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SUPERSONIC TESTS OF AN 0.015-SCALE
SPACE SHUTTLE MATED VEHICLE MODEL (67-0TS)
IN THE LaRC UPWT TO OBTAIN
AERODYNAMIC FORCE DATA (IA42A/B)
By R. Hardin and R. Burrows, Rockwell International Space Division

ABSTRACT

This report contains results of wind tunnel tests of the NASA/Rockwell
0.0715-scale Configuration 4 Mated Space Shuttle Vehicle (67-0TS).
_ The tests were conducted in two parts (IA42A,1A42B) to obtain aerc-
dynamic force data for the range of M-ch numbers-from 1.60 to 4.63. Data
___were obtained for an alpha range of -10° to +10° (g = 0, 8 = 5°) and beta
range of -10° to +10° (a = 0°).

A complete model build-up was performed, Longitudinal and lateral-
directional stability and control data were obtained for tank alone, fank
plus- SRB's, tank plus Orbiter, and mated configuration of tank + OFbiter
+ SRB's.

Single-component rudder hinge moment data were obtained at rudder de-
flections of 0° and -20° for each Mach number tested.

Plots of force and moments vs. Mach number using data from test number

LRC-8TPT-667 (IA41) for Mach numbers of 0.60 to 1.20 are presented in addi-

tion to plots of IA42 data. The model tested in IA41 was the same model
as tested in IA42A/B.
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INDEX OF DATA FIGURES (Concluded)

Schedule..of.Coefficients Plotted:
A) CAFT, CABT, CN, CLM vs ALPHA; CN vs CLM
B) DCN/DA, DCLMDA, XAC/L, CNALFO, CLMAFO, CAFAFO, CABAFO vs MACH
C) CY, CYN, CBL vs ALPHA; CY vs CYN
D) —GN/DRO, CLMDRO, CAFDRO vs MACH
E) CY, CYN, CBL-vs BETA, CY vs CYN
F) CY/DRO, CYNDRO, CBLDRO vs MACH
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SADSAC

SYMBOL

MACH

Q(ng
Q(PsF

BREF

LREF

SREF
MRP

XMRP

ZMRP

NOMENCLATURE
Genersal -

DEFINITION

speed of sound; m/sec, f£t/sec
pressure coefficient; (p - pw)/a
Mech number; V/a

pressure; N/m2, psf

dynemic pressure; 1/2pV, N/m?, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec '
engle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of rall, degrees

mess density; kg/m3, slugs/ft3

Reference & C.G. Derinitions

base ares; m2, £t
wing span or reference span; m, £t
center of gravity

reference length or wing mean
aserodynemic chord; m, ft

wing erea or reference ares; m2, £t2
moment reference point

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

moment reference point on Z axis

base

local

static conditions
total conditions
free streem
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HWOMINCLATURE (Continued )

Body-Axlo Cynteom

SADSAC
OYMBOL ~ DEFINITION
CN normnl.-rorce confsiciont: w
af
CA axisl-force coefficicnt; l&t’.}_,f;‘s!f:
qf
cY side~force coefficient; %Ego_rie_
CAB bage-torce coefficient; gase_gorc_e_
Q;
~A(Pp - Po)/15
CAF forcbody axial force coefficient, Cp - CAb
CIM pitchins-moment coefficient; pitching moment
aSfrEp
CYN yawing-moment coefficient: m&%@eﬁ
CBL rolling-moment coetficiont: .1.'9.}.13'_2%_“‘:@
i
Stability-Axis Systom
CL 1ift coefficient: }%gl
cD drag coefficient; dr_ﬁ;
g
CDB base-drag coefficient; PPSZS;N&
CDF Forcbody drag coefficient; Cr - CDb
cY side-force coufficient; ﬂﬁ?%—i
g
cI pitching-moment coefficicnt; Pltching moment
B/ prp
CLN yowing-moment coefficient: Y“_“‘}m"‘l‘)‘..‘_._?l‘?.‘l’&
qe
oL rolling-moment cocfficient: !ﬂﬁ‘:ﬂ‘g_m
e
L/ lift-to-drag ratios Cp/cp
L/op 1ift to forebody drag ratio; Cp/Cp,

6




. NOMENCLATURE_(Continued)

SADSAC

i SYMBOL SYMBOL - DEFINITION

% cAbSRBN SRB  nozzle base chord force coefficient

% C*Aper- External Tank base chord force coefficient (based

? €T on Acgr)
- C*Ap, Orbiter base chord force coefficient (based on
= ORB Acors and Orbiter base pressures)

ﬁ CAc External Tank cavity chord force coefficient

i ET (corrected to base pressure)

B CAcora Orbiter cavity chord force coefficient (corrected
R to base pressure)

X C*Ac External Ta~k cavity chord force coefficient (based
7 ET on Acpt and ET cavity pressures)

aé C*Ac Orbiter cavity chord force coefficient (based on
S ORB Acgpg and Orbiter cavity pressures)

iﬁ- CAT CAT mated vehicle total chord force coefficient

& \'

f‘} cp( ) bage and cavity pressure coefficient

i; MRP (X, YT,Z7) moment reference point is in ET coordinate system
;gii Po tu?nel freestream static pressure, péfa

iff; PT tuﬁne\ freestream total pressure, psfa

e 4
T To tuhnel freestream static temperature. °R

.;;{ Tr tunnel freestream total temperature, °R

‘315 Ap attitude control propulsion system base area, £t2
1 ACPS » (total for two)

:ET% Rbgt External Tank total base area, £t2
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SADSAC
SYMBOL

XAC/L

SPDBRK

NOMENCLATURE (Continued)

DEFINITION

Orbital Maneuvering System base area (total for
two), ft2

total Orbiter base area, ft2

SRB shroud base area (minus projected nozzie base
area), ft2 (total for two)

SRB nozzle base area, ft2 (total for two)

* External Tank cavity area,. ft?2

Orbiter cavicy area, ft2

balance chord force coefficient (uncorrectaed)

Attitude-Control Maneuvering System base c'io~d
force coefficient

External Tank base chord force ¢ ¢ . ... (based
on Apgt)

Orbital Maneuvering System base cherd force coef-
ficient

Orbiter base chord force coefficient (based on AbORB)
SRB shroud base chord force coefficient

model pressure weighting factor, either 1 or 0
(denoted by manifold subscript number)

longitudinal static stability derivative; - Cy
body axis system y d (qma/ Ng!

Orbiter longitudinal station, in.
Tank longitudinal station, in.

Orbiter spanwise station, in.

Tank spanwise station, in.

rudder deflection, degrees
speedbrake deflection, degrees

8
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SADSAC
SYMBOL SYMBOL
c CABT
AbT
€ CAFT
AfT

(CN)Q=O CNALFO
(Cm)ago CLMAFO
(CABT) CABAFO

a=0
(Cag) _, CAFAFO

(Crgp) _ CY/IRO

a=0 -
CYNDR
(cnsR)a=o NDRO

C CBLDRO
(Cy)

(CNeg) g CN/DRO

(Cngg) _ CLMDRO

(C ) CAFDRO

a=0
Cy DCN/DA
(+]
Cn, DCLMDA

NOMENCLATURE (Continued)

DEFINITION

total mated vehicle base chord force coefficient;
cAbT = CAT - CAfT

total mated vehicle forebody chord force coefficient;
CAET = Car 'ecAbORB " Chboms = CAbpcps = CAbspe
= “Avgpen ~ “Pogy

normel force coefficient at zerc degrees alpha

pitching moment coefficient at zero dégrees alpha

base chord force coefficient at zero degrees alpha

forebody chord force coefficient at zero degrees alpha

side forece coefficient gradient with rudder-deflection
at zero alpha

yawing noment coefficient gradient with rudder deflec-
tion at zero alpha

rolling moment coefficient gradient with rudder de-
flection at zero alpha

normal force coefficient gradient with rudder deflec-
tion at zero alpha

pitching moment coefficient gradient with rudder
deflection at zero alpha

forebody chord force coefficient gradient with rudder
deflection at zero alpha ’

normal force coefficient gradient with angle of attack

pitching moment coefficient gradient with angle of
attack
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SYMBOL

SADSAC
SYMBOL

CPTCY

CPTC2

CPTP
CPSRBC

CPSRBB -

NOMENCLATURE (Cong1ided)

DEFINITION

pressure coefficient in ET balance cavity, com-
puced from. pressure tap 18 data

pressure coefficient in ET balance cavity computed
from pressure tap 19 data —

ET base pressure coefficient
SRB cavity pressure coefficient

SRB base pressure coefficient

10
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CONFIGURATIONS INVESTIGATED

The model (#670TS) tested was a mated shuttlie vehicle that had build-
up capability, Model build-up was performed_with_the following configura-
tion combinations: Tank alone, Tank-+ SRB's,-Tank-+_Orbiter, and Tank +
SRB's + Orbiter.

The Orbiter was a cast aluminum representation of model #49-0; an
0.015-scale, 140A/B Configuration Orbiter. The Orbiter rudder had a single-
component strain-gaged beam at the hingetine and could be set at 0° and -20°.
The Orbiter bodyflap had settings of -11.7°, 0°, and 16.3°., Orbiter elevons
could be set at +15°, 0°, -40°,

The internal balance could be mounted in either the Tank or the Orbiter.
The Tank and.SRB's were made of aluminum and all attach hardware and pro-
tuberances were simulated for the Tank, SRB's, and Orbiter.

The following table summarizes the model configurations and their cor-
responding nomenclature::

Tab Data Configuration Description

0 Bag» Cg» Wyiyee Eggs Fzo Mgs Npas Rgs Vs Xqg o 24
L T2 (Baseline), X19 or 24
T, T3 (Baseline with 1208 inch radius tangent
ogive nose)
Ty Ti8 (Shortened Baseline)
S] $12 (Baseline), st,xlg or 24
2

n
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Tab Data Configuration

FR,

Description

PS]. PSy, PS3

PTz, PT3. PTgs AT

FL,,

]2’ AT"3, AT'|4’ ATg’ FL],

FL,

FR (Umbilical door fairing)

Boundary layer transition strip X,q was used for IA42A (1.6 < M < 2.86)
and X,, was used for IA42B (3.9 < M < 4.63).

The model base was instrumented with pressure orifices as shown in

figure 2L. These pressures were manifolded.as shown below.

i for CP in Data
i

Reduction section
(Manifold No.)

o o o W N et

-— b

Test 1A42A

LOCATION

Orbiter Cavity
Tank Cavity

Orbiter Base

Tank Base

SRB Nozzle

SRB Shroud Base

OMS & ACPS Base
Test 1A42B

Orbiter Cavity
Tank Cavity

Orbiter Base

12

TAP_NOS. (Figure2L)

16, 17 ﬁbal. in orbd.
18, 19 (bal. in tank

1,2, 3,4

7, 8, 9, 10, 11, 12
5, 6

13, 14

15

16, 17 ibal. in orb.
18, 19 (bal. in orb.

1,2, 3,4




1 for Cp, in Data

Reduction section
(Manifold No.)

3

4
» 5
6

Location
Tank Base
SR8 nozzle.
SRB shrould base

~ OMS & ACPS base

13
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TAP _NOS. (Figure 2L) .
7, 8,9, 10, 11, 12

15
13, 14
5, 6
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TEST FACILITY DESCRIPTION

The Langley Research Center Unitary Plan Wind Tunnel is an air-medium
continudus-flow facility consisting of two test sections. Asymmetrical
sliding-block type throats control Mach number, and models can be supported
from stings mounted to the side-wall strut-systgms. Each test section is
4 feet by 4 feet. Section Number 1 operates at M = 1.47 to M = 2.86 and
Section Number 2 operates at M = 2.29 to M = 4.63.

Reynolds numbers .and tunnel pressures are variable,with limitations
prescribed by tunnel capabilities and model load designs. Normal opera-

ting total temperature is 150°F.
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DATA REDUCTION

Yehicle total chord force coefficient (CAT) was computed as follows:

C, =C, +C +C (1)
K
& SR TR S .
where: ~ CK +C* (2)
SR8 _  “or8 A”oas
c =-CF +CR . (3)
A A
CET Cer bgr
and: I’\c
X =-Cp .3 08 HF(I) ’ Balance (4)
CoRB (1) “REF Mounted
A in Orbiter
CorB
c s - WF
K, Pl2) Seer - () ()
ORB
A
QR =-C _g‘_e_r_ WF (1) (6)
et (1) “REF Balance
Mounted
A in Tank
¢k _=-¢ CET (7)
1 P(3) Seer 3)

Forebody chord force coefficient (CA ) ‘was computed as follows:
fe
c sC, -C -C -C -C
A A A A A A
fe T “bopg  Poms  Paces  Pske

. - (8)
cAb cAb
SRBN ET

16

IR T i RS B SEr e S s s AL




DATA REDUCTION (Continued)

; A WF
‘ N . e borg  (2) (9)
g - P (2) Sger
¢ - OMS * 17 6,for 1A42B
boss P1)  Sker
, S — . » 1 % 6, for 1428
bACPS (i) °Ref
A WE
bsg.  (5)
Ca =-Cp S . (12)
bSRB () REF
Ab NF(j) j= 6,for IA42A (13)
. SRBN * J % 4,for 1A42B
“, Oy e
SRBN J
A WF
T T A (14)
b (3) REF
ET
C, =¢C -C (18)
A A A
b'l' T ft
Longitudinal static stability derivative (XAC/L)
was computed as follows:
»
o Cm, (16)
- ; XAC/L = - =
. z NQ

16




DATA REDUCTION (Continued)

Model pressure coefficient (CP(”) was computed as follows:

C IM
Pay 9

Rudder hinge moment coefficient was computed_as follows:

H
"y

C, = —
Hy quEr

+(17)

(18)

The following referenc2 dimensions_and constants were used:

Symbo1 Full Scale Model Scale
Ay 37.778 ft? 0.0085 ft?
ACPS
Ay 572,555 ft? 0.1288 t?
ET
Ay 52,00 ft? 0.0117 ft?
oMs
A A, 337.778 £ 0.076 ft?
N ORB -
Ay 184.332 £t 0.0414 £t
: SRB
i Ao 217.792 £t 0.0490 £t?
| e -- 0.0218 £t2
o A, .- 0.0349 ft?
. 0RB
| Lger =bREF 1290.3 1n 19.355 in
.

S P S
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DATA_REDUCTION {Concluded)
Symbo1l Full Scale Model Scale
MRP xT 976 in 14.640 in

Yr 0.0 in - 0.0 1in
L 400 in 6.0 in

2 2
SREF 2690 ft 0.6053 ft

s 100.15 2 0.0225 ft2

Cr 73.7 in 1.106 in

18
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Reports

DMS-DR-2118  "Results of Transonic Wind Tunnel Tests on an 0.015 Scale
Space Shuttle Mated Vehicle Model (67-0TS) in the LaRC
8-foot TPT (IA41)"; Hardin, R. and Burrows, R.

DMS-DR-2120  "Wind Tunnel Tests of an 0.015 Scale Configuration 140A/8

’ Space Shuttle Orbiter Model (67-0) in the NASA/LaRC 8-foot
TPT to Obaain Transonic Aerodynamic Force Data (OA106)";
Burrows, R.
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. TABLE 1.
TEST $ LRC UPWT 1056 DATE 3_27 Nov 73
TA42A TEST CONDITIONS : |
REYNOLDS NUMBER DYNAMIC PRESSURE s AGNATION TEMPERATUR
NACH NUWBER (per unit tength) (pounds/sa.Ft) [ (dogrees Farenheit)
; 1.6 .5 x 105/ft, 601 _150
. 1.7 2.5 x 105/ft. 602_ 150
. 2.0 > _594 150
2.0 2.5 x 105/ft. 356 150
2.5 2.5 x 10%/£t. 544 150
2.86 2.5 x 105/ft. 494 150

BALANCE UTILIZED: . LRC #84
¥
_ capaiTY: ACCURACY: A
= N 8001b 0054
sf 25010 20,052 ___
L ap 1251b 40,06 —_—
' py 1600 in-1b 0,058 —_—
COMMENTS:
o | | 2
¥ :
! ;
&
'. I I _
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TABLE I. - Concluded

TEST ¢ LRC UPWT-1073 [DATE ¢ 17 Dec. 73
1A428 TEST CONDITIONS
MACH NUMBER REYNOLDS NUMBER DYNAMIC PRESS':RE Isncumou.mrswuns
v (pes umt length) (pounds/sq. +) (degrees Fahrenheit)
3,90 2,50 x 105/ft. 276 150
4,63 2.49 x 10%/¢¢. 290 150
BALANCE UTILIZED: 8320
CAPACITY: ACCURACY: O ICiEnT
NF 1:000 1bs 50.05%
SF 250 1bs _10,05%
AF 85 +0,05%
oM 2,000 in-1b +0,05%
- 500 in-1b +0,05%
™ 1 3000 in-1b +0,05%

COMMENTS:
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TABLE III.- Model Dimensional Data-

MODEL COMPONENT:  BODY -(Br¢)

GENERAL DESCRIPTION: Orbiter Fuselage Configuration 140 A/B

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

accept 13} 116*

Model Scale = 0.0|S

VL70-000193

DRAWING NUMBER: VL70-000140A

DIMENSIONS :

Length (Body Fwd Sta X, = 235) - in.
Max. Width (at X, = 1520) - in.
Max. Depth (at X, = 1464) - in.
Fineness Ratio
Area -.ft"

Max. Cross-Sectional

Planform

Wetted

Base

FULL-SCALE

A293.2
262.0

-,

250.0

]

340.88462

i

MODEL SCALE

19.400
3.93

[

I

0.07670
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TABLE 111.--Continued.. -

MODEL COMPONENT: Canopy (Cq)

GENERAL DESCRIPTION™ Configgation 140 AZB Orbiter Fuselage

Model Scale = 0.015

Model Drawing No. 83-50011&7

" VL70-000140A

DRAWING NUMBER : __VL70-000143A

DIMENSIONS :

Length (Xo=1,34.643 to 670)
Mox Width (@ Xo=513.127)
Max Depth (@ X;=485.0)
Fineness Rnti;:
‘Areo

Mox. Cross—Sectional

_ Plonform

Wetted

25

FULL SCALE

MODEL SCALE
235.357 3.530
152.412 2.286
25.000 | 0.375

T . %na -
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MODEL CONMPONENT: _ WING- (Wa14)

TABLE 11L_= Continved.

GENERAL DESCRIPTION: Cunfiguration 140 A/B Orbiter Wing-

- .NOTE: ldentical to Wyj4 except airfoil thickness, Dihedral anple is along

"trailing edge of wing.
Mode! Scale = 0.015

Model Drawing No. SS-AO01L8

TEST_NO,
DIMENSIONS ¢

TOTAL DATA 2
Area (lheo,) Ft
Planform
Span (Theo 1In,
Aspect. Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees(at X,=1506.623,Y,=
Incidence Angle, degrees 105, 2o= 282.75)
! Aerodynamic Twist, degrees . ‘
Sweep Back Angles, degrees
Lead{ng Edge
Trafling Edge
0,25 Element Line

Chords:
Root iThed) 8.P.0.0,
Tip, (Theo) B.P,
MAC

Fus. Sta, of .25 MAC
. “o Pn Of 025 MAC *
Bo'-o Of 025 MAC . Y

XPOSED DATA
Area (1neo)

Ft "
. Span, (Theo) In, BP108
Aspect Ratio .

Taper Ratio

rds
Root BP108
Tip 1.00 %

- Fus. Sta, of .25 MAC
H.P, Of .25 MAC
. B.LO °f 025 W\c )
Afrfoil Section (Rockwell Mod HASA)
Root b XXXX~64
00 = 0,425
2

Tip % » 1,00
; Data for (1) of (2) Sides

Leading Edge Cuff 2
Planform Arca Ft

f . Leadfng Edge Intersects Fus M, L, @ Sta
4 . Leading fdge Intersects Wing @ Sta

26

* oue. N. VLRS-

000140
000;". 0B

FULL-SCALE MODEL SCALE
936, 6816 — 1,
—e2s265 ——tt 865
1,177 1,177
.500 . 500
-—a800 —{.500
23,000 —t3.000
- 45.00 45700
<1005 IO
—-3-—:—92—-‘ ._33_.__2_0_9__
689.2429 10.339.
-A W
o A414.8017 .
uz.21 %Z
zgll!"! . )
-1_8_3.—2.205' 0.408
" 736.6815 TI0%0
2.058 ~2.058
© 70,2451 0,2451
g 8.559
8$70.6230 ———g—
o 54,2376 5.314
. 'I%T-_——ﬁ 257 I7..8L
- 292.00 Y
) 2}..‘;49.11&6.. —d3:595
0.113 0.113
0.12 0.12
TEITEL | ORI
$05,0 ~7.575 .
1084 ,6 15,
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TABLE III. - Continued.

MODEL COMPONENT: _ ELEvOM -(Epg)

GENERAL DESCRIPTION: Configurction 140 A/B Orbiter Eleven

NOTS: VL70-000200 dste for (1) of (2) sides. Identical to Eas except

‘airfoil thickness

Model Scele = 0.015

Model Drawings No. SS-AOQlL8

DRAWING KUMBER:

VL70-00G200

VL70-000140C 8

27

851.1502

 DIMENSIONS: FULL-SCALE MOBEL SCALE

Area R T 0.0503
Span (equivalent) 368,34 5.525
Inb'd equivalent chord 119.‘6@ i.?%
Outb'd equivalent chord 55.1922 _0.828
T o |

At Inb'd equiv. chord ) 0.2096 0.2096

At Outb'd equiv. chord ____0.4004 0.4004
Sweep Back Angles, degrees |

Leading Edge 0.00 . 0.00

Tailing Edge __-10.056 :E’_Ef‘_f‘.___

Hingeline -~ 0,00 0.00
Area Moment (Normal to hinge 'line)‘ 0.00287
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TABLE I1I. - Continued.

MODEL COMPONENT: _pody Flay {Fn) —_—

GENERAL DESCRIPTION: Configureticnlh0 A/B Orbiter Body Flap
NOTZ: Body flap has variehle centerline deflection of +16.3° =and

a6 fo

-11.7° from null position. Hinme line located at.Xg =1528.3,
Zo = 284.3 | Model Drawing No. SS-ACOLL7
 Yiodel Scele = 0.015
DRAWING NUMBER . JL70-000LL0A, 1.70-000145
DIMENSION: | FULL SCALE  MODEL SCALF
Length (Xo=1520 to Xo=1613) - IN. 93.000 _1.395
Mox Width - IM. 262.000 3.930
Mox Depth (Xo = 1520) - TH. 23.000° . 0.345
Fineness Ratio i
Ares - Ft2
Max Cross=Sectional —
Plonform ' ' 150.5250 0.0339
Wetted '
Bose ' , 41.84722 *© 0.00941

28
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TABLE I1I. - Continued,

MODEL COMPONENT :__OMS Pod (M7)
GEMERAL DESCRIPTION : _ Configuration 140 A/B Orbiter OMS-Pod

Model Scale = 0.015 ___Model Drawing No. S§-A00147
VL70-00014,0A
DRAWING NUMBER : .. VL70-000145

DIMENSIONS : FUI;L SCALE MODEL SCALE
Length(OMS Pwd Sta Xg=1233.0) -IN,_327.000 4.905
Mox Width_ (@ X=1450.0) - IN, 9%.5 1.418
Mox Depth (@ X.=1493.0) - IN. 109.000 1.635

Fineness Ratio

Area

Max. Cross~Sectional

Planform

Wetted

29
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TABLE III. - Continued.

MODEL COMPONENT:  NOZZLES - g#a>
GENERAL DESCRIPTION: Configuration 140 AZB Orbiter OMS3

The pitch null we

Nozzle

— 8ccording to Lines VL70-000340A,

MODEL SCALE = 0.015

Model Drawing No. SS-A0QiL7

DRAWING NO,  VL70-000140A

DIMENS IONS i
Mach No.

Llength ~ in, - e e
‘ Gimbal Point to Exit Plane
Throat to Exit Plane

.

bnmtermln.
Exit
Throat

Null Poaition~dag.
Pitch

Yaw ¢
30

FULL SCALE

I

1510.0
+ 88,0

492.0

K

120 17

l

MODEL SCALE

I

2.77
1.32

7.38

K )

120 17!

o A i ame g =
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TABLE LII. - Continued.

MODEL COMPONENT: RUDDER - R5

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

Model Scale = 0,015

. DRAWING NUMBER:

-

DIMENSIONS:

Area - F12
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 1ine)- 13
‘%roduct of Area cnd M2an Chorq)

VL70-000095, VL70-000146A

FULL-SCALE

Model Drawing No, S$S-200148

MODEL_SCALE

0.0239
01

1.3%¢

0,762

0.00178 __




TABLE III. - Continued.

MODEL COMPONENT:__ VERTICAL ~ V 8.

GENERAL DESCRIPTION: Cenfiguration 140 4/B Orbiter Vertical Tail

NOIT: Similar to V3

—_vhore vertical meets fyselage,

Model Scale = 0,015 x

Model Drawing No. 3:3-A007'2

VI70-0001IL0K

DRAKING NUMBER: __ _VL70-000LL6A

DIMENSIONS ¢
TOTAL DATA

Area (Theo) Fel
. Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep Back AnEgles. degrees
Leading Edge e
Trailing Edge
0.25 Element Line
Chords:
Root (Theg) WP
Tip (Theo) WP
MAC

Fus. Sta, of .25 MAC
W. P. of .25 MAC
B. L. of .25 MAC
Afrfoil Section
Leading Wedge Angle Deg

Trai1ing Wedge Angle Deg

Leading Edge Radius
Void Area
Blanketed Area

32

MODEL SCALE

0.09298

e s e e e
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TABLE III. - Continued.

MODEL-COMPONENT: BOUNDARY LAYER TRANSITION STRIP - X19

GENERAL DESCRIPTION: —Carborundun grit located on SRB, ET, &nd orbiter

noses and orbiter wing and vertical stabilizer surfaces.

DIMENSIONS: (model scale, inches).
Nominal grit size

No. 50

Diameter - In. 0.0128
Location - In.

Aft of nose leading edge, streamwise 1.2

Aft of wing, vertical tail, and inches

perpendicular to leading edge 0.283

Aft of glove, inches perpendicular

to leading edge 0.069

a3

o
£~

i ﬂu,g.-‘..

-
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TABLE III. - Continued-

MODEL COMPONENT: BOUNDARY LAYER TRANSITION STRIP - Xol

GENERAL DESCRIPTION: _Carborundum grit located on SRB, ET, and orbiter

nose and orbiter wing and vortical stabilizer surfaces.

- .-

. A - — -

DIMENSIONS: (model scale, inches)
Nominal Grit Size:

No. 40
Diametes - In. 0.0181

Location - In.

Aft of nose leading edge, streamwise. 1.2

Aft of wing, vertical tail, and inches

perpendicular to leading edge 0.283

Aft of glove, inches perpendicular to

leading edge 0.069
34




¥ - , TABLE III. - Continued. -

MODEL COMPONENT: FEXTERMAL TANK - (T12)

e Al ‘,: Tl "»:'J‘

GENERAL DESCRIPTION; _ External Oxygen llydrogen Tenk

. .

NOTE: Identical to T1l vith external fuel lincs added

™ LTI R IR

Yodal Seale = 0.015.

© VL78-00003L4
'DRAWING NUMBER . __VL78-0C0041A

R

DIMENSION: S , o FULL SCALE  MODEL SCALE

AT

- Langth - IN. (Nose @ Xy = 309) 1865 27.975
_{ i L | Mox Width (Dia) - IN. . 324, L.86
' Mox Depth . ’
P A T —— ————
. Fineness Ratio : 575617  ° 5.75617
Areo - FT2 . '
C N Max Cross-Sectional 572,555 0.1288

S e N T
D S e - e

Planform .
- Wetted
Base ' .
WP of Tank Centerline (g) - IN. - _400.0 6.000

A a ety e

-,

g o

b
H

B K
. 4"
~x§'
Y
®
gg
£

R ST L et




TABLE III. - Continued.

MODEL-COMPONENT :__External Tank - Ty3

GENERAL DESCRIPTION : _External Oxygen Hydrogen Tank.
NOTE: Has same fuel lines and protuberances as Typ. Has a 1208 in,

Radius Tangent Ogive Nose.

Model Scale = 0,015

DRAWING NUMBER : . SS-A-ouen
DIMENSIONS : FULL SCALE  MODEL SCALE
Length - IN. (Nose @ Xp = 220)  .21954.0 29,310
Max Width (Dia.) - WN. a2 4,86
Max Depth
Fineness Ratio 6.031 6.031
Area ft.? |
Max. Cross--Sectional 572,553 0.1288
Planform
Wetted
Base
WP of Tank Centerline (Zp), IN. 400,0 6.000

36
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TABLE III. - Continued.

MODEL COMPONENT : _EXTFRNAL TANK - TI8

GENERAL DESCRIPTION : __External oxygen-hvdrogen tank which is
similar to T12 except that the nose and tangency point have been

Ahartened hy 3Q inchés full scale..
DEL SCALE: 0.0l
DRAWING NUMBER : .85-401167 -
DIMENSIONS : FULL SCALE  MODEL SCALE
Length ~ IN. (Nose @ Xp 348) 1826.0 - 27.390
Max Width ~ IN. ~324,0 k.860
Max Depth
Fineness Ratio 5636 5.636
Area ~J £12 |
Max: Cross~—Sectional 573’55‘-5 0.1288
Planform
Wetted :
Bose ‘
WP of ET centerline (2q)~ In. 400.0 6.000
37
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" TABLE III. - Continued.

MODEL COMPONENT:  BOOSTER SCLID ROCKET MOTOR ~4512\
. Y

GENERAL DESCRIPTION:  Configuration 34, Data for (1) of (2) sides,

per Rockwell Lines VI.77-000036A

.Model Scale = 0.013

- VL72-000088D
DRAWING NUMBER . . _VL77-0000364 -
DIMENSION: o o FULL SCALE  MODEL SCALE
" Length (Includes. Nozzle) - IN.. : 1741.0 ‘26.115
Max Width (Tark Dia) - IN. 2.3 2.135
Mox Depth (Aft Shroud) -~ IN. . 192.0 2,280
Fineness Ratio 9.061TL  _ 9.067T1
Ares - FT2
Mox Cross=Sectional ©_ 201.06193 0.0452
Plenform ’
Wetted
Base .
WP, of ESRM Centerline (27) - IN. 400 6.000
FS of BSRM Nose (X7) - IN. %3 11,15
38




TABLE III. - Continued.

MODEL COMPONENT: __ NOZZLES - N

GENERAL DESCRIFTION: Cmf&ratim 4 BSRM Noszles

MODEL SCALE = 0.015

8C
VL72-000088E
DRAWING NO. _VL77-000036A

DIMENSIONS
Mach No,

Longth ~ in.
Ginbal ?o:lnt to Exit Plane
" Throst to Exit Plane

.

Diameter~in,
Exit
Throat
Inlet

Am ~ ftzo

Exit
Throat

Gimbal Point (station)~in,
X
Y
z .
Nul.l Position ~deg.
Pitoh

Yow

FS of Noszle Exit Plane (Xp) IN.

108.89 95

¥

2.120

/]

0.0245

26,942 _
+3.645

6.0

o.

.260

T




TABLE III. - Continued.

MODEL COMPONENT: ET Protuberance PTy

DESCRIPTION: LOX Vent Line Fairing on Tank Ty Nose
MODEL SCALE:___,015

DRAWING NO._VL78-000031A

: FULL_SCALE MODEL SCALE
DIMENSIONS: Leading edge at Xp 421 1,815
IT 0 e 9
Trailing edge at Xp os7 14,205 )
Y 0 1,053

40
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TABLE IIl.-- Coiitinued.

MODEL COMPONENT: ET Protuberance PT>

DESCRIPTION: LOX feed lines on vehicle 4 tank 'secured to tank by brackets

with 30-inch spacing (total of 22 brackets)
MODEL SCALE:__ 0,015

DRAWING NO.____ V178-000031A

FULL SCALE MODEL_SCALE
DIMENSIONS: Leading_edge at Xy 97 14.205
I’r '70 1.0 ——
Trailing edge at Xp 1330 19.950 ___
Ip 70 1.053
Bracket spacing from Xp = 997 50 . .85
Centerline of LOX feedline located
radially at § 23.5°

a1




ety

TABLE I11. --Continued.

MODEL COMPONENT:___ET Protuberance PT3

DESCRIPTION: __ LHo vent line on vehicle ) tank 'secured to tank by brackets

with 304nch spacing (total of 22 brackets)

MODEL SCALE: 0.015

DRAWING NO.__V178-000031A

DIMENSIONS: Leading edge at Xp
Yop

Trailing edge at-Xp
7

Bracket spacing from Xp = 997

Centerline of LH feedline radially located at @ =

42

FULL SCALE

MODEL SCALE
—14.205
=1,053

19.950
~1,053

ek mi
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g | TABLE III. - Continued. . 5 a

;;l MODEL COMPONENT:__Attach Structure ATs

GENERAL_DESCRIFTION:_ Forward Orbiter[gl‘_ Attach Structure (2.member structure)

- Model Scale:- 0.015

DRAWING NO.___VL72-000088D

DIMENSION: MEMEER MODEL SCALE

FULL SCALE
nox% I 5865
0 0
%o iR ML L& ML
Xy 1132 16.980 ‘
3 i 0.66 i
Zo 562 8.43
) S
0

Pttt
PYN
Ta
5
Che
ye
s
Ed
e
«

5,865

2 . IHR ML LR ML .
—16.980 E
-.66 o
Zr - B 8.43
Diameter of Members: 10.2 0.153

5
’ﬁr

it

e R O i Y I P R S TR Sy R T e
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TABLE III. - Continued.

MODEL COMPONENT: ATTACH STRUCTURE - ATy

GENERAL DESCRIPTION: Left rear orbiter/ET attach structure (2 member

structure)

-

MODEIL SCALE: 0.015
DRAWING NUMBER: VL78-000050
DIMENSIONS: - inches

a4

DIAMETER

- AN

DIAMETER

FULL SCALE

MODEL SCALE

1303

19.545

- 96

- 1.4

28__ _ 3.810

1859

27.885

- 115

- 1.725

510

T7.650

12.0

0.180

1317

19.75%

- 96

- lom

258

3.8

208 = _ 08P

- 115

- 1 0125

510

1.650

8.0

0.120
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TABLE III. - Continued.

ap
hid MODEL COMFORENT: ATTACH STRUCTURE- ATy 4
GENERAL DESCRIPTION: _ Right rear o.biter/ET attach structure (3 mémber
structure)
MODEL SCALE: 0.015
DRAWING NUMBER: VL78-000050
DIMENSIONS: - inches MEMBER - FULL SCALE MODEL, SCALE
f %o 1 _19.695
Yo + 1 Ml»
%
Yp
DIAEI’ER O L
45
awm.
a»
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TABLE IIT, - Continued.

MODEL COMPONENT:__Attach Structure - ATy

GENERAL DESCRIPTION: Forward SRQZ:.! attach structure

Mcdel Scale: 0,015

DRAWING NO:_VL77-0000514

DIMENSION: - inches . FULL SCALE

. YB + 17

%

Tp + 167

Zp koo

46

MODEL SCALE

6.060

2.655

14,205
2.505

6.000
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MODEL COMPONENT:__Attach Structure ATq

TABLE III. - Continued.

GENERAL DESCRIPTION:__Aft SRB/ET attach structure (3 member structure 1o each HRB)

Model Scale: 0.015
DRAWING-NO: V1.72-000106
DIMENSIONS: MEMBER

#-

#2

#3

Diameter of Members:

FULL SCALE

1515
+ 56

2058
+158

450

+ |
-

18

2058
160

F
F

1515
+ 56

2058
+ 158

6.02
47

. MODEL SCALE

22,725
+ .BL0

. 750
o. o
2.370

F

22,72
+ 1,140

F

|

0

&

o

2.400
6.6

f

22.725
+ .840
- 750
0.870
+ 2,370

.250

0.093

R
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TABLE III, - Continued.

MODEL COMPONENT. Feed line FI;j

DESCRIPTION: 10X feed line betwsen ET and.orbiter

MODEL SCALE: 0.015

DRAWING NO: V1.78-000050

DIMENSIONS: - inches FULL _SCALE
G at: Xp
T 0
| % . 1330.5
-0
Diameter 18.

48

MODEL SCALE
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TABLE III. - Continued.

MODEL-COMPONENT: __ Feed 1ine FLo

DESCRIPTION: __ LH2 feed line between ET and orbiter

MODEL SCALE: 0,015
CRAWING NN, ¢ VL78-000050

DIMENSIONS:

€at Xp-
Tp
%
YO

Diameter

49

FULL SCALE

MODEL _SCALE

30.953
=1,053
~29.938

-

+279




MODEL COMPONENT:

DESCRIPTION: _ Electrical tunnel fairing or:top of each SRB

TABLE III. - Continued.

SRB_Protuberance PSy

MODEL SCALE:
DRAWING NO:___None
DIMENSION:

0.015

(Data for 1 of 2)

n i 1% 2

. n PERSC T,

Am o ek T

FULL SCALE MODEL SCALE

Leading edge at Xp 467 —1.001
T of tunnel Yp 0 0
Tratling edge at Xp 1820 27.30
Height 3 045
Width 5 0% "
‘ALE, deg. 12 12

1 50

3

i -



TAB.LE III. - Continued.

MODEL COMPONENT: __ SRB Protuberance PS,

DESCRIPTION: sga[rs_g attach ring

MODEL SCALE:__ 0,015

DRAWING NO, : VL77-0000364
DIMENSIONS:  (Data for 1 of 2)

FULL SCALE

C at XB . 1515
Width - 10 —

Heighth 10

. MODEL SCATE

C.
51
®
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TABLE III. - Continued.

MODEL COMPONENT: SRB Protuberance PS3

DESCRIPTION: _Separation rocket fairing on each SRB nozzle shroud lodated

30° inboard from top centerline.
MODEL SCALE: 0,015

DRAWING NO.:___VL77-000036A

DIMENSIONS: (Data for 1 of 2)

FuLL SCALE MODEL SCALE
Leading edge at Xp 1796 26.940
Trailing edge at Xp ° _1889 28,335

Radial location is 30° inboard from top centerline.

52
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MODEL COMPONENT:... ET Protuberance PT;

TABLE III. - Continued.

DESCRIPTION: LOX feed line fairing used on nose of tank Ty3 (tangent

ogive nose)

MODEL SCALE:

DRAWING NO.

DIMENSIONS:

0.015

NONE

Leadiné edge at Xp

r

Trailing edg.: at Xp

53
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TABLE III. - Continued. L

MODEL COMPONENT: Fairing FRy

DESCRIPTION: Umbilical door fairing around 10X and LH, feedlines between
orbiter and FT, lLeading edge of fairing attaches tc bottem of orbiter.
MODEL SCALE:___ 0,015

DRAWING NO.: VL78-000050

DIMENSIONS: |
FULL SCALE MODEL, SCALE
Leading edge at X, _ 1214 . 18,210 .
Length . s . _a2q0
Width 226 3,390

B enellre L

54




TABLE III. - Concluded.

MODEL DIMENSIONAL DATA
MODEL, COMPONENT: ET-PROTUEERANCE - Py,

GENERAL DESCRIPTION: _LOX Vent line fairing on TANK - Tya nose.

MODEL SCALE: 0.015
DRAWING NO.: NONE

DIMENSIONS: FULL SCALE mnm. SCALE
Leading edge at X ) 3_6_g 5.4
Yp 0 0
Trailing edge at Xp ok7 2h.205 '
!T. ig 10053 e .
55




Table IV  Pressure Weighting Factors

LOCATION
OoF

RUN BALANCE WFL w2 WF3 WFl
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134
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Table IV (Cont'd)

LOCATION
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Figure 2. - Continued.
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Figure 2. - Continued.
65




(qevMy0d ONDICOT MATA)

a4 TIVIaq

€14 pus ELd X0F s3afIRLY avuwIaqnioxd JF °6
.vo:c_f.ow - 2 3unbiy

¥ dox mva

VIQ LS aNTT
ONILISKIO-TINY

‘VIg 0°2
SINTT HOILVALOY
IATIA INZA °F1 % 01

via €°61
anriozia %on

—T ‘VIQ $9°€ ENIT
_| —NOLIYZINNSSTUd 207
O VIO 0°2 ITaNnd
| — SMIM TVOIYLOTTA

66

“ W’m s -y




R

*panuijuo) - 2 andy4

ITMPIUH YOWIIY LF/IN TG0 WY Y

)

X R R ; : c ) o -
- R L I NN I L .
S S e Tt Mkean RN s i,

BT
= ,Mo.@u :
4

» L e .
PR T . .

e

e B

- — Y v

B Thi

“ v
S A e

S e o W
AL -

Caeln L lmron Hime e

L
R



v

EXA 4

.

*panuLauo) - °2 aunbiy

‘oamiona3s OV ud/4e4Tado auoad “t

V-¥ BOXIOES

68




*panuLIuo) - 2 aunbi4

2lg ‘xoysoug 3a%00y BFTos °f

o8 © O ©

69

, e, o - - T
a° ] T A I S T R R LR
AL M e L T L T T T SRR e i e bttt S, i g ;
: ; o <o e T
. * % SR . PP SN
- .l.? " »wf}x*}%«i ._,Mwi..avu .




*oer
SET

-+~

70

ALY
e
TN

A,
N

Figure 2, - Continued.

Definition of Model Base and Cavity Areas

k.

S

v Haws- - PO » ‘
I S TR




3

s e

(BAL. CHAMBER)

1. Pase Pressure Tap locations

Figure 2. - Continued.
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Side view
Figure 3. - Concluded.
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