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RESULTS OF TESTS IN THE NASA/LaRC
31-INCH CFHT ON AN 0.010-SCALE MODEL
(32-0T) OF THE SPACE SHUTTLE CONFIGURATION 3
TO OBTAIN HYPERSONIC AERODYNAMIC CHARACTERISTICS
FOR SECOND STAGE OPERATION DURING
NOMINAL BOOST AND THE ABORT RTLS MODE (1A58)
By D. E. Thornton, Rockwell International Space Division

ABSTRACT

Tests were conducted in the NASA Langley Research Center 31-inch Con-

tinuous Flow Hypersonic Wind Tunnel from 11 February to 13 February 1974,
to obtain hypersonic aerodynamic forces and moments on an 0.010-scale model
of the Space Shuttle Vehicle Configuration 3. Hypersonic stability data
were obtained from tests at Mach 10.3 and dynamic pressure of 150 psf for
the integrated Orbiter and External Tank, Orbiter alone, and External Tank
alone. The effects of solid plume simulation from the main propulsion

system as well as elevon, aileron, and rudder deflections were also invest-

igated.
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G‘“hnrn_\
SANSAC
o YMBOL: GYMBOL DEFINITIOﬂ
n ppecd OF sound; m/6€C gt oo
Cp cr pressury covtficionts (m - pa)/
M MACH Moch numbeTs v/n
P prv:;sure: N/m"', psf
a Q(NSM) dynamic pressures 1/2pv2, N/u, st
o(PsF)
RN/L RV/L unit Reynolds pumber; per ™ per £t
v velocitys m/secs £t/sec '
o ALPHA angle of attack, degrees
B BETA engle of gideslipy degrees
1] ol angle of YyawW, degrees
¢ PHI angle of roll, desrees
p puos densitys ke/n) slugs/f&:'3
Referency & C.G-. Drxfinitlons
Ab prne ATCHS ms e
b BREF wing span or reference span; M £t
Cole center of p;revity
iREF 1REF reference 1ength OT wing meand
° aerodynenic chord; W
S SREF wing 8ree or reference ares; o, £12
MRP moment rei‘eren-ce point
KMRP moment yreference poim: on X exis
YMRE moment reference point on Y oxis
YMREY moment T porenes point on o nxis
SUBSCRII’TS
b bane
L jocnl
- st condition"
\ yotnl condition
preoe obr® m
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SYMBOL

Ca

°

SADSAC
SYMBOL

CA

CAF

CIM

CBL

NOMENCLATURE
(Continucd)

Body-Axis System

DEFINITION

normal-force coefficient; EQEEElsforce
- q

axial-force coefficient; Eiiﬂégﬁerce

gide-force coefficient; Eiésa§9;9e

pase-force coefficient; Pase force

QS
-Ap(py - Pw)/aS

forebody exisl force coefficient; Cp - CAb

pitching-moment coefficient; pitching moment

a8lgep

yawing-moment coefficient; yawigggggment

rolling-moment coefficient; rolli%%fgpment
qQ




SADSAC

Symbo |

AILRON

ELEVON

RUDDER

SPDBRK

WOMENCLATURE (Concluded)
Additional Homenclature

Definition
return to launch site

aileron deflection angle, degrees
elevon deflection angle, degrees
rudder deflection angle, degrees

speedbrake deflection angle, degrees




CONFIGURATIONS INVESTIGATED

Three configurations were tested. These were the second stage ascent

configuration consisting of Orbiter with External Tank attached, the RTL5

configuration (Orbiter alone),and the External Tank alone. The model used

for this test was an 0.010-scale replica of Configuration 3 of the Space

Shuttle Orbiter and the External Tank.

The configuration nomenclature was abbreviated for convenience as

follows: The symbols are defined in the Model Dimensional Data:

0

0,

B

Byg C7 Ep3 Fg5 My Ng Nog
Rs V7 Wyo7

Big C7 Ep3 Fg Mg Ng Npg
Pl Rg V7 Wyg7
TigtL+P+A+F

Tig*L+P+A

FLy + Flg

PTig * PTy7 *+ PTyg

AT22 + AT23 + ATZ]
FRg

Orbiter without solid plume

Orbiter with solid plume

External Tank with cross member
between aft ET/Orbiter attach
structures

External Tank without cross member
between aft ET/Orbiter attach
structures

LOX and LH, feedlines between ET
and Orbiter

LOX vent line fairing, LOX feedline
fairing, and LH> vent line fairing.
Attachment Structures

Cross menber between aft ET/Orbiter

attachment structures




Control surface effectiveness was investigated with elevon deflections

_40°, -20°, 0°, and +15 degrees and an ai
deflection of -?00 was also tested. A mai
simulated plume shape, was also tested, T

to the sting and were non-metric.

leron deflection of -10%, A rudder
n Propulsion System engine, which

he solid plume shapes were attached
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INSTRUMENTATLON

The LaRC 0.75-inch diameter 2019C six-component internal balance wa;
used for this test program. Either the External Tank or Orbiter was mounted
on the balance. For the integrated vehicle portion of the test the Orbiter
was mounted on the balance.

No model base or balance chamber pressures were measured during this

test.

TEST FACILITY DESCRIPTION

The Mach 10 nozzle of the Langley continuous fluw iypersonic tunnel
is designed to operate at stagnation pressures of 15 to 150 atmospheres at
temperatures up t 1960°R. Air is preheated electrically by passing
through a multi-tube heater. The nozzle has a 31-inch square test secticn
which incorporates a moveable second minimum. Continuous operation is
achieved by passing tha air through a series of compressors. Additional
information on this facility is given in NASA TM X-1130 entitled, "Char-
acteristics of Major Active Wind Tunnels at the Langley Research Center,"

by William T. Schaefer, Jr.




DATA REDUCTION

Aerod namic forces and moments were reduced to coefficient form using
the following reference dimensions:
Reference Area (Spef) = 0.26§ ft2 (38.736 in?)
Reference Length (LRef) = 12.90 in. = Bpgf
The moments were reduced about a moment reference center located as
follows:
External Tank only
ET Station 12.00 (9.51 in aft of ET nose) on ET centerline
Orbiter Only
Orbiter station 10.767 (8.387 in aft of Orbiter nose) in the
plane of symmetry (Y, = 0.00) along the FRP (Z, = 4.00)
Integrated Vehicle
ET station 9.890 on ET centerline (X, = 2.38, Orbiter nose).

YMRP 0

ZMRP

3.33 in. below FRP
Standard LaRC data reduction techniques were used for reducing

the data to coefficient form.

10




TABLE I.

TEST < IA58

DATE ¢ FEB., 1974

TEST CONDITICNS
REYNOLDS NUMBER DYNAMIC PRESSURE  |[STAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sq. inch) (degrees Fahrenheit)
10.3 L0 x 108/Ft, 1.04 1350

BALANCE UTILIZED: LaRC 2019C

NF 70 1bs 0.35 1bs

SF 25 1bs 0.125 1bs

AF 15 1bs 0.075 1bs

PM 70 in-1bs 0.35 in-1bs .

RM 15 in-1bs 0.075 in-1bs o

Y™ 25 in-1bs 0.125 in-1bs .
COMMENTS:

11
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TABLE III. MODEL DIMENSIONAL DATA -

MODEL COMPONENT :_BoDY - Bg

GENERAL DESCRIPTION . sela on er Rockwell
Lines VL70-000139B

MODEL _SCALE: 0.010

DRAWING NUMBER _VL70-000139B —

DIMENSIONS : FULL SCALE  MODEL SCALE

Length  1n. 1290.3 12.903
Max Width - 1n. 267.6 2.676
Max Depth - In. 244 .5 2.44s5

Fineness Ratio —ta82175 4.82:75

Areg - _Fta

Max. Cross~Sectional 386.67 T 0.0367

Planform

Wetted

Base

14




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODFT, SCALE: 0.010

DRAWING NUMBER * _VL70-000139

DIMENSIONS : FULL SCALE MODEL SCALE
Length (X,=433 to Xo= 578) In.F.S. 145 L.bs
Max Width
Max Depth

Fineness Ratio

Area

Mox. Cross~Sectional -

Planform

Wetted

Bose

15




TABLE IIl. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ ELEVON - E.-

GENERAL DESCRIPTION: ConfiggrgL193_3_221_3*6?_ng5!g11_giggs Drawing
VL70-000139B data for (1) of (2) sides.

~MQDEL _SCALE: _0.01Q

DRAWING NUMRER:

~VL70-000139B_
DIMENSIONS: FULL-SCALE MODEL_SCALF
Area - Ft° 205.52 0.0206
Span (equivalent) - In. 353,34 3,513
Inb'd equivalent chord - In. 114,78 ’ 1. L8
Outb'd equivalent chord - In. 55 m. 0.550
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord 0.208 Q.208
At Outb'd equiv. chord 0,400 Q400
Sweep Back ‘Angles, degrees
Leading Edge Q.00 B aoa o
Trailing Edge -looh - 10l——e—
Hingeline 0.00 Q.00
Area Moment (Normal to hinge line)lre3 1548.07 Q001548

16




TABLE II11. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :M

GENERAL DESCRIPTION : 3 Configuration per Rockwell Lines VL70-000139

MODEL, SCALE: 0.010

DRAWING NUMBER ' 170000139

DIMENSIONS : FULL SCALE  MODEL SCALE
Length . 1n. B84 70 Q.847
Max Width - In. 267.6 2.676
Max Depth
Fineness Ratio
Area - F
Max. Cross~Sectional -
Planform k2.5 0.0143
Wetted
Base 00058 . _0.0031

17




TABLE I11. - MODEL DIMENSIONAL DATA - Continued.

NOTE: M, _identical to M. , except intersection to fuselage.
e}

MODET, SCALE: 0.010
DRAWING NUMBER ._v170-000139

DIMENSIONS . FULL SCALE MODEL SCALE
Length - In. 3460 ~3.k60
Mox Width - In. 108.0 1.080
MOX Depth = Ino 11300 10130

Fineness Rotio

Arec

Max. Cross-Sectional -

Planform

Wetted

Base

18
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- MODEL DIMENSIONAL DiTh ~ Continued.

P—t 4

TABLE I1L.
__.__‘___..-——-‘—:"—‘_‘

MODEL COMPONENT: ~OMS NozZLES - Ng
RIPTION: _Basic OMS Nozzle- kel

GENERAL DESC
Idnsg_!nﬂmﬁxﬂﬁnﬁ_tm1JEﬂD:QQQQQ92B2L__In&sxa:sxinanLunuusLsxi&.nlsma___
= = 99,25. y A ﬂz.a%

°
MODEL SCALE: 0.010
DRAWING NUMBCR: _MM _
MODEL 3SCALE

FULL SC:LE

DIMENSIONS:
MACH NO.
I‘ensth - Ino
Gimbal Point to Exit Plane
Throat LO Exit Plane
Diameter - In. _
Bxit 50.00 0.500
Throat N/A N/A
Inlet 28,00 0.280
irea - fta
E-it 13 635 000 36
Throat .
Gimbal Point (dtation) - In.
A 1518.0 —— _15.180 —
b £ 880 - % 880
L.ower Nnzzles
.( _—_—-“- _—_._————'—_——
b 4 [ e
Z S e e i
Null Position - pey,.
Pitch __1_50!!90 _150 '
Yaw +12917" + 1291
Lower Nozzle
pitch .
Yaw - S

19




MCLrL COMPONENT:

LR

TABLE 111, -

—

MODLL DIMEN >ION;:
MP3 NOA4LL: - N ol

———— e e

Ri.L DKSCRIPTION: ~Lonfiguration 1A MPS Nozzles

TR e

L DnT4 - Continued,

———

— -

DR/VING NUMBER:

MODEL 5CALE: 0.010

VLT0-0001404, VL70-0050304

DIMENSIONS:

MACH NO,

Length - In.

Gimbal Point to Exit Plane

Throut Lo Exit Plane

Diumeter - In.
Bxit
Throat
Inlet

irea - fta Nozzle
Lixit
Throat

Gimbal Point (station) -

Upper Nozzle
£
Y
Z

Lower Nozzles
X

Y
b

Null Position - Deg.

Upper Nozzle
Piteh

Yaw

Lower Nozzle
Piteh
Yaw

20

FULL SC:LE MODEL 3CALE
157.0 1.570
—99.2 = _0.990
—~21..000 -0.010
45.26585 Q.00452

0 . ~ 0
~bbh30 —Lhbk3xn
-~1468.16996 k.68
42300 . _+0.53%
—3k2,63088 -—3.h26 _
—162 16

09 0°

10° 1a°

3.5° 3,5°




TABLE III. - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: GOLID PLUME - PL,

GENERAL DESCRIPTION: SSME simulated plumes from Noi nozzleu to represent
all 3 = : Al i

MW&MMWAMMA

MODEL SCALE: 0.010

DRAWING NUMBER:
COORDINATES:
Ratio of local plume radius Ratio of local axial distance
to nozzle exit plane internal from nozzle exit planc to nozzle
radius exit plane internal radius
1.053 0.057
1.943 1.122
2.772 2.250
_3.bo7 _ 3.3
4.450 4.912
5.421 6.6k2
5.905 7.566
6.389 8.529
T1.321 10.496
7.861 11 QQ
8.136 12.330
8.612 13.602
8.937 14. 307
9.204 14.912
9.hek _15.569
DIMENSIONS: FULL SCALE MODEL SCALE
Nozzle Exit Radius, In. 4s.2 0.452

21




TABLE T1L. -~ MODEL DIMENSIONAL DATA ~ Continued.
J

GENERAL DESCRIPTIO“: kwwopbj Ler Ruddor

MODEL_SCALE: 0.010
ORAWING NUMRER: ~\L70-0001k6A . MODEL DRAWING: 5S-ACOLAS, RMLEASE 6
DIMENSIONS: FULL-SCALE MODEL SCALF

Area - Ft2 106.38 0.0106

Span (equivalent). 1p. 201.0 2,010

Inb'd equivalent chord - In. 91.585 0.916

Outb'd equivalent chord - In. 50.833 0.508

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord —0.400 Q.5400

At Outb'd equiv. chord 0,400 0.500
Sweep Back ‘Angles, degrees

Leading Edge 34,83 - .83

Trailing Edge 26,25 f.as

Hingeline 34,83 34,83

Area Moment (Normal to hinge line) . p¢3 526,13 0.00053

22
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TABLE III. - MODRL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: VERTICAL - Vo

GENERAL DESCRIPTION: Centerline vertical tail doublewedge airfoil-with

rounded leading edge.

Jﬂﬁﬂk__ﬁﬂmiJMLJQ;¢_hnh.HtﬂLJmuu4mdatnnJmmuuuup¢am0¥eé

MODEL SCALE: 0.010

DRAWING NUMBIR: VL70-000139

DIMENSIONS:

TOTAL DATA
hrea (Theo) - Ft?
Planform

Span (Theo) - In.

Aspect Ratio

"Rate of Taper

Taper Ratio

Sweep-Back Angles, Degrees.

- Leading Edge
Trailing Edge
0.25 Element Line

Chord::
Root (Theo) WP
Tip (Theo) WP
MiC
Fus. Sta. of .25 MsC
W.P. of .25 MAC
B.L. of .25 MaC

Airfoil Sectlon
Leading Wedge ..ngle - Deg.

Trailing Wedge Angle - Deg.

Leading Edge Radius
Void frea - F‘t2

Blanketed irea

23

FULL SCALE MODEL SC:LE
 —0.Qka6—
L2s5.g2
1.675 1675
0.507 0.507
—0.40k ~ __o.lkok .
~45.000 ~b45.000
268.50 2.685
1008 T —
463,50 _1kh.635
£35.522 = __6,355 _
-—-QL—' ——Q—'m——
-10.000  _10.000
14.920 24,920
2.0 0.020
13.17 0.0013___
0.00 0.00
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TABLE III, - MODEL DIMENSIONAL D/T/ ~ Continued.
MODEL TOMPONENT: — VWING-W 4y

2ENERAL DESCRIPTION: Confi

< VIL70-0001398

NOTE: samc as ¥ __, except cuff, aixfoll and lnciisacs onglo..
T

MODEL 5CALE: 0,010

ST NG,
R ———

OWG. NO.__ y170-000139R

DIMENS JONS ¢ FULL=SCALE MODEL SCALE
TOTAL DATA 2
Area ..1e0,) Ft
9lan‘orm 269000 02650
Snan (Theo In, 53658 2367
Aspecs Rstio 2255 2. 265
Rate of Taper 1,177 1,172
Taper Ratio 0.200 0,200
Dihedral Ang'e, degrees 3,500 3,500
Inc.dence Axgle, degrees 0.500 0.500
Aerodynamic Twist, degrees +3,000 + 3,000
Sweep 3ack Angles, degrees
‘eading Edge 45,000 45,000
Trailing Edge - 10.2b -_10,24
rg.zs Element Line 35.209 - 35,209
Chords:
Root (Theo; B¢P.0.0. @.g& 5.&22
Tio, (Theo) B.P. 137.85 1,379
MAC b7k 8 L 748
Fug. Sta, of I.és MAC 1136,.89 11.369
w. . Of .25 M 2 020 p 20292-—
B.L. of .25 MAC . ;3%5.13 1821
EXPOSED DATA ) 2
rea eo) - Ft ' 1752, Q.175%2
Span, (Theo) - In, BP108 7,207
Aspect Ratio 2. 2.058
Taper Ratio Q.2L8) Q.245]
CMr%s BP108
oot 5624
Tip 1,00 b 137.85 1.379
MAC 393.03 3,930
Fus. Sta, of .25 MAC 1185.31 11883
B.L., of .25 MAC 251,76 2,518
Adrfoil Section (Rockwell Mod NASA)
XXXX~64
Root% = 9.0 0.10
Tiopb = 0.12 0.12
7
fata for (1) of (2) Sides
teading tdge Cuff
planform Aea % 118,333 0.0118
Loading Tdge Intersects Fus M, L. @ Sta 50Q, 5,00
Le2ding Edge Intersects Wing ? 5ta ” 1083,k 10,834




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : __EXTERNAL TANK - Ty

GENERAL DESCRIPTION : ~External Oxygen-Hydrogen Tank, 3 Configuration,
per Rockwell Lines VL78-000041 and VL72-000088

~MODEL SCALE: 0.010

DRAWING NUMBER ' _vL.72-000088, VI.78-00004]

DIMENSIONS : FULL SCALE  MODEL SCALE
Length - In. (Nose @ X, = 309) _1865 18,650
Max Width (Dia. - In.) 32U 3250
Max Depth
Fineness Ratio —215017 —s 1561
Area - Ft2

Max. Cross-Sectional —2124555 - 0.0573

Planform

Wetted

Bose :
W.P. of Tank Centerline (xT) In. 400.00 4,00

25




TABLE 111, -~ MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: FEFDLINE - FL-7

GENERAL DESCRIPTION: LOX feedlline between KT and Orbiter

MODEL SCALE: 0.010
DRAVWING NO.: VL78-000050

DIMENSIONS: FULL SCALE MODEL SCALE
Centerline at: Xp 2081.0 20.810
Yo 700 _ 0.70
Xo 1330.0 13.300
Y, 70.0 0.700
Diameter 18.5 0.185
26




TABLE III, - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: FEEDLINE - FLy

2

GENERAL DESCRIPTION: LHQ feedline between ET and Orbiter

MODEL SCALE: 0.010
DRAWING NUMBER: VL78-000050

DIMENSIONS: N L FULL SCALE MODEL SCALE
Centerline at: Xp 2081.0 20.810
I’l‘ - T70.0 - 0.700
X 1330.0 _13.300
Y, - 70.0 -_0.700
Diameter 18.5 0.185

27




TABLE I1I. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ET PROTUBERANCE - FTy6

GENERAL DESCRIPTION: LOX vent line fairing

MODEL SCALE: 0.010
DRAWING NO.: VLT78-000031A
DIMENSIONS:
Leading edge at Xqp
Ty

Trailing edge at XT

Yo

P

28

MODEL SCALE
3.210
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TABLE III, ~ MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ET PROTUBERANCE- PTy7

GENERAIL: DESCRIPTION: LOX feedline fairiog

MODEL SCALE: 0.010
DRAWING NO.: VL78-000031A
DIMENSIONS:

leading edge at:

Trailing edge at:

29

FULL SCALE  MOIEL SCALE

70-0 0.70
2058.0 20.58
70.0 Q.70




TABLE III. - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: ET PROTUBERANCE - P‘I‘la

GENERAL DESCRIPTION; LH,B vent line fairing

MODEL SCALE: 0.010
DRAWING NO.: VL78-000031A

DIMENSIONS; FULL SCALE MODEL SCALE
Leading edge at: Xp 7.0 9.47
Yp -_70.0 - 0.70
Trailing edge at: Xq 2058.0 20.58
Y - 70.0 - 0.700
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TABLE I1II. - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: ATTACH STRUCTURE - AT,

GENERAL DESCRIPTION: Right rear, Orbiter to External Tank

MODEL SCALE:; 0.010

DRAWING NO.: VL72-000088B + VLT2-000089 NOTE: Use first drawing for location
and second drawing for detail

of struts
DIMENSIONS: FULL SCALE MODEL SCALE
First strut
Diameter - In. (Approx.) 8.0 0.08

Aft Location, In. (Attach to Orbiter)
Xy 1307.0 13.070
Xep 2058.0 20.580

Fwd Location - In. (Approx.)
(Attach to Orbiter)

Xs 1108.0 11.080
X 1859 18.59
NOTE: This strut is the mirror image
strut ATp3
Second Strut
Diameter, In. (Approx.) 8.0 0.08
L 3

Location - In.

%o 1307.0 13.070
X 2058 __20.560

NOTE: This is a cross brace strut.

31




TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ATTACH STRUCTURL - AT,

23

GENERAL DESCRIPTION: Left rear, Orbiter to External Tank

MODEL SCALE: 0.010

DRAWING NO.: VLT2-000088B & VL72-000089

DIMENSIONS:
Forward attach points:
Orbiter to Tank
No. of struts
Diameter - In. (Approx)
Location - In.

%o

Xp
Aft attach points:

Location - In. (Approx.)

X
Xy

32

NOTE: Use first drawing for location
and second drawing for detail

of struts
FULL SCALE MODEL SCALE
1 1
8.0 0.08
1307 13.070
2058 20.580
1108 11.080
1859 18.5%




i)

TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ATTACH STRUCTURE - AToy

GENERAL DESCRIPTION: _Attach structure, same as AT;; except only tue _

forward attach astructure.

MODEL SCALE: 0.010
DRAVWING NO.: VL72-000089
DIMENSIONS:

Orbiter to Tank

Location- In.

X
X

33

FULL SCALE MODEL SCALE
_382.000 3.820
1133.000 11.330




TABLE 111, - MODEJ, DIMENSIONAL DATA - Concluded.
MODEL COMPONFNT; FATRING - FR6

GENERAL DESCRIPTION: Cross member between aft ET/Orbiter attach structures.

MODEL SCALE: 0.010
DRAWING NO.: VL78-000062B, VL78-000050 MODEL DRAWING: SS-A00117

DIMENSIONS: FULL SCALE MODEL SCALE
Leading edge at Xp 2035.50 20.355
Length 15.00 0.150

Width 193.00 1.930

34
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APPENDIX
TABULATED SOURCE DATA

Tabulations of plotted data are available on request from
Data Management Services.
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