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HYPERSONIC PERFORMANCE, STABILITY AND CONTROL CHARACTERISTICS
OF A .0075 SCALE MODEL ROCKWELL INTERNATIONAL 089B-139B

ORBITER CONFIGURATION

By

R. W. Powell &
T. A. Blackstock

SUMMARY

An investigation was made in the Langley Continuous Flow Hypersonic
Tunnel at a Mach Number of 10.3 to study the hypersonic aerodynamic char-
acteristics of a Rockwell International shuttle orbiter configuration.
Tests were made at a Reynolds number of .79 X 106 based on body length
with an angle-of-attack range of 10° to 35° and sideslip variations of

+1° to -9°. The effects of elevon and body flap deflection were

investigated.
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NOMENCLATURE

SUBSCRIPTS

gt T

General
SADSAC
SYMBOL DEFINITION
speed of sound; m/sec, £t/sec
CP pressure coefficient; (g - peo)/a
MACH Mach number; V/a
pressure; N/m?, psf
Q(NsM) dynsmic pressure; l/EpVQ, N/m?, psf
Q(PSF)
RN/L unit Reynolds number; per m, Per ft
velocity; m/sec, ft/sec
ALPHA angle of attack, degrees
BETA angle of sideslip, degrees
PSI angle of ysw, degrees
PHI angle of roll, degrees
mass denéity; kg/m3, slugs/ft3
Reference & C.G. Definitions
pase ares; m2, ft2
BERFF wing spen or reference spen; m, £t
center of gravity
IREF reference length or wing mean
serodynamic chord; m, ft
SREF wing area or reference ares; m2, £1°
MRP moment referenée point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
7MRP moment raference poiat on Z axis
base
local

static conditions
total conditions
free streem
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NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION
o CN normel-force coefficient- Rormel force
qS
Ch Ch xisl-force coefficient; E."_l_ﬁl_;ﬁi
' 3
Cy cY side-force coefficient; EEEEEEEEES
3
Csy CAB base-force coefficient; EEEEEEQEEE
Q-
-kp(py - Po)/as ;

CAf CAF forebody axizl force coefflcient, Cp - CAb
Crn CIM pitching-moment coefficient; pitching moment

aSlrgp
Cr CYN yawing-moment coefficient; yewing moment

' qSb
cy CEL rolling-moment coefficient; rolliggbmoment
Stabillity-Axis System
oL CL 1ift coefficient; %’S'_t :
Cp CcD drag coefficient; drag
QS

CDb CDB base-drag coefficient; Eiigggiﬂﬁ
CDf CDF forebody dreg coefficient; Cp - CDb
Cy cY side-force ccefficient; Eigiaégiﬁi
Cm CIM pitching-moment coefficient; pitching moment

as/rer
C. CLN yawing-moment coefficient; xgiiﬂgg%QESﬂﬁ
V] CSL rolling-moment coefriclent; rollégg‘moment
L/D L/D lift-to-dreg retio; Cr/Cp )

6 .




PLOT
SYMBOL SYMBOL
CYB DCY/DB
an DCYNDB
CAB DCELDB
Cy DCY/DA
“da
DCYNDA
Cnéa
C4a DCBLDA
deL -
6~"3R -
, ba AILRON
!
; be ELEVTR
i SEF BDFLAP

NOMENCLATURE (Concluded )

ADDITIONS TO STANDARD LIST

DEFINITION

side force coefficient derivative with sideslip
angle, aCY/bﬂ, per degree

yawing moment coefficient derivative with sideslip
angle, acn/ap, per degree

rolling moment coefficient derivative with sideslip
angle, 6C[/6ﬂ, per degree

side force coefficient derivative with aileron
deflecticn, 8Cy/ad,, per degree

yaving moment coefficient derivative with aileron
deflection, 6C,/d8,, per degree

rolling moment coefficient derivative with aileron
deflection, 8Cp/d8,, per degree

left elevon deflection, trailing edge down positive
right elevon deflection, trailing edge down positive

elevon deflection for roll control |(ber - 6eR)/2l,
degrees

levon deflection for pitch control,
T(JGL + 6eR)/2 , degrees

body flap deflection, trailing edge down positive,
degrees
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TEST FACILIIY DESCRIPTION

The Mach 10 nozzle ot the Langley continuous flow hypersonic tunnel

is designed to operate at stagnation pressures of 15 to 150 atmospheres at

temperatures up to 1960“KR. Air is prehcated electrically by passing
through # multi-tube heater. ‘lhe nozzle has a 31-inch square test section

which intorporates o moveable second minimum. fontinuocus ope.ation is

achieved by passiung the air through a series of compressors. Additional
information on this facility is given in NASA TM X-1130 - “itled, "Char-

acteristics of Maior Active Wind Tunnels at the Langley Research Center,"

by William 7.Schaefer, Jr.

CONFIGURATION INVESTIGATED

The configuration tested was a 0.0075 scale model of a blend of

Rockwell International shuttle configurations. The model consisted of a

0898 configuration with & 139B configuration nose forward of F.S. 500.

A sketch of the model is shown in figure 2, All of the tests were made

with the rudder flared to form a 10° wedge vertical tail. Tests wcre made

with elevon deflections ranging from +10° to -40° =nu body flap deflec-

tions of 0° and -14.25°.

DATA REDUCTION

A LaRC 2019A six-component straln gage palunce was used t2 measure

All data are presented about a

orbiter aerodynamic forces and moments.




Reference area, Syef

Reference length, €

Reference span, Dyef

converted to stendard NASA

centey of gravity located at 65 percent of the body length.

Data vere

coefficients using the following constants:

1]

wing planform area = 21.7886 sg. in.

wing mean aerodynamic chord = 3.501 in.

wing span = 7.025 in.




§
TABLE I. TEST CONDITIONS }l
TEST ¢ CFHT 96 DATE & July 1973 ;
\ .
TEST CONDITIONS )
REYNOLDS NUMBER DYNAMIC PRESSURE  |STAGNATION TEMPERATURE
MACH NUMBER (per unit fength) (ounds/sq. inch) | (degrees Fahreheit)
|
10.3 .95 x 108 1.05 1380 3;
i
|
BALANCE UTILIZED: LaRC 2019A
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NE 70 lbs .35 .015

SF 25 1bg 2125 2000

AF ' 15 1bs 075 .003

PM 70 In-lbs 235 004

RM 25 In-lbs L1235 —a0008
YM 15 In"lbs -Qz: - _JmL
COMMENTS:
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TABLE III.
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_BODY - 089B-139B (Modiried Nose)

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

STA. S00 from NAR drawing VL70-000139B. Remaining body AFT of STA 500

from NAR drawing VL70-000093

Scale Model = .0075

DRAWING NUMBER : _VEL70-000093

DIMENSIONS : FULL SCALE MODEL SCALE
Length . 1290. 3 9.6T7
Max Width ' 265.0 | 1.988
Max Depth 248.0 1.860
Fineness Ratio 4,869 | 4,869
Area |
Max. Cross-Sectional k56.40 -02567
Planform
Wetted
Base '

16




MODEL COMPONENT DIMENSIONAL DATA (CONTINUED)

TABLE III.

MODEL COMPOKENT: ELEVON 1 1
i

GENERAL DESCRIPTION: CONFIGURATION PER LINES VLT0-000093
DATA FOR (1) OF (2) SIDES

MODEL SCAILE = 0075

DRAWING NUMBER: _YL70-000093

DIMENSIONS: FULL-SCALE MODEL SCALE

Area 205,917 \_.9.11___...' 6
Span (equivalent) - 353,30 2.650

Inb'd equivalent chord A1h.78 861 .
Outb'd equivalent chord 55.00 Sk

Ratio movable surface chord/

total surface chord
At Inb'd equiv. chora 208 208
At Outb'd equiv. chord 400 J00
Sweep Back Angles, degrees
Leading Edge ' 0,00 Q.00
TraiHng Edge -10,02 21002
Hingeline 0.00 ‘ Q00 . _

Area Moment (Normal to hinge Tine)st3 1548.07 4000653 ____
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TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONTINVED)

MODEL COMPONENT: _ WING

GENERAL DESCRIPTION: Orbiter Configuration per Lines VLT0-000093.

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

75.33% element line projected into a plane perpendicular to the FRL).

SCALE MODEL = .0075

DRAWING NUMBER:

VL70-000093

DIMENSIONS :
TOTAL DATA

Area
Planform
Wetted
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodyramic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Wing Sta. 0.0)
Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
Tip
EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

18

FULL-SCALE

2690.00
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MODEL SCALE
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TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONTINUED)

MODEL COMPONENT: Yertical Tail

GENERAL DESCRIPTION: Centerline vertical tail double wedge airfail with

rounded leading edge.,

DRAWING NUMBER:

DIMENSIONS :

Area

Span (equivalent)

Inb'd equivalent chord
Outb'd equivalent chord

natio movable surface chord/
total surface chord

At Inb'd equiv. chord

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

Leading Edge

frai\ing Edge

Hingeline

Area Moment (Normal to hinge Yine)

FULL-SCALE MODEL_SCALE
413.25

Y P -




S . E VNI bt DO W W= ———

TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONCLUDED) :
!
/
CONFIGURAT )
GENERAL DESCRIPTION: oo oURATTON PER LINGS VIT0-0000% .

SCALE MODEL = .00T5 ;

DRAWING NUMBER: VLTC-000095

DIMENSIONS: FULL-SCALE MODEL SCALE
Area . 106,38 00598
span (equivalent) - 201.0 1.508
Inb'd equivalent chord ©_91.585 87
Outb'd equivalent chord 50833 38)

Ratio movable surface chord/
X total surface chord

At Inb'd equiv. chord 0.400 Qoo
, At Outb'd equiv. chord 0.400 0,00

Sweep Back Angles, degrees

R

Leading Edge —3h.83 3483
Trailing Edge —26:25 —26.25
Hingeline 34.83 34.83
Area Moment (Normal to hinge 1ine).st3  _526.125 000222
20
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