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HEAT TRANSFER TESTS OF AN 0.006-SCALE
THIN SKIN SPACE SHUTTLE MODEL (50-0, 41-T)
IN THE LANGLEY RESEARCH CENTER NITROGEN TUNNEL
AT MACH 19 (IH19)

By D. G. Walstad, Rockwell International Space Division
ABSTRACT

This report presents data obtained from heat transfer tests onm an
0.006-scale Space Shuttle Vehicle in the Langley Research Center Nitrogen,
Tunnel. The purpose of this test was to obtain ascent heating data at a
high hypersonic Mach number. Configurations tested were integrated Orbiter
and external tank, Orbiter alone, and external tank alone. A1l configurations
were tested with and without boundary layer transition.

Testing was conducted at a Mach number of 19, a Reynolds number of
0.5 million per foot, and angles of attack of Q, 6, and 10 degrees.

Heat transfer data was obtained from 77 Orbiter and 90 external tank

iron-cunstantan thermocouples.
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NOMENCLATURE

SADSAC

Symbol Definition
area ot 1integration
model skin thickness, ft.

B.P. butt plane, in
specific heat of model material, BTU/1bm-°R
freestream specific heat at constant pressure,
BTU/1bm-°R
gravitational acceleration, ft/sec2

H heat transfer coefficient, BTU/ftz-sec-°R

HREF, HO stagnation point heat tEansfeE coefficient on scaled
one-foot sphere, BTU/ft<-sec-°R
enthalpy, BTU/1b

HAW adiabatic wall enthalpy, BTU/1b

HI heat tEansfer coefficient in interference region,
BTU/ft%-sec-°R

KU heat EEansfeE coefficient in undisturbed region,
BTU/ft~-sec-°R

HT stagnation enthalpy., BTU/1b
thermal conductivity coefficient, BTU/ft-sec®R
slope of straiyght Tine equation

MACH Mach number

PO stagnation pressure, psia

static pressure, psia

Prandtl number

“warr

b




Re

RN/L

ST

T/C

W
W.L.

2y/b

X/C
b ¥J

QDOT

RN/ L

W.L.
2Y/B

X/C
X/L

ALPHA
BETA

NOMENCLATURE {Continued)

heat Flux, BTU/Ft2-sec

stagnation-point heat transfer ratg calculated using
Fay and Riddell's equation, BTU/ft~-sec

radius of scaled one-ft sphere, in

adiabatic wall temperature ratio, Taw/To (recovery
factor

gas constant, fi-ib/slug-°R
Reynolds number

unit Reynolds number, per foot
Stanton number

time, sec

temperature, °R

tnermocoupie

velocity, ft/sec

density of model material, Tbm/ft3
waterline, in

nondimensional spanwise location, fraction of span

Tongitudinal distance coordinate, ft

nondimensional chordwise location, fraction of local chord

nondimensioral Tongitudinal location, fraction of
body length

angle between model centerline and wind vector, degrees

angle of sideslip, degrees

cales ic imperfection effect on static to total temp-
erature ratio




NOMENCLATURE (Concluded)

u viscosity of air, Th-sec/ft
) PHI angular coordinate on model surface, degrees
P density of model material, slug/ft
T model skin thickness, in

BLTRIP boundary layer trips
Ah DELTAH minimum separation distance between Orbiter

and external tank, in. .
Tg T0 stagnation temperature, °R
Subscripts

Plot
Symbol Symbol Definition
aw adiabatic wall
i initial conditions
m measured
o freestream total condition
PG perfect gas ‘
0,1,2 constants in specific heat (temperature) equation
5 reference sphere |
t stagnation conditions
TPG “thermally perfect gas

W

mode] wall conditions

primed quantities which indicate conditions
behind normal shock

tunnel free-~stream conditions
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CONFIGURATIONS INVESTIGATED

The model (Orbiter and external tank) tested was an 0.006-scale rep-
resentation of the Rockwel}l International Space Shuttle Vehicle. The
Orbiter and external tank are defined by Grumman Drawings SS-H-00701 and
S5-H-00335.

The Orbiter was a Grumman built, full span configuration, stainless
steel model. A thin-skin stainless stee] (17-4PH) insert was located on
the underside centerline region, left-hand wing underside, windshield
area, and left fuselage side. These inserts were instrumented with 77
iron-constantan thermocouples. There were no provisions for elevon, rud-
der, or bodyflap deflections.

The external tank (ET) was constructed of thin-skin (nominal skin
thickness of 0.040-inch) 15-5 PH stainless steel. This tank was instru~-
mented with 111 iron-constantan thermocouples (only 90 were used). The
ET had provisions for being tested alone, or integrated with the Orbiter.

A1l thermocouples were spot welded to the skin and clamped in

bundles within the models,

The following configurations were tested:

Notation Description
Bao Fuselage (-147B Lines)
Cy Canopy
Fe Bodyflap



CONFIGURATIONS INVESTIGATED (Concluded)

Notatian Description
My OMS Pods
v, Vertical Ta{il
W11 Wing
Tg External Tank
8




MODEL INSTRUMENTATION

The Orbiter and extermal tank were instrumented with a total of 167
iron~constantan thermocouples. All thermocouples were spot welded to thin
skin (nominally 0.030-inch) stainless steel inserts. The thermocoupie Teads
were 50 feet Tong and all leads were fitted with plugs.

Prior to testing, all thermocouples were checked with a heat source
t0 assure proper hook-up, polarity, and response. The exact locations of
each thermocouple are presented in Tables IV and V and are i]1ustrated in

Figure 2.
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TEST FACILITY DESCRIPTION .
!'\.,,./

The NASA/Langley Research Center 18-inch Hypersonic Nitrogen Tunnel
is a blow down facility with a normal operational time of up to two hours
for force and moment testing. This long vun time is possible because the
nitrogen is obtained in liquid form, mechanically pumped to 17,000 psig
Pr. and then vaporized and heated to 2900°F Tt prior to entry into the
nozzle. The test section is of the open jet variety with a water cooled
diffusor that exits into a 60-foot diameter vacuum sphere.

Models are sting mounted on an injectable blade strut with externally
controllable pitch capability and manually setable yaw freedom. Force
testing is done utilizing 5 component water cooled internal strain gauge
balances, with injection time kept to a absoTute minimum {less than 5
seconds) to alleviate balance drift problems due to aerddynamic heating.
Air is also blown on the model to cool it while in the retracted position
between injections.

Racent calibrations of the tunnel indicate that the most satisfactory
conditions to obtain force data are:

Total pressure = 5000 psi

Total temp = 3360 °R

RN/foot = 0.68 x 10°

Macn = 19.80

The most recent operational paraselers of the contoured nozzle are
best obtained from the LaRC Hypersonic Analysis Section {Phone (804)

B827-2483).

10
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TEST FACILITY DESCRIPTION {Concluded)

The tunnel is also equipped with an electron beam flow vizualization
device which allows color photographs with depth of field to be made of the

flow system, allowing interpretation of shock interactions and flow separa-

- tion phenomena.

11




TEST PROCEDURES

Heat transfer data was obtained by measuring the temperature rise over
a period of time from a total of 167 iron-constantan thermocouples. The
mode] was injected into the flow stream and helid on tunnel centerline for
approximately 3 seconds, during which time temperature measurements were
taken.

A maximum of 90 thermocouples could be recorded at any one tiﬁe.
Temperature measurements were collected through the Beckman Data Acquisi-
tion system. The thermocouple leads were routed through the model support
system and connected to a terminal board. Leads that were exposed to free-
stream flow conditions were wrapped with asbestos tape.

Thermocouple leads were connscted directly to a terminal board in the
test section. Thermocouple changes were a manual operation requiring the
handiing of each individual iead. After each thermocouple change, a re-
sponse and location check was performed to assure a proper hook up,

Prior to testing, a thermocouple heat response check. through the
data system, was performad on all thermocouples. The model was leveled in
pitch and roil by means of a leveling block which attached to the top of
the Orbiter. When leveling the external tank the inclinometer was applied
directly to the external surface. Proper roll relationships between the
Orbiter and external tank, was assured by scribe Tines Tocated on the

stings of each component and on the attaching brackets.

%,
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9 . " DATA REDUCTION

~ The thermocoupTe heatutransfer data was reduced by the one dimensional
th1n wall equat1on

g = Meb =g  BTu/ft"-sec S

‘The theoretical stagnation-point heat—transfer rate calculated using:

Fay and Riddell's equa%i;h:
: T _
gy = 0.94 (pwuw)O.S(pouolpwuw)0°4 (H, - H,) (dua)®+8 (2)

where i
o 0.0232 x 10570
Ly T + (22071}

and

= (i/ry) [RT(T - 2 )10
dx

The local heat-transfer coefficient for each thermocouple :was computed

by: é
Mocal ~ T, = T, (3)

at r = 1.0, 0.9, 0.85,

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

Aot
hpes = —*T_7§lrﬂ— (4)




TABLE 1.

TEST ¢ iH-19 DATE & !_.8,_,74_
TEST CONDITIONS
. REYNOLDS NUMBER DYNAMIC PRESSURE !STAGNATION TEMPERATURE
HAGH HURBER (per unit length) (pounds/st. inch) (dogrees Fahrenheit)
19 0.5 x 108
BALANCE UTILIZED: N/A
CAPACITY: ACCURACY: O

N o e
SF o —_— —
Y —
M
1) S S S
W e —

COMMENTS: 77 iron-constantan T/C's on Orbiter
90 iron-constantan T/C's on external tank

14
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TABLE I7T.
TEST: IHIQ (LoRG"N, -28; DATA SET/RUN NUMBER COLL ATION SUMMARY DATE: /— &5-74
DATA SET scHD. lPARAMETERS/vALUES NO- MACH NUMBER = |
\DENTIFIER CONFIGURATION a | B[R i R T/UC 9355 Rud
RIEpot | ORE4+ET Alois LislonleT 1068
——ap | %3 OFF BT 11059
3 | __OFForE 1070
= Y 15 '
> ORB - |ON 1072
6 [ OFF T | i3 4
| ET oFler | fi015 :
AR N ¥ LY IONET [~776 s
3
2
21}
m
8
i
1 7 13 19 25 31 37 43 49 55 61 67 75 76
HﬁHIRE'flebﬁrlila_r|lllt(|l|lllIll!'lltllill!l!ii'lalllllllrllllljllll.lI!li!llﬂlL
. COEFFICENTS - IDVAR (1] 1DVAR{2) NDV
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TABLE III. - MODEL DIMENSIONAL DATA =

MODEL COMPONENT :__sony . Bos

GENERAL DESCRIPTION :
Lines VL70-000147B.

NOTE: Identical to Bjg, except underside.

MODFT, SCALE: 0,006
DRAWING NUMBER : _ VE:70-000147B

DIMENSIONS : FULL SCALE  MODEL SCALE
Length - In, 12903 —L.Th2
Max Width - In. 267.6. 1.606.
Max Depth - In. ' 24l .5 _ 1.467
Fineness Ratio L 3&@1 ol BhEon
Area - Fta

Mo, Cross—Sectional 386,67 . ~.__0.0139
Planform
Wetted
Baose :
16
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TABLE 1II. - MODEL DIMENSIONAL DATA - Gontinued.

MODEL COMPONENT : CANORY - Co

GEMERAL DESCRIPTION :

MODEL SCALE: Q.Q06

' DRAWING NUMBER -, V&70-000139

DIMENSIONS - FULL SCALE MODEL SCALE

Length (X433 to X = 670) - Im. E.3. 237.0 1.k22

Max Widih

Max Depih

Fineness Ratio

Area

Max. Cross~Szctional -

Planform

Wetted

Base

17
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT : . RORY FTAP - L3

GENERAL DESCRIPTION :

_MODEL SCALE: 0.006

DRAWING NUMBER ' ,_VLT0-0001.39

DIMENSIONS : FULL SCALE  MODEL SCALE
Length - In. 8h.70 0.508
Max Width - In. 2ET.A 1.606
Max Depth

Finehess Ratin

Areo - J_E‘t2
Max. Cross—Sectional — ”
Planform k2.5 0.005%
Wetted
Base 38.0958 0:0837_..

18




 TABLE IIT {Cont'd)

i

MODEL COMPONENT :_ QS POD = Jf,

GENERAL DESCRIPTION : _ Conflpuration 3 per Rockwell Llnes VL‘?O—-OODZLB?_

'NOTE_,_...}.I;,..iwdehn.t_lc_al_w.n&_mgmﬁm fus.e:laze

MODEL SCALE: 0,006

DRAWING NUMBER : _VL70:000139

DIMENSIONS @ | FULL SCALE MODEL SCALLE
Length , In. . 346.0 2.076
Mox Width, In. 108.0 1,890
Mox Depth » In. 113.0 0.678

Fineness Ratio

Area

Mox. Cross~Sectional

Planform

Wetted

Base




TABLE TII (Cont'd} i
£y
MODEL COMPONENT :,_ BXTERNAL TANK - Tg , - -
" GENERAL DESCRIPTION : _24 configuration per Rockwell lines: e
. YL78=000018 'and.VL’{.?‘-'-GODDBIG bodyr of re.volu.tion._ . N
MODEL SCAIE: .0.006 k
DRAWING NUMBER : .. J178:000018 \ -
DIMENSIONS + . FULL SCALE  MODEL SCALE |
length , In. 1989, 11.93 %
- I
Max Widths 0 324.0 1,944
Max Depth B
5 |
Fineness Ratio 6.1389 6.1389 ‘
Areg - i i
Max. Crass—Sectional 572.56 0.0206 »
Planform
Wested
Base
'g{
20 “
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MODET, COMPONENT: VERTICAL - Vo

GENERAL DESCRIPTION:

Centerline vertical tail, doublewedee sirfall with

rounded leading edge,

NOTE: _Same as Vs, but with wanipulafor Lousing remaved.
MODEL SCALE: _0,006 '
DRAWING NUMBER: _{_VL70-000139
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL, DATL
hres (Theo) - Fi°
Flanform L25.92 0,015
Spﬂ.n (TheO) - In. _ﬂ-.i'ig_. .......l:.&g.’:lr..__-
Aspect Retio 1,675 1.675
Rete of Taper 0,507 0,907
Teper Ratio 0,401 O L0
Sweep-Back Angles, Degrees.
Lezading Edge 45.000 45,000
Trailing Edge 26.29 26,249
0.25 Element Line 41,3130 41,130
Chords:
Root (Theo) WP 268. 50
Tip (Theo)} WP 108. 47 0.651
MiC 199,81 1,389 _
Fus. Sta. of .25 MaC 1463, 50, 8.781
W.P, of .25 MAC 435,522 3.813
B.L. of .25 MAC 0.0 0.0
£irfoll Section
Leading Wedge sngle - Deg. 10.0 10.0
Trailing Wedge fAngle - Deg. 14.920 14,920
ILeading Edge Radius , in. 2.00 0,012
Void Area 13.17 0.0013
Blanketed irea 0.0 0.0

21
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TABLE I1I. - MODEL DIMENSIONAL DATA - Concluded.
MODEL COMPOWENT:  WING~M,.-

FENERAL DESCRIPTION: conpi

MODEL SCALE: 0.006

TEST MNO. DG, RO. vizo-oooik7a
DIMENSTONS : FULL=SCALE MODEL SCALE
TOTAL DATA 2
rea fgo,) R
Planform . . 2A90.00 0.0968
Span (Theo In, 936.68 5.620
Aspect Ratic : 2.265 2.265
Rave of Taper 1.177 1.377
Taper Ratio ' ‘ 0.200 0.200
Dihedral Angle, degrees — e 2.500 3.500
Incidence Angle, degrees 0.500 0.500
Aerodynamic Twist, degrees + 3.000 + 3.000
Sweep 83Ck Angles: degrees R
Leading Edge 5.000 45.000
Trailing Edge - 10.2 - 10,24
" 0.25 Element Line 35.200 . 35.209
herds s
Root (Theo) B.P.0.0. 689.2k h.135
Tips EThea) B.P, _ 137.85 0.827
MAC Th. 81 2,849
Fus, Sta. of ,25 MAC 1135.89 FGE
. HeP, of .25 MAC agg.zo 1.774
B.L. of .25 MAC . 182,13 1.093
EXPOSED DATA ) 2
rea &0 Ft : ' 1752.29 Q.063
Span, {Theo) 1In. BPI0B 720.68 © ko3l
Aspect Ratio 2.058 2,058
Eﬁger Ratio Q.2891 %=L S
rds :
Reot BF108 562, b 3,374
Tip 1.00 b 137.85 0.827
MAC ) 393.03 2.358
Fus. Sta. of .25 MAC Q@g_ﬁ._m AN
W.P. of 425 MAC 29670, LT8O
Bol, of ,25 MAC 29176 oGl
AivFoil Section (Rockwell Mod HASA) S
349000
Root b = Q.30 el L0408
> }
Tipb = 0.12 0.12
'2“ R N v

Data fo{ (é) ongzl Sides
eadin e Cuff
Planform Area - 12 IEEET I e
Leading Edge Intersects Fus M, L. @ Sta 500.0. . EO00.
Leading Edge Intersects Wing @ Sta wex.s5 £.501 )

22




LT T T iy e e

Table IV Orbiter Thermocouple Locations

()
y rsx " LOCATION MODEL
T/C IN S
{ xo. THICKHESS ggff'ag%?g‘ X/t PART
1 0.035 S 0.19% | 0.025 UNDERSIDE FUSELAGE ¢
2 0.035 0.387 | 0.0%0 :
3} 0.035 0.58L { 0.075 4
ok 0.03% 0.77k { 0.100
5 0.033 0.968 | 0.125
6 0.033 1.161 | 0.150"
T 0.03k 1.355 { 0.175
8 0.03h 1.548 | 0.200
9 0.035 1.935 0.250
10 0.035 2.323 | 0.300
1L 0.035 2.710 | 0.350
12 0.03k 3.097 0.400
13 0.03k 3.484 | 0.450
b 0.035 3.871 | 0.500
15 0.035 h,258 0.550
16 0.035 k. 6hg 0.600
17 0.035 5.032 0.650
18 0.035 5.419 0.700
19 0.035 5.806 0.750
20 0.035 6.193 0.800
a1 0.035 6.58L | 0.85%
28 0.035 6.968 0.900
23 0.036 7.-355 | 0.950 %
24 0.036 7. 742 1.000 ,
25 0.036 8.051 | 1.0%0 UNDERSIDE FUSELAGE {4
26 0.030 2.710 { 0.350 UNDERSIDE FUS. BPFLLY
27 0.027 3.097 0.hoo
28 0.027 3.871 | o.s00
29 0.027 b.6h5 | 0.600
30 0.0a7 5.519 | o.700
3 0.028 6.193 | 0.800
i 32 0.031 6.968 | 0.500 A
33 0.036 7.742 [ 1.000 UKDERSIDE FUS. BPLLT
3k 0.03% 2.323 | 0.300 BODY SIDEWALL
35 0.033 2.323 | 0.300 ,
- 36 0.03% 2.323 | 0.300
37 0.035 3.097 [ 0.koo
38 ¢ 0.03k 3.097 { 0.koo
30 0.035 3.097 | o.boo
ho- G.035 3.871 | o0.500 ¥
b 0.03% 3.87L } 0.500 BODY SIDEWALL
T 23




Table IV (Cont'd)

B/

SKIN LOCATION ! MODEL

NO. THICKHMESS DIST. FR PART
X, =238.0 | x/L

L2 0.035 3.871 0.500 BODY SIDEWALL
43 0.035 4,645 0.600
1 0.033 L. 645 0.600
ks 0.035 L.6ks 0.600
b6 0.034 5.419 0.700
b7 0.032 5.419 0.700
48 0.035 5.419 0.700 BODY SIDEWALL
4o 0.038 6.387 0.825 OMS POD
50 0.035 0.774 0.100 CHINE
51 0.035 1.161 0.150 CHINE
52 0.035 1.548 0.200 CHINE
53 0.035 © 1.316 1.170 CANOFY
5k 0.035 3.290 0.425 MID-BODY

24




Table IV (Concluded)

()
CATION
T/C SHIN DIST FRLO : o
¥O. THICKNESS e 9 CHORD | b/2 PART
55 0.031 0.149 0.050 Lo% WING
56 0.030 0.298 | 0.100 40% BP = 187.33
57 0.030 0.598 | 0.200 4%
58 0.029 0.896 0.300 40%
59 0.028 1.195 0.4%00 40%
60 0.028 1.k9% | ©.500 Lo%
61 0.028 1.793 0.600 LO%
62 0.028 2.092 | 0.700 Lo%
63 0.029 2.30 | 0.800 40%
6l 0.029 2.689 0.900 40% BP = 187.33
65 0.034 0.215 | 0.100 60% BP = 281.00
66 0.032 0.430 0.200
67 0.031 0.644 0.300
68 0.030 0.859 0.400
69 0.030 1.07k | 0.500
70 0.030 1.289 0.600
71 0.030 1.50k4 0.700
72 0.029 Y Tl 0.800
73 0.029 1.933 0.900 60% 3P = 281.00
Th 0.03k4 0.298 | 0.200 80% BP = 314.67
75 0.034 0.595 0.400
76 0.034 0.893 0.600
77 0.035 1.190 0.800 80% BP = 31k4.67
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Table V Ixternal Tank Thermocouple Tiocations

T/C | SKIN LOCATTION T/C § SKIN |__ LOCATION T/C | SKIN LOCATION |
NO. | THICK.| %/1 DEG. | NO. | THICKL X/1 |DEG. | NO. | THICK. [ %/1 | DEG.
1 | 0.037i0 NOSE | 34 0.032] 0.ho 135 67 *| 0.030 |0.60 45
2 { 0.030/0.005{ 18 | 35 {0.033 0.ko [112.5] 68 | 0.030 |0.60 0
3 | 0.030{0.010 36 0.033 0.0 | © 69 0.033 |c.625 | 180
L 0.03010.020 37 G.030] 0.40 | &67.5] 70 0.033 {0.65 180
5 0.030]0.40 38 0.020( 0.40 | L5 71 0.032 |0.65 157.5
5 0.030[0.06 39 0.034 0.k 0 T2 0.031 [0.65 135
¥ 0.02910.08 ko 0.032] 0.k25]180 73*| 0.020 |0.65 112.5
8 | 0.029{0.10 41 0.032] 0.45 {180 h*| 0.030 ]0.65 90
9 0.028{0.125 ko 0.033] 0.45 |157.5] 75 0.030 10.65 67.5
0 0.028]0.15 43 0.031 0.h5 |135 76 0.033 lo.675 | 180
11 0.028{0.175 ¥ B % {1 0.031 0.45 [112.5] 77 0.G33 [0.70 180
12 0.028(0.20 | 18 L5 % § 0.031} 0.45 | 90 78 0.032 {0.70 157.5
13 | 0.028/0.20 90 L 0.033f 0.475!180 T9 0.032 {0.70 135
1k 0.032]0.25 180 4 0.033 o0.50 | 18 | & 0.031. |0.T70 112.5
15 %| 0.029{0.25 o0 48 0.033] ©.50 {157.5] 81 0.030 |0.70 %0
16 #| 0.030]0.275{ 112.5{ kg 0.032| 0.50 {135 82 0.03L 10.70 67.5
17 %| 0.030{0.275 o0 50 0.033] 0.50 |112.5} 83 *| 0.029 {0.70 hs
16 0.03%{0.30 160 51 0.031 0.50 1 90 84 0.033 [0.75 180
1g } 0.031|0.30 112.5] 52 0.034 0.50 | 67.5| 85 0.033 |0.75 157.5
20 0.031(0.30 50 53 #% [ 0.030] 0.50 | 45 86 0.032 |0.75 135
21 0.030{0.30 67-5§ 5k 0.032| 0.525{180 87 *! 0.031 |0.75 112.5
22 0.03110.325( 13 55 0.032| 0.55 [180 88 %| 0.03L [0.75 90
23 %} 0.031|0.325 | 112.5]| 56 0.033] 0.55 |157.5] 89 0.030 |[0.75 67.5
2k %t 0.03L{G.325 90 57 0.03U 0.55 j135 90 0.033 |0.80 180
25 0.932{0.35 180 58 % 1 0.031] 0.55 {112.5{ 91 0.033 |0.80 157-5
26 0.032{0.35 135 59 % | 0.03L] 0.55 | 90 92 0.032 |0.80 135
27 %! 0.031]0.35 112.5| 60 0.032] 0.575{180 g3 0.032 [0.80 112.5
28 | 0.031]0.35 90 61 0.032| 0.60 180 gk 0.031 |90.80 90
29 %] 0.031j0.35 | 67.5] 62 0.033] 0.60 {157.5{ 95 0.030 {0.8 67.5
30 0.03410.375 | 180 63 0.031 ©.60 |135 06 0.029 |0.80 45
3% 0.032{0.375{ 135 6L 0.031 0.60 |112.5] 97 0.030 |0.8 0
32 0.033]0.40 180 65 0.031 0.60 | %90 98 0.033 |0.85 180
33 0.032(0.40 157.51 66 0.034 0.60 | 67.5§ 99 0.032 10.85 157.5
100 0.032 |0.85 135
101 *| 0.030 |0.85 112.5
102 *| 0.030 [0.85 90
103 0.030 }0.%0 180
04k | 0.033 [0.90 157.5
105 0.032 |(0.90 135
106 0.032 {0.90 112.5
107 0.031 [0.-%90 50
. 108 0.030 |0.90 67.5
109 *{ 0.020 |0.%0 45
110 0.033 {0.935 | 180
111 0.033 lo.g7h | 180 \

% Thermocouples not used for this test (TH19)
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a. Orbiter Alone, No Trips

ure 2, - Model photgraphs.
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c. External Tank Alone, Boundary Layer Trip

Figure 3. - Continued.



d. Tynical Model Installation

Figure 3. - Concluded.
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENTS, H/HREF

IH19 T8 EXTERNAL TANK (SGETO7?
SYMabL HAW/HT PH1 ALPHA PARAMETRIC VALUES
O B850 45,000 ~10,9000 BETA L03 RRL 500
E] 80D . BLTRIP 000 HACH 19.6800
o 1.000
1 'DUUG ml TadFqstdbaadtarihiTiaed [R43A200L) LLA TaNnpidls flll il.ll ITmn'll e R SN AR F A S AR RN RS Nt wiBlsplNN (1A pFLN) l-li‘ (L ITIRS L LS IIIIE'ATI -“l‘li
.1000F :
L0100} i
0010 E———t e el | L
- - - .
‘0001 -lIH eqendtybpdepnplopreahetryrpaririaaring ppaelsutqdpoontesaedzyabtippisnnringge (EAXE 3L NRYNY |_IH .l]ll FTENANE14] II'!_ eepel1eer e baaeteeaipaeginneyiogty 1eeydtiRt !tll-
—-4 --2 0 -2 54 ls -8 1.0 1.2 1-4
LONGITUDINAL LOCATION @N BODY SURFACE. X/L. FRACTION OF BGDY LENGTH
FIG 4 AERGHEATING DISTRIBUTIGN OGN EXTERNAL TANK - B.L. TRIPS GFF
PAGE 2




£ e T

I ke e S RN LR R ﬁ_“-.':.';;_;;_*Js,:.;:.f_--»';-‘::.;_-;;i_.;.m_'.l;,;_m L e

! e A
¢ L
; IH19 T8 EXTERNAL TANK (SQETO7)
: SV?&)BBL HAWAHT PH1 ALPHA PARAMETRIC VALUES
; B30 67.500 -10.000 BETA 000 RN/L 300
i O .300 BLTRIP 000 HMACH 19,800
] ¢ 1.000 .
i (IR
v (1]
1 [0
; 5 1.0000 Hlllll'llliiIlllll'lllllllillﬂEZill IlllIII'IlIiIlllllill'llllIIIlllTliﬂ'lliliIl'llill ILLIA XN N lil!lllllllllliIlliillllI’llIl]t’lll'llilll][lll[lllll
: T
i %) - 3
! | ol R
i = o E
; L - E
! O g E
(.
L. F ]
o) .1000F :
]
: [* : 3
: R TT I =
: 7] 5
;»' Z 3 :
; < = 3]
| o - ]
f -~ u n
| = C ]
€
w - E
Q N .
=
L) " L,
o 3 c
'-Lt' - 3
¥ - \\\ Vins Y yay 5
= / j__t ﬁ___ -
E .0010 ‘4/,
_1 5 . 3
< C m
[ ] .
©
9 -
n E ’ 3
] EZ .
) ]
: .0001‘E_LLLLl!l‘Ill.ljlllllllll llllll ll!lllllllrlIIII'IIII!!IIJIIlI!Ill!!HIllllllllL![[lIII!PHI]IIIIIII!]!IIlll!rHIIl‘lllllllllllIll‘IlIlllfI]‘l!llllIH‘
> -.4 -.2 0 2 4 6 8 1.0 1.2 1.4
IGN OF BODY LENGTH

LONGITUDINAL LOBCATION ON BODY SURFACE, X/L. FRACT

FIG 4 AEROHEATING DISTRIBUTION ON EXTERNAL TANK - B.L. TRIPS BFF
, PAGE 3




IHI9 T8 EXTERNAL TANK (SEETO7)
SYHBOL  HAW/HT PH1 ALPHA PARAMETRIC VALUES

0 -850  80.000 -10.000 BETA 00 RN/L 300

O .900 BLIRIP LA00 . HACH 12,800

o 1.000
L.
L
e
;\E‘ 1 .0000 AL L AT AR AL AL C TN E R LR B SN S L TA U R RN A U XN AR KA RENALE FAN (ATEEELN A0 Lag P30 T) FUR LT AJALE Lk LASAT LA IN LA 2]
X
) - ]
[ 18
= B N
a3 : :
< : i
b §
3] .1000F 1 -
) :
o 5 -
Ly » E
1IN
w I o
= F :
< E E
o - N ]
= o ]
= [ _ \ .

0100 i
: : >
Led - e 3
o - %\\\ .
b : SN i
b : SNUUEEENN Y :
& ; an = ;
© 0010 .
Ff - =
-~ o =
o - m
[}
- i
b
s -4
2 3 ]
- .0001 sebrensloessdgarrlensabpnnsdoensdosalisrdunisdevsalsepsbonagbonnednnalereeloneabopsnbogaiboranlianelanasdenasboensdagratansntanestusrefevagdyrsabizenfioss bivaatuneslises nu-
= ~.4 -2 0 .2 .4 .6 .8 1.0 1.2 1.4
LONGITUDINAL LOCATION ON BODY SURFACE. X/L,» FRACTION OF BODY LENGTH
FIG 4 AEROHEATING DISTRIBUTION OGN EXTERNAL TANK - B.L. TRIPS OFF
PAGE g2 4




e —
—————

e T
-

:

IHig T8 EXTERNAL TANK (SOETO7)
SYMEDL  HAW/HT  PHI ALPHA PARAMETRIC VALUES
O 850 112.500 ~-i0.00D . BETA .000  RNAL 500
[} .800 BLTRIP T 000 HMACH 18.800
O 1.000 ' : :
L .
wl
%
E 1 .OOOO AT RS RAESE R LR RN NZERNREERN N ANA] Illﬂ!lll A N A L A L A A A M R AN T N L A R R A R R R AR R AN AL R A R R A A LA AR
T
) - -
-
=z B ]
td |~ bt
(S ] » -]
&) £ .
b b g
(LN E g
L. " 3
& . 1000
O
o - 3
77} - ]
1.
wn - ]
Z 3 3
o= o 2 3
2y - 5 f
25 *:: i ]
g ré w .0100
C2 = = =
2 . - : -
g5 z : el : :
bt . % : E
ﬂJC) o - L
1J - .
g = : z
o E 0G10
=
| 5 -
< C —
Q . -]
[
A - ]
L : =
(=) : .
B a N
!— -0001 1sa9fepreinsd Lilirtrinisnid lllé pidafprpn tanpnbeerpdgareboaen ezt anedngdatnatttopqerpgogurien bl taanpl et ntesqelppenirtdalotaatanttitsadotrstapssiaaetipriiinsiy
= .4 -.2 0 2 .4 8 .8 1.0 1.2 1.4

EGNGITUDI&AL LOCATION BN BADY SURFACE. X/, FRACTION BF BODY LENGTH
FIG 4 AEROHEATING DISTRIBUTION ON EXTERNAL TANK ~ B.L. TRIPS OFF

R s e i oy

R~ e PR
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RATIO OF LBCAL TO REFERENCE HEAT TRANSFER COEFFICIENTS. H/HREF
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENTS, H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENTS. H/HREF
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IH1S T8 EXTERNAL TANK {SRETO7)
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SYHMBOL  HAW/HT PHI ALPHA PARAHETRIC VALUES
@) 850  45.000  10.000 : BETA .000 RN/ 500
(] S00 - BLTRIP .000  MACH 19.800
$ 1.000
t.
u!
o
{ 1 .0000 LILITALS Y T T T T e e R e T L T T T T A T T DO L T P ATy T R e e e R g VR PR AR e T T
T
9 - :
L
Z - i
Lut £ 3
—t - put
O d :
— e k=
L E 3
r ook z
=) . 1000
O .
(a4 - 7]
Lt N J
Lt
192] - o
= o I
= - 3
o -
— 3 ]
= ; :
= .0100
o
Lif - ]
(] - .
=
L [un ki |
o - ¥/ N R
L - E
iR
w X ]
o - N
(3] [ :
= .0010
— - .
< : -
0 - -
on}
| R
s E
a -
2} ]
— N .
- - 0001 JggelenerdnnygkonpabnreedeosploueabeqoqXoenetocredpaeclipniaioeaqloenydorasbensqloasansynlogprtaneeynrerignroduenyisees lll.l peasipibebpialcaeniesaningpabeayptonpelenerfafiakoits
M T
= -.2 - 0 2 4 6 8 1.0 1.2 1.4

—-4 . . . .
LONGITUDINAL LOCATION ON BODY SURFACE, X/L. FRACTION QF BODY LEMGTH

FIG 4 AEROHEATING DISTRIBUTION ON EXTERNAL TANK - B.L. TRIPS OFF
PAGE 34

t
o S . PR : e P T T TR 1. P A "~ "] _—e LA e s




e
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IH19 T8 EXTERNAL TANK (SRETO7)
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RATIO OF LOCAL TGO REFERENCE HEAT TRANSFER COEFFICIENTS. H/HREF
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RATIO OF LGCAL 10 REFERENCE HEAT TRANSFER COEFFICIENTS, H/HREF
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[H19 B22C7FSM4v7W1l1l T8 EXTERNAL TANK (SQETO2)
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IH13 B22C7F5M4V7W111 T8 EXTERNAL TANK {SAETO02)
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[H19 B22C7F3OM4V7W111 T8 EXTERNAL TANK (SQET02)

SYMBOL  HAW/HT PHI ALPHA PLRAMETRIC VALUES
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IH19 B22C7F3M4V7W111l T8 EXTERNAL TANK (SEET02)
HYHBGL  HAW/HY PHI ALPHA PARAHETRIC VALUES
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IH1S B22C7FSM4V7W111 T8 EXTERNAL TANK (SGET0Z2)
SYMBOL  HAW/KT PHI ALPHA PARAMETRIC VYALUES
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IH19 B22C7FSM4V7Witl T8 EXTERNAL TANK (SQETOZ)

SYMEOL  HAW/HT  PHI ALPHA PARAHETRIC VALUES
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IH19 B22C7FSM4V7W111 T8 EXTERNAL TANK (SRET02)
SYHMBOL RHAW/HT PHI ALPHA PARAMETRIC VALUES
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IH19 B22C7FSM4v7W1il T8 EXTERNAL TANK (SQETD2)

SYNSOL HAY/HT PHI ALPHA PARAMETRIC VALUES
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IH19 B22C7FSM4v7W111 T8 EXTERNAL TANK (SRET02)
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IH19 B22C7FSM4V7W111 T8 EXTERNAL TANK

(SGET02)
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IH19 B22C7F5M4V7W111 T8 EXTERNAL TANK (SEETO2)
SYMBOL  HAY/HT  PHI ALPHA PARAMETRIEC VALUES
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IH19 B22C7FSM4V7W111 T8 EXTERNAL TANK (SGETO2)

SYMBOL HAW/HT PHI ALPHA PARAMETRIC VALUES
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1H19 B22C7FSM4v7wW11:t T8 EXTERNAL TANK {SQET0O2)
SYMBOL  HAW/HT RH] ALPHA PARAMETRIC VALUES
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IH18 B22C7FSM4V7W111 T8 EXTERNAL TANK {SQET02)
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IH19 B22C7FSM4V7W111 T8 EXTERNAL TANK {SRET02)
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[H19 B22C7FSM4V7W111 T8 EXTERNAL TANK {SRETO2)

SyMaoL HAW/ZHT PHI ALPHA PARAMETRIC VALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENTS, H/HREF
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AHI9 T8 EXTERNAL TANK : (SQETO81)

RATIO OF LBCAL TO REFERENCE HEAT TRANSFER COEFFICIENTS. H/HREF
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IH1a T8 EXTERNAL TANK (SQETO8)
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IHtg T8 EXTERNAL TANK (SRGETO8)
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IH19 T8 EXTERNAL TANK (SQETO8)
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IH19 T8 EXTERNAL TANK {SQETO8?
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IH19 T8 EXTERNAL TANK (SEETO8)
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