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RESULTS OF HEAT TRANSFER TESTS
ON A 0.0175-SCALE SPACE SHUTTLE ORBITER
MODEL (56-0) IN THE AEL. VKF “B"
HYPERSONIC WIND TUNNEL (OH74)

by

W. H. Dye, Rockwell International Space Division
ABSTRACT

This report presents the results of aerodynamic heating tests con-
ducted on a 0.0175-scale model of the Rockwell International Space Shuttle
Orbiter. These tests were conducted in the Arnold Engineering and De-
velopment Center VKF "B" HPvnersonic Wind Tunnel.

The tests were conducted at a nominal Mach number of 8 and model

sng.es of attack varying between 20° and 45°.
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INTRODUCTION

The data presented in this report are the results of aerodynamic
heating tests conducted on a 0.0175-scale thin-skin thermocouple model of
the Space Shuttle 140C Orbiter. The tests were conducted from June 10
to 12, 1975 in the Arnold Engineering and Development Center VKF "B"
Hypersonic Wind Tunnel.

The purpose of these tests was to determine entry aerodynamic heat-
ing rates on the Orbiter fuselage side.

The model was tested at Mach no. 8 through a Reynolds number range
of .5 x 108/ft to 3.77 x 108/ft. The model angle of attack range tested
was from 20° to 45° with a sideslip range of 0°, +1°, +2°.

Table I lists the run conditions tested and Table II summarizes the

test program. Tabulated and plotted data are presented in this report.
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NOMENCLATURE

model skin thickness, in

specific heat ¢f model material, BTU/1bm - °R

1ncremental time, sec

derivation of the model wall temperature
with respect to time, °R/sec

heat transfer coefficient based on
Taw = 0.9 Ty, BTU/ft2-sec-R

heat transfer coefficient based on
Taw = Te, BTU/ft2-sec-R

heat transfer coefficient based on
Taw, BTU/ftZ‘SEC'R

reference heat transfer coefficient, BTU/ftz-sec-R

ratio of heat transfer coefficient to reference
heat transfer coefficient

ratio of irterference heat transfer coefficient
to stagnation heat transfer coefficient

ratio of interference heat transfer coefficient
to undisturbed heat transfer coefficient

ratio of undisturbed heat transfer coefficient
to stagnation heat transfer ccefficient

enthalpy, BTU/1bm

Plot

Symbol Symbol Definition
b
C chord, in
p
dt DT
dT,,
Fre DTWDT
h H(9TO)

H(TO)

H(TAW)
href HREF
h/hpef H/HREF
hi/ho HI/HO
hi/hy KI/HU
hy/ho HU/HO
H
L L length, in
M MACH Mach number
Po PO

stagnation pressure, psia

IV T R
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Plot
Symbol Symbol
P, p
Oy Q
q QDoT
Q;
r R
St STNNO
Re/ft RN,/L
T T
To TJ
Twi
Tw TW
TRACE
Taw TAW
T/C T/C NO
) v
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NOMENCLATURE (Continued)

Definition

free stream pressure, psia
free stream dynamic pressure, psia

hc1t transfer ratc per unit area, BTU/ft? sac
initial heat transfer rate, BTU/sec

adiabatic wall temperature ratio, Taw/To (recovery
factor). NOTE: Where R = 9.0 in displayed data,
the heat transfer coefficient has been calculated
using a recovery factor calculated from Taw/To =

(0.867+0.133 sin 1.55 §), where § = (o« + 6). Alpha
is the model angle of ettack and theta is local
surface angle.

theoretical stagnation point Stanton number for

a 0.0175 foot (1 scale foot) radius sphere cal-
culated from Fay-Riddell theory

unit Reynolds number, per foot

temperature, °R

stagnation temperature, °R
initial model skin temperature, °R

model wall temperature, °R

thermocouple aumbers 1-17

thermocouple numbers 18-30
thermocouple numbers 3i-55
thermocouple numbers 56-80

1
2
3
4

adiabatic wall temperature, °R

thermocouple number

free stream velocity, ft/sec

b St

e T AN n -

R A




Plot
Symbol Symbo1l
W RHO
X X
x/L X/L
y Y
z W.L.
a ALPHA
84 AILRON
BETA
SgF BDFLAP
8o ELEVON
e MU
¢ PHI
8 RUDDER
Y YAW

NOMENCLATURE (Concluded)

Definition

model skin density, 1bm/ft3

axial distance from nose to corresponding
component, in

longitudinal location, fraction of length
spanwise distance from centerline, in
waterplane distance, in

angle of attack, degrees

aileron deflection angle, degrees
sideslip anule, degrees

body flap deflection angle, degrees
elevon deflection angle, degrees

free stream viscosity, 1b-sec/ft
radial location on tank, degrees
rudder deflection angle, degrees

model yaw angle, degrees
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CONFIGURATIONS INVESTIGATED 3 .
] i

The model used for these tests isa 0.0175-scale mouel of the Rockwell

International Space Shuttle 140C Orbiter.

To investigate fuselage side heating an instrumented thin sk'n insert

was attached to model 2-B of the 56-0 pha e change paint models. The insert

was attached to the ler. side of the Orbiter fuselage forming the body

contour,

The following is a 1ist of the model components and nomenclature

tested:

Component

Bgo

Ci2

Eso

Fro

M6

. ———— T~ o - A ey a——

Definition

Fuselage per Rockwell 1ines VL70-000140C
Canopy per Rockwell 1ines VL70-000140C
Elevons per Rockwell lines VYL70-000140C
Body flap per Rockwell lines VL70-000140C
OMS pods per Rockwell lines VL70-000140C
Rudder per Rockwell lines VL70-000140C
Vertical per Rockwell lines VL70-000140C

Wing per Rockwell lines VL70-000140C

10
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INSTRUMENTATION

lhe model thin skin insert was instrumented with 80 chromel constantan
thermocouples. Table IV Tists the thermocouple locations and skin thick-
naesses. The nominal skin thickness was 0.020 in. Figure 2 also illustrates

the thermocouple locations.

11
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TEST FACILITY DESCRIPTION :

[

The Arnold Engineering Development Center (AEDC) is an Air Force i
Facility located in Tullahoma, Tennessee. The tunnel used, Tunnel B, is § 'K?
i

4

located in the Von Karman Facility portion of this center. Engineering

Sineme L

and other technical operations in this tunnel are performed by contractor .
personnel of ARO, Inc.

Tunnel B is a continuous, closed circuit, variable density wind

]

tunnel with an axisymmetric contoured nozzle and a 50-inch diameter test
section. The tunnel can be operated at a nominal Mach number of 6 or 8
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,

and at a stagnation temperature of up to 1350°R. The model may be injected

into the tunnel for a test run and then retracted for model cooling or im} k
model changes without interrupting the tunnel flow. 3
3
{
| I
I
h [
.
1/ ' :

12
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DATA REDUCTION

Thermocouple outputs were recorded on magnetic tape at the rate of 20
times per second from the start of the injection cycle until about 4 seconds
after the model reached the tunnel centerline. The heat transfer coef-

ficient, h, was computed from the relation

h = Wbc 7
where
W = model skin density, 1bm/ft’
b = model skin thickness, ft
o model skin specific heat., BTU/1bm - °R

Twi= initial model skin themperature, °R

This relation was derived from the equation

dTw
Wbe

p dt
h =
T0 - rw

which neglects conduction losses and the assumptions that h, W, and
cp are constants.

If conduction losses are indeed very small, then

T =T,
n tfg_:ﬁﬁil_]
0

W
versus time is very nearly linear. Even when conduction effects are

significant, a small linear portion of the curve can generally be found

13
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DATA REDUCTION (Continued)

near the initial time. It is for this reason that a linear least squares
curve fit of 1n ((T, - Twi)/(To - Ty)) versus time, beginning at the time

reached uniform fiow, was used io compute the derivative

The lengths of the curve fits were kept as short as possible without

measuring system noise characteristics. These curve fit lengths are given

below:
Range No. of Points

16<3—1-w—§32 7
8 < :IW £ 16 9
4 < ZIW <8 13
2(;%\1_ <4 17
1 < SZW <2 25

;;1“ <1 4

The following expression was evaluated at the midpoint of the time
interval used for each thermocouple:

5

)

c, = 0.0797 + (5.556 x 10°°) T

w "

14
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DATA REDUCTION (Concluded)

The maximum observed variation of Cp was less than one percent. Thus,
the assumption of constant Cp was reasonable. The value of density used
for the 17-4 PH stainless steel skin was W = 490.0 1bm/ft3. The skin

thickness (b) for each thermocouple is listed in Table IV.

15



ha <

LR £ 0 o7 v
\ ek T ORE B PRI SRS R IR P AR R T SR

R i Ty P

Iy e g s

REFERENCES

Test Facilities Handbook (Tenth Edition). "Von Karman Gas Dynamics
Facility, Vol. 3". Arnold Engineering Development Center, May, 1974
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“Pretest Information for Testing the 56-0 0.0175-Scale Thermocoupie
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TABLE 1.
TEST CONDITIONS

Nominal test conditions at which the tests were conducted are given

below:

Mach No. PO, psia T0, °R Btu/ftz-sec-°R RN/L x 107

O OON NN~

HREF

4

84 - 1178
188 1250
300 1269
419 1290
546 1305
673 1338
807 1348
864 1344

.0154 0.46
.0232 0.95
.0289 1.45
.0342 1.95
.0392 2.50
.0436 2 96
.0476 3.50
.0492 3.77

OCOOOCOO0O0O
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TABLE III.
MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY - B¢oy

GENERAL DESCRIPTION : _ Configuration 140C orbiter fusclage, MCR 200-R4

Similar to 140A/B fuselage except aft body r evicsed and improved

midbody-wing-boot fairing, X = 940 to X2 1040.

&

MODEL SCALE: 0.0175

DRAWING NUMBER : VL70-000140C, -000202C, -000205A
VL70-000200B, -000203

DIMENSIONS : FULL SCALE MODEL SCALE
Length (IML: FWD Sta X,=238),In. 1290.3 22.58
Length (OML: Fwd Sta Xo=235), In.__ 1293.3 22. 53
Max Width (At X5 = 1528, 3), In. 264.0 4, 62
Mox Depth (At X = 1464), In. 250. 0 4.38
Fineness Ratio 4. 899 4.899
Area - Ft?

Max. Cross—Sectional 340. 885 0. 104
Planform

Wetted

Base
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TABLE II1. -MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :__CANOPY - C;o

GENERAL DESCRIPTION : Configuration 140C orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-R4. Used with fuselage Béa‘

MODEL SCALE: 0.0175

DRAWING NUMBER : VL70-000140C, -000202B, -000204

DIMENSIONS . FULL SCALE MODEL SCALE
Length (X, = 434. 643 to 578), In, 143,357 2.508
Max Width (At X = 513.127), In. 152,412 2. 667
Mox Depth (Zo = 501 to 449.39), In. 51, 61 0.903

Fineness Ratio

Area

Max. Zross—Sectional

Plarform

Wetted

Base P,

21




TABLE 1I].- MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: ELEVON - I

GENERAL DESCRIPTION: Elevon for configuration 140C, Hingeiine at X, = 1387,

clevon split line X, = 312.5, 6. 0", beveled edges, and centerbodies.

MODEL SCALE: 0.0175

DRAWING NUMRER: VL70-000140C, -006089, -006092

DIMENSIONS : FULL-SCALE MODEL SCALF
Area - Ft° 210. 0 0.064
Span (equivalent) - In. 349.2 6.111
Inb'd equivalent chord- In. 118.0 2. 065
Outb'd equivalent chord | 55.15 0.966

Ratio movable surface chord/
total surface chord

x At Inb'd equiv. chord 0,2096 - 0.2096
; ] At Outb'd equiv. chord 0. 4004 0. 4004

Sweep Back Angles, degrees

Leading tdge 0.0 0.0

Trailing Edge - 10. 056 - 10.056
i e and e e e S e~

in - 0.9 0.0
H ge]l ero').uct of area & c) 3

¢ 3 F . 0. 008
Area Moment (Ruwal-toxhimgecdiny) Ft~ 1587.25 _

Mean Ae¢rodynamic Chord In. 90.7 1.587

Hingeline dihedral (origin at

1 Z = 261.3509), deg. 5,229 5.229
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TABLE IIT. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT - FODY FI.LAP - Fyn

GENERAL DESCRIPTiION : _ Configuration 140C body flap.

Hingeline loca

at X_= 1532, Z_ = 287,

B o T

MODEL SCALE: 0,0175

DRAWING NUMBER : VL70-000140C, -355114

DIMENSIONS FULL SCALE MODEL SCALE
Leng'h(xo= 1525.5 to X_ = 1613), In. 87,5C 1.531
Max Width (At L, E., X_= 1525.5), In, 256. 00 4,480
Max Depth (X, = 1532), In. 19. 798 0.346
Fineness Ratio
Area - FtZ

Max. Cross~Sectional{At H.L.) ___ 35.196 0.011

Planform 135, 00 0. 041

Wetted

Base (%, =1613) 4. 89 0. 0015
23
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TABLE III. - MODEL DIMENSIONAL DA1A- Continued. :
MODEL COMPONENT :  CMS PCD - My,
GENERAL DESCRIPTION : Configuration 140C orbiter OMS Pod - short pod. §oa,
P
»
MODEL SCALE: 0.0175 =
DRAWING NUMBER VL70-008401, -008410
DIMENSIONS : FULL SCALE  MODEL SCALE
Length (OMS Fwd Sta X = 1310.5),In. 258. 50 4.524
MOXWidfh(Ath: 1511), In. 136, 8 2.394 ;,, } | :f
Max Depth (At X = 1511), In. 74. 70 1.307 ‘
Fineness Ratio 2,484 2.484
i
Area = th - !
Mex. Cross—Sectional £8. 864 0.018
Planform ‘
Wetted ;
Base
P
24 r.
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TABLE 1II. - MODEL DIMENSIONAL DATA - Continued.
MODEL COMPONENT: RUDDER - Ryq

.

GENERAL DESCRIPTICN:

Configuration 140C orbiter rudder used on center-

line vertical tail Vo. 30 deg. bevel and 0. 5" gaps between rudder panels are

unsealed,

MODEL SCALE: 0.0175

DRAWING NUMRER: MCR Rev. 7

DIMENSIONS : FULL-SCALE MODEL SCALF
Area - Fi? 100. 15 0.031
Span (equivalent). In. 201, 0 3.517
Inb'd equivalent chord - In. 91,585 1,603
Outb'd equivalent chord - In. 50.833 0.900
‘Ratio movable surface chord/

total surface chord
At Inb'd equiv. chord __0.400 0. 400
At Outb'd equiv. chord 0,400 400
Sweep Back ‘Angles, degrees ’
Leading Edge 34, 83 - 34.83
irailing Edge 26,25 26,25
Hinge‘”?%roduct of arez & —c_), 3 2403 287
Area Moment (Nowmadxtsxtringeciime) Ft~ 610.92 " 0. 003
Mean Aerodynamic Chord, In, 73.2 1,281
25
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TABLE III. - MODEL DIMENSIONAL DATA- Continued.

MODEL COMPONENT: VERTIC/L - Vg

Loy
- <
TR SR E  fm ag g  RS ER RAA 4 PO

GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail

(identical

to configuration 140A/B vertical tail).

MODEL SCALE: 0. 0175

DRAVING NUMBER: VL70-0° 3140C, -000146B

DIMENSIONS: FULL SCALE MODEL 3C:iLE
TOTAL DATA
Area (Theo) - Ft2 .

Planform 413,253 0,127
Span (Theo) - In. 315,72 5,528
Aspect Ratio 1,675 1,675
Rate of Taper 0.507 0.507
Taper Ratio 0.404 0.404 ___
Sweep-Beck Angles, Degrees.

leading Edge 45. 000 45,000

Trailing Edge 26, 25 6,2

0.25 Element Line 41,13 41,
Chords:

Root (Theo) WP 268. 50 4. 699

Tip (Theo) WP 108, 47 1.898

MLC 199, 81 3,497

Fus. Sta. of .25 MiC 1463, 35 25.60?

W.P. of .25 MAC 635,52 11,12

B.L. of .25 MaC Q0.0 0.0
Airfoil Section

Leading Wedpe sngle - Deg. 10. 00 10.00

Trailing Wedze /Zngle - Deg.
Leading Edge Radius

14 92 14.92
—5— 206

Void ‘rea 13.17 0.0040
Blanketed irea 0.0 0.0
26
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TABLE TI1. - MODEL DIMENSIONAL DATA - Concluded.

MGDEL SOMPONENT:  WING-W, ..

“ENERAL DESCRIPTION: Configuration 140C orbiter wing, MCR 200-R4. Similar to

140A/B wing Wy ;¢ but with refinements: improved wing-boot-midbody fairing

s etae— s -

(X, = 940 to X, = 1040). Elevon split line relocated from Yg= 2{! to Y, = 312.5).

MODEL SCALE: 0.0175

QT NN
ot MU

TOTAL DATA 2
rea ..1e0.) Ft
9lanform
Span [Theo In.
Aspect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Sweep Sack Angles, degrees
Leadinc Edge
Trailing Edge
0.25 Element Line
Chords:
Root iTh@o; 8.P.0.0.
Tio, (Theo) B.P.
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC ’ \

EXPOSED DATA
rea (ineo) Ft
Span, (Theo) In, BP108
Aspect Ratio
Taper Ratio
Chords
Root BP108
Tip 1.00 b

MAC

Fus., Sta, of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

Afrfoi)l Section (Rockwell Mod NASA)

XXX X«64

Root b =

7

Tiph =
Z

Jata for (1) of (2) Sides
Lead*ng Sdge Cuff 2
Planform hArea Tt
\eading Sdge [ntersects Fus M, L. @ Sta
lcading Edge Intersects Wing @ Sta )
2

DWG. NO, VL70-000140C, -000200B

FULL-SCALE MODEL SCALE

2690.00 0.824
930, 68 16.392

2,265 2,265
1,177 1,177
0,200 0,200
3.500 3,500
0.500 0.500
3.000 3.000

45,000 45. 000

- 10.065 - 10.065
35.209. 35.209

689. 24 12. 062
~—130.85 <dle
474.81 8.309

1

3683 895

—290.58_
—a82.12. A8

1751.50 0.536
720, 68 12,612
2059  2.059
0,245 0.245
562. 09 9,837
137, 85 2.412
392,83 6.875

B S

251,77

0,113 0.113

0.120 0,120
115,108 U, U35
200.00 8. 750
1024. 0 17.920
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