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:i HEAT TRANSFER TEST OF AN O.006-SCALE THIN-SKIN

TRERMOCOUPLE SPACE SHUTTLE MODEL (50-0, 41-T) IN

THE NASA-AMES RESEARCH CENTER 3.5-FOOT HYPERSONIC

WIND TUNNEL AT MACH 5.3 (IH28)

_ .... by ,

_,_'i". J.W. Cummlngs/T. F. Foster _
_:_ Shuttle Aerosclences

_i,,. Rockwell International Space Divlslon
_; W.K. Lockman ",
..; . NASA-Ames Research Center

ABSTRACT

' This report presents data obtained from a heat transfer test con-

_:_ ducted on an O.O06-scale Space Shuttle Orbiter and External Tank in the

_. NASA-Ames Research Center 3.5-foot Hypersonic Wind Tunnel. The purpose ,.

of this test was to obtain data under simulated return-to-launch-slte

":. abort conditions. Configurations tested were integrated orbiter and .i

external tank, orbiter alone, and external tank alone at angles of attack

of O, -+30, _+60, -+90, and -+120 degrees.

Runs were conducted at Mach numbers of 5,2 and 5.3 for Reynolds

numbers of i.O x 106 and 4.0 x 106 per foot, respectively. Heat trans£er

data were obtalned from 75 orbiter and 75 external tank Iron-constantan
U

thermocouples.

1_nls report consists of 2 volumes. Volume 1 contains Figures 4+15;

, wherE_as, Volume 2 contains FIBures 16_27 and the Tabulated Source Data..
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CmTm (Continued>

4
PLOT

Pt PT free-stream total prenure, psla

PO a_erage of free-stream total pressure values
of all tunnel rims incorporated into an aero
dataset, psta

,J

qt QDOT,Q heat-transfer rate at model wall for _lven T/C
lo_ation at initial time, BTU/ft_-sec

q e QS.__ stagnatlon-polnt heat-transfer rate for ref-
erence sphere at initial time,BTU/ftR-sec

Rs RS reference sphere radlus at model scale equlVa-
-. lent to 0.305 m (I ft) for full-scale vehlele

_-_" Re_/ft RE/FT free-stream R0y_olds number per foot
0

RN/L average of free-stream Reynolds number values
(per foot) of all frame1 runs incorporated
into an aero dataset

Re_,L REL froe-stresa Reynolds number based on model
reference length, L

.... S/E bod_r vetted runn_ length

St ST 8tanton number based on free-stream flow
Qonditionl and the model heat-transfer

.. coefficient for Hav/l_ - X.XXX

• . T temperature, oR

Tt _T free-stream total temperature, oR

TO average of free-stream total temperature
value s of all tram_el runs incorporated into
an lero dstaeet_ QR

• T, TW model wall temperature for _wen T/C loca-
l tion at Lnitial timej OR

7
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NCMEhI_%TURE (Co.tlnuod)

:_ PLOT
_BOL SI_BOL D_'D_T20N

T/C T/C ther_ocouple 1

t time, sec

ti TIME initial time (before model ineertlon in%o
• flew) extrapolated from f(_) vs. time, see

u,V velocity, ft/sec

W density of model skin material lbm/Ft3

X axial distance meaaured From nose, in.

X/C ehordwise location, fraction of local chord

X/L longitudinal location, fraction of bod_
length

. Y spanWise distance from eenterline, in.

2Y/B 2Y/B Sl_se location, fraction of semi-span

Z Z water plane distance, in.

Z/BV epaneise location on vertical tail, friction
of exposed span

I

a ALPHA angle of attack, degrees

_A angle of sideslip, degrees
b"

_ # viscosity of air, lb-eee/i_ _

density of airs lbm/f_3

0 THETA external tank angular surface eooralnate,

)_ measured clockwise looking forward. 0 degrees

I! at bottom centerline, degrees
', _ PHI orbiter angular surface coordtnat;ep measured

clockwise looking forward. O degrees at
: bottom centerlins, degrees
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NOMENCLATURE(Concludod)

PLOT
SYHI_OL SYMBOL DE_INITION

N.P. water plane, height measured along Z ,

axis, In.

/
B.I,. BP butt plane, distance from orbiter centerline

in the outboard dlrect&on, In. !

HI/HU ratio of interference to undisturbed heat

transfor, ooefftctents !

?_RP moment reference point on Z axis

Y_ntF moment reference point on Y axis

XI_P moment reference point on X axis

SREF reference len_Lh or wing mean aerodynamic

c_lord; ft.

'_ SUBSCRIPTS

aw adiabatic wall

: i initial value before model insertion

0 Orbiter

PG perfect gas (calorically and thermally

perfect gas)

s reference sphere

t free-stream total condition

T tank

V vertical tail

W wall

free-stream

9
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CONFIQURATIONSINVESTIOA_2D

The model (Orbiter and External Tank) tested was a O.O06-scale

representation of the Rockwell Xnternational Space Shuttle Vehicle. Yhe

Orbiter and External Tank are defined by Rockwell lines SS-H-OX_I_ and

SS-H-Ol_lS.

The Orbiter and Tank were initially built by Grmmnan Aircraft,

Bethpage, N_w York, but the Orbiter was modified with additional thermO-

couples added to the upper surface of the left wing, vertical tail, and

0MS pod. Modifications of both Orbiter and Ext@rnal Tank stings were

accomplished to carry increased loading within the high angle of attack

The Orbiter was a full span (cast stainless steel) model With thin-

skin inserts. Thin-skin s_ainless steel (17-_PH) inserts were located

on the underside region, left-hand wing (_op and bottom), _IndShield

area. left fuselage side, OMS pod, and vertical tail. These inserts were

instrumented with 89 iron-constantan thennocouplea of which only 75

were used during this test. The model was built with all control

surfaces in the 0° defleotion condition.

The External Tank was constructed of thin-skin (15-SPH) stainless

steel. The Tank was instrumented with 1_ iron-constantan the_no-

couples, of which only 75 were used.

The Orbiter and External Tank were designed so either could be

tested alone or in the second stage configuration.

_b

10
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.: *.: COItFI_ONS INVES_GA_D (Concluded)

The fol3owin_ @onftguration canponents were tested:

Notation

: * ' B22 Fuselage (1-1_.7B Lines)

C7 Canopy ..

-::...:. Body Flap

, M_ OMS Pods

V7 Ver%l _I Tall

" WIll W_nE

L L';" •,

11

..... . =,..........,.:,_.,,.,,,=,........_........................._...............;,:_:..._,_,,_........................_............._....._........_:.,,,..............................._.............::_.....::.........;.'=i_........
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• The Orbiter and External Tank were Instrumented with 200 iron-

il constantan ther_ocouples, but only 150 vere used for this test. All ,

thermocouples were spotwelded to thin-skin (nominal skin thickness of

_ 0.030 in.) stainless steel Inserts and the leads were clamped in bundles i

.... within the model. The exact T/C locations for the Orbiter and External -

_:, Tank are presented in Tables IV and Vp respectively, and illustrated in

Figures 2a and 2b, respectively. The T/C leads were 50 feet long and

fitted with Cannon Plug _onnectors.



ti

FACXLI_ __ON

The NASA-Ames 3.5-foot _personie Wind Tunnel is a closed-circuit,

blowdown-type tunnel _I_ble of operating at nominal Math numbers of 5, 7_ i
and 10 at pressures to 1800 psia an_ tomperstures of _O°R for run times

to four minutes. The major co_onents of the facility include a_as

storage system where the test'gas is stored at 3000 psi, a storage heater

filled with almninum-oxide pebbles capable of heating the test gas to

..... 3400°R, axisy,.metrtc contoured n_zzles _l_h exit dtmneters of _2 inches

z for generating the desired Math ntmber, and a _0,000 ft 3 vacuum storage

system vhi_h operates to pressures of 0.3 psia. The test section itself
!

is an open-Jet type enclosed within a _r approxi_telT 12-feet in

diameter and _O-feet in length, arranged transversall_ to the flov direc-

tion •

A model support system im provided that can pitch models through an

angle-of-attack range of -20 to +20 degrees, in a vertical plane, about a

fixed point of rotation on _he tunnel een_rline. This rotation point is

• adjustable from 1 to _ feet from the nozzle exit plane. The model no,al-

ly is out of the test stream (strut eenterline 37 inches from tunnel

centerline) until the tunnel test conditions are established after which

_" it is inserted. Insertion time is adjustable to as little as _ second

_ and model_ may be inserted at an_ strut angle.

A _gh-speed_ &nalog-to-digA_1 data ao_ulsition system is used to

. record test data on ma_netl_ tape. The present system is equipped to

measure and record the outputs fr_n 80 transducers in addition %o 20

channels of tunnel parameters.
13
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Heat Transfer Data were obtained by measuring the temperature rise

over a period of time from a total o_ 150 Iron-constantan thennoeouples. '1

The model was injected into the flow in approximately 1 second and held

on tunnel centerline for approximately 1 second. Temperature _easure-

ments and tunnel conditions were recorded on magnetic tape at 0.07-

second intervals by the data acquisition system from the start of etodel

injection to the start of model retraction. _:

A maxtmmu of "/'5 thermocouples could be recorded for any given run. _:

T_ _hermoeouple leads _ere routed from the model through the tunnel

mo_el-inJection mechanism, and connected to a JunctiOn box which was ,_

wired itrect]_v to a thermooouple reference-temperature (150°F) Box. The

Junction box connectors were wrapped with asbesto_ for heat protection

from the tunnel test-cham_er ambient eondittons (no fTee-stream flow

on box).. Thermocouple changes were accomplished by chaD,glng 5 Cannon i

Plugs containing 15 thermocouples each° Prior to testing, a thermocouple _;i

,. heat-response check, through the data-acquisition aye'tern, was performed :;

on all thermocouples to assure proper hook-up, polarity and response° i

Prior to each run =_ith model attitude changes, the model was ',_

; leveled in pitch and roll by means of leveling blocks which attach to

the sting assembly of the Orbiter/External Tank. When leveling the i_

Ii mod,.ls, an inclinometer was placed on the leveling plate. Proper roll iirelett_nshlp_ betveeu the models were _et using _ortbed llne_ on the _

model stinge.

f
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i
]

I

mm_romeo, i
_test ds_ were z_tUQed st _e _/_s Rese_r_ Center _t_

the dataoreduotton teehutques outlined below. The thermooouple data were
'1

reduced using the One-d:_ens$on_ th_-wLl._ equ_;_on2 ' i

i+_ which ne_l.eots heat-aondu_'_:l.on losseS.

Assu_tn6 that W and h are Qons_nt and

._,+
+J
+!

+

•i'! the int_tton of equStion (1)for t-t i to t _td _ - TWt

' ' to Tw yields the linear eqtmtions

_++/'

+,

where St J.S defined that!

cl,- _ +_ _;,+_ _t (_)
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DATA_I_ION (Continued)
/!

_e fon_of _ (3) _.s t(_) - st +a v12eres is the s:Lo_eand a t,

the interoept for a s_rsight "t4ne :i.f hest-conAuctton errors are ugltll_ble.

Thus, deviations from a strslght line oan tnd_oate heat-oonduction effects.

. _ slo_, m, or _(_) vs t fro= _q (3) ,s _=_pu_ _ a lsss_-

squares, s%rsight-3_ne fit over a finite _e tntert_ (approx. X see)

,. be_AnnS_ vhen the model reaches uniform _unnel flov. The value of the ._

heat-transfer coe_f_clent, h, is then deteXsnined _:

h m "---- m
o_

Using this value of h, the heat-transfer rate is ew_uated at the _att_al

time, ti _ when the model is isotherm_ at the _%ial vall entho_l_,

% +:

) (,, i
vhere _V/_t _s the sane v___ue used to evaluate h. The resultant wAue

of 4. is independent of the Value of Haw/Kt used for both the h omd _ !

lW_.ua_tOnS, +

_he reference sphere heating is also _tod at the initial vS/A

enthall_ by the method of FLy and RiddelA

(8)

The :odel-_o-sphere ratio of heat-transfer ooefficlents is then

determ4_ed From Eqs. (T) and (8) as

16
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' _L" ?

DATA REDU_flON (Concluded)

_' where qi is co._stant for all values of Haw/K t.

To de_ermine h/h s for ,_rious values of Haw/Kt. the particular value of ,_

Haw/Ht is substituted into Eq. (9). i

The Sta,_ton number is defined as .i
i

st = _h = _ (lO) _
_u °u(Nw " Nt) !_

!,
where for free-s t�x���¤�conditions_pu = p_V_ .

The calculations of the model heating, reference sphere heating, and
7

Reynolds number included the corrections of NACA report i135 (Ref. 3)

for calorically imperfect, thermally perfect air. Keyes' equation for

viscosity (Ref. _) was also used for the sphere heating and Reynolds 1
]

" ' number computations: ,_

I_,= o..o2_,x lo-6_ •5 (lZ)22o
l + --_--x lO"9/T

where the units for T and _ are oR and lh-aee/ft2., respectively,

17
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TABLE III
MODEL DIMENSIONAL DA?A

mDEL COMPONCNT:BQDY- B22• __ i i gl i il i ii

GENERALOESCRIPTZON:Fuse_-R_. Conf_u_tten _A .er Rock11 _.eea
_ _ _J ii i i

VLTO-OOOIJ_?B.
;11 • Ullll iii i i i , , ,,, j

NOTE" Zdentla,,l to Big, exoep% uz_ez,slde.

_+ _ModelS_le =, 0.006 ........

D]MENSiONS: F,ULL-SCALE MODELSCALE

Length - in 1_0._ 7.7&2

Max. W_dth -Ja_ 267.6 1.606 i

mx. Depth - _ _ . ..1._67

FqflenessRatqo " J.._l

Area' - _2

: _. Cross-Sect1ona_ 3e6.67 0.01)9

Planfom ....

)letted

Base | ii ii ""

J



e

e , . TABLE III (Continued),: NODEL DI_NSIOtlALDATA '

MODEL COMPONENTI eChOiC'- C? II II I l I I I I I _1 I I [

G,:NERAL DESCRIPTIONs ConfiEu_..t_.o.n3 per _.oek'_11 IAnes VV/O-OOO13qJl I II _ i i i ii i

L I II l I I II I • I ill P I HI -- [ • 1

I ,' l ] I i I II il • I I ] _ -- I i _ i

Xodel Se._le = 0.006
J I I [ I I[ I I _ II I I II II I I J r _

DRAWlNG NUMBEI_ VL*/O-CX'X)I':]9e

DIMENSION: FULL SCALE MODEL SCALE_ j_ • i I =, j i i ,

:'" Length(Xo =.b,33 t,o Xo - 6'70) - in, _ .237 _ _ 1,&22 _

Mox Width ,,tl Ill

Max Depth (Zo - t,o Zo .': .501) - :in FS ...........

FinenessRatio , ,, t_ - --

Areo

Mox Cross-SectlonoJ

Planform•. el i i i

Wetted .........

: Dose i i i _ I I

• . •

°.

23
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MODEL DIMENb/ONALDATA

MODEL COMPONENTs ?5 _)d¥ Flap
III

q

GENERAL DESCRIPTION" 3 ContIEu_t:Loa" per P.ock'weL1.Lines VL?0-000139
t I I III _ _ I I i

i
k _ _1111I I ] Jlb II I I

. .o
II I II L I _ I i

Scale _!odel -0.006
• • III i I J

DRAWlNG NUMBER " YL70-000139

DIMENSION: , FULL SCALE MODEL SCALE
_ • _ _ inn i ....

Lemth-_n 8_.7o. . .5oe ..'
Mo. W;d_- in 267.6 1.606

! I In n

Mox Depth . ::ii I '

FinenessRatio
I N I u

Areo - Ft,2 . i

Max Cross-Sectional

Plonform 1112.5 .005

Wetted .. ._
** IILII - • I I

Bose " :38.0958 ' .oolk
II II I . I - I ,':

o'o

• !
. !

)

: • o

• t

• t

24 " ' 1
Is
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" - W

: TA_ ZZ .. tln_e_. '

:_'2,. MODEL DII_SIDNAL DATA ;.:)i'
T ..... I

_+ MODEL COMPONENT, 0l.B,Pod - 14_ 1 ' _;.
b

;_ GENERAL DESCRIPTION: Con_uratlon 3 per RocD_roll Lines VL70-000139 !
j:...... _ s'" L_- . JJ

i
HI _ mini ....... e- ill BiN_+l ' _ In _ ilL

u'•;;+ NOTE: MLidentical to M3, ,_c,e_ intersection, to fuselage.. +.,_

ModelSe_1_= oo6o

_,..,+; _ - _ '' _ ,

_?, DRAWING NUMBER _L90.000199 ,

+,_;. DIMENSION: . FULL SCALE MODEL SCALE• IIIL • i ,,,

+' Leng •:.,.... th - IN.+ 346.0 -.2.076 :,,+

.... _ Width IN I08.o ;_, ,::_,,;;,.' • , ....... _
-L ' •

-"/ ...... " + ;i+'+ FinenessRatio

•_'""+' Area'- . ",+
:+j?+

++ C ....::.++.: Max Cross-Sectlonal -...
,m,mmu_mi,mmn,,ummmm _ " + •i_,

_'_+ t PI form ' .....:
_'_:;'+i'_ on .... i?t• I In _ J I l n l I IL

_:i ' Wetted '"_

_".'.' Bose ' ; _'::'

.,_

-h *

+..-r/+ e • %
*+

2

,+_ - 25
I

@

..... ...... = ........... :::::: =:::, .....T2 Z T

....... " " " . I + ": ........... " ...... ...................... OOO000O ] --T C O nO. O V V _
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;:i J
TABLE III (Continued)

_, MODEL DIMENSIONAL DATA I

Ii ''i

(,; ,

i: GENERAL NSCRIPTION: 2A Configuration pe_ Rockwell Lines:

I! VL78-OO0018 and VL72-O00061"C"Body Of Revolution

_' Scale Model --. 0.006 !

!

_..;,:: D_A_ mgmm vi._,-ooom.8 .
• ._,=
,° :a

_' D_._NSION: FULL SCALE MOZEL SCALE
>_

-: _ Length - In. (li_=e e_ T = 309) 186.50 1.119
• _-

i: Max Width (Did) - In. . _i.O I._

....t_ Max Depth .....

;:' _ineness Ratio L/D , 6.1_9 6.1_9
[_
-.y

=_ Area - Ft. 2

. Max Cross -Sectional _72. _ O.0_061 .,.I
,

!_ Planform
i

'_ Wetted .....

....._ Base

:/

WP of tank nenterllne, (_/_) In. _.00.0 2.1,00_, i i i H

L

.!
'I

i

• i

" ;" 1

=__, 26 I
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TABLE III (Continued)

MODEL DIMENSIONAL DATA

_DEL COHPONENT._'VERTICAL- V?_
- I _ I II I I

SmEP,_LDESCRIPTZON:..Ce,Ce,-Z_eVe_,_.aa1,,_a,_.,D,oubl,,,p,_e_r.t=.U.....

W£th RoundedI,eadiru_EdEe
_ .... -- -- " _ I I iill I III I I I I I[ I

_O_E: S_e asv)zbut,_t_m=l._l_tor housL'_re=ovea.
ModelScale= 0.006

_ _ _ _ ]__i I ..... , , , , = , , = , , , I I I

DRAWING,,,.,,NUMBER: VLTO-O001_' , ,

DIMENSION.._S: • FULL-SCALE _DEL SCALE

TOTALDATA
• el 1 ""

Area (Theo) FtZ ___25.92 _0.0153_.
Planform .

Span(Theo) In _ 1.8% .-
AspectRatio __ " !,67_ ,_
Rateof Taper ,. 0,507 _ ,
TaperRatio ,__O.kO/. O.LOA
SweepBack_gles. degrees

LeadingEdge ,,LS.(X_O .__
TrailingEdge _ "
0.25 F,lement Line _

Chords:
Root (Theo) WP
Tip (Theo) WP "v"

MAC _
Fus, $ta.of .25 MAC _ _
W. P, of .25 MAC _
B. L. of .25 MAC . ' _ • o.o0 "

AirfoilSection "
LeadingWedgeAngle Deg _
TrailingWedgeAngle Deg _
Leading EdgeRadius ?.n _ _.n ....

VoidArea ___.
Blanketed Area - , o.o0 o.oQ,.

0
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: TABLE III (ConCluded)

!! - • . MODEL DIMENSIONAL DATA .....i

,: . %

•£_= MODELCO_ONENT::._ING-W•I].I ..... • "" .... i:
- i I I I _' I ..... " i _P

• . , . L

L! , - _
:-_ N_: Iden_£e_l _o W107, except i_r_d 3.5" .nit incre_sed, cu_t tnctden"e.

"T_ I . anal u [ " ,i, / ....... '

hi|U| Inn ! I I In [ I

;.I Model Scaio = 0.006 !
_ .... , _, ,
_i!_ r e__ ij

_i TESTNO. OH6. m..,vLTo-ooo_?e ....

• ;i, DII_SI,0NS.,. _ ,F.ULL-SCALE HODELSCALE ;.

:i DAT_!i eo.) Ft2 i i

ii " P1,.f0 ,69o:oo o.os8" Span (Theo ]:n. --
• • ,., +.

: '; Rateof Taper 1.179 1.177

- i! DthedralTaperRattOMgle, (O _._w0:200 ....' o.2c0 'degrees T.E. o_ 31avon) }.500' ,!
_: Incidence Angle, degrees "_" 0,500
_: : AerodynamicTwist, degraes +.%.000 +3.000
_ SweepBack Angles, degrees_:.- L
i. Leading Edge _&5.000 _5.000

" - Tt;atltng Edge _ _ :
0.25 Elenen_ Line -_._<)? ._: Chords:

:_ Ttp, (Theo} B,P, . ... i

i MAC " 2.84?','i" .;:.- i! FuS. Sta. of .Z5 RAC , _i
i. .W.P. of .Z5 MAC
_ B.L. of'.25 MAC . 1,093 i

EXPOSEDDATA PtZ _?

o.o6.Span, (Theo) In, BPIO8 "_.._ _
; Aspect Ratto _ _ ;_i

Taper Ratto _ . _ ,_• Chords

ROotBPIO8 " _ _3,37h :

Tip 1.00 _ ,?V_._ _

" MAC _ ._-.35e,.,
• Fus. Sta. of .25 MAC "' 7.11:_, '_ I :J

W.P. of .25 MAC _ :_
- B.L,, of .25 MAC _ _ :

_. Airfoil Section (Rocl_e11 14odHASA)
XXXX-54 ' .

',. Root_ = • ¥o 199 to InCA o010 _ _ !.
Tip b " 0.12 0.12 :'

T I I I Ill I I

Data Cot (1) of (2) Sides ,,
Lead_ngEdgeCuff _ _' ,,;.
Planform Area Ft_ _ _ .!

. Leading Edg_ Intersects FusM, L. _ Sta _Sqo__ _,o_ :_
-'* Leading Edge Intersects Wing @Sta _ 6.501 ,--

28
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Ii

'R, •

,r

:i _AIi_ Zlr O_ TliiBfO_UPLI_boo_Oi8 Cmu_l.u4_

!i No. Thiekt_-_7-i--[-'_--'" ,-bl2[z No, 'thick b/'_ z, ' _ J J_ I j i I J I ' '

_: r,o o341I .20 ,,o, i
ii 70 WING .40 80_L J ....... ,.L , --I

_ 71 N f LWR .60 80_ .

_2 .o3_ _], .8° 8_ .__3 TJ_!- .2o 4o_• . _., .,

74 ,, 034 WING ,40 40_ ._ I

75 ,035 UP ,60 40_ ' I 1

76 , 037 ' ,80 40_

77 ,034 ! ,20 ' 60_
i" .... i

78 .030 WING .40 60_

79 ,030 .60 60_

80 ,031 f ,80 60_

81 •027 •20 80_"

82 •028 WING .40 80_ '.
,,

83 ,028 UP .60 80'R
J| , .....

84 ,028 ' .80 I 80_

8.5 ,..039 .25 _,.57 .... . -. I. , !, ,

I86" .046 VERT .50 _.S'7 •
i •

87 .037 j .75 I. 57
t i ....

88 •033 VERT .35 I, 42 1

89 .o34 _ .0 , _.42 ,I

W Data rere nct obtE ined at thes, TfC locat:ions..,

B

"e

_ . , . , •

, , ,,,i ; ;

, r .. -, H , _ ,

,;, ..... ,,,, r _

--" _; i| ....' ' ' " _ _ ,I 1

30
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.... ' " ' I

.... , I II t i

T/C SKIN LOCATION T/C SKIN LOC;,?IO:! T/C SKIN I_OC_TIOt|
NO. q_ITC:V,.,xli _ DEG. NO. 'I'IIICKxil glI_,O, [_0. 'I_IIC'K. X/i _ DEG.

m, i

1 o.oy/o 34 o.o. 2 0.4o 135 67 0.030 0.(o
0.030 0.005 180 35 o.033 0.40 1L2.5 68 0.030 0.60 0

3 0.030o.010 36 0.033 0.40 9_ o9 * 0.033 0.6_5 180 !
4 0.030O.OaO 37 0.030 0.40 oy.5 70 0.033 0.65 180 .] i
5 0.0300.04 38 0.029 0.40 45 71 0.032. 0.65 157.5 i
6 O.030O.O6 39 0.031 O.40 o 72 0.031. 0.65 135 t
7 0.0290.08 40 0.032 0.425180 73 0.030 0.65 fla..5
8 0.029o.1o 41 o.03-_ o.4_ 18o 7_ * 0.030 0.65 9o
9 0.0280.1,'2-5 , 42 0.033 0.45 157.5 75 * 0.030 0.65 67.5
I0 0.0280.15 43 0.031 0.45 1?5 76 * 0.033 0.675 ].80
ii 0.0280.175 /_ 0..031 O.45 ii_-.577 0.033 0.70 180
12 0.0280.20 180 45 * 0.031 0.45 90 78 0.032 0.70 157.5
13 0.0-°80.20 90 _6 0.033 0.47518o 79 0.032 0.70 135
14 * 0.032 0.25 180 47 0.033 O. 50 180 80 * 0.031 0.70 fIR. 5
15 * 0.0290.25 90 48 0.033 0.50 157.5 81 0.030 0.70 90
16" 0.03o0.275 112.5 49 0.032 0.50 135 _-2* 0.031 0.70 67.5

• 0.0300.275 90 50 0.033 0:50 i_e.5 83 * O.Oa9 0.70 45
0.0340.30 18o 51 o.o31 0.50 90 0.033 0.75 18o

19 * 0.03110.30 112.5 52 * @.031 0.50 67.5 85 0.033 O.75 157.5
20 * 0.0310.30 90 53 * 0.030 0.50 45 86 0.032 0.75 135
21 * 0.0300.30 67.5 54 0.032 o.525180 87 * 0.o31 0.75 I12.5
22 * o.o31 o._5 13_ 55 o'.o3a 0.55 18o 88. o.o31. 0.75 90
23 * 0.o31 o._5 112.5 56 0.033 0.55 157.5 89 * 0.030 o.15 67.5
2_. * 0.o3:].0.325 90 57 0.031 0.55 135 90 0.033 0.8O 180

• [
25 0.0320.35 180 58 0.031 0".55112.5 91 0.033 O.8O 157.5
26 0.032 0.35 135 59 * 0.031 0.55 9O 92 0.032 0.80 ]-35
_7 0.031 0-35 112.5 60 0.032 0.575 180 93 * 0.032 0.80 11_..5
28 0.03]- 0.35 90 61 0.032 0.60 18o 9_ 0.03]. 0.80
_9" o.o3!o.35 67.5 62 0.033 0.60 157.5 95" 0.030 0.8o 67._,
30 o.o_4 0.375 18o 63 o.o31 0.60 135 96 * 0.029 0.80 _.5
31 o.0320.375 135 6_ 0.031 0.60 112.5 97 * 0.030 0.80 0

0.0330.40 180 65 o.031 0.6o 9o 98 0.033 0.85 18o
3_ 0.0320.40 157.5 o6 0.031 0.60 67,5 99 0.032 0.85 157.5

io0 0.032 0.85 135
LO1* 0.030 O.tl_ 112.)
].0_, 0.030 o.85 _

" 103 0.030 0..co 180
I0_ 0.033 0.o0 157.5
to5 o.o3_ o._o ].35 _
Io6, 0.032 0._ f_a.5
].07 o .03t o ..qo _ ]

Da a were not ob_iaineda" these T/C l,.cations. ].0_ * 0.O30 0.:.0 6"_.5
109" 0.029 0.'_" 45
k].O* 0.032 3.935 1_9

| i , -

3]

.,+,+ ."..,,'.o,_,_,-.... _.:,-'.......... '...._:a..,'_:._,-. _ o_.,+"_,.._. .,_.,.,.,_....._...............: ,_-o_:..._-......,_,.....,+.,=o.o_. ,.,+,,._._,_+:,+,..;..,...-,,.:_..+o%_
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e. Orbiter/Tank at 90.0 degrees

O Figure 3. Model Ins_allation P'_otographs
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d. Orbiter/T_nk at 120.0 degrees

Figure 3. Model Installation Photographs
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APPENDIX

TABULATED SOURCE DATA

•". Tab_lations of plotted data are available
on request from Data Management Services.
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