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HEAT TRANSFER TESTS ON A 0.0T-SCALE
ROCKWELL CONFIGURATION 3 SPACE SHUTTLE ORBITER AND -
TANK (37-0T) IN THE CALSPAN 48-INCH
HYPERSONIC SHOCK TUNNEL (OH12/1IH21)
by

M. Kotch, Rockwell International Space Division
ABSTRACT

This report presents model information and data from wind tunnel tests
conducted on 0.01-scale models of the Rockwell Space Shuttle Orbiter and
External Tank. These tests were conducted in the Calspan 48" Hypersonic
Shock Tunnel to determine heating rates on ascent and'ré—entry configura-

tions at various Reynolds numbers, Mach numbers and angles of attack.
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INTRODUCTION

A 0.01-scale orbiter/external tank Heat transfer model {number 37-0T)
was tested in the Calspan 48" Hypersonic Shock Tunnel from October 29
through December 15, 1973. The NASA/Rockwell designaticn'fbr‘this test
was OH12/IH21, and the Calspan facility test number was 173-100.

The purpose of this test was to determine asceﬁt and entry heat trans-
fer rates for the external tank and the Configuratioﬁ,B Orbiter over a
range of Mach numbérs from 6.95 to 19.5 and Reynolds numbers/foot from

6.' of particﬁlar interest was the determination

0.0095 x 10° to 6.5 x 10
of orbiter wing Iaéding nge heating during entry, with both laminar and
turbulent boundary layer conditions. '

A total of.ﬁé good ‘program runs was made out of 73 attempts: Fifteen
runs were no.ghbd because of facility malfunction or off scale heating rate

data. This test.is also documented in Reference 2 (a Calspan Technical

Réport).



RCS

R/ Ft

NOMENCLATURE

Plot
~Symbol Definition
B wing span, inches
C local wing chord, inches
Stanton number — 67%raw )
@ w0 W
H heat~t£ansfer coefficient, 778 (32.17) q/(rH
1bm/ft< sec
Enthalpy, ft. 1bs/slug
L fuselage length, inches
MACH Mach number
Orbital Maneuvering System
P Pressure, psia
Prandtl number
Dynamic pressure, psia
QDOT heat transfer rate, BTU/ft2 sec
reaction control system .
HAW/HT _ recovery factor
RE/FT Reynolds number per unit length, p:agm
wing span, inches
T temperature, °R
time, seconds
velogity, ft/sec
X longitudinal distance, inches‘
Y épanwise distance, inches



NOMENCLATURE (Continued)

Definition

) Plot
Symbo1l Symbol
VA z

o ALPHA
g BETA
Y

i

£

¢ PHI

0

0~

1

ms

4

i

ts

W

Hay HAW
Hi HT

vertical distance, inches
angle of witack, deyrees
angle of sideslip, degrees
specific heat ratio

absolute viscosity, s1ugs/ft-sec

" density, slugs/ft3

Orbiter and external tank fuselage angular
coordinate, deg. measured clockwise looking
forward, O degrees at bottom centerline
nozzle supply conditions

stagnation conditions behind a normal shock

. initial driven gas condition

model station

gas conditions behind reflected shock
incident shock in driven gas

test section initial conditions.
initial conditions at model surface
free stream. or test section conditions
adiabatic wall enthalpy

free stream total enthalpy

(CIBIL
FPRODUCIB
9 R RIGINAL PAGE



Symbo1l

href

h/href

Plot

Symbol.

NOMENCLATURE (Concluded)

Definition

HREF

H/HREF

HI/HU

X/C
X/L
2Y/B
Z/By

RN/L

RN/L1,

RN/L2,
RN/L3

reference heat-transfer coefficient,

value obtainéd at stagnation point on a

one foot diameter sphere

ratio of model heat-transfer coefficient to
heat~transfer coefficient of reference sphere
for Hgw/Hy = X.XXX

interference to undisturbed heat trénsfer
coefficient ratio

chordwise location, fraction of local chord
longitudinal location, fraction of body length
spanwise location, fraction of semi-span

spanwise location on vertical tail, fraction
of exposed span .

Reynolds number per unit length

designates the Reynolds number schedule
defined by table I
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CONFIGURATIONS INVESTIGATED.

Model 37-0T 1is a 0.01-scale model of the Space Shuttle configuration
3 Orbiter and external tank.constructed of 17-4 PH stainless steel. The '
orbiter is a sting mounted full-span model, with OMS/RCS pods. The ex-
terna] tank is equjpped with removable protuberance§ (Tines and attachment
struts) and was_mﬁunted on a separate sting which was either coupled with
the orbiter sting or mounted separately on the tunnel support fixture.
The figures ana photographs at the back of this text i]1u$trate orbiter
and external tank details. Model 37-0T was designed and built by Grumman
Aerospace Corp. with instrumentation built and instai]éd‘by Calspan
Corporation.

Model nomericlature used for the configuration 3 Orbiter and external

4

tank was as follows:

B17 " Orbiter body

C7 Canopy

E22 Elevon

F5 Body flap

M4 oms pod

R5 - Rudder

T10 External tank ‘
T16 External tank without protuberances
VZ .+ Vertical taiil

103 - MWing

Model dimensional data are given in Table III. Table II outlines
model configurations and tunnel conditions investigated. The following

configuration notation is used:

11



CONFIGURATIONS INVESTIGATED (Conciuded)

P

17 C7 Eop Fg Mg Rg Vy Wygs

[see]
It

Orbiter = B

-
z

T

external tank = T]0

T-NP = external tank without protuberances, support structure, or
Tines = T16 '

12



- MODEL INSTRUMENTATION

Model ins%rumentation for 37-0T consisted-of 158 thin-film heat
‘transfer gages. Ninety-eight (98) of these gages were on the orbiter,
the rémaining sixty (60) were on the external tank. Orbiter ane tank
gage,1ocations,are illustrated in figure 2 and tabu]eted in Table IV.
Photographs in figure 3 may clarify questions about gauge 1ocat{ons.

The iﬁin-%i1m-géges consisted of a platinum film fused to a pyrex
insu]ating subs%ﬁate endfprbtected from the free stream by a thin die-
Iectr1c coat1ng .of magnes1um fiuoride. Transient surface temperature is
determ1ned by -méasuring the instantaneous gage res1stance change which
varied linearly with temperature. An excelient descr1pt1on of thin- fi]m
gage theory and oﬁeration can be fcund in Reference 1.

Tunnel coﬁditions were determined by quick-response pressure trans-
ducers and a fefenence stagnation heat-transfer gage.

Data acdﬁisjtion equipment, provided by Calspan, .consisted of the
Calspan NAVCOR 48-channel data acqujsition system, ene fi—channe] high-
speed FM tape recerder, éed twenty-two 2-channel reéorqing osci]]Oscopes.
The NAVCOR system provided both a temperature and heat-transfer rate
hwstory for each channe1 while the osc11105copes recorded only heat-
transfer rate; Tb1s rate was derived from dn analog network which con-
verted the gaée Eemperaﬁure signal to a heat tranefer rate signal. The
tape recorder was used only as a temporar& storage of teﬁperature
histories and was input into the NAVCOR following eheﬁ.run for a record

of temperature and heat transfer rate.

13



MODEL INSTRUMENTATION (Concluded) .

Additional instrumentation consisted of a tunnel Schiieren photograph
system, which provided qualitative flow information for each run. Sampie

Schlieren photographs are inciuded in figure 3.

14



TEST FACILITY DESCRIPTION

The 48-inch Hypersonic Shock Tunnel (HST) employé‘a constant-area
shock tube with an 8-inch inner diameter. The driveﬁ‘tybé is 20 feet long
and is externally heated by a resistance heater to temperatures of 1400° R.
The driven tube is 50 feet Tong. The driver gas is generally a mixture of
helium and nif%ogen with a maximum helium purity of 100% while the driven
gas is generally air. Steady-flow test times of duration sufficient to
permit accurate mea;urement of the various parameters 0% dnterest are
achieved with the taiioﬁed—interface technique.

Thiree axisymmétrfc-no?z1es are available to expand the test gas to
high volocities: -

Exit Diameter Test Section

Nozzle Type : in_inches Mach Number
A Contoured 24 5.5 to 8
D Contoured 8 . 10to 16
E 10-1/2° Semi-angle cone 48 : 9 te 20

The contoured‘hozz1es provide paraliel flow with no pressure gradients

in the streamwise direction fo} several feet. This is very important since
the pfesence of a streamwisc pressure gradient can have a significant
effect on model test results. The nozzles employ replaceable throat in-
serts of different diameters so that with the particular.nozzle, the test
Mach number can be varied. Test air passes downstream of the test section
into a receiver tank of a size sufficient to maintain the desired flow for
durations of 5 to 13 milliseconds. A1l nozzles have been calibrated using

pitot-pressure survey rakes over the Mach number range indicated.

15



TEST FACILITY DESCRIPTION (Concluded)

The Test Section is equipped with two 16-inch diameter Schlieren

windows mounted a short distance aft of the nozzle exit.

16



TEST _PROCEDURE

Model 37-0T was mounted via the model sting(s) to.the tunnel suppoirt

fixture at the tunnel centerline. Instrumentation wiﬁihg was routed

through the base st%ngs to a tunnel instrumentation patch panel. Figures

2a and b show thé orbiter alone and the second stage édnfiguration in-

stallations, réspeétive1y.

A typical test procedure was as foliows:

1.

€8

Set model angles-of-attack, if necessary.

Insta11 tunnel diaphrams and proper tunnel nozz]e orifice.
Evacuate te t section, set 1nstrumentat10n ga1ns‘and calibrate
osc11[oscopes from heatiny rate estimates, and check gage re-
sistances for wezk or damaged gages.

Close dr1ver and lead driven tube for proper test cond1t10ns
Take no- flow Schlieren picture.

Load dr1ver to proper mixture and pressure for test conditions.
Fire tunne] for run.

Evacuate test section for post-run gage checks, then bring test
section to atmosphere and break tunnel joints. Read out data.

Clean tunnel and inspect nodel.

17



DATA REDUCTION

* Data for this. test werereduced according to standard Calspan data
reduction procedures. NAVCOR recordings and Polaroid film oscilloscope
records of heat transfer rates were made available after each run. Fol-
Towing the test, all data records were reéd and assembled for computer-
ized data reduction.

This report contains a listing of heat transfer coefficient H/HREF
and heat transfer rate QDOT. H/HREF values are presented for three re-
covery factors r = .85, .9 and 1.0. Plotted data illustrate the effect
of recovery factor, angle of attack and Reynolds num5qﬁ on heat transfer.
The postscript on RN/L indicates the Reynolds number schedule defingd by
table I. Heat transfer changes between undisturbed and mated configura-
tions is illustrated by HI/HU plots. The plotted and tabulated data are

arranged in the following manner:

VOLUME ;

NO. CONTENTS

1 - Plots showing the effect of recovery

) factor on orbiter and external tank
heat transfer for both undisturbed and

mated configurations.

Figure 4 through Figure 17 . _

2 Plots showing the effect of angle of

attack and Reynolds number on the
~undisturbed orbiter heat transfer
Figure 18 through Figure 35

18



DATA REDUCTION (Concluded)

VOLUME
NO.

3 Tabular listing of source data

H/HREF ~ heat transfer coefficient data

Component
orbiter fuselage
"~ .orbiter wing
orbifer vertical tail

orbiter wing leading edge
(see Detail A fig. 2b)

orbiter wing leading edge
- (see Detail B fig. 2b)

external tank

Fourth
Character*

B

W
v
A

T

QDOT ~ heat transfer rate is arranged

in the same manner

Page
1

75
180
219

254
323

365-512

* The fourth character in each dataset identifier (i.e., RUGBXX, B for
Fuselage) represents the individual component.

19
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TABLE I.

TEST + QH-12, IH-21

DATE 3 5/3/74

TEST CONDITIONS
MACHNUMBER | 1/ eth (i i | (lomeet Tomiciee)
6.95 0.10 x 10° 1.35 5575
7.6 1.19 x 108 2.75 2000
7.9 6.5 x 10° 10.2 1550
8.0 1,19 x 10° 3.22 2600
10.2 2.0 x 10° 4.03 2725
10.5 0.86 x 10° 2.71 3200
12.0(sch 1) 0.20 x 10° 0.73 3925
12.0(sch 3) 0.86 x 10° 0.26 3475
15.6(sch 1) 0.035 x 10° 0.07 3650
15.6(sch 3) 0.20 x 10° 0.36 3500
18.5 0.0095 x 10° 0.017 4400
195 . 0,035 x_10° 0.065 4650
15.6(sch 2) 0.3 x 10° 0.6] 3841
BALANCE UTILIZED:
CAPACITY: ACCURACY: Sl
NF
SF
AF
PM
RM
YM

i

COMMENTS:

¥
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TABLE IT.

TEST: OH/2 [THZ! DATA SET/RUN NUMBER COLLATION SUMMARY DATE: ©—/8~75
DATA 5ET CONFIGURATION SCHD. PfRAMETER_?/VALUEd f‘g.::. MACH NUMBERS { OR ALTERNATE 1NDEPEP~§EENT VARIAEE‘?E 1 b?;
IDENTIFIER o | g i 7:,/”6“0 ruonsy 20 | 2611 7.9 1 3.0 [/0.5112.2 5.8 1.3 19. ]
RUugool| 37T cl0] | T 51412 73 49 | 48
02 i S5T1T 71 |1 50
o3l 27T -NP , 7 | 5|
o4l .37 OT-NP lo N Z2A IR Bega |
os| 37 oT |0 o 1 82%) %0 324252
oot 5 7P | . Wi:E
o7l 7 0 o ) 515 |8 52 42|41}
ogl | 5 | 40]¢
| % fo ] - 43 ¢
o 25 719 26| /0 15355 |57 4415
/| 30 7112 14,25 636l |62 461"
2 2! 720 22121 | 64| 67|65 47
= 4a | | ¥ 2 24123 ‘ l?
J B37-07T 9] 2 b/ 3 : 072
15 377 O 251113 @ 2 54 56
A 200 | | T N 2 58|60
|7 t 35[0 | 1 i 2 68|66
llnll_-]lillllll||ll:l.:_tlsllj._llll.l_llJ[!It_lllllA-llllll-llll!llitlllllllavllllf];t
COEFFICENTS 10VvAR {1} IDVAR (2] NOV
a OR f
MP  denotes E T without roluberonzes h T
¥ Mominal Values—chechr fnoividual runs  For UValues



Tahble III Model Dimensional Data

MODEL COMPONENT :

BODY - By

GENERAL DESCRIPTION : Fuse‘llag& 3 cc;nfiglz_vation, lightweight orbiter

MODEL SCALE: 0.010

DRAWING NUMBER : VL.70-000139

DIMENSIONS

Length , In.

Max Width » In.

Max Depths In.

Fineness Ratio

. 2
Area - Ft

Max. Cross—Sectional

Pla;zform

Wetted

Base

23

MODEL SCALE

FULL SCALE
1290.3 12.903
267. 6 2.676
244.5 2,445
4,822 4.822
386.67 3.867

D3 vlb



Table III (Cont'd)

MODEL COMPONENT :_CANOPY - Cq

GENERAL DESCRIPTION : Configuration 3

MODEL SCALE: 0.010

DRAWING NUMBER : _V1:70-000139

MODEL SCALE

1.450

DIMENSIONS : FULL SCALE
Length(¥o =433 to X, =578), In. 145, 00
Max Width
Max Depth

Fineness Ratio

Area

Max. Cross—~Sectional

Planform

Wetted

Base

24
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Table III (Cont'd)

MODEL COMPONENT: ELEVON - E,,

GENERAL DESCRIPTION: Configuration 3. Data for 1 of 2 sides.

MODEL SCALE: 0. 010 ' S 7
DRAWING NUMBER: VL70-000:139
DIMENSIONS : S FULL-SCALE ~ MODEL_SCALE
2 .

Area - Ft© | 205,52 _ 0. 0206
SPan (equivazjent-) s In, 353,34 . 3.533
Inb'd equivalent chord: fn. 114..78 - 1,148
Qutb'd equivalent chord , In. 55. 00. 0.550

Ratio movable Stirface chord/
total surface chord

At Inb'd equiv. cherd 7 ' 0.208 s 0.208
At Outb'd equiv. chord 0.400 0. 400

Sweep Back Angles, degrees

Leading Edgeé 0.00 . 0.00

Tailing Edge -10.24 -10, 24
Hingeline .- —_ 0.00 0. 00
(Product of area & c) 3 —————
Area Moment (NEPHEFEHERRSE<TER), Tt~ 1548.07 0. 0015

25



Table III (Cont'd)

MODEL COMPONENT :____BODY FLAP - Fyg

GENERAL DESCRIPTION : __ Configuration 3

MODEL SCALE: 0.010

DRAWING NUMBER : V1,70-000139

DIMENSIONS :

Length , In.-
MOX Width ’ In.
Max Depth

Fineness Ratio
2

Areg — Tt

Max. Cross~Sectional

Planform

Wetted

Base

26

FULL SCALE  MODEL SCALE

84. 70 0.847
267. 6 27676
142.5 0.014
38.096 0. 0038
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Table III. (Cont'd)

MODEL COMPONENT :___ OMS POD - M,

GENERAL DESCRIPTION - Configuration 3

NOTE: Identical to M., cxcept inte section to fuselage,

MODEL SCALE: 0,010

DRAWING NUMBER : V1.70-000139

DIMENSIONS =~ FULL SCALE MODEL SCALE
Length , In. 346.0 ) 3. 460
Max Width , In. 108.0 - __1.080
Max Depth » Im.. 113.0 1. 130

Fineness Ratio

Area

Max, Cross—Sectional

Plenform

Wetted

Base

27

b3 w1k



Table III (Cont'd)

MODEL COMPONENT: RUDDER - R,

GENERAL. DESCRIPTION: Configuration 2A, 3, 3A and 140A/B

MODEL SCALE: 0,010

DRAWING NUMBER: V1.70-0001464A, -000095, -000139

DIMENSIONS : . ] FULL-SCALE ' MODEL SCALE
Area - FL° : 100, 15 0. 0100
Span (equivalent), In. 201. 0 ' 2.010
Inb'd equivalent chord » In. 91. 585 0.916
Outb'd equivalent chord, In. : 50.833 _ 0.508

Ratio movable surface chord/
total surface chord

At Inb'd-equiv. chord 0.400 0.400

At Outb'd equiv. chord 0. 460 ) 0. 400

Sweep Back Angles, degrees

Leading Edge 34,83 . 34,83
Tailing Edge 26.25 ) 26. 25
Hingeline — 34.83 34. 83

g &groduct of area & c) 3 R -

Area Moment {(Normedxtoxxingexkioe), Ft” 610,92 0, 0006 _

Mean Aerodynamic Chord, In, 73.2 : 0. 732

REPRODUCIBILITY .OF THE
ORIGINAL PAGE IS POOR
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"""Table III {Cont'd)

MODEL COMPONENT :__ EXTERNAL TANK - Ty

GENERAL DESCRH—:‘TION : External oxvgen-hydrogen tank, configuration 3

MODEL SCALE: 0.010

DRAWING NUMBER : _V172-000088, VL:78-000041

DIMENSIONS : " - FULL SCALE  MODEL SCALE
L ength (1\"{ose at XT = 309) 1865.0 18. 6‘50A
Mox Width (Dia. ), In. 324. 00 3. 240
Max Depth “
Fineness Ratio 5.756 5,756
Areq - th.'

Max. Cross~Sectional 572,555 0. 057
Planform
Weﬂed
Base
W.P, of Tank Centerline (x,];), In. 400. 0 4. 00
29
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Table III {Cont'd)

MODEL COMPONENT :____EXTERNAL TANK - Tig

GENERAL DESCRIPTION - External oxygen-hydrogen tank, Has a 2416-

in¢h radiys secant ogive nose,

MODEL SCALE: 0.010

DRAWING NUMBER 55-A01167
DIMENSIONS =~ FULL SCALE MODEL SCALE
Length, In. (Nose At Xq = 276) 1898.0  _ 18. 980
Max Width 324.0 . 3. 240
Max Depth )
Fineness Ratio 5.858 5.858
Area - th
Max: Cross—Sectional 572,555 0.057
Planform
Wetted
Base
W.P. of tank centerline {Zy ), In. 400. 0 4.00
L.E. nose radius T 0. 165
Origin of 2416'" radius at 2231 from
tank centerline 1181,0 11.810
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Table III (Cont!dy

MODEL COMPONENT: VERTICAL - V 5

QENERAL DESCRIPTION: Centerline vertical tail, doublewedge airfoil with

rounded leading edge.

NOTE; Same as Vg, but with manipulator housing removed,

MODEL SCALE: 0.010

DRAVING NUMBER: V170-000139

DIMENSIONS: FULL BCALE  MODEL SCALE

TOTAL DATA

Area (Theo) - Pt

425,92

Planform 0,043
Span (Theo) - In. 315,72 1
Aspect Ratio 1,675 1.675
Rate of Taper 0.507 -0.507
Taper Ratio 0,404 0,404
Sweep-Back Angles, Degrees. . ’

Leading Edge 45,000 45. 000

Trailing Edge 26. 249 26, 249

0.25 Element Line 41, 130 41,130
Chords: B

Root (Theo) WP 268.50 2. 685

Tip.(Theo) WP 108,47 i, 085

MALC - 199.81 1.998

Fus. Sta. .of .25 MAC 1463.50 14, 638

W.P. of .25 MAC 635.522 6. 355

B.L. of .25 MAC 0.00 ., 00
Airfoil Section

Leanding Wedge zngle - Deg. 10,00 10. 00

Traeiling Wedge Anple - Deg. 14,920 14,920

Leading Edge Radius - 2,00 0. 020
Void Area ) 13,17 0.0013
Blanketed Area 0.0 0.0
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Table III ( Conl'd)

MODEL ZOMPONEMT:  WING=H (ns

ACYERAT DESCRIOTION: Configuration 3 orbiter wing.

NOTE: Same planform as W,., excepl dihedral at trailihg edge.

MODEL SCALE: 0. 010

TEST MO, - DWG. NO._  VI.70-000139
DIMENS IONS: : FULL-SCALE MODEL SCALE
TOTAL UATA - 2
rea L.ae0.)- Ft .
Dlanform - 2690.00 - . Q. 2690
Span {Theo In, . __ 936,68 ° _-9,367
Aspect Ratio . 2, Z%g 2, 265
Rate of Taper. - . - 1.177
Taper RQatio ) N 0,200 0. 200
Dihedral Angle, degrees . 3,500 . 3,500
Incidence Ang1e, degrees 3,000 3. 000
Aerodymamic Twist, degrees 3. 000 3. 000
Sweep Sack Angles, degrees ] .
Leading Edge 45, 000 “45. 000
Trailing Edge - 10 %g 10
0.25 Element Line . . 209, §3. %%5
Chords: . . -
Root irheog B.P.0.0. 689. 24 6,892
Tip, (Theo) B.P. 137 ] 1,3
MAC 474,81 4, 7%
Fus. Sta. of .25 MAC 1136.89 - 11,369
W,.P. of .25 MAC 299, 20 2.992
B.L. of .25 MAC 182. 13 . 1. 821
-~ EXPOSED DATA )‘ 2 .
=Arez (Theo) Ft 175249 _a1Ts
Span, (Theo) In. BP108 ° 720, 68 7,207
Aspect Ratio 2,058 2. 058
Taper Ratio . 0. 245 0, 245
Chords
Root BP108 - 562.40 5. 624
Tip 1.00 b 137,85 1,379
MAC : ) 393, 03 3.930
Fus. Sta. of .25 MAC 1185,31 - 11,853
W.P. of .25 MAC 300,20 3,002
B.L, of .25 MAC 251,76 2. 518
Airfoil Section {Rockwell Mod NASA) =
L AXX K64 ) :
Root b, = . . . 0.10 0.10
Tipb=s 0.12 0,12
Z ®

Data for (1) of (2) -Sides
Leadng Edge Cuff .2

120,33 0, 0l2

Planform Area ’
Leading Edge lnterseéts Fus M, L. @ 5ta 560, 0 75,600
leming Edge Intersects Wing @ Sta 1035.0 _ , 10.350
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Table IV.
HEAT TRANSFER GAGE LOCATIONS

ORBITER (Lo
FUSELAGE
GAG! X/ Loms oms ACTUAL [DESIRED| ACTUAL ¢
NO. {(FROM NOSE} *ams Yoms Yams
1 0 0 b Q +012 0
2 0.505 465 086 'y 012 b
3 002 .258 248 012
4 004 518 539 020
5 006 774 797 G17
3 008 1032 1951, EEE
7. R 1.290 1.324 A 69
8 , 612 " 1,548 1.570 019
9 I 01a 1,806 1833 018
10 0.16 2 065 2.078 ;018
11 .20 2 580 2578 : 009 :
12 {03 3,226 3221 ! 008 :
13 | .30 3871 3873 I o5}
14 0,35 1,516 £520 [ i
15 0,40 5,161 I 5172 ! ‘006 !
16 0,45 5 806 5 795 ! 605 !
17+ 05D B 452 662 | 505 i
18 . 060 7742 7e9s 1 003
19 070 9,032 9033 | | [
20 0.80 10 322 w3e | 004
21 EED) 11613 11616 | ! 011 7
22 1.00 12 903 12 407 l 010 0
23 003 387 AN 016 1807
24 1 006 774 780 .04
25 6,09 1,161 1171 < o0a
25 0,125 1613 1623 ,G0S
27 015 193% 1.940 006
2 0130 2323 2333 .G07
29 D 150 2 065 2067 009
30 6170 2 194 2 200 009
31 0,50 5 452 6.461 063 1
a2 070 8032 9 023 [} 001 180°
23 910 . 1290 ~ 1284 —_ T.569 10°
3 020. 2 580 . 2,693 — 638 a0°
35 030 3871 3.675 500 | 490 —
5 0,40 5161 5,161 500 494 —
37 * 160 7.742 7749 .500 454 —
33 080 10 322 10.223 500 KET =
VERTICAL TAIL
GAGE |DESIRED ACTUAL_]
NO. Zoms Toms
79 6 096 6 091
a0 § 961 6970
41 7 867 7 861
42 B 1567 B 156

= 12.903)
WING LOWER SURFACE ‘
Gage | DESIRED ACTUAL | DESIRED | ACTUAL
ms
NG | (eaoniMOSEI | Yorm oms Voms
43 5.181 5.165 1171 1158
as | gast 6.442 1.156
43 | 2742 7 150 1.151
4G ;08032 9 040 1,166
NI EELEEE 1 11615 1171 1.163
48 . 7742 i 7750 1872 1930
49 5,032 9,029 + 1,867
50 10322 i 10322 v 1,871
51 12037 1 12038 1873 1 857
52 ' B399 | 8307 2342 2337
53 ¢ 903z, i goaa | 2332
€4 ' 10322 . 1036 ! 23383 |
85, 11211 y 11218 | 2342 2.3a1
56 . 9500 , 9499 ' 2B10 2.804
57 ] 10322 , 10322 2.804
68 : 10840 {10841 2.810 2811
) 12020 {ta2e1@ ¢ 2a10 2,804
&0 8.554 5643 21813 Ta5s
61 10,322 10321 § 3513 3510
62 11424 11479 ] 3512 1507
63 , 10372 10145 | 3981 3972
B4 11060 11086 1 3881 3867
65 © 520 8508, 1879 1854
[ 10 658 16668 | 4449 4,436
67 11293 11293 4 449 4 448
8 11345 11347 TIR TIP
WING LEADING EDGE
LOCATION
GAGE NO. DESIRED ACTUAL '
! v % pcruat
§9-70 ¥, = 1171 Y, = 1.185
7112 X =5160 | X = 5164
7374 X = 6504 X = 6508
7576 X = 7.742 X =t 7.753
7778 Y, = 2342 Y o 2,351 8.332
79-26* Y, = 2810 Yy «2823! 3.g01
89-90 Y, = 1513 Y = 3517 q.487
9198+ ¥, = 33 Y = 44033 10.06
101.102 Y, = 4.449 ¥ o« 44Lk | 10.577 J

*GAGE NUVIBERS 87, 83 & 98, 100 WERE NOT
FABRICATED BECAUSE OF SPACE LIMITATIONS,



Table TV. (Conl'd)

TANK (Ltms = 18.650) )
GIG\SE ¥ s/ Ltrms X AC:UAL ¢
. {FROM NOSE}
103 |° o000 o 0 —
104 005 ) 076 220
105 01 186 106 199
106 04 746 760 180
107 o8 1492 1498
108 15 2.798 2802
100 20 3,730 3744
110 21 3917 3032 180
m 04 746 E 740 )
112 78 3663 4666 150
nz i 6 528 6 545
14 375 6.994 7 009
16 20 7460 7478
. 116 225 7.926 7.953
17 45~ | “gao3 g4
| 118 | 475 | Bssse 8877
119 50 9.325 9.34% 180
| 120 343 6 307 6 407 225
121 55 i0 258 10271 180 -
122 475 7572 7.530 193
122 60 11 190 11218 180
124 68 12123 1z.14%
125 70 13 055 13083
126 a0 12320 14 940
127 50 16 765 16818
128 | 937 17478 17 453 180
120 ADE 7572 7.594 167
130 | .6 “2758 7800 1
(EI L B 206 8223 199
13z | o8 Thav T a9 0
133 ars 8 859 8 671 139
138 | so " | “ @3k $335 199.
DR T R T “i6.798 109
(ECN R 2T 768 2215
37T |7 TseT T ToazE g343
138 60 11190 11.205
139 70 13055 13073
[ _1an 80 14 920 14940
141 85 15 853 15 BBZ
142 50 16 785 16.818 2215
123 825 16 386 15 366 214,
144 85 15.853 15 874
45 875 16 319 16335
146 90 16 785 16.805
147 §25 17.251 17.280
148 960 77.904 17902 | 241
149 85 15 853 5 874 2475
50 KL 6.765 6,795 2475
B, 20 3730 3725 270.
152 a0 7.460 7465 ]
153 50 9 325 G322
154 60 71190 11200
155 70 13655 13088
166 B0 | 1a970 14930
157 El) "1 785 16810 270,
R 60 BEEERL] 71196 315
169 oo I~ 3a5%0 14930 315,
R N N ) 7455 o
L6t g0 AR 11181 0
162 80 14920 12013 0
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Figure 1. Configuration 3 Orbiter/ET
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116
17
18 143 147
119
/121 123 124 125 126141 127|128 o
&9 ' 5e180
6~ o ! Py N 142
136] 133\ 134 T138 139 140 14
131 137
sz %53 her iss
1158
160 161
0 1 2 .3 A 5 .6 .7 .9 1.0

a. Model 37-T Instrumentation Locations

Figure 2. - Model instrumentation.
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. Installation of model 37-0 - Orbiter Alone

Figure 3.- Model photographs.




b. Installation of Model 37-0T - Orbiter/Tank

Figure 3. - Continued.
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c. Instrumentation - Orbiter Top View

Figure 3. - Continued.




d-. "InS'tr‘umen_t;ation - Orbiter Bottom Surface

Figure 3. - Continued.
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e. Instrumentation - Orbiter Nose and Canopy

Figure 3. - Continued.
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f. Instrumentation - Orbiter Wing Leading Edge

Figure 3. - Continued.




g. Instrumentation - Tank Top View

Figure 3. - Continued.
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h. Instrumentation - Tank Nose

Figure 3. - Continued.




Instrumentation - Tank Forward Attachment
Figure 3. - Continued.
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j- Instrumentation - Tank Aft Attachment Struts - Side View

Figure 3. - Continued.
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k. Instrumentation - Tank Aft Attachment Struts - Top View

Figure 3. - Continued.
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1. Sample Schlieren, Tank Alone, Run 4, o = 0°, M_ = 6.99, Re/ft = 0.12 x 10"

Figure 3. - Continued.
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= 30°, M_ = 7.92, R /ft = 7.55 x 10°

m. Sample Schlieren, Orbiter Alone, Run 25, a

Figure 3. - Continued.
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n. Sample Schiieren, Orbiter/Tank, Run 27, o = 0°, M_ = 7.61, R_/ft = 1.20 x 10°

Figure 3. - Concluded.
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH1Z/1HZ21 (CAL HST 173-100 37 71 TANK (SUGTOL1)

SYMBOL  HAW/HT PAt “ACH PARAMETRIC VALUES |
@) .B50 .oae 5,991 ALPHA .0ac BETA 000
0 .900
< 1.00%
1.000 prrpger T COSAL i BAAAS KA LAt L2 SRt LA bt LAt LA Lot Rk KAL) LLtd bk RAASS IABad L4d WAL GAAM TAAGE KA WA A el AR
3 i ]
{
]
. 100E __k ]
- B -
- B -\\ T 1 -
_ A 5
- N 3
\ -t
b \ o
L \ﬁ:::m —t
: e S -
E : = 2 3
.001 FIYTAFTTTY FYTTT PITVI TYON1 SRUT1 JUYVE PUNTY AETON ISV PPUNY PRVYS FTYVY IYT0) (YTT1 I9P0 SYTT] PYPYY ITIT) nlli“ll MEYTIFERTI ETEC) IRATLITITL NN TI PACT1 ST CRORY FTTY TRBT1 FARRAITIT1 IULTY h
-.4 1.2 1.4

-.2 0 .2 .4 B .8 1.0
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L

FIG, 4 EFFECT OF RECGVERY FACTGR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =

PAGE
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H/HREF

RATIO OF LOCAL T REFERENCE HEAT TRANSFER COEFFICIENT,

DHi2/iH21 (CAL HST 172-100, 27 7 TANK (SUGTOL)

SYMBOL HAW/HT

+830

(] .500

[+)

1.000

PHi HACH
183.C030 6.533 ALPHA

.000

BETA

PARAMETRIC VALUES

1,000 g

i

.100f

séﬁﬂf??

Y7209

.otok

),

e
yok
-

Z

NA RN \’ﬁ

i

ETTTT
3

.001

ITIFTITLITTITIRINY

v 5

adiacabenirtonraderaidsypulenabiped el sardaraslacnadaaredasaalsactoataboans boasadegnnfantalocaalesnabunritasanlrs

ITITRITIT

aails

-.4

FI6.

1.0

-.2 0 .2 .4 .6 .B .
LONGITUDINAL LOCATIOM AS A FRACTION OF BODY LENGTH.

xX/L

1.2

PAGE

1.4

4 EFFECT OF RECOVERY FACTOR CN THE E, TANK HEAT TRANSFER RN/L1 ALPHA = 0
2



H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST (73-100r 37 T TANK {SUGTO13

SYMBOL HAW/RT PHI MACH PARAHETRIC YALUES

O L850 199,000 5.993 . ALPHA .000 BETA .000
0 .800
< 1.000
1 -OOO UAREE ALY Lk A LA Al kadl T LLEAS | ™ A LR Lme 19 TALS LA N RETES St | SEELY il (R AARES Lanrd Ahhid R an LM LRk [ulr AAARE LARRERAR A LANAE LAME Y ARAS >
3 11 |
r LR
: 3 _
.100¢ \ .
S - -
\ o
A Y -
\ ]
\\ ]
| w 3
g §§ 3
\ .
N\ e
b
L “ -
L \ :
| 3
| ]
3 |
E S%SE 3
o N 3
.001 e Lt TLTY VTYTE TRNERINVER FESE N TPIFISTLITNEL IWELS SRYESETEINAT] ITST9VATHL FETHNTAL NN 1 \Nuuu IITECTETIIRECITLITIETTREIVETY FECTL IXREA FRET FURTY INTV1 LET
-.4 -.2 8] 2 .4 .6 3 1.0 1.2 1.
LONGITUDINAL LOCATICN AS A FRACTION OF BOO THy  X/L

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
PAGE 3



H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CQEFFICIENT,

SYMBOL  HAW/HT  PHi MACH PARAMETRIC VALUES
@] .80 221.000 5.993 ALPHA L000  BETA 000

O .900
< 1.090

1 .000 TEIRRARRARS] R ™

- 25| =

4

g J ]

3 g%%. E

.100k \§ ]

: N ]

A\ .

TN .

\\ ]

N E

: ‘§§\ 3

3 ‘ 3

010} Eﬁ ;

F e ]

& -

N\ :

\ﬁ‘\ ]

QQ%% :

‘S

L ™~ :

.001 -l.:! Abiibisani s e iatia st diaartinal sttt denia iy idaantbaaradanaciaafaanrdnany n:l§§un FVETN ET NI PRI T TT T A POV FA TR T CXVR Y PR AN Y lll:

- -4 - -2 0 2 4 6 l O 1 12 l lq

FIG.

CH12/1HZ1 (CAL HST i73-100) 37 71 TANK

(SUGTO1)

LONGITUDINAL LOCATION AS A FRACTION

oF B@DiBLENGTH.' XL
4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =

PAGE
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

GH12/1H21 CCAL HST 173-100) 37 T TANK (SUGTO1)

SYMBOL  MAW/MHT PU1 MALCH PARAMETRIC VALUES
QO B30 24:.000 6.953 ALPHA 000 BETA .000
.9300 .
Lo 1,003
l .OOO LEAE MLAM Sk T T T TR T LR L AN IR IFREAAS EAREN RARET RS T T T T T LALE Mbe s i At h 2l RARS LEad S RASSARARE LA 2 ad LR ™
: 13
A
N

F \ \

N
A \ .
.100E N\ ]
——1 R .
W 3

Y
\ E
\ ]
\\ E
.010f AN
F \\\\ [Ei ]
L \‘\ -
L " q -
5 ’ ]
F ]
: ]
.001 :IH' aaxatanna it biaaalyaaedasaadaeaadecaskigantaas Diasslaasadassadadrin s aiincs 3 IPISVITE AN IAEL] FER R STITA IET] spdeapadeassfeaerdgerrdavaalors i aeaedeacalonesdy :
-4 -2 0 .2 .4 .6 8¢ 1.0 1.2 1.4
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L

FIG. 4 EFFECT OF PECGVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
. . PAGE 3



RATIO OF LOCAL TG REFERENCE MEAT TRANSFER COEFFICIENT, H/HREF

OH12/1H21 (CAL HST 173-100) 37 7 TANK {SUBTO1)
SYMBOL  MAW/HT  PHI HACH PARAMETRIC VALUES

Q 850 247,000 6.993 ALPHA J000  BETA 000
0 +900
v 1.000
1 IOOO AR MAAES LRl BERAS Bt aE] fhan LELAL RET taal Ll LERAREE AELSE LARAS RES AN RACLEE F2RE] Lintd paml L 1'! TIvTJIET YI'[I:I ¥
3 i
- N .
2 ]
- \L ]
| \
'\\\ -
.100k 2\ ?
NN
A\
BAY
R f
: N ]
] ! \§N
; ﬂ e
0010 b \\\ :
i NN -
W
o Nhe
\\ E
- h, :
3 \\ . 3
N/ ]
A\ -
\ -]
.001 ;nn siathasiat;g sckasdadeasatoniadasaa g atenaalasny bonndoabaaaadana s ianadangedaadyeaatandsanatoa il atiisa lpaia g bLin latiaacany a1}

.4 ~2 0 .2 04 5 .8 1.0 1.2 1.4
LONGITUDINAL LACATION AS A FRACTION OF BODY LENGTH. X/L

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = O
PAGE 6
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H/HREF

RATID OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-1001 37 7 TANK (SUGTO1)

SYHBOL HAW/HT PH{ MACH PARAMETRIC VALUES
o 830 270.cCC 5.993 ALPHA .000  BETA 000
O .200
¢ 1.000
1,000 prope —_— : - - -
i i i 3
1
\\\\
E \\ ]
.100E .
v =
E é
= :
010% S ]
d N k|
;?R\» ps P ]
SN S ]
S NG ]
F
.001 Poepdasodaengbonedepyabeggatonoplpap Rogedesnderaalotaalesaabpssebanedoeenlervaleraabyyabeaselogeiloapydotsatonaadsygobpianbovanlvatedopasliyalaspibaonelaonebygpaliles 'h
= 1.0 1.2 1.4

-,2 0 2 .4 .6 .8 .
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH., X/L

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =
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H/HREF

RATIG OF LOCAL TOQ REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 T TANK (SUGTO0L)

SYMBOL  MAW/HT PHI MACH PARAMETRIC VALUES
8] L850 315.000 6.993 ALPHA .000 BETA .00G
(] 200
< 1.000
1 .000 grermprrer 3 T T Ty
o o 3
[N 3
o A
u ™
: \ :
% AN ]
\\N. ' 3
3 Al E
: \\
.100E \\\ :
5 \s :
S :
\ -
; AN :
] N\ ]
o \Qb ]
.010E §§ :
- \\\\ -
==
::::Ei‘
.001 :nu sanrbapealanastanpaleaanbypuploenaferanlynpalpnaudqusslensafpuneluseulognpopaodoenchaprnleatndoncelorapbapnrdaecalatarloaprdenasioretfagnapuontborealndisdiid i iiidLE |u:
-.4 1.2 1.4

-.2 0 .2 -4 .B -8 1.0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 C(CAL HST 173-1C00) 37 T TANK (SUGTOL}
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RATIO OF LOCAL TOQ REFERENCE MEAT TRANSFER COEFFICIENT, H/HREF

OHi2/1H21 (CAL HST 173-100) 37 T TANK {SUGTO1?
SYMBOL  WAW/HT  PHI HMACH PARAKETRIC VALUES

O .B50  180.000 7.618 ALPHA 000 BETA 000
a .800
o] 1.000

1.000 prpr

S

: i I T b i A s s
: — 3
400 1= ) :
i L &
- \\ 5
¥ A\
- b . '_‘
: ZARRE S ]
- \ A "“Kk\
3 4 N 3
E . §
.010: S :
- AN NV 3
: > ]
‘001 :lu- aarilaonnekeonaberaedparnbagreloraaBeea Lo bogeclagenleigetynnclontoforenlineedonatioaspyroasdubaediarnitopsinailasiedaaclepaieniedrsaldotipdaggsloiza betiaditnadaisd nu:
-4 1.0 1.2 1.4

~ .2 o .2 -4 .5 .8
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LT ALPHA = O
PAGE 10



H/HREF

RATIC OF LOCAL TD REFERENCE HEAT TRANSFER COEFFICIENT,

QH12/1H21 (CAL HST I73-i00) 37 7T TANK {SuUGTO1)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 237 T TANK (SUGTOL)
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RATIG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF
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RATIO OF LLOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173~t00)} 37 7T TANK (SUGTO1)

SYMBOL  HAW/HT PHI MACH PARAMETREC VALLES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/7iH2] (CAL HST 173-100) 37 7T TANK (SUGTO12
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73-100) 37 T TANK (SUGTO1)
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RATIO OF LOGAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OHI2/1H2F (CAL HST 173-100) 37 7 TANK (5UGTQL)

SYMB0L HAY/HT PH] HACH PARAMCTRIC YALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 71 TANK (SUGTOL)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73~-100) 37 T TANK (SUGTOL)

SYMBOL  HAW/HT PHT MAZH PARAMETRIC VALUES
L850  221.000 15.980 ALPHA 000 BETA .000
O .800
e 1.009

DO OO Ty e e T Lt Ly S G LAn L 10 oo LS LALLY DAL LA SAAM T AAAJ ShAAS BAALY SALGS Mk GLLLH LALA) LA LALM LAA) GLLL:

]
2

.100E K
F Y
o \
0
ALY
+ ﬁ\ .
| \ i i
010 \ £a- —

|
1y
x
LIREERR
LA

. 4

9 ‘]..J

“)- 4
f

B\

N 0 Fend
%buafi -

TN

IREETITITIENNERITTII W AN NEEY

alaspalesaidagatdaspadedesdeastonsnlaaekoraadogd, AT ITTRAET NPT Yy FTRTA AT EA ENT I NP1 1T IV YL

1.2 1.4

.OOl :uu actibaacadrsradocsehagasbansgdonankec gbesocdoazoboinitany
~-.4 ~.2 Q .2

4 .B .8, 1.0
LONGITUDINAL LOCATION AS A FRACTIGN OF -BBDY LENGTH, X/L

FIG. 4 EFFECT OF RECOVERY FACTGR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
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H/HREF

RATIO BOF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HSY [73-100) 37 7 TANK (SUGTOL)

PH] HACH PARAHMETRIC VALUES
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H/HREF

RATIO OF LOCAL TD REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 7 TANK (SUGTOL )

SYMBOL  HAW/HT PH1 MACH SARAMETRIC VALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-1G0) 27 7 TAKK (SUGTO1)

SYMBOL HAW/HT PH] HACH PARAHETRIC VALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CGEFFICIENT,

OH12/1H21 (CAL HST [73-100) 37 7 TANK (5UGT01)
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H/HREF

RATIO OF LOCAL 10 REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/71HZ21 (CAL HST [73-100) 37 T TANK . (SUGTOL)
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H/HREF

RATIO OF LLOCAL T8O REFERENCE HEAT TRANSFER COEFFICIENT,

DH12/IHZ21 (CAL HST 173-100) 37 7 TANK (SuUGTO1)

STMBOL  HAW/HT PH{ MACH PARMETRIC VALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73-100) 37 7 TANK (SUGTO1)

MBoL HAM/HT PHI MACH PARMETRIC YALUES
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RATIQ OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH1Z2/1H21 (CAL HST I173-100) 137 7 TANK {(SuUGTO

SYMBOL  HAW/HT PHI MACH PARAMETRIC VALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OHi2/1H21 (CAL HST 173-100) 37 T TANK (SUGTO1)

SYMBOL  HAW/HT PHI MACH PARANETRIC VALUES
O J850  270.000 18.370 ALPdA .0co BETA 000
) .00
e 1.000

1 -OOO SRR AARARNEARAE RLAAR LAARS LARES AR LT lild\lll LA R EER RS LA AR 10N RAALE LGRS LR A LRLLE SITAINY TYIT[ TR il[lll“r RARAS ZRLALE LANEE AR LAL bAl LR
“ -
) ]
\\\\ :
\ ]
: ]
L 100F v e
I
F L\
\
h\

/
Wy

.010;

YEOTLITICLINTRLITED] FURTI FIRRY IUUTS SPTUN IYOV) FUUTINTINS ATTALITITI ITERI
.001

LG&G%TUD[N;E LOCAngN AS A'éRACTI@&GOF BUD§BLENGTFL'OX/L
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1

1.2 .4

ALPHA = (
PAGE 31



H/HREF

RATIG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.,
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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RATIO OF LOCAL TO REFERENCE I-iEAT TRANSFER COEFFICIENT» H/HREF
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OH12/1H21 (CAL HST 173-100) 37 T TANK (SUGTO1)
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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H/HREF

RATIC OF LGCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT.
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER CDEFFICIENT.
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RATIO OF LGBCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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RATIO OF LOCAL TO REFERENCE HEAT YRANSFER COEFFICIENT. H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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OHIZ2/i421 (CAL HSY 173-100} 237 0 71 TANK {RUGTGCS)

STHI0L HANIHT FHRY PACH PARAMETRIC YALUES
a 830 247.G30 7.617 ALPHA (vl BETA .00
a 500
< t.60
1 .000 sl WALEY TR LADLE LLLES ALLLY LALAL 49 %\ - RLAS AR LA AREE LASEY LERET LA LS LARITRANS) LA LA REAET LR AT RELAE RAREY SELAS LS AaaRELARRTAARRR IR AT LASRARRARE LORL RED RS RARES
= i SRS, A
\\\
SN [ ~ ]
- i\\ -
g A ]
\\§§ E
AN :_
: N 3
.100E N ]
F AN NN
JANN
: \&
3 \\\
N :
N 4 E
: 5 3
010t
.00 PPTTN FTTTI YTV PYTTLITINL FITPY PYPI PEPTY POYT| PYTTI IPTTLCYTYY (OTS PRTTIPYOYI F2PF) (YOI IPTRAPTTRI UUCAIENTIITA 21 INSTISTTVAATIOI FEVYA CTVTL FIPT) FRTER AVSTT ISTTUANE NN FISTLINERL VU T i
1.4 1.2 1.4

RATIO OF LOCAL TC REFERENCE MEAT TRANSFER COEFFICIENT., H/HREF

—-.2 0 2 -4 .6 .8 1.0
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
PAGE 5S4



4004 ST TOVA TRIOHO -
THL 40 ALITEINQeEdIE:

H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CQEFFICIENT,

OH12/1H21 (CAL HSY [73-100) 37 0T TANK (RUGTOS]

SYMBOL  HAW/HT  PHI HACH PARAMETRIC VALUES
850  270.000 7.617 ALPMA .000  BETA
(] 900
< 1,000
O O LU et Ak MAAAA kb Al Tk AL Wkt hAAA RAAS S ALY B2 LAad LA VAo Gkl AN R d Wl WAl Wl bl ye ™
3 | l ;
3 ]
: \ :
.IOUE E
= o\ :
1 b
|\ g
\ = ]
\ ] /R\§
\ AR
%
- Y
.o10f \bi\\\ 2
AN Y/
Ny
N/ i
~ ¥ 3
-001 Eun Al ilaaedeian kit dataataccataraadsraadeacotaanalapaioraadoeanlseiodraandonnndenartonntlorartanrsdeesnleanstanestonasloanabezsalignsdascsleasalsandianilssnalase ‘E
-.4 -.2 0 .2 .4 .6 .B 1.0 1.2 1.4
LONGITUODINAL LJACATION AS A FRACTION OF BODY LENGTH. X/L
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = O

PAGE

.33



RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEEFICIENT. H/HREF
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RATIC OF LOCAL TOQ REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIQ OF LBCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO BF LOCAL T@ REFERENCE HEAT TRANSFER COEFFICTENT.
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RATIO OF LGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT. TRANSFER COEFF [CIENT.
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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H/HREF

RATIO OF LGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CBEFFICIENT,
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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SYMBOL HAY/H™ PHI HACH PARAMETRIC VALUES
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HI/HU

RATIO OF INTERFERENCE TQ UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH1Z2 + [HZ1 MOBEL 37 QT(053/T{01) TANK (I1UGTO3)
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HI/HU

RATIO OF INTERFERENCE T@ UNDISTURBED HEAT TRANSFER COEFFICIENT,

QHi2 + IH21 M™MCDEL 37 QT(03)/T(C1) TANK (ITUGTO5)
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OHIZ + [hH21 ®0DzL 37 0T(05%)/7(012 TANK (1UGTOS}
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HI/HU

RATIO OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT.

GH12 + [H21 MODEL 37 OT(053)/T(01) TANK (IUGIDS)
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HI/HU

RATIO aF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

sYp
O

GH1Z2 + 1HZ! MEDEL 37 OT(GZI/T(CL] TANK (TUGTOS)
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RATIO OF INTERFERENCE TG UNOISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OHI2 + [H21 MODEL 37 0OT(O5)/7(01) TAMK (TUGTOS)
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RATIO 8F INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU

QH1Z + H21 ™OJEL 37 87(0G5)/T(013 TANK {IUGTO3)
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HI/HU -

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + [H2! MODEL 37 OT(0S3I/T(01) TANK (1UGTO3)
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HI/HU

RATIQ OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT,

OHt2 + TH21 MGDEL 37 O0T{0I3}/T(01) TANK {IUGTOD)
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + JH21 MODEL 37 OT(0S)/T(O1)  TANK (IUGTOS)
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HI/HU

RATIO OF INTERFERENCE TO ! 'OISTURBED HEAT TRANSFER COEFFICIENT,

GH12 + TH2! MOBEL 37 OT(03)/7(01) ° TANK {IUGTO3]
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFF [CIENT.

OH12 r IH21 MODEL 37 OQT(0S3/7CC1) TANK (juGTI3)
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HI/HU

RATIO OF INTERFERENCE T UNDISTURBED HEAT TRANSFER COEFFICIENT.,

OH1Z2 + [H21 MODEL 37 OCT(03X/7{01} TANA {1UGTOS)
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HI/HU

RATIO OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER CGEFFICIENT.

OH1Z + [H21 MGDEL 37 QOT(0S)/7(013 TANK {iLGTO3
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HI/ZHU

RATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + IH21 MODEL 37 OT(03)/7(01) TANK (IUGTOS)
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HI/HU

RATIO OF INTERFERENCE 70 UNDISTURBED HEAT TRANSFER COEFFICIENT,

CHi2 + IK21 MBBEL 37 CT(05:/7(01) TANK (IUGTGS)
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HI/HU

RATIO GF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH21 MGDEL 37 9T(031/T(01) TANK CIUGTO3)
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RATIG OF INTERFERENCE TQ UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + iH21 MODEL 37 O©T(0S)/7{01) TANRK LIUGTOS)
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RATIO OF [NTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT.
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HI/HU

RATICG OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + [H21 MOIDEL 37 OT(03)/T(0OL) TANK (IUGTECS)
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT., HI/HU

OHiZ + [H21 MODEL 37 0OT(033}/T(01) TANK (1UGTOS)?
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER CQEFFICIENT. HI/HU
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + [H21 MODEL 37 OT(0S)/T(O TANK CIUGTO3)
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH1Z + [H21 MBDEL 37 0T(05)/7(01) TANK (1UGTOS)

SYMBOL  HAW/HT PHL HACH BARAHETRIC YALUES

O L800  315.C00 18.300 ALPHA 000 BETA .000
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E 1
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

SYMBOL HAW/HT PH] MACH PARAHETRIC YALUES

@] .900 000 19.180 ALPHA .00 BETA 000
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HI/HU

RATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT.
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FIG. 4 EFFECT OF RECAVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TQ UNDISTURBED HEAT TRANSFER COEFFICIENT.

O

OH1Z + [H21 MODEL 37 OT(033/7(012 TANK (1UGTOS)
SYMEOL  MAW/HT

PH1 HACH . PARAMETRIC YALUES

LS00 199.000 19.180 ALPHA 0090 BETA 000
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LONGITUDINAL LOCATION AS A FRACTION OF BADY LENGTH.  X/L
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI1 ALPHA = 0
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H1/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + IH21 MODEL 37 OT(03)/7(0L) TANK (IUGT0DS9)

SYHMBOL HA¥W/HT PHI MACH PARAMETRIC VALUES
O .900 221.C00 19.18C0 ALPHA 005 BETA 000
1 Q0 . O prprrrr e rrrereerr————rer vr
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F1G. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TQ UNGISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH21 ™MODEL 37 @QT(053)/T(01) TANK (1UGTO3)

SYHMBOL HAW/HT PH] MACH . PARAMETRIC VALUES

O L8900 241.000 12,180 ALPHA .0co BETA .000
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HI/ZHU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER CCQEFFICIENT,

gH12 +~ [H2: MGOEL 37 0O7(0S53/T7:.01) TAN

K CIUGTOS)

SYMBOL  HAWHT  PHI ¥ACH PARAMETRIC VALUES
@] 800 247.000 19,180 ALPHA L000 ¢ BETA 000
100-0_ e T : T '{ T T T bR L
F
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU

OH1Z2 + IH21 MODEL 37 0TC03)/7{01) TANK {IUGTO3)

SYHBOL HAN/HT PHE MACH PARAMETRIC VALUES
O .800  270.000 19.180 . ALPHA .coo BETA 000
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

GH12 + IH21 MODEL 37 0T(0S1/T7(01) TANK C1IUGTOS)
SYHBOL HAW/HT Pui MACH PARAMETR]C VALUES

QO L8900 315,000 19.180 ALPHA .000 BETA .0o0
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FI6. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA = O
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H/HREF

RATIO OF LLOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH1Z/IH21 (CAL HST 173-100} 37 71 TANK (RUGTOZ)

SYHBOL HAW/ZHT PHI HACH PARAMETRIC YALLUES

O .850 000 19.170 ALPHA 5.000  BETA .000

[} 820

[o] 1.000
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JLONGITUDINAL LOBCATION AS A FRACTION OF BODY LENGTH, X/L

FIG, 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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RATICG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OH12/1H21 CCAL HST 173-100) 37 T TANK (RUGTO2)

SYMBOL HAW/HT PHI MACH PARAMETRIC YALLES
e 8350 160.000 19.170 ALPHA 2.000 BETA 000
] .900
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LONGITUDINAL LOCATION AS A FRACTION OF BOOY LENGEH. X/L

FI16. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =3
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

GHIZ/IH21 (CAL HST 173-100) 37 7 TANK (RUGT02)

SYMBOL  HAW/HT  PHI HACH PARAHMETRIC VALUES
o

850 199.000 19.170 ALPHA 5.000
a .900
Lo 1.009
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FIG. 5 EFFECT OF RECOVERY FACTOR CN THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENTY.

OH12/1H21 (CAL HST

SYMBOL  HAM/HT
e .850
g 900
< 1.000
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT. M/HREF

OH12/1H21 (CAL HST [73-100) 37 T TANK (RUGT02)
SYHBOL HAM /HT PHI HACH PAQAMETRIC VALUES
B850 241.000 i8.170 ALPHA 5.000 BETA 000
0O .800
< 1.000
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FIG. 5 EFFECT OF RECOVERY FACTGR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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RATIG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OH12/1H21 (CAL HST [73-100 37 7 TANK « ' (RUGTSZ2)

SYMBOL HAW/HT PHi HACH PARMETRIC VALUES

O .B50  247.0C0 12,170 ALPHA 5,000 BETA 000
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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RATID OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

QH12/1H21 (CAL HST [73-100) 37 7 TANK (RUGTOD2)

SYMBOL HAW/HT PHI HACH PARAMETRIC YALUES
O .350 270.000 19,170 ALPHA 5.000 BETA .coo
O .200 .
Lo 1.000
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FI6. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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RATI@ OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 37 T~ TANK {RUGTO2)
SYMBOL  HAW/HT  PHI HACH PARAHETRIC VALUES

O 850 315.000 19.170 . ALPHA 5.000  BETA .000
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 3
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RATIO OBF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

CH1Z2/1H21 (CAL HST 173-100) 37 a7 TANK (RUGTOB)

SYMBOL HAW/HT PHE MACH PARAHETRIC VALLES

O -850 .0oo 18,780 ALPHA 5.000  BETA .000
O 800

o] 1.009
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 35
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 370 7T TANK (RUGTOBY

SYMBOL HAW/HT PHI MACH PARAMETRIC YALUES
QO .650  180.000 18.790 ALPHA 5.000 BETA 500
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© 1.000
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RATIO OF LOCAL TO REFERENCE HMEAT TRANSFER COEFFICIENT., H/HREF

OH12/1H21 (CAL HST [73-100) 37 0T TANK (RUGTOB}

SYMBOL.  HAW/HT PHT MACH PARAMETRIC VALUES
O B850 199,000 18.790 ALPHA 5.000 BETA .000
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F16. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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H/HREF

RATIO OF LBCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OHiz2/IH21 (CAL HST 173-100) 37 0 T TANK _(RUGTOB?

SYMBOL  HAW/HT PHl MACH PARAMETRIC YALUES
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =5
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CGEFFICIENT.

OHEZ/THZ21 (CAL HWST 173-100) 370 7 TANK (RUGTOB)

SYMODL  HAW/HT PH1 MACH PARAMETRIC VALUES
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OHi2/1H21 (CAL HST 173-100) 37 0 7T TANK (RUGTOB)

SYMBOL  MAW/HT  PHi MACH PARAMETRIC YALUES

O 850 247.000  18.7%0 ALPHA 5.000  BETA ,C00
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =3
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RATIO OF LOCAL 7D REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OH12/1HZ2] (CAL HST 173-i20) 37 8T TANK (RUGTOB)
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H/HREF

RATIC OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

QH1Z2/1H21 C(CAL HST {73-100) 37 C T TANK (RUGTOB)

SYMBOL  HAW/HT PHI MACH PARAFETRIC YALUES
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RATIG OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + TH2!1 MODEL 37 0OT(068)/T(02) TANK (IUGTCB)

SYMBOL, HAW/HT PHI MACH PARMETRIC VALUES
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + [H21 MODEL 37 0GT(06)/T(02) TANK (IUGTOB)

SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES
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RATIG OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

gpvq TYIOHED -
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH1Z + IH21 MODEL 37 CT(0BI/TL0LZ) TANK {IUGTOB)
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT., Hi/HU

OH12 + IH21 MODEL 37 OT(08)/T(02) TANK (1UGTOB)

SYHBOL HAW/HY PH] MACH FARAMETRIC YALUES
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RATIO OF INTERFERENCE TO UNDISTURBEO HEAT TRANSFER COEFFICIENT. HI/HU

OHLZ + IH21 MGOEL 37 0QTL0B8)/T(02) TANK CIUGTOS)

SYHMBOL  HAW/MT PH| HMACH i PARAMETRIC VALLES
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RATIOQ OF INTERFERENCE T0O UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/ZHU

gH1Z + {HZ1 MODZL 37 0OT(08)/T(02) TANK (IUGTOG)

SYMBOL HAW/HT PH| HACH PARAMETRIC YALUES
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH21 ®MODEL 37 QT(063/7(02) TANK (IUGTOB)

SYMBOL  HAW/HT PHI MACH PARAMETRIC VALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OHL12/TH21 €C/L HST [73-1001 37 T-NP TANK {RUGTO3)
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73-100) 37 T-NP TANK (RUGTO3)
SYMBOL  HAW/HT  PHI MACH PARAMETRIC VALUES
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PAGE 130

AUETRIVITLNNNEY




H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

CHI2/71H21 (CAL HST [I73-1007 37 T-NP TANK (RUGTO3)
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H/HREF

RATID QF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST [73-100) 37 T-NP TANK {RUGTD3)
STHBOL  MAW/HT  PHI HACH PARAHETRIC VALUES
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OH12/1H21 (CAL HST [73-100) 37 T-NP TANK (RUGTO3)

SYMBOL  MAW/HT PH] HACH PARAMETRIC VALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 T-NP TANK (RUGTO3)

SYMBOL  HAM/MT PHI MACH PARAFETRIC VALUES
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PAGE

134



H/HREF

RATIC OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT,

GH1Z2/IH21 (CAL HST 173-100) 37 T-NP TANK (RUGTO3)

SYMBOL  HAW/HT  PH| MACH PARAMETRIC VALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 37 T=NP TANK (RUGTO3)

SYMBOL  HAW/HT  PHI MATH . PARAMETRIC VALUES

O .85 315.000 18.430 ALPHA .00 BETA 000
H .900

¢ 1.000

1 IDDO > 5683 LakEd REEAE B LI LLEAS L] "F“? LARs L4 T LAALIREAEAS LRI B A0 "ll' LR AR AL AR AR A aal AR A LAR A LA RAARILARE N AREAF LAES I nki bt ARLAT RO AN LAR LR ARE AR RARAE RARE !
- ey
' :
: A\
: NUED
.100f \
' ™
Y
A\
\Y
“ AN
N
§ | N ;
.010¢ \\
: A\ .
3 R
R ]
- \E\\\Q ]
T E
.001 PP PYTPR FOSTY YTYS PPN FYYS YUY TSR (VR PPIL PP 1Y FPURS PV JYVYR PO IR FPPYE PYYS1 PUTTY PPITS FYTTY ITUTIIVITI CTTTY ITTTL YUY IYVY1 VYY1 FYVTL TYTTI PPYY] [RVPLIPRTS [TVTITETTY

LONGITUDINAL LOCATION AS A';RAcrmhisoF BODY'BLENGTHI-.D X/L t-2 t-
FiG., & EFFECT OF RECOVERY FACTOR GM E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES

PAGE 136



RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER- COEFFICIENT, H/HREF

OH12/1HZ21 (CAL HST 173-100) 37 O T-NP TANK (RUGTO4)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OH12/1H2]1 (CAL HST I73-100) 37 O T-NP TANK (RUGTO43] )
SYMBOL  HAW/HT  PHI HACH PARAMETRIC YALUES
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H/HREF

RATIO OF LQCAL TO REFERENCE HEAT TRAMSFER COEFFICIENT.,

c

w
omoé

OH12/1H21 (CAL HST 173-100) 37 0 T-NP TANK (RUGTO4)
HAWZHT PHi MACH PARAMETRIC VALLES
830  189.000 17.920 ALPHA .000 BETA .000
.800
1.000
L O el dasds hadal Lasas et skt Lhans s s et it e e
- (4]
- [ -4
; N f
AN
: \\ \ ;
.100¢ N ]
3 AN 3
I N o
L AN 1
ALY 3
k= \\ N .
] \§§ E
E S i
.010E Y :
- \ -l
e R 3
I N E
L \\\ A
L \S\ :
F %% 3
- \‘\\k 3
3 N 3
.001 FTTTLTER L PR YL T ] A TN SETT1NTTYS SET T P INERI FTITI (Y20 PEPTTSUC e PTUTI FORTLITICU IS TN STRTIUTS 1 ITTT1 PRI ASET1 ITYTY RTTVITCTI ST S FITTILTIVIFORTI 1YTI FOTPLANITI FOT
~.4 -.2 0 2 4 B 8 1.0 1.2 1.4

LONGITUDINAL LOCATION AS A FRACTION OF BCOY LENGTH, X/L

FI1G, 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER VITHOUT PROTUBERANCES
- PAGE 139



H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST [73-100) 37 O T-NP TANK (RUGTO43)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

@H12/1H21 (CAL HST [73-100) 37 O T-NP TANK {RUGTO4)
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H/HREF

RATI® OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/TH21 (CAL HST [73-100} 37 G T-NP TANK (RUGTC4)
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RATIO OF LLOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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QHI2/TH21 (CAL HST 173-100) 37 O T-NP TANK (RUGTO4)

SYMBOL  HAW/HT  PHI MACH PARAMETRIC VALUES:
O L850 315.000 17,320 ALPHA L0600 BETA .000
.300 ' .
O 1.000
1 .DOO L3 443 L4E LLL] LLAES CALE LASRARAY LEAREELRASAARASRRNRARRll i ann taRid LA A0 RESAT RALESR EiS A0 T JITTJUIsr|ITT LLARRAAS La LT RRAAN 14000 RAARE RAALY Tyttt
l;
. N

|7

.100; o

i
/

.o10k .

RATIO OF LGCAL TG REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

]
I

b

= C

b . e
001 aatibonidsaacteatalssanhainedoaad i Buaaalaraghabiaaafeanalncrabnnabansa il iadisaiiot anleeettoastpalasaadgacieyleialaibicial i usitaniilabuag
.

-, 8 1.2 L4

LONGTTUDINAL LOCATIGN AS A PRACTION OF BODY LENGTH.  X/L
F16. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES

PAGE 144



HI/HU

RATID OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH1Z + IH21 MODEL 37 OT-NP{4)/T-NP(3) TANK (IUGTO4)
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HI/HU

YDISTURBED HEAT TRANSFER COEFFICIENT.

RATIO OF INTERFERENCE T8
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COQEFFICIENT, HI/HU
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SYMEOL  HAW/MT PHE MACH PARAMETRIC VALUES
O .900 198,000 18.200 ALPHA .000  BETA 000
100.0 propee . SR TN -
e E
1 3
16.0
N
L7 (‘i ﬁr
2 1/
//
E 1 ™~
o d ™
1.0F -
- - ]
'
1 ST YT T YTV S (IR FTRY [TTTIIUTTI INTTS (101 ISTVI I7TTINVETIINITI FIYPI PYSTIYPTI I pasedoantlaaasdentadesagleaaeloastansaloeatdeannlrapibadtalyng s lasalacay
- 1.2 1.4

=.2 0] .2 -4 .5 .8 1.0
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L

FIG, & EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
' ‘ PAGE 147



HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,
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HI/ZHU

RATIO OF INTERFERENCE TO UNBISTURBED HEAT TRANSFER COEFFICIENT.
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HI/HU

RATIG OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + 1H21 MODEL 37 OT-NP(4)/T-NP(3} TANK  (IUGTO4)
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RATIO @F INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/ZHU

GH1z + IH21 MODEL 37 OT-NP(4)/T-NP{3] TANK (IUGTO4)
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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DATA SET SYMBCL  CORFIGURATION DESCRIPTION ALPHA BETA
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RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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DATA SET STYMBOL CONF IGURATION DESCRIPTION ALPHA BETA
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DATA SET SYMIOL

{RUGTO! }
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(RUGT03 ) B

1.000

CONFIGURATICN DESCRIPTION ALPEA BETA

CHI2/LH21 ([CAL HST 173-108) 37 T TAMK 000 260

QH12/TH21 (CAL HST [73-100) 37 T-NP TARK

aiala] .000

LRk LR il 9 L AR A P RaRLI RAREY ARELE L LARA ARRY: T T T T Y T T T e T T T T T T T T T T P T T T T T T T T T T T T T T e e T e ey

= i
F 13N
1 AN
i A
g \ :
: \ é
100} \\
3 m\
o AN
- I\Y
. \L 4
- A\
: \\
.0105 \\ 113
3 A\ Nt b=y
3 {0 ] . 2
u LY \
2 N
i N /)
i A NI
g o)
.00! Eu.ljllll st rt el it pbraaebavaed o daa o boceadat o biaaadabipadg e bagnadavtalndsshases n\u ITASTE 1FTTRI ETTRATTETI LT lluinn INSIUITETE FRTTNITVTY n.:
~.4 -.2 0 . 2 .4 .6 .8 ] .0 1.2 1.4
LONGITUDINAL LOCATION AS A FRACTION OF BORY LENGTH, X/L
FIG. 7 EFFECT OF PROTUBERANCES OMN THE EXTERNAL TANK\HEAT TRANSFER ALPHA-= 0

MACH = 18.400 HAW/HT= .830 PHI = 24].000 PAGE 197



DATA SET SYMBOL  CONWFIGURATION DESCRIPTION ALPHA BETA
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DATA SET SYMBGL . CONFIGURATION DESCRIPT{CN ALPHA  BETA
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + [H21 MODEL 37 TC(O1J/T-NP(O3) TANK (IUGTO1)
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RATIO OF INTERFERENCE TQO UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU
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RATIO OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

GHl2 + IH21 MODEL 37 T(O1)/T-NP(03) TANK (IUGTOL)
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + TH21 MODREL 37 TOO1)/T-NP(O3) TANK (IUGTO1)
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Hi/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

»
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

GH12 + IH21 MODEL 37 T{O11}/T-WPC{Q3) TANK (IUGTO1)
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH1Z2 + [H21 MODEL 37 T(Ol)/T-NP(0O3) TANK {IUGYC1)
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 O FUUSELAGE (RUGBO7)

OO0
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RATIO OF LOBCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73-1002

37 0 FUSELAGE (RUGEO71}
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H/HREF

RATIO OF LGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

SYHMBOL HAW/HT PRI MACH FARAMETRIC YALUES
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OHI2/iH21 (CAL HST {73-100) 37 O FUSELAGE {(RUGBO7)
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OM12/1H21 (CAL HST [73-100) 37 0 FUSELAGE (RUGBO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OHI2/1H2T (CAL HST 173-100) 37 O FUSELAGE (RUGBO7)
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http:30.000.61

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OH12/1H21 (CAL HST 173-100) 37 0 FUSELAGE (RUGBOD7)

SYMBOL  HAM/HT PH] MACH PARAMETRIC VALUES
830  180.000 7.614 ALPHA 000 BETA 000
(] .800
Lo} 1,000

N[00 P —————— e U U S U U vl

E ! 3

- o

s X ]

E 4 B

E \\ 3

5 X

: - 5

L100E <+ ANy 1

2 AN G

= _> -y

b \ o

[ \\\ k

E il Y E

C b \ E

:

F 5 3

010 .

;

.ODI PITTIICT T (TTTI TP  PPTPL YT T OTY FYTT! (YT TR TR qTTOY SUTI FATTA FOTCITALT SUUTI ISV TURTR ITTR] AN IPOat o Lol AVERILARC FUIVI FERTL AN ETENEYRY SRRNEVORERTFTNICINESS T SN RS A0 2o nu:
~.4 -.2 9] .2 1.0 1.2 1.4

W4 .6 .8
LONGITUDINAL LBCATION AS A FRACTION OF BODY LENGTH. X/L

FI1G. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0

PAGE

192



H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HWST 173-100) 37 O FUSELAGE (RUGBO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OH12/7TH21 (CAL HST 173-100) 37 O FUSELAGE (RUGBO7)
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H/HREF

RATIO OrF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OHIZ/1H21 (CAL HST 173-1001}
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OH12/1H21 (CAL HST [73-100) 37 © FUSELAGE (RUGBO7)
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H/HREF

RATIG OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/]H21 (CAL HST 173-100) 37 @ FUSELAGE (RUGBQO72
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RATIA OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/IH2] (CAL HST 173-100) 37 O FUSELAGE (RUGBO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CBEFFICIENT, H/HREF

[H21 (CAL HST [73-100) 37 0 FUSELAGE (RUGB07)
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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OH12 + IH21 MODEL 37 OT{D331/0(07) FUSELAGE (IUGBOS)

SYHBOL  HAW/MT
£300 .

100. 0 preprerererpreeees
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25.000 7.000 " ALPHA
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FIG 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =0
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HI/HU

KATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT.

QHLZ + [H21

MODEL 37 OT(031/0007)

FUSELAGE

(IUGBO3)

SYMOD, HAWZHT PHT MACH PARAMETRIC VALUES
O 900 30.000 7.000 ALPHA 000 BETA 000
100.0 propee o
10.0? .
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FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HFAT TRANSFER ALPHA = O
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OHIZ2 + [H21 MGDEL 37 QT(0S)/0(07) FUSELAGE (jUuGBO3)
SYMBOL HAY/HT PHE HMACH PARAMETRIC V'M.UES
O L8500 190.000 7.000 ALPHA 000 BETA .00
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E
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e
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FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L

HEAT TRANSFER ALPHA = 0
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HiI/HU

IATIG OF INTERFERENCE TO UNDISTURBELD HEAT TRANSFER COEFFICIENT.

OH12 + [H21 MODEL 37 0QT(051/0(07) FUSELAGE (IUGBO3)
SYHBOL HAM/HT PH! MACH PARAMETRIC VALUES
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LGNG[TUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
FIG 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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RATID OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT., HI/ZHU

OH12 + TH21 MODEL 37 O0T(05)/6(07) FUSELAGE (1UGBO3)

SYMBOL  MAW/HT ., PHI MACH . PARAMETRIC VALUES
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FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + IH21 MODEL 37 QT(03)/0(07) FUSELAGE (IUGBO3) .

SYMBOL HAWZHT PH1 MACH PARAMETRIC VALUES
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FIG. 8 EFFECT OF RECOVERY FACTOR ON THE GRBITER BODY HEAT TRANSFER ALPHA = O
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OH12 + IH21

MODEL 37 0OT(Q3)/0{07) FUSELAGE (lUGBOS)

SYHBOL HAM/HT PH] MACH PARAMETRIC VALUES
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HI/HU

RATIC OF INTERFERENCE TOQ UNDISTURBED HEAT TRANSFER COEFFICIENT.

gM1Z + IHZ21 MODEL 37 0©T{05)/0(07) FUSELAGE (JUGBO3)

SYHBOL HAY/HT PH1 MACH PARAMETRIC VALUES
0 900 000 18.100 ALPHA .000  BETA 000
1
4
10.0F
~
1.0k
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- 3
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LONGITUDINAL LOCATION AS J{ FRACTION' OF BODY LENGTH,  X/L

FI6. 8 EFFECT OF RECOVERY FACTOR ON THEYPRBITER BODY HEAT TRANSFER ALPHA = O
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RATIO GF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + IH21 MODEL 37 OT{03)/C(07) FUSELAGE (TUGBOS3)

SYMGOL HAY/HT PH! HACH PARAMETRIC VALUES
800 25,000 18,300 ALPHA 000 BETA 000
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FIG, 8 EFFECT OF RECOVERY FACTOR ON 7HE ORBITER BODY HEAT TRANSFER ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + [H21 MODEL 37 0QT(05)/0(07) FUSELAGE (1UGBO33

SYMEOL  HAW/HT PH! MACH PARAMETRIC VALUES .
.900 39.c00 18.300 ALPHA .Q00 BETA .000
100.0r
o ]
10.0
3
1.0
o by |
U= D p
.1 n Aradrantanarlaanstaa et e traa g daaan kot b ratatranateraatanttu e stontekopaalnpinteroqteanbisaprtonandaneiihds INI:xlll [SULA SNSRI ERANLINUEA TN NN NOV L] ||u-
- -4 l . 2 1 -4

~.2 0 .2 .4 .6 .8 . 1.0
LONGITUDINAL LOCATION AS A FRACTION OF BGDY LENGTH. X/L

FIG, 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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Hi/HU

RATIO OF INTERFERENCE TQ UNDISTURBED HEAT TRANSFER COEFFICIENT.,

CGH1Z % [H21 MODEL 37 QT(05)/3(07) FUSELAGE (IUGBOS)

SYMBOL  HAW/HT PH] MACH PARAMETRIC VALUES
900 180.000 18.320 ALPHA 000 BETA .000
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FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = O
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH21 MODEL 37 OT(G51/0(G7) F

USELAGE  (TUGBO3)

SYMEOL HAW/HT PHI HACH PARAMETRIC YALUES
(@] .00 .000 19.180 ALPHA .000  BETA .000
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LGNGITUDINAL LGCATIUN AS A FRACTIS%?;F BUDY LENGTH. X/ '
FIG. 8 EFFECT OF RECOVERY FACTCR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT., HI/HU

OH12 + IH21 MODEL 37 0T(0S5}/0(07) FUSELAGE  (1UGBODS)
SYMBOL  HAW/HT
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v16, 8 EFFECT OF RECOVERY FACTOR ON THE GRBITER BODY HEAT TRANSFER ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TOQ UNDISTURBED HEAT TRANSFER CGEFFICIENT.

STHB
0

OHl2 + [H2! MODEL 37 0T(053)/C(07)

FUSELAGE (1UGBO3)
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OH12 + IH21 MODEL 37 O0GT(05)/6(07} FUSELAGE (IUGBOS)

SYMBOL  HAW/HT PHI MACH PARAMETRIC VALUES
C 900 180.000 19,180 ALPHA .000 BETA 000
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FIG. 8 EFFECT OF RECGVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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RATIC OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 €CAL HST [73-100) 37 O
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FIG 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0~
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RATIO QF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

BH12/1H21 (CAL HST [73-100) 37 0O WING L.S.{RUGKO7)

SYMBOL  HAW/HT  2v/B HACH PARAMETRIC VALUES

Q .850 .400 6.997 ALPHA L0000  BETA 009
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Fi6. 9 EFFECT OF RECOVERY FACTOR QN THE ORBITER WING HEAT TRANSFER - ALPHA = 0
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RATIC OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH1

SYMBOL HAW/HT
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = O

PAGE

239



H/HREF

0H12/1H21 (CAL HST 173-1003 37 0 WING L.S.C(RUGWO7]

SYMBOL  HAW/HT 2v/8 HACH PARAHETRIC VALUES
E% -830 600 6.997 ALPHA 000 BETA 000
800
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RATIOQ OF LOCAL TO REFERENCE HEAT TRANSFER CBEFFICIENT.
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CHORDWISE LOCATION AS A FRACTION OF LOCAL EHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

GH12/1H21 (CAL HST I73-100) 37 0O WING L.S.(RUGWO7)

STYMBOL HAY/HT 2Y/B MACH PARAMETRIC VALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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FIG. 9 EFFECT GF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL T8 REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/TH21 (CAL HST 173-1003 37 O WING L.S.(RUGHO7)

SYMBOL  HAW/HT  2v/8 MACH PARAMETRIC VALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

CH12/1H21 (CAL HST [73-iC0) 37 9 WING L.S.(RUGWD7)
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FIG. 9 EFFECT OF RECOVERY FACTGR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

GH12/IH21 (CAL HST I[73-100) 37 0 WING L.S.(RUGWO7)

SYHBOL HAW/HT 2Y/8B MACH PARAMETRIC VALUES
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H/HREF

RATIO QF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 O WING L.S.(RUGWO?7)

SYMBOL  HAM/HT  2v/B MACH PARAMETRIC VALUES
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H/HREF

RATIO QF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT,

OHIZ2/1H2] (CAL HST [73-100) 37 0

WING L.S.(RUGWO7)
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H/HREF

RATIO OF LOCAL T3 REFERENCE HEAT TRANSFER COEFFICIENT.

CH12/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGWO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-1003 37 O WING L.5.(RUGWO7)
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RATIO OF LﬂC;\L TG REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH1Z2/71H21 C(CAL HST [73-100) 237 O WING L.S.(RUGWQ7)
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H/HREF

RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 0 WING L.S. (RUGWQ7)
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RATIO GF LOBCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OHi2/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGWO7]
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RATIO @F LbCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

QH12/1H21 C(CAL HST [73-100) 37 0 WING L.S.({RUGWD7)

SYMBOL  HAW/HT ZY/8 MACH PARAFETRIC YALUES
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H.‘"HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OHl2/1H21 (CAL HST [73-100) 37 0 WING L.S.(RUGWO7)
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RATIO OF LOGCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

OH12/1H21 (CAL HST [73-10G) 37 0 WING L.S.(RUGWD7)
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H/HREF

. RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CQEFFICIENT,

OK12/1H21 (CAL HST [73-100t 37 0 WING L.S. (RUGWO7)
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RATIO OF LOCAL TG REFE&ENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL MST 173-100) 37 0 WING L.S5.,(RUGWO7)
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H/HREF

RATIO OF LOCAL T8 REFERENCE HEAT TRANSFER COEFFICIENT.

OHI1Z2/1H21 (CAL HST 173-100) 37 O WING L.S. (RUGW(O7)
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H/HREF

RATIO OF LOCAL TGO REFERéNCE HEAT TRANSFER COEFFICIENT.

OH12/71H21 (CAL HST 173-10C) 37 O
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OH12/1H21 (CAL HST 173-100) 37 O WING L.S.(RUGWO7)
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RATIO OF LOCAL 7O REFERENCE HEAT TRANSFER CDEFFICIENT, H/HREF -
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OH12/1H21 {CAL HST 173~10G03 37 O WING L.5., (RUGWO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 172-100)1 37 O WING L.S.(RUGWQO7)
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H/HREF

RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST [73-10C)Y 37 O WING L.S. (RUGWO7)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OHI2/1H21 (CAL HST [73-100) 37 0 WING L.S. (RUGWQ7)
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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CHGRS%ISE LoéfTICN As A FRACf?GN oF igan CHORD. X/C
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

OHIZ2/1H2] (CAL HST [73-100) 370 T WING L.S.(RUGWOS)

SYMBOL  HAW/MT  2v/3 HACH PARAMETRIC VALUES
.820 250 £.939 ALPHA 000 BETA SO0
a 900
< 1.000
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FI6. 9 EFFECT OF RECGVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 37 @ T WING L.S. (RUGWOS)

SYMBOL  HAW/HT 2Y/8 MACH PARAMETRIC VALUES
O 850 400 6,239 ALFPHA 000 BETA 000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

gH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.{RUGWGS)

SYMEOL HAW/HT 2Y/8 MACH PARAMETRIC VALUES
o .650 .500 §.299 ALPHA .000  BETA 000
L8200
o] 1.000
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CHORDWISE LOCATIGN AS A FRACTION OF LOCAL CHORD. X/C

F1G. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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T TRANSFER COEFFICIENT, H/HREF

RATIOG OF LOCAL TO REFERENCE HEA

OH12/1HZ21

(CAL HST 173-i00) 37 0 7T WING L.S.(RUGWO3}

SYMBOL HAN FHT 2vs/8 MACH PARAMETRIC VALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21

SYHEoL HAW/HT

2vYs8

(CAL HST 173-100) 37 0 T WING L.S.(RUGWO2)

MACH PARAMETRIC VALUE

S
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE OGRBITER WING HEAT TRANSFER ALPHA =0
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OH12/1H21 (CAL HST 173-100) 37 O T WING L.5.(RUGWOS)

SYMEOL HAW/HT 2¥/8 ° MACH PARAMETRIC VALUES
9] .B50 .950 £.999 ALPHA 000 BETA 000
| ,900
& 1 .000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0O
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H2)] (CAL HST 173-100) 37 0 7 WING L.S.(RUGWO3)

SYHE0L HAW/HT 2Y/8 MACH PARAMETRIC VALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = O
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH1Z/1HZ21 (CAL HST 173-100) 37 Q7

WING L.S.(RUGWGOSY

SYMBOL HAW/HT 2y/8 MACH PARAMETRIC VALUES
@] L850 .400 7.616 ALPHA 000  BETA .000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE GRBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL 10 REFERENCE HEAT TRANSFER COEFFICIENT. M/HREF

OH12/1H21 (CAL HST [73-100) 3707 WING L.S.[{RUGWOS)

SYMBOE  HAW/HT 2¢Y/B MACH PARAMEIRIC VALUES
O L850 .00 7.616 ALPHA .000  BETA
(s .00
O 1.000

[elT0)]

100

TIYIT T T TTTITT
v

™

X3
AN
R

W,
27
AW
\J
AN
W

.010§

DDI prrtiiarlaersberananadtesto o aepa Respedeaaptapcadopgadenaaa yab s lsesabiganbeatplatgrtayyetyaaehaptibavardaspgtotaoaaglnnsadusondannnbpntelapuy
.

vl

[YSTITTISHIVIT]

-.4 -.2 0 .2 .4 .6 .8 1.0
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD,

1.2
X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

hATIU OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OHiZ2/1H21 (CAL HST 173-i100) 37 07 WING L.S.{RUGWDS)

SYMBOL  HAWHT  2v/8 MACH PARAMETRIC VALUES
E% .850 .600 7.616 ALPHA 000 BETA .000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIQO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 37 0T WING L.S.(RUGWOS)

SYMBOL  HAW/HT 2v/8 MACH PARAMETRIC YALUES
0O 850 .750 7.615 ALPHA Qoo BETA .000
(| 900
< 1.600
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FIG. 9 EFFECT OF RECOVERY FACTGR ON THE ORBITER WING HEAT TRANSFE
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R ALPHA = 0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

@H12/1H21 (CAL HST 173-100) 3707 WING L.S.{RUGWOS)

SYHBOL HAW/HT 2Y/B HACH PARAMETRIC VALUES
C .50 .950 7.618 ALPHA ££00 BETA .00
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< 1.000
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H/HREF

RATIG OF LOCAL TO REFERENCE HEAT TRANSFER CREFFICIENT.

OHE2/1H21 (CAL HST 173-100) 37 0 7 WING L.S.(RUGWDS)

SYHEM HAV/HT‘ 2Y/8 MACH PARAMETRIC VALUES
@] .850 .250 18.330 . ALPHA .CO0 BETA .000
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FIG. 3 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =.0
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/IH21 {CAL HST [73-100) 37 0 T WING L.S.{RUGWOS)

SYMBOL HAN/HT 2Y/8 MACH PARAMETRIC VALUES

O 850 .400 18.330 ’ ALPHA L0000  BETA 000
| 800

<o 1.000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =0
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OH12/IHZ21 (CAL HST [73-10Q) 370 7 WING L.S.{RUGW(]S)

SYMBOL  HAw/HT 2¥/8 MACH PARAMETRIC VALUES
Q .85 Soe 18.330 ALPHA 000 BETA 000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOACAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 370 T WING L.5.({RUGWOS)

SYMBOL  MAW/HT
@] 850
1 900
< 1.060
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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H/HREF

RATIQ OF LOCAL TO REFERENCE HEAT TRANSFER CQEFFICIENT,

OH12/1H21 {CAL H5T 173-1002 37 07T WING L.S.(RUGWO3)

SYMBOL  HAW/ZHT  2Y/B MACH . PARAMETRIC VALUES
L850 750 18,330 ALPHA 000 BETA 000
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, CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =0
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RATIO OF LOCAL T3 REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 CCAL HST 173-100) 37 ¢@ T WING L.S.(RUGWO3S)

SYMBOL HAYAHT 2¥/8 MACM FARAMETRIC VALUES
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FIG. S EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFE
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/IH21 (CAL HST [73-100) 37 0 T WING L.5.(RUGW0OS)

SYMEQL  HAW/HT 2v/8 MACH PARAMETRIC VALUES
C .B50 .250 19,200 ALPHA 000 BETA .000
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< 1.000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON.THE ORBITER ¥ING HEAT TRANSFER ALPHA = O
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RATIO OF LOCAL 10 REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

@H12/1H21 (CAL HST I73-100) 37 0 T | WiNG L.S.(RUGWOS)

SYMBOL  RAW/HT 21/ MACH PARAMETRIC VALUES
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F1G. 9 EFFECT OF RECOVERY FACTOR CN THE ORBITER WING HEAT TRANSFER ALPHA = O
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H/HREF

RATIO OF LOCAL 70O REFERENCE HEAT TRANSFER COEFFICIENT.,

OHI2/IH21 (CAL HST [73-i00) 37 0 T WING L.5. (RUGWO3)

SYMBOL  HAW/HT 2v/8 MACH PARAMETRIC VALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = O
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H/HREF

RATIO OQF LOCAL TGO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/THZ2Y (CAL HST I73~100) 37 07T WING L.S.(RUGWOS)

SYMEOL  HAW/HT 2Y/8 MACH PARAMETRIC VALUES
@] 859 600 19.200 ALPHA L000  BETA .000
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FIG, 8 EFFECT OF RECOVERY FACTOR ON THZ ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL TQ REFERENMCE HEAT TRANSFER COEFFICIENT., H/HREF

OGHIZ2/IH2] (CAL HST [73-100) 27 07 WING L.S.(RUGWDS)

SYHBOL  HAW/HT 2v/8 HACH PARAMETRIC VALUES
-850 750 19.200 ALPHA 000 BETA 000
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FI6. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = .0
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H/HREF

RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.(RUGWO3)

SYMBOL HAW/HT 2Y/3 “ACH PARAMETRIL VALUES
8] .850 .950 19,200 ALPHA .00 BETA .000
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

BHIZ2 + [HZ21 MOGDEL 37 QOT(0S5)/0(07) WING L.S. (IUGWOS)

SYMBOL HAW/HT 2Y/8 HACH PARAMETRIC VALUES
900 230 7.000 ALPHA 000 BETA .000
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER CREFFICIENT. HI/HU

GH1Z2 + IH21 MODEL 37 07T{053/0(07) WING L.S. (1UGY0O3)

SYMBOL  HAW/HT 2¥/8 MACH PARAMETRIC VALUES
O 500 400 7,000 ALPHA 000  BETA .000
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C

FIG, 3 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TGO UNDISTURBED HEAT TRANSFER COEFFICIENT., HI/HU

OHIZ + [H2!

MODEL 37 0OT(035)/0(07) WING L.5. (iUuGwOS)

SYMBOL  HAW/HT 2Y/B MACH PARAMETRIC YALUES
9] 800 ,500 7.000 ALPHA .0a0 BETA .0en
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =-0
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Hi/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

GH12 + IHZ21 MODEL 37 6T(05)/00(07) WING L.S. (IUGWOS)

HACH PARAMETRIC VALUES

SYMEoL HAW/HT 2v/8
O 900 -600 7.00C ALPHA .000  BETA »000
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CHORDWISE LOCATION /A5 A FRACTION OF LOCAL CHORO. X/C

FIG, 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/HU

RATIQ OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.,

OH12 + THZ1 MODEL 37 0OT(0S)/0007) WING L.S. (IUGWOS3)

SYKBOL, HAN/HT 2¥/B8 MACH PARAMETRIC VALUES
O .300 .750 7.000 ALPHA L000  BETA .000
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F16. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = O
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RATIO OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER CODEFFICIENT, HI/HU

DH12 + IH21 MODEL 37 OT(051/G(07) WING L.S. (1UGWO3)

SYMOL  HAW/HT 2v/B MACH PARAMETRIC YALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =0
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HI/HY

RATIC OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH1Z2 + IHZ1 WMODEL 37 0OT(053/0(07) WING L.S5. (IUGWO3)

SYMBOL  HAW/HT 2v/8 HACH PARAHETRIC VALUES
O 900 .250 7.610 ALPHA .00 BETA ,000
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F16. 3 EFFECT OF RECOVERY FACTGR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + IH21 MODEL 37 07(051/0(07)

WING L.S. CIUGWDS)

SYMBOL HAW/HT 2778 HMACH PARAHETRIC VALUES
O 800 .400 7.610 ALPHA .000  BETA 000
4
= -
10.0
4
') =
L E
A 3
1.0f , - o .
- i
ERa® d
o) i
N pd
A ]
\l V E
E 4
. l Arcadiatelokndysancdeasntonnqlpsagtoaarsaralpayelynetlobialranpdantabotnalooadt aaloznalaonslapealesaokasnnbuagudozntdaonylosuskotnrdnsealopiybansahongobtaasbonartatasloaitoate
“.4 -.2 0 2 4 ] 8 1.0 1.2 1.4
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F16. 3 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/ZHU

RATIQ OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER CCEFFICIENT,

GH12 + IMZ1 MGDEL 37 0OT{0S3/0(07) WING L.S, ( TUGWODS)

SYMBOL  HAW/MT 2v/8 HACH PARAMETRIC VALUES
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RATIC OF INTERFERENCE TG UNDISTURBED REAT TRANSFER COEFFICIENT, H]/HU

SYMBOL  HAV/HT
1300

2Y/B
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HACH
7.610

OH12 + IH21 MODEL 37 OT(0S3)/07107) WING [L.S. (IUGWOS)
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HI/HU

RATIO QF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT,

SYHE:!

O

OHI2 + [H21 MODEL 37 0OT(03)/0(27) WING L.S. (IUGWOSi

L HAY/HT 2Y/8 HACH PARAMETRIC YALUES
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRﬁNSFER'CUEFFICIENT. HI/HU

OH1Z + IH21 MODEL 37 OT(051/0(07) WING L.S. {(JJGWO3)

SYMBCL HAM/ZHT 2¥/8B HMACH ' N PARMHETRIL VALUES
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF - INTERFERENCE TO UNDISTURBED HEAT TRANSFER CBEFFICIENT. HI/HU

_0OH12 + TH21 MGDEL 37 0OT(05)/0(07) WING L.S. (IUGWOS)

SYMBOL HAN/HTY 2¥/8 MACH PARAMETRIC VALUES
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RATIO GF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU

CH12 + IM21 MODEL 37 0OTC(05)/0007) WING L.S. (IUGH03)

SYMBOL  HAW/HT 2Y/8 HACH PARAHMETRIC VALUES
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CHORDWISE LOCATIGN AS A FRACTION @F LGCAL CHORD. X/C

F16. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =0
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HI/HU

RATIG OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH2! MBGDEL 37 QT(033/0(07) WING L.S, (IUGWOS)

SYHBOL HAN/HT 2Y/8 | HACH PARAMETRIC WALUES
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CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

CH1Z + IH21 MODEL 37 0OT(05)/0007) WING L.,S. (IUGWODS}

SYMBOL  HAW/HT 2Y/8 MACH PARAMETRIC YALUES
O 900 .600 18.3C0 ALPHA 000 BETA 000
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FIG. 9 EFFECT OF RECOVERY FACTCR ON THE ORBITER WING HEAT TRANSFER ALPHA = O
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

GH12 + [H2] MODEL 37 QT(05)/0(07) WING L.S. (JUGWOS]

SYMBOL HAW/HT 2¥Y/8 MACH PAPAHETRIC VALUES
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE GRBITER WING HEAT TRANSFER ALPHA = 0~

PAGE 307



HI/HU

RATIO OF INTERFERENCE TG UNDISTURBED HEAT TRANSFER COEFFICIENT,

OHIZ2 + [H21 MOGDEL 37 OT(03)/0(07) WING L.S. (JUGWDS)

S¥MBOL HAW/HT 2Y/B HACH PARAMETRIC VALUES
.900 .950 18.300 ALPHA 000 BETA 000
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + IH21 MODEL 37 07(03)/0(07) WING .S5. (1UGWO3)

SYHBOL HAW/HT 2v/B HACH PARAMETRIC YALUES
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CHORDWISE LOCATION AS A FRACTION OF LGCAL CHGRD., X/C
FIG. 9 EFFECT BF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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HI/HY

RATIO OF INTERFERENCE TO UNDISTURBEO HEAT TRANSFER COEFFICIENT,

OH12 + [H21 .MODEL 37 O0OT(0S)/G(07) WING L.S5. (IUGWODS)

SYMBOL  HAW/HT 2v/8 MACH PARAMETRIC VALUES
(@) .900 400 19.180 ALPHA .000 BETA .000
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CHORDWISz LOCATION AS A FRACTION OF LOCAL CHORDO, X/C

F1G6. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU

0

OH1Z + IH21 MODEL 37 QT7(053/0(07) WING L.S. CIUGWO3)

SYMBOL HAM/HT 2Y/8 MACH PARAMETRIC VALUES
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F16. 9 EFFECT OF RECOVERY FACTOGR ON THE ORBITER WING HEAT TRANSFER. ALPHA = 0
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + THZ21

MODEL 37 QT(05)/0007)

"WING L.S. (IUGWOS)

SYMBOL HAWZHT 2Y/B HACH PARAMETRIC VALUES
O <300 600 19.180 ALPHA L0ee BETA 000

100 .0 preprepe v :
g E
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1.0f ]
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = O
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RATIO QF INTERFERENCE T(Q UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH1Z + IH21 MJDEL 37 Q31(05)/0(072 WING L.S. (IUGWOS)

SYHEOL  HAW/HT 2Y/B MACH PARAMETR.C VALUES
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CHORUWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0-
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IRFERENCE TO UNDISTURBED HEAT TRANSFER .COEFFICIENT. HI/HU

-

RATIO OF INT

OH12 + [H21 MGDEL 37 0T(05)/0007) WING L.S. (IUGY(D3)

SYMBOL  HAM/HT w8 MACH . PARAMETRIC YALUES
O L8900 ¢ 9% 19,180 ALPHA .000  BETA 000
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CHORDWISE LOCATION AS A FRACTION OF LGCAL CHORD. X/C

FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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RATIC OF LOCAL TO REFERENCE HEAT TRANSFER CGEFFICIENT. H/HREF

0OH12/71H21 (CAL HST 173-100) 37 0O VERTICAL (RUGVO7]

SYMBOL  HAW/MT GAGEND  MACH PARAMETRIC VALUES
. 850 AD.QCD 5,937 ALPHA 000 BETA 000
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SPANWISE VERTICAL TAIL LOCATIGN AS A FRACTIGN OF EXPOSED SPAN. Z/BV

F16, 10 EFFECT OF RECQVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA‘= 0
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. "HREF

RATID OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H2Y1 (CAL HST 173-100) 37 O VERTICAL (RUGVO7)

SYMBR, HAM/HT GAGEMND MACH PARAMETRIC VALUES
@] L850 40.060 7.514 ALRHA 000 BETA 000
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SPANWISE VERTICAL TAIL LOCATIGN AS A FRACTIGN OF EXFOSED SPAN., Z/8Y

FI16. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 0
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H/HREF

RATIO OF LOCAL T8 REFERENCE HEAT TRANSFER COEFFICIENT.

OHi2/iH21 (CAL HST [73-100) 37 0O VERTICAL (RUGVO7)

SYPAOL  HAW/HT  GAGEMD  MADH PARAMETRIC VALUES
O L850 40.009 16,060 ALPHA .coo BETA .000
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FIG. 10 EFFECT fIF RECOVERY FACTOR ON THE GRBITER TAIL HEAT TRANSFER ALPHA = 0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OHIZ/1H21 (CAL HST {73-100) 37 0 VERTICAL (RUGVD7)

STEEOL HAL/HT GAGEND FACH PAHAHETRIL YALUES
@] L850 10.000 18,310 ALPHA 009 BETA 000
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< 1.000
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FIG. 10 EFFECT OF RECOVERY FACTCR ON THE GRBITER TAIL HEAT TRANSFER ALPHA = O
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H/HREF

RATIO OF LOCAL TJ REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/71H21 {CAL HST 173-100) 37 O VERTICAL (RUGVQD7)

SYMBOL  HAW/HT  GAGEND  MACH . PARAMETRIC VALUES
853  40.000 19.190 ALPHA .0D0  BETA .000
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SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV

FIG. 10 EFFECT OF RECOVERY FACTGR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 0
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

QHI2/1M21 (CAL HST [73-100) 3707 VERTICAL (RUGVOS3]

SYMBOL  HAW/HT GAGEND MACH PARAMETRIE VALUES
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FIG. 10 EFFECT OF RECAVERY FACTOR ON THE GRBITER TAIL HEAT TRANSFER ALPHA = 0
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H/HREF

RATIO QOF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

QH12/1H2] (CAL HST [73-100) 37 0 T VERTICAL (RUGVOS)

SYMaGL HAR/HT GAGEND FALH PARAMETRIL VALUES
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FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = O
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RATIO OF LOCAL T@ REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

GH12/IH21 (CAL HST 173-100) 37 0 T VERTICAL (RUGVOS)
SYMBOL  HAW/HT GAGENO MACH PARAMETRIC VALUES
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O .900
< 1,000

1 .000 bbbl GkAS GLAR) MAALE LA LA KAEL) AAAS RAEA) SARET AL (MRS RGALE SLAAN LAANS 4ALAE RACLS SAAES LAY REALE RAZLE AEAGH MALLK LALLE RALLE AALE] RALL) LLLAY hhddd UMM RALAJ SR Wbl SAAAE RAALY LERL:
n ad 3
= ) g B
e 3
N | - E
L s BN e
b et Wy -
™ //// s\ n
- e -
= gy ] 3
b 1 / -
T Wy o1 5
| - -"_—__/ ]
. Bt |1
i Py et ]
o /_,/»—""/L,/
. /——-‘ p
e
.100E - = X g
- —d 1\ T
o !‘§ E
E \ :
: ;
2 5
r B
[ p
010E
E
L ]
001 abaadaateliagsdppebacialonadagnslagapleansdescaliny Toanalonnniagy FOPYE PYTTI PCTY PTTTS ATTTI CTTPI TUYPYITINS [YTT1 IYTTTITTTL YY1 IVOTY PYPTIFUYTY CTTTS ITOVICOTOL INOTAIOTTA IS
.

72 7B .80 .34 .88 .92 -96 £.00 1.04
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV

FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA =0
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OHIZ/1H21 (CAL HST [73-100) 370 T VERTICAL (RUGY(Q3)

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT., H/HREF

FIG. 10 EFFECT OF RECOVERY FACTOR ON THE OGRBITER TAIL HEAT TRANSFER ALPHA = 0
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SYMBOL  HAW/HT  GAGEND  MACH PAPAMETRIC VALUES
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RATIG OF INTERFERENCE TO UNGISTURBED HEAT TRANSFER COEFFICIENT., HI/ZHU

BH12 + [H21 MODEL 37 0GTC051/0(07) VERTICAL (IUGVQ3)

SYMBOL  HAW/HT GAGENMD  MACH PARAMETRIC VALUES
(@] .800 40.000 7.000 ALPHA ,000 BETA .000
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SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV

FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA =G
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HI/sHU

-RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

OH1Z + [HZ1 MODEL 37 QT(G3)/0007) VERTICAL (IUGVO3)

SYMBOL HAW/HT GAGEND MACH

PARAMETRIC YALUES

@) .900 40.c00 7.610 ALPHA .009 BETA
100, O e 1 T —
E
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.72 .76 .BO .B4 .88 .92 .96 1.00 1.04
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION DF EXPOSED SPAN. Z/BY

FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = O
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HI/HU

RATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + IH21 MODEL 37 3JT(03}/0(07) VERTICAL (1UGVOS)

SYMOOL HAY/HT GAGENQ HMACH PARAHETRIC VALUES
-300 40.000 18.300 ALPHA .000 BETA .000
LI L Lhdas MALAN N Ml LA Skad Lhkad AR AAAA Ut ML 0] Lhktd TARY Lt L) E20ed LeLar LAt Okt Lot et Eadmd s LAt shadf Liar L0t aesd 1 Aes tadde MAAI Lontd bhri
A
3
10.0
-
E
E
t.0¢ |
o S o
e T —
- ‘“——1-—_..’_.__
3
L
3
l At dcep ke Toosal et iaeatiagulaartisaz it aaado sl ot s loartoanbinatly st azskaaasiattshansistlatigdapit it tnn il sl asnniang
72 76 .80 1.04
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SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV

FIG6. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 0
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HI/HU

RATIQ OF INTERFERENCE T0Q UNDISTURBED HEAT TRANSFER COEFFICIENT,

OH12 + [H21 MODREL 37 0T(0S)/0(07) VERTICAL  CIUGVOS3)

SYMBOL  HAW/HT GAGEND MACH PARAMETRIC VALUES
O .00 40000 19.1890 ALPHA 000 BETA .00

100 O o e o o e e e T T T T T LT T T T T T T LI TP M TR T A TR TP e e

L ]
10.G
F E
s ]
L ]
o -
s ,
1.0 -
—{
—

1
JIMALLLLI I L tadaaa il ol atacrddpbtdoaaad o diaateanddtacetnsisdarasinraabeadadeiadinsonbsindbotssdintadattidasaabhsiadatlidsnl e A NTET I T AR A NUNAR JTETD un-

76

’ .72 ] .80 .84 .88 .92 .98 1.00 1
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV

FIG, 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF

OH12/1H21 (CAL HST 173-100) 37 0 FUSELAGE CRUGBO8)
SYMBOL  HAM/HT PH] HACH PARAMETRIC VALUES

O 850 .00 19,180 ALPHA S.000  BETA 000
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. - X/L

F1G. 11 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =3
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

SYMEOL  HAW/HT PH} MACH PARAMETRIC YALUES
O 850 25.000 18,180 ALPHA 5.000 BETA .000
0 L300
Lo 1.000
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L :

FIG.

OH12/1H21 (CAL HST 173-100) 37 0 FUSELAGE (RUGBOS)

L EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 3
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-0

H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

SYHB
O
=

OH12/1H21 (CAL HST 173-100) 237 ©

FUSELAGE (RUGBOS)

0L HAW/RT PHI HACH PARAMETRIC VALUES
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LONGITUDINAL LOCATION AS A FRACTION OF BOOY LENGTH. X/L

FIG. 11 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 5
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H/HREF

RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 237 0 FUSELAGE (RUGBO8)
SYMBOL, HAW/HT PH] MACH PARAMETRIC VALUES
0] 850  180.000 19,180 ALPHA 5.000  BETA 000
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LUNGITUDINAL LGCATIUN AS A FRACTION OF BUDY LENGTH. X/L

FIG. 11 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =5
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIZNT. H/HREF

QH12/1H2t (CAL HST 173-100) 37 0 T FUSELAGE (RUGBOB)

SYMEOL HAW/HT PHL MACH PARAMETRIC YALUES
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT, H/HREF
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RATIO OF.LOCAL T8 REFERFNCE HEAT TRANSFER COEFFICIENT,
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RATIO @F INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT, HI/HU
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RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

OH12 + IHZ2I MODEL 37 OT(063/0(08) FUSELAGE (IUGBOS)

SYMBOL  HAW/HT PK1 HACH PARAMETRIC VALUES
5,000 BETA

O 900 30.000 19.170 ALPHA

.000

-2 0 .2 .4 .6 .8 .
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH.

X/L

PAGE

T ++
L p
- -
E 3
3 B
o -
- P
10.0
- ]
N p
L N
- -.
- p
c k
L o
1.0 :
" p
E 3
£ 4
- e
E 4
L -
l anraiaenlasatoebploadadedontoneetonnsgenanbogredeppaboosplonpalpeart saatoriarsanrdorandaorrtaeraloanchognslergetiaonfangalpioselansndecarbogrelnspalonocdanatiyosalboopnloncidinty
.
-, 1.0 1.2. 1.4

FIG. 11 EFFECT OF RECOVERY FACTOR ON THE ORBITER BOGDY HEAT TRANSFER ALPHA = 3

338



RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 0 WING L.S.(RUGWO8)

SYMBOL HAW/HT 2Y/8 MACH PARAMETRIC VALUES
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H/HREF

RATIO OF LOCAL 70 REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/IH21 (CAL HST 173-100) 37 O WING L.S.(RUGW08)
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H/HREF

RATIO OF LGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 0 WING 'L.S.{RUGW0DB)
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H/HREF

RATIO OF LOGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST [73-100) 37 @ WING L.S.(RUGHWOSB)
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT, W/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST [73-100). 37 0 T WING L.S.(RUGWO6E)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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H/7HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21 (CAL HST 173-100) 37 0T WING L.S.(RUGWOB]
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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HI/HU

RATIO OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.
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HI/HU

OH12 + [H21 MODEL 37 QT{08)/C(08) WING L.S. (IUGWOE)
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HI/HU

RATIO OF INTERFERENCE 7O UNDISTURBED HEAT TRANSFER COEFFICIENT.
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£ TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HLl
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HI/HU

RATIQ OF INTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT.

GH12 + [H2! MODEL 37 0T(06}/0(08) WING L.S. (IUGWOG)

STYMBOL HAM/HT 2¥/8 MACH PARAMETRIC VALUES
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HI/HU

RATIO OF INTERFERENCE TG UNOISTURBED HEAT TRANSFER COEFFICIENT.

OH12 + [HZ21  MODEL 37 @QT(08)/0(08) WING L.S. (TUGWO0B)
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

CH12/1H21 {CAL HST 173-100) 37 O VERTICAL (RUGVO8)
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RATIO OF LOCAL TQ REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIO OF IMTERFERENCE TO UNDISTURBED HEAT TRANSFER COEFFICIENT. HI/HU

GHI2 + TH21 MODEL 37 OT(0B)/0(08) VERTICAL (1UGVDE)
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H/HREF

RATIO OF LLOCAL TC REFERENCE HEAT TRANSFER COEFFICIENT.

OH12/1H21

(CAL HST I73-100) 37 0T TANK (RUGT14)
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O .850 .0ch 15,700 ALPHA 000  BETA 000

O .900
< 1.000

1 .000 HEITERTTRPTIATvIT L) e Tr H% Rl LAAED BBLAZ LLLS LARL) Ty T L340 RLLA] 3

E ) c

“ .

) -

j\ :

.100f \ ]

g Y ]

\\ r

“ p

N é

\\

L010E ‘\\ .

- P E

N =

- “k‘l \\ -

N \\ g

SRy 4

N E

'001 :!lll MitlideitaiiattaacdegaiganaiiocaNcagntingedsnzadopsndyziddeanantialai i iibictantisagtliliy L It IR FRTRA RS TUA PRI TR ERA FRTURCINMRTYNTY TAT] lll:

. -04 _l2 0 -2 -4 oG -8 1-0 1-2' 1-4
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L '
FIG. 14 EFFECT OF RECOVERY FACTGR ON THE E. TANK HEAT TRANSFER RN/L2 ALPHA = 0
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST i73-100) 37 G 7T TANK (RUGT14)
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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H/HREF

RATIG OF LOCAL TG REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST 173-100) 37 9 7 TANK (RUGT14)

SYMBCL HAY/HT PH1 MACH PARAMETRIC VALUES
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GH12/IHZ1 (CAL HST 173-100) 37 0T TANK (RUGT14)

SYHBOL HAN/HT PHI MACH PARAMETRIC VALUES
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H/HREF

RATIO OF LGCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER CREFFICIENT. H/HREF
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RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF

OH12/1H21 (CAL HST 173-100) 37 0 T TANK (RUGT14)

STHSOL HAY/HT PHI MACH PARAHETRIC VALUES
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H/HREF

RATID OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

SYMBI
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO OF LOCAL T@ REFERENCE HEAT TRANSFER COEFFICIENT.
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT.

OH1Z/1H2Y (CAL HST 173-100) 37 Q@ T TANK (RUGT 14)
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RATIG OF LOCAL T@ REFERENCE HEAT %RANSFER COEFFICIENTs H/HREF
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H/HREF

RATIO OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT,

OH12/1H21 (CAL HST I73-i00) 37 0T TANK {RUGT14)
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RATIO OF LOCAL TD REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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RATIC OF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT H/HREF
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RATIO OF LOCAL- TO REFERENCE HEAT TRANSFER CODEFFICIENT.
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RATIO GF LOCAL TO REFERENCE HEAT TRANSFER COEFFICIENT. H/HREF
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