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RESULTS OF ‘PESTS OAG3 AND 1A29 ON AN 0.015=0CALE MODEH
OF THE SPACE SHUTTLE CONFIGURATION 140 A/B
IN THE NASA/ARC 6- BY 6-FOOT TRANSONIC WIND TUNNEL

By R. H. Spangler* and D. E. Thornton*
ABSTRACT

Tests were conducted in the NASA/ARC 6- by 6-Foot Transonic Wind
Tunnel from September 12 to September 28, 1973 on an 0,015-scale model of
the Space Shuttle configuration 140 A/B., Surface pressure data were ob-
tained for the orbiter for both launch and entry configuration at Mach
numbers from 0.6 to 2.0

The surface pressures were obtained in the vicinity of the cargo bay
door hinge and parting lines, the side of the fuselage at the crew com-
partment and below the OMS pods at the aft compartment. Data were obtained
at angles of attack and sideslip consistent with the expected divergencies
along the nominal trajectory. These tests were the first in a series of
tests supporting the orbiter venting analysis. The series will include
tests in three facilities covering a total Mach number range from 0.6 to
10.h4.

This report is published in three volumes. Volume T contains repre-
sentative plotted data while the remaining volumes present the tabulated
sour;e data. Integrated Vehicle tabulated data ore to be tfound in Vol-

ume [T and Orbiter Alone data in Volume II1.

® Rockwell International
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INTRODUCTION

he: 0.015-5cale vent pressure model (36=-0T8) was tested in the NASA
AEC 6= by 6-Foot Transonic Wind Tunnel over a Mach number range tiom 0.0
to 2.0. Test IA29 of the launch configuration started September 10 and
continued through September 25 and OA63 of the entry configuration starved
September 25 and continued through September 28.

Pressure data were obtained to enable the evaluation of orbiter vents
ing requirements during both launch and entry. The investigation encom-
passed angles of attack and side slip consistent with nomiral trajectory

requirements.
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BREF

LREF

CREF
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Reterence & C.0. Definitions

NOMENCLATURE
General

“peed of sound; m/sec, tt/sec
pressure coctticient; (‘U, - Pm)/1
Mich number; V/a

precuure; N/m, pst

dynamic pressurc: 1/0pV-, N/m, psf

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

sngle of attnck, degrees

sngle of sideslip, degrees

ungle of yaw, degrees

angle of roll, degrees

miis denslty; kg/m3, slugs/fss

e

buse area; m, £t
wing span or reference Span: m, ft
center of gravity

reference length or wing mean
acrodynamic chord; m, ft

wing aren or reference sres; m', ft-

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

moment ret'erence point on 2 axis

brize

loenl

static conditions
totnl conditions
free ctresm




NOMENCLATURE (Continued)

ADDITIONAL NOMENCLATURE

longitudinal location on orbiter fuselage,
fraction of body length.

left elevon deflection angle, positive <railing
edge down, degrees.

SADSAC
SYMBOL SYMBOL DEFINITION
X/5 X/L
8¢ ELEVON

L
® PHI

Sl e
i

angular location on orbiter fuselage, desrces.




CONFIGURATIONG INVESTIGATED

The: 0,015=-ucale model was a replica of the Upace Shutte
tion 140 A/B Orviter and Vehicle L external tank (ET) and solid » oo
bocsters (SRB). Though the attach points for the SRB and ET were in <.
proper location no attempt was made to simulate the actual attsoh con-
figuration. Also, the external feed and vent lines on the ET were nct
simulated.

The orbiter was instrumented with 176 pressure taps on the lett side
of the fuselage. The orifices were located at the cargo bay door hinge and
parting lines, on the side of the fuselage by the crew compartment and
below the OMS pod at the aft compartment. The ET and SRB's were not
instrumented.

The pressures were measured by four *10 psid Stathan PM 131 TC dif=-
ferential pressure transducers housed in four type S scanivalve pressure
multiplexors driven by a single solenoid type steprer. FEReference and
calibration pressures were measured by the facility Exactel micro-mancr-
eters. Reference pressurgs were generally set equal to free stream stutic
pressure.

Two configurations were tested. During launch vehicle testing the
SRB's were uttached to the tank and the ET to the orbiter. All control
surfaces were set at 0° deflection. For entry configuration testing the

SRB's and ET were replaced with appropriate off blocks. The left elevon |

wvas set at =15°., All other control surfaces remained at C° defle..icn.




During the course of the test some pressure crifices or associated tubing
developed leaks or became plugged. The following list presents these dis-

crepancies and the effected runs.

Rurs 1-2L lezks: P1LkL, 204, 212, 428, Lis
pinched: 308, 312

25-49 same leaks
pinched: PZl1l, P226

Gl

50-86 same leaks
pinched: 211, 226, Lok, L2z

87 refe »nce pressure leak

88 same leaks plus 426, L27, 429

89-99 same leaks
pinched: 130, 402

100-111 same leaks
pinched: 130, 210, 211, Lo2

0A63

112-199 same leaks
The model was sting supported from the orbiter base in an inverted
position. Sting adapters were used to provide necessary sideslip angles.,
lLeak and continuity checks of the instrumentation were made. Due to an
installation error, the dangleometer mounted in the model could not be

used. Installation photographs are shown as figure 3.

Test IA29 was conducted as planned except for the omission of M = 1.0

testing due to difficulties in setting this tunnel condition and the

questionable resulting data. Other data at Mach numbers close to M= 1

B

¢ were obtained but should be utilized only after qualitative evaluation of

the Schlieren photos (figures I and §).
9




TEST FACILITY DESCRIPTION

The 6- by 6-Foot Wind Tunnel of the NASA Ames Research Center ©

72]

closed-circuit, variable pressure facility. The test section has s
slotted floor and ceiling, allowing for continuous operation from Mach
number 0.25 to 2,20 at stagnation pressures from 0.3 to 1.0 atmosphere
for a stagnation temperature of 560°R. These conditions allow Reynolds
rumber variation from 1 to 5 million per foot and a dynamic pressure

range from 200 to 1000 pounds per square foot.

10
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NF
SF
AF
PM
RM
M

il

COMMENTS: Model was instrumented with pressure transducers

TABLE I,
TEST ¢ 1A29/0A63 DATE $SEPT.,19(3
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURF.  |STAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sg. inch) , (degrees Fahrenheit)
2.0 2.5 x 10°/Ft 3,58 90
1.75 3.0 x 10°/Ft L. )0 90
1.75 2.5 x 10°/Ft 3.59 90
1.50 4.0 x 106/Ft 5.70 990
1.50 3.5 x 106/Ft L, 85 £0
1.40 4.3 x 10°/Ft 5.95 90
1.10 4.0 x 10°/F¢ 5,50 90
1.ko 3.5 x 106/Ft L.79 80
1.25 L.0 x 106/Ft 5,45 90
1.25 3.5 x 106/Ft 4,69 80
1.15 L0 r 10°/Ft 5,25 90
1.15 3.5 x 1::-6/Ft 4,53 80
1.10 4.0 x 106/Ft 5.20 90
1.10 3.5 x 106/Ft L.k9 80
1.05 4.0 x 106/Ft 5.0k 85
1.05 3.5 x 10°/Ft .3k 80
None
BALANCE UTILIZED:
CAPACITY: ACCURACY: CT%ELFE?E,"%%T

11
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TABLE I. - Concluded.

TEST ¢ 1AP9/0A63 DATE & SiPT., 1073
TEST CONDITIONS » |
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER (pet unit length) (pounds/sq. inch) | (degrees Fahrenheit)
0.95 4.0 x 106/Ft 4,63 80
0.95 3.5 x 106/Ft L.13 80
0.8~ 4.0 x lob/Ft 4,38 80
0.85 3.5 x 10°/Ft 3.87 80
0.75 4,0 x 106/Ft 4,01 80
0.75 3.5 x 10°/Ft 3,50 80
0.60 3.5 x 106/Ft 2.95 80
- , 6
2.0 2.25 x 10 /Ft 3.12 80
1.75 2.25 x 106/Ft 3,18 80
None
BALANCE UTILIZED:
FICIENT
CAPACITY: ACCURACY: %’%E.ER:EILEE

NF e

SF — ev———

AF e —————— —

PM —_—

RM e R T —

COMMENTS: Model was instrumented with pressure transducers

12
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REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

v

TA3LE III., - MODEL DIMENSIONAL DATA

MODEL CCUPCHENT:  BODY - Bae

GENERAL DUSCRIPTION: Orbiter Fusclage Configuration 140 A/B

_N0TE: _ PBoe identical 1o Bog excont underside of fusceloes refaired (o

”, PN 104
accept ¥y

- t—— —

Model Scale = 0,015

VL70-000200
DRAWING MUIRER: -
DIMENSTOLS : FULL-SCALE

slongth (kody poge X, = 235) - in. 1293.3

Max. Width (at X, = 1520) - in. 262.0
Max, Depth (at X5 = 1464) - in. 250.0

Fineress Ratio b.92481

Arca - ft?
May. Cross-Secticnal . 340.87102
Planform ——
tetted ———
Base

* NOTE: Theoretical body length used in

data reduction - in. 122.3

19 .

MODEL SCALT

—32:3995__

329300
__3:75000

b, 2480

..~0:07670

B e e 8 e S———

S e e e e <ot £ A e et A o e i N i a3 s it S o s
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REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

!
TABLE III., - Continued.
MODEL COMPONENT: 110V - (g
GENERAL DESCRIFTION: Conffemrtion 34
Yodel Ceczle = 0.015
) V170-02014CA

DRAWING NUMBER . _Y170-0001421

DIMENSION: ' , FULL SCALE MODEL SCALS
Length (Y =1.34.643 to 670) 235.357 3.53036
Mox Width (7 ¥ =613,127) VIR 2.28618
Mox Depth (7 X,<485.0) 25.070 037500
Finzness Ratio .

Asco

Max Cross=Sectionol

Plonform
Wetted )
Bose

20
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TABLE I11I. - Continued.

.
EeX e L 2034
RO ONES

MODEL COMPONENT: E26

GERCRAL DESCRIPTION:

Confieurniicn 4

- ——

.

pata “or (1) of (2) sides. Tdeaticol

airfoil thickness

Yodel Scele = 0.015

VL0050
VLIO-0C5MC A/B

DRAWIHG KIABER:

DIMENSIONS: FULL-SCALE
hrea 223,501

3230

e o p—

Span (equivalent)

Inb'd equivalent chord _119.623
Nutb'd equivalent cherd - bhagm
Ratio novabic suriuce chord/
total surfece chord
At Inb'd cquiv. chord 0.2096
At Outb'd equiv. chord 0.40CL

© ——— o = o > oo

Sweep Back lngles, dogrees

. Leading Cdge 0.00

Do o ,

. Tailing Ecge ~10.056

0.09

Hingeline

Arca Moment (hormal to hinge line) | £51.1502

MODEL SCALE

0. 2096

0.500,

———— s - G————

0.02

@+ et eemae- O —

-10,04¢4

0.00

——— v — ————

—0.00287




. . * g

REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

TABLE III., - Continued.

MODEL COMPONINT: Body Flap - Fg

GENEPAL DESCFIPTION:  vonfiearation /

——————y 28—+ o

—MODEL SCALE: 0.015 .
jodel Scale -

DRAWING NUMBTR . VL70-000140A/B, VL70-000200

DIMENSION: ' . FULL SCALE  MODEL SCALE
Length  in. . 94,856 1.42284
Mox Width  in. 262.308 3.943462
Max Depih  in, ___23.000 _.0,34500
Fineness Ratio ]

Areo - ft?

Mox Cross=Sectional

Plonform ¥ 158.85350 0.0357%
Wetted '
Bose T 41.89642 " 0.00943

22




TABLE 1JI. - Continued.

MODEL COMPONENT: OMS POD - My

GENERAL DESCRIPTION: Configuration 3A

MODEL SCALE: 0.015

VL70-0001404/B

DRAWING NUMBER: VL70-000145

DIMENSIONS: FULL- SCALE
length (OMS Fwd Sta. X5 = 1233.0) IN. 327.000
Mex. Width (@ X, = 1450.0) - IN. 9b.5
Max. Depth (@ X, = 1493.0) - IN. 109.000

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

e3




TABLE [11, - Continued.

MODEL COMPONENT: PSRM NCZZLYS - N25

GENERAL DESCRIPTION: Confimuration 3A BSRM Nozzles |

Model Scale = (0,015
YL72-0000824

DRAWING NO. y117-00003¢6B

DIMENS IONS FULL-$CALE MODEL SCALE
MAQH NO.
DIAMETER L.X ~ IN (One Nozzle) 141.3 2.11950

DIAMETER DT ~ IN

DIAMETER DIN ~ IN i

ON ~DEGREES

AREA - FT2 (One Nozzle)

MAX CROSS-SECTIONAL 108.89595 0.02450
GIMBAL ORIGIN Xg Yo Zo
IEFT NOZZLE ~ IN. F.&. 1825.3 -2,3 1,00
RIGHT NOZZLE ~ IN. FS 1825.3 +243 400
NULL POSITION - DEG. PITCH YAW
LEFT NOZZLE +8 +8

RIGHT NOZZLE

2L

41“



MODEL COMPONENT:

TABLE 111. - Continued,

RUDDER - RS

GENERAL DESCRIPTION:

34 Configuration Rudder

Model Scale = 0,015

DRAWING NUMBER:

-

VL70-000146A

DIMENSIONS :

Area - FT2
Span (equivalent) - IN.
Inb'd equivalent chord

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

Area Moment (Normal to hinge line)- pr3
Product of Arca and Mean Chord

25

FULL-SCALE
_206.38
201.0
__.g.lz_i_L' R

50.833

34,83
26.25
34,53

526,13

MODEL SCALE

34,83
26,25
3. 83




MODEL COMPONENT:

- Continued.

BOCSTFTt SOLID ROCKRT MOTOR - §12

GENERAL DESCRIPTION:  Configuretion 3A, Dx.}ta for (1) of (2) sices.

Model Scale = 0,015

v1,72-000088A

'DRAWING NUMBER V177-0000362

DIMENSION:

Length (Includes.Nozzle) - IN.
Mox Width (Tank Dia) - IN.
Mox Depth (Aft Shroud) - IN.

Fineness Ratio

Area - FI2

Max Cross-Sectional

WP of BSRM Centerline (77:) - Ii.

FS of BSRM Nose (X7) - IN.

FULL SCALE  MODEL SCALE
_1741.0 26.115
_142.3 2,135
_192.0 2,880
L 9.067T1 9.06771
__201.06193 __ 0.0h52k_
’K
b — £000
200 " 3.000._.___




REPRODUCIBILITY OF THE ORIGINAL PAGH .. OO0R.

TABLE III. - Continued.

MODEL COMPONENT:  FXTERYAL TalK - T10

GENEPRAL DESCRIPTION: Fzterrsl Oxysmen BEdrogen Tani:

Ml T mgd 2 - 4+ n AN b, 3 3. N S R |
ROTE:  T7otden® ta T i cvbopnal fusl Yoo o oaf i

Vrici Sere e 0,015

VL72-0000884 -
DRAWING NUMBER . __V178-0000/ B
DIMENSION: - _ FULL SCALE  MODEL SCALF
Length - IN. (Fose @ g = 309) 1865 27.975
Mox Width  (pie) - IN. 3% _Lk.860
Mox Dapth | —— !
Fincness Rotio 5.75617 | 5.75617
Arco - FT2
Mox Cross-Sectional 572.555 . .9.12882
Plonform
Wetied —
Base .
WP of Tenk Centerline {(Zp) - 1IN, 400.0 6,000

- ———— ————

. L R T T I R T N N I T LJ



REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POOR.

Aspect Ratio
Rate of Taper
Teper Ratio
Swazp Back Ancles, degrees
Lecding Edge
Trailing Zdg2
0.25 Element Line
Chords:
Root (Theo) WP
Tip (Theo) WP
MAC
Fus. Sta. of .25 MAC
No Pa Of o?.") :'/ﬂ\c

B, L, of .25 MAC
Airfoil Sectien
Leading Wedee Angle  Deog
Trailing \~doe ingle Dag
Lleading Euge Radius ((in) - I
Void Arca
Blanketed Area

- -.a-/....—»-.- )

TABLE III., - Continued. ’
MODEL CCUPOMENT :___\_IERTIC,Q.'. - Vn
GENERAL DESCRIPTICN: Confi~vreticn 3%
Pt Simdlop Lo VE A prdivg on TH uler corner tnd L letwr eccrnar
ape vertingl moetg foruelnsa,
Vedel Seale = 0,015
VIT0-0oontin /B
DRAWING \!'2ER: VI70-0°01 L4
DIMENSTOLS ¢ FULI.-SCALE MODEL SCALE
JOTAL _DATA
Area (Theo) Ft2 413.253 0.09298
. Planform
Span (Theo) In D6, ) L

1,675 1,478
LA BN
L0757 B VR

15,00 15,00
26 G 25.Crn

10,00
-l i a——
lll [SIA 10!
— e B P e
AN

B L e

—_—td

[ANA]

0,00
20,00

J 0N
~0.0300. .
LA




MODEL COMPONENT: __ WING-W;1g

TABLE III. - Concluded.

GENERAL DESCRIPTION:

Configuration 4

* NOTE: Identical to Wyj4 except airfoil thickness. Dihedral angle is along

trailing edge of wing.

Model Scale = 0.015

TEST _NO.
DIMENSIONS:

TOTAL DATA 2
Area (1heo.) Ft
Planform
Span (Theo 1In,
Aspect Ratio
Rate of Taper
Taper Ratio

Dihedral Angle, degrees(at X,=1506.623,Y,=

Inclidence Angle, degrees 105, Zp= 282.75)

Aerodynamic Twist, degrees . '
Sweep Back Angles, degrees

Leading Edge

Trailing Edge .

0.25 Element Line
Chords:

Tip, (Theo) B.P.
MAC

Fus. Sta, of .25 MAC

.W.P, of .25 MAC
B.L. of .25 MAC

EXPOSED DATA 2.
rea (ineo) Ft
Span, (Theo)
Aspect Ratio
Taper Ratio

Chords
Root BP108
Tip 1.00 %

- -MAC

‘Fus. Sta. of .25 MAC

W.P. of .25 MAC
B.L. of .25 MAC

ROOt ETheo BIP'0.0.

In, BP108

Afrfoil Section (;lockwell Mod MASA)

XXX~64

Root b = 0.425
Tipb= 1.9
Z
Data for (1) of (2) Sides -

Leading Edge Cuff 2 '
Planform Area Ft

Leading Edge Intersects Fus M, L, @ Sta
Leading Edge Intcrsects Wing @ Sta .

9

VL70-
FULL-SCALE MODEL SCALE
2690.00 —~-0.60925
936.6816_  __14,05022
—ad03 —2:265
—tad?7 —le 177
. 3.50
—0.500 _ 0,500 _
~3.000 —t2.000
45.00 45.00
~E 305 35709
689.2429
- A474.8117 —1.J2218
291,00 :i%
A§7.3391  _2.81002
'1812. 2205 0.40TTS
736.6816 —11.05022
2:058 —2:058
0.2451 0.245] _
50,6230 __8.559%
1378512 __2.06T17
354.2376 5.31356
1163, 237 1746356
292.00 —h.38000
¢.113 O.1i3
0.12 0.12
E&—- —0.02662.
‘ I —Za 31500
1003.5 -23.05250




Ene
6ee
cee
1z2
Lee
1cc
L12
Loz
02
Gt
™ML
LET
€T
621
XAl

0gt=v

91

0l1=%

unN
-
A

AN

T

212 inz

geez LEZ

122 tez

cez €22

322 ez

0zZ2 612

112 c12 212 T2 Giz €02
902 so2

AN T

T ent

091 6ET

e GET

2€T TET

82T let

A 61T 81T LTT 91T 1T
06T=¢  Ooni=% 0cI=% QgI=* 0TI=< 0cT=¢

INOAVI d9L FdNSSHad - Al TIgvs

onz

9ce

cee

gee

zze

812

goz

n02

oMt

2Nt

8ET

neT

0£T

92T

qIT

£ETT

21T

TTT 0TI
LOT
10T

06=%  0g=¢

601
901
€01

oL

¢

.

30T
0T
20T

\\”

<«

nes”
ol

ok
gon-
osn”
e
son”
née *
GLE
LGE"
gEE *
61t
TOE*
cge”
n9e’
ene:”
€oe"
"9t”
TAN
Lgo-

T/%

116
068
333
23
818
16L
09.L

2el
869
nL9
059
229
209
8LS
0SS
00S
osh
oon
0sE

30




Len
IRA
e
LTq
£Th
601
con
Ine
LEE
EEE
62t

6Tt
qte
T1E
Lot

03T=¢

0LT=¢

. L3
s 00

—~

Jen

9z

90t

e e £qe ene

09T=6

Gen neR eeq 2en TEn oEN
221
ot
oth
2TY
g0
non

e one
123
cee
gct
gct
g1t
n1E
0Tt

GOt 7ot €0t cot Lye one

06T=¢ oOnT=¢ OET=¢ n2T=$ OTT=¢

62h
134 ¢
6TY
<n

Loy
egon
6Lt
GeE
TEE
Lze
Tee
ETE
60t
she

00T=¢

L
nmm
T
gen
zen
8T
i
oTn
904
2on
gL
nee
ote

oct
9Tt
A
g0t
e

06=%

*papnTouc) = ILNOXVI dVi TINSSTdd = "AI TIdVL

oM
e

SN

0g=

S
enn
6En

oL=%

on6*
006°
gen 299°
629"
£0g°
sglL-
LoL-
Lnle
62L*
oTL®
889°
€L9°
L{S°N
9¢9°
L19°
866"
086°
T96°
9ns”

09= 1/4

o]
7 38 Tud INOQe (PIBAIC FUTHOST) SUTTIIIUSD WG330Q WOLJ ISTAHIOTD painseaw ¢saaxBop ut %

oSt
oont
0SET
LOET
fLet
0set
SIAAN
FArA
gLIT
nSTT
GeTt
90Tt
2got
gsot
RE0T
0101
986

296

ené

31




I T e R e

R Ll R e L

AT e - e > TR e o i

A41a016 jo
134u3d 3y} wosy padojdsip UIdq IADY $IXD
A1111qo4s puo puim 4o sutbiio /£41u0p> o4 7z

mo1D AQ £340d1pul
310 $3)6uD puD ‘54ua12144305 Judwow
‘syua1d14505 3210y jo suolydaNp aausog

$SON

A




mmm.\ll

1U3waBusiIe TBIIUIT ITOTUIA '®

*6

*'S9YDL9NS TOVON - °*Z aanBig 60k
&) @ ,.
*gsT

//

o'

33




OOﬂﬁ mmma

§Hl§ﬁ8ﬁ§~§~o&§8~§§§§§.

suoti1woo] dul aInssaigy I97Qx) -q

TPIETTIVCS - 07 HanPra

S S 4002
— oot
“
T4 ~ M o
$34 4 m
7 ng Smmens t AV
L . \ - §
! 1S =
d G211 - 2n6 _ 09L 8 K
L/ ‘ 009 = %
NOLLOFT
xoom_ Ve 00¥YD
dil) 91¢
\ €T j o o<
B @ - E
™2 |
05T . I COuWD
= (dxL) 209 0c% 0o%
odn1 :
K7 .
+ - =+ - T _
o i
+ M
_ |




[T

-~ R ad]
Lt LEruT

v

Al
LOAel

v







TTSYIITIUC]

- TTIUUNC PUTM 30C4~§ AG -0 JYY UT PSTT=3S4IT SL0O=9¢ TSPOW M5TA I33JBnb-3U( (2)

™
[
4
3
)
—

bie







Mipure

&

1.

.

\

Mach S0, o, o8

- sehlicren Photographs -

L

Teod

A



66-630-002

b.  Mach = 1.h, a = 0%, 3§ =04

g
Figure h. - Continued.

o




c. Mach = 1.25, a = V", R = _}°

*

Fipure h. - Continued.

]

41



d.

Mach = 1.15, o = 09,

Figmre I, = Continued.

i A}
4

no= LY




266 630-006 3

. Mach = 1.10, a = OV, R o= )0
Fipure b - continued.

1
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f. Mach = 1.05, a = 0°, B = -L4°

Figure L. - Continued.

Wl



£

Mach = 0.9, a = 00' po=
Figure 4., - Continued.

.‘s‘\
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h.

Mach = 0.8%, a = 0V,

Figure L. - Concluded.

\
i




66 630 038

. Miach = D0, a = o

TRl ioren Pt ernd
Figure coo- Sehiferen Do opeap

s



b. Mach = 1.6, a = ¢, g = 0°

Fisure S, - Ut inued,







o°




Mach = 1.15, @ = 6°, B = °

Figure 5. - Continued.

l\'




r. Mach = 1.10, a = 69, p = 0°

Figure S0 -~ Continued.,




g. Mach = 1.05, a = 6°, B = Q°
Figure 5. - Continued.
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:
h. Mach = 0.‘)‘\. W (\0‘ Bo= 0\" :

Filioure S, < Conetandod.,
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APPENDIX

ORBITER ALONE DATA ONLY
(SEE VOLUME II FOR INTEGRATED VEHICLE DATA)
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