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AADS
ABPS
ADDB
ADS

AEDC

AOA
ASRM
ATP

CAL
CDR
CG

ALT .

Mean aerodynamic chord, MAC
Freon

Acceleration due to gravity
Altitude ...

Helium

Thousand

Body length (of Orbiter)

Million
Mach number

Mean aerodynamic -chord, ¢
Nitrogen

Dynamic pressure

Reynolds number, based on Orbiter body length
Seconds

Velocity

Viscous parameter

Body axis, longitudinal (Orbiter)
Body axis, lateral (Orbiter)

Body axis, vertica. (Orbiter)

Angle of attack
Angle of sideslip

Bank angle

Flight-path angle
Universal gas constant
Sweepback angle

Abbreviations, Acronyms:

Aerodynamics ~ test type designator, or

Ames Research Centér - test responsibility designator
Ascent air data systenm

Air breathing propulsion systenm

Aerodynamic Design Data Book

Air data system (Orbiter)

Arnold Engineering Development Center
Approach and landing test

Abort to once around

Abort solid rocket motors

Authority to proceed (management milestone)
Carrier - test configuration designator:
Cornell Aeronautic¢al Laboratory

Critical design review (management milestone)
Center of gravity

Contractor report
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DATAMAN .

DCR
DFI

ET
EPS. .

F

FCF
FMCF = -
FMOF
FRL
FRSI
F.S. .

— H

HRSI

I

v

L

L.E.
LRSI
LTV

M

MCR
MECO ..
NASA
-ARC
-FRC
-HQ
-JSC
-LaRC
-LeRC
~-MSFC
NSWC

0
O/ET
OFT
OML
OMS
ov.

PDR
PRR -
RCS

RI
RTLS
S

SAL -

S&C

SCA

SEP

SOF

SRB

SRM

SRR
SSECP-WTP

Data Management System (Chrysler-Corporation)
Design certification review (management .milestone)
Development flight instrumentation = ..
External tank
Electrical power subsystem
Marshall Space Flight Center - test responsibility designator
First captive flight (ferry program)
First manned captive flight (ferry program)
First manned orbital flight
Fuselage reference line
Felt reusable surface insulation (blanket)
Fuselage station, or Full Scale
Heating - test type designator
High (temperature) reusable surface insulation (tiles)
Integrated Vehicle - test configuration designator
Integrated Vehicle
Langley Research Center - test responsibility designator
Leading edge
Low (temperature) reusable .surface insulation (tiles)
Ling~Temco-Vought Corporation
Johnson Space Center - test responsibility designator
Modification change request
Main engine cut off
National Aeronautics and Space Administration
Ames Research Center
Flight Research Center
Headquarters
Johnson Space Center
Langley Research Center
Léwis Research Center
Marshall Space-Flight Center
Naval Surface Weapons Center
Orbiter - test configuration designation
Orbiter/external tank mated configuration
Orbital flight test
Outer moldline
Orbital maneuvering system
Orbiter Vehicle
Preliminary design review (managment milestone)
Preliminary requirements review (management milestone)
Reaction control system
Rockwell International
Return to launch site (abort)
Solid rocket booster - -test configuration designator, or
Structural dynamics - test type designator
(Space) Shuttle approach and landing
Stability and control
(Space) Shuttle carrier aircraft
Separation
(Space) Shuttle orbital flight
Solid rocket booster
Solid rocket motor
(Space) Shuttle requirements review (managment milestone).

Space Shuttle Engineering Coordination Panel - Wind Tunnel Panel
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SSME Space Shuttle main engines .
SSPO Space Shuttle Project Office
SSsv Space Shuttle Vehicle !
B STAR Scientific and Technical Aerospace Reports j
g STS Space Transportation System :
| : T External tank ~ test configuration designator
S TAMU Texas A&M University
3 TBC The Boeing Company
T.E.. Trailing edge
TPS Thermal protection system
e Thrust vector control
V/STOL Vertical/short take off and landing
WL Waterline 1
WIO Rockwell International - Wind Tunnel Operations Group ‘
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ABSTRACT

A major phase of the Space Shuttle Vehicle (SSV) Development Program has been
the acquisition of data through the Space Shuttle.Wind Tunnel Testing Progran.
During the early concept studies it became obvious that the large number of
configuration/environment combinations would necessitate an extremely large wind
tunnel testing program. To make the most efficient use of available test
facilities, and to assist the prime contractor for Orbiter design and Space
Shuttle Vehicle integration, a unique management.plan was devised for the design
and development phase (1972 through 1983).

A brief overview of the Space Shuttle Program is given together with the
evolutional development of the Shuttle configuration. . A detailed review is

provided of the wind tunnel testing rationale and the associated test program ..

management plan and its overall results. Also given is information as to the
various facilities and models used within this program. A unique posttest
documentation procedure is Presented. In conclusion, a summary of the types of
tests per disciplines, per facility, and per model are presented.together with
detailed listing of the posttest documentation which is available through
Scientific and Technical Aerospace Report (STAR).

PREFACE

Conceptual studies for a United States Space Transportation System (8TS)
determined that the large number of ‘configuration/enviromment combinations would
necessitate an extremely large wind tunnel testing program. To.efficiently use
the available test facilities and to assist the prime contractor for Orbiter
design.and Space Shuttle Vehicle integration, a unique management plan was
devised for the design and development phase (1972 through 1983). This paper
presents a detailed review of the wind tunnel testing rationale and the
associated test program management plan. Included are tables of the complete
wind tunnel program indicating facilities used. Also included are tables of the
models, and the overall configuration schedules. The management plan involved
facility representatives from the major testing centers. They were briefed
regularly on the configuration status and the corresponding test requirements.
In addition, the need for an integrated system for processing large blocks of
wind tunnel data and for a standardized documentation concept was recognized and
incorporated, utilizing automated data handling. Both the management systemn and
the documentation methods resulted in reliable data and an efficient wind tunnel
program for. the Space Shuttle Vehicle. ... —

This document should be a guide for future conceptual test planning of wind.

tunnel programs similar to that for the Space Shuttle. Items addressed are wind
tunnel test planning and management, data management and documentation, new
supplemental testing techniques, and innovations in medel design.
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- 1. INTRODUCTION

In late 1960, the National Aeronauties-and Space. Administration (NASA). explored f ,
the feasibility of employing a reusable vehicle for access to low=-Earth orbit. ‘
: Ideally, the desired vehicle would be similar to a conventional aircraft in both
'i‘ design and operation. This would minimize the expense of a single~use launch
: vehlcle. To assess the vehicles'-aerothermodynamic. performance, concept
feasibility studies in Phase A were conducted. The empirical data was relied on
for generalized trade-off studies of the configurations selected. Phase B
(definition) would rely on simple scaled models by each competing contractor.
. These scaled models were tested in the more critical aerothermodynamic areas.. _ ‘
, They were also supplemented by parallel NASA studies on generic configuration : j |
- trade-offs. Phase C/D would then take the selected contractor, with an.
, essentially frozen configuration, through the design and development stages.

The early feasibility studies determined that many complex configurations would : ’
be required to meet the objectives of a reusable vehicle. These configurations : i
would entail an enormous amount of wind tunnel tests. Regardless.of which
configuration/operational concept combination was selected, many unique
configurations from the viewpoint of ground facility tests and model .
requirements would result. The launch vehicle, whether completely reusable or
only partially reusable, would change configuration with each staging. The .
entry- vehicle would have large center of gravity shifts because of the varied
payloads to be carried. It also would be subjected to the largest range of
velocity, configuration, and environmental combinations ever experienced by a
L manned vehicle. In addition, requirements for horizontal low-speed flight tests
and a "ferry" concept added several new configurations. All of these many
combined shapes would require testing for aerodynamics, aerothermodynamics,
structural loads, structural dynamics, and stage separation. Thus, even before
the STS concept or the prime contractor was chosen, estimates for the amount of
wind tunnel facility testing, exceeded that of any other previous aircraft or
space vehicle program. To meet these many varied requirements, a new approach
was required to coordinate the large number of tests. Also required.was
efficient use of “he available test facilities and developing economical and

timely reporting concepts. This would result in reliable data for the design :
analysts.

g v MIN RS

S

This paper (an extension of reference 1) presents the rationale for !
configuration testing within the basic .disciplines. It also describes the wird :
tannel program management approach and the documentation procedure. Included ' !
are detailed tabular listing of all of the testing that was performed to define '
the baseline c¢onfigurations. Also included is the direct-support testing done . {
by the NASA centers. It should be noted that the scope of the material in this

paper is intended to cover the prime contractor SSV wind tunnel test program ,
only. That is,_ the Phase C/D portion which extended from mid-1972 to late 1983.
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2. BACKGROUND

The preliminary investigations of STS concepts, entitled Integral Launch and

Recovery Vehicle Studies, commenced in February 1969, by direction of NASA's-

Office of Manned Space Flight. Within these studies the major aircraft

manufacturers were invited to submit their. concepts for evaluation. From these

Phase A feasibility efforts, i1t was concluded that the lifting body, or so
called "wingless" class vehicle, would not be compatible with efficlent cargo
packing and the necessary subsystem arrangements. Nor could this configuration
provide the subsonic performance requirements that were needed, primarily lift-
to-drag ratio., However, the proposed winged, two-stage vehicle concept appeared

somewhat more promising. It satisfied the overall projected mission.

requirements, The major difficulty of this concept was the design and
development of optimum aerodynamic configurations for the individual Orbiter and
booster veh:cles. Also required was a configuration for the integrated vehicle
system. . At “his point in the program, rluere were two Space Shuttle Orbiter
configuration concepts being evaluated. One was a straight wing design with a
horizontal tail (ref. 2). The other was a delta wing design.

Subsequent to Phase A, funding for a follow-on preliminary design study (Phase
B) was issued in July 1970 to the participating contractors. At this time the
U.S. Air Force added their particular requirements. The major of these involved
the areas of payload capability and crossrange requirements. The primary
purpose of Phase B was for the contractors to .further refine their proposed
configurations including the new mission requirements. They also had to prepare
a preliminary_ estimate of the costs. Because of the increasing complexity and
expense of the Space Shuttle Orbiter/booster'design studies, the contractors
organized into teams of two. One concentrated on the Orbiter Vehicle; the other
on the booster system. Shortly after, NASA management realized the large
ultimate cost of the completely reusable concept. It decided to indefinitely
delay the "flyback" booster in favor of an expendable booster. Additionally, it
was decided to reduce the Orbiter size to be compatible with the chosen.booster
system. These design philosophy changes extended the Phase B effort for an
additional year. This contract period was referred to as "Phase B Prime."

Following the Phase B Prime study, another extension was initiated. It reduced
the fully reusable Space Shuttle Orbiter size further .and concentrated on a two-
stage, parallel-burn booster system concept. This booster concept was
configured as a pair of recoverable 156-inch diameter solid rocket boosters
(SRB), with an external liquid fuel tank (ET). They would feed the rocket
engines in the Orbiter. This second extension was referred to as "Phase B
Double Prime." The configuration results of this phase are shown in Figure 2.1.

In March 1972, NASA issued a request for formal proposals for -the design and
development of the Orbiter including systems integration, the ET system, and the
SRB system. . The Rockwell Rocketdyne Division had already been chosen to develop
and produce the Space Shuttle main éngines (SSME's), in July 1971. 1In July
1972, Rockwell International (formerly North American/Rockwell) was selecéted as
the prime contractor rfér the Phase C/D design, develdpment and production of the
Orbiter, and the overall integration of the SSV System. In August 1973, Martin
Marietta Corporation was awarded the contract for design, development, test, and
production of the liquid-fueled ET. In November 1973, Thiokol Chemical
Corporation was awarded the contract for the SRB's,

e e e e e -



The carrier vehicle concept for ferry and air launch (low-speed flight tests) ..

was originated in late 1973. The original concept of "bolt-on®" air-breathing
engines had operational limitations with range, lncreased turnarocund time, and
recovery from contingency bases. Technical concerns were scar welght to the
Orbiter, thermal.protection system (TPS) degradation, and possible cargo bay
contamination. Studies done by the NASA-Flight Research Center (FRC) as well as
other independent studies showed the carrier concept was feasible for both ferry
purposes and the approach and landing test (ALT) program. In June 1974, the
Boeing T4T was chosen to be the Shuttle carrier aircraft.(SCA)..

. A historical account of the early programs leading up to the SSV concept can be

found in reference 3.




3. CONFIGURATION EVOLUTION e -

Identification of the SSV dont‘igurations as they evolved can be confusing |
because of several levels of configuration designation. The initial .
designations, related to the program milestones, used the following acronyms: ‘

s

ATP = Authority to Proceed

PRR = Preliminary Requirements Review
PDR = Preliminary Design Review

CDR - Critical Design Review

|
|
5 On the design engineering level, the prime contractor configuration control |
drawing designations were used. At times the lines (contour) drawing
designations were all that was available because changes were made so. rapidly.
; In addition, SSY designations 1 through 6 were used by both management and
’ engineering. Figure 3.1 shows the approximate time periods for the various ,
“ designations. Figure 3.2(a) and 3.2(b) are summaries of the major configuration f
: definitions for the Orbiter and Integrated Vehiclz. (IV), respectively. Figure
3.3(a) through 3.3(e) are three-view drawings of the major Orbiter definitions
shown in fig. 3.2(a). Figure 3.4(a) through 3.4(e) are three-vieyw drawings of ‘
the major IV definitions shown in fig. 3.2(b). Figure 3.5(a) and .3.5(b) are , ;
three-view drawings of the OV-102 and IV for the STS-1., Tables 3.1 through 3.3 ‘ |
give the dimensional parameters for OV-102, the ET and the SRB's, respectively.

Table 3.4 presents the associated reference areas and lengths used to normalize
the aerodynamic forces_and moments.

Cm—— o e

D e

The ATP Orbiter aerodynamic shape had a 509 Sweep delta wing planform sized to
provide 150 knots (77.2 m/sec) design touchdown speed with a 40,000~pound
(18,100 kilogram) return payload. Elevons were sized to provide trim at

: hypersonic speeds over an angle of attack range from 20%t0 50° with an
. operational center of gravity (CG) range of 3 percent body length (LB). The
L cargo bay was. 15 feet in diameter (4.57 meters) by 60 feet long (1C.2 meters) to
accept a wide variety of payloads. The remote manipulator arms were stowed in a
; dorsal fairing along the top of the payload bay doors. For ferry and entry_ .
; assist, an air breathing propulsion system (ABPS) was situated in.the aft
P portion of the payload bay. Three main propulsion system rocket engines were
“; located at the base of the aft fuselage and orhital maneuvering systems (OMS).
, engines were installed in two removable pod. modules on the.side of the aft
: fuselage. Reaction control system (RCS) rocket engines were also located in the. ..
aft pods and on the forward fuselage. The pilot's eye (cockpit location) was -

~~~~~ 208 inches (528.3 om) aft of the nose and had.an angular view of 20° up and :

24.5° down. The nose radius was 25 inches (63.5 cm) and blended smoothly into
the low fineness ratio body. The ATP Integrated Vehicle had the Orbiter
attached to the ET "piggy~-back" style with the Orbiter nose 80.3 feet (24,48 m) __
aft of the ET nose., The Orbiter fuselage reference line (FRL) is canted down 80

that the Orbiter is oriented at a -1.2° incidence with respect to the ET
centerline. The SRB's are attached to the ET such that the noses of each SRB
are 17.5 feet (5.33 m) aft of the ET nose and 3.1 feet (0.94 m) above the ET . f
centerline. The centerlines of the SRB's and the ET are parallel. Two ASRM's
(abort SRM's) ar.y mounted at the aft end of the Orbiter body. The ET is
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essentially a cone-=cylinder arrangement. It is fitted with a retro SRM package —
_at the tank nose to facilitate ET deorbit. The external shape of the retro SRM

is a small hemisphere-cylinder with a nose radius of 20.5 inches (52.07 cm). It
has a length of 124 inches or 10.33 feet (3.15 m). The conical nose portion of

the tank has a semivortex angle of 30° which blends smoothly into the
¢ylindrical section of the ET. The shoulder blending radius at the cone-
cylinder juncture is the same as the cylinder radius, 159 inches (403.9 cm).
The ET overall length is 182,0 feet (55.47 m). The nose radius of the SRB's is

13 inches (33.0 cm) and the cone semivortex and angle is 18°, The ¢ylinder.

diameter is 156 inches (3967.2 om), and the overall SRB length is 184.8 feet

(56.33 m). The fixed nozzles are canted cutward 11° in the yaw plane so that
the boosters will be thrusting through the approximate center of gravity of the
vehicle during the boost phase.

The PRR configuration evolved from the ATP configuration based on MCR 0026

(Master Change Record) in October 1972. The most obvious changes follow. The . .

OMS pods were rotated from the aft fuselage side to the aft body shoulder and
lengthened slightly. The canopy was moved aft approximately 52 inches (132.1

cm) with an angular view of 7° up and 18° down. The forebody was redesigned to .

q.ecommodate internal packaging revisions and to improve the transition to the
midbody. Wing refinements included an increased thickness ratio, a slight
leading~-edge droop and minor wing body fillet modifications. The Orbiter

incidence was increased to +0.5° to improve the ET separation performance and
the. IV trim angle. The abort SRM's were deleted. The air breathing propulsic.
for landing assist following orbital flights was deleted. The ET nose was
changed to an ogive .shape to reduce the drag. The SRB's were .shortened and
moved aft resulting in a slightly longer integrated vehicle.. Most of the
positioning of the elements (Orbiter and SRB's) relative to the ET, were to

improve the element-to-element interference drag. It also alleviated the SRB.

plume effects on the Orbiter base. The SRB's also had an expanded shroud, had
thrust vector control (TVC) added with a reduced precant, and had the aft
strakes removed,

Vehicle. 24, also referred to as.the "150K Orbiter," (where K indicates 1000
pounds) encompassed the largest changes of all (MCR 0074). Basically the
vehicle dry weight and payload down weight were reduced significantly, requiring

a complete resizing of the Orbiter. A 45"’/79O double-delta wing planform was
incorporated with reduced glove leading-edge radius and forward sweep to the
tralling edge. It included wing twist, camber, and incidence revisions for
improved subsonic performance. Improved low-speed performance .and a reduced
static margin requirement permitted a reduction in wing size to 2,690 square
feet (250 square meters) and resulted in rebalancing of the OV to meet stability
and control requirements. Nose camber and radius, body crosc section, and
upward sloping forebody slab sides were selected to improve hypersonic¢ pitch
trim and directional stability. By combining them with wing-body blending,
entry heating was reduced on the body sides. These changes also simplified the
nose structure. The CG travel requirement was reduced from 3 to 2 percent body
length. The ferry air breathing engines were moved to a position under the wing
(not shown). The SRB's were shortened and moved aft further resulting in a

shorter overall vehicle. The SRB yaw gimbal setting was reduced to 0° and the
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nozzle flare angle was reduced, The ET was also shortened and the Orbiter was
repositioned on the ET near its original location.

Vehioles 3 and 4 were essentially the same from an aerodynamic configuration
viewpoint. Vehicle 3 was initiated with MCR 0200, with seven revisions carrying -
through the start of Vehicle 4. Early changes shortened the body by 38 inches
o 3,17 feet (0.97 m) and smoothed the body_nose area while incorporating a
smaller nose radius at the same time. The.wing glove leading edge was ilnoreased

to 81° and the incidence was decreased from 3° to +1/29. Also some minor
airfoil changes were made, the wing was lowered 4 inches (10.2 cm), and the
lower body was refaired. In addition the bodyflap span was reduced. The
primary purpose of these changes was to improve the overall aerodynamic and
aerotheromdynamic performance. The CG range requirement lnoreased to 2.5

percent body length %0 allow 1/2° for. aerodynamic trim uncertainties with a new
payload down of 32,000 1bs (14,515 kg). In addition, the manipulator arm dorsal
fairing along the top of the payload bay doors was deleted. The manipulator.was
stowed inside the payload bay.. Later Orbiter .changes (mid=1973) included
thickening the airfoil 6 inches (15.24 cm) at the elevon hingeline. In early
1974 the ferry air breathing engines were deleted. The SRB's were moved forward
relative to the ET a8 was the Orbiter. The FT was shortened and the retro.
package (spike) removed, The result was a slightly shorter overall vehicle
length. -

The Vehicle 5 Orbiter had the OMS pods shortened and refaired to clear the
payload bay doors in early 1974 (MCR 0500). Other lesser external shape changes
modified the wing tips, increased the elevon gaps, and deleted the vertical tail
drogue chutes. Later (mid-1975) changes added recessed thermal glass in the
windshield, observation windows, and hatch windows. Also the covers were
removed from the forward RCS ports and from the umbilical doors in the aft body.
The ET and SRB length changes as well as the distance of the SRB and Orbiter aft
of the ET, were in approximately 4 feet or less. An ascent air data system
(AADS) in the shape of a cone was added to the tip of the ET.

Vehicle 6 had no significant external shape differences from Vehicle 5.

A .thorough description of the design logic to optimize the Orbiter -aerodynamic
configuration can be found in references 4 and 5.. Reference 6 discusses the
role of the entry aerothermodynamic environment on the Orbiter design, and
reference 7 presents some of the cnallenges to the structural dynamicist.
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TABLE 3.1 - ORBITER DIMENSIONAL PARAMETERS

Component

Parameter Value

o Total vehiocle
Co body +
exposed wing)

. Ref'erence area, rta (ma)

2690 (249.91)
3952 (367.14)

11136 (1034.53)
122.0 (37.18)
107.5 (32.76)
46.14 (13.75)
53.76 (16.38)
78,056 (23.79)

Planform area, rt2 (ma)

Surface wetted area, rta (ma)
Length overall, ft (m)

Reference length, ft (m)

Height, gear up, £t (m)

Height, on gear (static), £t (m)
Span, ft (m)

Body

Referenoe length (nose at
=238 inches), in. (om)

Depth, maximum (x =1280 inches)

1290.3 (3277.36)

£t (m) 19.92 (6.07)
Width, maximum (X =1528.3 inches)
ft (m) 22.0 (6.70)

1914.4 (177.85)
5634 (523.39)

Planform area, £t2 (m )

Surface wetted area, ft2 (mz)
Base area (includes OMS pods),

2 () 436.7 (40.57)
Cargo bay (diameter by length),
£t (m). 15 by 60

(4.57 by 18.28)

Wing
(inoludes body
carry through)

Planform area, fta (m2

Span, ft (m)

) 2690 (249.91)
78.056 (23.79)

Aspect ratio 2.265
Taper. ratio 0.20
Sweep, leading edge, deg 45
Sweep, trailing edge, deg ~10
Dihedral (at wing trailing

edge), deg 3.5

Root chord (Y°=0 inches)

(theoretical) Length, ft (m)
Quarter chord station, x ,

57.44 (17.50)

inches (cm) 1008.31 (2561.10)
Tip chord (20-468.35 inches)

Length £t 11.48 (3.50)
Quarter chord station, X o ‘
inches (om) 1338.80 (3400.55)
Incidence, deg +0.5

Airfoll seation 0012<64 modified

MAC, © (Y°=182.13 inches)

Length, £t (m)
Quarter chord station, X o'
inches (cm) 8

39.56 (12.05)
1136.83 (2887.54)




TABLE 3.1 - CONTINUED

Component

Par.meter

Value

Wing, exposed

Planform area (including glove),
ft2 (ma)

Surface wetted area, ft2 (m2)

Root chord (Y°=108.0 inches)

Length (inc. glove), ft (m)
Quarter chord station, X ,
inches (cm) °
Incidence, (Y =199.045 inches),
deg °

Airfoil section (Y =199.04%8
inches) ©

Leading edge gloye, deg

2012.4 (186.95)
4001.2 (371.71)
80.83 (24.63).
778.5

-005

0.0010 modified.
81

Elevon
(one side)

2,2

Area, ft€ (m
Span, ft

Aspect ratio

MAC, ¢ length, ft (m)

Quarter chord station, X ,

inches (cm) °
Distance from elevon centroid

to hinge line, inches (cm)
Deflection (elevator/aileron), deg
Inboard/outboard split line,

(xo = 311 inches)

)

206.57 (19.18) .
28.87 (8.79)
4.03

7.46 (2.27)
1409.375 (3579.81)

44,75 (173.665)
+20, =35

Vertical tail
(includes
rudder and speed
brake )

Planform area, ft2 (mz)
Span, ft (m)

Aspect ratio

Taper ratio

Sweep, leading edge, deg

MAC, ¢ length, ft (m)
Elevation, zo,,inohes (cm)

Quarter chord station, X,
inches (cm). °
Root chord length, ft (m)___

Tip chord.length, ft (m)

Airfoil section (root - tip)
Sweep, trailing edge, deg
9
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413.25 (38.39)
26.31 (8.02)
0.404

45

16.65 (5.07)
635.5 (1614.17)

1463.35 (3716.90)
22.37 (6.81)
9.04 (2.75)

10° sym 60%-40%

double_wedge
26,2
"3 < Tiee T




TABLE 3.1 - CONCLUDED

{" Component

Parameter.

Rudder and
speedbrake.

Planform area, ft2 (m2)
Span, ft (m)

¢ length, ft (m)
Elevation, Zo’ inches (em) .

Quarter chord station, X ,
inches (em) °
Deflection, rudder (maximum),
deg
Deflection, speedbrake, deg
Hinge Line, deg

97.84 (9.08)
16.557(5.04)

6.07 (1.85)
670.41 (1702.84)

1575.77 (4002.45)
22.8

0 to 87.2
34.83

Body Flap

Planform area, fta, (m2)

Fuselage station of hinge line,
inches (em)

Span (equivalent), inches (cm)
Chord, inches (cm)

10

135.75 (12.61)

1532 (3891.28)

241.33 (612.97)
81 (205.74)
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TABLE 3.2 - ET DIMENSIONAL PARAMETERS. !
1
e cmmme—m———— oo oo |
Parameter Value. |
----- ) o |
Length overall (OML), £t (m) 154.4 (47.05) |
Ogive radius (OML), inches (cm) 613.0 (1557.02)

Cylinder diameter (OML), inches (cm) 333.0 (845.32) |
Base area (OML), £t2 (u) 604.8 (56.18) |
i i
.
i
o
A
/
|
P
P

!

]

5

!

i

.;

n

- - - b POy ,-_J




.........

TABLE 3.3 - SRB DIMENSIONAL PARAMETERS

Parameter

Length overall, ft.(m)

Nose radius, inches (ecm)

Cone semi-vertex angle, deg -

Cylinder outside diameter, inches (cm)

Base area, ft2 (m2)
Nozzle deflection angle:
Null position, pitch & yaw, deg
Gimbal range, pitch & yaw
TVC axes, deg

Body axes, deg

149.1 (u45.44)

13.28 (33.73)

18.0

146.0 (370.84)

235.0 (21.83)
0

+ 5.0

12
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TABLE 3.4 - AERODYNAMIC FORCE AND MOMENT REFERENCE DIMENSIONS.

Parameter

Reference
Value

Longitudinal and lateral/directional coefficients

Wing Area, ft2 (m?)
Wing Span, ft (m)

MAC, ¢ length, ft (m)

2690.000 (249.91)
78.057 (23,79)

39.568 (12.06)

Hinge moment coefficients
Elevon
Area, Se’ ft2 (ma)

Chord Bé, £t (m)
Bodyflap

2 2
Area, SBF’ ft- (o)

Chord, ¢ g £t (m)

B
Rudder/speedbrake
Area, S, £t2(n?)

Chord, Bp, £t (m)

210,000 (19.51)
7.55 (2.30)

135.000 (12.54)
6.75 (2.05)

100,150 (9.30)
6.10 (1.86)

Note: The aerodynamic moments for the Orbiter were reduced at a point 65
percent aft of the Orbiter nose and on the_Orbiter centerline. For the

Integrated Vehicle the moments are re

duced at a point coincident with

the Orbiter nose and .on the external tank centerline.

fpeeenners” A §



4., TEST CONDITIONS AND REQUIREMENTS.

The nominal mission phases dictate distinct flight conditions to which the SSv
» ' is subjected. These phases can be divided into the three major operational
1 areas: launch, Separation, and entry. The flight environment of the various
configuration combinations 1s dependent on the vehicle attitude, velocity, and
the accompanying flowfield interaction with the configuration. A sketch of the
nominal mission phases is shown in fig, 4.1, . Trajectory characteristics for a
typical ascent are shown in fig. 4.2(a) and for a typical entry in fig. 4.2(b).

In the launch phase the vehicle is positioned vertically on the launch pad (fig.
4.3). Before and during lift-off, the effect of ground winds must be
considered. . The main engine noise (vibration loads) and .pad overpressures
experienced at ignition can also be important. As the vehicle ascends, the
aerodynamic stability and control characteristics are important, However, they
are not critical because. of the overpowering thrust of the vectorable main
engines and SRB's. At an early point however, the aerodynamic loads become
large (in the transonic flight regime) with the additional possibility of
empennage buffeting. As the launch speed increases, aerodynamic heating, and,
in particular, localized heating between the vehicle's individual elements also
increases.. Throughout launch, the total vehicle~drag_1ncluding the effects of

the engine plumes must be .determined. Some of the more important IV aerodynamic
considerations are noted in fig. 4.4,

For nominal flight, the two distinét element Separation phases are SRB

separation near Mach 5.0 and ET Separation near orbital insertion., ET

Separation problems are actually more significant aerodynamically for the abort

Phase referred to as "return to launch site" (RILS). Each separation phase nmust .
concsider . the aerodynamic interf‘er'enee, or-proximity, effects to avoid element

recontact. The aerodynamies, airloads, and aeroheating of the individual SRB

and ET elements are reéquired for ET .cdisposal studies and SRB ‘recovery analyses,

In addition, SRB recovery involves determination of the characteristics.of a

suitable parachute system. Fig. 4.5 depicts the Separation characteristics.

Fig. 4.6 shows the events for SRB recovery.

During the entry phase, the.Orbiter will descend from a Mach number near 28 to a
landing speed-near 200 knots (102.9 m/seec). At the upper level of the Mach
regime, aeroheating, and stability and controel considerations also involve the
RCS interactions. Throughout entry the effectiveness of all of the Orbiter
controlvsurt‘aces.(eleVOns, bodyflap, rudder,. and speedbrake) must be determined.
This is because the attitude profile changes from a.high angle of attack at high
Mach numbers. (to dissipate the heat and Slow the vehicle) to a conventional
"airplane-like" attitude for landing. The subsonic lift-to-drag ratio must be
large enough s6 that the Orbiter speed and angle of attack are not eéxcessive at .
landing. In addition, ground effects during landing are important. An.
additional characteristic of the Orbiter during entry is the large range of ¢g
locations (because of payload placement) that the vehic¢le's stability and

aerodynamic considerations are shown in fig. 4.7,
For the carrier.program, several distinct modes of operation were required..

First, in the ferry mode, the Orbiter/sSCA ip the mated configuration.would
perform the ferry mission up to a range- of 2000 nautical miles (3706.2 km).
14

control characteristics must contend with. Some of the more impoertant Orbiter .
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Other potential ferry missions would involve the ET or a payload cannister. For
the airlaunch, or the ALT mission, the mated configuration would climb to ..
altitude (approximately 30,000 ft. o» 9144 m) and launch the Orbiter in a "top-
launch" concept. Initial ALT flights would be performed with a tailcone or .
fairing that covered the Orbiter main engine nozzles and stayed attached to the
Orbiter during the free-flight portion, Later ALT flights would be performed
without.the tailcone. The most complex flight condition to determine for ferry
was the definition of the wake caused by the blunt-based Orbiter and the
subsequent effect on the T47T vertical tail.  For the ALT mission the separation
procedures and characteristics were the most difficult to determine. Fig. 4.8
shows.the Orbiter/SCA mated configuration with the Orbiter to SCA incidence to
be set for either a ferry or launch mission. Fig. 4.9 shows the ALT Orbiter
Vehicle (OV101) and some of its special characteristics for the ALT program.
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S. WIND TUNNEL TESTING RATIONALE

Much of the expertise in determining what type of wind tunnel testing that wowld
be required was developed during the early SSV studies (see refs. 8 through 10).

In addition, the selected contractor, Rockwell International, had a large amount . -
of .experience with previous aircraft test programs. It also had experience with

the Apollo test program. Several differences for  the SSV program were apparent
from the beginning., However, these differences dictated that the SSV wind
tunnel program be very thorough and at the same time be highly efficient.
Thoroughness was dictated by the fact that STS-1 would be orbital and would
carry a crew. There were no plans for using the conventional graduated flight
test approach that new aircraft normally use. New ground was being broken in all
flight phases and little empirical data were available for the early SSV
studies. Efficiency was dictated by both .the design and development schedule
and. by the need to keep costs to a minipum,. Each distinect
configuration/environment test requirement in each discipline had to be
Justified. Testing had to be designed to obtain reliable data. To minimize
program costs, the major portion of the wind tunnel program would be conducted
in NASA facilities. The basic objective of the overall wind tunnel program was
0 conduct the mainstream testing that would meet the technical requirements of
tne SSV aerodynamic, aerothermodynamic, airloads, structural dynamics, and
separation disciplines. Adhering to this procedure would result.in a safe and
successful operational SSV. In general, the early testing was done to define
basic vehicle characteristics and parametric effects. The latter data was used
incrementally to estimate the characteristices of any proposed design
modifications. When the configuration definition was "frozen," for management
review purposes, then the new design was tested to verify the estimated data
base. This procedure was repeated several .times throughout the program, while
holding any extensive verification tests to a minimum until the end of the
program when the "as built" configurations could be tested. The testing
rationale for each of the aforementioned test disciplines is discussed in the

following paragraphs as applicable to the major configuration/operational flight .

phase combinations for the Integrated Vehicle, Orbiter, and ferry
configurations.

Integrated Vehiole

The basic aerodynamic force and moment data were needed early. This determined
the requirements for both SHB and SSME engine-on additions to the total vehicle
stability. Total vehicle stability required that the aerodynamic and thrust,
for¢ces and moments be in equilibrium. The aerodynamics would dictate SRB and
SSME precant nozzle angle settings and engine gimbal requirements. In addition,
because the plume effects have such a strong effect on stability, the early

tests included plume. simulations, However, in testing with such a complex .

laun¢h configuration base area there would obviously be sting interference
effects. To account for these, engine-off tests were performed. A conventional
sting-out of the aft end of the ET model measured force and moment data, elevon
and rudder hinge moments, attach structure interface loads, wing moments
(bending, torsion, and shear), and effects forward of the base area (fig. 5.1).
Similar measurements were made with the Orbiter as the sting-supported element
(fig. 5.2) allowing for sting effects to be accounted. Later tests,
specifically for incremental model support interference effects, were performed
to address all of the sting arrangements used (fig. 5.3). For plume effects,
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early tests were run with the conventional aft-sting arrangement (fig. 5.4),
v Later tests were run using a blade strut, from the lower surface of the ET, to
SN concentrate on measurements in the base region (fig. 5.5). The blade mount
k provided a relatively "clean" base region for high quality neasurement of base
r effects. Early exploratory testing used analytically-determined solid plume

shapes (varying with Mach number, altitude and other key jet simulation
. parameters) as shown in fig. 5.6.

Compromises had to be made in the testing program when duplication. of the actual
engine exhaust plumes was planned. It was neither technically nor economically

feasible to completely duplicate the exhaust gas from the SRB's and SSME's for ‘
each of the SSV launch vehicle tests for the following reasons.

a. The geometry could not be accurately simulated because of the necessary
plumbing required to pass the simulant gases into. the model.

b. Since the base area is the primary area affected by the launch vehicle
plumes, a blade support system mounted through the ET is required. This is used
) rather than a sting support System to properly model the base area. The blade

support system will invalidate aerodynamic data only at large uerodynamic
angles,

" T R e T LT he
T e VLTI SRR T
f .
F N .

¢. Exhaust plume testing is an order of magnitude more expensive and time-
consuming than "standard? aerodynamic testing.

——— e g A

The approach used in the SSV test program was to use state~of-the-art techniques
for the basic power-off data base. Then generate power effect increments frir.
the limited exhaust plume tests. The exhaust simulant gas used in these te..cs
was.high-pressure, unheated air. Using air as the simulant gas was accertable
based on the results of a plume technology study progranm. This separate progran
was designed to establish a set of simulation parameters. These parameters
would correlate wind tunnel . derived base pressures, using air as the simulant
gas, with the expected results from the prototype vehicle. The resulting
simulation parameter, a function of plume shape and gas dynanmics
characteristics, was applied to the scaled SSV exhaust plume test data. .This ;
was done to.obtain the base and forebody plume effect increments. The tests

covered the transonic and low supersonic region where the plume effects are most ?
significant.. Supplemental data from base heating tests were used to £ill in the
high Mach number data points, Such points as the vacuum chamber test )
arrangement as shown in fig, 5.7. 1In this way, many tests served several .
purposes and generated data in several seoparate test disciplines. Pressure
tests (distributed loads tests) were accomplished in this manner throughout the
program, These tests in addition to the extensive detailed testing to determine
wing bending, torsion, and shear (as well as eisvon-rudder hinge moments) were
mostly done without the plume simulations because of the coriplications.of having
the instrumentation and the Plumbing for the pressurized air all in thne same .
model. The resulting distributed loads data were int:grated to obtain foreers -
and moments which were then compared to the test forces and moments. These two

independent sets of data were compared and "balanced" to be within 3 percent of
one another,

PR SRS S

Static force and moment data on the SRB's-and;Orbiter/external tank (O/ET)
configurations were obtained at Mach 4.5 fop nominal staging c¢onditions. The
data was taken in two modes to reflect the flowfield enviromment encountered at
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staging. Nameiy, separation motors were simulated using high pressure air in
conjunction with model nozzles scaled to reproduce jJet-to-free-stream momentum
ratio. Both SRB's were used with the O/ET model in plume-on testing to properly

account for cumulative effects on the O/ET (fig. 5.8). Only a single SRB was
used in the plume~off regime, the effects of the second SRB on the Q/ET being

derived analytically (fig. 5.9). Relative motion between the SRB's and the O/ET

was produced by an automated captive trajectory system. This system was.

programed to sequentially vary the SRB relative positions according to a
preprogramed run matrix. Artificial boundary-layer trips were not employed over

the tested Reynolds number range of 1.4 to 7.0 x 106 per foot. This was because

the presence of intervehicle shocks assured a turbulent boundary layer. A.

unique data organization strategy, the "hypercube" approach, was developed to
facilitate use of the eight required independent variables (jet momentum. ratio,
0/ET pitch and yaw angles of attack, SRB relative longitudinal, vertical and
lateral displacement, and SRB relative pitch and yaw orientation). The
"hypercube" data strategy, as opposed to the classical grid data format,

resulted in the reduction of required test data points by two orders of .

magnitude.

The nominal ET. separation procedure is accomplished at an altitude at which
aerodynamic forces and moments are negligible as compared to the forces and
moments due to the RCS jets (used for the separation maneuver). Therefore no
testing was done here. However, during the RTLS abort, the ET must be separated
in a. significant aerodynamic enviromnment. The interaction of the RCS jets with
the free-stream flow is substantial.. The testing was accomplished for these
flight conditions using the captive trajectory system much in the same manner as
the SRB separation technique described above (fig. 5.10). —
Postseparation aerodynamic forces and moments, as well as.airlocad pressure
distributions were obtained for the ET and for the SRB's at the appropriate.test
conditions. Both configurations required testing at high.angles of attack
because of -tumbling after separation (ET for RTLS conditions). In addition the
SRB recovery parachute system required some conventional testing. These tests
were conducted using standard procedures.

Ascent aerothermoiynamic heating tests began in the last half of 1973 after the
configuration had gone through most of the major changes. The bulk of the
testing was done using thermocouples in conjunction with thin-skinned models to
measure rapid temperature changes (fig. 5.11). Pressure testing was done for
the same test conditions to better define the local flow environment. Later

testing concentrated in the base area identifying requirements for the base heat .

shield at high altitudes (fig. 5.12). These tests measured pressures and heat
transfer characteristices with simulated plumes. Generally as time went on, the

models had higher fidelity (such as that shown in fig. 5.13). The number of

measurements increased c¢oncentrating in the critical areas. Supplementary
testing with flat plate models duplicated areas that had configuration
discontinuities, such as with the TPS tiles shown in fig. 5.14. Also, testing
was done using oil-flow techniques to identify flow patterns and regions of high
pressure concentrations (fig. 5.15).

Ascent structural dynamics testing centered around aeronoise (or fluctuating
pressure) testing in the critical transonic and low supersoni¢ regions .of
flight. Tests were also performed checking the possibility of flutter
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initiation, again during transonic¢/low Supersonic¢ flight,

In addition, tests determining the effects of ground win
5.17. .

In midprogran, Subsystem managers of aerodynamics,
separation felt that .air data measurements wou
phase for postflight analyses.
system (AADS),
5.18) with suppl
Results of the &

alrloads, heating, and stage

1ld be required for the ascent
These concerns resulted in an ascent alr data

Orbiter Configuration

The configuration for entry vehicle testing was not as complicated, as was. the
launch vehicle. 1In general,

the same "balancing" procedure for force and
moments, and distributed §irloads.that was used for the launch vehicle data was
also used for the entry vehicle data, Some of -the many model support

arrangements are shown in fig. 5.19, & large scale model, shown in fig. 5.20,
tested low.speed characteristics with much of the sunface.discontinuities and

outstanding features represented. Additional test areas for the entry
configuration included.

a. Concrol surface deflections for the elevons, rudder, speedbrake, and
bodyflap., 1Initial testing used "bolt-on" model parts that represented discrete
deflection.angles, figs. 5.21(a),(b). Later, more sophisticated models were
made with internal mechanisms that allowed the control surfaces to be moved and
set from outside the tunnel, fig. 5.21.(c). This procedure circumvented

facility shut-downs for model changes and made ¢eccupancy hours much more
productive (ref. 13),

b. RCS testing using simulated jet exhausts .
of the .RCS isvcritioal”during entry.

surface pressure.changes had to be .identi
stability and control system. Some of th
englne forces were negated by induced jet

and vertical taii). The effects of the various combinations of the main
thrusters, positioned for pitech, yaw, roll moments, as well as for -2

translation (for ET separation) were tested. They concentrated on major
aerodynamic degradation areas retesting where required. :

(as shown in fig. 5.22). Use
Any adverse effects because of control
fied and this information fed into the
€ geometric moments produced by the.jet
effects on aerodynamic surfaces (wing

¢. Aeroelastic testing was used for effects of
bending. Simple elastic wing and vertical tail mod
existing rigid models to determine the effects of the resulting shapes on the

basic vehiecle aerodynamics. (fig. 5.23). These data were used to confirm the
analytical predictions,

d. Ground effects were measured to ensure that. éontrol capability was.
avallable for landing.. And more importantly they were measured to alert the.
crew to the expected aerodynamic effects during this critie

plane and later with a moving
ground plane as shown in fig. 5.24, Low speed tests were also conducted to
measure landing gear loads (fig. 5.25),
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e, The Orbiter entry ADS was tested using 10 percent forebody models as

shown in fig. 5.26. Test Mach numbers covered the flight operational range of

the ADS, from Mach 0.20 to 3.5. Supplemental air data was taken during the

large scale model tests, fig. 5.20(b). Details of the Orbiter ADS design, .

calibration and flight results can be found in reference 12,

Initial aerodynamic heating tests were-conducted on the entry configuration with
the emphasis on defining the overall enviromment. These tests were much more
extensive than the integrated vehicle tests because .of the harsher entry heating

environment and because of. the unique individual-tile TPS used on the Orbiter..

The heat sensitive coating (phase change paint) technique was used to save time
and money for the early configuration evaluation studies. Phase change coating
models (a plastic-like substrate) are inexpensive and can be made more rapidly
than the instrumented models (fig. 5.27). Heat .transfer is determined by
measuring the time required for a point on the surface of a model to reach the
melting temperature of the thin coating. An added feature of this technique is
that it is also a form of flow visualization. Another inexpensive technique
that was used quite extensively was oil-flow photographs. They dafine

streamline directions.and local flow separation characteristics (fig. 5.28). .

Follow=-on tests used the thermocouple/thin~-skinned model technique or.

calorimeters to obtain more detailed data (fig. 5.29). Thermocouples were
attached to the inner surface of the model at given points. Temperature time
histories were taken with the angle of attack, Reynolds number, and Mach number
as variables, Lower heating rates were measured with thin film gauges
(resistance thermometer slug calorimeters) and the higher rates with
thermocouple gauges (coaxial surface thermometers). Tunnel conditions were
monitored with a dual probe that measured temperature and shock stagnation
pressure (fig. 5.30). These thermocouple tests defined the temperature
distributions around the Orbiter. Closely-related pressure tests defined
pressure distributions for the same test conditions. Shadowgraph and Schlieren
pictures of the flow patterns-were useful in defining several. necessary
parameters, such as shock-standoff distance and boundary-layer flow conditions
(fig. 5.31). Flat plate tests with full scale tiles determined the effect of
tile gaps and surface irregularities as well as tile orientation (fig. 5.14).
In addition, large scale testing was done in other critical areas such. as
leading~edge surfaces, elevon seal gaps, landing gear doors, and other areas
where surface discontinuities would cause local "hot spots.”

Structural dynamics testing was important. The validity of early configuration
concepts was examined and critical areas defined, especially potential flutter
tendencies of the Orbiter aerodynamic surfaces (fig. 5.32). The purpose of
these tests was to acquire, early in the design process, experimental data in

the transonic flight region to support analytical flutter predictions. Two.
models were used, One was scaled with the stiffness of the proposéd baseline.

vehicle; a second with a reduced stiffness level. These results, with the aid
of various computer. programs, established flutter boundaries and substantiated
proposed margins. All wing/elevon and fin/rudder models were designed to have
variable control surface stiffness. This allowed exploration of potential
coupling of the control surface with parent surface modes. These models also
evaluated buffet and stall flutter tendencies. A semirigid flutter model was
used to do the final evaluation of the Orbiter flutter boundary over the
Mach/dynamic pressure range (fig. 5.33). Acoustic tests of the Orbiter surfaces
covered by TPS had indicated that failure might be initiated by extreme pressure

gradients, Gradients such as those produced by aerodynamic shocks, as well as
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structural vibratio
pressures, To eval
effects, compression,

performed by the carrier vehicle
Selection of-the Boeing 747,

1so needed was verification of the
In addition, testing
the Orbiter, This -tailcone would
-earrier aircraft, The force and moment

bility (fig, 5,35).
ons in conjunction
) This program varied each vehicle's control
settings (including spoilers, landin

Separation procedure (fig. 5.36). Several exploratory tests were required to
eénsure the carrier aircraf't vertical tail would be able to sustain any buffeting
induced by the tailcone wake (fig. 5,37),

tailcone configuration (low drag, low wake) many sting-

g'arrangements.wyere
utilized to minimize the model support effects (fig. 5,38),
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6. WIND TUNNEL TEST PROGRAM MANAGEMENT

During the Phase A and B development programs, the NASA Johnson Space Center
(JSC) and the NASA Marshall Space Flight Center (MSFC) monitored some four major
contracts in their efforts to produce a suitable vehicle design to achieve the
proposed space transportation mission. Near the end of “Phase B, NASA
Headquarters assigned JSC responsibility of managing the .overall SSV .integration
task and the Orbiter development. MSFC had responsibility for the ET, the

SRB's, and the SSME development. To effectively and efficiently manage the

program, JSC established the Space Shuttle Program Office (SSPO) and created
project.offices representing the Orbiter, the ET, the SRB's, and the SSME. Each
project office in turn assigned subsystem hardware and software managers. One of
these was the Aerodynamics Subsystem Manager. In addition to responsibility for
the development of the-Space Shuttle aerodynamic data base, the Aerodynamic
Subsystem Manager was also responsible for the organization and implementation
of the overall SSV wind tunnel test program.

To assist in the execution of  the Space Shuttle wind tunnel test program task, a
committee of technical representatives was formed. It was referred to as the
Space Shuttle Engineering Coordination Panel-Wind Tunnel Program (SSECP-WTP).
Initial membership was requested from each of the NASA centers inecluding NASA
Headquarters. . Because five major Shuttle disciplines derive their source of
data from the wind tunnel testing process (aerodynamics, aerothermodynamics,
airloads, structural dynamics, and stage separation), each discipline was
represented on the -panel by an associated subsystem manager. The SSV
development covered a wide range of flight conditions throughout the Mach number

range. Furthermore configuration modifications would result from the wind.

tunnel data analyses. For these two reasons it was decided to ineclude a
representative from each of the major U.S. wind tunnel testing complexes on the
committee, These complexes were the NASA Langley (LaRC), Ames (ARC), and Lewis
Research Centers (LeRC), and the Air Force Arnold Engineering Development Center
(AEDC). The representatives were helpful not only in sharing similar test
experiences, but they were also familiar with the capability and daily status of
their respective facilities, They would be able to efficiently coordinate these
tests scheduled at their facilities,

In September 1972, an organizational meeting of the SSECP-WTP was held at JSC to
review with the prime contractor, Rockwell International, their overall
estimates of the anticipated test program.. Additionally the plans for the first
6 months of this program were reviewed in detail. Also guidelines for
monitoring the overall test program were established. A4s a result the following
procedures were adopted.

a. The wind tunnel coordination panel would meet quarterly until such a
time that the panel would no longer serve its original purpose,

b. At each of these meetings Rockwell would provide a status of the .major
disciplines regarding what had been learned over the past several periods.
Those issues would be addressed in the next segment of the program.
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¢, Rockwell would also review their -master wind tunnel program regarding
each proposed test to cover a 2-year period. broken down as follows:

1. In detall, for the upcoming 6 months.

2, In general, for the following 6 months on a monthly basis,

3. A broad estimate for.the subsequent 12-month periocd on a quarterly
basis.

d.  Each near-term proposed test, supported with a pretest run schedule,
would be reviewed by the panel. The objectives, testing techniques, and
facillty utilization were to.be reviewed.

e. Having satisfied the panel as to the test objectives, the facility
representatives would provide tentative commitments from.their facility
management to support these panel-approved tests.

f. Before each test, the proposed run schedule would be required to have
the concurrence of the appropriate JSC subsystem manager. The manager would
indicate to the appropriate facility representative that the run schedule had
been prioritized and minimized. The manager would also indicate whether the
current data requirements of the SSV program had been met. Any facility
disagreement with the test or run schedule would be negotiated between the JSC
representative and the facility representative. Fig. 6.1 shows -the flow of this
chain of events.

g. The Rockwell onsite test engineer would have the responsibility for the
real-time direction and run scheduling within the scope and objectives of the
agreed-upon test. Any JSC inputs/modifications, to the conduct of the test,
would be through the Rockwell test engineer.

h. Any major changes to the scope or objective of an approved test would
be coordinated between the appropriate subsystem manager and the Rockwell
analysis engineer, before reapproval. This reapproval would then be relayed to
the facility representative and to the onsite test engineer.

i. . Periodically, both the SSPO.and/or the appropriate project office(s)
would be briefed on the status of the test program and the analysis of the
results.

During the time that the panel was active, September 1972 to September 1976, the
SSECP-WTP met 12 times. At each of these meetings, the format was basically the
same. Rockwell presented their proposed test program for review. It also
presented comments on whether the data from previous testing were adequate and
if any model modifications and/or additional testing were required. Rockwell

also presented the overall status of the configuration development emphasizing .

the gathering of adequate data defining the baseline vehicle characteristics.
MSFC presented similar information relative to the ET and SRB development.
During the course of these presentations, problem areas, other then the "main-
strean® vehicle éharacteristiés, were identified. Action was assigned to one or
more of the panel representatives for. further analysis and resolution.

Many of the action items required major studies requiring technical specialists
and appropriate testing facilities to provide timely data for analysis. As MSFC
was primarily responsible for developing the ET and the SRB recovery system, it
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expended a large effort in defining the unsteady flow field of the mated
vehicle. It al=o performed detailed interstage analyses and plume/supporte
interference studies. LaRC, with its long experience in aeronautics and large
number of availlable facilities, provided the following major contributions to
the SSV program. Included was the "fine=-cut" stability and control analyses for
the Orhiter. This information was used as the primary data source by the
contractor for the final configuration analyses., Other LaRC.studies included
Orbiter center-of-gravity expansion capability, supersonic Orbiter hysteresis
characteristics, RCS interaction effects, dynamic s%ability characteristics
(Orbiter, integrated vehicle and ferry configuration), ALT/support-interference
effects (base drag), launch vehicle drag reduction, tiie roughness effects, and
real-gas effects. LaRC heating studies covered boundary~-layer transition;
surface heating, and flow phenomena techniques (phase change coatings, oil flow,
and electron beam); and interference heating. The ARC, although primarily
involved in conducting the major segment of the development testing, did provide
analytical support in the areas of Orbiter heating, aeroelasticity, statie
plumes, and aeronoise definitions.

The following paragraphs detail the major discussion items at.each of the SSECP-
WTP meetings., Reference to configurations should be correlated with the
definitions given in the section "Configuration Evolution®™ or by using fig. 3.1.

SSECP-WTP Meeting No. 1

This first meeting was held at the end of October 1972, Jjust before the
configuration changes were finished for the ATP vebicle to form the PRR
configuration.

MSFC teat requirements for acqepted and proposed shuttle tasks, - Seven tests
were requested to support SRB entry analyses: four for. ET and SRB ascent loads,
one for the ET entry, one. for iift-off aerodynamics, and one for launch vehicle
plume simulation, Rockwell reviewed their required support contribution and
concurred with five of the tests. They postponed the decision on the remainder
until the next meeting.

Space Shuttle aerodynamio design data bese (ADDB), - During the Phase B, B', and

B" contractor studies, JSC-formulated a document to serve as a single source of -

data for.all aerodynamic-related studies. In addition to the basic vehicle and
control surface aerodynamic data, related items such as configuration geomatry
definition, control surface deflection capability, etc¢. were included. This
document guided Rockwell in producing the Space Shuttle ADDB. As one of the JSC
supporting tasks, the data were also .to be put on magnetic .tape for the user

community. Tight control ensured that all studies used this same source of.

"official® SSPO aerodynamic data from the ADDB's. This would avoid conflicting
study conclusions that would occur if different sets of data were to be used
(refs. 14 through 39)..

Yind tunpnel test procedures. - Procedures that were announced at the panel

organizational meeting were changed. The pretest meetings were the
responsibility of Rockwell and the facility. JSC would intervene only when
conflicts arose, Also test data results were to be furnished to both Rockwell
and JSC simul taneously.
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Plume testing., - Recent tests indicated that loads testing should include plume
effects. Planned testts were revised to accommodate this need. In addition, a
study was initiated to define a SRM nozzle shape that would minimize. the plume
effects on the vehicle aerodynamics.

Control effects tests, - A JSC study was piesented that showed how the number of.
control surface settings (elevon) tested could be._reduced and still give
reliable results.

Alr breathing propulsion system testing. - Because of the recent decision to
eliminate the ABPS for entry (to be used fcr ferry only) these planned tests

were switched to a more economical facility.

Reynolds number/ablation effects, - LaRC accepted a task to study the_effects of
Reynolds number in conjunction with ablation--caused surface roughness and shape.
In addition, they would study TPS tile (waff le) effects with Reynolds number
variations. ,

Jeat coordipation. - Review and test revisions: were accomplished in the areas of
control surface flutter, panel flutter, aeroncise and RCS/flow interaction.

SSECP-WTP Meeting .No. 2

This -meeting was held in February 1973. Tlie.Orbiter configuration 24, the
"light-weight Orbiter," had just undergone prreliminary definition. Several
months of tests and analyses were require:d to confirm the configuration
revisions. Tests identified .by- Rockwell for: the near term included Orbiter
Vehicle 2A preliminary stability and control, drag and ground effect ABPS
studies, then Orbiter detailed stability and control. Also, Integrated.Vehicle
plume effects tests for stability and c¢ontrol were-included. Orbiter loads
tests were conducted to address design point conditions which were integrated
into the structural analysis modal model. Separation tests had just been
completed for the PRR configuratién so only Orbiter abort separation tests were
scheduled. These subjects also were discussead.

Plume testing review. - Plume testing requirements f'or the nominal ascent phase
of flight, including separation and flight .at hyp«:rsonic speeds, needed to be
defined. This is so that the impact o6n facility hardware requirements could be
made.

MSFC support aotivities, - The MSFC studies included t.he generation of "launch
heating environments, ET deorbit motcer location ef.fects, and protuberance
effects. MSFC was also planning an ascent plume technol ogy program to address
both analytical and experimental plume simulatién tech.nology as related to the
Shuttle. The objective was to provide an ec¢onomical and efficient means for
simulating SSME plume effects during the ascent phase.. The program elements
inéluded a simulation technique évaluation.that would qual ify air simulation for
known variable I' gaseous plumés. It also inéluded a Reynolds number (Re)
evaluation to determine the quantitative effeét of free- stream Re on plume-

induced flow separation and a simulation évaluation to qilalify air simulaticn.

using a hybrid (hot SRB, ¢old SSME plumes) model.
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LaRC dypamic stability tests, - LaliC initiated a dynamic stability program to.

complement the one planned by Rockwell. Progress would be coordinated through
the SSECP-WTP with JSC responsible for configuration definition.

SSECP-WTI’ Meeting No. 3.

This meeting was held in May 1973. The short-lived Orbiter Vehicle 3 was about
to become Vehicle 4. Rockwell presented results of some of their analytical
prediction techniques for the Orbiter., Also presented was the test plan
required to develop the Orbiter Vehicle 4 aerodynamics using existing Vehicle 24
and 3 models. Integrated Vehicle t.esting was planned to obtain parametric data
(ET nose shape, Orbiter-incidence, $RB location, attach structure -detailed shape
and Orbiter distance from the ET). Testing also gave Reynolds number effects,.
plume effects (location of SRE. exit plane) and separation proximity
aerodynamics. Because of the complicated test models required for air loads

(distributed pressures) the model configurations would go directly from Vehicle-

2A to 4.

In other actions, Rockwell was requested to plan RCS/flow interaction tests at
hypersonic speeds and LaRC was requested to support sonic boom testing
coordinated by a team from the AR(:, MSFC, and JSC.

SSECP -WTP Meeting No. 4

The fourth meeting of the Wind Tunnel Panel was held in August 1973. Vehicle 4
was fairly well established. /in extensive status report was. given by Rockwell
that reflected the Shuttle Requi rements Review (SRR).. As of this data 69 tests
had been run in 6805 test hours using 17 facilities and. 27 models. The estimate

for the total program was 316 .tests, 26 .thousand hours, 31 facilities, and 69

models. The upcoming testing period would concentrate on the Orbiter PDR
configuration due for review in February of 1974. Basic issues to be addressed
were.

a. Verification of basic stability and control capability.

b. Establishment of control surface effectiveness (off-nominal conditions
and deflected surfaces .for aileron/elevon and rudder/speedbrake combination
settings through the complet.e Mach range).

c¢. Base sting interference and main rocket engine nozzle installation
effects (wing tip or verti.cal tail extension stings used in conjunction with
base dummy stings).

d. Configuration twuild-up (component on/off) effects.

e.. Control surfac e hinge moments.

f. Vertical tail. panel loadd.

g. Reynolds nurber and viscous interaction effects,

h. ABPS locati.on/configuration effects (ferry conditions).

i. Data tol erance level definitions (comparison of model/model,
facility/facility, wv.arious model scales, etc.).
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For the ascent vehiclé the issues to be addressed were the definition of power=-
on base drag and ¢continued ET nose shape effects. Also addressed were the
protuberance and attach structure effects, booster separation rocket effects at
long distances, and off-nominal relative attitudes. The airloads testing that

was required concerned the issues of base pressures for a flared rudder, .

Orbiter/ET attach fitting simulation, additional rudder deflections, chord with
denser pressure tap distribution, pressure taps to measure venting
characteristics, j2t exhaust effects on pressures, and pressure distributions on
the ET and SRB's, Other discussion considered the abort testing requirements
where only abort-to-once around (ACA) and RILS conditions were. to be tested,
SRB/ET test requirements, and an addition to the wind tunnel .test coordination
procedure (biweekly teleconferences were initiated to allow premeeting test
approval and definition of. problem areas).,

SSECP-WTP Meeting No. 5

The fifth panel meeting was held in November 1973. The Aerodynamics Subsystem
Manager reviewed the separate milestones for the Orbiter Project and the Space
Shuttle Program (Integrated Vehicle). Orbiter Vehicle No, 1 (0OV=101) would be
used in the ALT Program and Orbiter Vehicle No. 2 (OV=102) would be used in the
Orbital Flight Test (OFT) program. Each had separate management reviews. In
addition, delta PDR's and delta CDR's were set for OV-101 approximately 6 months
after the scheduled PDR and CDR. The Aerodynamics. Subsystem Manager-established
an "Aerodynamics PDR"™ to accomplish two objectives. The first was the
documentation of the source and the analysis of the aerodynamic data .and methods
in the "Aerodynamics Substantiation Report." The second objective of this
review would be to establish an aerodynamics verification plan, using flight and
wind tunnel data, that would increase the confidence in the design data.

Orbiter. aerodynamic issues for Vehicle 4 added since the last panel meeting
were the effectiveness of vertical fins (increased yaw stability) and .the effect
of increasing the wing leading-edge radius on stability and control. Ascent
aerodynamics tests continued on separation/plume effects including RTLS
separation of slightly higher speeds... Airloads issues were the acquisition of
detailed pressure distributions with RCS plume simulation effects, for
prelaunch, for asymmetric effects such .as attach fittings and the ET external
feedline, for ABPS effects, and for powered SHB separation. SRB concerns were
Reynolds number effects (chute deployment altitude and attitude), high Mach/high

stability (chute altitude); strakes, and sting interference (accuracy of
data). . The plume technology tests by the MSFC inc¢luded analysis of air/CFu

testing, plans to test at higher chamber pressure ratios, SRB hot gas test
activities, and solid body plume testing for Reynolds number effects.
Aerothermodynamic¢s testing was being done to address boundary=-layer transition
effects, specific heat ratio effecis, and detailed heating definitions for a
ventral fin, the wing leading edge and TPS gaps.

SSECP-WTP Meeting No. 6

The sixth wind tunnel meeting was held in March 1974, directly following the OVe
101 PDR in February. The results of the PDR presented by JSC concluded that ov-
104 will meet the aercdynamic ground rules and the identified requirements. The
Orbiter Vehicle testing requirements for the newly designated Vehicle 5 included
viscous interaction effects on hypersonic stability and control. The definition
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of aerodynamic data tolerances was improved. Additional stability and control '
data was required. Sting interference effects, TPS simulation, and air data . !
sensor (ADS) calibrations were added. Integrated Vehicle requirements covered .
nominal and RILS staging (build-up data and rudder/elevon hinge.moments). Also
covered were power-on base drag definition.(cold gas, base pressures,
wing/vertical tail bending moments, and hot/cold gas comparisons). RCS
. erfectiveness (hot/co'.d gas for RTLS) and mated vehicle aerodynamics (second
stage, sting effects, SRB nose/skirt parametrics) were included. Airloads test

' requirements were discussed. Rockwell was requested to combine the objectives
of the planned airloads/force test, plume effects test, and the base drag
assessment test. A long-term schedule for structural dynamics showed the need
for TPS development tests to support the planned TPS PDR in November 1974.
Aerothermodynamic test requirements covered the effects of protuberances,
penetrations and.gaps on heating, and RTLS abort heating (high a's). Plume
tests planned included development base convective heating and pressure. These
tests also included plume/boundary-layer interactions, "creep" heating and ‘
pressure, RILS abort heating and pressure, and launch pad/Integrated Vehicle I1'
interaction heating. Entry heating tests were planned for updated overall |
configuration heating and pressure, wing leading-edge heating, and SSME nozzle
heating. SRB planned tests were to obtain updated configuration stability -and
heating/pressure distributions as well as drogue deployment feasibility data. .
Similar. testing was to be done for the ET. 1In addition, a test to define SRB \
sonic boom characteristics was planned. -

-
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SSECP-WTP Meeting No. .7

- e

This meeting was held in July 1974. Because of uncertainty regarding the SSV

1975 Fiscal Year budget the panel meeting had been delayed for a month. During

this period JSC had requested Rockwell to organize their proposed testing to

meet a "minimum requirements" program for the Vehicle 5 configuration. Proposed

Orbiter aerodynamics testing addreased the evaluation of recent design changes

(elevon gaps, OMS pods, differential elevons, and elevon flapper doors). Also

addressed was the determination of viscous interaction effects on hypersonic

stability and control. Inboard/outboard split elevon effectiveness, RCS

simulation improvement, and testing required to support TPS simulation was also

discussed. Integrated Vehicle tests were proposed to obtain basic aerodynamics

| for Vehicle 5. This included elevon/rudder/bodyflap hinge moments, wing root J

‘o bending and torsion, and plume effects (on base pressures, nozzle loads, elevon - .

characteristics). Separation testing was planned for nominal conditions at high

a's and f's, and for RILS conditions with RCS jet simulation. SRB alone tests

x covered entry stability, nozzle hinge moments, Reynolds number effects, and

presuure distributions for both venting studies and load calculations. ET tests

would cover protuberance loads and sonic boom characteristies. Airload tests

d were to be conducted for pressures near the Orbiter nose and main wheel well

- (thermal blanket survival assessment). Flow visualization and wake mixing data,
exhaust plume effects, elevon deflection effects on wing pressures, and element
pressures (Orbiter, ET and SRB mated) were also tested. Structural dynamics
testing was for aeronoise effects on the TPS. (structural panel tests), flutter

-~ with TPS (structural panel), and flutter for the wing/elevon-fin rudder

, components. Aerothermodynamics tests concentrated on TPS tile gaps with
pressure gradients, Thin film gauge .instrumented Orbiter/ET attach structure

;4 for the ascent phase and surface roughness (paint) and canopy/forebody heating

T rates for entry conditions was also tested. For the carrier program, testing .

was about to begin. The Boeing Company had been awarded the contract the
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previous month., Some preliminary design support tests had been done leading up N {
to carrier ATP. Now the detail design test requirements had to be done in ; 1
preparation for carrier PDR in November 1974. Near-term testing included mated ]
vehicle stability and control for takeoff. Cruise and landing (including

effects of Orbiter incidence, Orbiter position, tailcone shape and carrier

vertical tail modifications) were tested. Separation configuration development

(Reynolds number effects and separation matrix definition) and tailcone
configuration definition were tested as well. __

At this stage of the program, the major -configuration changes had been made.
The -bulk of the future tests would be.for configuration refinements, data
verification, and c¢ontingency issues. It was .decided therefore, to reduce the
quarterly panel meetings to three. per year after the next meeting.

SSECP-WTP Meeting No. 8

The eighth meeting of the panel took place in October 1974. Program schedules . |
were presented and discussed in terms of "events related to the panel subsystem ;
manager's responsibilities. Fabrication of most of the Orbiter structure for.

O0V-101 was completed_and assembly had begun.

Major aerodynamic issues for the Orbiter were the following:

a. Increased drag caused by the shortened (blunted) OMS pods

e

b. Unaccounted wave drag caused by TPS tile steps

¢. Initiation of a test program for the entry ADS probes 5

o -

d. Dec¢rease in pitching moment caused by viscous-interaction effects
e. Corrections for base sting and SSME nozzle effects

f. Influence. of RCS "RT" (product of gas constant and temperature) scaling
and Mach effect on entry RCS simulation

g. Reduced rudder_effectiveness caused by air leakage through the rudder f
hinge line gap . !

Integrated Vehicle aerodynamic issues discussed were Vehicle § power=on base j
drag test results (higher drag level than the latest data book). Also discussed

were thé Vehicle 5 power-off forebody drag (recent tests show higher drag) and

elevon deflection schedules for hinge moment actuator load relief. For the

carrier program, a requirement to land with the tailcone had been added. ..
Therefore a tést. series was initiated to address this configuration. SRB

testing Govered Reynolds number effects, updated configuration stability and

¢ontrol, and nozzle hinge moments. ET tests included Orbiter/ET fairing
optimization, Reynolds number effects, dynamic stability verification, and plume
simulation effects. . Entry heating tests were planned to obtain the effects of

forebody boundary-layer transition and surface roughness, surface seals and :
cavities, leading-edge radius, and TPS gaps. Integrated Vehicle heating tests

¢overed updated configuration heating distributions, protuberance effects, and

base convective heating/pressures, Structural dynamics tests were to be_done

for wing and vertical tail flutter boundary updates,
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SSECP=-WTP Meeting No. 9 i

This meeting was held in May 1975. Orbiter aerodynamic concerns were trim

capabllity near Mach 5, loads exceeding the transonic elevon hinge moment

limits, Reynolds number effects, ALT airloads, and continued air data probe

calibrations. The Integrated Vehicle testing plans were for RTLS separation and :
.. airloads with plumes (hinge moments, venting pressures). The carrier
- . aerodynamic issues were strut (Orbiter) effects, launch separation, captive
. vehicle airloads, and tailcone off buffet alleviation. Orbiter heating tests
- and analyses addressed.the establishment of smoothness criteria, preventing ‘
wﬂyﬂwtmmﬂhmaMeMwn@mMcwﬂh%um.Amwt“ﬂﬂgwmwm i
were Vehicle 5 heating and pressure distributions and plume effects on base 1
heating at high altitudes. Structural dynamics testing was on panel flutter ' j
with and without TPS, aeronoise during ascent, and rigid Orbiter tests to
predict buffet onset (including canopy effects). :

SSECP-WTP Meeting No. 10 _ |

The tenth panel meeting was held in October 1975. Orbiter aerodynamics concerns |
to be addressed included viscous interaction.and real-gas effects. A4lso ‘
discussed were effects of new outer mold lines (OML) caused by TPS thickness
redefinition, ALT vehicle tailcone data deficiencies, and air data probe
(forebody model) calibrations. Integrated.Vehicle aerodynamic issues were force
and moment element data with an updated elevon deflection schedule. Other
issues were RTLS abort separation with force and aft RCS effects, AADS
feasibility, airloads update, and effects of protuberances and attach hardware.
Entry heating tests involved the definition of boundary-layer transition. For
the Integrated.Vehicle, heating tests continued on Vehicle 5. heating and
pressure distributions, and protuberance effects. Structural dynamics concerns
were for Orbiter Nomex felt panel flutter..
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. SSECP-WTP Meeting No. 11

A review of the remaining test program in this Marnh 1976 meeting indicated that
because of the advance approval management. procedure.that was used, the Wind
Tunnel Panel's role was essentially completed. The panel decided to dissolve
itself after the next meeting and transfer the manapement of any future tests to
the respective subsystem managers.

The OV-101 vehicle had been assembled and was approaching the Shuttle ALT CDR.
The OV-102 vehicle OM. definition had been signed off, fabrication had started,
and assembly was 4 months off. Orbiter aerodynamic issues concerned -

a. Verification of the OV-102 lines at subsoni¢ and transoni¢ speeds
b. Nonlinear aerodynamic control surface characteristics (LaRC-supported)
¢.. Predic¢tions of aeroelastic effects

d. Evaluation of the ALT ADS calibrations (side probes and nose boom) and
0v-102 ADS test plans

e. Aerodynamic loads on landing gear (which are gravity operated) struts
and doors,
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f. Tailcone on data (ground effects, airloads, hinge mcment effects, and
test support system tares),

Integrated Vehicle studies concentrated on continuation of tests on elevon.

relief (to maintain both wing root loads and elevon hinge moments within design
limits), AADS feasibility, and RILS separation. Carrier aerodynamic issues were
verification of the data base for mated vehicle launch and cruise configuration,
take-of' f and landing configuration, and Separation. Structural dynamics tests
continued on the effects of local shocks and aeronoise on the TPS. Integrated

Vehicle and Orbiter heating tests continued to address localized heating and
configuration updates,

SSECP-WTP Meeting No. 12

At this last official -meeting of the panel in September 1976, it was requested
that each remaining test be identified to the appropriate subsystem manager in
detail and in writing., The subsystem managers would then review these test data
requirement packages (test description sheets for the remainder of the program
and detailed run schedules through July 1977). an assessment of the occupancy
hours would be made by the facility representatives. Then a memorandum would be
sent from the JSC Director requesting that these tests be conducted. It was
estimated that the_ current _percent of SSV test completion was 83 percent for
aerodynamics, 62 percent for heating, and 71 percent for structural dynamics,
Test hours estimated for completion were 40,700 with 29,900 having been
accomplished, or 73 percent. Projected testing that remained would be primarily
in the areas of verification testing and "as-built" configuration testing. The
pPurpose of verification testing was to furnish data for the design data
uncertainties analysis. The "as-built” tests would address data .8aps,
configuration updates and discrepancies, and data discrepancies. These latter

tests would be in the highest quality facilities available using completely new
high fidelity models.

Remaining Orbiter aerodynamic testing addressed the entry ADS, refinement of
stability and control and hinge moments, aeroelastic effects (wing and vertical
tail), hypersonic viscous interaction/real-gas effects, and various of f-néminal
flight conditions, Integrated Vehicle -tests would cover refined plume effects,
the AADS calibration, and contingency airloads. Orbiter and Integrated Vehicle
heating addressed configuration updates and localized heating regions.
Structural dynamics .tests were to be conducted on updated configurations for.
flutter/buffet, panel (TPS) flutter, oscillatory pressure effects, hypersonic
bodyflap buzz, and ground winds data verification. Tests were also to continue
through 1976 on SEB recovery conditions and for udpated SRB and ET configuration
aerddynamiés, structural dynamics, and heating.

SSECP~WTP Specisl Meeting




7. WIND TUNNEL TEST PROGRAM

; ; As previously discussed, obtaining the aerodynamic, aerothermodynamic, and
S structural characteristics for the design and development of the SSV
o configurations necessitated the formulation and execution of an extensive wind
tunnel testing program. To minimize costs, plans were made to make maximum use
of NASA test facilities and to fabricate multipurpose wind tunnel models. The
contractor Phase C/D wind tunnel test program, which began in September 1972,
was formally completed in September 1983.

In the formal Rockwell proposal, the estimated wind tunnel. test progranm
consisted of 18,900 hours for the Orbiter .and 7,100 hours for the mated launch
vehicle and the elements for a total of 26,000 hours. During the test
program, several management decisions required major configuration changes.
Changes such as Orbiter sizing, Orbiter/carrier concept, launch vehicle . ‘
operational concepts, etc., (fig. 3.1 and 3.2 for the major design evolution ;|
characteristics). This resulted in a substantial increase over the initially i
proposed number of test hours. Overall the prime contractor-utilized :
approximately 46,500 wind tunnel test hours in the Phase C/D time period. Table
7.1 presents a summary of the test hours per major configuration, for the.
various disceiplines, togetheér with the number of supporting models., As a
projection of the cost for the test program, the facility hours and models are
shown with their estimated costs., Fig. 7.1 illustrates the occupancy hours for
the various configurations per discipline, in comparison with similar large-
scale test. programs.

SR

In addition to the Ro¢kwell Phase C/D wind tunnel test program, MSFC and LaRC
major-supporting test programs during this time amounted to approximately 20,000 .
hours. The MSFC, havirng direct responsibility to the SSV program, expended
approximately 7,000 hours performing in-house SSV technology tasks. JSC
conducted approximately 1,800 hours of tests, primarily in direct support of
Orbiter aerodynamics.

Wind tunnel facilities used in the test program were chosen based on the
tunnel's capability to simulate the required test conditions. However, the
selection was also based on the facilities cost and efficiency. For this
reason, nearly 71 percent of the test program was conducted in NASA facilities.
Specifically, 41 percent was done at ARC, 17 percent at MSFC, 13 percent at
LaRC, and 1 percent at LeRC.

S,

To assist in the test program management and coordination, a test coding system
was developed., The tests were divided into groups each representing the
particular. organization whic¢h was directly responsible for that test (i.e.
Rockwell, LaRC, MSFC, etc¢.). Each test was given an.alpha/numeric
identification code. For the .Rockwell tests, the first of the two alpha
characters indicatéd whether -the tests were for -the Orbiter (0), Integrated
Vehiele (I), cearrier aircraft (C), external tank (T), or solid rocket .booster
(S) configuration, The second alpha character denoted the area of discipline to
be evaluatéd:  aerddynamics (A), heating (H), or structures (S). The numerical
characters represented thé chronological order of the tests. It should be noted
that .the -airloads.and the aséent phase separation aerodynamics are listed under -
ngn,  Structures tésts are predominately structural dynamics tests (as opposed
to airloads tests). Also the heating test program incéluded some pressure
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distribution testing that was done simultaneously (at the identical test
conditions) with the heating tests to ensure data analysis compatibility.

For those support tests conducted by the-various NASA centers, the first alpha

character was changed from the ahove. description and was used in identifying the
center as LaRC (L), MSFC (F), ARC (A), and JSC (M), with the remainder of the
identification code the same as previously explained. .

A summary of the total test program is given in table 7.2 and the detailed lists
of tests for: the Orbiter, Integrated Vehicle, carrier vehicle, ET and SRB's are
contained in appendices A1 through A5, respectively. Each table gives the test
nuber {or ID), the test schedule, the occupancy hours that were estimated and
that were charged by the facility (actual "fan~on" hours), the actual number of
runs conducted, the model reference designation (see "Configuration Evolution"
section) and model ID (Refer to "Wind Tunnel Test Models" section), the facility

used (Refer to "Wind Tunnel Facilities" section) and the facility-designated’

test number, and the DATAMAN document number and status (Refer to
"Documentation" section). Not shown in the test program listings is
approximately 660 hours representing 12 Orbiter ADS probe-alone tests.

33

o

N e

e e e e



11}111 — - T L - - - PO TUTTTIIITIUR L TRl TR A SRS L TS T e, s B P - : . (,4‘,

-
!
3
SHY110d NOITTIN = W 310N |
: ) ]
‘ : 1S02 WVHOOUd
ws'ss w90l w9z wg'gs 1vi0L TINNNL ONIM f
ETR L UG |
we'9z we'y wo'e wg'zi 1S00 . i "
oot 12 e S "ON 1vL04 130ON
wo'69 w/'g Wzt we'gy 1S0D . ﬁ
000°S¥y 008'c 0ov'LL 008°0€ SHNOH IVLOL ALITIOVA :
wg'sz wy'L wo's WGl 1S09D L
w 00zt 006 0009 00€'0L SHNOH IN3OSV -
: R : . , ™
we e wye wy'g we'GZ 1502 .
006°¥Z 0052 00v's 000°L1 SHNOH AHINT
we's wgo — We's 1S0D ; , ,
w 006°c oGV — 00S'E SHNOH yIHUYI/LTV 1
i 1vioL SOINVNAQ ONILVIH SOINYNAQOHIV
, IVHNLONYULS

Py

HOLOVYLNOD IWI¥d IHL ¥4 1SOD QILYWILST GNV SHAOH ALITIOVA - “T°Z 378v1




e mtm i e mE EFQEENSINPIEEIE. SFPE S

- | . T Y ) ¥

‘i
i
i
.
o
. . . . i
172 mze 173 9919 IvioL €L e IvioL co £662S  TViOL .
- . —_— t
s 295 0 0 sy ] 0 HY ] 895 vV
821 €201 ] ] s1 0 ] H1 821 1e20L v1
¥ . (] .,
= S- s €195 9 28 s4 9 e H4 v Sory vd
-y o soLe 0 0 SN z sz HAN 82 0e0¢ viN .
ST e . . - B S
s 3 £ s 0 0 Si 2z 2L HL ] 1714 Vi ,w., |
£. oy . . s
. o IS st 9251 SS v e HS ¥74 Y6re Vs
=5 25v sy ] 992€ 10414 szt €zeL 10414 oz £S20¢  104/14 .
‘ o g —_— E— 3
£3 10 62 S68¢ 9 sy SO 0 o HO €2 owe vO »
©co 03t 59021 oL vs8 sI sy 9g65 HI voL . szzoL vi ‘
ﬂ 892 298¥2 or 82 SO 6L 1885 ,HO , 6oL 88691 vO
“, S1S3L'  SUNOH $1531  SUACH isaL $1S3L  SUNOH 1831 S1S3L SUNOH  1S3L 1
40 'ON 40 'ON 40 ‘ON 40 'ON
wiolL SIUNLONYULS ONILVIH SOINVNAQOH3VY

WYY90dd WNLIY TYLOL ONILSIL TINNNL GNIM
JHL 40 NOILVTIdWOD ASS G/ ISWHd - °2°/ 319Vl

| A | ‘
.

Coae

'

4

{

l

}

[

]




8. WIND TUNNEL TES1 FACILITIES

Many facilities were required to simulate the particular flight conditions that
would provide the design of the many SSV configurations. These data had to be
accunmulated over the entire range of flight conditions that would be encountered
from launch through entry and then some, The selection of .a tunnel, for any
particular test was based on the tunnel's _capabilities to simulate required
flight conditions, principally Mach and Reynolds number. However, selection was
also based on the facility, convenience, and operational economy when there were
possible alternate choices,

There were three primary types of wind tunnels used.

a. Continuous flow tunnels., These .tunnels permit uninterrupted testing
until all required data are obtained on a particular configuration. Models and
test conditions of Mach .number, Reynolds number, and angle of attack and
sideslip are set up and the air (or test mediuw) is recirculated until run
completion.

b. Intermittent tunnels (blowdown tunnels). These tunnels have. an
operating time from several seconds to a few minutes. They have storage .tanks
charged with pressurized air that is suddenly released, and data are taken over
a short blowdown time span.

¢. Impulse tunnels. These tunnels are designed.for the simulation of high
Mach number values. They have a very short i2an time, in the order of milli-
seconds. Instrumentation of the models fcr this type of tunnel must have high
response for the instantaneous recording of the necessary data.

The capability of the various facilities to match the combined Reynolds
nunber/Mach number flight conditions is given in fig. 8.1(a) for ascent and fig.
8.1(b) for entry. In the high hypersonic regime (Mach number above 5) the

visecous parameter, Va',, was used as the correlation parameter rather than.

Reynolds number (see fig. 8.2). Facility information for the SSV test program
is summarized in table 8.1 grouped by speed category. The facility name, type,
test section size, Mach number range, Reynolds number range and typical model
scales is given,

The choice of facility for any given test was determined by selecting the.one
which could approximate flight conditions. Flight conditions were approached
through control of the geometric similarity and scale of models (properly
instrumented) and tunnel control of

a. Reynolds number, which is the ratio of the test medium's inertia force
to the.viseous force. The similarity between a.model and prototype is realized
when the dimensionless Reynolds number for the model equals the Reynolds number
for the prototype. In some instances, it was the objective of a particular wind
tunnel test to show that the effect of varying the Reynolds number is a
negligible factor, Therefore some tests were conducted at several Reynolds
nunmber levels.
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b. Mach number, which is the ratio of the relative velocity of the vehicle
to the speed of sound in the medium..

¢. Angle of attack and sideslip, which 1s the-attitude of the model .in

relation to the free-stream velocity veetor in the piteh and yaw planes,
respectively.

d. Other parameters such as thrust coefficients, aercelastic.frequencies, .

separation distances, etc. that had to be simulated for specifie tests.

Because of the impossibility of obtaining all of the requlired data in one
facllity, it was necessary to.use combinations of facilities and models to
obtain data over the desired range of flight conditions.

Additionally, there were no tests or combination of tests that could account for
all variables such as Reynolds number, Mach number, angle of attack, model size,
wind tunnel, or balance choice that could.be made in such a manner as toé provide
all.desired data for the determination of aerodynamic characteristics,
Therefore, testing was directed to those areas considered most criticeal to the
vehicle's design. With the limited data obtained it was possible to predict, or
extrapolate, the aerd/thermo/structural characteristics in the untested areas.

The complete phase C/D wind tunnel program is grouped by facility deésignation
and presented in appendix A. The in-house facility test number is given
followed. by the SSV test designation, test date, hours, runs, model
configuration reference and ID, and documentation number. .

37




e——— - — - - R - Sttt Ll T e S Rl . - W e PR R - ‘

"

t

. g1 0°8E - 0°2 0°G = 2°0 Id 0°ft Xd 0"t IIHYILNT .ﬁmzza.ﬁ ANIM q43dS HOIH AL1
0'G - G| L'E -2t €L ~-20 Id 0°9L X4 0°91 SNOANILNOD " TENNQL JINOSNYYHI ILJd-9L DUV ‘-
0% - 0°2 L6 =00 9°L = 2°0 Id 0°9L X4 0°9tL SNONNIINOD TANNQL JTWYNXQ OINOSNVHI Ld-9L JYv1
0°2 - G 0°9 - _...o €L =20 Id L°L x4 L°L SNHONNILNOD TINNAL °SSI¥d IINOSNVHIL .H.mlm o} 4 | ¢
0°2 - S| 0*L = L0 'Lt - 0°0 Id 0°8 X9 0°8 SNOANILNOD TINNAL OINOSNYHL 1d-8 TVD '
of o' - owo e'L =20 ld 0°2l X4 0°8 SNONNIINOD ,.szza INTM JINOSNVYLI O4L R
0°t - 02 09 - 2'0 9°L =-2°0 4 0°9%L X4 0°9L SNOANILNOD TANNML OINOSNVHI 1Jd-9L 203V e
9°0 0°L =20 £L - 20 Id Ok Xd O° % SOONNILNOD TINNAL NOISINdOHd ld=tr OqdV
0°€ ....,mN._. 2'q - g2 2L =90 Id 0°hl X9 S°€EL SNOANILNOD TINNAL OINOSNVHL ILd-ti OuY .
sommm——— L'g =G0 't - 9°0 Id 02 Xxd 0°¢ SNOANILNOD TANNAL OINOSNVYL ld~2 JHY _ L
0°'qs - 0°2 ft°6 - L°L 'l - G0 dd 0°LL X9 0°t{L SNOANILNOD TINNAL OINOSNVYL I1d-lL Xd =Ll DXV BE
==z=cz=zs= on.
.Quwzomz‘%g
“ g
W o't g°'L - 0°0 £°0 - 0°0 Ld=-0°2lL X9 0°8 SNOANTINOD TINNAL Ld-2l X4 -8 "HSYM 40 °AINN |
0k m.p =00 £°0-0°0 L4d-0°0L X9 0°L SNONNTILNOD .Hmzza.OHzomem 1d-0L Xd =L (WY1
0°ft = 0°2 02 -0°0 £°0 - 0°0 i4 0°0L x4 0°L SNONNIINOD TANNAL 03IIdS MO1 1d-01 X9 -l Iy
0°G S0 = 9°0 L*0 =~ 0°0 Id 0°02 X9 0°9l SONANIINOD TINNAL DINOSANS I4-02 X4 -C¢L AL #
0°f S°0 -~ 0°0 €0 ~0°0 14 s°L2 x4 S il SNOANIINOO , TOLS7A JH1
02 0°4L - 9°0 #°0 - L°0 Id 0°E 14 G°L SNOONIINOD TINNAL °SSIYd IONITOGUAL .M0°T JUVT
0 §°2 = 0°0 L0 - 0°0 id 0°0C Xd 0°02 SOOANILNOD . ) ‘TENNAL T0LS/A D41
£E°EE ‘2 =00 £€°0 =00 L4 0°09 X9 0°o% SNOANILNOD TINNQL OINOSHNS 14-08 X4 -0t JHV .
0°6 =~ G°| 06 = 0°0 6°0 - 0°0 Id €°LL X9 €°1L1 STNOANILNOD ‘TANNAL JYASSIUYd Jd~2L JHY
: JINOSEns
[} ~ ta .
JONVY Ld/9#e0l X YIINON NOILOFS SNYN
JTv3s TIAON ) .,mmmzpz WJQ.HOEG , HOVKH : NANC A JdXL N " XIITIOVA

t

SATLITIOVA ISAL TAILNOJAOS HOCVH THL 4O AWOS 40 ISTT - 1°8 TTaVL




e

-

P

"0 0°L = o0°0 8L - g 'VIQ HONI-8%  LIWWILNI TANNAL DINOSHAJXH Li-tr JMYT
9°0 - #°0 0°L -2 9 VIQ HONI-02 LIRWALINT . TNNQL NOYd HONI-0Z DNy
9°0 - 0 €L -2 61 . 'VIQ HONI-6{ LIWNAINT TINNAQL NIOOMLIN DINOSHSIXH DMV
. 0 €1l = Lo é¢ = 8L . °VIQ HONI-G'22  LIN4AINT ~ TENNAL WOI'TIH HONI-22 oWy

_0°L - 9% €2 -¢€90 ZLLL'OL °VIQ HONI I X4 L€  LTHWAINT TINNAL DINOSHIIXH MOd “INOD DHYT
0°8 - 6°9°0 0°2L = L0 L ‘VIQ HONI-84  LIWNAINI TNNQL XLISN3A ITEVIHVA DNVT
0°L - 40 €6 - Lo 9 HONI 02 Xd 02 LIW§3INT WINNAL 9 HOVW HONI-0Z OHyT
r0°2 8'S. - 0 L °VIA 1d-§ A00HS _* . ubfu TANWAL OMSN
#2,- §°0°1 0°SL ~ 0°0 9 "VIQ HONI-ZL YOOHS TANNOL DINOSHIJXH Ld-8 T¥D
Sl°L - 0%t 0°Sh - G L 'VIQ HONI-SZ  LTWYINT udu TANNOL DQ3Y
0°SL°L 0°9L - €0 § -Gt 140°L X4 0'L  SOONNTLNOD «Qu TINNAL OQ3Y
£ §L e - g0 2L % oL 'VIQ HONI-05  S0ANTLNOD «u TINNAL 2QdY
0°2 - 0°L £6 =-¢€90 0'g %9 "YIT HONI-0S  SNOANILINOD _ wfs TNNAL Dq3Y
SL°L - 0°t 'l = €0 s'Leg VIQ 14-5'€  LTWWAINT TINNAL DINOSUIIXH L1d-S°E o¥y
OINOSHIdXH

|

"0 0°8L - 0°¢ N "VIQ HONI-fry LIRUILNT TANNAL JINOSHIANS HONI-i DdSW
S'L =~ #o 0°LL ~ 0°2 S°€ =10 14 0°L. xg 0°L LIRYIINT TANNAL DINOSTYL Id-L X9 -, Iy
0%t = 0°2 '€ - 1°0 S'€-02  1LI0'0L XE 0°0L  SOONNTINOD TINNAL JINOSHIINS Ld~0L XG-0L DNaT
0°Z < 04 0°8 - 0 94 ~ gL Ld 0 X4 0°%  SOONNTINOD STANNAL NVId XMYLIND QWY
0°2 - 0°1 $'2 =20 2 - Gy L1 0°9L X4 0°9L  SNONNIINOD TANNAL DINOSHIINS L4-9L 2q3y
0°2 - 0°1 26 - €0 0°9 = gt LI €€ 14 €€ SNOANIINOD . uVu TINNAL Q3

1 0°§ =~ g0 22 - 90 LI 0°9 x4 0°9  SNOANTINGD TINNAL OINOSHEANS 14-9 XE -9 Duy
0°§ - 0°2 $°9 - g0 92 - 6L L1 0°L X4 0°6  SNONNTLNGD TANNAL DINOSHENS Ld-L X4 =6 Duy
0§ - 0°2 0'S - G0 S - r°Z L4 0°L 1@ 0°8  SNOANIINOD TINNAL JINOSHEANS Ld-L XA =g dyv

JINOSHIdNS
TONVY 1d/9s80L X 4IEHON NOILOAS BHYN
IT¥0S TIAON | ¥AGWON S.QONKAY HOVR . Isar XL KLITIOV4
= 1°8 FT4VL

qIANTIONOD

39

K §




9. WIND TUNNEL TEST MODELS

Based on the range of flight regimes that were to be evaluated in developing the
design of the SSV, a total of over 100 models were eventually required. The
model scales range from 0.4 to 36 percent of the full-scale configuration.
Exceptions to these scales were the full scale testing of specialized components
such as control panels, TPS tile with gaps, etc. Model size was determined by
the required testing parameters and the effective tunnel size for attaining
flight simulation with minimum tunnel interference. The models were
geodmetrically scaled and manufactured to extremely close tolerances to obtain
accurate data. Later models incorporated finer details of external
protuberances, surfacte roughness and indentations, as shown graphically in fig.
9.1.

Force models, which measure the three forces and three moments that define the
overall performance and stability of the vehicle, were the primary source for
obtaining the aerodynamics of the SSV configurations. In the early tests when
basic force and moment. testing was being done in the low speed facilities,
wooden models were used. Soon after, for testing in the high speed/pressurized
facilities, the models were made of aluminum and/or stainless steel.
Ultimately, for hypersonic facilities, the models were constructed of heat-
treated steel.

Heat transfer models were used to establish the flow field and the temperature
distribution about the vehicle. The models were either made of a . plastic~like
material .or they were stainless steel modeéls. The.former type models wereé used
to define the flow patterns using oil-flow photographs. The stainless steel
models were fitted with thermocouples (and/or calorimeters) to define the
temperature distribution and stagnation heating for-a range of trajectory
conditions, :

Pressure models were used to obtain detailed surface préssuré-distributions to
assist in.the airloads analysis and to design the various structural components
of ‘the SSV. configurations. Pressure models were basically the same as the force
models (and in some cases. identical models). They were fabricated from aluminum
and/or steel., The major differences, however, were the mul titude of pressure
ports located over the surface of the model and the réquired plumbing located in
the interior of the model to measure all the pressures.

Aeroelastic models weére used to measure the torsional, shear, and bending-

characteristics of a particular component. The.elastic¢ models weére-force model s
with the component to be -evaluated (e.g..the vertical tail or wing) being
replaced with an elastic ¢omponent.

Flutter models weére used to evaluate the dynamic. characteristics of a particular
component. Flutter models were usually made of balsa wood with appropriate
stiffness, The flutter models are normally tested to destruction.

A summary of varicus models used is shown in table 9.1 with definition of.theé
model identification (ID), configuration represented, major_tést discipline,
scale, type measurements, and general comments.
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Appendix A gives additional information, grouped by model., It includes the test
the model was used in, test dates, test hours, mumber of runs, the facility used
‘ (and facility test number), and documentation information.
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10. DOCUMENTATION

Recognition of the need for an integrated, standardized System for processing,

storing, and manipulating large blocks of wind tunnel data led to the

development of th'e "System for Automated Development of Static Aerothermodynamic
Criteria® in 1966 by Chrysler Corporation Space Division, New Orleans,
Louisiana, Typically, raw wind tunnel data counts were automatically reduced to

coefficient form at the facility, with nany of the subsequent: operations done

predominantly by hand,. Data point corrections, bias shifts, adjustments to the
data for scale effects, breakdown of the data for component analysis, plots (and
eross plots) for data evaluation, _faired andg interpolated data, final
presentation plots, etc. were all done manually, Structural design related
tests such as loads -and heating were handled in a similar manner. However,
there are usually- many more data points for each test condition. 1In 1966,
Chrysler, in support of the Saturn IB/Apollo Program, and under contract to the
MSFC, designed and developed a. digital ccamputer program system which would
ineclude data file storage and retrieval operations, data computational
capability, and automated pPlotting capability. 1In 1970, the original systen,
renamed DATAMAN (short for data management), was proposed by. the MSFC as a means
to document and file -experimental wind tunnel data from the SSy design and
development Program. This proposal was accepted and the system became
operational during theé Phase B. portion of the Space Shuttle Program. Since the
beginning of Phase -C/D, approximately one thousand test reports (of which 35
percent were special requests) have been issued in support of the SSV program.
Each of these documents is retrievable and referenceable (abstracted in the
Seientifie and Technical Aerospace ‘Reports, or STAR) and contains complete test
information. . However the test data is primarily in standard plots and tables,
with limited analysis. This method of documenting test data is very unique.
The current wind. tunnel investigation for a given design results in generating,
not only a large amount of data, but the data is obtained from a number of
different facilities and is of'ten provided in different nomenclature and format.
The impact on the engineering analyst, with limited resources available to
organize, manipulate, and pPlot .data, is to.either delay release of the data or
to limit the scope of the analyses. By automating and standardizing these

procedures, as was done for the SSV progranm, rapid output of the data in the .

¢ommunity. These techniques have proven to be both.an effective and economical
method of documenting, as well as working with, wind tunnel test results and
could..be applied to any major aerospace program.

A summary of the many advantages of this system follows., The system enables the
engineer -t6 spend more time evaluating and analzying the data by relieving the
tedious job of organizing and Plotting large quantities of data as a necessary
prelude - to analysis and evaluation, The. initial output of plotted data is
available in a time frame that permits rapid evaluation, Thus the engineer -¢an
incorporate any findings into subsequent wind tunnel investigations. The system
pérmits maximum exploitation of the data by allowing a complete analysis. of
major.and sec¢ond order effects by providing the -engineer with plots of all of
the data, which would not normally be possible with limited manpower.. The
method permits extensive analysis of the data by providing automated calcéulation

and comparative plotting of such variables as intercepts, derivatives,

increments, trim conditions, control power ef‘f‘ectiveness, etc. These are
operations which must be performed for design applications. of the data and
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consequently are equally important to the engineer. The system facilitates

comparison of data from current tests with data from prior tests by providing a

data storage and retrieval system. It expedites the publication and
dissemination of all the data obtained. The system provides a document

containing a complete set of the data obtained in the investigation. These

i documents can. subsequently be referenced in more formal documents and

o presentations, A complete listing of-all test documents produced is given in

| appendix B. Table B relates the document number to the test number, test data,

{ model reference configuration and ID, and the facility. Table B2 shows the NASA

E contracter report (CR) number, the test number, and the report title.
1

R N T TRETTTTOT .

'
]

. o

48




12.

13.

14..

15,
16.
17,
18.
19.
20,
21.
22,

23.

REFERENCES

~Whitnah, A, M., and Hillje, E., R.: Space Shuttle Wind Tunnel Testing

Program, AIAA Paper No. 82-0562, March 1982,
Fe ¢t Maxime A,: New Configuration Concept for Space Shuttle that
Piuvides Suitable.Characteristics for Launch, Entry, and Landing. Paper

presented at AIAA 6th. Annual Meeting and Technical Display, Anaheim, CA, .

October 20-24, 1969,

Hallion, Richard P.,: Antecedents of the Space Shuttle. AIAA Student
Journal, Spring 1980,

Surber, T, E., and Olsen, D, C.: Space Shuttle Orbiter Aerodynanmic
Development. Journal of Spacecraft and Rockets, January - February 1978.

Bornemann, W. E. and Surber, T. E,: Aerodynamic Design of the Space.

Shuttle Orbiter. Prepared for Presentation at the AGARD. Fluid Dynamics
Panel Symposium on High Angle of Attack Aerodynamics. October 1978.

Lee, Dorothy B. and Harthun, Mark H,: - Aerothermodynamic Entry Environment
of the Space Shuttle Orbiter. AIAA Paper No. 82-0821 y June 1982,

Runyan, Harry L. and.Morgan, Homer G.: Structural Dynamics Problems of the
Space Shuttle. AIAA Paper No. T0-740, April 1970.

Rainey, Robert W.: Progress and Technology for Space Shuttles. AAS Paper
No. T0-046, June 1970.

Henderson, Arthur, Jr.: Aerothermodynamic Technology for Space Shuttle -
and Beyond. AIAA Paper 73~59, January 1973.

Love, Eugene S.: Advanced Technology and the Space Shuttle. Astronautics
and Aeronautics, February 1973.

Hillje, Ernest R. and Nelson, Raymond L, : Postflight Analysis of the Space
Shuttle Ascent Air Data System. AIAA Paper No. 81-2457, November 1981.
Hillje, Ernest R. and Tymms, David E.: Wind Tunnel and Flight Calibration
of .the Shuttle Orbiter Air Data System. AIAA Paper No. 78-792, April 1978.
Ware, George M.; Spencer, Bernard, Jr.; and Gentry, L. Raymond: Remotely
Driven Model Control Surfaces for Efficient Wind~-Tunnel Operations. AIAA
Paper No. 83-0148, January 1983,

Aerodynamic Design Data Book (Space Shuttle Program). Volume I - Orbiter
Vehicle. Doc. SD72-SH-0060-1A, North American Rockwell, October. 1972.
Aerodynamic Design Data Book (Space Shuttle Program). 150K Light Weight
Orbiter Vehicle. Doc. SD73-SH-0020, North American Rockwell, February 1973.
Aerodynamic Design. Data Book (Space Shuttle Program). Volume I - Orbiter
Vehicle., Doc. SD72-SH-0060-~1C, Rockwell International, April 1973.
Aerodynamic Design Data Book (Space Shuttle Program). Volume I - Orbiter
Vehicle. Doc. SD72-SH-0060-1D, Rockwell International, June 1973.
Aerodynamic Design Data Book (Space Shuttle Program). Volume I - Orbiter
Vehicle. Doc. SD72-SH-0060-1E, Rockwell International, July 1973.
Aerodynamic Design Data Book (Space Shuttle Program). Volume I - Orbiter.
Vehicle. Doc., SD72-SH=0060-1F, Rockwell International, December 1973.
Aerodynamic Design Data Book (Space Shuttle Program), Volume I - Orbiter
Vehicle. Doc. SD72-SH-0060-1G, Rockwell International, June 1974.
Aerodynamic Design Data Book (Space Shuttle Program)., Volume I - Orbiter
Vehicle. Doc..SD72-SH=0060-1H, Rockwell International, December 1974,
Aerodynamic Design Data Book (Space Shuttle Frogram). Volume I = Orbiter
Vehicle. Doc, SD72-SH-0060-1I, Rockwell International, June 1975.
Aerodynamic Design Data Book (Space Shuttle Program).. Volume I - Orbiter
Vehicle. Doc. SD72-SH-0060-1J, Rockwell International, December 1975.

49

DA T S

—.- o~ e

e m—m—

)
b wk M



g 24,
J 25,
f 26.
27.
28.
29.
30.
31.
] 32,
34,
35.
36.
37.
38.

X : 39.

hi LRt o " A et 1)

Aerodynamic Design Data Book (Space Shuttle Program).

Volume IV = Orbiter

Vehicle 101, Doc. SD72-SH=0060-4J, Rockwell International, October 1976.
Aerodynamic Design Data Book (Space Shuttle Program). Volume I = Orbiter
Vehicle 102, Doc. SD72~SH=0060-1K, Rockwell International, November 1977.

Aerodynamic Design Data Book

(Space Shuttle Program).

Volume I - Orbiter

Vehicle 102, Doc. SD72-SH=-0060~1L, Rockwell International, October 1978.
Aerodynamic Design Data Book (Space Shuttle Program). Volume I = Orbiter
Vehicle STS-1, Doc. SD72-SH-0060-1M, Rockwell International, November 1980.

Aerodynamic Design Data Book
Vechicle. Doc, SD72-SH-0060-24,
Aerodynamic Design Data Book
Vehicle., Doc. SD72-SH-0060-2B,
Aerodynamic Design Data Book
Vehicle. Doc. SDT72-SH-0060-2C,
Aerodynamic Design Data Book
Vehicle. Doc. SD72-SH-0060-2D,
Aerodynamic Design Data Book
Vehicle. Doc. SD72-SH-0060-2E,

Aerodynamic Design Data Book:

Vehicle. Doac. SD72-SH-0060-2F,
Aerodynamic Design Data Book
Vehicle. Doc. SD72-SH-0060-2G,
Aderodynamic Design Data Book
Vehicle. Doc. SD72-SH-0060-2H,
Aerodynamic Design Data Book
Vehicle., Doc. SD72=-SH-0060-2I,
Aerodynamic Design Data Book
Vehicle.
Aerodynamic Design Data Book
Vehicle. Doec. SD72-SH-0060-2K,
Aerodynamic Design Data Book
Vehicle., Doc. SD72-SH-0060-2L,

Doe. SD72-SH-0060-2J,

(Space Shuttle Program). Volume II - Mated
North American Rockwell, October 1972.
(Space Shuttle Program). Volume II - Mated
North American.Rockwell, January 1974.
(Space Shuttle Program). Volume II - Mated
Rockwell International, April 1973..

(Space Shuttle Program). Volume II - Mated
Rockwell International, June 1973.

(Space Shuttle Program). Volume II - Mated
Rockwell International, August 1973. .
(Space Shuttle Program). Volume II - Mated
Rockwell International, January 1974.
(Space Shuttle Program). Volume II - Mated
Rockwell International, June 1974.

(Space Shuttle Program). Volume II - Mated
Rockwell International, February 1975.
(Space Shuttle Program). Volume II - Mated
Rockwell International, December 1976.
(Space Shuttle Program). Volume II = Mated
Rockwell International, August 1978.

(Space Shuttle Program). Volume II - Mated
Rockwell International, July 1980.

(Space Shuttle Program). Volume II - Mated
Rockwell International, June 1981.

50

R—



128.1 £T
(39.04 m)

)

. U AN
- \_ 156 IN DIA SAM (2)
¥ (396.24 cm)

T 13.5° PRECANT ANGLE
7 (1499 GRADS)

ORBITAL
MANEUVERING
SYSTEM (2)

(1‘:'33'::) ORBITER MAIN ENGINES (3)

(15 & m)—'l i e ABORT MOTORS (2]
S (233322” = REACTION
1 < 42:4 - i CONTROL ‘
“ “ MH : — SYSTEM

<l

_'

|‘—(12§4m)-‘l

925 FT (2819 m)——e
150 FT  (45.72 m)—r——e—— P
188.2 FT (26.88 m)—

16IFT (49.68 m)

-

(a) GRUMMAN AIRCRAFT COMPANY CONFIGURATION

.~

126.1 FT
(38.44 m)

156 IN O1A SRM

/- (396.24 cm)

GRADS)

7—1 5° PR CANT ANGLE

ABORT MOTOR (2)

ORBITER MAIN -
/ ENGINE (3)..
c21 6T / ) 523 FT
|~ " (18.93 m) ORBITAL (15.94 m)
l MANEUVERING = 24.27 FT :
SYSTEM (2) Y ‘
“”m) | : = == @ (2264 m) ;
. t - J = -l i i
e, 317 IN DIA
' (805.18 ¢m)
. 1732 FT (5279 m) | o=~ 7834 FT {2388 m)—| . :
e Jos . 1624 FT. (49.50 i) o :
L 2128 FT (84868 m) ’

(b) LOCKHEED MISSILE AND SPACE EOMPANY

Figure 2.1. - Space Shuttle Phasa B Double Prime final configurations. ,




3 \

120.7 FT

156 IN DIA SRM

[ (38924 cm)

l (36.79 m)
|
|

ORIGINAL PAGE 19
OF POOR QUALITY

15° PRECANT ANGLE

7 (16.67 GRADS)

51 FT
(15.54 m).
60.8 FT 789 FT
TTuesImT | A (24.35m)
288 FT X
~ (812 m)‘l —
=

l : 143 FT (4359 m)

424 FT

1623 FT  (49.47 m)
1815 FT (55.32 m})

—1] T

(1292 m)

— 12425 FT

/ (39624cm)

156 IN DIA SRM (2)

(¢) MCDONNELL DOUGLAS CONFIGURATION

- (37 87 M)~

|
<

11° PREGANT ANGLE

(12 22 GRADS)
849 FT 443 FT
(2588 m) "~ (1350 m)
— 599 FT
(18.28 m) l (22 85 )
< | D
‘CJ/\ I ==
1823FT (8547.m) 4 .
—— 1500 FT (4572 M) e - 408FT
2101 FT° R (12 44 )
(64.04 M)~ ommes

(d) NORTH AMERICAN/ROCKWELL CONFIBURATION
Figure 2.1. - Concluded

52

808 FT (24.57 m)——mel

ﬁo:‘—ﬁ.ﬁ T 2426 m) —

ORBITAL MANEUVERING

SYSTEM (3)
% ORBITER MAIN ENGINES (3)

= REACTION
» CONTROL
SYSTEM

328 INDIA -
(833.12¢cm)

ORBITER MAIN ENGINES (3;
ORBITAL MANEUVERING

" SYSTEM(2) -

318 IN DIA

I‘ ‘U/"(o'onzcm)

o e e~

o



Qu.."--.,i [ iﬂ'

OF POOR

QUL {3WL] UOLIN[OA3 UOL3RUNGY JUDD 31311MS 3deds - *1°g aumbiLy

e

|

H

Tits

1 [y |

PR RN

Sdedddsdalllsadcaddets.

i e e s

209400~
$/V00L00-

vorion-

(T
866000
¥09000-

$0000-0L 1A SONIMVEa
TO¥AINOD IWNOILLYENDIINDD

- ]

i s

HE®

ATTTETNY

[\

18 SIIDNMIA WWININGOTIZAZA

-
[T
-

.ms

T4V
£3(anss)

I8N

vawuvd

5

1108

ZOLAO A 40

w03V ' eiA0 LY

wa &on j@< CEER

. | SANOLSIUN MVEDOu
| ASYHA NOLLINISZT

53




PR §

T ek

v, H
*SUOLYLULESP UOLINLO0AD uotLeanbt juod uoley - <2°¢ ounbiy
*9ILY3pn 4931qun  {e)
— L ' . , *
529~ 0's9 §29-0'¢9 0'89 - 0'99 \ 0'89 - 0°'59 089 -0's9 {HLONIT IONIYISIY %) FONVY DD
¥ ot N R .
{s15'vL) 000°2e (S15'vL) 000°ZE (ovc'1t) o00'sz {vvi'st) coo'oy {(+v1'8t) 000'0r {6%) 81°'AvOIAVd ONIGNYT
3%63 000°0S1 (6e0°89) 000'0S1 (s€0°89) 000°054 \ (o11°22) 00008 oL c&.ﬁh {6%) @7 ‘LHSIIM AHO !
‘e
2 _ | . o
,, 11 ] , j ;
] & _ ' - L A
: 2D y . :
o O L4
| tit .
=5 ! ” ) = ¥
Z0 i 1 MIIA NYId
I o0 4
8% H ’
w2 \Zd b
fc% U7
| | ]
| (sz2e) Tz . (ev2e) gzzL ~ (sree) TSz {ve'8e) g'szi (ve8e) 8521 (w) L4 ‘HLONIT 1TVHIAO
T s 0 i . . , .
(08cZ) 182 1 (ose2) 1eL (0g°c2) 182 {09'st) ove (09sz) 0vs (W) L4 ‘NYdS ONIM ..
. (06'6v2) 0692 (06'6v2) 0692 (06°602) 0692 {v1°662) 0zZe (r1°662) oZZE (zw) 14 vIHY ONIM
. . . > [ . -
Y113Q 378N 00d.048/05% | VL7130 I19N0T 18/05F | ¥L73Q 318N0A o64/,S¢| YLVYA AIANITE o0 vi130 g3aN318 .05 | _ NOISIa ONIM
200000 - 0LDA - . R . . ; . on i HIannN ;
: ‘3071000 - 021A 8/v0v1 ‘0v1000 - 027A nom@ooo 021A v0v0000 - 021A 100000 - 02 1A ONIMYHQA TOHLNOD NOLLYHNDIAN 5D i
s . K . .
ﬁ 9's ve | vZ Hdd div NOILYNDISIA NOILYYNDIANOD
]




N »B

o
*P3pndu0) - *z<¢ aanbi 4
*312tyap paeubajur  (q)
. b o . ,
. - G . - - . ' (6 aNvSNOKHL)
o7 > (L'€061) 61y (9:6681) caLy (0°ze81) 911y (c'98e2) 192 4 q.ocﬁ LS SONNOJ ONVSNOML ' LHOIIM 440 L 12 S D
il (s'ss01) 1262 (s'ss04) 2262 ('vzor) eszz (0°9svi) 9s2¢ (seve) zsze | SONNOY ONVSNONL ‘1HD1IM 490 L uct e rord)
£y 7Y T : : o Beonwennait ]
< < (0'v0.) Zssi (9z02) 6¥51 (1°c02) 0ss (vevz) 059t (2:e9e) 691 . SONNOE NVSNOHL " ».n«m.ﬂﬂﬂ...w.ﬁ
N e .
Q. & 8% .0 §¥a0 5.7 0 S FMVASE Q3IXid MVA o1b $33U930 'ONILLIS TVEWID Qus
-
S :
£0
ga I M
0w |
_
X il
|

s .- -

MIIA ITI0Hd

¥

(evor) 6¢cs @z L9 (c3'vZ) a'0n (to2z) 9'en (sr'v2) €08 (W) 14411 13 40 14¥ IDINVLSIO YILIGHO
(zs'01) 59¢ (€0'ts) Z9e @rridey (ss°1L) £°6¢ (eesis (w) 14414 43 40 14V IONVLISIO Qus
(e02¢) o'ont (rioe)ezoi (vise)ezvi (s'1iv) zon _ (Tese) 9se (w3) NI"YILINVIC GuS
(srse) Lem €z LSy (€Z'vr) L'SPL (zces) 1'sLs Aeees) w'oms (w) 14 °HLONIT QUS
ids (sv0) 251 . ANON m (esceste (ste)ecos 51°¢) 0t (w) .,E,.xwo,.u._ dil 3ISON L3
(u.219) 3a90 " (4.009) 3M190 (4 .509) 3A190 (4 .895) 3A190 3INOD GIINNTE 0F | IdVHS ISON 13
(zovs) 0'sce . (oeze) vze (0°cze) v2e @zea) voe (2°208) 0'81E (w2) NI “¥ILINVIC i3
(se-99) L'gs1 {2e°Ly) vs58 (vs°05) 9°s9¢ (se°25) o'e rss)ozen (W) 13 "HIDONIT 43
(96'55) 9cas (9z'ss) e (19's8) €261 (ze's9) eviz (02'29) £'s02 W) 14 ‘HLONIT 1TVHIAO
gwﬁ» €98 ‘'V880000 - ZL A Vi90000 -ZLIA | 0€0000 - ZL1A 100000 - Z£11A HIGNNN DNIMYEA TOULNOD NOILYHNDIINDD
9'S "H3A , V€ HM3A VZ “H3A ' ‘Hud div NOLLYNDISIA NOILYENDIINOD

55—




.
)

- e TR -

*UOLIN[OAD UOLIRUNBLIUOD $SUOLSUSUILP I[ILY3A 493LQUQ = "€°€ aunbLy

e >
A :
T ‘uotjeanbijuod diy (e)
A
o OF
S ¥ weia)
=9 _ 3INI ONNOHY DILY1S HiL
Z .
& M.. (w 112)
Zu _nE 562 .‘
TYENID ot ¥ TION 0601 —__
, I
VENLD of ¥ TIAN 0Eoll ——me
el =
TVBNID ob4 ¥ TINN o901
!
{welzt)
14795
4/
(w 09°G2) 14 0'¥8 ———— |
TVENID 21 010 TIAN «0
//.
| | TYENIO ofL ¥ TION 06-€ —
” VN 0%€ (D) IVHGIHIO
(WOL0ZSINIS0Z (WD LIWYELYNI §'625 VN
oS¥ o0S 37 d3IMS
/91 C . BkZ  OILVY 193dSV
(W IOy gld Sev  (GW v1'662) 214 022E v3dv
‘GYLS WOILHIA INIM

I

(W pg02) 44 § 18 —————!

{wyzee) 14 20t

I S TV T T UTEE PRSI I B Ly

{u pE'9E) 14 8524

SH00Q AvE 09HYD

56




_dwzgy
14062
]
/
L
w0962 1408-
! W . 0Eo€
(w2 92°025) NI 0'S0Z 49 22 ¥PEL) NI §'52S
) oS o0G
. 891 . 612
(U1ivoy) 214 SEv (W 1 662) 514 02ZE
av1LS IVIILY3A INIM

IR AR . T e e -

‘panutjuo) - °€£°¢ aunbr4

cuoLgeanbLjuod yYyd ()

! o w12 L N
NI ONNOYY JILYLS HiL — (W y2'eE) 44 L'084
W 0LV2) 14 018 —————

| weee) |

TvEANID o6+ _ ) Hou

TINN 0€o6- J/»

(w61 21)
¥ =
2 . :
T m WANID 6 + \~\\
9 T
& & TINN 6beSt
e N SHOOT AYE 096V
S0
=0 4
& a {w g ge) 14 852
(ool T
(o Ne}
wawo { 18 2 d_ L |
TN Lotk = - N
(3'1) VHA3HIO \ —
YN WANID o6 F
(37 43IMS JINN 0Eo¢
OlLYH 1934SV
EY

57




|

Fole

OF POOR QUAL™

[
I

ORIGIN/AL

(w08'€2) 14 L'8L
m
, - . H .§
(w2 26 20S1Ni 18°'66C (W 0'902L) NI 8 p2Y
oar oSP
Si9t ‘ S9¢e
(pw 6E'8E) L4 SZELY (W 06€P2) 71 0692
‘AV1S TYIILYIA INIM

*paNuULIU0] - *£°E dunbL 4
‘vz aLatuan (9)

Wi,

INT ONNOUD Q_EG/ ey Y

{wge9t) 14 8€S

|

VENID olL ¥ ._.Sz oo—.

WENIS oL ¥ j:z o ﬁ
WENID 8% TN 9.&\

‘

—_——

ZLeEL T TINN LbeZb — |

. WWANIS o6 + TINN 0EE -7
(3'1) vaIHio
VN
(31 d3IMS
O1LVY 193dSV
vIuv

58

Ll




e =L R

W 25 206 NI 1861
oSt

. 9L
2w 6€°9€) 214 STELY

8V1S TVII1H3IA

‘PaNULIUO) - *g°g 2unbiLy

vt sa[dyap  (p) .
: . 1

b 0Eo€
(W2.0°902L)NI 8'vLb
oSt

922

ANE 06'6v2) 214 0692

INIM

| w (w12 I
3INIT ONNOYO DILYLS Hizg T Wz 14 5401
{w 18'€2) 144°82 . .
(w sz z1) L
14 996
. {
TIVENIG ol L ¥ TINN 001
1 ‘ Py |
- - , {w S6E)
[ -] “ [ \‘
TYEWID :N TINN 91 \ | PP \
IVANII o8 7 TINN 65651 t
IN/ SH00Q AVE 09HVD "
(=24
| ©
(wey26) 14822

amg { e 2 :

TN LLe2! / w

T4

(1) Tvuaauig o
AV WVENI9 o6+ ____~
(37 d3IMs TINN 08¢
OILYY 103dSY
V3Hy




e
ALITY

al
3

2 5

ORIGINAL PA
OF POOR QU

(W 08'€2) 14 18, ———
! . :
- 0€.€
(W 26 206)° NI L8661 (WD 0'902L)NI L8'b2Y
_ oS \ oS
, 7 922
(AW 6EPE) ZLASTELY (5 06'6v2) 514 0692
‘BY1S TYDILHIA SNIM

I

¢

(w16'9)
422

(31) WHa3Hia
COYN
(37) 433MS

0ILYY 123dSY
EIY

o F R T W

.nmvﬂucou - *£°¢ aunbL4

‘9 “G safotysp ()

I
(w02 o .
Q T w e
3INIT ONNOYY JILVLS 145.9 (wsrz v _
(W LER) 1408, —————
i
(W 0v'9L) 14865 [
WENID ol L ¥ TINN o01 =~ O ;
S [T T T 1o
TVANIS okl ¥ TINN 091 — , | (wege)
| 14 241
YGNID oL ¥ TIN 6boGL

L

SH00Q AVE 09V

- (W SZ26) 14221

TVENIO 080 ¥ TINN .0E09

h

TVENID o6 + TINN .0EoE \. ;

o0t

6Q

N 3

PN S




R i et

Ribaantndie o hnaldiiAThi Lit etk ek A

T e

LS
o

i
Niay

3 L

i .
L B

OF POUG:: Ciin

@1%0¥) B0t x pLgL -
{81 %€81) 0L = SL'808 * - )
187 %252e) mme ALl T

g0b x LLLL

g1 %o0L1)

UOLIN|OAS UOL3eJnbL4uU0d fSuOLSUIMWLP ..wpu.Em>. pajeabajuy - ¢ ¢ danbiL4

.

*uoLjeanblLjuod 41y (e)

1
TE W1¥S) Og0L x b ¥Sb2-LHIIIM 440-1411 mwo,a«—

(w0229) ﬁ...ﬁ 150
(w2555 14 0°281
(wec'9s) 1 8v8I _
- K
) e _/
(4 91'€2) : (w ge's) m_ wm%
1409 T T | 1462
(w 66'EL)
14 6S¢
©
Y 111840
TVENIO G3X14 - TINN MYA ofL
. —— (w14 22
N m (wgyp2) i
./ 14€08 ~
_ * »
i* (NMOQ) GY01AVd (w9 09'62) \ A
.......... ........._.m, EQQ@ /
DR aus
............ WILI8HO ,
{wd £ 208)
N BT {9.2°96€) , Y0 NI OBLE
” . vIa ‘N0'951 (8HS) (13) ¥NV1
(NYSYISHOLOW 1IXNJ0H TINOS LHOaY 315008 Exuomn_.amm TYNHILS
. . - w R L] .
& B e ot L

D 0




P T P U N e

um::ﬁcou - "y°¢ ounb

“uoLyednbiiuod ¥yd (q)

(W ZE'69) 14 €12
! .
m (w S825) 14 8'681 |
~ (w 2665) 14 1521 m ﬁﬁ% — '
_ _\ A .
(wegze) |
6w ———r
O w GLe) 2
136601
(w 0Z 1) 121 _ [ ] q
1499 \
W =13 1t ¥311840 et
W 2l
: [t
=C . |
Z o (w vE'€) 14 8521 A
o= . ( ) j
] [+ Wi !
w 85 o - 149%8
: IVEWID S % 11NN MVA <G ] | 3
> | .
o . . _
| {87 Yov) 601 = pigL " “(NMO0G) aY01AVd (w2 09'e) T > : N pw
| @ zwm&.—,.*mwe X 2QGRL e [ 13 1Hov8 J ot
‘ (871 X9L2€) 6g0L < 0’98yl - - SR T YS e
@INOLI OgOL x h1gg ~rr e 311840 u.% zw_mﬁm
, . | e T
) o . . : : TYNY3LX3
— (@7 1925) Gg0L = €'98€2-L1HIIAM 3340-1411 SSOUY ‘ (WIS L)
L VIQ ‘N:0'294 (BHS)
B H31S006 13%00H-Q110S
[
; ‘ }




{us 74°9) |

Y

1

»
»

INAL, (0
OF POOR QUALIVY

LAy
i <Y

(

IvaNID o6+ TINN al/ .

. [ |
19T %62 Bgle =< vEiL ~7 T (NM0Q) QV01AVd
{GTAGEL B0t x gapg -~ - omroe s 13
187 ¥6522) B0t < LvggL ~- -7 orrrer e ads
(TOYLNGI 8T %0SL) §g0L ~ +O@g """ """ 7T 4311840

g

— {87 %91} Oq0L = 0°298¢-1HIIIM 3401411 SSOH9

e BT

4
, H
panuLluo)y - “prg ~unbiyg w
¥z aLdwaEn (9) 3
! ot -
(w 1999) 14 €261 ;
{w 5'06) 14 8'91 ;
. : L _{wzyw) K
(WEZwy) 14 LSk _ ) —— .
_ — (
. . (w £5°€) N
w OE'E2) . A
*Ecm.mh o 1485444 A
> 1 1 , ‘!
(w2o'vL) 1_w . —— m ~ n. |
1409 - s [
<O .
HILIBHO
{w 9186) 14 268 ——
,“ wegwe)
_n/ S 1de0 |
, 4
r
: E
(w 0g'€2) [ > X
14182 J T e .
! T T fwdoeze) :
i V10 NI 92E .
{13) XNVL .
|\ : L— vNe3a o
T T - (wd §'49€)
VIO "Ni €201 (8YS)
— 4315008 13%I0H 010S
. - : w_




e 4T L

*ponULIUI) - °*p°f 94nbL4

“y ¢ sad1yap  (p)

(w 9Z55) 14 €181
(WLE L) 14 ¥'SS1 ,
{ur 70°9) 4 ] v weg')
_ (w £ZoM) 14 1'SPL e —
N _
( ﬂ#ﬁ/\ £
‘ W eLee
, i T 1 1.
s (w so'v) 1
3 JERSS ,
oz 530I8H0
i 2
b ke
JERTS {w ey'2€) 148722 .
z 2 (w gz LL) _
14795
: TIWANID o5+ TIN o0 ~— : f
. . : tw 08'€2) = i
(G1XZE) 6g08 xGr ~*o T (NMOO) GY0IAYd [ y
(g1 N829E) BgQL x gy~ 3 i
, ABTHIZEZNOgL 1 GGRQL e aus : - :
{TOELNOI BT N0SL) Bg0L « pgRY *- T rrorrreeee 4311940 {w3.0:628)
VIG NI v2E
i (13) YNV
. _ R WNY3LYI
_ 167 ¥66L%} 6401 = I06L-LHIIIM 340-L411 SSOH9

o Awopygg)
YO NIE2rL{(8YS)
H31S004 13NJ04H C.10S

. . N

e

64

"




5 n =
| 1
“papN|ouo) = ¢ 94nb 4 v
. m ,
"9 ‘G saoydn  (9)
{w 96°G5) 14 9681 .
{w og9p) 14 rest i
(w9e9) _ (W Gb'Sp) 14 1’61 taon g
~ .
.,U
L . _ .
(w GE'E2) w
5 o 1499 ® 3
g (w pip1) L I T 1 <
Y e m
e Oy . S i
g Y3LIGHO =z
£0 :
=0 }
Sa
Xy, : .
oG (w sz Le) 147224 . ]
{(weygt) !

. VEWID <8 F TINN <0 :

W l/ ‘ 7 -~ 14 665
. ] weyo) | i
: 4 | 14451 \: )

? ! :
1815261 6g0L » §'vt ~~~~~ - *** (NMOG) QYO1AVd A___Ecwumw -

187 %Le91d 801 x 1868L -~ e e 3 ) &
| - BT H2E2N gL x Gg50L o 8HS , - w3 7o)
m 0t THOSL) BgQl x pOBG ~-ocvoeoeee SRERNTE T _ e y
| (108LNGJ 81 %65L) 801 = $0'8¢ CETTERT) m \  wig Nro'iee
W ; (13) NV L
m ; , —— \ L o wnaEna
o : _ {91 £61y) Bg0L x 7'€061-LHIAM 340-1411 SSOH9 : {wd goLE)
o ¢ VI N0yl (8HS)
,. 4315008 13%I04 0FI0S
|
m




Ty

n

‘

Clamt™

*20T-A0 SLOLYaA 433tquQ (e)
. wew?
INET GNNOYY YIS — 1499
(w 16'9)
oYk 4 —
(W0opgL) 14 gpe [
AQQE‘Q ol ¥ dubz o0l —
) /
VBN o1t T 1y o9y —
| \
TYBNI9 £ ¥ TN 6pog,
/
i (w 08'62) 14182
A
Vo) TVEINID +80 7 TINN .0E<9 /

— _ 06€ (31 IvHa3HIg
(W 25 70SINI48 661 (W2 0'90ZL)NI 18020 VN

P oSY (37 433IMS C \

: 91 _ . S92Z  OLLVY 103dSV VEINIJ 6 + TINN .0EE
(W I HLASZEW (o 06'6K) 13 069C vy
‘GYLS TYOHHIA ONIM 1 lee

"suoLjednbLjuod uoLssiw [-§IS - *G°g danby4

(w G228) 14 ¥ 0L

(W2 14082
somg g
Vo - -
{wggE)
14241
O
R Ve
(wezzR) 14z -
| 3
. S S ‘. L Y °
| g

¥ysn




-papnLouoy - ‘G°g a4nbiy

-a1o1iap paresbatul  (q)

e Spmp— - e . . . — e .. — - ——— - L. R R
Y
H . i
: e 4
R B e =l et Lok = DI
- A [ - e ) i
: - m
¥
4
X
*
L3
‘
=
5
i
i
t
1

1w pL'95) 14281
M " (w 90°20) 14 ¥¥SL
(w59 ~ (w G'Sh) 14 4 601 .AWN%M% —
- t
== = vj
— ‘ .
{w ge'ee) ’ senrs pelun N - .
1499 S _ /
€, LT T .
e fw pL L) X
- 14v9y : *
G = Y3L18H0
£ O _ -— wezzgla4g—
2> : :
m u TvaWI9 .8 ¥ TINN <0
Y g 1
I
.azm_mw"e a1 %ze) gt <Gpl *" (NMOQ) GVOTAVd (W 08'€2) v . : . Y e
@71 02994) By < 179G, “ o At 14184 = P
{87 852 B0t = L2LLE ~ 77T s 2) gys “
GTMGH B0l x589 o 311840 , < , o
m ¥ E | 172 (wd g518)
| A | | \ wa Neoeee
o . \ U3)iNvi
{G71 %65t Bg01 * 9°2202-1HIIIM 4401311 SSOUI — yNy31xa
(W9 0LE).
VIQ NI O'9vL (BHS)
; X . 4315008 1340 GI10S
(NOILYHNOIINOD +-S1S) _
379IHIA 031VHIILNI ITLLAHS FIVdS ,
L T T S ey e




“saseyd uoLssu LeULwou a111nys adeds - *T°t aunb 4

. HIIN3D
> o 3OVdS AGINNIN
ONIANYT .

Sy

TVLNOZIHOH S

ISVHJ

TYNINYIL |

ORIGINAL BhL “
OF POOR QUALIT"

3LIS HONNVA
Lovani OLNHNAL3Y
YNV TYNHILX3 S -4
RS Jg
~T 1 \5-. - /&
.WN\.E / /zaoazwﬁaw
v ¢ \ ~ "3a1soos
\ B\
/ N
\ f.@% |

w \
1188030 v )
H

SNOILYHIdO TV.LIGHO

N A\ ONIOVLS |

ok b e SRt i a i N

HONNVI3Hd

W&Wm* N\

! Tal 2 O,

/4

Cna L."ﬂ

68

NOILVHVd3S

ANVL TYNHILXT




;. ORIGINAL .
- OF POOR . GiiiiiV -

(O3S ¥12) NOILHISNI LIGHO/440.LND SWO
L Yo

8~
™~
;. T
; - «
: g > o '
&
. ° 18
v . [/ I
L e =
;': . l E'E'
E f (038 £65) NOILINDI SWO \ o o «
g * d3s 13 z< |
8 a0
g SE ;
i o 5]
2 {038 89v) 003N w2 = !
; 440 1N 3NIDNE NIVA <3 @ ;
E . ;
ga 3
T .
1 » O <
- 99 £ :
o -4 < . £ o
% < .z [N i
m Ny W
+ w oQ > '
5 2 2 s SO. 1Y
< = < .
E Qo > "3 g . b ‘
« < S S 3 P e ;
» . 1
i o @ & Q. < y
r' . w < O 5 “
o w L2} + .
NANMANNY 3 = :
: T2z —
00 — P ’
5 - © o—
-3 ~- =
¢ 3 S 8 =)
9 182 g < =
E = = 1.
-]
(2} < g 4
/ Za N
’ o - <
. (03s §'924) d3s / oF Y
S . - , ’ 7
- - ' @z ; s
e - 8 : g o ,
T g3 w ;
7] ;
30 '
4k 5
2 |
< 2
Tk )
O
< (2 ,,,
HOLOV4 avO1 Iv.iGL '8 i

(14 901) 3aNLILIV 'Y

H3IBWNN HOVYIW ‘N
(Sdd L01) ALIDOTIA 3AILYIAY ‘A . .

L ] ] | ] ]
8 8 8 g

(930) 31ONV HLVd LHDIT4 X
(48d 01) 3UNSSIHA SINYNAQ 'b

20
0

69

;@: & | wadieerd Lk e R e
'

-



ORIGINAL ©

&
w w 5 S
>3 w8 5
Eg gut — E
@< <0« 3

L AR Rt o e S S A AN

OF, ) POOR QUA:&;;{ i

DYNAMIC
PRESSURE

L d

'I

— e s e e ey ce v of

Ly

—

(©30) MOVLLY 40 31ONV '®
(4Sd 01) 3UNSSANE DINYNAQ ‘D
(L4 o) 3aNLLIV Y

70

§~§
-y
-~ -
Ny
| <"
.
I Sse
|
L | I 1 |
(93Q) 319NV MNvVE ‘¢
3 g 8 8 =] )

30

20

10

MACH NUMBER

Entry.

(b)

- Conc]uded

Figure 4.2,




T ORIGH#L &
OF POOH GUrwitd
ANY

L ?’.

) L

o f == .
L e

’ A n'"‘.;': N

K HiE N\

' &l TR N NNVYNVANRA .

_ LA RN =

Y S ’ T NIV DA

3 NNAEIAAAR

AZZUNSSS
= =447
L KKK
==

N

\.
]
)

o
O
ol
-
©
1
3
o
[ d
Gou
[
o
()
©
o -
=5
<
Q
=
>3
[+
—
(]
—
4
4+
>
£
v
[J]
8]
[
(=9
(%2}
|
™
<
3]
1
3
o
e
(Y




oI ch T T e e e TR M de S - . i —— .- - - Rt B -

*SUDLRAIPLSUOD ILwRUAPOLIR m_uEw> pajeubaju] 91311pYS sdeds - “p°p danbi4

Sid3DUILNI LN2IDI43300
O=2<Z>DOIN< ‘SAv013DVI3ISNd ‘SINTFWONW

ONILNIA VO ISON - IONIH NV SAGVO1 ONIM {ONILYIH ‘SGVOTHIV)

” 'SAVOT-8HS e JONIHIIHIINI S103443 FIONVLSIA NOILVHVAIS -
: , ALIavLS - {savO1 Yvad YO0 ‘ONLLYIH) "
SAVO1HDNIM $103443 IDV4HILNI ALTYNId :
(SdL) ONILVIH - H31i940 S3I0NA3Y - DVYHA SIZINININ ‘NOILYHNDIINOD :
K ALITEVLS - ~ oyHa ‘NOILYOO01 “IdVHS FHNLONHLS HOVLLY -
. FONIHAAYILNI IONIUISHILNI ISON - gHS/13/43118HO e _
23 13/44s $30NA3Y - 13/84S $30NA3Y - ;

» DvHa S300a3Y - NOILYDO1 84S o

d4VYHS ISON e

R
‘U
1
)
.

=
¥
v ONILNIA o v
IDVLSHIALNI NV ISON - ALINGVLS QISYIHONI - .
SAvVO1 TYNY3LXT - : $avo13I1ZZON -
13 e SLNIWOW IONIH I1ZZON -
OvHA S10344Y UV
‘I21S LHINS-GUS o Ry
~© S1d30H3LNI L
F. Ew.o_&moowwﬂWﬁw%%ﬁm%whnm . Ml NOILNEIHLSIO JUNSSTH |
ﬂ., . HILIGHO ® “TOHINOD % ° 3
o ALITEY1S NO S103443
- ONILYIH G1IIHSANIM @ 3NN S3ONA3Y -
NOILYD01 3NV1d LiX3 8US e

(34NSSIHd DIWYNAG HOIH) SOVOT 3OVTISN @ 3

DO S A

\ “ SLINM IVENID -
AL -
A mM«% - STTONV LNVDIHd -
. Gmawmmma DINVNAQ HOIH) ; NOLLYDO1 9D -
WHO4 NV'1d ‘ION3AIONI ‘3dYHS ONIM e TOHLINOD ANV ALITEYLS -

OAL BHS/ANSS o

ALINGVLS - ,

SLNIWOW JONIH ANV SAVOT ONIM SLNIWOW FONIH I1ZZON -

S3ONVIVE HO/ANY S30NA3Y - oSvHa -

1 SNOAITI NYdS-TINA . ' AZO—.—.<EQ—>V 3SION -
ONILVIH ‘JUNSSIHd ISVE - .
m by . FUNLONYLS HOVLLY - |
. 434Ny g3Ixid - : SQVOT ONIM - |
SAvOo1 VL TYOILHIA e TOHLNOO ANV ALITIEVLS - ;

i $103443 INNTA INSS @




- -~ T e - (PP - ,
e I I S e N .
BN e " VR . RN . . . e BTN Y : m g

.wu_amtwuugm:u uotjededas abejs 211304S 922dg - *Gy sunbiy
!
‘' H3IANINVIN HIAODIY
. . »  HILIGHO/NMOQ HOLId A9 NOILYHYLIS
3ANLILLY NOILYHVJIS O HOLld OINVNAQOHIV Q3INIVHLSNOD b NOILYHVJIS
S
o
R
L &
=i e
= O ’ S N
58 LNONHNE 8YS 1V NCiivdvdis o
n.m .,
© ~ SHOLOW
NOILVHVd3S
VH1 SOY
JANLILLY NHNE SWO O HIANINYI
1 NOILVEV43sS gus NOILVHV43S 13 <0M TVNINON

e

-

ADICNAL DO



"saseyd A43A0234 493500q 133004 u:om w_:ﬁ::m ddedg - *9°p aunbry

O3S ZEr~INIL
N 8ELNMOQHSY1dS 3LIS HONNV1 OL MOL
-2 .
)!\I,/.\ o
2 g
Ysr ﬂ ﬂgi
!
.w _ o t
O3S 06~3NWIL
1400L's
NOLLYT4NI 1IN4

-\ O3S 0SE~ANIL
. 14 0000t
) SNIVIN 1OvdiX3 "
. O3S S 3INIL
; INO0HA ISv3I13d 14 009°2pL
, ONIOVIS

03S L1 INIL
(1 | SINMONIF3YE
; : 14 005v2
_ zm_cﬁmz_ 3InNoouag
i 14 000's2
P 3Sv3134 3INOD ISON
n..ﬂu\. c . ] ! [
ww / D
l- ..s w\~ :
1y s OV
\% I~
g
’ Lo\
ww O3S 002~ INIL

14 000°012 33D0dV




= - - - - : — s T IIITmTR L LT TR ST sTe W i s .

*SUOL]RUIPLSUOD DJtweulpoude m_u_:m> ;mpwn»c 3113ys

1

1344n9

SAvO1 ONIAN3d
ONILVIH 3903 ONIAVIT
ALIOILSVI30H3VY

S3TZZON QWIIHS -

dvV14 AQOd e ,1,___::,

R

NOILYNINVLNOD - // %
$1.03443 3OV4HNS TOHLNOD - : 2 _
TOHLNOD T10H "MVA ‘HOLId - i

WILSAS TOHLNOD NOILOV3H e

ONIN3JO HOOQ -
; ONILVIH -
, ©VHa -
SQO0d SWO e

Savo DNIAN3E -
{ADHY3IN3) OYHA ILVINGON -
: T0HLNOD GNY
ALIEYLS TYNOILO3YHIa -
SANIWOW IONIH -
INvHA 334S-43AANY GI34vid e

SLNIWOW FONIH -
(dOl) SHOO0Q H3ddid -

o IZISdVO -

TOHLNOD TI0Y % HOLId
HO4H LHOEBM WANININ -

]
. 134409 -
. ONILYIH 39a3 ONIGVI1 -
o , ALIDILSVI30H3Y -
W SAVOTHIANINVN JINCSENS -

; SSANIAILDI43 . IONVHMNIVLLY 40
10H1INOD Q009 - JTONV TYNOILYHILO 3DHV -
VMO LY (170H/HO Lid) SSINIALLD3H43

TOHLNOD TQOGCY -

1 ALITIBYLS T¥NOILD3HIA -
SNOATTINVLS 1IN ©

£ iYL VOILHIA @

A

S S

a S EET T . —==

adedg - */°y 9unbir4

JONVH SSOHD -
o (3DN3AIONI o
< “JAVHS ‘NOILYOOT) ALIIAYLS - ALINEYLS -
e (3ZIS ONIM) ALIDOTIA L4171 -
i NMOQ HONOL DNIANYT - MOT4 SSOYD -
o TOHLNOD FONVH 9D - ONILNIA - ‘e
s LY VIHV ONIM FZINININ - savon - . <wwww.g__u .
m”,m e {@dVHS “NO4HIV ‘3Z1s) - AQOd o
= % ADN3IO1443 LA HOIH -
5 a ONIM V1130 3719N0A o
& .o
53 WibL HOLld QIV -

—9NIHOLVN AGOB/ONIM
.. ‘M DINOSHIdAH -
JFONVYINHO4HId OWHIHL OHIV -
IFONVH SSOHD -
ALITBYLS OiSvE -

J4VHS ISON o

OvHA/S3NL SdL -

. SMOT4 ' SSOHD -
3Z1S AVE-QVO1AVd ILYAOWNOIDY - -
3dVYHS AGOd e




AT e T TN T, i

a— e LTSI - -

“UOL3RUNB L JUOD PIIRW F5RUDULR UBLUURD 3111MyS 3deds - -8y aunbiy

. 289 _ f
LNIOd HOV LY 43V Lblg ;| LNIOd HOVALY QHYMHOL—,
NG . B . - \
3 -002 TM ~— —
; ————e—
<Z
R .
S
] LES IMt— —
o NI 2842 _
. {w 82°990,) N7
L. e \ AHy3d
A o HONNVYT NI 8vEZ
T 38084 (wd 26'6965)
=y
o
4%
Z 0o
50
3 .
2 u. A\
00
. t
- ® LY
R, — uO‘l -\
wd 1568Y) | (wo 62'5024 | (wo 9g'689) [(wo 22°8v8)| (wo eszen)
NI0866L | ‘Ni2Lvzy || NI09tz2 | NIOLPEE | “NIBLz2E ovn
- oS0 oZl- OL of+ — | .02 FONIAIINI
- 3L.S€ | 0L - ] o0'L IvHaIHia
37 550 ER T (Op/1)e5 LE | (OF/L)00'SY | (D¥/1) o5 2E dIIMS
y0v'0 002°0 0520 0vEo 95€'0 CUUVH HIdVL
_ ouvy
S19°t sz |l o9 SZ' 969 4193dSV
(wo g6108) [{(wd 2162620 {€wd 95'v612)] (W 86°286)] (w3 26£965) ;
NIZLGIE | NIB9'IEE NI #98 NI £8€ NI 8vEZ NvdS
(zW9 LLG11) | ;w0 0s'692) (52 69°60)| (,wo 2€° 1E2 (W 872661 )
ZLdSTELY | .14 0692 gldomwt | " 14068 | 140055 vauv
1H3A ONIM ZIOH 143A ONIM
H3LigHOo

vl




Ot

'h.’wl‘j’ .

h)
3

OF F’UU._ k

(.
-

- LT . FTE T T

*11¥ 404 uorjeunbijuod STEUE.&, 4931940 31331nyS ddeds - 6 f dunbL4

o NOOV3E GNVE-3
W31SAS NOILVHVJIS .
, WILSAS
h._z_on. HOVLLY 14v NOILYHVJ3S INIOd
“HOVLLY QHYMHOA
. i 2y, 2 20 JuNSSIHA HOIH Sdi QILVINNIS .
SHOOQ TYOITIGAN G31HIGOW 3 VIS OL : 4 g . W3LSAS
IVOIIIENN 1S3L 1HOMS — SINVLIOVIHTIEO 13 , JOHLNGD
3903 aval 1HOM4
¢ \I SSY19 H3gid dmiova
i
, v Lt} \ _ 1SVTIVE
7 rit 4 !
s 1 Xi \
< c woos
S~ / viva Hiviia
~
~- ﬁ
- o /I NOILVTIVASNI 150 S1IM TOHINOD
UIFHS LVIH ANV 'STOd 1SV11vE 2 AVIdSIa
SOH/SNO ‘WSS QILVINWIS
SNOISIAOU STANVd 1NOMO18
Hiv vy QVIHHIAO ANV
S1VaS NOILO3rd
SW3Ll LTV 3NDINN
“W31SAS LWOW GOO3 ¥ 31SVM HI1VAM o
. _ ~ LIGYONO e NODOV GVO1AVd @
aGNVE-NI ANV ISITVIOIdS AYOTAVd @ - SHNVL ‘OAHOD SdI @
HVAVH SNOAZIANIH @ NOILVLS M3HO & S3NSS @
anva-s a3iINN @ ' sdiL @ SOH @
SHINOVHL VIS @ SHOLVIOVY @ SO @
AGITIVLSNI LON SNILSAS TVYLIGHO
14




]

-gauuny puty dtuosadng 14-£ Aq -8 Iy .
caseq 13 woa} pajaoddns-Burls i ou I[ILUIA pajedbaur - “1°G 34nbi4

t
B g
m, ,
A
- ~a .¢~
o . |
3 ~
- vlw .
R
T o~e
9
T8 O 1
(=] .
it 2N
o0
L

r
M
|
’
]
|
3

b




N S b
b
ORIGINAL Priis 14
o' LY ey )
OF POOR QUALITY.
.
w "
i
-
£
}
(=}
=
o '
o .
Yo 0
° 5
1) .
4-’ i
5 !
[= ! i
o - i )
-3 W | P
v o :
| = '
o .
[ ] :
o ! "
- Q... ! .
[ 20 } .
= ; ¢
~ »n : )
L n :
[43) : l
* 5 i
oo !
[~ t
3) ; ﬂ
= - ! ﬂ
V£ - ! i
T O ;
S & j W
=3 = : ;
< , :
v - ! {
il a ; .
(] | b
— 4 i
L4 ! :
QU | l :
>0 !
Dw ; '
L a :
43 -0 !
[
& !
(=200 ' R
[ R <3 ! }
+- » ; .
[l ; ,
— 0 !
t g :
, [} ! {
N i \
" I
. f '
m b
o
> | |
o |
op— !
L ; :
]
j
3 .
79
- a e Mootk w sy AW WU B R R M R, - A o i bt -‘ ’ . - ld‘ .. — it — - . o

- ol * . s




o gvindiiESE ottt o AR T
- ettt L. s .
oA iy g e

RIGINAL U7 T

T ey

v

(b) Blade support from SRB side with dummy $ting.

Figure 5.3. - Integratéd Vehicle fiodel Support intérference tests: model 13
in the RI 7-ft Trisonic Wind Tunnel.
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(d) Blade sunport from ET bottom (aft position) with-dummy sting.

Figure 5.3. - Concluded.
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(b) Model no.

the ARC 9- by 7-ft quersonic Wind Tunne].

Figure 5.4. - Concluded.
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Figure 5.6, - Integrated Vehicle plume effects test; solid plumes, model no.
14 in the ARC 9= by 7-ft Supersoni¢ Wind Tunnel.
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(a) Plan view. ‘
Figure 5.8, - First stage separation test with SRB separation-motors simulated; _
model no, 32 in the AEDC=A Tunnel,
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(b) Right side view.
Figure 5.8, - Concluded.
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(a) - Lift-off configuration,

Eigure 5.17. - Ground winds effect tests in the LaRC 16=ft Transonic Dynamié¢s Tunnel
model no. 100,
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(b) Launch towér .configuration,
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1 (a) Aft sting/strut. floor mount; model no. 39 in the RI \ :
Low-Speed Wind Tunnel, front view. i
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- (b) Aft sting/strut floor mount; model no. 39 in the RI |
L Low-Speed Wind Tunnel, rear view. o - -1 :
Figuré 5.19. = Orbiteér test support arrangements. :
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(h) Wing tip wiount; model.no, 43 in the RI Low=Speed Wind Tunnel.

Figuré 5,19, - Continued,
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(a) Three pylon strut support; front view. . .
Figure 5.20. - Large scale model (36 percent) né. 76 in the ARC 40- by. 80-ft |
Subsoni¢ Wind Tunnel, S
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(b) Nose détails showing tile simulation and the nose landing gear.

Figure 5.20. - Continued. . 3 _
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(¢)__Three pylon strut support; #rar view.
Figure 5.20 +« Continued,
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(d) Tailcone (ALT) configuration,
Figure 5.20 - Concluded,
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Figure 5.23. - AReroelastic Model, Picture not available,
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Figure 5.25. - Landing gear -loads tést; model no.16 in the RI Low-Speed Wind Turnel.
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Figure 5.27. - Phase change paint models.

Model no. 46 (for LaRC V

(a)

e - - A L B S e b 2 b




- g - R . S e Te T TEI S f L Te T e T e B W e A mam T maa g AN e s e o T

*papn|ouoy - “mm.m m;:mwm

; o *|auun] JLu0S43dAH
zoEm.:oﬂE.S.cou.E Hm u%._ mﬁfum:mamépg.e:—mvoz .E.v

A AN S LA
e e it ® 0

Tl iAp

v -
-

-
]

OF POOR QUALITY,
129

ORIGINAL PAGT [




P N PE NPT PRGN SEPEr U

A “|auunf putM dtuosiay
“uL-pT 94SW Y1 UL pa1sal p/ ‘ou [3pow fsydeabojoyd MoLy (L0 - “82°§ d4nbL4

i09

-
UALTY

OF POOR G

im

po

Z
m
&
O




ORIGUIAL. SN

OF POOH QU.&"&.‘;‘Q“

.
©
(&
Q
3
—_—
(8]
[
o
[
{
.
]
N
)
[Ye}
[<})
S
3
=}
-
[T

Nlcicrrgr: wh it




. *S{spout w_.nsouos.»uf ..»3.5«6 - *62°S 2unb 4
w,, -13uunj 21uosa3dAH 14-G € J¥Y Syl ul pajieisut 2z -ou LapoW (e)
1
.
LD .,.n. |
Py bt
=32 o2 '
e O :
2%
Z 0 o
W. 0. 4
56
t
]
W

N P S S

I
”
|
|



A e e

*panuL3uo) - *62°G aunbLJ

s

*SUOLIRI0| m—azouo_ﬁmf Burmoys oG ‘ou (2poW (q)




®

, . “popn K
onpouo)y - ¢ . ¥

‘|auuny g-3q3y m:j. " . _ . 62°§ m.»:m.r.,_ | .A
L p3fLeysut (Apogauoy) £8 -ou " ,m

Lapoy  (2)

FU I B
(TN

€

ORIGINAL U/
OF POOR QUALNIY




B R B T e

‘

.

: ‘|auung 4-703v.3u3 -
UL SUOLFLPUOD wmc:B 404 3qo4d Y3LM 62 *OU [dpow 359} DuLIeAH - °QE*G d4nbt 4

-
#2
+
. X TELETIR T L TIN | RTAITI 3 ’
)

—p
.!A.’Y

OF POOR QUALLT

35

1

ORIGINAL PREL

S e AvwiAms e -




t

UBUAL(YIS - “1€°G dunbiy




_ - (3UUN| UMOPMO{g DLUOSUR.AL . w
‘Ul-9Z Jye7 Y3 UL bZ OU [DOW (13 [DLI4OA BY} JO 353} AWMLY - TZETG ML

-yogejuBLAASUL [Lef  (®)

:
1
1
1
!
i




B ot SAR S o i
st Al —

j ORIGINAL 1k : .‘
OF POOR QUALITY {

i
"
11
—_ .
[«}] : a
g < )
. v
3 1) i
Ll =} ‘
e =2 i
-
a § !
: ¥ O i
. 3 —
. = ' ’
B ¢ a ‘ v
. B 2 3 '
A a o '
.'.-I V’ m ) ;
“f 1~} . +
g w
— 1
(1] ;
. | g 8
3 S 5
= o
o—
L
Loy
o
g
)
1
4
'
]
'
1]
f
4
]
]
]
+
o |

138




~ T o N PO - - m e e e e mme -

i
_ | !
! _, ‘L3uun) sowweulq dLuosuea) 314-9T Jye ayy ui _ |
mm *ou | 3pouw moicuc:oa xwﬁSC 404 $3593 [9pow 3 eIs-abae] - “€£°G 9anb 4 [ |
um>osmg ULXS yiim {apow Bulpy AS f
o
- "
\ i
3
5
| )]
&
TS
S o
Oy
™ M




*panuLuo) - *€E€°§ 2.nby 4

"pafLe3sut |apou butm (q)

#

PP ——




e '
oy

*panuLIu0) - *€E°G dunBLY “

. *paAOWRA ULYS Y3l [3pow [Le} [eIL34dp (D) ._

. -o
: L
. —
- <t .
(B —
MR
= O
& o
[a TR
oNeo;
-




. 1,
o i
3] i
k5 ‘
2 .
p .

S ©

2@

2 ©
£ 3 ;
=2 .,
v £ :
2 8 "
8 ©
13

|
— !
e—- : .

o )

s M '
-
w0

- ]

o @ 7
- -
+~ 2 |
rul =)

- T ‘
= W ‘
—— ’
o
e

1)
]
13
[}
1
¥
1
]

142 .




ey

ORIGINAL PAGE 19
OF POOR QUALITY. : !

(&5 ]
&
<t
Q
c -
)
oy
-
vt |
cd ..
*>
o .
<. J
I
— ,
m : I
v 1
Q I
13 1
e - ;‘
I K
(3]
—
yes
ey .
L :
[ d i
: i
e ¥
— l‘
2z . 1
- 1
- Q) ¥
L C f
(S~ .
< >
Q= !
oo - ;
A '
¢ C '
+ 0 .
m .
— O
<, o
S '
3
r
O
3 Y= .
= 1
4= ¢4
LN L
b
l 1]
L H
S ]
.. 1
Wy i
© :
s '
(=g} '
- e |
(X3 P

Sl 4

R

143 e , : :

o s 1 -




ST T R e e e R e w ea o e = =

. : .
0SUBU] 13-pT JYY Y1 Ui nm——@yw:w 8F "OU [9poW J3LA4RD pajel -

iia - : : |
{auun] puiM LU "GE°G dunbiyg

“u0{3e4nby Juod auod|Lel 4331q40. (o)

!
!
Qi sami - -

ORIGINIL.
OF POOR

- .‘W-».;efﬁ..x.v.‘ B




ORIGINAL PAG:
OF POOR QUF

(b) Orbiter tailcone off configuration.

Figure 5.35 - Concluded.
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APPENDIX A

TABLES OF WIND TUNNEL TESTING BY TEST NUMBER, BY TEST FACILITY, AND BY MODEL .
NUMBER, .

The test number definition, model reference (configuration) definition, and
model ID listings are presented in the Chapters VII, III and IX respectively. A
summary of the test number definitions is presented _here for convenience:

First letter - 0 - Orbiter

- I.~-Integrated Vehicle

- C'= Carrier Aircraft

‘= External Tank

Solid Rocket Booster - |
Langley Research Center ! !
Ames Research Center ' !
Johnson Space Center. (formerly the Manned Spacecraf't Center) i !
Marshall Space Flight Center '
Aerodynamics Tests
H « Heating Tests
S = Structural Dynamics Tests

N RN
T T T I |

Second Letter

Number Chronological Test Order '
TABLE A1 ~ WIND TUNNEL TESTING BY _.TEST NUMBER -. AERODYNAMIC "TESTS |
TABLE A2 - WIND.TUNNEL TESTING BY TEST NUMBER - -HEATING TESTS F
TABLE A3 - WIND TUNNEL TESTING BY. TEST NUMBER - STRUCTURAL DYNAMICS TESTS .
TABLE A4 ~ WIND TUNNEL TESTING BY FACILITY - NASA COMPLEXES ' ?
TABLE A5 - WIND TUNNEL TESTING BY FACILITY - OTHER GOVERNMENT COMPLEXES v i
TABLE A6 - WIND TUNNEL TESTING BY FACILITY - PRIVATE FACILITY COMPLEXES ; A
TABLE A7 ~ WIND. TUNNEL TESTING BY FACILITY -~ SPACE SHUTTLE PRIME CONTRACTOR ) j

COMPLEX : .;
TABLE A8 -~ WIND TUNNEL TESTING BY FACILITY -~ UNIVERSITY FACILITIES ;: 3
TABLE A9 - WIND TUNNEL TESTING BY MODEL ' '
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APPENDIX A
TABLE A1 - WIND TUNNEL TESTING BY TEST NUMBER -~ AERODYNAMIC TESTS
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APPENDIX A .

TABLE A2 ~ WIND TUNNEL TESTING BY TEST NUMBER ~ HEATING TESTS
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APFENDIX A

TABLE A3 - WIND TUNNEL TESTING BY TEST NUMBER - STRUCTURAL DYNAMICS TESTS
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- APPENDIX A ;

TABLE A4 - WIND TUNNEL TESTING BY FACILITY - NASA COMPLEXES
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APPENDIX A

TABLE A5 - WIND TUNNEL TESTING BY FACILITY - OTHER GOVERNMENT COMPLEXES
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TABLE A6 - WIND TUNNEL TESTING BY FACILITY - BRIVATE FAJILITY COMPLEXES
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1 TABLE A7 - gggg[ ggNNEL TESTING BY FACILITY - SPACE SHUTTLE PRIME CONTRACTOR
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