flight.'" We in NACA thought of DS-1 as a
follow=-on X~15, covering the speed range from Mach 7 to near-orbital
speed. I had been appointed NACA Co-chairman, Scientific and Technical
Area, serving with my opposite number, USAF's W. E. Lamar, who also
headed the entire evgf;ation exercise. I found Lamar to be a shrewd,
able, effective mana;er. de soon developed an excellent rapport and
exercised a controlling influence on the outcome of the evaluation.

Our backgr&und experiences with X-15, HYWARDS, Round III, and the
winged reentry vehicle study had established in my mind very clear
desirable guidelines for the DS-1 vehicle which were now quite gifferent
from the official '"NACA Views'" of Ref. 12. In the NACA/USAF meeting of
the source evaluation groups in late March at Wright-Pattersocn AFB I put
forward the following ideas relating to DS-1:

‘ 1) Instead of the large high-L/D, structurally complex, water-
cooled glider recommended in the NACA HYWARDS study of 1957,
DS-1 should be a small L/D~2, relatively simple, radiation-
cooled vehicle. Such a small simple vehicle could be procured
much more quickly, with less risk, and would greatly ease the
booster problem.

2) A DS=1 vehicle in the L/D ~2 category would serve equally as an

advanced prototype for the semi-global-to-global-range,


http://crgis.ndc.nasa.gov/historic/1146
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boost-glide system (for which low L/D is actually preferable)
and for the future maneuverable, landable, space reentry
system (for which L/D~2 is also the likely category).
Research-wise this class of vehicle would be more valuable
than the high-L/D glider which was applicable only to glide
ranges of the order of 1/4=-global.

There were two problems with my new views: they had no official
status in NACA as yet, and they were at variance to the boost-glide work
statement to which the contractors would be responding in the present
soufce selection exercise. Nevertheless these views were discussed with
great interest by manﬁfof the USAF and NACA members of the evaluation
groups and they aﬁpa;ently had an effect on the outcome of the evaluation.

Of the nine ‘contractors bidding on DS-1l only one offered a small
vehicle in the ﬁ/D'ﬂa category. Boeing's design, however, was charged
with several flaws (top of Fig. 10): their use of features which
aggravated heating and their too-optimistic heating estimates, among
others. Martin and Bell had teamed to submit a higher-L/D mid-wing design.
Their proposal, overall, was.rated close to Boeing's primarily because of
Bell's obvious depth of experience in hot structures, acquired in their
previous boost-glide studies. USAF decided on June 16, 1958 to accept
the recommendations of the Source Selection Board to continue both Boeing
and Martin/Bell in a Phase I competition for the ensuing 9 months during
which revised and improved designs would be advanced to the mock-up stage.
Both teams were briefed on the new design features now recommended by the
NACA/USAF DS-1 group.

Boeing's Phase I efforts produced an entirely new design incorporat-

ing all of the government recommendations in a wholly satisfactory way
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(Bottom sketch of Fig. 10). Their new L/D 2 vehicle had a flat-bottom
wing, nose tilt for trim, toed-in tip fins, fuselage on the upper surface
of the wing in the protected "hypersonic shadow'" at reentry attitudes,
large leading-edge radii, and radiation-cooled structure with no internal
surface coolant. Martin/Bell developed a still lower-L/D vehicle with
somewhat similar other features. Figure 11 is the free-hand chart used
during the Phase I design evaluations in April 1959 to compare the glide
corridors and associated research aspects of the two vehicles - Boeing
having the edge here with a broader meaningful corridor exploration
pofential. In all other.respects except propulsion Boeing was judged
the more desirable sggkem. Martin, however, was continued as the booster
developer, primarilj;because of their involvement with the Titan.

At this stage'DS-l seemed to be everything that NASA desired. This,
we believed, was the research airplane that would extend the flight spectrum
from the X-15's Mach 7 on up to orbital speed, and the research data would
be equally applicable to boost-glide and sophisticated reentry systems.
NASA top management had readily accepted the drastic changes.ig.the con=-
figuration described above; however, they never formally repudiated the
large high-L/D water-cooled gliders advocated in the NACA-Views (Ref. 12).

Several of Langley's research divisions became heavily committed to
sﬁpporting projects bearing on the prime development problems of Dyna-
Soar. The_contractor negotiated directly with appropriate Langley staff
members for wind tunnel and other testing and then cleared the plans with
the Dyna-Soar project office at Wright/Paterson AFB. My long-time col-
league, P. F. Korycinski, had been assigned to the project office as

NASA's official representative, and he was effective in expediting the



38
support work. In the next three years some 3900 hours of wind tunnel
testing (NASA-wide) were accomplished throughout the broad speed range
of DS-l. Unnumbered additional hours were devoted to testing in special-
ized facilities related to problems in hot structures, landing system,
dynamic leads, panel flutter, noise, heat transfer, communications through
the plasma sheath during reentry and others. Agalytical and theoretical
work essential to these experimental projects absorbed added prime man-
power. Much of the fruit of these programs was, of course, of specific
use primarily to Dyna-Soar; but a significant part proved of general
fundamental value and gfg‘reported in general research papers. Reference
20 contains a substanfggl sampling of the results in hand by April 1960,
two years after the igitial source selection.

It is desirabie at this point to identify the principal Langley
individuals who contributed to Dyna~Soar. Starting at the top, F. L.
Thompson provided relaxed, shrewd general management which allowed great
freedom at the divisional and project levels. His assistant, H. A. Soule,
who also served as Research Airplane Proj cts Leader for NASA Hgadquarters,
handled effectively the day-to-day top management of Dyna~Socar. When
Stack moved up to his Washington office position in 1959, he was succeeded
by L. K. Loftin, Jr. as an assistant to Thompson. Unlike Stack, Loftin
showed much interest in Dyna-saar and he participated in the front-office
activities along with Thompson and Soule. As Chief of the Aerophysics
research division where a major part of the Langley support work for
DS-1 was centered, I was naturally involved in all phases of the program.
I was often also called upon to be the technical spokesman for the entire
Langley program, although no formal annointing for this function was ever

made.
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Following is a list of the principal Langley contributors to winged

r reentry vehicle technology in the '58-'63 period. These are individuals
shown by their publications or other evidence to have made noteworthy
r personal technical contributions. I am aware of the hazards in setting
= up such a list. If there are any omissions, in spite of the care I have
[ taken to include everyone, I offer my apologies.
;’“’ Principal Langley Contributors to Winged Reentry
. Vehicle Technology, 1958-'63

r‘ Hypersonic aerodynamics, configuration, stability and confrol
] " M. B. Bertram R
r“ M. Cooper 4
rq D. E. Fettermfm:
‘ ( A. Henderson, Jr.
r E. S, Love’

C. H. McLellan
r M. Moul

J. A. Penland -
r W. H. Phillips
..... R. W. Rainey
F L. Sternfield
r' Heat transfer
= I. E. Beckwith
- J. C. Dunavant
I"“ W. V. Feller

P. F. Korycinski
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Aerocelasticity, dynamic loads, panel flutter, launch vehicle dynamics,

landing system dynamics, noise

S. A. Batterson
L. D. Guy

J. C. Houbolt
H. H. Hubbard
U. T. Joyner

H. G. Morgan
A. G. Rainey

Ho Lo Runyan R el

-

"

Low-speed flight characteristics
D. E. Hewes

( .

R. E. Shanks

Paulson

Trajectory analysis

F. C. Grant

Reentry communications (blackout problem)

J. Burleck

M. C. Ellis

W. L. Grantham

P. W. Buber

R. A. Hord

D. B. Mclver, Jr.

T. E. Sims

ko
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Hot structures, materials

M. S. Anderson
R. A. Anderson
W. A. Brooks, Jr.
L. R. Jackson

E. B. Mathauser
R. A. Pride

R. T. Swann

Doubts about Dyna-Soar first began to surface during the summer of
59, To many Air Fofég’g&D specialists the growing prospects of military
operations in space yere more exciting than boost-glide operations in the
atmosphere., I learned first hand from my USAF contacts of another dis-
turbing point of ;iew ~ said to be shared by General Schriever - to the
effect that NASA's Project Mercury was believed likely to fail, making
it necessary for USAF to put the first American in orbit. This reasoning
was based partly on the Vanguard fiasco, and partly on Schrievew's alleged
belief that NASA's use of ex-researchers to manage Mercury was a mistake.
Researchers supposedly were inept at management and operations. USAF, on
the other hand, would succeed because of their BMD know-howvand experience.
In the event of such a USAF take over, Dyna-Soar would be the candidate
vehicle for the first manned orbital flight, and as such should it be a
sophisticated winged system or a simpler semi-ballistic system that would
be quicker to develop and perhaps more reliable?

Jd. Charyk, Assistant Secretary, had become a believer in USAF's
future in space and he was influential in instituting the so-called

"Phase Alpha" study in November 1959 at about the same time that formal
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USAF approval for DS-1 was obtained. Phase Alpha asked the DS team in
effect to "take another broad look and see if you really want a winged
vehicle or whether you can do better with a ballistic or slightly-lifting
type." The intent here, was clear: if another type of system could be
shown to have important advantages DS would be re-directed and every-
thing that had been done to support winged system technology would be
set aside. Probably there would be no manned explorations of the glide
corridor in the Mach 7 to orbital speed range.

USAF space advocates had found an important ally within NASA. Since
the Round III meéfing ghere he had proposed to work exclusively on
slightly-1ifting capqﬁae-type reentry vehicles A. J. Eggers, Jr., had
been cultivating a g;owing personal distaste for winged reentry vehicles.
As he saw it the ‘problem of placipg sizable payloads in space was aggra-
vated by having'to cope with the added weight of wings - especially with
the marginal boosters then available. What about lateral range, hyper-
sonic maneuvering, conventional landing, etc.? His answer was "If USAF
has a real reason for boost-glide or maneuvering reentry and co;ventional
landing -~ OK. But, if what they really want is the maximum possible
payload in space then they should use a simple light-weight semi-ballistic
reentry system.!" He spread this doctrine very effectively and it doubt-
léss contributed to USAF's decision to proceed with "Phase Alpha." As a
member of the Aero and Space Vehicles Panel of the SAB, Eggers had many

opportunities to hammer away against winged reentry configurations.

.3 1 a2 2

-3 _3

L2

1

3



—

3

3

3

"3

3 73

43
SAB Review of Dyna-Soar and ""Phase Alpha'

The five members of the Aero and Space Vehicles Panel and
11 consultants, mostly from Industry, met at Ames Research Center for
3 days, December 2-4%, 1959, for this review. They listened to presen-
tations by the DS project office and by NASA. Those of us involved in
the project believed that a major threat to our L/D a2 winged system
existed, and we anticipated that Eggers might attempt to strike a
mortal blow.

Realizing that his L/D~-1/2 blunt half-cone reentry vehicle
candidate was not likely~to find a sponsor now that Faget's ballistic
shape had been selec;éa for Mercury, Eggers had recently proposed a
more slender half coie the "M-2" which had an L/D of about 1, and which
might conceivably be landable as a glider (Ref. 23). Its great selling
point in his mind of course was that it was "wingless", a "1ifting body" -
even though its planform was about the same as the DS, as it would have
to be if there were any hope of achieving necessary low-speed handling
characteristics. In anticipation that we might hear the propag;nda for.
M-2, I built my presentation around Fig. 12 which compared two half-cone
bodies (L/D~1.5) with a DS-type wing=-body of the same planform and aspect
ratio (L/D~2). We knew from low-speed testing that the wing-body shape
céuld develop an L/D as great as 5 for low-speed approach, while the
half cones would certainly have lower (then unknown) low-speed per-
formance, perhaps about L/D~3. Thus the main virtue of the half-cones,
bought at sacrifices in L/D, would be increased body volume - a useless
feature in Dyna-Soar which had more than enough fuselage volume for its

anticipated payloads.
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I closed my presentation with a review of the impressive benefits
achievable by a winged vehicle in the L/D~2 range as covered in my
1958 conference paper, reminding the SAB that the sophisticated per-
formance of these winged vehicles involved only a nominal weight incre-
ment of the order of 1/3 over comparable ballistic systems. This modest
increment would certainly be tolerable as booster capacity advanced
beyond the Atlas which was the limiting factor in selecting the small
ballistic capsule for Mercury.

We were gratified when a large majority of the consultants agreed
with the choice of L/Dﬂia.as the proper goal for DS, and this was under-
scored in the Panel's:g;port (Ref. 24) which said "L/D of the order of 2
is considered correcf-." In the executive session held on Saturday,
December 5, Ghairmﬁn C. D. Perkins stated at the outset that Dyna-Soar
at this point was "easily killable," that USAF wanted Dyna-Soar, and
that, "SAB should help USAF." Perhaps because of this admonition, Eggers
was quieter than usual and did not attempt a hard-sell of the M-l or M-2
at this meeting. )

The Panel was concerned about the adequacy of advanced technology
in several areas of DS-1 design and they suggested that Phase Alpha,
rather than being a "do better'" exercise should concentrate on program
pianning to raise the confidence level. This suggestion was disregarded
in the ensuing Phase Alpha study (Ref. 20) which turned out to be largely
a comparison of alternate vehicle systems. However, the ground rules
laid down by the Project Office were such that only a winged L/D~2
system could possibly meet all the requirements, and thus Phase Alpha
was pretty much wasted effort? a gesture to upper management. When the

#It did produce some valuable comparative weight analyses.
See page 53. .
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Panel met again on March 28-30, 1960 they were provided with a massive
review of supporting technology, much of the key material that had been
prepared for the forthcoming USAF/NASA Conference on Lifting Manned
Hypervelocity and Reentry Vehicles (Ref. 20). The Panel was generally
satisfied regarding the adequacy of technology to support DS-1. Sig-
nificantly, however, at the end of their report (of April 15, 1960) they
inserted the following statement at Eggers' instigation:

". . . if the overriding requirement were to get large payloads

in orbit as soon as possible . . . the (L/D 1/4 to 1/2) vehicle

‘ class might well be preferred. . . . the Panel did want to be

I/
sure that the Ai;"Force was aware . . « of this alternate. . . ."

-4
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Rocket-Model Flight Tests Supporting DS-1

After the SAB meeting of December, 1959 I was convinced of the
political desirability if not of the technical necessity for a high-
priority attempt to obtain flight tests data to validate questionable
DS wind tunnel results in certain critical heating and aerodynamic areas.
The attempts within NASA to extend the Wallops Island rocket technique
to Mach 15 or higher had proved disappointing. From the standpoint of
setting new PARD speed records these flights were a success (See NASA
Ref. Publ 1028), but a careful review of results presented in NACA/NASA
conferences shows theqtgghnical contributions to be disappointing; the
flights were always suﬂ%ect to rapidly changing velocity and altitude
conditions, little of:no structural data were obtained, and the models
were not recovered.l

I had recently learned from colleagues on the NASA Missile and
Spacecraft Aerodynamics Committee of the possibility of attaching
"hitch-hike" or '"piggy-back" tests to recoverable USAF/BMD RVX-2 nose-

cones. (The RVX was the first ablation-protected IBM nose cone recovered

after a long-range flight over the Atlantic in May, 1958). Scheduled

future flights would be Atlas~boosted to reentry speeds of about Mach 22 -

ideal for the critical heating and aerodynamic tests that we needed.

To explore this possibility I travelled to BMD and STL headquarters in
Los Angeles on February 19, 1960. George Solomon and his cohorts thought
our type of add-on aerodynamic test would be feasible and urged me to
proceed. Accordingly, we organized an ad hoc design group under

C. H. MclLellan which came up with the rather unlikely constellation of

test models arrayed about the RVX-2 shown in Fig. 13. About half of the
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proposed tests related specifically to the DS-1 configuration; the rest
were more general experiments. It was not difficult to convince the DS
project office to fund this RVX-2 payload in the DS development program
in August of 1960. BMD, of course, was funding the bcoster. NASA/Langley
agreed to provide the engineering and the instrumentation for the payload.

Another rocket test vehicle system useful to DS-1 was already under
preliminary consideration in 1960 by the structures and materials groups
in USAF's Flight Dynamics Lab. ASSET (Aerothermoelastic Structures Systems
Environmental Tests). In the curiously detached and indifferent way in
which major sub-diviSignE’of the giant bureaucracies often ignore each
other, FDL's vague aqé all-encompassing project description for ASSET
made no mention of X-15, DS, ground facilities, or other important inter-
relationships. Flgure 14 is the Langley chart used to clarify the
situation (the "proposed NASA experiment" is the RVX-2).

Thus by 1961 two complementary sets of unmanned flight tests

important for Dyna-Soar were in active preparation.
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The Decline and Termination of Dyna-Soar
NASA's influential involvement with Dyna-Socar came to an abrupt end
in 1961. It was probably no coincidence that this decline started soon
after General Schriever's accession as head of ARDC. The charts used by
Soulé, Becker, Korycinski, and others of NASA's Dyna-Soar Team to describe
this situation to Administrator Webb on January 4, 1962 are shown in
Figs. 15, 16, and 17. W. E. Lamar had rather apologetically informed us
during the fall of 1961 of the drastic redirection that was to be imple-
mented in December 1961, without any participation or consultation with
NASA. The series of sub=orbital manned flights down the Atlantic missile

p
range at progressively increasing speeds, which constituted the 'research

airplane''-type of exgioration of the boost-glide and the reentry cor-
ridor of prime int;rest to NASA, was entirely eliminated. Now in ihe
interests of ecdnomy, and perhaps following the lead of Project Mercury,
only two unmanned sub-orbital flights would be made, from Cape Canaveral to
Edwards, prior to similar sub~orbital manned flights, and orbital flights.
USAF also cancelled their support for our RVX-2, a relati;;ly minor
but for us a particularly unpleasant act. (We subsequently made a
rather half-hearted and unsuccessful attempt to continue RVX-2 under
NASA funding). As far as our NASA DS team was concerned Dyna-Soar as a
résearch airplane was dead.
Durins the remaining two years of Dyna-Scar's existence NASA con-
tinued as a largely inactive nominal partner, completing the tests to
which we were committed. It was now obvious that USAF was interested

in DS only as a prototype of an orbital system and not as a research

vehicle. Whatever R&D aspects might be involved could be treated in
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lesser unmanned programs like ASSET or START, accordirg to their
philosophy. As time went on it also became increasingly apparent that
USAY did not have a clear believable vision of what their orbital system
reguirements really were, and thus doubts increased as to whether DS-1
was an appropriate development vehicle. The fact that DS was a winged
system was now cited as a liability - due largely to the effective wide-
spread anti-wing propaganda of the Ames group. 'Wings are for airplanes"
they said.

A few months before the final denouement the DS-1 Project Office,
in desperation, called gp-its old partner for help. I spent a day in
Washington in March, }é%} with Calvin Hargis, Milton Ames, and several
others making the besi case we could for saving the project. Much of
the argument centered on the technology advances that would acrue. And
much of it had a.hollow ring. We all sensed that by now, the case was
probably hopeless.

Driving back to Newport News that evening on icy roads an oncoming
car skidded into my lane, wiping out my small convertible,‘but i;aving
me intact. I had suffered much in my travels for Dyna-Soar. Previously,
an engine fire on take-off over San Francisco, a three-hour hold over
Washington followed by a hgir-raising late night landing in a blizzard,
and now this!

Some valuable lessons were learned on Dyna-Soar. By the time of
termination in December 1963 one could see that step-wise ascent through
the glide or reentry corridors in the manner of the earlier manned
research airplanes was not really essential to reentry vehicle technology

advancement. For one thing the ranges became too long to be practical
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as the speeds approached orbital. The great successes of Project
Mercury underscored other more appropriate development procedures, and
at the same time provided an enormous increase in confidence level in
ground facilities and in the viable technology achieved from intelligent
combination of theory and partial-simulation data from a variety of

facilities.

It might be argued that Dyna-Soar should have been terminated in the

fall of 1961 when it was re-oriented losing its research-airplane func-
tions. Certa&nly, this would have resulted in major cost savings.
(Trdubled projects are seldom terminated as promptly as they should be
from purely cost cons%égrations; Ref. 25 gives an example). However, if
that had been done'mﬁiy of the engineering developments of Dyna-Soar

would have been stopped in such an early stage as to be of little value.

It was the fitting of successful detailed engineering solutions into the

general conceptual framework of a winged reentry vehicle that constituted

Dyna-Soar's principal contribution. The NACA/NASA conceptual recommenda-

tions of 1958/59 were now tested, substantiated, and "fleshed out" in a
real system.

Strong differences of opinion between Ames and Langley,. which were
often debated with some heat, reached their peak in the Dyna-Scar pro-
grém and continued in milder form in the landable lifting-body work
described iq the next section. It would be quite wrong for readers to
assume, however, that there were any lasting personal animosities in-
volved here. On the contrary, this competitive situation generally
increased mutual respect, stimulated thinking, and enhanced the quality

and pace of our R&D work.
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The Lifting-Body Diversion on the Way

to the Shuttle

The solid advances in all facets of winged reentry vehicle technology
produced by Dyna-Soar seemed to have limited acceptance by the aerospace
community of the early sixties. Instead, the demise of Dyna-Soar was
interpreted by some as a failure or repudiation of winged reentry
vehicles. There was an obvious psychological reaction. Like the pro-
verbial rats, many aercspace vehicle specialists flocked over into the
" ifting Sody" camp in 1963.

A month before the termination of DS the AIAA had published my survey

article on Entry Vehicf;s in which I had reviewed the cases for both
winged and wingless vVehicles (Ref. 26). I pointed to the relatively un-
developed state of iechnology of the lifting bodies, particularly in the -
areas of low-speéd aerodynamics, handling qualities, heat protection, and
related weights. Although I personally was still strongly biased towards
the winged approach, it seemed obvious that we now must develop and assess
the lifting bodies in serious detail in order to provide a firm.Lasis for
choice.

A 1963 chart which I used in several "reentry" talks is reproduced
in Fig. 18. It suggests that the lifting-body concept is a hybrid
deriving features from both aircraft and missile developments. Figure
19, with a 1967 perspective (Ref. 27), enlarges on these relationships
with more detail, and with the addition of a time scale. (It may be
noticed that a lifting body of extreme slenderness and hypersonic L/D of
"3% is mentioned for completeness in Ref. 27 and Fig. 19 to indicate the

upper possible limits. As shown on Fig. 19 such shapes would have to
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utilize switch~blade wings or other special devices for low-speed flight
and landing.)

E. S. Love, R. W. Rainey, B. Z. Henry, and others in Langley's
hypersonic and configuration groups undertook the development of a flat-
bottom, delta planform ligting body, starting in late '62. They sought
a vehicle which would offer improvements over the Ames M-2, the most
highly-developed concept up to that time. In particular they were aiming
for a large fraction of usable volume, natural self-trimming at high-
1lift altitudes, and improved low-speed handling characteristics. The
Langley HL-10 (hofizopte;:lander, design 10) was the result some 18
months later after extégsive analytical and wind tunnel work. A large
scale piloted versiodfstarted flights at Edwards in December of 1966.

Two versions of the Ames M-2,the M2-Fl and M2-F2, and the Air Force's
SV-5P (X-2u4A) we;e also flown succ;ssfully in the Edwards program. Thus
it was apparent beyond any further doubts that with careful design,
sufficiently high aspect ratio, and with appropriate stability augmenta-
tion and artificial damping, lifting bodies in the hypersonic L}b‘VI to
1.5 category could be made capable of piloted glide landings.

However, it was also clear from these programs that the low-speed
L/D of the lifting bodies was always significantly less than that of
winged vehicles similar planforﬁ and aspect ratio. This means that their
descent rates are higher, and other factors being equal, their approach
and landing characteristics are more critical with smaller margins for

error than for the winged designs. A principal advertised advantage of

the lifting body, increased volume per pound of weight, was found partly

illusory, because balance, packaging, and other requirements made a
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sizable part of the volume unusable, even in the HL-10. Furthermore the

high volume cost something in added heat protection weight. That is,
(if an¥)
the net weight saving,due to elimination of the wings was less than the

weight of the shed wings.

In contrast to the weight "savings" hoped for by
the early aerodynamicist promoters of wingless lifting bodies,
it had been known since the time of "Phaseo(" (1960) that the
bodies were always heavier than winged vehicles of the same
hypersonic L/D. In "Phase® an M-2b body of I/Da.3 was found
to weigh 9391 1lb at orbital injection, while a strictly
comparable winged vehicle weighed only 85901b. These careful
estimates were made by qualified specialists from four aerospace
firns. (Ref 20) .

-
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The Winged Space Shuttle

With the successful flights of the small piloted lifting-body
vehicles at Edwards, and with winged reentry systems having been dormant
since 1963, it was naturally assumed by the lifting-body promoters that
the Space Shuttle would employ one of their products. It came as a
shock to them when the series of system studies starting in 1969 (Ref.
28) revealed that the Shuttle would have to be a winged configuration
basically similar to Dyna-Soar but some 20 times heavier. The enormous
cargo bay demanded for the anticipated payloads, 60 feet long and 15 feet
in diameter, was prac;isglly impossible to fit into any reasonably pro-
portioned lifting bodyfﬂ The higher hypersonic L/D of the winged design
was needed for cross:;ange. The wing also provides a higher reentry
trajectory, shieldiﬁg of the fuselage, better handling qualities, and
extra margins for safety in approach and landing. The prospect of the
"dead-stick landing from space of this 180,000 1b. behemouth was far
less fearsome and less risky with the extra aerodynamics of the wing.

Our basic 1958 postulate used in promoting the many advant;ées of
winged reentry - that the modest weight increment of the wings would
cease to be a critical consideration after booster technology advanced
beyond its embrionic stage - was now amply confirmed.

In addition to enormous advances in booster technology, the Shuttle
enjoys a thermal protection system far more effective and more durable
than the metallic radiative structure of Dyna-Soar. In essence its
lightweight ceramic blocks are the "unobtanium" that we could only dream

of in the 'S0's and early '60's. In other sub-systems, however, the

Dyna-Soar experience pro%ided a technology base on which Shuttle designers
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could build. Virtually all of the reentry configurational and
operational principles developed by NACA/NASA in the late '50's and
applied in Dyna-Soar are followed in the Shuttle.

Tom Wolfe has discussed the winged Shuttle and its relationships to
the previous research aircraft and space capsules from the point of view
and emotional reactions of the Edwards airplane test pilots (Ref. 29).
Their personal satisfactions on the realization of this flyable winged
aircraft/spacecraft are shared by the researchers and engineers who
visualized the possibilities and developed much of the underlying tech-

nology some 20 years before the first flight of the Shuttle.
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= Fig. 1. Results of calculations made in early 1957 showing
! weight superiority of langley's flat-bottomed con- . =

S figuration over the flat-top advocated by Ames.From j

( ] the heating analysis of Becker and Korycinski and

—_— thermal-protection weight estimates of Roger Anderson

R and others in the Structures Division. The flat-bottomed m}

T concept was later adopted in conceptual reentry designs

P and, the Dyna-Soar and Space Shuttle vehicles.
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Fig. 2. Chart developed in Langley HYWARDS study for present-
ation to Langley management on Jan.11,1957, showing
heating alleviation for global-range glides by operation
at high angle of attack and reduced 1/D.(See Ref.8)
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at Langley to show the decreased relative importance of
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. * Fig. U4, Chart first used in April and May 1957 in HYWARDS talks L At ]2

1/D at hieh hvpersonic speeds, and the constant importance



GLOBAL TKRAJECTORIES

25300 /5
N L/D
Wy

D=4l D=1

Max. SKIN Ea.TEMP. | 2100 °F.| 1800°F

3

3

e 3

3 __3 __32

3 .3

-3

MAX. L E. Ea. TEMP. SBOO°F.| 2700 °F

L_E. CooLANT /FT. SPAN | OO LB g L___';

(‘tg. 5. Langley chart dated May 1,1957, extending the idea of
: high-angle-of-attack operation to maximum 1lift (x~455

L/D~1) for global-range flights. Most of the range is

covered on the outer fringe of the atmosphere at low

heating rates; peak deceleration and heating occur near

the end of the trajectory. Skin temperatures and coolant
requirements greatly reduced in comparison to the high- . c
L/D flight. < AT

3



. XA A
COMPARISON oF EQUAL-WGT, SYSTEMS I3

_G.L.LDEE_ ' c! o
Sw 174 587
20700 * 16700~
Wi el 45000 49000
Wi ot 65700 65,700
Wit/ W, 3.17 3.93
T/ W, 2.76 3.43
AV 9400" 11,1508
BOOSTER
Wier  274,3007 274,300 °
yaNV4 8600' 8600

Wior 340,000 340,000 *

\4 18,000/ 19,7503

L/D 4.2 38
RANGE 4 700 nm S600 nm.

Chart used in Round III_ summary talk by J.V.Becker
showing how the Langley glider could achieve increased
range by L/D reduction through use of a smaller wing,
and emphasizing the need for optimization analyses of
both the Ames and Langley vehicles. Re¥ 4.
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Fig. 7. Minimal manned reentry vehicle concept sketched for use
of J. Stack in November, 1957. This was the first crude
attempt to apply the ideas for eliminating internal
coolant in a practical design using high-temperature
metallic structure.See Ref.17.
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féyz/’ £ ‘ Flg. "8 The manned satellite  hicles proposed by Industry in

# 7 USAF's "Man-in-Space-Soonest" study. Summary compiled
' at gontractor s presentations at WP-AFB in late January
' o195 ﬁs&o- GOOD~ |~ | wn ]
f ; = $ ) L/D- S
- TN, MANNED Dl D"-}' »]Q [ (5) | A X158
- OSATELLITE e | = sl Mo 1} . N STRIPPED -
_WGT, LB. | 3000|3500 2545 24oo 1500 zooo~looo |sooo~loooo 4000 | 11000
ATLAS ATLAS| ATLAS' AozT ATLAY 4 Grae ATLAY
TITAN  + | 1 2 ot
BoOSTER MLST, _HUST: 'POLARIS'TTAN 3.@9__51.1_143_5*5___«;?’1'_ XL -a8] PolAgis )
ORBIT 180-300 190m. ;] 100m] 120m 20048 |70 | 180- 150 :
SREV IAPAY L | LREV. I WEEK | 5 DAYS T I R PO
* TrAcKiNg —- i M TRACK ST, - ,f_ -
-— 4 ,»»-—-...-r __—-—-l. —— g e e [RUUEREEIV, P t.. " .. , - . . e g -
- R Oer T RETRO.,RETRO.|RETRO.| PETRO ! 'VAR. ;m;_mé, PETRO,! '{ 2 VARY |av- ¢S] =
e AV—-2(D V=500 DEA AV- aw AV ! Q ' -+ ¥
_ ConTrROL Fifscc] Vs ’ b ) C Q| L/D vae el <€
..._._A._-.-.-.._..-._._.......__- e SERSERRNEY NP R e —- _’..._-_..._ - . .S.,..*_ —— = - ; M . : . AK' L/U 0
TTITUDE ROCKET] ROCKET] - Rocxs'r' CHUTE | = - 1o ®  ROKET IRoCkET| &
- ConTrOL |Evore{ .} . 1 ] | ‘Z a  pifer g—:
P'LQINcT,ONS | NONE | NONE | NOWE | NONE | NONE | NONE 2 43 FLy AiRe, MoniTor] ¢
. - — --M--__f F _.t.... . P , ' -
Max.DeceL.  |~89 |8-15g| - |85y [7-9¢4 1 - . -~ .Y > e M
STﬁucT TYPE' ABLATION| ABLAT, |GEAPNTE *"‘5""( RADIATION ABIAT] _ | § v ’ r 4
e e [ORBERY] | HT.SHIEL (BEEYL)&oLYonru A ,_T: . g g E;‘SET‘JI | FNCONE ‘? 9,
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3 All non-winged designs use zero-C, reentry with no flight path control. Winged designs
. have complex ground controlled systems monitored by pilot.
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HIGH-LIFT-GLIDE RE-ENTRY CONFIGURATION
i .
————255————
Ay T F ‘ -
;' 12 .
, .
L
: . ' _ || B |
| - ST
; IR PAYLOAD 1400 LB
STRUCTURE AND SYSTEMS 1660
3060 LB
) ; W/S, 16 LB/SQFT - -~
L Fig.9. Conceptual winged reentry vehicles discussed in Fig.10 of
paper No.l4 of Ref.19. The lower design embodies all of ‘
the langley-developed features fo: minimizing heating
and allowing metallic structures with zero coolant.(Ref.17)
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GENERAL ARRANGEMENT
MARCH 1958

GENERAL ARRANGEMENT
APRIL 19859

Fig.10. Charts No.4 and 8 of Boeing paper by R. Rotelli in .
Ref.21 showing the changes in their Dyna-Soar con- -
figuration from their original proposal of March, 195€
to the design of April, 1959 which incorporates all-
of the major alterations proposed by the Government
on the basis of the NACA/NASA recomendations of Ref.19.
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11 slelpushtpunpaisatifng ' sifspagys EHHHITIRY [
Free-hand sketch for chart used in presentation to

b e
prat

Dyna-Soar Source Selection Board showing the generally 21k
broader capabilities of the Boeing glider for corridor
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CONFIGURATIONS FOR (I—'S-)MAX~ 1.5 70 2.0

(SUBSONIC (fo)MAx ~5)

-———-‘

HALF -CONE
.. ALT.SECTION
:-.::“
WINGED d_
. .
i5°
-t —/
PLAN (BOTH)
NASA ~ L-1354-8' BECKER 12-2-59

Fig.12. Chart used in NASA presentation at SAB meeting of
Dec.2-4 to compare the conceptual Dyna-Soar wing-
body with comparable lifting bodies of the same
planform. Data were available for wing-bodies indicating
L/D 2, hypersonic, and 5, subsonic. The lesser perfor- T
mance of the lifting bodies was estimated as appronmafely
L/D 1.5, hypersonic, and 3, subsonic.
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ADVANGED FLIGHT EXPERIMENTS IN
HYPERSONIC AERODYNAMICS AND HEATING

LIFTING VEHICLES

PLASMA

| P//mc:] <

HIGH TEMPERATURE
BOUNDARY LAVERS
| | . AFTERBODIES

i load
ig.13. The proposed RVX-2 aerodynamics/heatlng'pay
Fie.13 conf?guration developed by C.H.McLellan's Langley

group in 1961.
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LIFTING VEHICLE TECHNOLOGY

REYNOLDS NO.
9

v .

. 10

(=)

HOT WIND
TUNNELS

1021 _ LN
0 20 30x 10
VELOCITY, FT/SEC

o
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L-1585

Fig.14. Environmental comparisons for the RVX-2, other flight
test systems, and ground-based facilities.
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CORFIDENTTAL
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NASA parTicipaTioN N DYNA SOAR
APRIL 'S8 fo JAN ‘6l .

Apr. 1958 Evaluation A
Dec. 1958 SAB review
Apr.1959 Evaluation

Dec. 1959 SAB review | .
Jan. 1960 Phase Alpha study |  Heavy
Mar. 1960 SAB review f ,a:lrelg;aﬁon
Apr. 1960 2S coﬂferenge

Aug. 1960 RV X2 added fo DS

Nov. 1960 DS-NASA plan for
. RVX-2

Dec. 1960 SAB review J

————————— -—

Fig.15. Charts used in Dyna-Soar briefing of Jan.4,1962 for
NASA Administrators Webb, Dryden, and Seamans.
(a) period up to Jan.,1961.
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“Formal evaluations of above concepls

.
CONFJDENTIAL

PERIOD OF JANUARY 196}

TO DECEMBER |96l

-Studres of space gperations of DS )

(Rendezyous, multjple orbits, efe.)

‘Aerospace Corp. studies of new DS
contigurations; structural approaches, ete.

Project "S’fredm//’r/e'fdﬂq’y and evalvations thereof

*Study of Mercury Mark II as substitute for 0.5}
-Booster studies

«Selection of Titan IIT Booster
Two SAB reviews of above studlies
-Abandonment of .s'fé,p approach
-Romoval of PVYX-2 from DS

; COW/I
/5’(2) 1961 to 1962. S N

Ao
NASA

Farticipation

&~1376
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MANAGEMENT SUMMARY

l. NASA support to DS currently involves
about 55 personnel continuously

2. NVASA has af/_://i;ea’ /ts wind Funnels for
DS for 3900 #hre

3. Alttough the AF rs considering a fundamental
redirection of The program, fhe working
level fas o canfinve under e curreot
directive ; AF asks NASA for support in
areas of fests fhat will probobly
be abarndoned

4, AF tas essentially eliminated NASA rrom
policy decisions

(-1381

Fig.16. Presentation of Jan.4,1962. Management Summary
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TECHNICAL SUMMARY

l. Exploitation of winged-configurations is an
essential part of a balanced space program.

2. Deletion of build-up flights fo 22,000 fps

from the DS program increases the risk
of failure.

3. The RVX moae/ fe.s'f.s" should remair Iin
the program.

4. Saturn is the only booster system fhat .
would give DS orbital capabilities by /964.

£-/380

Fig.17. Presentation of Jan.4,1962. Technical Summary.



VEHICLE _EVOLUTION

¢ \

| IcCBM » MERCURY GEMING APoLLO

LiFTING BoDY
- LD ~ l

X- | X-2 X-15 X-20 (DynA-SOAR)
1200 MPH 2000 MPH 4500 MPH 17500 MPH

Fig.18. Pictorial vehicle evolution showing the con-
tributions of both aircraft and missile tech-
nologies to manned reentry vehicles. 1963 chart.
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