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HEAT TRANSFER TESTS ON A 0.01-SCALE
 

ROCKWELL CONFIGURATION 3 SPACE SHUTTLE ORBITER AND
 

TANK (37-OT) IN THE CALSPAN 48-INCH
 

HYPERSONIC SHOCK TUNNEL (OH12/IH21)
 

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 re-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 designationfor this test
 

was OH12/IH21, and the Calspan facility test number was 173-100.
 

The purpose of this test was to determine ascent and entry heat trans

fer rates for the external tank and the Configuration.3 Orbiter over a
 

range of Mach numbers from 6.95 to 19.5 and Reynolds numbers/foot from
 

0-0095 x 106 to 6.5 x I06.. Of particular interest was thedetermination
 

of orbiter wing leading edge heating during entry, with both laminar and
 

turbulent boundary layer conditions.
 

A total of.58 good'program runs was made out of 73 attempts. Fifteen
 

runs were no good because of facility malfunction or off scale heating rate
 

data. This testis also documented in Reference 2 (a Chlspan Technical
 

Report).
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NOMENCLATURE 

Plot 
Symbol -Symbol Definition 

b B wing span, inches 

c C local wing chord, inches 

Ch Stanton number 778 qw 
p U (rH0 - HW) 

h H heat-transfer coefficient, 778 (32.17) q/(rH 
Ibm/ft2 sec 

- Hw), 

H .Enthalpy, ft. lbs/slug 

L L fuselage length, inches 

M MACH Mach number 

OMS Orbital Maneuvering System 

P P Pressure, psia 

P Prandtl number 
r 

q Dynamic pressure, psia 

q QDOT heat transfer rate, BTU/ft2 sec 

RCS reaction control system 

r HAW/HT_ recovery factor 

Re/ft RE/FT Reynolds number per unit length, 

S wing span, inches 

T T temperature, 'R 

t time, seconds 

U velocity, ft/sec 

X X longitudinal distance, inches 

Y Y spanwise distance, inches 
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NOMENCLATURE (Continued) 

Plot 
Symbol ymbol Definition 

Z Z vertical distance, inches 

ALPHA angle of ,ttack, deyrees 

BETA angle of sideslip, degrees 

specific heat ratio 

absolute viscosity, slugs/ft-sec 

P density, slugs/ft 3 

PHI Orbiter and external tank fuselage angular 
coordinate, deg. measured clockwise looking 
forward, 0 degrees at bottom centerline 

o nozzle supply conditions 

01 stagnation conditions behind a normal shock 

1 initial driven gas condition 

ms model station 

4 gas conditions behind reflected shock 

i incident shock in driven gas 

ts test section initial conditions. 

w initial conditions at model surface 

free stream or test section conditions 

Haw HAW . adiabatic wall enthalpy 

Ht HT free stream total enthalpy 

9roD1CIBW OF THE 
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Plot 
Symbol Symbol, 

href HREF 

h/href H/HREF 

HI/HU 

X/C 

X/L 

2Y/B 

Z/BV 

RN/L 

RN/Li, 
RN/L2, 
RN/L3 

NOMENCLATURE (Concluded)
 

Definition
 

reference heat-transfer coefficient,
 
value obtained at stagnation point on a
 
one foot diameter sphere
 

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

interference to undisturbed heat transfer
 
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-OT is 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

ternal tank is equipped with removable protuberances (lines and attachment
 

struts) and was mounted on a separate sting which was either coupled with
 

the orbiter sting or mounted separately on the tunnel support fixture.
 

The figures and photographs at the back of this text illustrate orbiter
 

and external tank details. Model 37-OT was designed and built by Grumman
 

Aerospace Corp. with instrumentation built and installed-by Calspan
 

Corporation.
 

Model nomenclature used for the configuration 3'Orbiter and external
 

tank was as follows:
 

B17  Orbiter body 

C7 Canopy 

E22 Elevon 

F5 Body flap 

M4 OMS pod 

R5 - Rudder 

TIO External tank 

T16 External tank without protuberances 

V7 , Vertical tail 

W103  Wing 

Model dimensional data are given inTable III. Table IIoutlines
 

model configurat-ions and tunnel conditions investigated. The following
 

configuration notation is used:
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CONFIGURATIONS INVESTIGATED (Concluded)
 

0 = Orbiter = B17 C7 E22 " 5 M4 R5 V7 W103
 

T = external tank = T10
 

T-NP = external tank without protuberances, support structure, or
 
" T
lines 
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.MODEL INSTRUMENTATION
 

Model instrumentation for 37-OT consisted-of 158 thin-film heat
 

transfer gages'. Ninety-eight (98) of these gages were on the orbiter,
 

the remaining sixty (60) were on the external tank. Orbiter and tank
 

gage locations are illustrated in figure 2 and tabulated in Table IV.
 

Photographs in-figure 3 may clarify questions about gauge locations.
 

The thin-film gages consisted of a plaiinum film fused to a pyrex
 

insulating substrate and;protected from the free stream by a thin die

lectric coating-of magnes-ium fluoride. Transient surface temperature is
 

determined by-miasuring the instantaneous gage resistance change which
 

varied linearly with temperature. An excellent description of thin-film
 

gage theory and operation can be found in Reference 1.
 

Tunnel conditions we-e determined by quick-response pressure trans

ducers and a .reference stagnation heat-transfer gage.
 

Data acquisition equipment, provided by Calspan,.consisted of the
 

CalspanNAVCOR 48-channel data acquisition system, one 14-channel high

speed FM tape recorder, ahd twenty-two 2-channel re6ording oscilloscopes.
 

The NAVCOR system-rovided both a temperature and heat-transfer rate
 

history for eaPh-channel, while the oscilloscopes recorded only heat

transfer rate; This rate was derived from An analog network which con

verted the gage temperature signal to a heat transfer rate signal. The
 

tape recorder'was used only as a temporary storage of temperature
 

histories and was input into the NAVCOR following each run for a record
 

of temperature and heat transfer rate.
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MODEL INSTRUMENTATION (Concluded).
 

Additional instrumentation consisted of a tunnel Schlieren photograph
 

system, which provided qualitative flow information for each run. Sample
 

Schlieren photographs are included in figure 3.
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TEST FACILITY DESCRIPTION
 

The 48-inch Hypersonic Shock Tunnel (HST) employ a constant-area
 

shock tube with an 8-inch inner diameter. The driver tube is 20 feet long
 

and is externally heated by a resistance heater to temperatures of 14000 R.
 

The driven tube is 50 feet long. The driver gas is generally a mixture of
 

helium and nitrogen with a maximum helium purity of 100% while the driven
 

gas is generally air. Steady-flow test times of duration sufficient to
 

permit accurate measurement of the various parameters of interest are
 

achieved with the tailoied-interface technique.
 

Three axisymmdtric hovzles 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 48 10 to 16 

E 10-1/2o Semi-angle cone 48 9 to 20 

The contoured nozzles provide parallel flow with no pressure gradients
 

in the streamwise direction for several feet. This is very important since
 

the presence of a streamwise 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. All nozzles have been calibrated using
 

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

Model 37-OT was mounted via the model sting(s) to-the tunnel support
 

fixture at the tunnel centerline. Instrumentation wiring was routed
 

through the base stings to a tunnel instrumentation patch panel. Figures
 

2a and b show the orbiter alone and the second stage configuration in

stallations, respectively.
 

A typical test procedure was as follows:
 

1. 	Set model angles-of-attack, if necessary.
 

2. 	Install-tunnel diaphrams and proper tunnel nozzle orifice.
 

3. 	Evacuate test section, set instrumentation gains and calibrate
 
oscilloscopes from beating rate estimates, and check gage re
sistances for weak or damaged gages.
 

4. 	Close driver and-lead driven tube for proper test conditions.
 
Take no'-flowvSchieren picture.
 

5. 	Load driver to proper mixture and pressure for test conditions.
 

6. 	Fire tunnel fdr run.
 

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

8. 	Clean tunnel and inspect model.
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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

lowing the test, all data records were read and assembled for ,computer

ized data reduction.
 

This report contains a listing of heat transfer coefficient H/HREF
 

and heat transfer tate 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 number on heat transfer.
 

the postscript on RN/L indicates the Reynolds number scbedule defined 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
 

* 	 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
 

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 
Fourth 

Character* Page 

orbiter fuselage B 1 

orbiter wing W 75 

orbiter vertical tail V 180 

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

A 219 

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

C 254 

external tank T 323 

QDOT - heat transfer rate is arranged 
in the same manner 365-512 

* 	 The fourth character in each dataset identifier (i.e., RUGBXX, B for 

Fuselage) represents the individual component. 
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TABLE I.
 

TEST : OH-12, IH-21 'DATE : 5/3/74 

TEST CONDITIONS 

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR
MACH NUMBER (per unt length) (1/f t (pounds/sq. inch) (degrees Rankine) 

5575
6.95 	 0.10 x 106 1.35 


7.6 	 1.19 x 106 2.75 2000
 

7.9 	 6.5 x 106 10.2 1550
 

8,0 	 1,.19 x 106 3.22 2600
 
6
10.2 	 2.0 x 10O 4.03 2725
 
6
10.5 	 0.86 x 10O 2.71 3200
 
6
12.0(sch 1) 0.20 x 10O 0.73 3925
 

12,O(sch 3) 0.86 x 106 0.26 3475
 

6
15.6(sch 1) 0.035 x 	 10O 0.07 3650 
15.6(sch 3) 0.20 x 10O6 0.36 	 3500
 

18.5 ,.0095 x 	106 0.01l7 4400
 

19.5 	 0.035 x 10O6 0.065 4650
 
6
15.6(sch 2) 0.3 x 10O 0.61 	 3841
 

BALANCE UTILIZED:
 

COEFFICIENT

CAPACITY: ACCURACY: TOLERANCE: 

NF
 

SF
 

AF
 

PM
 

RM 
YM 

COMMENTS:
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TABLE II.
 

TEST: 0/-/2 IA'12? DATA SET/RUN NUMBER COLLATION SUMMARY DATE: 6 - 7. , 

NO. MACH NUMMBERS ( OR ALTERNATE INOEPEIENT VARIA
SCHD. ARAMETERS/VALUESDATA SET 


IDNTFIR CONFIGURATION OF .~& __
IDENTIFIER A RUNS 0,- 7.- -/0'- /2.. 
RUC-ooI " do 54 73 4.37-Y I 2 4q 

02 -- T-- 5 T ... 50 
03 :37T-NP o I I I 51 

Ol 3 7 0 /3-0P•, .3

05 37 O-l- a0__'I -_ _ 

C" "h
__ _2 _ 

07 "570 0 5 E3 5, 4z 41 
___ _ .5__ _____ I 4o { 

oq /0 43 
o 1 7 26/0E5 5 57- 4 a,'

II 30 -- G11 (02,Z 46(a 

___ __Zo 7 765214 46 47 
____213 Z523_ 

I 37-OT o 3 79;-, 

125 5 - 0 L'11 513 5.
 

/7 .5, -0 - 69 

7 13 19 25 31 37 43 49 55 61 67 75 76 

IOVAR 11) IDVAR (2) NOVCOEFFICENTS 

a OR 

SCHEDULES
 

NP deores ET w"Aout prolhberoce 
4*" Momial Values-c,c"r i'idSvidal runs - ov ValIes 



Table III Model Dimensional Data 

MODEL COMPONENT BODY - B 1 7 

GENERAL DESCRIPTION : Fuselage, 3 configuration, lightweight orbiter 

MODELSCALIE: 0.010 

DRAWING NUMBER: VL70-000139 

DIMENSIONS FULL SCALE MODEL SCALE 

Length ; In. 1290.3 12.903 

MaxWidth , In. 267.6 . 2.676 

Max Depths In. 244.5 2.445 

Fineness Ratio 4,822 4.822 

F t Area - _ 

Max. Cross-Sectional 386.67 3.867 

Planform 

Wetted 

Base 

23 

uI 01h 



Table III (Cont'd) 

MODEL COMPONENT CANOPY - C7 

GENERAL DESCRIPTION Configuration 3 

MODEL SCALE:- 0.010 

DRAWING NUMBER: VL70-000139 

DIMENSIONS : FULL SCALE MODEL SCALE 

Length(y o =433 to Y0 =578), In. 

Max Width 

Max Depth 

Fineness Ratio 

Area 

Max. Cross-Sectional 

Planform 

Wetted 

Base 

145.00 

...... 

,=, 

1. 450 

24 
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Table III (Cont'd) 

MODEL COMPONENT: ELEVON - E22 

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

MODEL SCALE: o10 

DRAWING NUMBER: VL70-O00;139 

DIMENSIONS: - FULL-SCALE MODEL SCALE 

Area - Ftz 205.52 0.0206 

Span (equivalent) In. 353.34 3.533 

Inb'd equivalent chord, In - 114.78 -1.148 

Outb'd equivalent chord , In. 55.00 0.550 

Ratio rovablei'srface chord/ 
total surface chord 

At Inb'd equiv. chord 0.208 o.208 

At Outb!d equiv. chord 0.400 0.400 

Sweep Back Angles, degrees 

Leading Edge 0.00 0.00 

Tailing-Edge -10.24 -10.24 

Hingeline'--
(Product of area & c) 

0.00 0.00 

Area Moment, Ft3 1548.07 0. 0015 
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MODEL COMPONENT: 

GENERAL DESCRIPTION 

Table III (Cont'd) 

BODY FLAP - F5 

Configuration 

MODEL SCALE: 

DRAWING NUMBER: 

0.010 

VL70-000139 

DIMENSIONS FULL SCALE MODEL SCALE 

Length In.. 

Max Width, In. 

Max Depth 

Fineness Ratio 

Area - Ftz 

Max. Cross-Sectional 

Planform 

Wetted 

Base 

84.70 

267.6 

142.5 

38.096 

0.847 

2:676 

0. 014 

0.0038 

26
 



Table III. (Cont'd)
 

MODEL COMPONENT OMS POD - N4 

GENERAL DESCRIPTION : Configuration 3 

NOTE: Identical to I 3 , except inte section to fuselaae. 

MODEL SCALE: 0. 010 

DRAWING NUMBER: VL70- 000139 

DIMENSIONS FULL SCALE MODEL SCALE 

Length , In. 346.0 3. 460 

Max Width , In. 108.0 1.080
 

Max Depth , In.. 113.0 1. 130
 

Fineness Ratio 

Area 

Max. COross-Sectionel 


Plan form
 

Wetted 

Base 
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MODEL COMPONENT: RUDDER 

Table 

- Rr 

III (Cont'd) 

GENERAL DESCRIPTION: Configuration 2A, 3, 3A and 140A/Bl 

MODEL SCALE: 0. 010 

DRAWING NUMBER: VL70-000146A, -000095, -000139 

DIMENSIONS: FULL-SCALE MODEL SCALE 

Area - Ft 

Span (equivalent) , In. 

Inb'd equivalent chord, In. 

Outb'd equivalent chord, In. 

Ratio movable surface chord/ 
total surface chord 

At Inb'dequiv. chord 

At Outb'd equiv.chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeltne o(Pfroduct of area & c) 

Area Moment (NoanAxtmtxbgex3dnme) , 

Mean Aerodynamic Chord, In. 

Ft3 

100.15 

201.0 

91.585 

50. 833 

0.400 

0.400 

34.83 

z6.-25 

34.83 

610.92 

73.2 

0.0100 

2.010 

0.916 

0.508 

0.400 

0.400 

34.83 

26.25 

34.83 

0,0006 

0.732 

EIP OpuC.OfF THE 
OkIGINAL PAGE IS POOR 
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-Table III (Cont'd) 

MODEL COMPONENT EXTERNAL TANK - T10 

GENERAL DESCRIPTION External oxvyen-hydrogen tank, configuration 3 

MODELSCALE: 0.010 

DRAWING NUMBER: \VL72- 000088, VL78-000041 

DIMENSIONS FULL SCALE MODEL SCALE 

Length (Nose at XT = 309) 1865.0 18. 650. 

Max Width (Dia. ), In. 324.00 3.240 

Max Depth 

Fineness Ratio 5.756 5.756 

Area - FtZ _ 

Max. Cross-Sectional 572. 555 0.057 

Planform 

Wetted 

Base 

W. P. of Tank Centerline (X T), In. 400.0 4.00 

29 
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Table III (G6nt'd) 

MODEL COMPONENT EXTERNAL TANK - TI6 

GENERAL DESCRIPTION External oxygen-h3;drogen tank. Has a 2416

inch 	r-adius secant ogive nose. 

MODEL SGALE: 0. 010 

DRAWING NUMBER: SS-A01167 

DIMENSIONS 	 FULL SCALE MODEL SCALE 

Length, In. (Nose At XT = 276) 1898.0 18.980 

Max Width 324.0 3.240 

Max Depth 

5.858 5.858Fineness Ratio 
2 

- Ft
Area 


Max; Cross-Sectional 572.555 0. 057
 

Planform
 

Wetted
 

Base
 

W.P. of tank centerline (Zr), In. 400.0 4.00 

L.E. nose radius 	 16.5 0. i65 

Origin 	of 2416" radius at 2231 from
 

tank centerline 1181.0 11.810
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Table III (Cont'd)' 

MODEL COMPONENT: VERTICAL - V 7 

GENERAL DESCRIPTION: Centerline vertical tail. doublewedee airfoil with 

rounded leading edge. 

NOTE: Same as V i but with manipulator housing removed. 

MODEL SCALE: 0.010 

VL70-000139DRAWING NUMBER: 

FULL SCALE MODEL SC.LEDIMENSIONS: 

TOTAL DATA 

2
 
- Ft
Area (Theo) 


4250..2 043Planform 
Span (Theo) - In. 315 72 3. 157 

1. 75 1.675Aspect Ratio 
0.507 -0.507Rate of Taper 

Taper Ratio. 0.404 0.404 
Sweep-Back Angles, Degrees. 

45. 000Leading Edge 45.000 
26.Z49
Trailing Edge 26.249 

41, 1300.25 Element Line 41,130 

Chords: 
Root (Theo) ;PP 268.50 Z.685 
Tip (Theo) WE 108.47 1,085 

.199.31 1.9.98
MAC 
Pus. Sta..of .25 MAC 1463.50 14.635 

635.5Z2 6.355W.P. of .25 MAC 
0.00 0.00B.L. of .25 MAC 

Airfoil Sebt on 
Leading Wedge Angle - Deg. 10.00 10. 00 

Trailing Wedge Antle - Deg. 14.9Z0 14.920 

Leading Edge Radius Z. 0 0. 020 

13.17 0.0013
Void Area 


0.'0 0.0Blanketed Area 
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Table IIi ( Coni 'd) 

MODEL :OMPONE.T: WING-W , 

.-ENERA'.. Gonfiguration 3 orbiter wing.DESCR:iOI0: 

NOTE: Same planform as W.,R except dihedral at trailihg'edge. 

MODEL SCALE 0010 , 

DWG. NO. AVL70-000139TEST NO. 

DIMENSIONS: FULL-SCALE MODEL SCALE
 

TOTAL 5ATA 
2
 

Area Ieo.)- Ft

Dlanform . 

Span (Theo In. 9___8_9.3"6 
Aspect Ratio _Z 2 2654 .2-25 

Rate of Taper-,,7 _ _ 

Taper Ratio 0 200 0.200 
Dihedral Mgle'. degrees 3!00 3,500 
Inc;dence Angl' ,.degrees 3.000 3.000 
Aerodynamic Twist, degrees - T. 000 3.000 
Sweep Back Angles, degrees
 

Leading Edge 45. 000 45.000
 
Trailing Edge 1 _
 
0.25 Element Line -- -

Chords: 
Root (The) B.P.O.O. 689.24 6.89Z 
Ti, (Theo) B.P. J2T._____M c 474.1H4. "9 
us. Sta.-of .Z5 MAC 839-Tfl'7W 


W.P. of .25 MAC 2,992
 
B.L. of .25 MAC 8Z, 131 

*EXPOSED DATA 2 

Ft2Area mTao) 17.5Z.49 175 
Span, CTheo) In.BP108" 7 68 7.207 
Aspect Rati6 ' 5__ Z.058 
Taper Ratio, 0.245 0.245 
Chords 

Root BP108 56Z.40 5. 624' 
Tip 1.00b 771 

MAC 393.03 3.930 
Fus. Sta. of .25 MAC 1185.31 - 11.853 
W.P. of .25 MAC 300.20 3,00
 
B.L. of .25 MAC Z 

Airfoil Section (Rockwell Mod NASA) " 
- XXXX-64 

Root b 0.10 0.10
 

Tip b 0.12 0. 1z 

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

_Planform Area Ct2 
Leading Edge Intersects Fus M. L. @ Sta 5! -5" 60 
Leadifng Edge Intersects Wing Q StA 321035.0 10.350
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Table IV. 
HEAT TRANSFER GAGE LOCATIONS 

ORBITER (Loins = 12.903) 
FUSELAGE ORBITE WING LOWER SURFACE 

GAGE X,/Lom Xor ACTUAL DEE A L GAGE DESIRED ACTUAL DESIRED ACTUAL 
(FROM NOSE) Xom V Yom..s NO. Dom . 

1 

(FROMNOSE) om, Ylit "omt 

00 0 0 0 I 012 51§1 1 171 1 159 
. 0.005 065 066 I 012 44 64 42 1.156 
3 ] 002 .259 249 012 451 7.44 1.161

404 516 539 o20 !7'24 . 00 79 0 46 9032 9040 1.166 
5~~~~~1 0056__ 4100 .77424' h 710 11183 9 

- 0.08 I 1032 1051, 019 4 1613 ! 11615 1.171 1.163 
7,O I 1.290 , 4 1,867 
0.12 .54La3 1.8 019 50 110322 10322 17371.871 

5 0 1.B1831 1 ,~---- 51 12027 12025 83 1 11867014 
11 02650 )27 2.,. 2 8399 84078407 1.i22421I2337 

009 52 
10 . .16 2065 2.078 1016 8 8 24 3 

11 ,0.20 2680 1 2 578 

12 I 0,25 J 3,226 I 2221 0323. 102 2008 94 

13 330 3873 0055 112 1 3 ' 12 2.341 
14 I 0.35 4.516 1 4520 006 55 11211 11219 I 234 2 ,341 
16 1504 ,161 5 172 I56 9500 .9499 2810 2.8040.40 8,1 5728 6 006 57 J 10322 10322 I 2.804

2529 658 10940 I 10941 2.810 2.811 
17 0.60 7452 A695 001202000 59 12018 2810,0 ,038729 798 006 .- 6 -I 0322 10321 ,3513 3510 

w20 60.80 1I322 004 62 1I24 i 1149 3.51 1 3507 
2 100 1613 12607- 63 10,172 10145 3981 3972 
22 1.00 12903 12907 010 0 ° 0 10 3981 3967[00323 387 .0163910 ..391 0166 
24 006 774 780 i014 65 8520 8,S 1.73 1854 

25 0.09 1.161 1 171 1 004 -66 10658 I N .3 I 
26 0.12S 10131 1623 .0os -. _______ 1123 444 4448TI 
28 0130 2323 2333 .007 

29 0160 2065 2067 00 WING LEADING EDGE 
30 0170 2194 2200 o94 

I- z32 070 9032 9023 0 .0 1100GENO DSID ACUL-q3 0

33j4 CI2O1, 10290 ,31.284 - '..569.3 0 GG O EIE CUL q "UqZ
 

354 02008. 3 69-7 Y . 1 171 % - 5.259 30 0 - 1 615 

-36 0.40 5161 151 500 494 71-72 X - 5160 X = 5.16437677,7 50064,4
I- 733X-,53X 6508 
7576 X - 7.742 X = 7.153080 10322 10.323 500 .497 
77.73 Y - 2.342 Y - 2.351 6.353 

VERTICAL TAIL 79-86- Y. - 2.810 V - 2.823 8.sor 
89-90 VYo 3.513 Y 3.517 

GAGE IDFSIRED ACTUAL 9198" Yo - 39
NO.N9. zom, Zoms01 99 -38 f 36096 

101-102 Yo0 . 4.449 V * 4.4M 10.577
39 60Row 6091 

40 6961 6970 'GAGE RU BERS 87. 88 & 99.100 WERE NOT 
41 7867 7861 FABRICATED BECAUSE OF SPACE LIMITATIONS. 

I 42 a17 B* 



Table IV. (Conl'd) 

TANK (Ltms = 18.650) 

CAGE XmsLtm, Xmt ACTUAL 
NO. (FROM NOSE) x ' 
103 O.00 0 0 

104 .005 080 .076 220 

105 01 186 .196 199 

106 04 .746 .760 180 

107 08 1 492 1 498 

28022.798108 15 
109 .20 3.730 3744-10 21 3917 3932 180 

1_ . 746 740 0 
112 25 4663 4686 180 

113 35 6528 6545 
114 375 6.994 7009 

t15 40 7.460 7478 

116 425 7.926 7.953 
117 .45 8393 8414 

118 7475 8859 8 877 
119 - 50 9.325 9.341 160 

120 3:43 6397 6407 225 

121 55 In 258 10271 180 

22 475 7572 7590 193 
123 .60 11190 11215 180 

124 .65 12 123 12.145
 

125 70 13 055 13083
 
126 RO 14.920 14940
 

127 .90 1785 16 818 

129 937 17475 17458 iso 

129 .406 7572 7.594 167 

130 .15 2798 2 OO 0 

131 44 8206 8-223 199 

132 08 1.492 1492 0 
133 475 8859 8871 199 

134 50 9325 9335 199. 
135 90 16 785 "16.796 199 

136 40 1.460 7464 221.5 

137 50 9 326 9 344

138 60 11190 11.205 

139 70 13055 13073 

140 80 14920 14940
 

141 85 15 853 15882
 
142 .90 16785 16.818 221 

143 825 15386 15386 214. 

144 85 15.853 15874 

145 875 16319 1-5339 

146 90 16785 16.805 

147 .925 17.251 17.280 
148 960 17.904 17902 241. 

149 .85 15853 15874 247.5 
150 90 16.785 16.795 2475 
151 * 20 3730 3.729 270. 

152 40 7.460 7.465

153 .50 9325 9322 

154 .60 11 190 11 200 
155 70 13055 13066 

156- 80 14 920 14930 

157 90 16785 16810 270. 
-158 60 11190 11 196 315 

159 80 14920 14930 315. 

16 40 7460 7.459 0 
1- - .60 11190 11191 0 

162 80 14920 14.94 0 
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Figure 1. Configuration 3 Orbiter/ET
 

35
 



04 

19 0 

109 

106 
1-07 

220.10142_ 
0-247.5 o 

2 

11314 

1o 

122 
129 

116 
/117 

/ 121 123 124 125 

________ ___

36 3 '>134 138 1391 1"37 

143 

1 

140 149 

I 

7 

128 
-10835 

14 

10311 315
132L 16o 

1 158 
161 

1592_
162 

0 7.,. .2 .3 .4 .5 .6 .7 .8 .9 1.0 

a. Model 37-T. Instrumentation Locations 

Figure 2. - Model instrumentation. 
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b. 37-0 Instrumentation Locations 

Figure 2. - Concluded. 
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a. Installation of model 37-0 - Orbiter Alone 

Figure 3.- Model photographs. 



b. Installation of Model 37-OT - Orbiter/Tank
 

Figure 3. - Continued.
 



0 

c. Instrumentation - Orbiter Top View 

Figure 3. - Continued. 

O0 



d.mn trumentation - Orbiter Bottom Surface
 

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

Figure 3. - Continued.
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c: 

f. Instrumentation - Orbiter Wing Leading Edge 

Figure 3. - Continued. 



g. Instrumentation - Tank Top View
 

Figure 3.- Continued.
 



h. Instrumentation - Tank Nose
 

Figure 3. - Continued.
 



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

Figure 3. - Continued. 



105 

k. Instrumentation - Tank Aft Attachment Struts - Top View 

Figure 3. - Continued. 



1. Sample Schlieren, Tank Alone, Run 4, a = 0*, M = 6.99, Re/ft = 0.12 x 10 

Figure 3. - Continued. 



C, 

m. Sample Schlieren, Orbiter Alone, Run 25, a = 30, M = 7.92, Re/ft = 7.55 x 106
 

Figure 3. - Continued.
 

00 



n. Sample Schlteren, Orbiter/Tank, Run 27, a = 0% M = 7.61, Re/ft = 1.20 x 106 

Figure 3. - Concluded. 



DATA FIGURES
 
VOLUME 7-Figures 4-77
 

PRECEDING PAGk OLANK NOT FIAMED 



- --- -- ---- 

OH12/1H21 'CL HST I73-100' 37 T TANK (SUGTOI)
 
SYMBOL HAW/HT PHI U'CN PARAPETPIC VALUES 

0 .B30 .000 ;.991 ALPHA .000 BETA .000 
O] .900
 
0
 

U

w 

I Do .. ..... l- -+---I-

U 

w --- --.-- -- --U
--<z 

UJ 

-2,
< 

z .20
ui
 
of
 
Ud 
LL .010 _ 
w -

U 

LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/LI ALPHA 0
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SYMBOL 

O 
o 

OH12/IH2l 

HAW/HT PHI 

.830 180. 0 

.900 

(CAL HST 

HACP 

8.993 

173-100M 37 T TANK (SUGTOI) 

PARAMETRIC VALUES 

ALPHA .000 BETA .0 

U
1 nn 
1 .u00. T... ... . ........ . ..... ... .."' . 

z 
I 

I I . 

-_ ._I 

C 

.0O0 ------ --

ILU)1 
Z ------------... 

--
.1.It.. 

- - -- ---

LONGTUDNALLOCATION AS A FRACTION OF BODY LENGTH. X/L 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E,TANK HEAT TRANSFER RN/Li ALPHA = 0 
PAGE 2 



w 

OH12/IH21 (CAL HSi 

SYMBOL HAW/HT PH[ MACH 
0 .850 199.000 6.933 
o] .900 

o .000 

1.000 r... ... r T -

173-100 6 

I 

37 T TANK 

.. .' 

(SUGTOI) 

PARAMETRIC VALUES 
ALPHA .000 BETA 

. 

.000 

uIn --- - - - - - - - ---

LII
m 

z 

w 
z 

- ------------- a 

LJ 

0 

hit 

i 

I 

< .01ct:.4 -.2 1.0 1.2 .4
 

LONGITUDINAL LOCATION AS A FRACTION OF BOO TH, X/L
 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE .E.TANK HEAT TRAN ER RN/LI ALPHA =0
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SYMBOL 
oo] 

OH12/1H21 
HAW/HT PHI 

.850 221.000

.900 

(CAL HST 
MACH 
6.993 

173-100) 37 T TANK (SUGTOI) 

ALPHA 
PARAMETRIC VALUES 

.000 BETA .000 

Li. 

Lii 

w 

z DO -. ........ ........ 

U 

w 

w 

a 

.00 
w! 

z ! 

LL.0101 L I IW ......
.... 
0 

.0 0, I.... .. ..... .
......... .. . .. 

S-.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 RECOVERY FACTOR'ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =0
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0-12/1H21 (CAL HST 173-100) 37 T TANK (SUGTOI)
 

SyYMBL IAWI'T PHI MAC. PARAMETRIC VALUES 
T
 

ALPHA .CO0 BE A .000
0 .850 241.000 6.993 

0 .900
 
o 1.000 

LL 

IL1[
 

cii
 

I t 

U) 
LLL[ .100[ [ 

cr 

a 

w 7~ 

.10 . i 

.4 . 0 ..-..- - - 4 - .. 1 . . . 2 

LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0
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0H12/IH21 (CAL HAST 

SYMBOL HAW/HT PHI MACH 
0 .850 247.000 6.993 

o iooa 
U

tr: 1.000 

173-100) 37 T 

.... 

TANK 

,... ... 

(SUGTOI) 

PARAMETRIC VALUES 
ALPHA .0O0 BETA 

......... . ....-

.000 

L-< 

u 
u 

, 

W

LL
I-. 

U- Io ,4. 

z 

u 

L 

-

.010-
I-I 

1. -. 

< 
t 

FIG. 

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

4 EFFECT OF RECOVERY FACTOR ON "THEE. TANK HEAT TRANSFER RNILl ALPHA =0 
PAGE 6 



OHI2/1H21 (CAL HST 173-100) 37 T TANK (SUGTOI) 

SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
C .850 270.CC0 6.993 ALPHA .000 BETA .000 
O .900 
o 1.000 

Ui. 
w 

1 .000 I. ...... 

W i • 

L, 

0' 

< 

i i 

LU 
z 

u 

.001 I...... 

<-.4 -. 2 0 .2 .4 .6 .8 1l.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0
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OH12/IH2i (CAL HST 173-100) 37 T TANK (SU3TOL)
 

SYM 0L HAW/NT PRI MACH PARAMETRIC VALUES
 
ALPHA .000 BETA .000
0 .850 315.00 6.293 


0 Ahmoo 1.00
 

o
 
Li.
 

1 .000 2 ..._.... ..... 

U
 

w .0 

Zm L ' 

W ------------U)
 

< 

z 
w 

H
 
u 

-J zI 

U 

m4. .2 IN 11. 81. . . 

tW.U. i.MULi W 1Lul.'IiL'IU 

X/L
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. 


= 0
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Li ALPHA 
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OH12/1H2i (CAL HST 173-100) 37 T TANK (SUGTOL) 

SYMBOL 
0 

HAW/HT 
.950 

PHI 
.000 

MACH 
7.619 ALPHA 

PARAHETPIC VALUES 
.000 BETA .000 

o 1.000 

UL 

1 .0 0 0 ......... .. . I ........'T "
 ......rr ...... ........... 


I L
 
Z-- --- t---------

ui
U 
U- U -  -

U ,
 
0 

IA]1
 

u I 

z
wI - - , 
w
 

w 
U 

LL
 

< .01 
S-.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 RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0
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OH12/IH21 (CAL HST 173-100) 37 T TANK (SUGTOI)
 

SYMB. IAW/HT PHI MACH PARAMETRIC VALUES 

0 .850 180.000 7.618 ALPHA .000 BETA .000
 
o .900 
0 1.000 

m1 .0 0 0 " " " 1 '" . ... I" I.... t....... ... "r.... 

ui -

L

z 
Ill]
 

Lu 

LI" 

z 
w 
U. '.01 
w 

U 

I-I 

.00 

-. 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 RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =0
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Li. 
w 

OH!2/1H21 

SYMBOL HAV/HT PHI o .250 199.000 
[] .500 
0 1.000 

1.000 

CCAL HST 

MACH 
7.910 

173-100) 

,, 

37 T TANK 

.. . . ...... 

(SUGTOI) 

ALPHA 
PARAMETRIC VALUES 

.OCO BETA .000 

Za 

w 

L 
LI. -- 1- -I lI 

.100 

uI - - - - - - -

wi -- - - - - - - - - - - - - --- -- -

.00 

L,
 

Cr-.4 -. 2 0 .2 .4 .6 .8 l.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Ll ALPHA 0 
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OH12/IH21 (CAL HST 173-1003 37 T TANK (SUGTOL)
 
SYMBOL , HAW/HT PHI MACH PARAETRIC VALUES 

o .80 221.000 7.61a ALPHA .000 SET& .000 

Ol .900 
o 1,000 

LIw 

_1- - ..- - - - - -..- - - -...-. .... 

I 

LL. 

UL 

LU 

bii -UL .100----------------------. 

z 

I- i 
LU 
U 

LU 

-.4 -.2 0 .2 .'4 .6 .B 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RNILI ALPHA :0 
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OH12/iH2l (CAL HST 173-00) 37 T TANK (SUGTOI)
 

PARAMETRIC VALUES
SYme. HW/HT PHI MACH 
ALPHA .DOO BETA .o 

o .850 241.000 7.619 

0

LU


w 

I ' 13 II __IIfl' 

uV 
,
NI i II

I 1 I ..--- _--

I 

ILI 

u I , --- ---
Ua
 

Ix 

Lt. .010------------
ICI w 

........ ...
...................---------
o00 1 ........... ........... L... 


UJ 

0 

4 -.2 0 2 46 .8 1.0 1.2 1,4 

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


FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA 0
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SYMBOL 
0 
o] 

Lo 
Liiw 

0H12/1H21 (CAL HST 173-100) 

HAW/HT PHI MCH 
.B50 247.000 7.618 
.900 

o .000 

1 .00D0. 

37 T TANK (SUGTOI) 

ALPHA 
PARAMETRIC VALUES 

.00 BETA .000 

... . 

I • 

U. 

Li
wmI I • 

wU) .100 

< 

LI 

uz ww 

hii 

Lii
Lii 

w -

u 
o 

I.

-r.4 -. 2 0 .2 .4 .6 .8 1.0 2 1 . 
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0H12/IH21 (CAL HST 173-I00) 37 0 T TANK (RUGT05)
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SYMSB0 HAy/MT PHI MACH PARAIETRIC VALUES 

0 .900 221.000 7.000 LP" .000 BETA .OW0 
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0H12 I12 MODEL 37 OT(05)/T(CI) TANK CIUGT05) 

SYMBOL HAy/HT PHI 'AcU 0 
APA'ETRJC VALUES 

0 .900 241.000 7.000 ALPHA .000 BETA .00 
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OH12 + IH21 MODEL 37 OTCO5)/T(0i) TANK (IUGT05) 

SYMBOL HAW/HT P1I MACH PARAMETRIC VALUES 

0 .900 247.000 7.000 ALPHA .000 BEIA .000 

X
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FIG. 4 EFFECT OF RECOVERY FACTOR GN THE E. TANK HEAT TRANSFER RN/LI ALPHA =0 
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HAVWNT PHI , Cp 
s9o 270.0CO 7.000 
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SYPSO 
0 

0H12 + IH21 MODEL 37 

HAV/NT PHI MACH 
So0 315.00 7.000 

OTtO5)/T(Ol) TANK (IUGTO5) 

ALPHA 
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.000 BETA .o 
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0H12 + IH21 MODEL 37 OTCOJ/TC01) TANK CIUGT05) 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 

0 .O0 .000 7.b10 ALPHA .000 BETA .000 

I
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA = 0 
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0H12 + IH21 MODEL 37 OT(05)/T(O) TANK (IUGT05)
 

SYMBOL NAW/HT PHI MACH PARAMETRIC VALUES
 
0 .900 180.000 7.610 ALPHA .000 BETA .000
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0H12 - IH2! MODEL 37 jT(03)/T(O1) TANK (JUGT05)
 

SYMOL HAW/T PHI MACU PARAYETRIC VALUES
 

0 .900 199.000 7.610 ALPHA .000 BETA .000
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OH12 IH21 MODEL 27 OT(05X1[01C TANK (iUGT05)
 

SY? & MAWMT PHI MACH PARAMETRIC VALUES 
0 .900 221.000 7.610 AL-HA .CO0 BETA .000 
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0H12 i MODEL 37 TANK (IUGT05)
!H21 OTC05)/TCOI) 


SYMBOL NAV/HT PHI PACH PARAWEtRIC VALU2ES 

0 .900 241.CC0 7.610 ALPHA .000 BETA .000
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SYMBOL 

0 

OH12 + IH21 MODEL 37 

HAW/HI PHI MACH 

.900 247.000 7.S10 
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0H12 + IH21 MODEL 37 OTC05)/T(01) TANK (IUGTO5)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 270.000 7.610 ALPHA .000 BETA .000 
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O-i2 + IH21 MODEL 37 OTO5N/TI) rANK (IUGTO5) 

SYM8Ot HAI T PHI MACH PARAMETRIC VALUES 
0 .900 315.000 7.910 ALPHA .000 BETA .000 
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sY*'mI. 
0 

0H12 + IH21 MODEL 37 

HAW/HT PHI MACH 
.900 .000 18.300 

OTCO)I/TCo) TANK (IUGTO5) 

ALPHA 
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.000 BETA .000 
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OH12 + iH21 MODEL 37 OT(05)/TEO) TANK rIUGTO5)
 

SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 

0 .900 180.o0 18.300 ALPHA .000 BETA .00 
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0H12 + IH21 MODEL 37 OT(O5)/T(01) TANK (IUGSTO5)
 
SymBo, HAW/HT PHI -ACH PARAsETRIC VALUES 
0 .900 198.000 18.300 Al-HA .000 BETA .000 
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OH12 + IH21 MODEL 37 OT1O5)/TCOI) TANK CIUGT05)
 

SYHSOt NAVA/T PH! MACH PARAMETRIC VALUES 

0 .900 221.000 18,300 ALPHA .X00 ETA .000 

I 
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0 
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OH12 1 MODEL 37 TANK (IUGT05)
!H21 OT(05)/,TCOl) 


SYMBOL NAwV/T '41 MACH PARAMETRIC VALUES
 
0 .900 241.000 19.300 ALPHA .000 BETA .000
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OH12 + Il21 MODEL 37 OT(05)/T(01) TANK (IUGT05) 

SYMBOL NAV/H4 Pi rACW PARPYETRIC VALUES 
0 .uO 247.000 18.330 ALPHA .000 BETA .000 
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OH12 + 1H21 MODEL 37 OT(05/T(OJ1 TANK (IUGTO5) 

SYML HAW/HT PHI MACH IARArETRIC VALUES
 
0 .300 270.000 18.300 ALPHA .000 BETA .000
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Li ALPHA = 0
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0H12 + IH21 MODEL 37 OT(05)/TCOI) TANK {UGTO5)
 

SYMBOL HAV.PT PHI MACH PARAMETRIC VALUES 

0 . 315.000 ALPHA BETA,0O 18,300 .000 .000 
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0H12 + IH21 MODEL 37 OT(O5)/T(Ol) TANK CIUGTO5)
 
SYMBO. RAW/T PHI MACH 	 PARAMETRIC VALUES
 

0 .900 .000 19.180 	 ALPtA .000 BETA .0w 

I 

100.0 ... ...10 .	 .... .. ... .... . .. . ......... .T.". .. ........... .
 
I 	 ' I . 

Li. 

LU 
0 I IIIt

U 

LUL -10I.0----------	 Ilil 

LitDCo

LII
 
C3 

w	 I1J .'x 

I

z 

LL1 

o 	 .4 -.. 2 4 .6 .8 1.0 1.2 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

= FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/Li ALPHA = 0 
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OH12 + IH21 MODEL 37 OT(O5o/(1) TANK (IUGT05)
 

SYmal HAVAAT PH1 MACH PARAETRIC VALUES0 .90 199.000 19.180 ALPHA .000 BETA .owO
 

10 .900 1.00 1. 

D 

z I 

z 

10.0 

w 
0 
C 

I 

U 0 

u 

z I. 

w 

z 

0-.4 -. 2 0 ".2 .4 . G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

SFIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT fRANSFER RN/I ALPHA =0
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OH12 IH21 MODEL 37 OTCOS)/T(O1) TANK (IUGT05)
 
SYMBOL HAY/HT. PHI MACH PARAFETRIC VALUES 

0 .900 221.COO 19.180 ALPHA .000 BETA .000
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OH12 + 121 MODEL 37 OT(05J/T(Ol) TANK (IUGT05) 

SM HAW/MT PHI MACH PARAMETRIC VALUES 

0 .900 241.000 19.190 ALPHA .DO BETA .000 
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SFIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Ll ALPHA =0
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0''2 -1H21 MODEL 37 OT(O5)/T:n1) TANK (IUGTO5) 

SYMBOL HAW/HT PHI MACH PARAXETRIC VALUES 
0 .900 247.000 19.180 ALPHA .000 BETA .000 
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Li ALPHA =0
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0H12 + IH21 MODEL 37 OT(O5)/TCOI) TANK CIUGT05)
 

SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .90 270.000 19.190 ALPHA .000 BETA .00 
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SYML 
o 
0 

OH12/1H21 (CAL HST 

HAW/HT PHI MACH 
.850 .000 19.170 

i.00 

173-100) 37 T TANK (RUGT02) 

PARAMETRIC VALUES 
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0H12/1H21 (CAL HST 173-100) 37 T TANK CRUGT02)
 

PARAMETRIC VALUES
SYMIX. HAy/my PHI PACH 
ALPHA 5.000 BETA .000 o .850 180.000 19.170 
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =
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OH12/IH21 CCAL HST 173-100) 37 T TANK (RUGT02)
 

SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
o .850 199.000 19.170 ALPHA 5.000 BETA .000 
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =5
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OH12/IH21 (CAL HST 173-100), 37 T TANK (RUGTO2)
 

SYSO HAW/HT PHI MACH PARAMETRIC VALUES 
0 .850 221.000 19,170 ALPHA 5.000 BETA .000 
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FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER AILPHA = 5
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OH12/IH21 (CAL HST 173-100) 37 T TANK tRUGTO2)
 

SYM HAW/HT PHI MACH PAqAMETRIC VALUES 

O .850 24t.0G0 19.170 ALPHA 5.000 BETA .000 
o] .900
 
o 1.000 

LL.
 

1 .0 00 ............. ...............
..... ..
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LL 

w .100 

.- - - .2 - - - - - ---
.OlDLiEn 

z 

w 
.010 PAE 
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LONGITUDINAL LOCATION AS A FRACTION OC BODY NTH /
 

FIG. 5 'EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5 
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OHI2/1IH21 (CAL HST 173-100) 37 T TANK,' (RUJST2)
 
SYMOL HAW/HT PHi MACN PARAMETRIC VALUES
 

o .850 247.0= 19.170 ALPHA 5.000 BETA .0 

0 .0
 
0 1.000 

LL 
LU
 

t I I 

IU. 


a I J 
Li-

LL
 

o I 
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z--------------------:---------------------- 1 : ,Or- -I -
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S.... ............................ . ..
 

-. 4 -. 2 0 .2 .4 .6 .8 1 .0 1.2 1.4 
LONGITUDINAL LOCATION 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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OH12/IH21 (CAL HST 173-100) 37 T TANK CRUGT02) 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALES 
00 .80.900 270.000 19.170 ALPHA 5.000 9ETA .000 

o 1.000 
IL 
Ed 
Ix 
x 1.00 ... 

u
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IL 

ft 
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r I 
Lw .010. : - j 

It 

... .............. ..
 . ....
•.00 1 ............ ... . .. ..... .

Or 	 -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 

LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. XIL 

FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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OH12/IH21 (CAL HST 173-100) 37 T TANK (RUGT02)
 

SYMBOL HAW/HT PHI MACH PARAKETRIC VALUES 
O .850 315.000 19.170 ALPHA 5.000 BETA .000 
0 1-00
 

S 1.000
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LONGITUDINAL LOCATION 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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o 
0 
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0H12/IH21 

HAY/Hr P i 
.850 .00c 
.900 

1.000 

(CAL HST 

MACH 
18.7°0 

173-100) 37 0 T TANK (RUGTOG) 

PARAMETRIC VALUES 
ALPHA 5.000 BETA .000 

- a 

Ld 

LL .100 , -,-,. --

Lu 
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LuLU 
Or 
Q:: 

LL .010 , . 

.00- - ---- I i-----

o:-.4 -.2 0 .2 .4 .6 .8 ,0 1.,2 1.4
 
LONGITUDINAL LOCATION 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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01-12/11-121 (CAL HST 173-100) 37 0 T TANK (RUGTOG) 
SYraL HA Y/HT PHI MACH PARAMTRIC VALUES 

0 .850 180.000 18.790 ALPHA 5.000 BETA .000 
o .900 

o 1.000 
3 0 1. 0 . ....... ... 

L 
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.D 1 . . ... ... . .... . .. ".h ... ~~ ~ ..... ,~J ............. ............
. h .iIL u . J* ~ .. ....... .... LIM 

-.4 -.2 0 .2 .4 .6 .8\ 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY L I X/L 

FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEA TRANSFER ALPHA = 5
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OHI12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGTOS)
 
SYtME. HAW/HT PHI MACH PARAM.ETRIC VALUES 
0 .850 199.000 18.790 ALPHA 5.000 BETA .000 
o .900 o 1.000 

LI. 
LL 

ir 

It 

u#
 

u-

LL 

LU 

Li. *L.100 

nz 
IiJ 
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-r 

I-AE 115
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< I
 

* D fli*0± O.. 4, 114 ± h i 1 4 ± JJ1!0.4411 IU,1±JA tS L h~ h 4 itLL 

a-. .2 O.2 .4 .6 ,8 1 .0 1 .2 1.4 
LONGITUDINAL LOCATION 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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OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTOS) 

SYMBO. 
0 
o 
o1 

HAW/.T 
.650 
.900 

1.000 

PHI 
221.000 

MACH 
18.790 ALPHA 

PARAMETRIC VALUES 
5.000 BETA .OO0 

L
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. - -- - - ----- ---------
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-.4 -. 2 0 .2 .4 .6 1.0 1.2 1.4 
LONGITUDINAL LOCATION 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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OH12/IH21 CCAL HST 173-100) 37 0 T TANK CRUGTOG) 

SYMO4 HAWHT PI MACH PARAMETRIC VALUES 
O1: .9S0.300 241.000 18.790 ALPHA 5.00t BETA .000 

0 .0m 
L. 

1000 hi, -n ... ... ........-.................. r .n-1 .... ..
rn -n in 
Ill 
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'4 - - ----- .10-----u 
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I-I''

.0' 

Ir-.4 -. 2 a .2 .,1 .6 .8 T1o0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BoDY LEI iTH. X/L 

FJG. 5 EFFECT OF RECOVERY FACTOR DUN THE EXTERNAL lANK HE'A TRANSFER 'ALPHA = 5
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OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTOG) 

SYMBOL HAW/HT PHI HACH PARAMETRIC VALUES 

0
0 

.850

.900 
247.000 18.790 ALPHA 5.000 BETA .CO0 

o 1.000 
L
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z :
 
w
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I
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.4 .2 0 .2 .4 1.2 1.4 
LONGITUDINAL LOCATION 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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OH12/1H2] (CAL HST 173-100) 37 0 T TANK (RUGTO6) 
HAW/HT 
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.900 

P1 I 
270.C00 

AH 
18.790 ALPHA 

PARAMETRIC VALUES 
5.000 BETA .000 

1.000 

X 1 .0 00 ... in. .... . .. ......n.ui.......... .... ..... .......- ... ..... 

- I I 

Iw 

Li
w 
0 
U 

LL 
U) 
z 

.100 

-C 
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I. 

w 

.0. --------

<O 

CC 

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

1 .2 

.. 

1,4 

FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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OH12/1H21 (,CAL HST 173-100) 37 G T TANK (RUGTOG) 

SYMBOL HAVIT PHI MACH PARAMETRIC VALUES 
0 
Cl o ~ 

.850 
.900 o 

315.000 18.790 ALPHA 5.000 BETA .000 

Li-

Lii S. 000 ... .... rr..... n. n i. n iTnn (n it ~ rr~r il .... .. ..... .. 
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LL-
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wU . -

Li]
 

LU 
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L.i- 20 2 4.-. 1.-. .
 

LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 

FIG. 5 EFFECT OF RECOVERY FACTOR ON THlE EXTERNAL TANK HEAT TRANSFER ALPHA 5 
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OH12 + IH21 MODEL 37 0T(O6)/T(02) TANK (IUGT06)
 

SYmam HAW/HT PHI MACH PARA ETRIC VALUES 

0 .900 .000 10.90O ALPHA 5.000 BETA .000 

mn

100 .0 ..... ... .......
 
I t I I I' 

w-

LI
 
LLLi - -" - - - : :--L) - - - - -

U-
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LU 
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LiW i(xLLLU 1 .2! 1 .4 
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I WtIU nU h UU ~ 

o -. 4 -. 2 0 .2 .4 .6 .8 1.0 .2 1.4 
S LONGITUDINAL LOCATION 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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DH12 + IH21 MODEL 37 OT06)/TC02) TANK (IUGT0) 

SVM9& HAWVT PHI MACH PARAMETRIC VALUES 

0 .900 I 8O.0D 18.9s0 ALPHA 3.000 BETA .000 

I

1 0 0 .Or ......... ..... • .. ........ 
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I
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.4 -.2 0 .2 -.4 .6 .B 1.0 1.2 1.4 
0 LONGITUDINAL LOCATION AS A =,ACTION OF BODY LENGTH. X/L 

FIG. 5 EFFECT OF RECOVERY FACTOR ONTHE EXTERNAL TANK HEAT TRANSFER ALPHA = 5 
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OH12 + 1H21 MODEL 37 OT(O8)/T(02) TANK CIUGTO6S
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .900 199.000 18.980 ALPHA 5.000 BETA .000 

100.0 .. .... ... fh lu f1 Ir tm l~ffj.s n 
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LU 
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.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 

SLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
~o,- FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =5 
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OH12 + IH21 MODEL 37 CTCG)/T(02) TANK CIUGTO6)
 

SYMBOL HAVINT PHI rACH PARAK2TRIC VALUES 
0 .900 221.000 18.980 ALPHA 5.000 BETA .000 
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C LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

SFIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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OH12 + IH21 MODEL 37 OT(O)/T(O2) TANK (IUGTOS3
 

SYBMOL HAW/HT PH I MACH PARAMETRIC VALUES
 
0 .900 241 .000 18.9m ALPA 5.000 BETA OG 
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LONGITUDINAL LOCATION AS A FRACTION OF BOY LENGTH, X/L
 

SFIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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OH12 4 121 MODEL 37 OT(O6)/T02) TANK (IUGT06) 

SYM_0L HAW/T PHI MACH PARAPETRIC VALVES 

0 .900 247.000 6B.980 ALPHA 5.000 BETA .000 

I 
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.. .
 .......
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
P FIG. 5 EFFECF OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
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OH12 + IH21 MODEL. 37 OT(OG)/TC02J TANK (IUGTOG)
 

SY L HFAV/MT PMI MACH PARAMETRIC VALUES 
0 .SCO 270.0CC 18.980 ALPMA 5.000 BETA .0 
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S LONGITUDINAL LOCATION 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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0H12 + IH21 MOGEL 37 OTCOS)/T(02) TANK CIUGTO6)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .900 315.W0 18.980 ALPHA 5.000 BETA .000 

Z a: 100 .0 .. ........... ' .. ... .... ..... ..... i l..
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U
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Lii 
Un 
I-. 

z I0.0,: 
Lii 
m 

- I 

tn 

z 
U 

w 

LL• ... .......... .. ........IL' !....... ... ...... ........ 14, 
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LONGITUDINAL LOCATIMN AS A FRACTtON OF BODY LENGTH, X/L 

0 FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTt-NAL TANK HEAT TRANSFER ALPHA = 5 
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OH12/1H21 CC;L HST 173-1001 37 T-NP TANK (RUGT03)
 

SYfMO HAW/HT PHI -ACH PARAMETRIC VALUES 

Co .650 .0o 18.430 ALP$A .000 StTA .0 
.oo
 

i I.OOO

t.0LLi
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LW
 

LL .100 . 1 L 

LI. 

L
 
LL .010----------u 

W --- I---
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o - - - - - - - - - 

" .00 , ............ ...... .. . I...,+,
-.4 -.2 0 4 .2 .4 - G .2 .4 

S LONGITUDINAL LOCATION AS A FRACTION'OF BODY LENGTH, X/L 
SFIG. 6 EFFECT OF RECOVERY FACTOR ON E.TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OH12/IH21 (CAL HST 173-100) 37 T-NP TANK (RUGT03) 

SYMBOL HAW/nT PHI MACH PARAMETRIC VALUES 

0 .850 180.000 18.430 ALPRA .000 BETA .000 

U] 
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.90c 
1.000 

LL-
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O: 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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1 .0 0 0 
UU-rnl , 

CCAL HST 173-100) 37 T-NP TANK (RUGT03)
 

MACH PARAMETRIC VALUES 
18.430 ALPHA .000 BETA
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E.TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OH12/IH21 (CAL HST 173-100) 37 T-NP TANK CRUGT03) 

SYMSL 
0 

0 

AW/t 
.850 
.900 

Ps1 
221.000 

MACH 
18.430 ALPHA 

PARAMETRIC 
ro0 

VALUES 
BETA .000 

'4
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I I I 4 
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LONGITUDINAL LOCATICN AS A FRACTION OF BODY LENGTH, X/L 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E.TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OHI12/1H2I (CAL HST 173-100) 37 T-NP TANK (RUGT03) 

SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .850 241.000 18.430 ALPHA .000 BETA .000 
0 .900 
0 1.000 

U.JXIt' 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

FIG, 6 EFFECT OF RECOVERY FACTOR,ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OHI2/IH2I (CAL HST 173-100) 37 T-NP TANK (RUGT03) 

SYBOL. 
O 

HAW/HT 
.850 

PHI 
247.000 

MACH 
18.430 ALPHA 

PARAPZTRIC VALUES 
.000 BETA .000 

o .900 
o 1.000 

1\00 ... .......... ............ "J " .......... ........ .... .... 
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U-
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LL Ci 
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L .100- 1 1 
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LL.010 _ 

II 

I i-.--------

cr-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

FIG. G EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OHI12/IH21 (CAL HST 173-100) 37 T-NP TANK CRUGT03)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
o .850 270.000 18.430 ALPHA .000 BETA .000 
0 ,900 
o 2.000 

10 ................' ... ... ... .. .. . .. .
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LONGITUDINAL LOCATION AS A FRACTION Or BODY LENGTH, Xlt 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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SYMBOL 
0 
o 
0 

OH12/IR21 (CAL HST 

HAW/HT PHI MAH 
.850 315.000 18.430 
.900 

1.000 

173-100) 37 T-NP TANK (RUGT03) 

PARAMETRIC VALUES 
ALPHA .000 BETA .000 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
 
PAGE 136
 



SYMBOL 
0 
o 
S 

LiL 

OI12/IH21 

HA^/MT PHI 
.650 .000 

.900 
1 .000 

(CAL HST 

MACH 
17.920 

173-100) 37 0 T-NP TANK CRUGT04) 

PARAMETRIC VALUES 
ALPHA .000 BETA .000 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 

FIG. G EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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OH12/IH21 CCAL HST 173-100) 37 0 T-NP TANK (RUGT04)
 

PARAMETRIC YALUESSYMBOL HAV/WT PHI MACH 
0 .850 180.000 17.920 ALPHA .000 BETA .000 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 

FIG. 6 EFFECT OF RECOVERY FACTOR ON,E.TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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MACH PARAHETRI C VALLS 
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LONGITUDINAL LOCATION AS A FRACTION OF SCOY LENGTH. X/L 

FIG. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES
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DATA SET SYBO. CONFIGURATION DESCRIPTION ALPHA BETA
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DATA SET SYMBOL CONFIGURATION OESCRIPTION ALPHA BETA
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DATA SET SYMBOL COWIGURATION tESCRIPTION ALPHA BETA
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OH12 + IH21 MODEL 37 TCOI)/T-NPCO3) TANK CIUGTOI)
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FIG. 9 .EFFECT.OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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SYMBOL HAW/YI ZY/B MACH PARAMETRIC VALUES
 
0 .850 .750 19.190 ALPHA .000 BETA 1000 
o .900
 
0 1.000
 

Li

1 .00 0 ... e................. r ......
,. e........ . .. .. ...........
 

I-
II 

iz 

U _ _ - --

LL
 

UL,

0 

.100 
U) - - 
z 

I-

I-
X ZZ 

w 
w 
cr
 
Li- ,
 

-J 

Li 
LL .0 01 I 

-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
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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OH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW053 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT fRANSFER ALPHA = 0
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OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
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OH12/1H21 (CAL HST 173-1003 37 0 T WING L.S.(RUGW05) 
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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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OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
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FIG. 9 EFFECT OF RECOVERY FACTOR (INTHE ORBITER WING HEAT TRANSFER ALPHA = 0
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OH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW05)
 
SYMBOL HAy/HT 2Y/B VACH PARAMETRIC VALUS 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA-= 0
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OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW053
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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OH12/IH21 (CAL HST 173-100) '37 0 T WING L.S.(RUGW05) 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA =.O
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0HI2/IH21 (CAL HST 173-100 37 0 T WING L.S.CRUGWOS)
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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OHL2/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW05) 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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OH12/1H21 CCAL HST 173-100) 37 0 T WING L.S.CRUGW05) 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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OH12/IH21 (CAL HST 173-100) 37 0 T WINE L.S.CRUGW05J
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA ='0
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OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
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FIG. 9 EFFECT OF RECOVERY FACTOR ONTHE ORBITER WING HEAT TRANSFER ALPHA = 0
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OH2/IH21 (CAL HST 173-00) 37 0 T .WING LS.CRUGW05)
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA :0
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0H12/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGWO5)
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OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05) 
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FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
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CH12 + IH21 MODEL 37 OT(05)/o(07) WING L.S. CIUGW05)
 

SYMOJI HAW/HT 2Y/B 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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OH12 + IH21 MODEL 37 OT't05)/0(07) WING L.S. CIUGW05) 
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OH12 + [H21 MODEL 37 OT(05)/0(07) WING L.S. CIUGWO5)
 

SYMBOL HAW/HT 2Y/B MACH PARAMETRIC VALUES
 
0 .900 .500 7.000 ALPHA .0O BETA .000 

u ............ .... .... ..... ..
0 0. .. .... . . .. ........ .....
 

z[
I-I . 

Lu 

tI 
LA. 

U) 

ff
 
< . I 1i .
 

Lu 

C 

I.-
FG 9n --


I 
Lli
 

Lu 

LI E I ........ . .... .. wl ,I..
 

In 
CHROIS LOCAIO AAFRCIONO OA H ) 

LI-L I 

H 

* AJ WS AM I ML 'U A l, L W,, llt MA. ,,Mi L MI W l I tlWLA tll LZ., MS1 tIl L hAMA MAl MIl ...M ,UMA¢ M. II I i l.M tlS M 

O CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C

SFIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA z"0
 

-PAGE 
 292 



CH12 + IH21 MODEL 37 OT(05)/0C(07) WING L.S. CIUGW05)
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OH12 + IH21 MODEL 37 OT(05)/OC07) WING L.S. (IUGWO5) 
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OH12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. (IUGWOS) 
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OR12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. CIUGW05)
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0H12 + IH21 MODEL 37 OT(05)/O(07) WING L.S. CIUGW05
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0H12 + IH21 MODEL 37 OT(05)/O(07) WING L.S. CIUGdO5)
 

SYMBOL HAY/MT 2Y/9 MACH PARAMETRIC VALUES 
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OH12 + IH21 MODEL 37 OTC05)/0C07) WING L.S. (IUGWO5)
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OH12 + IH21 MODEL 37 OTC05)/O(07J WING L.S. (IUGW05) 
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OH12 + IH21 MODEL 37 0TC05)/0(07) WING u.S. (IUGW05)
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0H12 + IH21 .MODEL 37 OT(05)/0C07) WING L.S. (IUGWO5)
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0H12 + IH21 MODEL 37 OTC05)/O(07J WING L.S. ('IUGWO5) 
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0H12 + IH21 MODEL 37 OTCO5)/0C07) WING L.S. (IUGW05) 
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0H12 + IH21 MODEL 37 01(05)/0(07) WING L.S. (IUGW05)
 
SYBOL HAW/HT 2Y/ MAC. PARAMETRIC VALUES 
0 .900 .750 13.180 ALPHA .000 BETA .000
 

I 

N 

z 
Lu 

In 
U 

Ll
 
o- -L 

u 
I 

z 10.0

z 1 

I- ,,. ...A, 

,L [J IW IW... L± Ah I W 
*.JA 11 MJL 13 W jj L W U U± 13L.± I ,*' 

C -.4 -.2 0---.-. '. 1. 12 .
 

LL 

-. 4 - .2 .4 .. 8 1. 1. 14 

FIG. CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
f- IG.9 EFFECT OF RECOVERY FACTOR ON iHE ORBITER WING HEAT TRANSFER ALPHA = 0 

PAGE 313 



OH12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. CIUGW05) 
SYMBOL HAW/T ZY/S MACH PARAMETRIC VALUES 
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OH12/IH21 (CAL HST 173-100) 37 0 VERTICAL CRUGV073
 
Sfy', X. 4Ad/HT GPG,to MACH PAkAMETRIC VALUES 
o .650 40.000 18.3 1 ALPHA .000 BETA .000 o .900 

o.W
 
LL 
Lu
 

W
 
Z-,- I 00.. .... i...
I-I 

z 

LL a 

U-

C
 

UuJ . 1 00 .. 
z 

z 
I 

U 

Lii 

LL .010 : , w 

-J ; 

-J< oo 
i. 

I- PlEVRTCLTI LOPIO AS ', CINOFEPSDSPN /' 

m .72 .76 .80 .84 .88 .92 .96 1 .00 1 .04SPANWISE VERTICAL TAIL LOCAT'ION AS A FRACTION OF EXPOSED SPAN, Z/BV
 

FIG. 10 EFFECT OF RECOVERY FACTGR ON THE ORBITER TAIL HEAT TRANSFER ALPHA 0
 
PAGE ' 318
 



SYV'SL 
o 
U 
o 

OHI12/IH21 

HAY/HT GAGENO 
850 40.000 

.900 
1.000 

(CAL HST 

MACH 
15.190 

173-100) 37 0 VERTICAL CRUGV07) 

PARAMETRIC VALUES 
ALPHA .000 BETA .000 

. n.n .i I.i i n , ? 

Ld 

z 

LI. 

ii-

C 

LI. 
z 

U 

Q: 

w 

LdLIJ ---------------------------------------------

u 

LL 
U 

o I 
I.,,
......
.....
............
.001 . .. i ,.... 

.72 .76 .80 .84 .88 .92 .96 1.00 1.04
 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/EV
 

FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 0 
PAGE 319
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OH12/IH21 (CAL HST 173-100) 37 0 T VERTICAL (RUGV05)
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0H12 4 IH21 MODEL 37 OT(05)/0(07) VERTICAL CIUGV05)
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FIG. 13 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 5"
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FIG. 14 EFFECT OF RECOVERY FACTOR ON WHE E, TANK HEAT TRANSFER RN/L2 ALPHA =0
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OH12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGT14)
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FIG. 14 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/L2 ALPHA 0
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FIG. 14 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RNIL2 ALPHA :0
 
PAGE 371
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FIG. 14 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L2 ALPHA =0
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FIG. 14 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L2 ALPHA =0
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OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTI4)
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FIG. 14 EFFECT OF RECOVERY FACTOR ON THE E,TANK HEAT TRANSFER RN/L2 ALPHA 0
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FIG. 15 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =0
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FIG. 15 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
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FIG. 16 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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FIG. 16 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0
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