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RESULTS OF INVESTIGATIONS ON AN 0.004-SCALE
140A/B CONFIGURATION SPACE SHUTTLE VEHICLE
ORBITER MODEL (34-0)
IN THE NASA/LANGLEY RESEARCH CENTER
HYPERSONIC HELIUM TUNNEL (OA88)
By

P. J. Hawthorne, Rockwell International Space Division
ABSTRACT

This report documents data obtained during a wind tunnel test of an
0.004-scale 140A/B configuration SSV Orbiter in the NASA/Langley Research
Center 22-inch Hypersonic Helium Tunnel. The test was conducted during
December 1973; 60 occupancy hours were charged. All runs were conducted
at a nominal Mach number of 20 and at Reynolds numbers of 0.7, 1.1, 2.0,
and 4.0 x 106 per body length.

The complete 140A/B model was tested with various elevon settings
and additionally in wing off/bodyflap off configuration at angles of
attack from 18 to 54 degrees at zero yaw.

Purpose of this test was to obtain high hypersonic longitudinal and

lateral-directional stability and control characteristics of the updated

SSV configuration.
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NOMENCLATURE

General
PLOT
SYMBOL SYMBOL DEFINITION
8 speed of sound; m/sec, ft/sec
Cp CP pressure coefficient; (p; - pw)/q
M MACH Mach number; V/a
pressure; N/m°, psf
q Q(NsM) dynemic pressure; 1/2pV°, N/m<, psf
Q(PSF)
Re,L RE,L unit Reynolds number; based on body length
v veloeity; m/sec, ft/sec '
o ALPHA angle of attack, degrees
B BETA angle of sideslip, degrees
] PSI angle of ysw, degrees
¢ PHI aengle of roll, degrees
P mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
Ap . base srea; me, £t2
b BREF wing spsn or reference span;.m, £t
C.ge center of gravity
{REF IREF reference length or wing mean
c serodynamic chord; m, ft
S SREF wving ares or reference erea; me, £1°2
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on Z axis
SUBSCRIPTS
base
local

static conditions
total conditions
free stresm

gcta o

s




SYMBOL

Q
(=]

R I -

Q
=

L/p
L/Dp

PLOT
SYMBOL

CA

CAB

CAF

CIM

CBL

CL
CD
CoB

CDF

CIM

CLN
CSL

L/D
L/OF

NOMENCLATURE (Continued)
Body-Axis System

LEFINITION

normal force

normal-force coefficient; &

axial-force coefficient; aLd.E.Lg.EL‘E
Q

side-force coefficient; Side fo §°1'¢,e
Q

base-force coefficient; 2ase force

qsS
-Ap(pp - Pw)/aS

forebody axial force coefficient, Cp - CAb

pitching-moment coefficient; pitching moment
4S/REF

yewing-moment coefficlent; Lﬂﬁ"’inq moment

rolling-moment coefficient; r_o_ll_j.m
3

Stability-Axis System

11t coefficient; l;_sft

drag coefficient; L;E
q

base-dreg coefficient; P_“_:siriﬁ

forebody drag coefficient; Cp - CDb

side-force coefficient; Side for éor_ce
q

pitching-moment coefficient; Ritching moment
9%/ pr

yawing-moment coefficient; ygwi_n%nt
q ,

rolling-moment coefficient; r°11;’s‘b moment

11ft-to-drag ratio; Cp/Cp
14£¢ to forebody drag ratio; CI/CDf
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NOMENCLATURE (Continued)
Additional Nomenclature

Definition

XCP/L

BDFLAP
ELEVON
RUDDER
SPDBRK

AILRON

ELEVTR

BALANC

longitudinal center of pressure location, fraction
of body length

wing incidence angle, degrees
bodyflap deflection angle, degrees
elevon deflection angle, degrees
rudder deflection angle, degrees
speedbrake deflection angle, degrees

aileron, total aileron deflection angle, degrees,
(1eft aileron - right aileron)/2.

elevator, surface deflection angle, positive
deflection trailing edge down, degrees.

Jarameter name to document balance utilized
n testing, BALANC = 19 (LaRC HH-19), BALANC = 20
LaRC HH-20), see table 1.



REMARKS

Measurement of the 34-0 model at the Los Angeles Division of Rockwell
Internaticnal revealed inaccuracies in the configuration, which dictated
the use of unique reference dimensions and areas to reduce the raw “u:.u
to ccefficient form.

Significant model errors revealed were as follows:

1.  The overall length of the model was 5.5 inches full scale (FS)
too long. This error is distributed with 1.0 inch at the nose and 4.5
inches at the rear of the fuselage.

2. The elevon hinge line was located too far aft, being 2.875
inches FS in error at the left hand tip and 1.0 inch FS at the right hand
tip for a net error of approximately 2.0 inches.

3. The leading edge cuffs were staggered; the left hand cuff was
10 to 20 inches full scale aft of the correct station measured parallel
to the FRL and the right hand cuff was nearly correct.

4, The elevon trailing edges were located too far aft, 6.56 inches
FS on the left side and 8.46 inches FS on the right hand. When combined
with a properly located leading edge, this yields an oversized planform.

5. The balance center was located 3.0 inches FS iVorward from its
nominal location at station 1073.7 instead of 1076.7.

Analysis of the errors by the Rockwell Space Division Aerodynamics
Group has led to the generation of non-standard constants to yield data
which is in reasonable accord with those obtained in other testing pro-

grams. These values and those of the nominal Orbiter are presented below:



Dimension

Wing area (S)
Wing span (b)

Mean aerodynamic chord (¥)

MRC, X, station
Elevon area, per side

Elevon moment arm, for application
to incremental data only (distance
from MRC to 0.25 elevon M.A.C.)

REMARKS (Concluded)

Nominal Orhiter

(full scale)

Used for 34-0 model
(full scale)

2690. ft2
936.68 in

474.81 in
1076.7 in
210.00 ft2
328.45 in

2741.8 ftl
936.68 in

481.648 in
1081.39 in
238.93 ft?
331.89 in

Additionally, the elevon deflections were measured and a list of

SerruE

was obtained. Utilizing these values for plotting also improves

the agreement of the data with those obtained from other sources.

Elevon Nominal Se
Panel
left -0
right -0
Teft -5°
right -5°
left -40°
right -40°
left 10°
right 15°
7

8 34-0
€TRUE (34-0)

+3.40°
+4

-\

-33.33°
-33.96°

+13.77°
+15.11°



CONFIGURATIONS INVESTIGATED

During test OA88, the 140A/B vehicle was tested in full up and wing

off configurations.

The following letter designations were used to denote components of

the 140A/B configuration:

B26

Cg
E2e6

F7

M7

Fuselage to the outer mold 1ine contours of drawing VL70-000143
incorporating an integral canopy and blended into the 140B wing
by drawing VL70-000200 @ ised

Canopy to VL70-000143 lines

Elevon of planform and section of VL70-000200 wing with hinge
line at Xo = 13.87. The elevon gaps are not simulated

Center pivot bodyflap with hinge 1ine at X = 1528.3 and planform
as denoted on VL70-000145 drawing

Orbital maneuvering system pods meunied on the upper rear of the
fuselage with rocket engine nozzies simulated, 1ines per VL70-
000145

Rudder utilizd with Vg vertical tail and shown on VL70-000146A

45° sweep leading edge single center 1ines mounted vertical tail
of modified dfamond section as per VL70-000146A

V0L70-000200 revised wing: 1408 wing blended to 140A body; wing
is of 81°/45° sweep leading edge and is 6 inches FS thicker at
the body than 140A; airfoil is modified NASA 0011.3 at Y = 199,
0012.64 at theoretical tip; 21 = +0°30', dihedral = 3°30' at TE;
tip is defined by VL70-005092

The tested configugations were denoted as:
]40A/B = 826 59 EZG F7 M7 Rs V8 an
Body alone = Bog C9 M7 R5 V8

See the Remarks section for model anomalies.



TEST FACILITY DESCRIPTION

The NASA/Langley Research Center 22-inch Hypersonic Helium Tunnel is
a blowdown facility with a normal operational time of 30 seconds for aero-
dynamic force and moment tests. Studies are conducted in the 22" diameter
test section at Mach numbers of 18 to 22 at stagnation pressures from 300
to 2000 psi and at total temperatures from 480°R to 960°R; these test
conditions allow for a Reynolds number variation of 0.7 x 106 to0 11.5 x
106 per foot.

The tunnel is also equipped with an Electron Beam Flow Visualization
System which allows color photographs with depth of field to be made of
the shock system.

Operational parameters of the contoured nozzle flow characteristics
are available in NASA TN D-2489, 1964, Longitudinal Characteristics of
Several Configurations at Hypersonic Mach Numbers in Conical and Con-

toured Nozzles, by Arrington, Joiner and Henderson.



DATA REDUCTION

The LaRC HH-19 and HH-20 balances were used to measure Orbiter forces
and moments at four Reynolds numbers. Data were converted to standard
NASA force and moment coefficients and are presented about a nominal
moment reference center in both stability and body axis systems.

Additionally, the normal force center of pressure is presented as

X Cm (Cw)
Xep/*B = "7g - N iB

where Xcp is the longitudinal distance from the inner mold line nose

station (Xo = 238 inches full scale) to the center of pressure.

Reference dimensions for this test were distinctly non-standard and

may be found with an explanation as to their origin in the Remarks section.

10
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. TABLE 1.
l TEST ¢ O0AS88 DATE & Dec 73
by
e TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  |STAGNATION TEMPERATURE
MACH NUMBER (per body length) (pounds/sq. inch) (degrees Fahrenhet)
18.1 0.75 x 10° 0.65 45
19.0 1.15 x 108 0.94 45
20.3 2.05 x 10° 1.56 45
21.6 4.00 x 10° 2.62 45
(nominal)
g‘
:
?;'
)
BALANCE UTILIZED: LaRC HH-19
CAPACITY: ACCURACY: (:T%ELFE;'E,"ENET
NF 12 _1bf 0.5%
SF —2.5 1bf 0.5%
AF 0.7 1bf 0.5%
PM 2.5 1in 1bf 0.5%
RM 0.5 in 1bf 0.5%
YM 0.8 in 1bf —0,0%
COMMENTS: Utilized with 35° prebend HHT dogleg sting
], Applies to datasets 13 through 16
11
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TABLE 1. - Concluded.

COMMENTS:

NF
SF
AF
PM
RM
YM

TEST ¢ oass DATE ¢ pec, 73
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
WACH NUMBER (per body length) (pounds/sq. inch) (degrees Fahrenheit)
19.0 1.15 x 10° 0.94 25oF
20.3 2.05 x 10° 1.56 45°F
21 6 " 4,00 x 106 2,62 45°F
{nominal)
BALANCE UTILIZED: LaRC HH-20
CAPACITY: ACCURACY: ey

__34pf  __05%

—Z1.01bf —0.5%
—J—‘m —Qﬂ-&%——————'
7.0 in-1bf 0.5%

1.5 in-1bf 0.5%
2.1 in-1bf 0,5%

Utilized with 35°dogleg HHT
Applies to datasets 1 through 12

12
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¥REVISED L/24/T4
TABLE III. -MODEL DIMENSIONAL DATA

MODEL COMPONENT :__BODY - Rge

GENERAL DESCRIPTION : Configuration 1L0OA/B orbiter fuselage o

NOTE: Bog is iduntical to B,y except underside of fuselage has been

refaired to accept Wqiy4.

- SE

DRAWING NUMBER _VL70-000143B, -000200, -000205, -006089, -0001k5
VL70-0001ROE, -0001h0B

DIMENSIONS FULL SCALE MODEL SCALE
*Length (OML: Fwd Sta X5=235),In. 1293.3 5.173
sLength (IML: Fwd Sta. ¥X0=238),In..1290.3 5.6l

Mox Width (@ X, =1528.3), In. 264,0 1.056
Max Depth (@ X, = i%h), In. 250.00 1.000
Fineness Ratio —0:26357 0.26357
Areq -_Ft2

Max. Cross=Sectional 340.88  —__0.005

Plenform

Wetted

Bose

14



#REVISED b/24/74

AL TABLE I1I. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : CANOPY - Cg

GENERAL DESCRIPTION * _Configuration 34, Canopy used \dth fuselage Boc.

MODEL SCALE: 0.0040 MODEL. DRAWING; SS-AO0l47, RELEASE 12

DRAWING NUMBER © _VL70-0001k3A

DIMENSIONS : FULL SCALE MODEL SCALE
# Length (X, = 434.643 to 578) —143,357 0.9573
Mox Width (@ x, = 513.127) 152.412 0.610
Max Depth (@ Xy = 483.0) 25.000 Q.100

Fineness Ratio

Area

Mox. Cross—Sectional

Planform

Wetted

Bose

15




MODEL COMPONENT:

GENERAL DESCRIPTION:

e

TABLE III. - MODEL DIMENSIONAL DATA - Continued.

—ELEYON - Eog

*REVISED 4/2i,'7h4

_Data are for one side,

—Configuration 1404/B Qrbiter elevons

MODEL SCALE: 0.0040

DRAWING NUMRER:

DIMENSIONS

Area

Span

- Fta

(equivalent), In.

Inb'd equivalent chord, 1y,

Outb*

d equivalent chord , In.

Ratio movable surface chord/
total surface chord

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

Sweep Back ‘Angles, degrees

* Area

Leading Edge
Trailing edge

Hingeline

Moment ( Product of area & Z),Fb3

*Mean Aerodynamic Chord, In.

16

WGO89, "006092

FULL-SCALE

210.0

2hg.2

PO S .

_118.00k

—2:192

MODEL DRAWING: SS-AQ0L48, RELEASE 6

MODEL SCALF
0.003
1.397

—o.b7e
00221
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : __BODY FLAP - E;L
GENERAL DESCRIPTION ' _Configuration 1U0A/B Orhiter Body Flap .

_MODEL SCALE: 0.0k _MODEL_DRAWING: _SS-A00147, RELEASE 12
DRAWING NUMBER ' _y170.0001L04, V1702000145

DIMENSIONS FULL SCALE  MODEL SCALE

Length (X = 1520 to X, = 1613),In.___93.000% 9.372

Mox Width, 1n. —262.000__ ~l.ou8
Mox Depth (@ X | = 1520), In. 23.000 0.092

Fineness Ratio

Area - th

Max. Cross—~Sectional

Planform 142.6 0.0023
Wetted
Bose 4).847 0.00067

¥Model dim. measured from model sta. 15.20

17
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :W
GENERAL DFSCRIPTION . __Configuration 140A/B Orbiter OMS/RCS pods

MODEL_SCALE: 0.0040 —MODEL DRAWING: SS-A00147, RELEASE 12
DRAWING NUMBER ' ___y1.70.000045.

DIMENSIONS FULL SCALE MODEL SCALE

Length (OMS Fvd Sta. X, = 1233.0),In. 327.000 1.308

Max Width (@ ¥, = 1450.0), In. al.§ 0.378

Max Depth (@ Xy = 1493.0), In. 109.000 0.436

Fineness Ratio

Area

Mox. Cross-Sectional ”

Planform

Wetted

Bose

18
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

B MODEL COMPONENT: __ mimpem - g
P4

GENERAL DESCRIPTION: ___configuration 140C/D orbiter rudder ({dentical

to _configuration 1404/B rudder).

MODEL _SCALE; 0.0040

ORAWING NUMBER: VL70-000146B, -000095

DIMENSIONS: FULL-SCALE
Area - Ft? 100.15
Span {equivalent) , In. - 201.00
Inb'd equivalent chord , In. 91.585
Outb'd equivalent chord , In. 50.833

Ratio movable surface chord/
total surface chora

At Inb'd equiv. chord 0.400

At Outb'd equiv. chord 0.k00

Sweep Back ‘Angles, degrees

Leading Edge __34.83
Trailing Edge 26.25
llingeline __3s.83 °
Area Moment { Pz 3uct of Area and E),Ft3 6lo.92
Mean A-crodynamjc Chord 73.2 '
19

()

MODEL SCALF.
0.0016
0.804
0.366
0020;!
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*REVISED 4/24/74

TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: VERTICAL - V 8

GENERAL DESCRIPTION: Configuration 140C/D orbiter vertical tadl

(identical to configuration 140A/B vertical tail).

MODEL SCALE: 0.00L40

DRAWING NUMBER: VLT0-0001L0C, -0001LAR
DIMENSIONS:

TOTAL DATA
hrea (Theo) - Ft°
Planform
Span (Theo) - In.
fspect Ratio
Rate of Taper
Taper Ratio
Sweep-Beck Angles, Degrees.
leading Edge
* Trailing Edge
0.25 Element Line

Chords:
Root (Theo) WP
- Tip (Theo) WP -
MiLC
Fus. Sta. of .25 MAiC
W.P. of .25 MAC
B.L. of .25 MAC

Airfoil Sectlon
Leading Wedye s~ngle - Deg.
Trailing Wedge Lngle - Deg.
Leading Edge Rodius

Void Area

Blanketed Area

20

FULL SCALE  MODEL SCALE
———l—ﬁm—‘ —l-l-ﬁls——.-—-—
0.507 Q.507
—&Lm- —-Q-I-m—}——! ——a
—45.000  45.000 __
26,2 = 2062

41.130 k1.130
__268.500 - _1.074
—108.h70 _Q.43%
—199.808  _0.799 ____
635,522 _2.8542

0.000 0.000

10.000  10.000

1h 920 k000

2.00 0.008
—13.17  0.0002L .
—_—2.00 0,000

[
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TABLE I11. _ MODEL DIMENSIONAL DATA - Concluded.
#REVISED b/2L /Th

MODEL COMPONENT:

NING-&G

NO‘I‘Ei ldentical to w“éxcept airfoil thickness. Dihedral angle is along

——h0dling edgs of wing.
= OMG. NO.L.70-0001404, -000200
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA 2
rea] .1e0,) Ft
?lan‘orm 26a0.00 Q.043
Span (Theo In. 93668
Aspect Ratfo ..2.268 4&_2265
Rate of Taper ) 177 T
Taper Ratio % 0.200
Othedral Angle, degrees N 500
Incidence Angle, degrees - .0 0,500
Aerodynamic Twist, degrees +3.000 +_3.000
Sweep Back Ang'les: degrees
Leading Edge LS, Lo,
Trailing Edge - ]glgg% - ]g gg%:
o rg.zs Element Line 35.209 . 35.209
ords:
Rmt Theo B.P.°l°. o
E\o. éTheo B.P. :%: -2.1.7.51.__2 552
C AL
*Fus, s?’z‘s’fm'és MAC 113,83 -Lagg__g,ﬂz
*+ WP, of , w sa 1 162
#B.L. of .25 MAC . 182,13 0.729

EXPOSED DATA 2
rea (Theo) Ft
# Span, (Theo) In. BP108
* Aspect Ratio
Taper Ratio
Chords
# Root BP108
*#Tip 1.00 %

* MAC
» Fus, Sta, of .25 MAC
* WP, of ,25 MAC
» B,L, of .25 MAC
Airfoil Section (lbcilu.al Mod NASA)

XXX
Root b =
T4 b.z
p -
Z
Jata for (1) of (2) Sides

lead‘ng Edge Cuf€
* Planfogm Ag'ea '-'tz

* Leading Edge Intersects Fus M, L. @ Sta
# Leading tdge Intersects Wing @ Sta
21

0.1l

%'%28
.2.;%2.9__
2248
Q.25
LSTL
Y T
ST 2
07
0.11

Q2020
QoA
200
hogh e
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TABLE IV,

HYPERSONIC VISCOUS INTERACTION FARANET)..

RUN Rej
NUMBER MACH NO. X10~6
| R
1 20,3 2,076
2 21,6 3.945
3 19,0 1.163
4 -
5 -
6 20. 3 1.971
7 21,6 4,049
8 20,3 2,111
9 19.0 1.172
10 19.0 1.172
11 20. 3 2,012
12 21.6 3.994
13 20. 3 2,026
14 18,0 1.147
15
16 18. 1 0.751
17 18,0 1.162
18 20.3 1, 961
19 21.6 3.548

DYNAMIC
pR@Sgl)’RE T, CF) v
-———Ij58;;~7 43 . 00622
2.6170 14 . 00470
0, 9623 48 . 00796
1.5703 63 00638
2,6275 5 . 00464
1.5977 40 . 00817
0. 9567 42 . 00793
0.9614 ' 44 . 00793
1.5782 % 56 . 00632
2.6236 2 10 . 00467
1.5821 1 54 . 00629
0.9708 58 . 00801
0.6785 62 . 00959
0. 9792 56 . 00796
1. 56864 70 . 00640
2. 6466 65 . 00495
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APPENDIX
TABULATED SOURCE DATA

Tabulations of plotted data are évailable on request from
Data Management Services
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