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SUPERSONIC PERFORMANCE, STABILITY AND CONTROL CHARACTERISTICS
OF A 0.01875 SCALE MODEL ROCKWELL INTERNATIONAL
0898-1398 ORBITER CONFIGURATION
By
R. W. Powell and G. M. Ware, NASA/LaRC

SUMMARY

An investigation was made in the Langley Unitary Plan Wind Tunnel
at Mach numbers of 1.9 and 2.86 to study the supersonic aerodynamic
characteristics of a Rockwell International shuttle orbiter configuration.
Tests were made at a Reynolds number of 1.5 x 106 per foot with an angle-
of-attack range of -4° to 28° and sideslip variations of -6° to 8°. The

effects of elevon and aileron deflections were investigated.

B N A

R

i
{



TABLE OF CONTENTS

PAGE
SUMMARY iii
' INDEX OF MODEL FIGURES 2
INDEX OF DATA FIGURES 3
NOMENCLATURE 4
TEST FACILITY DESCRIPTION 8
| CONFIGURATIONS INVESTIGATED 9
i DATA REDUCTION '% 9
»E TABLES
! I TEST CONDITIONS 10
II  DATA SET/RUN NUMBER COLLATION SUMMARY N
IIT  MODEL COMPONENT DIMENSIONAL DATA 12
FIGURES
MODEL 17
DATA 19

APPENDIX - TABULATED SOURCE DATA




INDEX OF MODEL FIGURES

FI1GURE TITLE PAGE
1 Axis Systems. 17
2 ' SSV Orbiter Configuration. 18
b ]
iy
2

i
I
|
1
!
i
i




. . T A R pe T S Lt e et e n
. -~ ; PR DR 8 s it et

YHdTY "SA ¥07800 “¥ANADQ “¥a/Ada  :3 VHdTY °"SA 9aNADQ 907800 “9a/A2a -9
VHdIY “SA ¥01820 “VANADQ ‘¥a/Ada  :@ T3 "SA @
WID "SA 10 °ND
v139 "SA 192 °NAD ‘A D YHdTY "SA @2 °G/7 ‘WD “T12 °ND ‘w2 'y
$37INA3IHIS INIIJI44300
e-LE v138 E| SSOUIALIDIS}] |OAIUO) 42PPNY
0£-62 v134 a SSSUBAL]}D94)] |04JUO) UOUI|LY
dL|SOpLS UL SOL3ISLJ33oRURY) [RUOLIIBALQ
8¢-L¢ NOYTIV “YHdTV J -le433e7] U0 UOL}I3(JaQ UO43|Ly 30 3D3443
SOALIRALADBQ |RUOLIDAALQ
92-4¢ NOYTIV g -led83e7 U0 uoLld3{4aQq 1043 LY JO 329433
S9ALIRALUSQ |PUOLIIBJL]
ve-€2 d3aany g -LeJd3eq uc uoLldaliag 43ppny 40 339343
b SJO13S14930RJIRYT |RUOLIIBAL(-|R43}E]
, 22-12 AN ERE! g Uo UOL3D3[J3(] UOA3|T 40 393343
| SOL1stJ4ajoedaey) [euipnlibuo
¢ 02-1 dlA373 '} UO UCL3D3|48(Q UOA3LJF 40 303143
Y3IGWNN SYILINVYYd 3TNA3HIS FLIL
39vd INIAYVYA IN3IJ144300
~ SUNIIH viva 30 XIANI




SYMBOL

SUBSCRIFTIS

gc o

NOMENCLATURE
Genersal
SADSAC
SYMBOL DEFINTTION
cpeed of sound; m/sec, ft/sec
cp precsure coefticient; (p; - pw)/a
MACH Mzch number; V/a
pressure; N/me, psf
Q(NsM) dynsmic pressure; 1/2pV, N/m®, psf
Q(FSF)
RN/L ~unit Reynolds number; per m, per ft
velocity: m/sec, ft/sec
ALPHA angle of attack, degrees
BETA anyle of sideslip, degrees
PSI angle of ysw, degrees
FHI angle of roll, degrees
mass denéity; kg/m3, slugs/ft3
Reference & C.G. Definitions
base ares; m2, ft2
BREF : wing span or reference span; m, ft
center of gravity
LREF reference length or wing mean
aerodynsmic chord; m, ft
SREF wing eres or reference area; me, ££2
MRP momeﬁt reference poiut
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on Z axis

base

local

static conditions
total conditions
free stream



NOMENCLATURE (Continued)
Body-~Axis Zystem

SADEAC
SYMBOL SYMBOL DEFINITION
o CN normal-force coefficient; 22523&529322
q
Ca CA uxizl-force coefficient; 3512&529332
q
Cy cY side-force cocfficient; Side force
qS
Cap CAB buse-force coefficient; D2se force
qS
-Ap(pp - Po)/as
CAf CAF forebody axisl force coefficient, Cp - CAb
pitching-moment coefficient; BRitching moment
aSkpgr

Cn CIM
Xawing moment
qSh

yawing-moment coefficient;

CYN
rolling moment
qSb

CBL rolling-moment coefficient;
Stability-Axis System

lift coefficient; ;igﬁ
q

CL, CL
drayg coefflcient: drag
qS

Cp Cb
base drag

base-drag coefficient;
qs

CDb CDB
forebody drag coefficient; Cp - CDb

CDf CDF
cY side-force coefficient; EEQS_EQEEE
q
pltching moment

Cy
nitching-moment coefficient;
as/REF

CL
yawing-moment coefficlent; ZEEEEEE%EEEEE
q

CLN
rolling moment
qsbh

t Y] CSL rolling-moment coefficient;
L/D L/D lift-to-drag ratio; Cp/Cp

—,




NOMENCLATURE (Continued)

SADSAC

SYMBOL SYMBOL DEFINITION

Se| left elevon surface deflection angle, positive
deflection trailing edge down; degrees,

GeR right elevon surface deflection angle, positive
deflection trailing edge down; degrees.

S ELEVTR elevator, surface deflection angle, positive
deflection trailing edge down, degrees,

(deL + seR)/z
83 ATLRON aileron, aileron deflection angle, degrees,
(Se, - Sep)/2
GT-LOC grit location (refer to Test Conditions).
K X roughness height.
K/ % K/L ratio of roughness to model body length(t = 24.93 in).
CPC cavity pressure coefficient.
CPB1, CPB2 base pressure coefficients.

Cy8 DCY/DB side force coefficient derivative with respect to
beat. Algebraic difference of the side force coef-
ficient of two runs divided by the algebraic dif-
ference cf the side slip angle of the runs; per
degree.

Ch DCYNDB yawing moment coefficient derivative with respect

B to beta. Algebraic difference of the yawing moment
coefficient of two runs divided by the algebraic
difference of the side slip angle of the runs; body
axis system; per degree.

R RUDDER rudder deflection angle, degree.

SgF BDFLAP body flap deflection angle, degree.

SRF RUDFLF rudder flare, split rudder deflection angle, degree. N

6
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NOMENCLATURE (Concluded)

SADSAC
SYMBOL SYMBOL DEFINITION

Cy DCBLDB rolling moment coefficient derivative with respect
to beta. Algebraic difference of rolling moment
coefficient of two runs divided by algebraic dif-
ference of side slip angle of the runs; bod: axis
system; per degree.

CYG DCY/DA side force coefficient derivative with .. g
a total aileron deflection. Algebraic div s .o o
the side force coefficients of two runs 2. '
the algebraic difference of the total aileron
deflection angle of the runs; per degree.

Cag DCBLDA rolling moment coefficient derivative with respect
a to total aileron deflection. Algebraic difference
of the rolling moment coefficient of two runs
divided by the algebraic difference of the total
aileron devlection angle of the runs; body axis
system; per degree.

Cns DCYNDA yawing moment coefficient derivative with respect
a to total aileron deflection. Algebraic difference
of the yawing moment coefficient of two runs divided
by the algebraic diTference of the total aileron
deflection angle of the runs; body axis system;
per degree.

s

A

Cys DCY/DR side force coefficient derivative with respect to
r rudder deflection. Algebraic difference of the side
force coefficient of two runs divided by the alge-
braic difference of the rudder deflection angle
of the runs; body axis system; per degree.

o S e 5 B

AT At sy

Cn DCYNDR yawing moment coefficient derivative with respect :
to rudder deflection. Algebraic difference of the g
yawing moment coefficient of two runs divided by
the algebraic difference of the rudder deflection !
angle of the rins; body axis system; per degree. "

Ceg DCBLDR rolling moment coefficient derivative with respect
r to rudder deflection. Algebraic difference of the

rolling moment coefficient of two runs divided by
the algebraic difference of the rudder deflection

angle of the runs; body axis system; per degree.

¢ :




TEST FACILITY DESCRIPTION

The NASA LaRC 4-foot Unitary Plan Wind Tunnel (UPKT) is a closed-
circuit, continuous flow, variable density facility. The test section
is 4 feet by 4 feet long.

Two tunnel legs are available for supersonic testing in the Mach
number ranges 1.47 to 2.86 (ieg No. 1) and 2.29 to 4.63 (Leg No. 2). Leg
No. 1 was used for this test. An asymmetric, sliding block nvzzle position
and total pressure setting provide the test Mach numbers at a sracified
Keynolds number. Reynolds number can be varied from 0.76 to 7.78 million
per foot. Available stagnation pressure variucion is 4.9 to 142. psia.
Dynamic pressure variation is 95. to 1260. psf with normal operating stag-
nation temperature about 150°F in Mach modes 2 or 3 and about 175°F in
Mach mode 4. The tunnel is equipped with a dry air supply, an evacuating
systex, and a cooling system. The facility power is approximately 83,000
horsepower.

Model mounting provisiors consist of various sting arrangements,
including axial (longitidinal), lateral (independent pitch and yaw), and
roll movement with side wall support. A Schlieren system and 0il flow

visualization equipment are available. Data are recorded at the tunnel

Nand reduced off-line at the Langley Computer Center. The tunnel is used

for force and moment, pressure, and dynamic stability tests. Hot and

cold jet effects and heat transfer have been studied in the UPWT.




CONFIGURATION INVESTIGATED

The configuration tested was a 0.01875 scale model of a blend of
Rockwell International shuttle configurations. The model consisted of
a 089B configuration witr a 139B configuration rose forward of F.S. 500.
A sketch of the model is shown in figure 2. A1l of the tests were made
with the rudder flared to form a 40° wedge vertical tail and the hody
flap deflected -14.25°. Tests were made with eleven deflections ranging
from -30° to 0°, and a 10 aileron deflection about a -10° elevon deflec-

tion.
DATA REDUCTION

A LaRC 832-B six-component strain gage balance was used to measure
model forces ard moments. A1l final data were presented along a set of
body and stability axes passing through the nominal center of gravity

located at F.S. 1076.48 or 65 percent of the body length. Model data

were converted to standard NASA Coefficients using the following constants:

Reference Area, Spof wing planform area = 0.9457 ft.2

Reference Length, cpef wing mean aerodynamic chord = 8.9025 in.

Reference Span, bpe; = wing span = 17.5628 in.

Transition was fixed with number 50 grit located 0.283 inch  stream-
wise on wing and vertical tail, and 1.2 inches streamwise on nose. The
drag data presented herein is gross drag in that base drag :s included.
Tabulated base pressure coefficients are presented, however, if correc-

tions are desired.




TABLE 1.

{TEST ¢ PWT 1040

DATE 27/10-13,1973

COMMENTS:

TEST CONDITIOMS
- REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
e SRR (per unit fength) Junds/sq. inch) (degrees Fahrenheit)
1.90 1.5 x 10° 2.500
2.86 1.5 x 1¢° 2.059
BALANCE UTILIZED: 832-B
CAPACITY: ACCURACY: CT%EE,F,',;‘,:%'ET
NF 1000 1b 25,00 1b —_—
SF 250 1b *1.25 1b —
AF __851b 20,43 1h _—
PM  2000in-1b  _#10.00 ip-1b  __
RM 1000 in-1b 22,00 in-1b —_—
Y _200 in-1b : = —_—————

10
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TABLE III.
MODEL COMPONENT DIMENCIONAL DATA

MOUEL COMPONENT:  BODY - 089B-139B(Modified Nose)

GENERAL DESCRIPTION: Nose section from full-scale station 238.0 to STA. 500

from NAR drawing VL70-000139B. Remaining body AFT of STA 500 from NAR

drawing VL.s-000093

DRAWING NUMBER: VL70-000093
.01875
DIMENSIONS : FULL-SCALE MODEL SCALE
Length 1290.3 24.193
Max. Width 265.0 4.969
Max. Depth 248.0 4.650
Fineness Ratio 4.869 4.869
Area
Max. Cross-Sectional 456;40 0.1605
Planform
Wetted _
Base
12 '
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GENERAL DESCRIPTION:
DATA FOR (1) OF (2) SIDES

TABLE IIL. (CONTINUED }

MODEL COMPONENT: ELEVON

.

CONFIGURATION PER LINES VL70-000093

T

MODEL SCALE = 0.01875

DRAWING NUMBER: V1.70-000093

DIMENSIONS :

Area

Span (equivalent)

Inb'd equivalent chord
Qutb'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)-Ft3

13

FULL-SCALE MODEL SCALE
205.517 ‘ 0.0723
353.34 6.65
114.78 2.152

55.00 1.031
.208 .208
.400 .400

0.00 0.00
-10.02 -10.02
0.00 0.00

1548.07 0.0102
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TABLE III. (CONTINUED)
MODEL COMPONENT: _ WING

GENERAL DESCRIPTIQli: Orbiter Configuration per Lines VL70~-0000Y3.

NOTE: (Dihedral angle is defined at the lower surface of the wing at the 75.33%

element line projected into a plane verpendicular to the FRL).

SCALE MODEL = 0.01875

DRAWING NUMBER: : VL70-000093
DIMENSIONS: FULL-SCALE
TOTAL DATA
Area
Planform 2690.00
We.te T
Span (equivalent) _ 936.68
Aspect Ratio . 2.265
Rate of Taper o 1.177
Taper Ratio 0.200
Diehedral Angle, degrees _ 3.500
Incidence Angle, degrees 3.000
Aerodynamic Twist, degrees ___+3.000
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge . 45.000
Trailing Edge -10.2%
0.25 Element Line 35.209
Chords : R
Root (Wing Sta. 0.0) 689.24
Tip, (equivalent) .
MAC 474,81
Fus. Sta. of .25 MAC 1136.89 -
W.P. of .25 MAC . Y299.20
B.L. of .25 MAC 182.13
Airfoil Section —
Root .
Tip
EXPOSED DATA : I —
Area 1752.29
Span, (equivalent) : 720.
Aspect Ratio 2.058
Taper Ratio 0.2451
Chords
Root . © 562.40
. Tip - —137.85
MAC ' 393.03
Fus. Sta. of .25 MAC ) 1185.31
W.P. of .25 MAC 300.20
B.L. of .25 MAC 143.76

1k

MODEL SCALE

45.000
-1

f

12.923

H

8.903
21.317
5.610

3.415

U




TABLE IIT. (CONTINUED)

’—l,.

MODEL COMPONENT: Vertical Tail

GENERAL DESCRIPTION: Centerline vertical tail double wedge airfoil with

rounded leading edge.

Scale Model = 0.01875

DRAWING NUMBER: VL7G-000095

DIMENSIONS: FULL-SCALE MODEL SCALE
Area (theo) ft.2 413.25 0.145
Span (rguivalent) 315.72 5.920
Inb'd equivalent chord 268.50 5.034
Outb'd equivalent chord 108.47 2.034

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge 45 45
Tailing Edge 26.249 26.249
Hingeline

Area Moment (Norﬁa] to hinge line)

15
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TABLE IIT. (CONCLUDED)

MODEL COMPONENT: RUDDER

GENERAL DESCRIPTION: CONFIGURATION PER LINES VL70-000095

-

SCALE MODEL = 0.01875

DRAWING NUMBER: VL70-000095

DIMENSIONS :

Area

Span (equivalent)

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)-Ft>

FULL-SCALE

106.38
201.0
91.585

50.833

0.400

0.400

34.83
26.25

34.83

526.125

MODEL SCALE

0.0374
3.769
1.717

0.953

_0.400

0.400,

34.83

l

26.25

l

34.83

l

0.0034

!
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APPENDIX

B T N e s .

TABULATED SOURCE DATA

M L W AR b ML L

Plotted dava tabulations are
available from DMS on request.
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