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WIND TUNNEL TESTS OF AN 0.015-SCALE CONFIGURATION 140A/8
SPACE SHUTTLE ORBITER MODEL (67-0)
IN THE NASA/LRC 8-FOOT TPT TO OBTVAIN
TRANSONIC AERODYNAMIC FORCL DATA (OA106)

By R. Burrows, Rockwell International Space Division
ABSTRACT

This report contains the results of wind tunnel tests of the NASA/
Rockwell 0.015-scale Configuration 4 (140A/B) Orbiter model (67-0).

These tests were conducted to obtain ilongitudinal stability and
control data for Mach numbers from 0.35 to 1.2. Data were obtained for
an alpha range of -2° to +22° at beta = 0°.

The effect of speedbrake deflection and body flap deflection was
obtained through the Mach range. Boundary layer transition strips were

used on the model.
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NOMENCLATURE

General ‘

SADSAC
SYMBOL SYMBOL DEFINITION
a speed of sound; m/sec, ft/sec
Cp cp precsure coefficient; (p - pw)/a
M MACH Moch number; V/a
P pressure; N/m°, psf
q Q(PSF) tunnel free stream dynamic pressure, psf
RN/L RN/T, urit Reynolds number; per m, per ft
v velocelty; m/sec, ft/sec
o ALFHA snple of attack, degrees
B BETA 4nple of sideslip, degrees
Y el sngrle ot yow, degrees
ol PHI angle of roll, degrees
p mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ap base area; m<, £t
b BREF orbiter wing span; lateral reference length
Cutle center of gravity
brgp LREF M.A.C. longitudinal reference length, in
bt
3 GREF orbiter wing area reference area; fr2
MRP moment re ference point, in orbiter coordinate system
XMKP momen. retercenee point on X nixis
YMEP moment, roference point on Y nixis
/MKP moment reforence point on Z nxin
SUBSCHTIY
b b
| Loy
s statie condition:
t total condition:
® t'ye o ctream
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a NOMENCLATURE (Continued)
Body-Axis System
SADSAC
SOEOL  SYMBOL DEFINITION
On oN normel-force coefficient; w
q
Ca CA axiel-force coefficient; ﬁa_l_sf_or_c_e_
q
Cy CcY side-force coefficient; Ei_de_é_f_'%
q
Cap, CAB bese-force coefficient; b_as_e;g_f_ogg_
q
-Ap(Pp - Po)/aS
CAf CAF forebody axisl force coefficient, Cp - CAb
Cn CIM pitching-moment coefficient; Pitching moment
aSlper
Cn CYN yawing-moment coefficient; yeving moment
qSb
cy CBL rolling-moment coefficient; r°1linSbm°men'°
q
Stability-Axis System
G, CL 1ift coefficient; H‘%
q
Cp CD drag coefflcient; drag
qS
CDb CDB base-drag coefficient; E’i‘%‘ﬂ
q
CDf CDF forc: ly drag coefficient; CD - CDb
Cy cY side-force coefficient; iii‘.e_gzii‘i
q
CIM pitching-moment coefficient; pitching moment
astrer
Cn CLN yawing-moment coefficlent; E"i";s:_m
Cp csL rolling-moment coefficient; "°ll(11’s‘b moment
L/D L/D lift-to-drag ratio; Cp/Cp
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NOMENCLATURE (Continued)
Additions to Standard List

SADSAC

Symbol  Symbo]l Definition
L8 orbiter body length
Xo orbiter longitudinal station, in
Yo orbiter spanwise station, in
, orbiter waterline, in
54 AILRON aileron deflection (g - é4eg)/2, degrees
o ELEVON elevon deflection (GEL + deR)/Z, degrees
Sy RUDDER rudder deflection, degrees
arﬁ BDFLAP body flap deflection, degrees

oF
Ssp SPDBRK speedbrake deflection, degrees
Adgg DSPBRK incremental speedbrake deflection, degrees
Xcp/ g XCP/L center of pressure location based on body length,

Xc.6. CLM iref

g - O ig

fgg XCP/L ALPHA=10 center of pressure location based on body length
B «=10
at an angle of attack of ten (10) degrees
Cows COMIN minimum drag coefficient
min
AQn/f\ DCLM/USPBRK  pitching moment coefficient derivative with
YSB

respect to speedbrake deflection

cPl orbiter cavity pressure coefficient

CP2 orbiter centerline base pressure coefficient
CP3 OMS base pressure coefficient

CP4,5,6 clogged or blanked pressure taps, zero values

are listed in source data.




CONFIGURATION INVESTIGATED

The model (67-0) was an 0.015-scale representation of the Space
Shuttle Vehicle Orbiter Configuration 140A/B. This configuration was

designated as 0], which consisted of the following components:

826 body (fuselage)

Cg canopy

E2e elevon

F7 bodyflap

M OMS pod

N;, OMS nozzle

Rg rudder

Vg vertical stabilizer
Wi16 wing

Mode]l variables consisted of speedbrake deflections of 0° and 25°
and bodyflap deflections of -11.7°, 0” and 16.3°. Numbers 100 and 120
grit were used on the vehicle. Transition strip locations are shown in
Figure 7c.

Model component details are in Table 111.




TEST FACILITY DESCRIPTION

NASA/Langley Research Center 8-Foot Transonic Pressure Tunnel is

an air-medium facility capable of attaining continuously variable ifacn
numbers from 0.20 to 1.30. It is a single-return, closed-circuit tunnel
having controlled stagnation temperature, total pressure, and dew-point
temperature. The test section is 7.1 feet square. Reynolds numbers are
variable from 0.30 x 168/foot to 7.00 x 108/foot, depending on Mach
nuinber and tunnel total-pressure limitations. Models are supported in
the test section by a sting-sector system, but wall-mounting is possible.

Schlieren photography is available for flow and shock-wave studies.
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DATA PEDUCTION

Standard LaRC data reduction methods and the following constants

were used to compute body and stability axis coefficients:

Symbol Full Scale Model Scale
SREF 2690.0 ft? 0.6053 ft¢
QREF 474.31 in 7.122 in
bREF 936.68 in 14.050 in.
MRP Xo 1076.7 in 16.151 in

Yq 0.0 in 0.0 in

Zo 375.0 in 5.625 in

9
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TABLE I
TEST ¢ LRC 8'TPT-686 (0A106) DATE ¢ 17 DEC 73

ws

TEST CONDITIONS

REYNOLDS NUMBER DYNAMIC PRESSURE ’STAGNATION TEMPERATURE
MACH NUMBER (per unit length) (PSF) (degrees Fahrenheit)
1 20 4.22 x 106/ft 881 120
0.98 4.10 x 10%/ft 770 120
0.95 4,06 x 10%/ft 749 120
0.90 3.98 x 10%/ft 710 120
0.85 3.89 x 10%/ft 669 , 120
0.80 3.78 x 10%/ft 623 120
0.70 3.51 x 10%/ft 523 120
0.60 3.17 x 10°/ft 418 120
0.35 2.05 x 105/ft 167 120
BALANCE UTILIZED: LBC #840

CAPACITY: ACCURACY: %%ELFE;':,',%'ET

NF 800 1b t 0.5%

N 250 ]b + 0'5%

AF 125 1b + 0.5%

- 1600 in-1b + 0.5%

R 500 in-1b + 0.5%

+ 0.5%

YM 500 in-1b

CCMMENTS:

10
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TABLE III. - MODEL DIMENSIONAL DATA

MODEL COMPOMENT: BODY -(B,¢)

GENERAL DESCRIPTION: Orbiter Fuselage Configuration 140 A/B

NOTE: B-. identical to B4 except underside of fuselage refaired to

accept W116 .

Model Scale = 0.01S

VL70-000193

DRAWING NUMBER: VL70-000140A

DIMENSIOAS .

Length (Body Fwd Sta X, = 235) - in.

Max. Width (at X = 1520) - in.

1464) - in.

Max. Depth (at X,
Fineness Ratio
Area --ftz'

Max. Cross-Sectional

Planform

Wetted

Base

12

FULL-SCALE

22933
262.0

250.0.

—0.,26357

340.88462

R ———————

MODEL SCALE

19.400
39
3.%5
~N. 26357

0.07670

S o
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TABLE IIT. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :__Canopy (Co)

GENERAL DESCRIPTION : Configuration 140 A/B Orbiter Fuselage

Model Scale = 0.015

VL70-000140A
DRAWING NUMBER : ___VL70-0001L3A

Model Drawing No. SS-AQO1L7

DIMENSIONS : FULL SCALE  MODEL SCALE
Leagth (Xo=134.643 to 670) 235.357 3.530
‘Max Width (@ X,=513.127) 152.412 2.286
Max Depth (@ Xo=485.0) 25.000 0.375

Fineness Ratio

Area

Max. Cross—~Sectional

Plonform

Wetted

Bose

13
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TABLE III. - Continued.

MODEL COMPOMENT:  ETIZveM - (Egg)

GENERAL DESCRIPTION: Configurction 140 A/B Orbiter Elevon

NCTE: VL70-00C200 date for (1) of (2) sides. Identical to Eps except

airfoil thickness

Model Secale = 0.015 Model Drawings No. SS-ACOlL2
VL70-000200
DRAWING KU4BER: VL70-0001LC 8
DIMENSIONS FULL-SCALE MODEL SCALE
Area ' 223 5814 0.0503
Span (equivalent) 368.34 5.525
Inb'd equivalent chord 119.623 1.794
Outb'd equivalent chord 55,1922 0.828

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.2096 0.2096
At Outb'd equiv. chord 0.),00L 0.4004

Sweep Back Angles, degrees

Leading Edge 0.00 _0.00
Tailing Edge ~10.056 -10.056
Hingeline 0.00 0.00 _
Area Moment (Normal to hinge line) 851.1502 0.00287
14
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TABLE III. - Continued.

MODEL COMPONENT: ©ody Fla; {Frp )

GENERAL DESCRIPTION: __Configurctionlh0 A/B Orbiter Body Flap

MOTZ: Body flup has varizhle centerline deflection of +13.75¢ erd

-14.25° from null position. Hinwe line located &t X =1522.3,

Lo = 264.3 Model Drawing No. SS—-AOOLL7
Model Sc2le = 0.015
'DRAWING NUMBER . VL70-0001404, V1.70-000145
DIMENSION: , | FULL SCALE  MODEL SCALE
Length(X5=1520 to Xo=1613) - IN. 93.000 1.395
Mox Width - INM. 262.000 3.930
Mox Depth (%o =1520) - IN. 23.000 . 0.35
Fineness Ratio -
Aree - Ft2
Mox Cross-Sectional ___ L
Planform ' - _150.5250 0.0339
Wetted
Bose | . 41.84722 - 0.00941

.
{ i




TABLE III. - Continued.

MODEL DIMENSIONAL DATA

MODEL COMPONENT :__OMS Pod (M7)

GENERAL DESCRIPTION : _ Configuration 140 A/B Orbiter OMS-Pod

Model Scale = 0.015 Model Drawing No. $3-A00147
VL70-0001L0A
DRAWING NUMBER © ___ VL70-000LL5
DIMENSIONS FULL SCALE  MODEL SCALE
Length(OMS Fwd Sta Xg=1233.0) -IN,_327.000 4.905
Mox Widih (@ X,=1450.0) - IN. 9.5 1.418
109.000 1.635

Mox Depth (@ X,=1493.0) - IN,

Fineness Ratio

Arec

Max. Cross—Sectional

Plonform

Wetted

Base

16




TABLE III. - Continued.

| = |
{ [ MODEL COMPONENT: _ NOZZLES - (N7p) : |

GENERAL DESCRIPTION: _Configuration 140 A/B Orbiter OMS Nozzle

The Pitch Null was mounted: at 30° instead of. 15°49' as shown on.the lines control
-.d:auj.ng' . ! ‘ c !
MODEL SCALE = 0.015 Model Drawing Neo. S3-A00147
DRAWING NO,  VL70-0001L0A

DIMENSIOIS i FULL SCALE MODEIL SCALE |
Mach No. | |
4
Length ~ in.
_ Gimbal Point to Exit Plane :
Throat to Exit Plane
l\._' biameter~in.
Exit
Throat -
Inlet -
Exit
Throat .
Gimbal Point (station)~in. |
X ' 1510.0 2.7 _
Y + 88.0 1.32

2 \ 492.0 7.38 : !

l
i

Null Position ~deg, |

Pitch - 30e- = = Su- 1
Yoy - 12° 17¢ 12° 17

17
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TABLE I1II. - Continued.

N T T

MODEL COMPONENT: RUDDER - R5

GENERAL DESCRIPTION: Configuration 140 A/B Orbiter Rudder :.

Model Geale = 0.015 Model Drawing No, SS-AQQ1L3
DRAWING NUMBER: V170-000095, VL70-000146A
DIMENSIONS: FULL-SCALE MODEL SCALE
Area - FT2 106.38 0.0239
Span (equivalent) - IN. 201.0 3.015
Inb'd equivalent chord | 91,585 1.3%%
Outb'd equivalent chord 0.8 0,762

Ratio movable 'surface chord/
total surface chord

At Inb'd equiv. chord ' 0.400 0.400
At Outb'd equiv. chord 0.400 0.400 _
Sweep Back Angles, degrees ‘ )
Leading Edge _3,.83 34.83
Tailing Edge : 26.25 26,25
Hingeline 35;83 34.83
Area Moment (Normal to hinge line)- FT3 5g§ 13 0.00178 _ ‘
(Product of Area end Mzan Chord

18



TABLE III. - Continued.
MODEL COMPONENT: VERTICAL = V3.

GENERAL DESCRIPTION: Cenfiguration 140 A/B Orbiter Vertical Tail

19

. No#¥ Similar to V5 with radius on TE upper corner apd LE lower coroer
where vertical meets fuselage,
Model Scale =.0,015 , Model Drawing No. 3S-AQO1LE
L2 T VL70-0001L0K - : L
DRAWING NUMBER: VL70-000146A .
DIMENS IONS : FULL-SCALE MODEL SCALE
TOTAL DATA
Area (Theo) Ft? 113.252 0.09298
Planform _ .
Span (Theo) In ~315.720 L. 73580
Aspect Ratio ~1.675 1.675
Rate of Taper 0.507 0.507
Taper Ratio 0.40399 0.4,0399
Sweep Back Angles, degrees
Leading Edge L 45.00 4500
Trailing Edge 25.947 25.947
o 3.25 Element Line 41.130 41.13C
ords:
Root (Theo) WP 268.500 4,.02750
Tip (Theo) WP 108.47V 1.6270%
MAC 199.80756 2.99711
Fus., Sta. of .25 MAC 1463, 50 21.95250
W P, of .25 B 435,022 Sakal
B. L. of .25 MAC 0,00 0.00
Airfoil Section
Leading Wedge Angle Deg 10.90 10.00
Trailing Wedge Angle Deg 14,920 14.920
Leading Edge Radius 2.90 0.0300
Void Area A3d7 . Q000%s
Blanketed Area 0.00 Q.00
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TABLE III. - Concluded.

GENERAL DESCRIPTION:

Configuration 1.0 A/B Orbiter Wing

- NOTE: Identical to Wyjs except airfoil thickness.

NDihedral angle is along

trailing edge of wing.

Model‘Scale = 0.015

Model Drawing No. 35-A001L8

TEST NO.
DIMENSIONS:

TOTAL_DATA
Area (ihec.) Ft2
Planform
Span (Theo In.
Aspect Ratio
Rate of Taper
Taper Ratio

Dihedral Angle, degrees(at X,=1506.€23,Y,=
105, Zo= 282.75)

Aerodynamic Twist, degrees .

Incidence Angle, degress

Sweep Back Angles, cagrees
Leading Edge
Trailing Edge
0.25 Element Line

Chords:

Roct zTheo; 8,7.0.0,
Tip, (Theo) B.P.
VAC
Fus, Sta, of .25 MAC
WP, of ,25 MAC
8.L. of .25 MAC

EXPOSED DATA ,
Area (inco) Ft
~ Span, (Theo) In. BP108
Aspect Ratio :
Taper Ratio
-Chords
Root BP108
Tip 1.00 b
Zz

-MAC

Fus. Sta, of .25 MAC
W.P, of .25 MAC

B.L. of .25 MAC

Afrfoil Section (Pockwall tod HASA)

XXXX«64
Root b = 0.425

Tipb = 1.00
T
Data for (1) of (2) Sides

leading Edge Cuff 4
Planform Arca  Ft*

VL70-0001408
WG, NO, VLT0-D00 &Y

Leading Edga Intersects Fus M. L. @ Sta
Leading fdge Intersects Wing @ Sta

20

FULL-SCALE MODEL SCALE

2690.00 0.6053
936.6816 .050

2,265
1,177 1.177
200 --0.200
3. 3.50
~+3.000 +3.00
45.00 45700
’IU-USB -IU.UDE
35.209 . 35. 209
689,2429 10.339
137.8486 3,064
474.8117 V222
T 126,221 17,051
291.00 L,.365
A187.33491 __£;§§§._.
1812.2205 0.408
736.6816 TS0
2.058 2.058
0.2451 0.245]
§70.,6230 8.559
J132.8512 .
354.2376 5.3)4
{Z;ET?S?"‘ —17.L6L,
292,00 L . 380
239.67786 3,595
0.113 0.113
0.12 0.12
ECNED: et e g o1 0
505.0 7.575
1084,Y 15.053
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Boundary layer transition strip locations

Figure 2. - Concluded.
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APPENDIX

TABULATED SOURCE DATA

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