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HEAT TRANSFER TEST OF AN 0,006~SCALE THIN-SKIN
THERMOCOUPLE SPACE SHUTTLE MODEL (50-0, 41~T) IN
THE NASA-AMES RESEARCH CENTER 3.5-FOOT HYPERSONIC

WIND TUNNEL AT MACH 5.3 (IH28)

by
J. W, Cummings/T. F. Foster
Shuttle Aerosciences
Ruckwell International Space Division

W. K. Lockman
NASA-Ames Research Center

ABSTRACT

This report presents data obtained from a heat transfer test con-
ducted on an 0.006-scale Space Shuttle Orbiter and External Tank in the
NASA-Ames Research Center 3.5-foot Hypersonic Wind Tunnel. The purpose
of this test was to obtain data under simulated return-to-launch-site
abort conditions. Configurations tested were integrated orbiter and
external tank, orbiter alone, and external tank aloné at angles of attack
of 0, £30, +60, +90, and +120 degrees.

Runs were conducted at Mach numbers of 5.2 and 5.3 for Reynolds
numbers of 1.0 x 10% and 4.0 x 10° per foot, respectively. Heat transfer
data were obtained from 75 orbiter and 75 external tank iron-constantan
thermocouples.

This report consists of 2 volumes. Volume 1 contalns Figures 4+15;

whereas, Volume 2 contains Figures 16+27 and the Tabulated Source Data.
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INDEX OF DATA FIGURES (Concluded)

SCHEDULE OF COEFFICIENTS PLOTTED:

(A) H/HREF versus X/L

H/HREF versus PHI

(B) HI/HU versus X/L

HI/HU versus PHI

(c) H/HREF versus X/L

(D) HI/HU versus X/L

(E) H/HREF versus X/L
H/HREF versus 2

(F) HI/HU versus X/L
. HI/HU versus 2

(G) H/HREF versus X/C

(H) HI/HU versus X/C

(1) H/HREF versus X/C
H/HREF versus 2Y/B

(J) HI/HU versus X/C
HI/HU versus 2Y/B
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PLOT
SYMBOL  SYMBOL

b

B BREF
c
(o]
Co, C1, C2
Cp
CHAN CHAN
Hav HAW
Hy BT
HO
By, HW
h H
hg HS, HREF
h/hg H/ HS,
B/HREF
™L
L LREF, LENGTH
Mo MACH
Hw

NOMENCLATURE

DEFINITION

thickness of model skin, in.

span length, in.

specific heat of model skin material, BTU/lbm-°R
chord length, in.

constants in curve fit for C over model wall
temperature range

specifi~ ueat of air stream (perfect gas value),
BTU/1bp-CR

Recording-system channel

adiabatic wall enthalpy, BTU/1b,,

free-stream total enthalpy, BTU/lb,

average of free-stream total enthalpy values of
all tunnel runs incorporated into an aero data-
set, BTU/1b

enthalpy based on model wall temperature for
given T/C location at initial time, BTU/lb,

heat-transfer coefficient at model wall for
given T/C location

stagnation-point heat-trénsfer coefficient for
reference sphere

ratio of model heat-transfer coefficient to
heat-transfer coefficient of reference sypaére
for Haw/Hy = X.XXX

inner mold line

model refe.ence length, in.or ft.
free~strean Mach number

enthalpy based on model wall temperature,

BTU/1by,
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. ROMENCLATURE (Continued)
PLOT
SYMEOL SYMBOL DEFINITIOR
Pt PT free-stream total pressure, psia r
20 aversge of free-stream total pressure valuer I
of all tunnel runs incorporited into an aero |
dataset, psia 1
‘.11 QDOT,Q heat-transfer rate at model wall for given ‘I'/C }
location at initial time, BTU/rt2-sec |
q 8 QS, QREF stagnation-point heat-transfer rate for ref- *
erence sphere at initial time, BTU/ft2-sec |
Rg RS reference sphere rvadius at model scale equiva- |
lent to 0.305 m (1 £t) for full-scale vehicle
Rew/ft RE/FT free-stream Reynolds number per foot
RN/L average of free-stream Reynolds number values ’
(per foot) of all tunnel runs incorporated
into an aero dataset 2
Rex, L REL free-stream Reynolds number based on model
reference length, L i
8/R body wetted running lengtb i
st ST Stanton number based ou fre¢-stream flow 1 .
conditions and the model heat-transfer i
coefficient for Hay/Hy = X.XOX
T ternerature, °R
T T fres-stream total temperature, °R
TO average of free-stream total temperature
values of &ll tunnel runs incorporated into
an aero dataset, °R
Te ™ model wall temperature for given T/C loca-
1 tion at initial time, °R
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NOMENCLATURE (Continued) 1

PLOT
SIMBOL  SYMBOL DEFIRITION 4
T/C T/c thermotouple C
t time, sec n
ty TIME initial time (before model insertion into
flow) extrapoiated from f(Ty) vs. time, sec
u,V velocity, ft/sec |
W density of model skin material lbg/ft3 )
X axial distance measured from nose, in. %
x/c chordwise location, fraction of local chord = 1
X/L longitudinal locatior, fraction of body
length
Y spanwise distance from centerline, in.
:“i 2y/B 2Y/B spanwise location, fraction of semi-span ;
»j% Z 2 water plane distance, in. |
L 2/Bv spanwise location on vertical tail, fraction l
I of expcsed span ‘
ff% o ALPHA anhgle of attack, degrees 1
;f§  B BETA angle of sideslip, degreee |
; B viscosity of air, lb-sec/ft2 ;
P density of air, lby/ft3 :
0 THETA exterrial tank angular surface coordinate,
measured clockwise looking forward. O degrees
at bottom centerline, degrees ‘
¢ PHI oibiter angular surface coordinate, measured ’

clockwise looking forward. O degrees at
bottom centerline, degrees




SYMIOL

W.r.

. Bolao

SUBSCRIPTS

aw

=i« B

NOMENCLATURE (Coneludad)

P IJO T

SYMBOL DEFINITION
water plane, height measured along 2
axis, in.

BP butt plane, distance from orbiter centerline
in the outboard direction, in.

HI/HU ratio of iInterference to undisturbed heat
transfer cocfficients

ZMRP moment referenc: point on Z axis

YMRP moment reference point ou Y axis

XMRP moment reference point on X axis

SREF reference length or wing mean aerodynamic

chord; ft.

adiabatic v..11
initial value before model insertion
Orbiter

perfect gas (calorically and thermally
perfect gas)

reference sphere
free-stream total condition
tank

vertical tail

wall

free-~stream
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CONFIGURATIONS INVESTIGATED

The model (Orbiter and External Tenk) tested was & 0.,006-scale
representation of the Rockwell International Space Shuttle Vehicle., The
Orbiter and External Tank are defined by Rockwell lines §8-E-01L1k and
SS-H-01415.

The Orbiter and Tank were initially built by Grummen Aircraft,
Bethpage, New York, but the Orbiter was modified with additional theruo-
counles added to the upper surface of the left wing, vertical tail, &nd
OMS pod. Modifications of both Orbiter and External Tank stings were
accomplished to carry increased loading within the high angle of attack
rance,

The Orbiter was a full span (cast stainless steel) model with thin-
skin inserts. Thin-skin stainless steel (17-4PR) inserts were located
on the underside region. left-hand wing (top and bottom), windshield
area, left fuselage side, OMS pod, and vertical tail, These inserts vere
instrumented with 89 iron-constantan thermecouples of which only 75
were used during this test. The model was tuilt with all control
surfaces in the 0° deflection condition.

The External Tenk was constructed of thin-skin (15-SPH) stainless
steel, The Tank was instrumented with 1lll iron-comstantan thermo-
couples, of which only 75 were used.

The Orbiter and External Tank were designed so either could be

tested alone or in the second stage configuration,

e

et

i




CONFIGURATTONS. INVESTIGATED (Cohcluded )

The following configuration componefits were tested:

Notation Description
Bpo Fuselage (1-147B Lines) ‘ }
i
07 Canopy ]
F5 Body Flap
Vo Vertical Tail 5
wlll Wing j
Ty External Tank (-139 Lines) 1
4
|
]
{
‘J
i
]
.. 4"
l_ »
11

,
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MODEL, INSTRUMENTATION

The Orbiter and External Tenk were instrumented with 200 iron-
corstantan.thermocouples, but only 150 were used for this test. All ..

thermocouplés were spotwelded to thin-skin (nominal skin thickhess of

0,030 in.) stainless steel inserts and the leads were clamped in bundles ...
within the model. The exact T/C locations for the Orbiter and External j
Tank are presented in Tables IV and V, respectively, and 1llustrated in -
Figures 22 and 2b, respectively., The T/C leads were 50 feet long and ']

fitted with Cannon Plug connectors. i

-1
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TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-foot Hypersonic Wind Tunnel is & closed-circuit,
blowdown=-type tunnel capable of opé¢rating at nominal Mach numbers of 5, T,
and 10 at pressures to 1800 psia and temperatures of 34O0CR for run times
to four minutes. The major components of the facility include a gas
storage system where the test gas is stored at 3000 psi, a storage heater
filled with aluminum-oxide pebbles capable of heating the test gas to
3400°R, axisymmetric contoured nozzles with exit diameters of 42 inches
for generating the desired Mach mumber, and a 900,000 ££3 vacuum storage
system which operates to pressures of 0.3 psia. The test section itself
is an open-jet type enclosed within a chamber approximately 12-feet in
dismeter and LO-feet in length, arranged transversally to the flow direc-
tion.

A model support system is provided that can pitch models through an
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about a
fixed point of rotation on the tunnel cemterline. This rotation point is

adjustable from 1 to 5 feet from the nozzle exit plane. The model normal-

1y is out of the test stream (strut centerline 3T inches from tunnel
centerline) until the tunnel test conditions are established after which
it is inserted. Insértion time is adjustable to as little as % second
and models may be inserted at any strut angle.

A highsspeed, analog-to-digital data acquisition system is used to
record test data on magnetic tape. The present system is equipped to
measure and record the outputs from 80 transducers in addition to 20

channels of tunnel parameters.

13
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TEST PROCEDURE

Heat Transfer Data were obtained by measuring the temperature rise
over a period of time from a total of 150 iron-constantan thermocouples,
The model was injected into the flow in approximately 1 second and held
on tunnel centerline for approximately 1 second. Temperature measure-
ments and tunnel conditions were recorded on magnetic tape at 0,07~
second intervals by the data acquisition system from the start of model
injection to the start of model retraction.

A maximum of 75 thermocouples could be recorded for any given run,
The thermocouple leads were routed from the model through the tunnel
model-injection mechanism, and connected to & junction box which was
wired directly to a thermocouple reference-temperature (150°F) box. The
junction box connectors were wrapped with asbestos for heat protection
from the tunnel test-chamber ambient conditions (no free-stream flow
on box).. Thermocouple changes were accbmplished by changing 5 Canncn
Plugs containing 15 thermocouples each. Prior to testing, & therm.:ouple
heat-response check, through the data-acquisition system, was performed
on all thermocouples to assure proper hook-up, polarity and response.

Prior to each run with model attitude changes, the model was
leveled in pitch and roll by means of leveling blocks which attach to
the sting assembly of the Orbiter/External Tank. When leveling the
models, an inclinometer was placed on the leveling plate. Proper roll
relationships between the models were set using scribed lines on the

model stings,

14 REPROBDUCBILITY OF THE
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DATA REDUCTION ]
All test data were reduced at the NASA/Ames Research Center using
the data-reduction techniques outlined below. The thermocouple data were
reduced using the one-dimensional, thin-wall equntion: ‘ i
|

a.wcbg-‘l-h(lm-lw)shﬂs

S

which neglects heat-conduction losses.

Assuming that W and h are constant and

C=Co +C) Tv + C2 T2 for Ty ranges (2)

the integration of equation (1) for t=t; to t and T, = Twy
to Ty, ylelds the linear equation:

£ (T,) = -1n (%—:—:—;) - {-%;*% (’&'*2"—;‘3'—1)}("‘*'1)

h

!
1
|
|

where it 1s defined thats

- . (3)
8, = 2‘-’-5% 2 ¥ (Tew) 70
Chy O ¢ 0 Ty + 08 TP (3)

¥ specific heat at adiabatic wall temperature

15
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DATA KEDUCTION (Continued)

The form of Eq (3) is #(2w) = mt + & vhere m 1is the slope and & is

the intercept for & straight line 1f heat-conduction errors are negligible.

Thus, deviations from & streight line can indicate heat-conduction effacts.
¥he slope, m, of £(%y) vs t from Eq (3) is computed by a least-

squares, straight-line fit over a finite time interval (approx. 1 sec)

beginnihg when the model redches uniform tunnel flow. The value of the

heat-transfer coefficient,; h, s then determined from:
Wigyd (6)

Using this value of h, the heat-transfer rate is evaluated at the initial
time, ti , when the model is jgothermal at the initial wall entbalpy,

By
i-i,-a(n..-n.,,)smg(? .:.t.) (n

where How/Hy is the same value used to evaluate h. The resultant value

of 4 1is independent of the value of Hyy/H; used for both the h and §

gvaluations.
The reference sphere heating is also evalusted at the luitial wall

enthalpy by the method of Fay and Riddell

G = by (By - Byy) She B (M-%’-) (®)
The model-to-sphere ratio of heat-transfer coefficients is then

determined from Egs. (7) and (8) as
n oY [10- By /T
& [N7i . 'u’lt]

(9)
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DATA REDUCTION (Concluded)
where qy is constant for all values of Hg,, /Hy
To determine h/hg for various values of Hy,/Hy. the particular value of
Hg,/H, is substituted into Eq. (9).

The Stanton number is defined as

S‘Ca—h- P __(___——)-qi
pu Puﬂaw«-ﬂwi

where for free-stredam conditions, Pu = PV o

(10)

The calculations of the model heating, reference sphere heating, and
Reynolds number included the corrections of NACA report 1135 (Ref. 3)
for calorically imperfect, thermally perfect air. Keyes' equation for

viccosity (Ref. 4) was also used for the sphere heating and Reynolds

number computations:

_ 0,0232 x 10619-3 (11)

220 =9/
'E' x 10 9/

u

1+

where the units for T and M are °R and Ib-sec/fta, respectively.
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TABLE I.

TEST ¢ IH28  (ARC 3.5-195) IoATE ¢ 6-8-Th
TEST CONDITIONS
REYNOLDS NUMBER TOTAL PRESSURE TOTAL TEMPERATURE
MACH NUMBER (pet foot) (pounds/ga. lnch) | (degrees Rankine
5.2 1.6 x 10° 100 _2500°R
5.3 .0 x 10° 110 1500°R
BALANCE UTILIZED:
CAPACITY: ACCURACY: e
NF S ——
F e -_ —
AF S ————————— S ———————
COVMENTS: 75 irom-constantan T/C's on ORB
75 iron-constantan T/C's on ET
19
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TABLE III
MODEL DIMENSIONAL DATA

’

MODEL COMPONENT:  BODY - B22

GENERAL DESCRIPTION: ﬂmmmﬂume__
VL70-0001478.

NOTE: Identical to Bl9, except underside.

Model Scale = 0,006

DRAWING NUMBER: V1.70-0001478
DIMENSIONS : FULL-SCALE MODEL_SCALE |
Length - in ' _1290.3 L 7.2
Max. Width - in 267.6 1.606 !
Max. Depth - in 2uh.5 1.467 j
Fineness Ratio — b, 84601 ~hl84601
Area - Ft2 3
: 1
Max. Cross-Sectiona: . 386,67 0.0139
Plarnform
Wetted .
Base S, —_——
E
|
. !
1
|
1
iy 22 !
) " d
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| . . TABLE 1I: (Continucd)
MODEL DIMER3IONAL DATA

MODEL COMPONENT: Cenopy - C7

GENERAL DESCRIPTION;: Configuration 3 per Rockwoll Lines YL70-000129

Model Scale = 0,006 | |

‘DRAWIN'G NUMBER . _YL70-000139
DIMENSION: B o FULL SCALE  MODEL SCALE
Length (Xo = 433 to Xo = 670) - in. FS __ 237 1.422 -
Max Width
Mox Depth (2o = to Zg = 501) -~ in FS 1
Fineness Ratio s
Areo
Moax Cross-Sectional _
Planform ’ 1
Wetted ‘
Base 1
i
{
]
¢ ' 23
¢
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TARLE III (Continued)
MODEL DIMENSIONAL DATA

MODEL COMPONENT:  F5 Body Flap

GENERAL DESCR'P“ON: 3 Con!igmtion. per Rockwell Lines VL7°-000139

-

Scale Model = 0,006

'DRAWING NUMBER ‘ VL70-000139 :
DIMENSION: . FULL SCALE  MODEL SCALE ‘
Length - in 8L.70 .508 .1
Mox Width~ in 267.6 - 1.606 i
Mox Depth ' ' _ 4
Fineness Ratio j
Areo - Ft2 - . ‘
Mox Cross=Sectional | - 5
Plonform ' . ‘ . 1k2.5 .005
Wetted S ; : ;
Bose - - . 38,0958 " L0014 . i

24




\ ’ TABLE III (Continued)
MCODEL DIMENSIONAL DATA

MODEL COMPONENT: _0iS Pod - My |
]
'

GENERAL DESCRIPTION: Configuration 3 per Rockwell Lines VL70-000139

13

NOTE: ML identicel to M3, except intersection to fuselege.
Mgl 52&13 =_0,006 N ’

-

~ DRAWI NG NUMBER ) . _YL70-000139

DIMENSION: - - FULL SCALE MODEL SCALE

Clength - IN . 346.0 2.076

‘Mox Width - IN o ..108.0 648

Max Depth - IN B 113.0 678

Fineness Ratio ' r
Area - F’I‘2 . |

o4, ( Max Cross-Sectional

Plonform ’
Wetted
Base

St

25




TABLE III (Continued) |
MODEL, DIMENSIONAL DATA 1

I
MODEL COMPONENT: O - EXTERNAL TANK

GENERAL DESCRIPTTON: 2A Configuration per Rockwell Lines:

VI.73-000018 and VLT2-000061"C" Body of Revolution

i o d

Scale Model = 0,006

B o e

DRAWING NUMBER VL 2-000018
DIVENSION: FULL SCALE MODEL SCALE ‘
Length - In. (Nose @ Xp = 309) 186,50 1.119 1
Max Width (Dia) - In. 324,0 1,944 1
Max Depth |
‘ Fineness Ratio L/D 6.1389 6.1389 i
Area - Ft.2 | 1]
Max Cross-Sectional 572,56 0,02061 1
Planform 1
Wetted
Base
WP of tank centerline, (Zp) In. 400.0 2,400 L
i

26
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| TABLE III (Continued)
1 . MODEL DIMENSIONAL DATA

MODEL COMPONENT: VERTICAL = V7
GENERAL DESCRIPTION: Centerline Vertical Tail, Doublewedge Airfoil

with Rounded Leading Edge

oAb

i
N

NOTE: Same as V5, but with manipulator housin}_ removed.

g Model Scale = 0.006
DRAWING NUMBER: VL70-000139
DIMENSIONS : ‘ FULL-SCALE MODEL SCALE
TOTAL DATA g \\
1 Area (Théo) Ft? | 425,92 0.0153
=] anform : c
B Span (Theo) In , 1 1.8 T3
I Aspect Ratio ;,Zzﬁ 1,875 »
o Rate of Taper 0,507 . 0.507__ S
- Taper Ratio —0.L0L 0,404 '

Sweep Back Angles, degrees
' Leading Edge
; Trailing Edge
-1 S - 0.25 Element Line
A Chords:
Root (Theo) WP
1 Tip (Theo) WP
1 MAC
4 , Fus. Sta. of .25 MAC
i W. P, of .25 MAC
;q: . Bo Lo Of 025 MAC . ¢
’ Airfoil Section
- 7 Leading Wedge Angle Deg
— . Trailing Wedge Angle Deg
-1 Leading Edge Radius 2.0 2.0
- Void Area
| Blanketed Area

F B
|

i
F

27
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TABLE III (Concluded)
-~ .. MODEL DIMENSIONAL DATA

MODEL COMPONENT:___ WING-W 111

GENERAL DESCRIPTION: Configuretion 3A per Rockwell Lines V1.70-000 478,
NOTE: Identical to W107, except lowered 3.5" and ircreased cuff incidence.

Model Scale = 0,006

TEST NO. OWG. NO. VL70-O0OL47B |
DIMENS IONS ¢ FULL-SCALE MODEL SCALE
TOTAL DATA 2 |
a (theo,) Ft .
s P'l%?;:orm . . . ) 2690,00 0.0968
pan (Theo In, .
Aspect Ratio ey %
ate of Taper ' %,%%% 1.17%
bihed R ogle, degrees (@ T.E. of ) TR0 :z_%
edra gle, degrees .E, of Elevon . '
Incidence Ang'l;. degrees - 0500 0,
Aerodynamic Twist, degrees . ~ 43,000 +3,
Sweep Back Angles, degrees
Leading Edge 45.000 .000
Trailing Edge =10,24 =10, 24
e rg.zs Element Line 35,209 . 35,209
ords:
th Theo B.POOOOO %g;b% %1135
};&g. 2Th603 BCP. hd ——?
L l
Sug. Sga. zgf M;\%s MAC %;‘ ﬁ
WP, of .70 1.77%
B.L. of .25 MAC R 5 1,093
EXPOSED DATA .
Area (1heo) th ‘ ' 1752.29 0.063
Aspect Ratio : —t 058 —s038
‘gg%‘ Ratio 0.2451. - Q.2451 i
s .
Root BP108 ‘ ' ‘ 562,40 3,374 '4
Tip 1.00 % | ' 372,85 0:827 i
MAC ' 393.03 2.358 s
i St It T :
- oL, of . | 25076 edeile .
- A{rfoil Section (%ox;iwa‘l itod HASA) : . '
- i ]
- Root b = @ Yo 199 to MACA 0010 —~0J0.. Q20 f
’ Tip b= | 02 0 012 |
. Data folt: (;?‘ °fe§2) gitfi:s ' ,
_ eadin e Cu . _ '
- Planform Area  Fté T T
“3 leading Edge Intersects Fus M, L. @ Sta ] 0 __
Leading Edge Intersects Wing @ Sta ﬁ:’_ "%"'L‘ 501
g




TARLE IV ORBITER THERMOCOUPLE LOCATIONS

[ LOCATION 2

"&C ;ﬁ‘;k /1 1 x/= | y 1 b/2]2 géc Tiﬁﬁ %/ | x/I:gCAT.‘I,ON YAR
1 | .035{.025 35 |.035| .60 !
2 .050 36 |.034 | .70 i
3 ¢ |.075 | 37 |.032] .70

4 | .0341.10 | 38 {.035] .70 y

5 | .033|.125 W 39 .825

6 v |.150 ‘ 40 .825 oMs Hops
7 .034|.175 UNDERSDE 4l .825

8 r |.20 AUSBLAGE Z 42 | .90

9 | .03s|.25 P = 0.0 [ a3} I' .90

10 .30 aa | (| .90

11 | .034|.40 45 |.035] .10 h

12 .035] .50 46 1 .15 CHINE

13 .65 47 .20 v

14 Y |.80 48 A7 CANOFY

15 .036{ .95 { ao*! ¢ | .425i MID FUSE |
16 | .030|.35 4 so |.031| ¢ "t.05 | 40%
17 | .027|.40 DERSIDE .1 s1{.030 {.10 40
18’ .50 HUSELAGE 52| .030 ' .20 40%
10 * .60 BP = [117.0 53 | .029 i .30 40%
20 [ |.70 sa%| .028 [WING .40 40%
21 *| .o28| .80 55 .| Lwr |.50 | dom
22 | .031|.90 56% .60 40%
23 * | .036{1.00 { s7] .70 40%
24.- .034 .30' 5 58%| .029 .80 40%
25 | .033].30 - 59 .90 409
26 | .034l .30 BODY 60 | .034 .10 60%
27 | .035|.40 SIDEWALL 61 .032 .20 60%
28 .034] .40 ., 62%] L031 .30 60%
20 | .035].40 63%| .030 [WING | .40 60%
30 { |.50 64% LWR |.50 60%
31 .034{ .50 65 | .60 0%
32 035} .50 . 66" .70 . 60% .
33 {r | .60 ' 67* .80 %60%{
34 .033|i .60 | l b 68 | [.90 | 60%

29
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TABLE IV ORBITER THERMOOOUPLE LOCATIONS (Concluded)

L.OC

:{)c ?fgk R EOE v/2 ]2 x/1 1x/lc‘ocM'%QLTb/za 2

60 .034 .20 80% P

70 WING | .40 80%

71 Y {Lwr | .60 80%

72 | .o35| ¢ | .80 | 80%

73 | L0353 .20 40%

74 | .034|WING | .40 40%

25 | .o35|UP | .60 40%

76 | .037 ¢ |-80 40% ]

77 .034| ! .20 (0%

78 | .030{WING | .40 60%

79 | .030 .60 60%

80 | .03l .80 60%

81 027 4 |.20 80%

82 | .028{WING | .40 80%

83 | .o2s{uP | .60 80%

84 .028) ¢ |.80 80% {

a5 | o0 ¥ |.2s 3,57 1 5

s. | .040!VERT | .50 3. 57 g

g7 | .037 .75 5. 57 |

a8 | .033|VERT | .35 .42 i

g0 | .o3a| f |.6 .42

% | Data yere nqt obt L thes¢ T/C
|
|
!
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‘ PABLE V EXTERNAL TANK THERMOCOUPLE LOCATIONS

T/C | SKIN LOCATION /¢ | SKIN | LOCATIOMN T/C | SKIN LocseTION !
No. | mTex. [ X/L | @ DEG. | HO. | THICKL X/1 | @DEG4 HO. THICK. | 4/1 & DEG.,
1 0.037}0 RO3E 34 0.032| 0.40 135 67 0.030 |0.00 45
2 0.032]0.005| 180 35 0.033] 0.4 |112.5] 68 0.030 |0.60 b}
3 | 0.020]0.010 3% | 0.033 o.50 | 9 | oy # 0.033 10.625 180
L 9.0320]0.020 37 0.030 0.h0 | 67.5| 70 0.033 |0.65 180 .
5 | 0.020/0.04 38 | 0.029] 0.40 | b5 71 0.032 |0.65 | 157.5 ,
6 | 0.030[0.06 39 |o.03] omo| o |72 | 0.03L |0.65 | 135
7 | 0.029]0.08 Lo |0.032] 0.425/160 73 | 0.030 [0.65 112.5
8 | 0.029{0.10 4. 0.032] 0.45 |180 74 # 0.030 |0.65 0
9 | 0.028/0.125 42 |0.033 0.45 |157.5f 75 *#| 0.030 |0.65 67.5
10 | 0.078{0.15 k3 |0.031] 0.45 |135 76 #| 0.033 [0.675 | 180
11 | 0.028]0.175 4wy} 0.031 0.45 [112.5] T7 0.933 |0.70 180
12 | 0.028]0.20 180 45 #10.031 0.45 | 90 78 | 0.022 |0.70 157.5
13 | 0.028{0.20 0 46 0.033] 0.475[180 79 | 0.032 ]0.70 135
1k * 0.0322{0.25 180 47 0.033] 0.50 | 180 | &0 *{ 0.03L ]0.70 112.5 9
15 *| 0.029|0.25 90 48 |0.033 0.50 [157.5¢ 81 | 0.030 [0.70 90
16 *| 0.030{0.275| 112.5 by 10.032] 0.50 {135 82 *| 0.031 }0.70 67.5
17 *| 0.030{0.275 o0 50 |0.033 0.50 [112.5{ 83 #] 0.029 ]0.70 . 45
18 | 0.034}0.30 180 51 |0.034 0.50 | 9 84 | 0.033 |0.75 180 1
19 #} 0.031{0.30 112.5| 52 #|0.031 o0.50 | 67.5] 85 | 0.033 [0.75 157.5
20 #/ 0.031{0.30 90 53 #|0.030| 0.50 | 45 86 | 0.032 |0.75 135 1
21 *| 0.030/0.30 67.5| ss |0.032 0.525!180 87 #| 0.03L |0.75 112.5 i
22 #| 0.03110.325| 135 55 0.032}. 0.55 {180 88 *| 0.03L |0.75 > oI
23 #| 0.031{0.325| 112.5| 56 |0.033] 0.55 |157.5 89 *| 0.030 |0.75 67.5
2L *1 0.031{0.325 90 57T |0.031 0.55 (135 9 | 0.033 j0.80 180
25 | 0.032|0.35 180 58 |o0.031 0.55 |112.5] 91 ] 0.033 ]0.80 157.5
26 | 0.032{0.35 135 59 #10.031 0.55| P 92 0.032 0.8 135
27 0.031{0.35 112.5| 60 0.032| 0.575{180 93 *| 0.032 |0.80 112.5
28 1 0.031]0.35 90 61 |0.032] 0.€0 |180 gl 0.03L |0.60 90
29 #| 0.031{0.35 67.5] 62 |0.033] 0.60 |157.5] 35 * 0.030 0.8 67.5
30 | 0.024{0.375| 180 63 |0.031] 0.60 [135 | 96 #| 0.029 |0.80 45
31 0.032{0.375| 135 64 0.031 0.60 |112.5| 97 *| 0.030 }0.80 0 {
2 0.033/0.40 180 65 0.031] 0.60 | 90 98 0.033 |0.85 180
33 | 0.022]0.40 157.5| €6 0.031 0.60 | 67.5{ S? 0.032 {0.85 157.5
100 0.032 10.85 135
101 # 0.030 |0.85 112.5
102 # 0.030 ]0.85 90
103 0.030 0.9 180 i
0% | 0.033 |0. 157.5
165 | 0.032 |0.00 | 135 ‘
106 % 0.032 0.9 1na.s
107 | 0.03L |0.W 20
# Data were [not objained af these |T/C ldgcations. 108 #| 0.030 0.0 67.5
- 1109 # 0.029 |0.20° 45
110 % 0.032 |3.935 132
111 # 0.033 |0.97h | 180 )
31
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677 g9
i Z = 736.66 ) 5%
A |
. 596.9 30% ;
o ‘ & - 501 “8 a6 k9 a > L >

Z, = b.25 3

bl
' 25 8 31 13 37 4
l '< 9 T
. 2k 27 3 3 _ —z = 375
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1
a. 50-0 Orbiter -- 147-B Configuration Thermocouple Locations i
“w Figure 2. Model Instrumentation Sketches
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Upper Jurtace (Left Wing ) Intrunmentation

ORB "lanform lookins -own.

50-0 rbjter -~ 147-B Configuration Thermocourle Iocations
Ficue 2. Model Instrument~tion Gketches (Concluted),
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Orbiter/Tank at 9U.0 degrees

C.

Figure 3.

Model Installation Photographs
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Figure 3.

Orbiter/Tank at 120.0 degrees

Model Installation Photographs
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DATA FIGURES
Volume 1 -~ Figures 4-15

Volume 2 ~ Figures 16-27
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