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STATIC STABILITY CHARACTERISTICS OF THE

SPACE SHUTTLE EXTERNAL TANK (MSFC MODEL 458)
DURING REENTRY IN THE MSFC 14-INCH TWE

(TAIP)

By

Paul E. Ramsey*, Michael ¥. Robertson** and Gary W. Winkler#s
ABSTRACT

This report documents data obtained in a.wiﬁd_tunnel test of a 0.003-
scale modified MCR_OZG& Space Shuttle External Tank (ET) model,_MSFC
Medel 458, tested at reentzy ¢qnditions'in.ﬁhé MSFC lé—inCh-triéonié
Wind Tunnel (TWT). This test is akéontinuation-of 2 seties of teéts

conducted to evaluate the aerodynamic characteristics of the ET during

'reentry. The test started on February 19; 1974, and was completed on

March 5, 1974. Three Mach numbers were investigated: 1.96, 3.48, and
4.986. The angle-of-attack range was -10° to 190°; Eight foll posi;ions
of tne model from 0° to 315° we;é tested. Thé:run schedule consisted
6[ 162 ruﬁs. No. 120 grit was applied randomly oﬁer the mddél.through-

out the teét.

* MSFC
*% NSI
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NCMENCLATURE

PLOT _ - o
SYMBOL SYMBOL : DEFINITION - UXITS
Ay base aréa; cross~sectional area of inz
the cylindrical scetion of the model
"
A cavity area, area of the opening in®
required for the balance and sting
BMC BMC Balance Moment Center
bref BREF reference span (diameter of the
cylindrical section of the model) in.
Qbody length of the body ) _ o in.
Cref : LREF - reference length (diameter of the
' eylindrical section of the model) " in.
M MACH  Mach number
MRP MRP : Momunt_Referenée_Point {located by ' : I
© XMRP?, YMRP, and ZMRP) o o 11
Phy base pressures psi
P free stream total pressure psi
P, free stream static pressure psi
q. free stream dynamic pressure o psi
Ry Reynolds ﬁgmber based on lref
Ry/fe RN/L Reynolds number per unit length per ft.
Scef SREF reference area {cross sectional area
of the cylindrical sectien of the 2
model} in.
T, tunnel total temperature °F
CPP CrC pressure coefficient of balance cavity
4
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SYMBOL

XY,2

-E.

xm’Ym’Zm

YMRP,
ZMRP

PLOT

SYMBOL

ALPHA

PHI

CA

CAB

CA

CBL

CBL

DEFINITION URITS

body axes system coordinates (for an

airplane, the X, Z-plane is the plane

of symmetry, the origin of the axes

system is the ce.."er of gravity or

any other convenient point, and the

X axis is the airplane longitudinal

axis) in.

distance of center of gravity ‘rom
nose of body in.

missile axes (see text) in.

Abbreviations for the lecation of the
Homent Reference Point 1n the mlssile _
axis system : : _ - in.

angle- f—attack anglé between the -
Xp—axis and a vector in the dlrectlon
of the relative wind - degrees

roll angle, i.e., angle between the

missile. Yp-axis dand the body Y-axis

{(from a pllot s viewpoint in an air-

plane, a positive roll angle is a

clockwise rotation). degrees

total axizl force coefficient in the
body ixis system

base axial force coefficient (same in
both missile and body axis systems)

forebody axial force coefficient,
Cao - Cpy

total axial force coefficient in the

missile axis system, FAmlqm 5ref

rolling moment coefficient in the body
axis system

rclling moment coefficient in the
missile axis system, Mxm/qm

ref

ref
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STMBOL

Cn

SYMBOL

CLM.

CLMM

CN-
CNM

CIN

cr
CYM

XCP/L

AF

NF

axis systen, Mz /9. Srof Rref

: base pressure coefficient:

DEFINITION UNITS

pitching moment coeff1c1ent in the

body axis system

pitching moment coefficient in the
missile axis system, Mleqm Sref
Lref '

normal force coefficient in the
body axis system

normal force coefficient in the

missile axis system, F&miqm Sref

yawing moment coefficient in the
body axis system

yawing-moment.¢oeffitient.in the missile -

Pbi_Pm

. Do

side force coeff1c1ent in the body axis
system

side force coeff1c1ent in the miszije
axis system, FY /9w Syef
center of pressure location in fraction
of body length from ncse;

%c.g. .. Com ; fref
Lbody C%n . ¢ Lbody

side force in the missile axis system,
positive in the positive direction of
Y : ' 1b

total axial force in the missile axis
system, positive in the negatlve
direction of X, ib

norwal force in the missile axis system,
positive in the negative direction of

Zy 1b

-
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My PM

M Zm ™

SUBSCRIPTS

SYMBOL SYMEOL

M RM
L

- the positive Y —axis)

base

‘reference conditions

LEFIRITION CEITS
rolling moment in the missile axis
system, i.e., moment about the
X,~axis (a positive rolling momeént
tends to rotate the positive Yp~-axis
toward the positive Zy-axis ' in.-1b
pitching moment in the missile axis
system, i.e., moment about the
Yy-axis (a positive pitching moment
tends te retate the positive Zy-axis
toward the positive X -—axis) in.-b

yawing moment in the missile axis
system, i.e., moment about the Zy~axis
(2 positive yawing moment tends to .
rotate the positive Xy-axis toward

in.~-1b

cavity

center of gravity

identifies the location of the base
pressure measurements

missile axis system

total conditions

free stream conditions ' R




INTRODUCTION

The wind tunnel test described herein is a continuation of_a series
of tests conducted to evaluate the aerodynami§ charac;éfisti&s of the
Space Shuttle External Tank {ET} during réentry. |

The basic cenfiguration of the model is a 0.003-scale representatien
of the ET with fucl lines, forward and aft SRB and Orbiter attach hard;
ware, and including the ET/Mrbiter rectangular crossbar attach structure.
The model was designated MSFC no. 458.

Three Mach numbers were investigated: 1.96, 3.48, and 4.96. The
angle-of-attack range was -16° to 190°. The model was tested at eight
.roll positions from 0 to 315 dégrees. The rﬁn-s;hedule.consisteé'of 152
TUns.

MSFC baiance'#237 was qéed to obtain six;component force and moment

data.

MODEL DESCRIPTION AN, TEST HARDWARE

The model tested was MSFC number 458, a 0.003-scale representation
of the 324-inch diamerer MCR 0200 Space Shuttle External Tamk. With one
exception, all of the model parts were made according to the configu-
ration specified by Rockwell drawing VL78-000041 "B". The exception was
a rectangular crossbar which was added to the aft orbiter/EY attach
structure according to Marcim Marietta memo 5A-A-74-9. The generél
arrangement of the model is shown in the 3-view drawing, Figure 2.

The model had a frontal area at 0° angle-of-attack of approximately

0.742 square inch, roughly 1% tunnel blockage at M = 5.0. However, at

8
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@ = 90°, the frontal area was approximately 5.1 square inches, or 6.8%
blockage. The offset sting used at the a's close to 90° brought the
blockage up to about 9% for the worst case. The model was designed so
that the balance center was always located close to the ceaterline of the
tunnel

Model 458 actually consisted of :wo tank models, one with protuber-—
ances (fuel limes, orbiter attach structures, etc.) and one without. The
model with protuberances was tested at angles-of-attack from -10° to 190°
by using both straight and offset stings. For testing at a's from -10°
to 90°, the model was tail mounted. The straight sting, Figure 3, was
used for a's from -10° ro 30°; and for 2's from 50° to 100°, the offset

sting, Figure 4, was used. For the a range from 80° to 1900, the medel

was reversed and nose mounted. The offset sting, Figure 4, was used for
a's from 80° to 1300; and the straight sting, Figure 3, was used for o¢'s
from 130° to 190°. The model was tested at eight different roll positions.
The "clean™ model (without protuberances) was tested from 50° to 1007
only, Figure 7.

MSFC balance #237 was mounted inside the external tank, on the ET

centeriine. Installation photographs presented in Figures 3 through 7

show the five arrangements of tank and supporting hardware. The dimen-

sions of each of the model parts are presented in Table I, Model Component

Dimensions.

Model stations are sometimes used to descrihe the x, vy, and z axes

locaticen of various components of the model. When used, these srations

will be given in inchbes model scale, and the zereo reference points will

9
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be same as shown in Rockwell drawing VL72-000088"D".

In an attempt te minimize Reynolds aumber effects, #120 gr1t was

applled randomly over the model throughout the test.

CONFIGURATIONS INVESTIGATED

The two tank configurations investigated are identified below.

51

MCR 0200 configuration modified to include a
rectangular crossbar as part of the aft ET/
Orbiter attach structure. It consisted of the
following Rockwell-anumbered medel components:
Ty ATg AT, AT, AT8 ATg PTy PT, PTj Flj Fly

_'dnd FR6°

"Clean" MCR 0200 ET conflguratlcn, equivalent
to Rockwell component T19

Bricf descriptions of each component are presented below.

Refer

to the Model Component Dimensions, Table I, for dimensional data.

Tyo

AT5
ATg
AT 7
ATS
ATg
PTl
PT

2

PT3

Baseline 324—inch diameter external oxygen
hydrogen tank without protuberances

Forward orbiter/ET attach structure
Left'réar orbiter/ET attach structure
Right rear orbiter/ET attach structure
Forward SRB/ET attach structure

Aft SRB/ET attach structure

LOX vent line fairing

LOX feed line

LHZ feed line

10
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FL; LOX feed lime
FLy LH? feed line

FRg Rectangular crassbar'at_aft orbiter/ET attach structure

TEST PROGRAM
The Mach nqmbers for which data were obtained are 1.96, 3.48,'and
4.96. Table T presents the nominal tést conditions fer éaﬁh Mach number.
The full range of obtainable angles—ocf-attack is -10° t5 190°. Angle-of~
attack nomenclature is presented in Table III. Models at roll angles of
s 2

0°, 45°, 90°, 135°, 180°%, 295°. 270°, and 315° were investigated. The

run schedule is presented in Table'IV._'

_'-DATA REDUCTION-AND PﬁESENTATION

Six~c0mpoﬁént.f0rce and moment déta were meésgred using ﬂSFC strain-
gage balance #237'mouhted inside the éxternal tank. Thesé daté were re—
solved in the missile axis system amd are presented  as non—dimensidnal~
ized coefficients. An axis system diagram showing sign conventions is
shown in Figure 1. The reference dimension§ used for data reduction are
presented in Table v, Thc_Moment Réferenge Point (MRP} was taken to be
the ET's dry weight center of gravity at station Xg = 1395.4 inches_full
scale. This put the MRP 3.259 inches from the ﬁudel‘s nose, on the tan?'
centerline. The transfer distances from the balance moment center to the
MRP for the various model arrangements are shown in Table VI. Tumnel
conditions are listed in Table II. No base or cavity pressure measure-

ments were made; therefore, no base drag corrections were made to the

i1
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axial force data. All data were corrected for weight tares and sting
deflections.

Schiie;en photographs were ﬁade to.cheék interféfénce'of any shégks
reflected off tunnel walls or for separation of the.funnel_boundary layer.
No significant condition of reflected shocks off tunnel walls or sepaw

ration of tunmnel boundary layer was encountered during the test.

12
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VL72-000106, 8-6~73; SRB to ET Aft Attach, Approved Link Concept,

Shuttle Studv: Rockwell International.

VL72-000088 "D", 8-3-73: Shuttle Configuration Contrel, MCR 0200
Baseline Rev. JII, Dated 7-2-73; Rockwell Internmational.

VL78-000031 "A", 6-29-73; Thermal Protection-External Tank MCR
020 Baseline Dated 4-11-73; Rockwell International. :

VL77-060051 A", 9-16-73; SRB Single Pt.-PFwd Thrust Fitting
(MCR 0190 Rev. 3 Baselinme 8~13-73); Rockwell Internaticnal.

S5~A01176 (Wind Tunnel Mcdel Group); Details ~ .0i5 Scale EOQHT
Attachments (140 A/B)(67-0TS) 11-20-73; Rockwell Intermational.

VL78-000041 "A", 5-30-73; External Tank Configuration Control .
MCR 0200 Revision 1 Dated 5-16-73; Rockwell International.
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TABLE 1. MODEL COMPONENT DIMENSIONS i

MODEL COMPONENT: EXTERNAL TANK - T12

GENERAL DESCRIPTION: _ EXTERNAL OXYGEN - HYDROGEN TANK WITH QGIVE NOSE AND

MODEL SCALE: 0.003

REFERENCE DRAWING: VL78-0000418

THEORETICAL
DIMENSIONS: FULL-SCALE  MODEL SCALE
Length IN. (NOSE @ X;=309) 1865 5,505
Max. Width, IN. (DIA.) 324 0.972
Max. Depth
Fineness Ratic 5.756 5.756
Area _
Max. Cross-Sectional 572.555 FT° 0.742 In.
Planform -
Wetted .
Base 572.555 FT2 6.742 1.
WL OF TANK CENTERL.INE, IN. 400 1.200
15
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Table I Continued

MODEL COMPONENT : ATTACH STRUCTURE - Al i i

GENERAL DESCRIPTIONM: FORWARD ORBITER/ET ATTACH STRUCTURE

(2 MEMBERS)

MODEL SCALE = 0.003

MOBEL SCALE:

REFERENCE DRAWING: YL72-000088D

LATERAL : " LoNGITUDINAL
TANK STATION TANK STATION
o 3.397 F

R,

ﬁ

0.0312 DIAM. ‘ i

VERTICAL
TANK SYATION
— 1.090

)4

i
L
i
SL
|
!

~ . - BODY REF

16
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Table I Continued

il

o MODEL COMPONENT: ATTACH STRUCTURE - ATs

GENERAL DESCRIPTION: LEFT REAR ORBITER/ET ATTACH

STRUCTURE {2 MEMBERS)

MODEL SCALE: 0.003

REFERENCE DRAWING: ¥L78-000050

‘i ' 0.0306 DIAM.
i Pi’“ — —cvSQT T T
5.877
LONGNITUD INAL
TANK STA.

) A T 0 A, T S S A LA e e DRSS (50 % % s i o e

LAT ERAL
TANEK STA.

C.Z2\0

- 0,288 —o

‘Iz

NERTICTAL
TANY STAL

i7




Table 1. CLontinued

MODEL COMPONENT: _ ATTACH STRUCTURE - ATy

GENERAL DESCRIPTION: PIGHT REAR JRBITER/ET

MODEL SCALE: 0.003

REFERENCE DRAWING:  VL78-000050

DIAMETERS 0.036

i
¢
P
o3
L]
- —_— e m— — ——-——l— LATERAL
. _ TANK. STATWON

VERTICAL

' TANK STAT:ON
1 i 686 —
A Y
Voo
. 0.597 . - \
D
5.577 VERTICAL '~ -
LG I TUDINAL TANK STATION | LF
TANK STATION .
N i R

18
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() MODEL COMPONENT:

Table 1 Continued

ATTACH STRUCTURE - Alg

GEMERAL DESCRIPTION:

FORWARD SRB/ET ATTACH STRUCTURE (ET PORTION TESTED ONLY)

MODEL SCALE: 0.003

REFERENCE DRAWING:

VL77-000051A

L8

I |
~. 0.94-0 l '
~ é E
i — - L---—T q.486
\ : LATERAL
\ TANK STATION
\\\
+ - P — = + 1-20
i
!
/

~ VERTICAL
— 0.4l TANK STATION
|
/ J |
284\
LONGITUDINAL

TANK STATION

19
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Table I Continued

MODEL COMPONENT: ATTACH STRUCTURE - ATq et

GENERAL DESCRIPTION: AFT SRB/ET ATTACH STRUCTURE (2 MEMBERS) (ET PORTION TESTED

ONLY)

MODEL SCALE: _0.003

REFERENCE DRAWING: VL72-000106

, 0480 -
 © LATERAL
TANK STATION

L, oy 7 2
ohy ¥TF - - VERTICAL

\\ i ! TANK STATION

! ! /
i

\Z_____.., b
»
0. 474 &.174
LATERAML LONGITUDIN AL

TANK STATION TANK STATION

20




Table 1 Continued

MODEL COMPONENT: LOX VENT LINT FAIRING - PTI'

GENERAL DESCRIPTION: VENT LINE ALONG UPER RIGHT SIDE OF ET OGIVE NOSE

BEGINNING AT MODEL STATIONS Xy = 0.927, Y7 = 0, AND Z1 = 1.2; TERMINATING AT

X1 = 2.841, Yy = 0.162, Zr = 1.658

MODEL SCALE: _0.003

REFERENCE DRAWING:  VL78-000031A

THEQRETICAL
DIMENSIONS: FULL-SCALE MODEL SCALE

Length 638 .1.914
Max. Width 17.7 0.053
Max. Depth . 9.3 0.028
Fineness Ratio
Area

Max. Cross-Sectional

Planform

Wetted

Base
Radial Position i9 1/2° 19 j/2°

21
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Table 1 Continued

MODEL COMPONENT:  LOX FEED LINE - PTo

CLNERAL DESCRIPTION: LONGITUDINAL FUEL LINE ALONG UPPER RIGHT SIDE OF EJ
BEGINNING AT MODEL STATIONS Xy = 2.881, -Yt = 0,194, AND Z7 = 1.645; TERMINATING

AT X7 = 6.116, =Yy = 0.194, AND Zy = 1.645

MODEL SCALE:  ©-003

REFERENCE DRAWING:  VL78-00C031A

THEORETICAL
DIMENSIONS: FULL-SCALE MODEL SCALE

Length 1092 '3.275 ok
Max. Width 0 7 0.092
Max. DP#K Height 29 0 _0R4
Fineness Ratio
Area

Max. Cross-Sectional

Planform

Wetted

Base
Radial Position 23 1/2° 23 1/2°

22




Table z Continued

MODEL COMPONENT: LH2 FEED LINE - PTS
GENERAL DESCRIPTION: LONGITUDI UEL , n
BEGINNING AT MOD = = = 3
TERMINATING AT STATIONS XT = § ’Iiﬁ.j? = 0 270 AND 2? = 1.801
MODEL SCALE: 0.003
REFERENCE DRAWING:  VL72-000031A
THEQRETICAL
.- DIMENSIONS: FULL-SCALE ~ MODEL SCALE
Length 1092 3.275
Max. Width 25.7 0,077
Max. Depth 14.7 0.044
Fineness Ratio
Area
Max. Cross-Sectional
Planform
Wetted
Base
Radial Position -33° -33°

@
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Table z Continued

MODEL COMPONENT: LH2 FEED LINE - PTS
GENERAL DESCRIPTION: LONGITUDI UEL , n
BEGINNING AT MOD = = = 3
TERMINATING AT STATIONS XT = § ’Iiﬁ.j? = 0 270 AND 2? = 1.801
MODEL SCALE: 0.003
REFERENCE DRAWING:  VL72-000031A
THEQRETICAL
.- DIMENSIONS: FULL-SCALE ~ MODEL SCALE
Length 1092 3.275
Max. Width 25.7 0,077
Max. Depth 14.7 0.044
Fineness Ratio
Area
Max. Cross-Sectional
Planform
Wetted
Base
Radial Position -33° -33°

@
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MODEL COMPONENT: _ ivX FEED LINE - FL,

Table 1 Continued

GENERAL DESCRIPTION: 18-INCH DIAMETER VERTICAL FUEL LINE AT AFT END OF ET ON__
s or S TORIRVAL TURL LINE Al AFT END OF ET ON

RIGHT

MODEL SCALE: 0.003

REFERENCE DRAWING:  yL73-000050

-

LATERAL
TANK STATION

-8.210

LONGITUD 1AL
TANK STATION
L.234

3

VERTICAL
TANK STATION

24
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Table 1. Continued

MODEL COMPONENT: LH2 FEED LINE - FL,

GENERAL DESCRIPTION: 18-INCH DIAMETER VERTICAL FUEL LINE AT AFT END GF ET

ON LEFT

MODEL SCALE: 0.003

REFERENCE DRAWING: VL78-000050

LATERAL LONGITUDINAL

! “‘éi“z‘j 05""\7‘0“ TANK STATION
6.2 34
e

0.054 DIAM. —T --1.803
- * | VERTICAL
il O TANE STaTiONG
H

it

|

\

#;'-: =

25
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TABLE I. Coatipued

MODEL COMPONENT: ATTACH STRUCTURE - FR.

GENERAL DESCRIPTION: AFT ET/ORBITER CROSS MEMBER (CROSS SECTION 11 IN. x 15 IN.)

LOCATED AT ET-STATION 2050 .5

MODEL SCALE: 0.003

REFERENCE DRAWING: FIGURE 3, MARTIN MARIETTA MEMO SA-A-74-9

- LATERAL
TANK STATION
0
1 ¥ £
o /| ILoNeiTUDINAL
' ’ "THA STATIG
0.04% Vi -/ A
X = 6.152
. \!l [ 3 -
0-033 N —"*‘ﬂﬂq—" ¥ =) -47 _:4‘ - ‘.?72
i A §/1, AZZT N VERTICAL
o Y TANK ' STATION
F e}
4 \
/ . A\
( \
S + i
S
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TABLE II

TEST: MSFC TWT 583 DATE : March 1974
TEST CONDITIONS
MA&CH REYNCLODS DYNAMIC STAGNATION STAGMNATION
NUMBER| NUMB ER PRESSURE TEMPERATURE | PRESSURE
{ reer e 3 (pounds/sg.inch) (degrees Fomennhett | § { pounds fsq inch)

1,96 7.0 x 1% ___ 1 10,7 160 28

3.50 6.2 x_10° 6.74 143 A0

4.96 4.8 x_10° 3.07 137 _ap
T
— :
{
: Hisi ANCE UTILIZED: MSFC 237
1 ~
, CAPACITY: ACCURACY: PRl g=10 gsi

NF 200 Tbg +1.00 lbs _i0.016
¢ 107 1bs +0.54 1bs +0.009

; ar 50 1bs +0.25 lbs +0.004
r ey 200 in_-ibs +1.00 in.-1bs +0.003
: ey D0 in.-lbs +0.25 in.-lbs +0,001
! yw 107 in.-1bs +0.54 in.-lbs +0.002
i
1

COMMINTS:

RN e R e AG

Accuracy based on +0.5% of balance capacity

27



TABLE ITI. ANGLE OF ATTACK NOMENCLATURE

ANGLE OF ATTACK ANGLE OF ATTACK RANGE
DESIGNATOR AND INCREMENT*
A -10° to 10° by fa = 4°
B 10° to 30°
C 30° to 50°
D 50° to 70°
E 70° to 90°
F 80° to 100°
G 90° to 110°
H 110° to 130°
I 130° to 150°
J 150° to 170°
K 170° to 190° Y

* Sector Angles to be -10, -8, -4, 0, 4, 8, 10, and 0°

28
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TABLE V. 0.003~5CALE 324-INCH ET REFERENCE DIMENSIONS

DIMENSION FULL SCALE MODEL SCALE
! . 2 2
Aeference Area, Sref 572.555 ft 0.742 in.

{crsss-sectional area of ET)

Reference Length, L,..¢ 324 in. 0.972 in.
(ET diameter)

Reference Span, b__ . 324 in. 0.972 in.

red
(ET diameter)

Moment Reference Point, MRP
{dry weight c.g.)

XeiRP {(from nose) 1086.4 in. 3.259 in.
YMRP 0 0
ZMRP 0 ]
Base Area, Ay 2 2
{cross-sectional avea of ET) 572.555 ft G.742 in

34




TABLE VI. VMOMENT TRANSFER DISTANCES

B

f TRANSFER DISTANCE
MCDEL ARRANGEMENT XMRP IMRP ZMRP
Tail-mounted 0.243 upstream of BMC ¢ 0

{a = ~10° to 100°)

Hose-mounred 0.792 upstream of EMC ¢ 1
(@ = 80° to 190°)

Side-mounted G.320 downstream of BMC 0 0
(a = 50° ro 100°)

NOTE: Distances a-2 based on actuzl model measurements
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FIGURE 5. LXTERNAL TANK MODEL -0, 538 AT = 1807,
SUING COMBINATI NG T, NS s
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