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HEAT TRANSFER TESTS OF AN 0.006-SCALE THIN SKIN
SPACE SHUTTLE THERMOCOUPLE MODEL (41-0) IN THE
LANGLEY RESEARCH CENTER

VARIABLE DENSITY TUNNEL AT M = 8 (OH13)

by

D. G. Walstad, Rockwell Internationul
ABSTRACT

This report presents data obtained from heat transier tests on an
0.006-scale, Space Shuttle Orbiter Vehicle in the Lengley Research Center,
Veriable Density, Mach 8 Wind Tunnel. The purpose of this test was to
obpain orbiter entry heating distributions and to correlate phase change_
paint data with thermocouple data. The orbviter wes tested at 0, 30, and
35 degrees angle of attack at Reynolds aumbers of 1, 2, 3, L, and 6 million

per foot. Temperature data were obtained from a total of 57 thermocouples.
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NOMENCLATURE

Symbol Plot_Symbol Definition

b - Model skin thickness, inches
b/2 - Percent span, wing
c - Specific heat of model material, BTU/lbm-°R
Cp - Specific heat at constant pressure of ;

airstream, BTU/lbm-°R
Gravitational constant, ft/sec?
Heat-transfer coefficient, BTU/ft2-sec-°R |

Reference heat transfer coefficient,
BTU/ftR-sec-°R

Enthalpy, BTU/1b

Stagnation enthalpy, BIU/lb
Adiabatic wall enthalpy, BTU/1lb |
Model wall enthalpy, BTU/lb

Thermal conductivity coefficient, BTU/ft-sec-°R
Mach Number

Orbiter

Static pressure, psia

Stagnation pressure, psia

Tunnel free stream pressure, psia ' |

Heat flux, BTU/ft2-sec

Stagnation-point heat-transfer rate calculated
using Fay and Riddell's equation, BTU/ft2-sec.

Gas constant, Ft-1b/slug-°R

Adiabatic wall temperature ratio, Taw/To

Reynolds Number

Unit Reynolds number, per foot Q
4
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NOMENCLATURE (Continued)

Symbol  Plot Symbol

rs -
T -
To -
Tw -
t -
u -
W -
x -
a ALPHA
" -
p -
Subscripts
Sysbol  Flot Symbol
aw -
o

° 0
w

Superscripts
Symbol Plot bol

Definition
Radius of scaled one-foot sphere, inches
Temperature, °R
Stagnation temperature, °R
Model wall temperature, °R
Time, sec.
Velocity, ft/sec
Density of model material, Lbw/£t3
Longitudinal distance coordinate, feet
Model angle of attack, deg.
Viscosity of air
Density of air

Definition
Adisbatic wall
Tunnel free stream conditions
Tunnel stagnation conditions
Model wall conditions

Detinition

Conditions bdehind shock




Symbol
h/href

X/L

x/c
Y(BP)

2Y/B

NOMENCLATURE (Concluded)

ADDITIONS TO STANDARD NOMENCLATURE

Plot

Symbol Description

H/HO ratio of local heat transfer coeificient to
reference heat transfer coefficient.

X/L longitudinal position expressed as ratio of
distance from orbiter nose to actual orbiter
length.

X/c chordwise position expressed as ratio of
distance from leading edge to chord length.

Y(BP) distance from orbiter centerline in outboard
direction.

2Y/B spanwise position expressed as ratio of

distance from fuselage centerline in the
outboard direction to one half the span length.

BETA angle of sideslip, degrees.

ELEVON surface deflection angle, positive deflection
trailing edge down; degrees.

RUDDER rudder deflection angle, degrees.




CONFIGURATION INVESTIGATED

The orbiter was an 0.006-scale representation of the modified VLTO-000089B
lines. The main body lines were defined by Grumman drawing §S-H-00326-11
and the nose was defined by Drawing SS-H-00326-15. The orbiter was con-
structed of Grumman material "G" (Stycast).with thin skin, 15-5 PH stain-
less steel inserts. The inserts were loceted on underside centerline
region, left-hand wing underside and left-hand windshield. Thermocouples
were spot welded to the skin and clamped in bundles at convenient locations
within the model. The model had no provisions for elevon, rudder, or body

flap deflections.

The model configuration consisted of the following components:

Coaponents Description
Bio Fuselage per -89B lines, 2A configuration
Cs Orbiter canopy used on fuselage Byo
Dr Manipulator housing per =93 lines, 2A configuration
Py, Aft body flep used on fuselage B1o
Mgy OMS Pods per -94A lines, 2A configuration
Vs Centerline vertical tail, double wedge airfoil

with rounded leading edges

wgr Wing per =93 lines. Used on fuselage B)g

Table III and Figure 1 provide a detailed description of the model com-

ponents.
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MODEL INSTRUMENTATION

The orbiter was instrumented with 57 iron-constantan thermocouples spot
welded to thin skin (nominally 0.030-inch) 15-5 PH stainless steel inserts.
The leads were 50 feet in length and were connected to 18 pin connectors.
The exact location of each thermocouple is presented in Table IV and
illustrated in Figure 2.

TEST FACILITY DESCRIPTION

The lLangley Mach 8.0 Variable-Density Hypersonic tunnel is located in :
Bullding 1247 and is under the direction of the Aerophysics Division. This s
tunnel is used for fundamental aercdynamic and fluid dynmamic investigation
over large Reynolds Number ranges obtaining pressure and heat transfer !
moasurements. The test medium is air and is heated by a combination of
dowtherm and electrical resistance heaters. The models are sting mounted
with injection from the bottom of the test section after flow has been
established. The tunnel has an axially symmetric contoured nossle. The
tunnel cross section is 18 inches in diameter with a core of 4 to 14 inches

; depending on pressure.

Examples of operating conditions are as follows:

| Stagnation pressure (psia) 15 to 2930

! Stagnation temperature °(R) 1160 to 1510 i

| Mach Musber 7.5 to 8.0
Reynolds Musber (1/F¢) 0.1 x 105 to 12.0 x 206
Running tiwe (sec, for ’ ; ’
Exhaust into vacuum tank 90 |
Exhaust into Atmosphere 600 {)

i
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TEST PROCEDURES

Heat transfer data were obtained by measuring the temperature rise ove. a
period of time from a total of 5T iron-constantan thermocouples. The
model was injected into the flow stream from the bottom of the test
section and held on tunnel center line for approximately 3 seconds, during
vwhich time temperature measurements were taken. Model angle of attack

had to be preset manually before securing the test section for testing.

A meximum of 54 thermocouples could be recorded at any given time. Tem-
perature measurements were collected through the Beckman Date Acquisition
system. The thermocouple leads were routed through the model support
system and connected to a connector panel, Leads that were exposed to

flow conditions were wrapped with asbestos tape.

Prior to testing, a thermocouple heat response check, through the data
system, was performed on all thermocouples. As an aid in meking this
check, & fiberglass mask with thermocouple locating holes in it was pro-
vided. By placing the tip of a soldering iron to the hole, an accurate

and quick response could be obtained.

The model was leveled in pitch and roll by means of a leveling block which

attached to the top of the orbiter.
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DATA REDUCTION

Heat transfer data were computed using the following equations and pro-

cedures:

The thermocouple heat-transfer data were reduced by the one-dimensional

thin wall equation:

q = Web %%1, Btu/fte-sec

where the symbols are as defined in the Nomenclature section.

The theoretical stagnation-point heat-transfer rate was calculated using
Fay and Riddell's equation:

0.4

. 0'5
(H, -H,) (du/ax)

. 0.5
Qot = 0.9 (pyuy)  (Pgug/oyiy)
where

_ 0.0232 x 10-6 10-5

¥ 1 + (220/T)

and

du _ 41045
L= (1/r) (28T (1 - P/R]

Local heat transfer coefficient for each thermocouple was computed by:

.

h =—-——1——
local = ¥ T T,
at r = 1.0, 0.85

The ratio of the local heat-transfer coefficient to the reference heat-

transfer coefficient was computed by:
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DATA REDUCTION (Concluded)

h

where

et r = 1.0

The ratio of the heat-transfer coefficient at adiabatic wall-temperature

ratios of r = 0.85, 1.0 to the reference heat-transfer coefficients was

computed.




TABLE I.
TEST ¢ OH13 lDATE $ June 1973
TEST CONDITIONS
REYNOLDS NUMBER  SIrAGNATTIONPRESSURE STAGNATION TEMPERATURE
MACH NUMBER {per unit length) (pounds/sq. inch)  ,§  (degrees Fahrenheit)
8.0 1x 106/1‘1; 200 778
80 2 x 106/f‘b 450 850
8.0 X 106/ft 700 Q25
8.0 L x 108 /¢4 950 900
8.0 a.x 108/t 1470 ' Q70
| BALANCE UTILIZED: __ None
i .
CAPACITY: ACCURACY: LN
NF ——— P
SF TR A A, e~ ]
AF A T — O A ———"

COMMENTS: Model instrumented with 57 iron-constantan thermocouples.
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TABLE III. - MODEL DIMENSIONAL DATA

MODEL COMPONENT: Body - (Byo)

i,
.

GENERAL DESCKIPTION: Fuselege. 24 Configuration lightweight orbiter.

per Rockwell lines V170 -000089B. medel scale = 0.00593

v170-000C89B
DRAWING NUMBER ~ VL70-000092. 93. LA
DIMENSION: - , S FULL SCALE  MODEL SCALE
Length -~ in . o 1328.3 7.87682
Mox Width in (@ Xg = 1528.3) 265.0 1.57145
Mox Depth  in (@ Xg = 1480.52) 248.0 1.47064
Fineness Ratio 5.012 5.012
Arec - F'I'2 [
Moax Cross-Sectional 456.4 _2- 01605
Plonform ' !;
Wetted
Base
1

L e e, R



MODEL COMPONENT:

TABLE III. - Continued.

Orbiter Cenopy (Cs)

GENERAL DESCRIPTION:

Orbiter cenopy for lightweight Model Scele = 0.00593

'DRAWING NUMBER

DIMENSION:

Ste. fwd bulkherd in. .

sta.o TE hd ino

Cenopy body intersection. in.

L 170 000092
FULL SCALE MODEL SCALE
391.0 2.31863
0.0 3,32080
391.0 '2.31863

15
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TABLE III. - Continued.

MODEL COMPONENT:  Yenipuletor Housing (Dy)

GENERAL DFSCRIPTION: 2A configurertion per Rockwell lines

V170 -000093 -~ model scele = 0.00593

DRAWING NUMBER . _YL70.-000093, SS-A-00092

DIMENSION: ' , FULL SCALE  MODEL SCALE
Length - in . 881.0 5,224,33
Mox Width - in. 51.0 0.30243
Mox Depth - in, 23.0 0.13639

Fineness Rotio
Areo

Mox Cross=Sectional

Plonform : : -
Wetted -

Base -

Iopatibn ot

¢ fuselsge BP = 0.0
WP = 500.0 in FS

16




TABLE III. - Continued.

MODEL COMPONENT: ___ Body Flep (F))

GENERAL DESCRIPT!QN: Aft body flsp used on lightweight orbiter
configurstion. Model Scele = 0.00593

DRAWING NUMBER . _VL-70-0000944 . SS-A-0092
DIMENSION: - , | FULL SCALE  MODEL SCALE
Length, in. . 8l,.70 0.50227
Mox Width, .in. 265.00 1.57145
Max Depth | ‘ - -~
Fineness Rotio - .
Areo, FT2
Mox Cross-Sectional ___ —
Planform ¥ 142. 64 0.00502
Wetted - -

Base 38.65 © 0.,00136




el =

TABLE III. - Continued.

MODEL COMPONENT: OMS Pod (M3)

GENERAL DESCRIPTION: 2 Lightweight orbiter configuretion per Rockwell
_lines VL70 -00000LA.

Model Scele = 0,00593

DRAWING NUMBER . _VL70-000094A . SS-A-00092

DIMENSION: o , FULL SCALE  MODEL SCALE
Length : 346.0 2,05178
Mox Width 108.0 0. 64044
Mex Depth 113.8 0.67483

Fineness Ratio - -

Arec
Mox Cross=Sectionol - -
Plonform ' - -
Wetted - -
Bose - ’ -

¢ of OMS pod

! Zo = 463.9 in FS: WPLOO + 63.9 = 463.9 in FS
Y, = 60.0 in FS

Length: Xo 1214.0 to X, 1560.0 = 346.0 in FS

18 ;
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MODEL COMPONENT:

TABLE III. - Continued.

WING Wan) Lightweiznt Orbiter

GENERAL DESCRIPTION: Orbiter eonfisurnticn per Rockwell lines VL70-00093.

Model Scale = 0.00593,

Note: Dihedrsl srgle is defined ot the lower surfece of the wing et

the 75.33 percent element line projected into e plane perpendiculer

. TEST_NO. to the FRL. DNG. NO. VL70-000093
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA 2
Area (ineo.) Ft
s Plg;orml 2690.0 0.09459
par. (Theo In, 936,682
Aspect Ratio 2,265 jﬁiﬁ
Rate of Taper 1,172 1.177
Taper Ratio 0,200 0,200
Dihedral Angle, degrees 3,500 3,500
Incidence Angle, degrees 3,000
Aerodynamic Twist, degrees +3.000 -1%%
Swaep Back Angles, degrees .
Leading Edge 45.000 45,000
Trailing Edge =30.2), =10.24
e rg.zs Eliement Line 35,209 . 35,209
0 SS ~ N
Root iTheo B8.P.0.0. 689.24 4,,08919
'{&8. Theo) B.P. 137,85
1,8
Fus, Sta. of .25 MAC j%ﬁj},_‘_ %
 W.P, of (25 MAC —bd 2180 —bs 22028,
B.L, of .25 MAC ' —182:13 —1.08003
EXPOSED DATA 2
rea (iheo) Ft 1752, 0.061¢
Span, (Theo) 1In. BP108
Aspect Ratio —a058, iR
"ég:; Ratio 2522 —( b5
s
Root BP108 —52u40 —3a33503,
Tip 1.00 b et L £3e N /R
MAC Z 393.03 2.33067
Fus, Sta. of .25 MAC 231 7.02399
W.P, o; .gg mg .2 ks 79019,
B.L. of . . 0,85250
Afrfoil Section (Rockwell Mod NASA)
XXXX~64
T/CO Root% s 0.485 0.10 0.10
T/c8 Tip % = 1.00 0.12 0.12
Data fo{ (3 °fg$2) ﬁicfi:s
eadin e Cu
Planform Ares  Ft? —x; s
Leading Ecge Inversects Fus M. L. @ Sta 56,0, , 32080
Leading Edge Intursects Wing @ Sta 35.0 . .

19




‘TABLE III. - Concluded.

MODEL COMPONENT:_VERTICAL (V5) lLightweight orbiter configuretion

GENERAL DESCRIPTION: Centerline vertical tsil double wedge eirfoll with

rounded lerding edge.

Model Scele = 0.00593

DRAWING NUMBER:
DIMENSIONS :

-

VL 70-000065. SS-A-00092

TOTAL DATA

Area (Theo) Fel
~ Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Theo) WP
Tip (Theo) WP
MAC
Fus. Sta. of .25 MAC
W, P. of .25 MAC
B. L. of .25 MAC
Airfoil Section
Leading Wedge Angle Deg
Trailing Wedge Angle Deg
Leading Edge Radius
Void Area
Blanketed Area

FULL-SCALE

413.25

—digs 2 z

20,2

i

68,50

192
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MODEL SCALE

0.01453
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|
[ ( |
' 7'1'181.!: v, Orl_)itg'l Thermocouple Location
[ et ] memare | kAl Pl menarke]
1 ].033 | Y=.047] .1536 'Windshield | 31 |.0315[¥a.h1y [1.00 | Puselake
2 |.031]y=.047} .2612 32 ].0315 [b/2=.40] .225 | Wing
3 | .034 | ¥=.0b7] .1504 33 |.933 .250
b | .0375 ¥=.213] .1568 3 |.o3t2 . .300
5 | .0379 ¥=.196] .1657 35 }.033 /400
6 | .0335{¥=.178] .1724 Y 36 |.0335 .500
7 |.033]¥=0 .0875 | Fuselage 37 |03 .600
8 |.03 170 32 |.ons 1%
9 |.03n 125 39 |.0n% 400
19 | .0305 .150 kO |.0310 ] 900 ;
1n |.0% 175 B [0 Jo/2-.60] 175 %
12 | .03 .200 b2_ Lo _.200 v
13 | .0295 .250 b3 o3 +300
1L | .0295 300 uy 1033 k0o
15 | .0295 400 s |[.032 500
| 16| .0%2 . 500 b6 |03 +50Q
17 1.032 .600 : k7 .05 .700
18| .0315 1% 48 l.o3n_ ,800
19 |.031 .800 b9 |9315 .875
| 20 | 0205 +900 50 |.035 |u/2=.80] .25
21 |.03% .00 51 |.033 300
22 |.03%5 ¢y .25 52 |.033 400 ;
23 | .9285) Y=.415 } .350 0315 +500 .
24 | .0285 375 sh lo3 .600
25 | .0315 .40 5.0 .700
26 | .03 5 56__1.0335 .800
2t | ,030f .600 s7 loz | ¢ | .8% Y
a8 | .ons| 100 -
& | 0% .800
0 | .035 ] +900
( * model scale, in. - | :
X/1= ct - '
x;cl -: :;c‘: 3'2 :;‘7,) a _
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APPENDIX
TABULATED SOURCE DATA

Tabulations of plotted data are available on request from
Data Management Services.
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