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RESULTS OF INVESTIGATIONS WITH AN 0.015-SCALE
MODEL (49-0) OF THE ROCKWELL INTERNATIONAL
SPACE SHUTTLE VEHICLE 140A/B CONFIGURATION WITH
MODIFIED OMS PODS AND ELEVONS IN THE
AEDC VKF TUNNEL B (0A79)

By
V. Esparza and A. I. Lindsay
Rockwell International Space Division

ABSTRACT

This report documents aerodynamic data obtained from wind tunnel
tests of an 0.015-scale SSV Orbiter model of a 140A/B configuration with
modified OMS pods and elevons. This test was conducted at Mach 8 in the
B tunnel of the Von Karman Gas Dynamics Facility.

Force data was obtained at various control surface settings and
Reynolds numbers in the angle of attack range of 15° to 45° and at angles
of sideslip of -5° to +5°. Control surface variables included elevon,
rudder, speed brake and body flap configurations. This test was conducted

during the period August 1, 1974 through August 3, 1974.
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Plot
SYMBOL SYMBOL
a
Cp cp
M MACH
p
q Q(NsM)
Q(PsF)
RN/L RN/L
v
a ALPHA
B BETA
v PSI
@ PHI
P
Ab
b BREF
C.R.
{m' LREF
C
S SREF
MRP
XORP
YMRP
“MRP
SUBCCRIPTS
v
l
:
®
ORIy

NOMENCLATURE

Genersal
DEFINITION

rpeed of sound; m/sec, ft/sec
pressure coefficient; (p; - pw)/q
Mach number; V/a

rressure; N/m<, psf

dynamic pressure: 1/2p%°, N/m¢, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec

angle of attack, degrees

angle of sideslip, degrees

angle of yuw, degrees

sngle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

buse apeny m', £t
wing cpswn or reference span; m, ft
center of pgravity

reference length or wing mesn
serodynsmic chord; m, f't

. . 0
wing areq or reference wres; m , fte
moment reference point
moment reference point on X sxis

moment reference point on Y mxis

moment reference point on 2 axis

bnse

loenl

Statl.- conditions
tots! conditions
f'ree ntyream




NOMENCLATURE (Continued)

Body-Axis System

Plot
SYMBOL  CYMBOL  DEFINITION
Cy CN normul-forc: coefficieny; BOXEA  “Orc
Cp cA axiul-foree coefficient; 2xial fer: -
quo
Cy cY aide-foree coofflcleont; Slde force
q3
Chy CAB busestorer coofticlent; bide force
qo
My - po)/om
C"I‘ CAF forchody nxlnl force coofficicent, Cp - CAb
Cp CLM pltehing-momnt coefficient; piiching moment
Al gEr
¢ o yreing-moment cocfficient; Yi#ing moment
q5b
Y] CBL rolling-moment roofficient: 5.9}3.1_"”%.33”}.".’:
a0
Otnblllity-Axl s Dystem
o, L 110t coefficient; Lt
.!:
e on Are confrictonty 3EIR
. i
Cy, DR b edpug conlPlelont; QUi dreg
Iy oY
b oopr Yorebody drv eoefriclnt: Cp - C%
Cy cy clde-troree coefficlent; Mfﬁ.‘.
%
G L pltehtn-moment ~octficicnt; RIECHing moment
Pl
c CLN youltigemoment confficirnt; YUWIDE mom n®
n '1.Jb
f ooL rolling-moment conffi -l nt: ff’l'ii.f‘_‘%.lw_m‘ﬂ
1
/D /D 11ft-to-4rag ratio: (‘I/PL)‘
L/ e W0 1irt to forebody drag rotio: Cp/Cp,

o :r“:z\L PAGE Is

Lt

R QUALITY

e




NOMENCLATURE (Continued)
Additions To Nomenclature

left outboard elevon surface deflection angle, posi-
tive deflection trailing edge down; degrees

left inboard elevon surface deflection angle, posi-
tive deflection trailing edge down; degrees

right outboard elevon surface deflection angle, posi-
tive deflection trailing edge down; degrees

right inboard elevon surface defiection angle, posi-
tive deflection trailing edge down; degrees.

speed brake deflection angle (parallel to freestream),

rudder deflection angle, degrees

body flap deflection angle, degrees

normal force center of pressure, percent reference

pitching moment coefficient at .65 body iength
pitching moment coefficient at .675 body length

incremental full span elevon deflection angle,

Plot
Symbol Symbol Definition
6 ELE-LO
L0
8 ELE-LI
€
8 ELE-RO
ro
) ELE-RI
€a1
8 SPDBRK
S8 degrees
SR RUDDER
B
% GBF OFLAP
X__/t XCP/L
' cp’ “ref length
R CmFup CLMFWD
! (forward C.G.)
: Cm CLMAFT
AFT (aft C.G.)
Ade DLTELV
degrees
aCN DLTCN

Ac"FHD DLTCMF
AC'AFT DLTCMA
ACA DLTCA

incremental normal force coefficient
incremental pitching moment cnefficient (fwd. C.G.)
incremental pitching moment coefficient (aft C.G.)

incremental axial force coefficient




Symbol

aCap
4Cag
AC
aCp
aCy
aCy,
aCy

88es

84gF

AS

Aéa

NOMENCLATURE (Concluded)
Additions to Nomenclature

Plot
Symbo1 Definition
DLTCAF incremental
DLTCAB incremental
DLTCL incremental
DLTCD incremental
DLTCY incremental
DLTCYN incremental
DLTCBL incremental
DLE-LI incremental
degrees
DLBDFP incremental
degrees
DLE-LO incremental
degrees
DLTARN incremental

forebody axial force coefficient
base axial force coefficient
1ift coefficient

drag coefficient

side force coefficien:

yawing moment coefficient
rolling moment coeffic’ent

inboard elevon deflection angle,

body flap deflection angle,

outboard elevon deflection angle,

aileron deflection angle, degrees
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CONFIGURATIONS INVESTIGATED

Effects of OMS pod configurations and elevon gap (between inboard
and outboard panels) were investigated. The model was tested with OMS
pods off, with the baseline OMS pods, and new OMS pods. Tests were

conducted with both a 6-inch (full scale) elevon gap and with a sealed

elevon gap.
01 = Bpg Cg Eg3 Fg Mg Npg Ry Vg 16
02 = Bag Cg Eqy Fg Nyg Rg Vg Wiy
03 = Bzg Cg Eq3 Fg My Npg Rg Vg 116
Component Definition
B?_6 fuselage per Rockwell 1ines VL70-0001438, ~000200, -000205,
-006089, -000145, -000140A and -0001408 (mode! drawing
SS-A00147)
C9 canopy per Rockwell lines VL70-000143B (model drawing
$S-A00147)
Eq3 slotted version (6-inch) of E26 elevons per Rockwell jines
VL70-000200, -006089, -006092 (model drawing SS-A00148)
Fg body flap per Rockwell Tines VL70-000140A, 000145 (model
drawing SS-A00147)
M; OMS/RCS pods per Rockwell lines VL70-000140A, -000145
(model drawing SS-A0C147)
Mis OMS/RCS pods per Rockwe}] Tines VL70-008410, -000140C
(model drawing $S-A00147)
Nog OMS engine nozzle per Rockwell 1ines VL70-000140A (model

drawing SS-A00147)

10
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Component

CONFIGURATIONS INVESTIGATED (Concluded)

Definition

rudder per Rockwell 1ines VL70-000146A, -000095, -000139
(model drawing SS-A00148)

vertical tail per Rockwell lines VL70-000146A (model
drawing SS-A00148)

wing per Rockwell 1ines VL70-000140B, -000200 (model
drawing SS-A00148)

n




INSTRUMENTATION

Force instrumentation consisted of a six component intemal force
balance mounted in the Orbiter sting cavity.

Pressure instrumentation consisted of a base pressure rake and one
sting cavity pressure which were routed along the sting to externally
mounted transducers for pressure measurement.

Three thermocouples were mounted in the Orbiter. The first thermo-
couple was located in the lower wing at outer mold line X° = 17.83 inch
m.s., Yo = 4.215 inch m.s.; the second at the lower fuselage centerline
at outer mold line X0 = 17.83 inch m.s., Y5 = 0.000 inch m.s. and the third
thermocouple at the lower fuselage centerline at outer mold line Xo = 6.00
inch m.s., Yo = 0.00 inch m.s.

These thermocouples were used to moniter the surface temperature on

the model.

12




}
’

e

TEST FACILITY DESCRIPTION

The Arnold Engineering Development Center (AEDC) is an Air Force
Facility located in Tullahoma, Tennessee. Tunnel B is a continuous,
closed circuit, variable density wind tunnel with an axisymmetric con-
toured nozzle and a 50-inch diameter test section. The tunnel can be
operated at a nominal Mach number of 6 or 8 at stagnation pressures from
20 to 300 and 50 to 900 psia, respectively, and at a stagnation tempera-
ture of up to 1350°R. The model may be injected into the tunnel for a
test run and then retracted for model cooling or model changes without

interrupting the tunnel flow.

13
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DATA REDUCTION

The aerodynamic forces and moments recorded by the internal strain

gage balance were reduced to coefficient form in the body and stability

axis systems utilizing the following reference dimensions:

Model Full
Symbol Scale  Scale
Ag Total base area excluding sting cavity, ft2 0.06080 270.2
ASC sting cavity area, ft2 0.03409 151.5
S wing planform area, ft2 0.60525 2690.0
by body reference length, in 19.3545 1290.3
E(lref) wing M.A.C., in 7.1222 474,81
bref wing span, in 14.0502 936.68
Moments are referenced about model station 16.150 (fuselage station [
i: 1076.68) on the fuselage at model water line 5.625 (full scale water line
4 375)

Model base and cavity pressures were measured during the test and
have been used to correct the data for model base effects. Location and
areas for these pressures were as shown in figure 2b.

Axial force coefficients were determined as follows:
CA = Cay - Cag,

Car = Cau - Cag

14




where: CAU

DATA REDUCTION (Concluded)

axial force coefficient unadjusted for base or
sting cavity pressures

sting cavity axial force coefficient

base axial force coefficient

15
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TABLE I.

COMMENTS:

e R
TEST ¢ 0A79 IpaTE ¢ 8/16/74
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE ’mcumou TEMPERATURE
MACH NUMBER (Per unit length) (pounds/sq. inch) (degrees Rankine)
8 3.54 x 108/ft 3.66 1329
8 1.84 | 1.83 1287
8 0.5 \4 0.5 1256
BALANCE UTILIZED: AEDC VKF 4.06-7-36-058
CAPRCITY, ACCURACY: TOLERSACE,
NF 200 1b e
SF 250 1b —
AP 300 1b —_—— S
Py __1850 in-1b _— —— e
RM 100 in-1b D— —

Corae -
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YREVLILG B/206 14
TABLE III. - MODEL DIMENSICNAL DATA

MODEL COMPONENT - _nony - B¢

GENERAL DESCRIPTION Conli, uration 1I2/8 Orbiter Pusela, e

HOTE: 34, 13 faentical to P.p except raderiida Qi fusels.e has been

refatred .o accept W.. .-,
T ard

MODZL SCALE: 0.015 MODEL_DRAVWIN..; S3-4001h7, RELFASE 12

DRAWING NUMBER VI.70-0001438, -033239, (20205, -006099, -Q00L45,
QUILKIA, QD10 D

DIMENSIONS - FULL SCALE MODEL SCALE
*Length (OML: Fwd Sta. X,-235)-In. 1293.3 19.400
Length (IML: Fwd Sta. Xp=238)-In. 1290.13 ~19.35%"
* Mox Width (2 X - 1528.3) - In. ____ 2640 3.960
Max Depth (2 Xy, = 1464) - 1n. 2500 1,750
- Fineness Ratio
Ares - Ft2
Mox. Cross-Sectional 340.88 — 2.077
Planforn
Wetted
Bose '
22
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*REVISED 4/24/74

TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT - CLEADY o n9

GENERAL DESCRIPTION : —Clcnfiguration 34, Cicapg used with Wicelage.
~oe

MODEL SCALE: 0.015 MADZLIRAWTHZ: SS- 200147, BELTASE 32

DRAWING NUMBER  _VL70-0901h3s

DIMENSIONS : FULL SCALE MODEL SCALE

*Length (xo « h34.643 to 578) —li3.357 2.150

Mox Width (@ Xo = 513.127) 152,412 2.286
Mox Depth (@ X, = 485.0) 25.000 Oi25

Fineness Ratio

Areo

Mox. Cross-Sectional

Plenform

Wetted

23




TABLE I1I. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: SLOTTED BLEYQH (6-THAM %P - pro

T

GENERAL DESCRIPTIOH: Confiruration 14QL/B Orbiter elevon.

NOTE: EL3 is a siotteq version of Fo¢ .

Dita are for one side.

LODEL SCALE:  0.015

DRAWING NUMBER: VI70:003200, VI70-006089, VI006092
DIMENSIONS: FULL-SCALE MODEL SCALE :
Area - Ft? . 210.0 Q.0473 t
Span (equivalentl)- In. k9.2 5.238
Inb'd equivalent chord 1. 118.004 ‘ | ].-Z'I.Q !
Outb'd equivalent chord 1j. 59.192 0.828 . ‘
Ratio movable surface chord/ ;
total surface chord %
At Inb'd equiv. chord 0.2096 0.2006
’ At Outb'd equiv. chord 0.hooh 0.400k
Sweep Back ‘Angles, degrees ' .
Leading Edge 0.00 0.00
Trailing Fdge =10,058 ~lalSh
Hingeline 0.00 Q.00 '
Area Moment ( Product of Area and ?)-Ft3 1887.25 0.00536 .‘
Mean Acrodynamic Chord (¥), in. 90.7 . 1-3505, '
§
20 '
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MODEL COMPONENT :__BQDY TLLD - Fg

TABLE III. - MODEL DIMENHSIONAL DATA - Continued.

Hinpeline located at X = 1528.3, Zu = 284.3
A*J

GENERAL DESCRIPTION : __Canfiguration J40A/B Crbiter Body Flap

—— MODFL_SCALE: 0.015 MODEL_DRAWING: _S3-400147, RELEASE )2

DRAWING NUMBER " VI,7-000110A, VL70-000145
| DIMENSIONS : FULL SCALE  MODEL SCALE
Length (X,=1520 T0 X_=1613) In. —93.000 1.395
Max Width (1n.) 262.00 1930
. Max Depth (X, = 1520) - In. 23.000 0,35
Iy ' - Fineness Ratio
Area - Ft2
Mox. Cross—~Sectional
f Planform 150,525 —0.0330
Wetted
Base —hL.8u722  __0.00041
| '
]
]
! 26
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. !
MODEL COMPONENT: OIS Pod (My) 3
| f.
| GENERAL DESCRIPTION:  forfimurction 140 A/B Cvbiter OMS-Pod
Mocel Seale = 0,015 Yodel Drawing No. Sg-£001h47
| VL70-000140A
DRAWING NUMBER L U170-000145
DIMENSION: o , FULL SCALE  MODEL SCALE
Length (O3 Fud Ste X =1233.0) - I 327.000 4,905 ‘
Mox Width (3@ Xo=1450.0) - IN, 9%.5 1.418 ‘
Max Depth (@ ¥%o=1493.0) - IN. 109.000 1.635 :
' Fineness Ratio '
Arec’
Max Cross=Sectional — ! 5’
Planform '
Wetted {,-
. Base
;4
ORIGINAL PAGE I§ | A ,
UF POOR QUALITY
. . : ’ ’
' i
‘
!
27 !
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: o8 Fed (I4)

CENERAL DESCRIPTION:  Canfisnmation 1,0¢ Nrhiter OMS-Pod

j
i
i
:

Yodel feale = 0,015, Veded Nravire Yo,
TTOLOTMECC
DRAWING NUMBER yTet0 R0
DIMENSION: ' _ FULL SCALE  MODEL SCALE
Length (O3 Pwd Sha X,=1317.0)-Tn, 258.5 3.878
Mox Width (7 ¥~ = 1511 ).fn, 136.8 2.052
Mox Depth (1 ¥, = 1511 )aTn, 4.7 1.121
Fineness Rotio _ 2.484 2.484
Area ~ FT 2
Max Cross-Sectional 58.864 0.013
Plonform
Wetted
_ Bose
OKIGINAL PAGE B
OF FOOR QUALITY
]
28
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TABLE I1I. - MODLL DIM&NSICNsL Dn:TA - Continued.

#000L COMPONENT: — OMS NOZZLES - Nag

GelfsRiL DESCRIPIION: Confiyuration 140A/B Orbiter CMS Nozzles

MODEL SChLE: 0.015 MODEL DRAWING: SS-£00106, RELF:iSE 5 (Contour)
DR/ VING NUMBIR: VL70-009140A (Tocation)
DIMLNSIONS: FULL SC-LE MODEL SCALE

MuCH NO. ‘

Length - In. .
Cimbal Point to Exit Plane
Tarout Lo Sxit Plane

Dismeter ~ In.
zxit
Throat
Inlet

irea - ft2
Ezit
Throat

Gimbal Point (3tation) - In.

£t Nozzle
(1xTGINAL PAGE IS Qo , _u.é.gug__. _.2%%22%__
e B 0 - - N —
O FOOR QUALITY Zg e20 =T
Right Nozzle
Xo A518.0 = _22.770
Yo + 860 = +1.320
4o 9.0  _ —
Null Position - Deg.
Left tlozzle
Pitch 15%9° 15%9"
Yaw 12017 ' 12017 '
Right Nozzle
\ Pitch 15949 15°49"
. Yaw D - VAN v b AN

29
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TABLE III. - MODIFL DINEND

MOCEL CO!MPONENT: RUDDZR_ - Rc

ICHAL D.fv. - Continued.

GEKERAL DESCRIPTICH: o4 -«

A and 14N /R canfiouratiana

MODET, SCALY:  0.015

DRAWING NUMRER:

DIMENSIONS :

*Area- Ft2 ‘

Span (equivalent) - 1In
Inb'd equivalent chord - In.
Outb'd equivalent chord - In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

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

Leading Edge

Trailing Ldge

Hingeline

* Area Moment (Product of area & c)-Ft3

¥Mean Aerodynamic Chord, In.

ORIGINAL PAGE IS
OF POOR QUALITY
30

FULL-SCALE

—190.15
91.385
50.833

2.400
0.400

34.83
26.25
3,83
010.92
3.2

——

WJ’]O'O:)O]."‘()A 1 VT;?O-OOOO95, VL70‘0031390

MODEL SCALF

2.0225

e el e

%
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*REVISED b/2h /74

TABLE III. - MODiI DIMFIIIOW L DATA - Continued.

MODEL COMPONENT: VERTICLL - Vg

GUIERAL DSCRIPTION:

Confipuration 240, /B Orhitor Vertical Tail

MODEL SCALE: 0.015

DRAVWING NUMBER: VL7Q-0001464

« wa—

MOLETL DRAWING: S3-£00148, RLLFASE 6

DIMENSIONS:
TOTALL DATA

trea (Theo) - Fta\
Planforn
Span (Theo) - In.
Lspect Ratio
Rate of Taper
Tuper Ratio
8weap-Back Angles, Degrees.
Leading Lkdge
* Trailing Fdge
0.2% Element Line

Chord.::
Root (Theo) WE
Tip (Theo) %P
Mi.C
Fus. Sta. of .25 MiC
W.P. of .25 MAC
B.L. of .25 MAC

iirfoll Sectlon

Leuding wecd, e -ngle - Deg.
Trailing Wedge /o le - Deg.

Leading Edge Radius
Void rrea

Blanketed frea

N
R QUALITY

FULL SCALE  MODEL 5C/LE

413.253 0.093
Als720 0 Wl 3G
L6758 _1.698 .
Q.57 . Qo7
ook = olob __.
45,000 45,000

6.2 a2

268.500 4.028

108,470 1.627
199.808 2 2.997 .
]llﬁs SQ 2 1
H30.822 . 92.533
Q900 Q00

10.00 10.00
“lh.o20 0 wWLe20
—_—aa) 0 Q.03 .
2317 = 0003 .

0,00 .00




. ARSVIGED b/2h /7%
,TABLE III., - MODEL DIMENSIONAL DATA - Concluded.

MITEL COVPONENT: _ WING-W, .

aiet A p - A eiywe A .
TERAL QLSCRINTION: copfi o tdion L

e I SOt s oxcept advroi]l $hetnsa ane
JQ chiica o i S A ) Libkedral an:le is alang

crajlin- ed.ce of vin .

LR, S0 1.0 0.615 MOTEL IOACTH e 3°.09)148 RELEASH A
ZIST ND, OWG. NO,_ vi70 0001401, -000200
DIVENSIONS: ’ FULL~SCALE MOOEL SCALE
TOTA. DATA 2
rea (ine0,) Ft
Plan‘orm » 26%0.00 0.605
Snan {Theo In, RN 15,050
Asnect Ratio 2. 205 2.005
2at2 of Taper 1172 1177
Taper Ratio 0.200 2202
Dinedral Angle, degrees 500 3.50)

Ingi¢anca Angle, degrees

Asrodynamic Twist, degrees T 1000 400
Sweep Zack Angles, degrees

Leading Edge 5 I
Trailing Edge - gﬁggg - igogg

0.25 Clement Line 5,209. 35.200
Chords:
Root 2Theo B.P.0.0. .0 10,339,
Tip, (Theo) B8,P, L3284 2 048
MAC L7k A R
. uopo Of .25 Mm ")(\I Sa h 3‘]9
# B,L. of .25 MAC . 180 13 2,732
EXPOSED DATA 2
¥ Area (Tneo)  Ft ~LISL.so o.39h
* Span, (Theo) In. BP108 708 10,210
* Aspect Ratto 2.Q59 2,059 ..
Taper Ratio 2 Q.48
Chords
* Root BLIOS 0. Asu .
* Fus, Sta, of .25 MAC _1_;_»1_!:,__]3_ L2700
* WP, of ,25 mc —B 3 J.kls
* B.L. of .25 MAC WSl (1 W7 2
Atrfoil Section (;ox:)l?val Mod NASA)
Root% - —2ild QA3
Tip % - Q.12 0.12
Jata for (1) of (2) Sides
Leading Edge Cuff 2 . N —
*Planform Arca  Ft Hidas 0.025
* eacing Edge Intorsects Fus M, L. © Sta 520, 5
* Leading Edge Intersects Wing 9 Sta 02669 19,30

32
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