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TRANSITIO!" HEATING RATES DETERMINED ON A 0.006
SCALE SPACF SHUTTLE ORBITER MODEL (NO. 50-0) IN
THE NASA/LaRC MACH 8 VARIABLE DENSITY WIND

TUNNEL TEST (OH1L4)

by
J. Cummings
Shuttle Aerosciences
Rockwell International Space Division

ABSTRACT

This report presents data obtained from Wind Tunnel tests of an .006-
scale Space Shuttle Orbiter model (Per Rockwell Lines VL70-000147B, Model
50-0) in the 18" Variable Density Wind Tunnel at Langley Research Center.

The tests, denoted as Oth,were performed to determine transitioﬁ
heating rates using thin skin thermocouples located at various locations
on the Space Shuttle Orbiter.

The model was tested at M = 8.0 for a range of Reynolds numbers per
foot varying from 1.0 tc 10.0 million with angles-of-attack from 20 to
35 degrees incremented by 5 degrees.

The tests were conducted in 16.0 occupancy hours, beginning October

17 and ending October 18 with the completion of 30 test runs.
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NOMENCLATURE

DEFINITION

model skin thickness, inches

wing semispan

Specific heat of model material, BTU/LEM-°R

Specific heat at constant pressure of airstream,
BI'U/LBM-°R

Temperature/time slope, °R/Sec
gravitational constant, t‘b/seca
local heat transfer coefficient, 1bm/ft2-sec

heat transfer coefficient in interference flow
field, lbm/Fta-aec

reference heat transfer coefﬁcignt (stagnation on
1 foot full scale sphere), lbm/ft<—sec

local T/C heat—-transfer coefficient

heat transferzcoefﬁcient in undisturbed flow
field, lbm/ft<-sec

enthalpy, BIU/1b

Adiabatic wall enthalphy, BTU/1}L

stagnation enthalpy

thermal conductivity coeffieiemt, BIU/FI-sec
Mach number

Stagnation Pressure, PSIA

Static Pressure, PSIA

Prandtl Number

Heat Flux, BIU/FI€sec

stagnation — Point heat transfer, rate galculated
using Fay and Raddell's equation BTU/FT°- gec.

ratio of wall heat-4Aransfer rate to theoretical
stagnation point heat-transfer rate

radius of scaled one-ft sphere, inches

adiabatic wvall temperature ratio (TAW/To) = Re-
covery factor

o
gas constant, FI-Lb/Slug- R
model-to-sphere ratio of heat transfer coefficient

6




PLOT

SYMBOL SYMBOL
Re

Re/1 RN/L
t

T

T/C

TV

U

W

X/C x/c
X0

X

X/L X/L
YO

Yo

20

27

a ALPHA
K

P

p BETA
? PHI
o

Subscripts:
aw

- <]

n

(o]

t

v

NOMENCIATURE -~ (Concluded )

DEFINTTION

Reynolds number

unit Reynolds number, million per foot
time, sec

temperature, °R

Thermocouple No.

Wall temperature initial, °R
velocity, ft/sec

Density of model material, lbm/Ft®
fraction of local chord

Orbiter longitudinal coordinate, in.
Tank longitudinal coordinate, in.
fraction of fuselage length

Orbiter lateral coordinate, in.
Tank lateral coordinate, in

Orbiter vertical coordinate, in.
Tank vertical coordinate, in.

Angle between model centerline and wind vector, deg.

viscosity of air, lb-sec/Ft
density of air, slug/ft3
angle of sideslip, deg

T/C Location angle, deg
model roll angle, deg

Adjabatic wall

Tunnel Free—ctream conditions
measured

tunnel stagnation conditions
theoretical

model wall ~ondit.ons

Primed quant.ities indicate conditions behind nor-
mal shock

"
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REMARKS

This series of tests utilized the 0.006 scale model of the space
shuttle orbiter and was conducted in the NASA Langley Research Center
18-inch Variable Density Wind Tunnel at M = 8.0. The model wus mounted
inverted in the test section. Material properties for this model are
presented in the Data Reduction section of this report and in figure 2.

Schlieren pnotographs were taken for each run, although some were
lost due to a failure of the camera.

Parameters varied during testing were Reynolds number and angle of

attack.
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CONFTGIURATTON TNVESTTGATLD

The model was a 0.006-scale representation of the Rockwell In‘c:-

national Space Shuttle Orbiter. The configuration is defined by Rockwell

Drawing VL70-0001L7B.

The orbiter was cact in one piece from stainless steel (rH 17-4) and

was instrumented with 77 thin skin thermocouple inserts. The uncerside

centerline and BP 117.0 was instrumented with 33 thermocouples. The

underside left wing was instrumented with 23 thermocouples in three chord-

wise rows.

The upper fuselage side wall and chine areas were instrumented

with 16 and 3 thermocouples, respectively. The OMS Pod and Canopy were

each instrumented with 1 thermocouple. X/L, X/C and 4 loca*ions and skin

thicknesses are given in table IV and figure 1b.

The thermocouples were fabricated of 30 gage iron-constantan with

Kapton ins.lation. The thermocouples were attached to thin skin (.035 #

.005 - inch) stainless steel inserts. Figure 2 presents specific hea.

vs. temperature ror 17-4 PH stainless steel.

The model contained no movable partsj therefore, tie orbiter con-

figuration was defined for this test as 03

where:

Table 11T provides a ccmplete description of the configuration com-

ponents.

o
<

0p = Bgp Cp Fg My V7 Wiy
Bop = Fuselage

Cq =  Canopy

Fg = Body Flap

My = OMS5 Pods

Ve = Vertical

Wj11 = Wing

ot a0
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TEST FACILITY DESCRIPTION

The Langley Mach 8.0 Variable Density Hypersonic Wind Tunnel is lo-
cated in building 1247-D and is under the direction of the Aerophysics di-
vision., The tunnel is used for fundamental aerodynamic and fluid dynamic
investigat.ons over large Reynolds number ranges using pressure and heat
transfer measurements. The test medium is air and is heated by a combin-
ation 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 nozzle.
The tunnel has an 18-inch diameter cross-section with a core of 4 to 1k
inches, depending on the pressure,

Examples of operating conditions are:

Stagnation Pressure (PSIA) 15 to 2930
Stagnation Temperature (°R) 1160 to 1510
Mach Number T.5 to 8.0

0.1 x 10° to 12.0 x 10°

Reynolds Number (1/FT)
Running Time (sec.)
Exhaust into vaccuum tank 90

Exhaust into atmosphere 600

10
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TEST PROCEDURE

The model thermocouples were checked prior to testing. The check
consisted of installing a glove on the model which marked the location
and identification number of each thermocouple. Heat was applied to each
thermocouple with a soldering iron and a simultaneous visual check of
the tunnel instrumentation panel was msde to determine if the thermocouple
was operating properly.

The model was installed in the tunnel in an inverted position. Dur—
ing installation it was noted that the vertical tail would not clear the
injector mechanism at angles of attack greater than 35°. Angles of at—
tack during thic test were, therefore, limited to 35°.

The testing sequence was as follows, The model remained in the in—
Jjection chamber when tunnel flow was initiated until a stable flow con—~
dition was established and the desired stagnation temperature was attained.
The model was then injected into the test section where it remained for
approximately 4 to 5 seconds. It was then retracted back into the in—
Jection chamber. The tunnel and model were changed prior to the next
run.

11
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DATA REDUCTION

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

thin wall equation
dT

g = Wb —,  BTu/ftl-sec (1)
The theoretical stagnation-point heat-transfer rate calculated using

Fay and Riddell's equation:

Gt = 0-98 (o) % 2 (ogug/o, w00 (H) - H) (du/dn)0® (2)

where
0.0232 x 107570-3

L T+ (220/T)

and

du = (1/r) [RT(1 - p_sp )10
dx

The local heat-transfer coefficient for each thermocouple was computed

by: . ‘
Nocal = rio -1 (3)

w
atr = 0.9, 0.85,

The ratio of the local heat-transfer coefficient to reference heat-
transfer coefficient for each thermocouple was computed using:

4
h =—r~°“?— (4)

ref -
0 W

12
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TABLE I
TEST ¢ on-14 DATE ¢
TEST CONDITIONS
M=8.0
BECKMAN No. REYNOLDS NUMBER TOTAL PRESSURE [STAGNATION TEMPERATURE
(Million per Foot) (pounds/sq. 1nch) (degrees Fahrenheit)
6060 1.0 200 870
6061 3.0 690 935
6062 4.0 960 975
6063 5.0 1200 965
60% 6.0 1465 960
6065 8.0 2000 965
6066 10.0 2485 965
6067 1.0 200 800
6068 3.0 700 900
6069 4.0 955 990
6070 k.5 1075 955
6122 5.0 1220 965
6123 5.5 1330 940
6124 6.0 1460 920
6125 8.0 2015 970
6126 10.0 2515 935
BALANCE UTILIZED:
CAPACITY: ACCURACY: COEFFICIENT

COMMENTS:

NF
SF
AF
PM
RM
YM

e ———————————
T ———————————
R ———
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TABLE I — (Concluded)

COMMENTS:

NF
SF
AF
PM
RM
YM

TEST ¢ OH-14 DATE ¢
TEST CONDITIONS
l_M=28.0
BECKMAN I ). REYNOLDS NUMBER TOTAL PRESSURE [STAGNATION TEMPERATUR"
(Million per Foot) (pounds/sq. inch) \degrees Fahrenhert)
6127 1,0 200 790
6128 3.0 705 910
6129 L.0 975 _970
6130 5,0 1220 925
6131 6.0 1455 950
6132 8.0 2020 925
6133 10.0 2510 980
613k 2.0 460 810
6135 5.0 1210 975
6136 1.0 210 820
6137 3.0 100 925
6138 6.0 1460 965
6139 8.0 2020 965
6140 2.0 L60o 900
BALANCE UTILIZED:
CAPACITY: ACCURACY: %%EEZ&E%%T

1h
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A

TABLE IIT MODFL DIMFNSINNAL DATA

MODEL COMPONENT :_BODY - Bog

GENERAL DESCRIPTION : _Fuselare.

Confipuration A

MODFL SCALF: 0.006

DRAWING NUMBER . _VL70=0701!.78

DIMENSIONS

Length 1In.

Max Width, In.

Max Depth , In.

Fineness Ratio

Area - Ft*
Mox. Cross—Sectional
Planform

Wetted

Base

FULL SCALE MODEL SCALE
1290. 3 72
267.6 1.606
&b, 5 1.467
L BLE 4,8L6
_386.67 0.0139

16
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TABLE III (Cont'd)

MODEL COMPONENT : CANOPY - Co
GENERAL DESCRIPTION : Configuration 3

MODEL SCALE: 0,006

DRAWING NUMBER ; __VL70-000139

DIMENSIONS : FULL SCALE MODEL SCALE

Length(Xo = 433 to Xe= 670), In. FS__ 237.00 1.422

Max Width

Mox Depth

Fineness Ratio

Areo

Max. Cross—Sectional

Planform

Wetted

Base

GRIGINAL PAGE IS
OF POOR QUALITY
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TABLE III (Cort'd)

MODEL COMPONENT :__BODY FLAP ~ F,

GENERAL DESCRIPTION : Configuration 3

MODEL SCALE: 0,006

DRAWING NUMBER . __VL70-000139

DIMENSIONS FULL SCALE MODEL SCALE
Lengti , In. 8L.70 0.508
Mox Width , In. 267.6 1.606
Max Depth
Fineness Ratio
Area - Pt
Mox. Cross-Sectional
Planform 1h2.5 0.005
Wetted
Base 38,0958 _ 0,0014

18
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TABLE III (Cont'd)

MODEL COMPONENT :__OMS POD ~ M,

GENERAL DESCRIPTION : ___Configuration 3

NOTE: M identical to M., except intersection to fugelage,
- P” A

MODEL SCALE: 0.006

DRAWING NUMBER . _VL70-Q00139

DIMENSIONS . FULL SCALE MODEL SCALE
Lengfh, In. _M__ 2.0764
Max Width , In. 108.0 0. ALR
Mox Depth , In. 113.0 0,678

Fineness Ratio

Area

Mox. Cross—Sectional

Plonform

Wetted

Base

19
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TABLE III (Cont'd)
MODEL COMPONENT: VERTICLL - V7

——— ——

GENERAL DESCRIPTION: Centerline vertical tail, doublewedge airfoil

with rounded leading edge.

NOT:: Same as Vg, but with manipulator housing removed.

MODEL S5CALE: 0.006

DRAVING NUMBiiR: VL70-000139

DIMENS3IONS:
TOT:L DATA

irea (Theo) - Ft”
Planforn
Span (Theo) - In.
tspect Ratio
Rate of Taper
Taper Ratio
Sweep-Beck Angles, Degrees.
Leading Edge
Trailing Edge
0.25 Elemen: Line

Chord::
Rost (Theo) WP
Tip (Theo) P
M:.C
Fus. 3tu. of .25 MaC
W.P. of .25 MAC
B.L., of .25 MAC

tirfoll Sectinn
Leading Wedge ..ngle - Dey.
Trailing Wedge .ngle - Deg.
Leading Edge Radiuo

Void :rea

Blanketed /rea

ORIGINAL PAGEH IS

OF POOR QUALFFY
20

FULL 3CALE

MODEL 5C: LE

425,92  _Q,0153
4072 . _1.89%
—dl075  _1.675 . __
0.5Q07 Q.507
S04 Q0L .
45.000 45,000
26,249 26,249
41.130 41.130
268, 50 1.611
108.47 0,651
doe.sl . Tl
635,522 _3.813 __
—09.0 @ 0.0
10,00 10,00
14.920 14,920
2.00 0,012
—313.17  _0.005__ .
0.0 0.0

- - —




.« L. TABLE III (Concluded)

MODEL COMPONENT:  WING-W___

& +33
b

SEMERAL DESCRIPTION: _Configuratdon 3A.

NOTE: _Identical to Waea- sxcept lowered 3.5" and increased cuff I'Qil'.iill;‘

MODEL SCALE: 0,006

TIST NQ,

OWG. NO. VL70-00V147B

OIMENSIONS: - FULL-SCALE MODEL SCALE

TOTAL DA”A RIGEAL '

Area (ne0.) Ftl %E pOOR QUAL
?lan‘orm

Span (Theo In,
Aspect Ratio
Rate of Taner
Taper Ratio
Dihedral Anc’e, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Sweep Sack Angles, degrees

—e890,00
236,08 _
—a2
e VA
2000
—a280
00 200
N NV.SR

weading tdge —t25 000 42,000
__:_}9_._2&_
—2s 509
589,24
—td1:82
—lb 8L
—2ad.89
—290,7Q
—Seald

s e e -t USSR

Trailing Edge

- 10,2
0.25 Element Line 35,209
Chords:
Root §Theo) 8.P.0.0. 4,135
Tio, (Theo) B.P, .87
MAC 2,849
Fus. Sta. of .25 MAC 6,821
W.P. of .25 MAC 1.774
B.L. of .25 MAC X 1,093
EXPOSED DATA 2
Area (ineo) Ft 1752.2 0.063
Span, (Theo) 1In, BP108 20, L. 32k
Aspect Ratio 2,05 2.058
Taper Ratio 0.2451 0.2451
Chords
Root BP108 562,40 3374
Tip 1.00 % —ala83 VIR 7.4 -
MAC c 393.03 2,358
Fus., Sta, of .25 MAC 185, 37 .11
W.P. of .25 MAC 296,70 1,780
B.L. of .25 MAC 251,76 1,511
Airfoil Section (Rockwell Mod NASA)
XXX X~64
Root% = 0,100 0.100
Tio%- 0,120 0,120

8 Jata for (1) of (2) Sides
Lead*ng Edge Cuff

2" an“cvm Area ‘-'tz !zgz:!! J,00L7
naging Edee Insersects Fus M, L, @ Sta 5,%
paries Tdan Ietemgechs Wing 9 S%a . 201
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TABLE IV. ORBITER THERMOCOUPLE LOCATIONS AND SKIN THICKNESS
riN N

1 s | Jou | o2s [PRSERES e [ o3y | 2223 [ 230 feidbemly |
2 0250 L3 Do . a5 | .033 | 2,723 | .30 |
3 L0351 .5°1 | .075 ! 3¢ | .03 | 2323 ] .30 -
4 O T .10 ! 27 L.035 | 3.097 L0 !
5| om| -968 | 125 . 3¢ | -O34 | 3.097 | .40 T
6 ,033 | 1.261 .150 , 39 .035 13.097 | 4L 'L
” .034{1.355 | 175 i 40 | .035]3.e71 | .50 !
2 LUab [ 1568 | .20 w1 |.o3 [ 3.e71 | .50 I
) .035]1.935 | .25 . 42 {.035]3.871 | .50 |
20 | .o35/2.323 | .30 L3 | -035 | 4.645 | .60 i
11 0351 2.710 | .35 | W | -033 [ L.645 ] .60
12 .03413.097 40 | L5 035 | L.645 | .60 !
13 | .o34)3.484 | .45 i 56 | .C3u|5.419) .70 |
w | .035[3.870 | .50 ! 47 |.03275..19 . .70 |
15 | .035{4.258 | .55 0 [ [.035 [ 5.429 | .70 i
16 0350 4.645 | .60 Il L9 |-038]¢6.397 | .25 | oS pod
17 .035] 5.032 .65 : 0 1.035 ] .774 ¢ .10 Chine
18 .035] 5.419 .70 5 51 | .035)1.261] .15 Chine
16 . .035/5.806 | .75 f 52 ].035 | 1.548 | .20 Chine
20 ,035] 6.163 | .80 : 53 |.035 | ..3.6 | .170 ° | Canopy —
21 035 6.581 | .g5 54 1.035 | 2.790 | .425 |Mid Sody '
22 035/ 6.568 | .90 |
23 | .0367.355 | .95 B
2l .036] 7.742 | 1.00 .
25 03¢ e.051 | 1.04 ) :
26 | .o3d2.70 | .35 [Fndersige, —
27 .02 3.097 40 ' '
22 027 3.en1 | .50
29 027 4,665 | .60 S
30 027 5.4 | .70
3l .02 6,193 | .80
12 031 6,968 | .90
32 .034 7.7,2 | 1.00 ] —

22



TABLE IV. (Concluded)

PEE——T

"/C SHIN lo::VION

CBREL
NO. lvwek] (1

L]
CHOR

L2
3

MmOoDs,
PanRry

55 1.031] .149

.05

Wing

56 |.030} .298

.10

BP=127.93

57 |.030] .598

.20

|

SR |.029] .896

.30

i

59 1.028R.195

.40

60 [.028[L.494

.50

61 |.028[L.793

.60

-

62 |.028p.052

.70

63 1.029R.390

.80

[Re/d

l

64 [.029p.689] .90

T

Y

65 |.034} .215

.lo

$C

3P=281.00

66 1.032| .430

.20

67 |.031) .64

.30

é8 1.030] .859] .40

69 1.030Q.074

.50

70 |.030Q.289

.60

.70

2IRIR|R|R|R

72 |.029p.718] .80

73. |.029p.933 .90

% |.o3,] .29¢ .20

3P=314.67

75 |.034] -595

0140

76 |{.034) .893|

‘60

77 |.035p.190

.m
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CROSS SECTION
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LOCATIONS
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[PV]
=
—
™
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Z° = 465, X/L = .382%

-UPPER SURFACE CENTERLINE

OF THE CANOPY Zo = 400,
’ X/L =

/.

X/L = (APPROXIMATELY) UPPER SURFACE
.170 ON FLAT SECTION CENTERLINE, X/L = .4

425 /

100

1/ qE |
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(b) Orbiter Instrumentation.

Figure 1, - Concluded.
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Figure 3. - Schlieren Photograph at 25 degrees angle of attack.
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