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RESULTS OF INVESTIGATIONS ON A 0.015-8CALE MODEL (h9-0)
OF ‘PHE SPACE SHUTPLE ORBIPER LN THLE

NAGA/AMES 3.5-FOOT HYPERSONIC WIND TUNNEL (OA8T)

By
M. T. Petrozzi and M. D. Milam, Rockwell International
J. A. Mellenthin, NASA/Ames

ABSTRACT

Experimental aerodynamic investigations were conducted during the
period of October 16 through Uctober 23, 1973 in the NASA/Ames 3.5-Foot
Hypersonic Wind Tunnel on a 0.015-scale model of the Space Shuttle Orbiter,
Configuration 1L4OA/B.

The objectives of this test werz as follows: 1) verify supersonic
stability and control characteristics, 2) analyze aerodynamic problem
areas, 3) verify control surface effectiveness, and L4) investigate Rey-
nolds number effects.

Six-component serodynamic force and moment data were recorded over
an angle of attack range from 22° to 46° at a constant sideslip angle of
0°.

Thr test Mach number was varied from 5.3 to 7.3 to 10.3. The Reynolds

number per unit length was varied from 0.805 x 10% to 10 x 10% per foot.
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INDEX OF DATA FIGURES (Concluded)

COEFFICIENT SCHEDULE:
A: CL, CN, CD, CDF, CA, CAF, CAB, CLMFWD, CLMAFT, XCP/L, L/D VS. ALPHA
CL, CN VS. CILMFWD
CL VSs. CD
B: DCL, DCN, DCD, DCDF, DCA, DCAF, LCAB, DCMFWD, DCMAFT VS. ALPHA
¢c: DCL, DCN, DCD, DCA, DCMFWD, DCMAFT VS. ELEVON
bCL, DCN, DCD, DCA, DCMFWD, DCMAFT, VS. BDFLAP

CY, CYN, CBL VS. ALFHA
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CADGAC
SOMBOL STMBOL
"
Cp 3
M MACH
P
q Q(NsM)
Q(PSF)
RN/L RN/L
v
a ALPHA
B BETA
v PST
¢ PHI
P
Ab
b BREF
CoBe
brgr LREF
C
5 CREF
MRi’
KMEP
IMRP
7MRD
CUBCCRIPTS
L
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NOMENCLATURE
Genernl

DEFINITION

speed of sound; m/sec, ft/sec
precsure coefficient; (p - pw)/a
Mach number; V/a

precsure; N/mé', pst

dynamic pressure; 1/2pV°, N/m®, psf

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

angle of attack, degrees

angle of sicdrolip, degrees

angle of ysv, degrees

sngle of roll, degrees

mass density; kg/m’, slugs/ft3

Reforence & C.G. Definitions

base arenss m;', re
wing sprn or reference span; m, ft
center of gravity

refercnce length or wing mesan
aerodyntmic chord; m, ft

wing area Qr retference areqa; mo, tt

moment reference point
moment reference point on X axis
moment reference point on Y axis

moment reteronce point on 2 axis

hase

local

static conditions
total conditions
free stream

e




v sevmm o xor e

Bl R

NOMENCLATURE (Continur d)

Tody -Axis Sy “tow

normal-‘orcr coefficicnt: f‘-ﬂa—l?m
Qo

axigl-force coefficirrt: %11l force
30

side-force coeffici~nt; Side Jorce

15

beue-roree coefficient: 2250 10r-0

1o

forcbody axinl force cocfficlint, Cn - gy

pitchin -moment coefficicnt: pitclxing?momn-nt
”Q M
HLRIT

yawing-momeat cocfficicnt: M_;ﬂ_‘ﬂﬁ
N
rolling-moment coefficient: 292_113%_13"“‘_“

Stability-Axic System

1ift cocefficlent; _1..1_?&
q\

drag coefficient: 9_1'.’;&

s

base-drag coefficieont: Eﬂiﬁtﬁfzi
RIS
fort bady dragy coctficiont: Cpo- (‘Db

side-torce contticient; side feree

afll

pltching-mowent coerriciont; bitohine moment
¥l gup

yaving-pomert coefficient; ywing {mnvﬂ.’.’
1: Nal

rolling-moment cocfficiont: Xoil 1213 e 1L
<

lift-to-drag ratio: Cp/Cy

SADGAC
CYMBOL  YMBOL DEFINITTON
6 @
Ca CA
Cy cY
Ca, CAB
~Ap(py - Pa)/ab
Cag CAF
Cn CIM
Cn CYN
cf C
Cy, cL
Cp cD
Cpy, CDB
Cpe COF
Cy CY
C CIM
c, CLN
¢ CoL
/D 1/D
L/Dp L/DF

1ift to forebody drag ratio; \“L/(‘Df
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NOMENCLATURE (Continued)

ADDITIONS TO NOMENCLATURE

pitching moment coefficient about forward center
pitching moments coefficient about aft center of
incremental normal force coefficient, algebraic

difference of two runs.

incremental axial force coefficient, algebraic
diff -ence of two runs.

incremental base axial force coefficient, algebraic
difference of two runs.

incremental forebody axial force coefficient,
algebraic difference of two runs.

incremental 1ift coefficient, algebraic difference

incremental drag coefficient, algebraic difference

incremental forebody drag coefficient; algebraic
difference of two runs.

incremental pitching moment coefficient about
forward C.G., algebraic difference of two runs.

incremental pitching moment coefficient about
aft C.G., algebraic difference of two runs.

left elevon surface deflection angle, positive

SADSAC

SYMBOL SYMBOL DEFINITION
CmFWD CLMFWD

of gravity.
cmAFT CLMAFT

gravity.
ACy DCN
ACa DCA
Acag DCAB
ACAF DCAF
Acp DCL

of two runs.
ACp DCD

of two rums.
ACDFWD DCDF
AcmAFT DCMFWD
ACh DCMAFT
)

er

deflection trailing edge down; degrees.
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NOMENCLATURE (Concluded)

right elevon surface deflection angle, positive
deflectinn trailing edge dowa; degreer.

surface deflection "ngle, positive deflection
trailing edge down; degrees (6eL + GeR)/E.

speed brake deflection angle, degrees.
rudder deflection angle, degrees.

body flap deflection angel, degrees.

SADSAC
SYMBOL SYMBOL DEF (NITION
Seg

Se ELEVON

8SR SPDBRK |

&R RUDDER

8BF BDFLAP

8a ATLRON

aileron deflection angle, positive deflection
trailing edge down; degrees (GeL - 5eR)/2'
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i CONFIGURATIONS INVESTIGATED

v
'

? The test vehicle was a .015-scale model or iLie Space Shuttle Orbiter.
It was sting mounted in the wind tunnel utilizing the Task Mari II 1.5-inch
13 internal strain gage balance to measure six-comporent aerodynamic force
and moment data.

A 30° sting adapter was utilized to obtain the high angles of attack

. which were required. Utilizing this adapter angles of attack up to Le°
were achieved.

Rudder and speedbrake positions were fixed at 0° and 557, respectively, ,j
throughout the test. The elevon positions tested were -L0°, -10°, 0° ‘
ancC +15°. Aileron settings of +5° were also vested. The vehicle body-
flap deflection was varied at -11.7° and +16.3°.

The model configuration is summarized below: ‘

010 = Bag Cg Bxg Fy My Nog Rg Vg Wyig i

Component Definition ;
Bog Fuselage per Rockwell Lires VLT0-0001LOA and ’

) VL70-000140B (Model Drawings SS-A001L4T) |

Cq Canopy per Rockwell Lines VLT0-0001L0A and §
VLT0-000143A (Model Drawings SS-A00147) a
: E26 Elevons per Rockwell Lines VL70-000200 (Model
\ Drawing SS-A021L48)
% F7 Body flap per Rockwell Lines VLT0-000200 (Model
g Drawing SS-A0O01L4T)
H
E M OMS/RCS pods per Rockwell Lines VLT0-000145 (Model
| Drawing SS-A0014T)
T Nog OMS engine nozzles per Rockwell Lines VL70-000Lh5

(Model Drawing SS~A0014T)
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Rudder per Rockwell Lines VLT0-0001L6A (Model Drawing
SS-A001L8)

Vertical tail per Rockwell Lines VL70-0001hW6A (Modcel
Drawing SS-A00148)

Wing per Rockwell Lines VLTN-000200 (Model Drawing
SS-A00148)
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TEST FACILITY

The NASA-Amc: 3.95-Foot Hypersonic Wind Tumnel ic a closed-clircuit,
blowdown-type tunnel capable of operating at nominnl Mach numbers of 5, T,
and 10 at pressures to 1800 psis and temperttures to 3400°R for run times
to fou. minutes. The major components of the facility include a gas storage
system where the test gas 1s stored at 3000 psi, a storage heater rilled
with aluminum-oxide pebbles capable of heating the test gas to 3400°R,
axisymmetric contoured no:zzles with exit diameters of 42 inches for gener-
ating the desired Mach number, and n 900,000 ££5 vacuum storn;e aystem
which operates to pressures of 0.3 psia. The test section itselt is anu
open-Jet type enclosed within a chamber approximately 1.-feet in diameter
and 40-feet in length, arranged transversally to the flow direction.

A model support system is provided that can pitch models through ar
angle-of -attack range of -0 to +18 degrees, in a vercical plenc, about
a fixed point of rotation on the tunnel centerline. This rotation point
is adjustable from 1 to 5 feet from the nozzle exit plune, The model
normally is out of the test streun (strut centerline T-inches from tunnel
centerline) until the tunnel tect conditions nre established after which
it 15 inserted. Insertion time i adJustable to =s little as 1/° sccond
and models may be inscrted at nny strut angle,

A high-speed, analog-to=dipitnl data sequisition system is used to
record test datn on magnetie tupe. The preaent syatem is equipped to nea-
sure and record the outputs from 830 transducers in addition to 0 channels

of tunncl paramaters,
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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 axis system

utilizing the following reference dimensions:

Symbol Definition Model Scale Full Scale
S,er  ving planform area, ft° 0.6053 2690.0
Lper model body length, in. 1954 1290.3
bper wing span, in. 14.05 936.68

Moments are referenced about model station 16.147 (fuselage station
1076.48), on the fuselage at water line 5.625 (WL375).

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.

12
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TABLE 1.
AR
TEST °  0A87 IDATE ¢ oct., 1973
TEST CONDITIONS
WACH NUMBE® REYNOLDS NUMBER GYNAMIC PRESSURE  ISTAGNATION TEMPERATURE]
(pet unit length) (pounds/sq. inch) (degrees Fahtenheit)
5.3 3.0 x 10 4.00 1759°
5.3 1.3 x 10 1.7h 1759°
7.3 10 x 10 7.70 1759°
7.3 3.0 x 10 }.50 2459°
7.3 1.3 x 10 1.95 2us59°
1.3 0.805 x 10 1.21 2u59°
10.3 3.0 x 10 2.6 2459°
BALANCE UTILIZED: _ Mk 1T B0O565R (1.5 inch)
CAPACITY: ACCURACY: R EEnT
NF 1000 pounds 1/°%
SF 500 pounds l/p%
AF 300_pounds 1/2%
PN 3000 inch-pound 1/2n _
RN 800 inch-pound 1/2%
yn 1100 inch-pound L/2%
COMMENTS:
13
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TABLE IXI. - MODEL DIMENGTONAL DATA d_

MODEL COMPCNENT:  RODY - B,¢

GENCRAL DESCRIPTION: Orbiter Fuszlage Configuration 140 A/E

NOTE: Ba. identical to Bg except underside of [usclage refiired Lo

accept Wyie-

todzl Scale = 0,015 Model Dresipe M. £8-677107
o VL70-000193
DRAWING NUIMRER: VL70-000140A
DIMENSIONS : FULL-SCALE ODEL SCALE
Length (Body Fwd Sta X, = 235) - in. o033 _le.kno
Max. Hidth (at X = 1520) - in. : 262.0 3.3
Max. Depth (at X, = 1464) - in. 250.0 3.75
Fineness Ratio | 0, 24357 N.24357
Area - ft?
Max. Cross-Sectiomal 340. 88462 0.07670
Planform -
Wetted —_— S— -
Base | _ ' | |
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MODEL COMPONENT: CANOPY - Cq

TABRLE I1I. - Continued.

3
,

I
'

GENERAL DESCRIPTION: Ccnfiguretion 140 A/B Orbiter Fuselage

Vodel Scale = 0.015

Model Drawing No. SS-A00147

VL70-000140A
'DRAWING NUMBER . !;;170-9@ L35
DIMENSION: ‘ FULL SCALE  MODEL SCALE
Length (X _=434.643 to 670) 235.357 3.5%
Max Width (¢ Xo=513.127) 152.412 2,286 -
Mox Depth (3 Xo=485.0) 25,000 0.375
Fineness Rotio
" Arso
Max Cross-Sectional ___
Plonform
Wetted
Base
17
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MODEL COMPONENT: _ ELEVON - Eoc

TABLE III. ~ Continued.

GENERAL DESCRiPTION: Copfiguration 140 A/B Orbiter Elevon
UOTE: _VL70-000200 date for (1) of (2) sides, Identical to Eog except

airfoil 88,

Model Scale: 0.015

Model Drawings No. 8S3-A00148

VL70-000200
DRAWING NUMBER:
DIMENSIONS : FULL-~SCALE MODEL SCALE
Area 210,0 0,003
Span (equivalent) - 39,2 5.238
Inb'd equivalent chord 118.00h 1.T70

Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

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

Leading Edge

Tailing Edge

Hingeline

—23a0908.

0.00 000

- m 2026 - 1.0.026
0.00 0.00

Area Moment (Normal to hinge line) 1587.25 0.00536

]
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TABLE III. - Continued.

MC EL COMPONENT: ®odv Fla; - F=

GENERAL DESCRIPTION: __Configurzticn 140A/B Orbiter Body Flap
Morz: llinge line located at Xp = 1528.3

Model Scele = 0.015

DRAWING NUMBER . VL7C-000140\, VL70-000145

DIMENSION: T , FULL SCALE  MODEL SCALE

Length(Xo=1520 to Xo=1613) - IX. 93.000 1.395

Mox Width - IM. _262.000 3.9%

Moax Depth (X = 1520) - IN. 23.C00 0.345

Fineness Ratio

Area - Ft2
Max Cross-Sectional
Plonform : 142.6 0.321

Wetted

Base

!

19
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TABLE III.

MODEL DIMENSIONAL DATA

- Continued.

s
-

MODEL COMPONENT :___OMS POD (n‘,)

- GENERAL DESCRIPTION : _Configuration 140 A/B Orbiter OMS-Fod

Model Scale: 0,015

VLT0-000ik0A
DRAWING NUMBER : _Ms

Model Drawing No, SS8-A001LT

DIMENSIONS : FULL SCALE  MODEL SCALE

Length (OMS Fwd Sta X =1233.0) IN——327.000. .  L.0s

T e I

Mox Width (@ X, = 1450.0) IN. 945

1,418

Mox Depth (8 X =1493.0) - IN.  _109.000

1,635

Fineness Ratio

Arva

Mox. Cross--Sectisnal

Plonform

Wetted

20
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TABLE TII, - Continued.

MODEL COMPONSNT: OMS NOZZLE (Mg)

P

st g ——r— poov——" -~

GENERAL DESCRIPTION: Configuration 140 A/B Orbiter OMS Nozzle

MODEL SCALE: - 0.015
DRAWING NO.: VL70-000140A
DIMENSIONS:
Gimbal Point (Station) ~~in.
X
Y
A
Mull Position ~ Deg.
Pitch
Yaw (Outboard)

2l

FULL SCALE

1518.0
+ 88.0
294.0

159 49
120 17°

Model Drawing No. 8S-A00147

MODEL _SCALE

22.77
1.32
7.38

15° 49
120 17

pret
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TABLE III. - Continued.

GENERAL DESCRIPTION: Configuration 140 A/™ Orbiter Rudder

MODEL SCALE: 0.015

MODEL DRAWING No. 58-A001A8

DRAWING NUMBER: VL70-000095, VLT0-000Lk&A

DIMENSIONS : FULL-SCALE
Area _ pp2 106.38
Span (equivalent) - IN. 201.0
Inb'd equivalent chord 91.585
Outb'd equivalent chord 50.833

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0,400

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

Leading Edge 34.83

Tailing Edge -. 26.25

hingeline 34,83

Area Moment (Normal to hinge iine) - P> _ 526.13
Product of Area and Msan Chord

)
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MODEL_ SCALE
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3.01%
1.374

0.762
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0.400
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. TABLE II1I. - Continued
MODEL COMPONENT: VERTICAL - V2
l GENERAL DESCRIPTION: C“onfieuratizn 140 A/B Vertical Tail
17T Sipiler to Y5 with radius on TE u,.per corner end LV lower corner
where verticel meats fuselare,
Nodel Scsle = 0.015 . Model Draving No. JS-AOOL:S
VL70-00Q.404A
DRAWING NUMBER: VL70-000146A
DIMENSIONS : FULL-SCALE MODEL SCALE
TOTAL DATS
Area (Theo) fe2 413.253 0.09298
Pzanfov)u
Span (Theo) In 315.%20 F.Pﬁ
Aspect Ratio 1.675 1.675
Rate of Taper 0. 507 0,507
Taper Ratio 0,40359 40399
Sweep Back Angles, degrees -
' Leading Edge .00 45,00
Trailing Edge 25,947 7
0.25 Element Line 41.130 -
Chords: :
Root (Theo) WP 268.500 14,0275
Tip (Theo) WP 108.470 1,62705
MAC 199,80756 2,99711
Fus. Sta. of .25 MAC 3.5C 21,995250
W. P, of .25 MAC 635,522 i
B. L. of .25 MAC Q.00 0,00
Airfoil Section
Lecading Wedge Angle C2g 10.00 10.00
Trafling Wedge Angle Deg 14,927 14,920
Leading Edge Radius (Min) - IN. 2,00 0,0300
Void Area 17 0.0026
Blanketed Area 0,00 Q.00

.
E 9%

23
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* NOTE: Identical to Wjj4 except a’rfoil thickness.
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TABLE III. - Councluded.

MODEL CONPONENT:__ WING-Wjjc

GENERAL DESCRIPTION: Configuration 18o A/B Orbiter Wing

Y

Dihedral angle is along

trailiqg edge of wigg.
Model Scale = 0.015

Model Dra -

f\h
3

TEST_§O. DWG. NO._VE70-000
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA 2 B
rea (theo,) Ft
Planform 2690.00 0.6053
Span (Theo In, 936.6816 14,050
Aspect Ratio 2,265 2,265
Rate of Taper 1,177 1.172
Taper Ratio 0,200 g,gog
Dihedral Angle, degrees(at Xp=1506.623,Y = 3.500 .50
Incidence Angle, degrees 105, Z,= 282. 75) 0,500 0,500
Aerodynamic Twist, degrees . _+3,000 +3,000
Sweep Back Angles. degrees v
Leading Edge 45.00 45.00
Trailing Edge . SU.Us6 -107055
Ch rg.zs Element Line 35.209 35,200 "~
ords:
Root {Theo 8.P,0.0. 689.2429 10,
mp. Theo) B.P, 137-8486 24
C 474.8117 Ts222
.N.P. of .25 MAC 291,00 b, 365
Bch Of 025 MAC Y 1§7033491 z‘m
EXPOSED DATA : .
rea (ineo) Ft : ‘1812.2205 0.408
Span, (Theo) In, BP108 736.6816 IT.0%0
Aspect Ratio . 2.058 2.058
}‘g% Ratio _ 0,2451 0.245] .
s . .
Root B8P108 570.6230 8.
Tip 1.00 % 137.8512 2.%
-MAC 354.2376 5431k
Fus. Sta. of .25 MAC 1164.237 17464
W.P, of .Zg :AAC 292.00 4. 380
BoLo of .2 C 239.6ZZ§§ ..3'.
Afrfoil Section (Rockwell Mod NASA) , e
XXXX=64 '
Root b = 0.425 0.113 o.113
| T‘lp%- 1.00 0.12 0.12
Data for (1) of (2) Sides | -
Had}ng Egge Cuf; 2 S :
anform Area . 00266
Leading Edge Intersects Fus M, L, @ Sta , '033' — 1575
Leading Edge Intersects Wing @ Sta 1%%.5 15,053
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(a) Close=up 3/U4 rear view of model 140 A/B

Figure 3. = Model photographs.
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(b) Close-up rear view of model 140 A/B

Figure 3. - Continued.
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(¢) Side view of model 140 A/B

Figure 3. - Continued,
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APPENDIX

TABULATED SOURCE DATA

Plotted data tabulations are
availec ole from DMS on request.
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