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FOREWORD

v

The work reported herein was sponsored by the Marshall Space

Flight Center (MSFC), K"SA. The results of tests presented were obtained
t

by ARO, Inc. (a subsidiary of Sverdrup and Parcel & Associates, Inc.),

contract operator of the Arnold Engineering Development Center (AFDC),

AFSC, Arnold Air Force Station, Tennessee. Ascent and reentry conditions

were simulated on shuttle models designed by McDonnell Douglas (MDAC),

Korth American Rockwell (NAR) and General Dynamics Convair NBC). In
3

addition a limited amount of data were obtained on two research models

provided by the Langley Research Center (LRC). Because of the broad

scope of these tests the data will be presented in a series of SADSAC

reports. This report presents the results of the phase-change paint test
	 c	 ''

conducted at Mach 8 in Tunnel B on the McDonnell Douglas Delta Win

Orbiter mated with the -17A Booster*. This volume (Volume i) contains

the mated data and Volume Ih' contains the interference-free data for the

orbiter and booster, alone.

^I

^a.



Se,_ ct1 on.......	 :..... Page

CONTENTS

LIST° OF FIGURES . . . . . . , 9,00 . 00 . . . . . . .	 i.v

LIST OF TABLES . . . . , . . 0 . . . . . . . . 0 . . .	 iv

NOMENCLATURE . . . . a 0 a 0 . . . . . . 0 . . . . . . v	 vi
1.	 INTRODUCTION	 0 0 0 . . 0 0 6 0 0 V 0 6 a 0 0 1 6 0 .	 1



F

LIST OF FIGURES

Fi gure	 p, g

.1. McDonnell Douglas Delta Wing Orbiter Model Sketch 	 6
(0.011 Scale)

2. McDonnell Douglas -17A Booster Model Sketch (0.011 Scale) 7

3. Photograph of Mated Configurations 7e



NOMENCLATURE

ALPHA-MODEL (a)	 Model angle of attack,'deg
f

A

a{
ALPHA-PREBEND	 Sting prebend

ALPHA-SECTOR	 Tunnel sector

N(TO)	 Heat-transfer
or

H	 BTU/ft2 - sec

angle, deg

pitch angle, deg

coefficient based on Taw a To,

- OR,, and

H(TO) C,

where 5 Is obtai ned from

^.. i

t r 
Ti . a 1 »-..r--.	 e5	 erfce

Taw - Ti ,

and at ti del time

7pc ti phase-change paint temperature, °R

Ti	 ti initial model temperature, OR

Taw	 adiabatic wall temperature, OR

IRV w model material properties _ 0.11-0.008 3fie
ryry

RTIM/ t2=yc^1/2 - an

H
(`gTO)	

Heat transfer coe ffi c' ant based on 'r aw = 0.9To

H(p85T0)	 Heat transfer coefficient based on Taw x .85To

HREF	 Reference heat transfer coefficient based on Fay-Riddell
theory, BTU/ft2-sec OR

HREF = ` 8.139(P61 )0.5^, f MU -0,0.4 (1-P-INF/P01 ,0.25
(RJU.5 (T0)0.15 X

[0.2235 + 0..00001.35: (T 	 + 760)

where P01 ti stagnation pressure downstream of a normal
shock, psis

MU-0	 air Vtscosi ty based :on To, lb f sec/ft2

RN	 ti	 reference nose radius , (0.011 fi:
+ i

v

t
.3^+w1#:}^'^21^^?•'"r_fl4fixrva +N; 	 ,.4CS^:'.Yn,°..Y.N, 1h'";zY.L^w'3 S"^a'=afK;1Ft	 .. ..	 W	 "'.r. ,.	 x	 _i^_.,. lo. 	 -.	 ...	 _	 .._



s

MU-INF	 Free-stream viscosity, lb-sec/ft2

P- INF	 Free-stream static pressure, psia

PO	 Tunnel stilling chamber press ure , psia

Q-INF	 Free-stream dynamic pressure, psia

RE/FT	 Free-stream unit Reynolds nitmber, ft'l

ROLL-MODEL	 Model ro ll angle, deg

ST(TO)	 Stanton number based on To,

ST(TO) =	 H(TO)
pJ03 0.2235#0.0000135 To+Tpc x 32.

l ° STREF Reference Stanton number

STREF	 HRE F
P^V^ 0.2235+0.0000135	 To+Tpc x 32.17

T-INF Free-stream static temperature, OR

TO Tunnel stilling chamber temperature,. OR

TW Model wall temperatture- ; ©p

^s TIME Time from start of model injection, sec}

DEL TIME (nt) Time model exposed to airstream, sec`

V-INF (VJ Free-stream Velocity, ft/sec

YAW Model yaw angle, deg

X Axial distance from booster nose to orbiter nose:
0.86 in., see Fig. 3)

R
,

Z ,\t	 vi

t



SECTION 1

INTRODUCTION

This report presents the results of'a wind tunnel test program	 k

to determine aerodynamic heat transfer distributions on the McDonnell

Douglas configurations. The tests were conducted at the Arnold Engineer-

ing Development Center (ACOCr in Tunnel g of the von Kaman Gas Dynamics

Facility (VKF). The test period was in dune 1971.

Meat-transfer rates were determined by the phase-change paint

technique on 0o011-scale Stycast k-Vmodels using Tempilaq@as the surface



Gk ,

SECTION 2

MODELS AND APPARATUS

2.1 MODEL DESCRIPTION

Model drawings were provided ARO, Inc. by the McDonnell Douglas

Corporation and fabrication of the Stycast models was subcontracted to

the Grumman Ai rcraft Corporation. Sketches showing the overall model

dimensions of the orbiter and booster are presented in Figs. 1 and 2 ,

respectively, and a photograph of the mated configurations is shown itki

Fig. 3. Table 1 provides addi ti onal configuration descri ption detai ls

but it should be pointed out that Ghe models were cast as one smooth

surface without moveable control sttlirfaces. Presented in Table 2 are

model coordinate measurements referenced to the axis system i llustratL-

in Figs. l and 2.

Six- in.-diam hemispheres were cast from the same batch of

t

Stycast used to cast the models so that the Stycast thermal prnna "+ies'ore r

could ue determined from calibration runs on the hemispheres, Also

Chrwomel-Alumel thermocouples were cast into the models approximately

1 /8- in, from the surface to measure the initial model temperature,

2.2 FACILITY DESCRIPTION

Tunnel R is a continuous, closed-circuit, variable density

wind tunnel with an axisymmetric contoured nozzle and a 50-in.-diam test

section. The tunnel can be operated at a nominal Mach number of 6 or 0

at stagnation pressures from 20 to 300 and 50 to 900 psi a , respectively,

at stagnation temperatures up to 1360 0R. The model ffAy be injected into

the tunnel for a test run and then retracted for mode l cooli ng or model

changes without interrupting the tunnel flow.

2

G
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SECTION 3
PROCEDURES

3,1 TEST TECHNIQUE

Prior to each run the models were cleaned and cooled With

alcohol and then spray painted with Tempilaq. '1n some cases the local

interference region between the models was sprayed with a higher

temperature paint since -the surface temperatures were generally higher
t	

in this region (see group 206 for example) 	The models were installed

on the model injection mechanism at the desired test attitude and the

initial temperature of each model was measured with a thermocouple probe

or with the model-embedded thermocouples. During the course of the test

many of the ombedded thermocouples became inoperative and the probe

temperature was generally used to determine the initial temperatures of

the models. The models were then injected into the airstream for approxi -

mately 20 seconds and during this time the model' surface temperature rise

produced isotherm melt lines. The progression of the melt lines was

ph Zyr ar.hed Ii th ?O^r sequenced cameras operating at 2 `frames per

second.

3.2 TEST CONDITIONS

Nominal test conditions are presented in the data summary sheets

(fable 2)M As mentioned in the foreword this test was part of a com-

prehensi ve Space Shuttle investigation and as a result the run numbers

are not consecutive. The specific test con di tions for each' run (or

group) are provided on the data tabulation sheets preceding each set of
w	 y

r,w% \ ^ 1 Y NA m6^4^AH6ftftM IS
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During, each run the tunnel conditi ons and time of each picture

were recorded on magnetic tape. The heat transfer coefficient for each

picture was calculated from the semi -infinite slab transient heat con-

duction  ̀equation,

T 
c Ti = 1 - e02 erfc B

Taw - Ti

where s = h rAf 
and /p--cV = 0.11 - 0.008 of .

PJ c

The equation for the thermal properties ( pc of Stycast was obtained by

evaluati on of a considerable amount of hemisphere calibration data and

supplemented by VKFlaboratory measurements.

Heat-transfer coefficients were calculated for assumed adiabatic

wall temperatures of To, 0.91`09 and 0,85T0 (see tabulated data sheets).

The use of three values of Taw provi des an indication of the sensitivity

of the ;cat-zran5Ter coefficient W to the values of Taw assumes. For

the sake of consistency all heat-transfer- coefficients shown on 'the

photographs are based on T 	 To.aw -..
x.

All heat -transfer coefficients were non-di mens i onal i zed by 	 4

dividing by the stagnation poi nt heat-transfer coefficient (Ref. 1) on a	 r,

0,011-ft radius sphere (a 1-ft radius sphere scaled down by the model

scale).

SECTION 4

DATA PRESENTATION

:,,^ The test results are presented as a series of four photographs

post	 ho,:test pnograph of the interferenceobtained during each run and a 

4
Y

:,^.,,r..,,.,,,J-.ate aw+na^azn.r-.r.<^ •^^' ° r.,a-^crzou,,-n.^...n;	 sa^.._..



region when two paints were used. The photographs are grouped as follows:

Model Surface	 Re/ft	 a

Side view of mated	 0.8 x 106 	-5 9 0 0 +5
p	 configuration*

E	
2.5 x 106	 of

i	
k	

3.7 x 106 	0

*The corresponding data for the orbiter and booster alone (non- interference)
are presented in Volume U.

Preceding each set of photographs is a tabulated data sheet

which lists the specific test conditions and the time of each picture

with the corresponding heat-transfer parameters. Of course, the heat-

transfer parameters apply only to the melt lines of the corresponding

picture. Body coordinates of the melt lines may be obtained by use of

the grid overlay provided with this report.

The post-test photographs give an indication of the severe
s

heati ng which ran nr_r_ur between mated cnnf^i getY n+i nne ` i f enma +vnn ref^ •-^.	 ^	 3 	 mow.. .v^^^• .^^^^.vv^•	 ^v ^/Vt• •^M N. VVtM	 t /V}R: V, t/^i VF

'n{

wind shield or seal is not provided along the mating line. The heat-

transfer ratios associated with the melt l ines  i n these photographs are

approximate because of the uncertainties in time and flow conditions

which occur when the model is retracted from the ai rstream. Table 4
` •	 Page 38, presents A Summary Index for these data.

REFERENCES

1. ' Fads, J. A, and Ri ddell, F. R. "Theory of Stagnation Point Neat
Transfer- in Dissociated Air." Journal- of the Aeronautical Sciences
Vol. 25, 1958, pp. 73-85.
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Con figuratian,, Des cription
4	 •

Details
r !	 1

' .	 MODEL COMPONENT;	 BODY	 MDAC Booster

GENERAL DESCRIPTION;	 Configuration 256-17A booster; model scale 0.011

1	 1
,	 !	 ,	

R

,

1
•	 •DRAWING NUMBER:	 256-17-0001	 Rev,. q11	 ^.'

I1	
y

•	 1	 `'

:q
DIMENSIONS: • 	

,r. -FULL SCALE	 MODEL SCALE

,
_ `

Length. (ft {' 220.17	 2.42,;•. ...	 ,

Max.	 Width	 (ft)	
,' 	 .Y .	 , , 34.0	 :..	 0.374

.
'	 {`	 'Max: 34.0	 '	 '	 `

'i^Depth	 (ft)	 ;
r 	

. ,	 ;	 .r , 0.374	 ,.;!
r,

'	 Fineness Ratio,

Area •r	 •	 . ,	 ,

Max, Cross-Sectional1,1	 ,. I
r	

Planform	
:.	 { 1:..

	 ,

`	 w	 ' Wetted

Base r ±

r	 ,+ r

'.

r	 y	 it •	 1	
,

1	 1	 ° .1 	̂ •	 i
'.,	 •	 1	 Ir	 ,'	 ii.	 , lyl'	 '	 {	 +

1	 ,	 f
',i.l r	 i	 r	 •'Ic ^	 1.	 'k	 '' , +1	 ,

1.+	 1	 .	 "'i	 '	 X11,	 1i-„	 ,
/	 1	 ^^'	 •j l 1	 r	 ,I,i^,	 ti'	 n	 {,

I	 r	 •
,,	 ",	 1	 ^r.	 ,.r	 /	 f	 1	 r•t	 ,.	 E	 }.

^	 t	 •

•j.	 {t	 rr	 ,•!•	 l i	 3''.	 II i	 r	 •11^	 •,r ,	 1	
,	 I.

•,	 •^i•	 Y'	 i	 ^..	 erl	 •	 1	 R`1,	 ^1,	 '	 1•	 ,' / ,R	 ' 	 1'^^^	

Y	

' 	 ^^r ' .

I	 .

•rY	 r
r	 •

I
,

Y1^r Y^9`1.S^E'	 Za,.^.,.,^-^cyy^.Y:..a4YYS44^.,kN1ll'e:9:'SmL4 ŜBBLL:t,L`.ti'A:tYavo..iR,v^.GYbIl..ut6..&'Ci...drLCfW..1.,.i2.vy._ .. ............... 	 ^.sz.e,>Y....._.... '•...^,..._.^_.vv.^_i.t..v......`...^w.....,... _..,........e._.....	 .u.a..l..... ^....	 ..».._.,.........,.. 	 _......,....._	 ...__'___.-.	 ..,.. _..........-............ 	 ,s	 _._..,..	 .,. ,..,.....,.,..	 I
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MODEL COMPONENT:	 Wing-- MDAC Booster
•

' - GENERAL. DESCRIPTION: 	 Configuration 17A Wing

Model Scale 0.011

a f

DRAWING NUMBER: ,..,

DIMENSIONS: FULL«SCALE , , MODEL SCALE' '

TOTAL DATA	 ., .	 , . '.	 ,	 !	 • ,	 .

'Area	 2
a	 fit	 1	 I 1 ,,

Planform	 f ' - 6020 0
..

729
^

Wetted
Span (equivalent)	 ft.'	 •' ...	 ;	 .

 .. 1^ 606• 1146,0,.	 ;,	 ,
Aspect Ratio ^^{ 3 54.^.^.::^... 3. 4;	 5 ,1.	 .	 ,
Rate of Taperpr

..1. a	 •i•
,

.j	 ',Taper Ratio
1 	

f	 X r
•1	 ,	 ,...

, .435143r5

.	
Di ehedral Angl e, degrees 1	 `' 7.67 7 +
Incidence Angle, degrees -" 3
Aerodynamic Twist, degrees ` o •;
Toe-In Angle .; ....	 ^	 ..^... ,

Cant Angle ---------- ,

Sweep Back Angles, degrees ,.. ..
,Leading Edge ,. 44.0 ', ,,:.	 44.0
Trailing Edge

.	 0.25 El ement Line 1

Chords:
,.'	 Root(Wing Sta. 0.0). inches 690.0 4	 '	 7- 59

`1'ip,	 equivalent) ..,	 300.0 , ' -..	 3_,3n ....
MAC, inche s 	,. _	 520.0 ',	 5.72 i
Fus. Sta. of .25 14AC ,

1	
W.P. of .25 MAC

Airfoil Section
Root

i
a 0010-64 ^.'	 00]0-64

Ti p 	, . ,	 :, ` :	 i	 ,.'	 ,.. -
..

0010-64	 _ 1	 r

.
EXPOSED DATA

•
.

Area, ft 4190.0 '	 506Ir

Span, (equivalent)	 , t
Aspect Ratio

'	 Tapes Ratio
Chords

o	 ,R ot;.	 i nches 1	 . 594 0 /^/^/^''''''''.iii.. 5, .., 6,,^^ ,
Ti	 riches

P

.,	 ! 1

,j	 ''	 .. 0 3 30 s	 G

MAC
Fus, Sta, of .25 MAC

1'

1

W,P. of .25 MAC

..	 s	 ^, 	 . ,	 k	 a^_. v ............. _._......._._	 .
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Now

1

r	 1.	 1	 t	 ',	 , '	 ^	 ,^'	 , p -	 j	 -	 "	 11	 J	 •	 , 1'	 s!	 `r	 '	 y k + )	 . 	 + •	 1 1	 ^' 'r	 I ^	
4 r,.	

p	

^	 r	

s./	 r•	
' t^	 / i 	 ' 	• ! 1	 }(r	 ` ♦ 	 i••	 ^ • , ,e	 ,•1	 p	 a	 4	 p , r lip.	 ° • +	 f	 . 	 s	 r	 Z	 r	 , +

!	 t„	 J1	 3.	 ,	 „r,• , i 1
r4

1	

f	 t
r	

MDAC Booster

,^

''	 T , I r 	 ' 1	 •	 '	 `, '	 •

t

r
MODEL COMPONENT:	 ,Elevon ,-	 , 1'	

A

N	 I	 S	 {	 '	 R	 •1	 '^%	 1, 	 1	 i	 `	 r a
r	 # ♦ 	 ' ,	 i	 I ,	 >k ,A t (-

,

'ENS,RAI. DESCRI PTION ;	 ^ +
	 Con	 gur,ation 17A El eyon's t ,,,

_ t

•	 Model	 Scale 0.011 '
I

/}^(^p+	 .;	 r	 ; rlY' ^, ^, ­ !: , 186 - 1 74001 	 Rev,-,'A','	 Y'DRAWLING	 ^%UMBER1	 , i i,^r, ,	 ar ir'	 r	 t ,=
11'ly(±.I'^i!,•..•1y ,/A 	(	 r	 ,	 _4	

,	 ii r'',
^ t !	

il ,	 1 ^1•	 ^1,	 ^"	 i 	 T;I 	 ^, { i'	 f	 l 	 i	 r,	
i , ^. •r 	 ^t	 ) ► .	 I lrl i•"	 y

•	 . 1 •	 ''	 ,	 '	 J'	 r",	 J.
i	 ^I	 •	 r

r

1
^ii	 ,' }	 1	 1	 ^	 '	 ,	 1	 "	 ' 1

ri t r	 1

'	 ^'' ,	 ;,,,	 a	 -' DIMENSIONS:	 '	 ';.^ ' }` '. '	 ,,	 '` ,'	 . Yp	 'FULL	 SCALE 1	 ".^''	 MODEL SCALE .}

'	
r	 ' 	 "	 `.'	 r

.,
^^"	 '	 ^`.^	 ^

t 	
,•,I,1''j1^^1

1	 ' 	 ^`.	 •`	 A	 ea* 	" 	 p r	 ti'rr'	 i	 Jr.. ri,
r	 i +A

617 ft ;:'	 ,	 `	 .0%45	 ft

r'

'

f

Span	 (equivalent) 	 r r,	 y r,^, • i .',	 yr	 , : 65d ins 7.15	 i n. 1

r	 'i	 yr	 11	 1
^f	 r	 i	 r

16b' d equivalent chord	 , ' , , „ 180 in.
Y

8	 n. r
4.

w	
Outb'd equivalent chord a 93 in. ' ^''	 ^	 1.02	 in {. ..

.1
4 (

•.,
r	 rr 	 ..	 ,r.	 r1 ^•r -+	 + :	 1	 '

^'ii 
nJij l: . 	 . yf	 ' I	 '. t

1

Ratio Elevator chord/hori,zoAtal
tail charyr

r	 r
At	 b d e uiv	

.' , ,
chord

;	 ,.
,rt	 r ` ,

,

At Ou ,tb'd equiV•, choild	 r
,

3
r

,	 r,	 ,

1. 3

Sweep Back Angles	 degrees
•.

Leadi n'	 Edge	 1	 r .i 3 3 ', ,	 r r ,	 33

1	
^,	 •

r	
r

7
2

,•
r} 	 r	 i"'r	 r	 'I	 27'`,,..	 Ta i'l in ,..Edge3

, e
1

33 , ;,;	 33,

1

^^	
1a

Ningel1na	 r

r ,^;	 ;	 ;	 ; . ,:	 r

.,r

r

Area Momenti.CNormal to hi nge line)	 ft 	 ?998 ^{ r

''	 ie'	
•	 ."^.	 ,	 ,.	 ,,•	 r	 • ..	 r "i•'	 y	 i	 ` ^1	 f	 it	 r	 1r	 x'.	 ^	 t I	 ; " , ,	 r, r

^ r	 '	 ,	 '	 '	 ' ^	 t,	 .^ " , 'y	 ti	 e'i1 =^	 '	 ' j^^ ^,	
i 	 ^	 •.	 ,.	 ^	 '	 •

j

r 	
,^Y^.•	 by	

1' r .	 i

t

, ^,	 ^ 7 },^	 ^	 }	 ,	 • ' ,'	 ,

•,
♦!,1,	 !	 ::	 ,	 ,^	 ,,	 a	 ,r'	 r	 1	 ,	 .	 !i	 : fa	 +	 r	 •..	 t'	 .+	

^1	 ,	 ^r /y	 FfY	 '	 .

.r	 ^	 r	 ,	 r
'' -

,	 1	 1	 '	 1	 '	 '
r	 ,	 ^	 r	 '	 1	 1	 +,, t•	 yy i
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MODEL COMPONENT .;	 Vertical Tail!; - MOAC Booster
f

"GENERAL DESCRIPTION:	 • Configuration 17 Vertical Tails

Mgdpl	 Scale-0.011
1

I
}

DRAWING NUMBER:	 256-17-0001, Rev. , A' •	 j

DIMENSIONS: 	 x	 R •.,'	 . FULL-SCALE •	 MODEL SCALE	 }

TOTAL DATA
	 I	 ,. •

....^..."	 ( Values for one), 	 ^, , , •	 1, ,}	 }'	 ;,,	 }

Area

Pl anform	 True),	 } '	 • '	 : ,	 _ ' 438 .05M
Side Prof ecti on )' 397 '	 0478,•.

Span (equivalent), inches
}

276 3.03
•	 Aspect Ratio _ 1121 }	 1.21

'	 •A,	 '!	 Rate of Taper 1	 }
}

}Taper Ratio	 ' '
•

; 520 '
•	 Diehedral Angle, degrees	 ,.

.	 .. r _	 ..._.....}

Incidence Angle, degrees 	 • ,,;
•	 :.	 Aerodynamic Twi st, degrees

nn_ TI M An
g

 '1 wall ^+

Cant Angle	
,.,

'.'	 Sweep Back Angles, degrees

.j,
25 25	

,

Leading Edge .40Trailing Edge
1'	 0.25 Element Line

Chords
'	 I	 Root	 Wing Sta. 0.0) 300.

Tip,	 equi val ent)	 inches.
MAC, inches t
Fus. Sta. of .25 MAC
W.P. of .25 MAC

Airfoil Section
•	 Root	 ,	 ' .:: NACA	 -64A-009 NACA '	 64A-009	 R

Tip .. NACA , - NACA '
	

-
,.	

EXPOSED DATA

Area
Span, (equivalent)

E	 Aspect Ratio
Taper Ratio

;.	 Chords
`	 Root R•	 ,... -- 	 -	 -	 --	 --

'	 Tip	
,Y^ ,

14AC'
..

Fus. Sta. of .25 MAC 't
WP® of .25 MAC

...aid-roar..:.,.:.asu.....a.a6rrx::a:a.;..ed.;^..,.aa.am^.^.ea*..raysvtcrosr.^ev^i°°•.•.	 ,•., =.at^aw;7.;;czr:im;^,rut:aa.43.r.uue.,.,g,..r::.xn _. eev8e.n,.•^tt•a ar,m.in^u.a 	 :a7,n^.n ^r n..ea,^rv..,ss,=,.._ _..rt+...^u....._..	 >.	 ,..	 . _::.._.... __.	 .:.. __ _. 	 _.,	 .._	 ..
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MODES. COMPONENT: 	 Canard - MDAC Booster

GENERAL DESCRIPTION: 	 Configuration 17A Canard

Model Scala 0,011

DRAWING NUMBER: 	 256-17=001 Rev. A

DIMENSIONS;	 FULL-SCALE MODEL SCALE

d^ u Theo. Area, f2 166b^____ .200
Exp Area, ft X2-'1 .
Aspect Ratio

:
Y p 3,p

Chord(,Incl .	 Flap), ,ft.
Ai rfa ► l	 (360 In. Theo Chord) NACA	 y =bT NA	 '=t^lti`

1

s-'

q8 r

«

'JJ

f11

,.1

II

1 ,

i liaa
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•	 , •	 Table ' • `	 n	
N	

,i. ,	 *.	 ..I

•

•'.,.,• ,,	 • •	 -^ -Configuration. Description Details `

' ► 	 ► ,+	 I+r	 .	 BODY -^	 IDAC Orbitert► ADEI	 CG+ +P4+^ctJT.
♦,  xI

..
GEtJEP•AL DESCRIPTION:Basic fuselage contours including canopy.

• }	 Model	 scal e, 	0.011•	 I '
4	 •	 f

•	 , DM.411,	 r u,^ ER:	 25 5. SJ 000Do	 Rev. B •; .

I x
A •♦► ^	 '	 .,DIM+Lt+SIO^ +s, PULL-SCALE MODEL SCALE

,	 • •
•I

,• .	 Length.	 (ft:)	 . '	 •	 . '	 ' • r ". ^..^..., •	 •	 1.720

•
,

Max, Width	 • '	 • ^ , ^	 27,1 29.8

ttax.	 Depth	
•	

• : 30.3• .333	 ,.

•
.	 Fineness Ratio + ••

• Area _ft.2 -,. •

♦ fax. Cross-Sectional ; • ' 1627.4 I	 .0759

Planform	 ' 3790,0 " 459.

' Wetted •'2520.0 ♦ 1, 515,.

• 5ase ;• 	. s	 , '' r	 447.0 .0541

•	
Al•	 tlote •	1	 uni ts are ft. or sq. ft,	 ^

'

r	 ., ,	 •, . •	 .,	 N	 ,

These data include/ both sides of the vehicle.

•,	 ..13 • •

_..	 •	 •	 •	 ,lo •

-	 _.	 _r_	 .^...._..........,	 .,.. ..°»,.km.• ..rc.^a.k.u7vs.c.:w.:..u:.a,:r'	 emce.el:.t.'S3lvb4/.±kiLd'i#1.R.'..WkY•+_!O-'%^3'•P^da"3L`•2[s 	 hedlaLL..!-+J.Lrtd' 	 «.vsc..r..._we.::.^.a...:.r.••.:..tt,.. ,.ee....m.._
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x	 ^,

s

ya	 •	 x	 •
'•}}ran

/ŷ

•	 s:	 '!	 ♦• 	 {,V'fir► } ^.	 t^f . con11inua ^•	 f I•y *	 ♦ '	
I

y

^,	 4 • bevon - 14DAC Orbi ter .
	 # .	

, •
	 % ,

1	 ♦ 	 tMODEL CO3 IRG,,'E`IIT:

% ,
s	 ^

"1' Y	 •	 ^

a:" + #
•.

^^	 Model Scale:	 0.01 1OENELRAL OESCRIPTIO	 t	 f,	 ; r

{

r

`	 ,

• e 	 +

r

1	
1

S /	 f	 f.	 t	 A	 f	 r	 , s

,	 x < •	 r

s

r

f

Dt^^;^ll t^ a	 rU,taIt s	 %,	 f	 255 aJ 00050 ,	 Rev,	 t3
R

f " !	 • %

e
"

+
DIP IENSIONIS	 •'% •	 '4`	 %	 FUEL-SCALE' `My  ODES. SCALE

. !	 R

"	 ' 	 • ♦ , 	 Area ,	 ft	 t .	 ^..%	
ti	 953.

^x
♦Span	 (equivalent) ,	 ft,	 ' , • •	 •'73 f 7

....811.. ;	 4	 u.._ ^

' 	 • lrb ° 	 equivalent chord, ft. •
a
,

°	 1
f +

Y•	 mr•I •	 I..r• Yu •• •.	 `

Outb'd equivalent chord, ft,	 %	 t12'd 8
1	 •rrr.•• r,	 r 	 r	 .	 xrr	 •.

.141,

° Ratio Erlevator chord/horizontal ♦ 	 ,
tail chord•

k n4 I; b $ 	 chord .	 .,

y At..Utttb d e	 'au1,r9	 chard
,	 •

%;i,	 ` xR". •
Y^

r	
1.	 ,	 • y	 •`1	 ..

Swee peep Back A. tg• I of	 degrees	
:

 ^f 	 l	 9
f` •	 • ir	 f	 ,

%	 f

Leading	 Edge	 ♦^ .•	 ',' ,	 ,'	 0.0	 1
•	 •

0,0
11	 i.	 ^ •	 ^ •	 ^.

f ♦ 	 .Tai l i ng E dgei
	

0 0k
•

f

U i^geline	 ,	 ..	 .0,0 0.0

Area XIom..nt	 (tto y r,`ta j 	 to hinge ] i'no)	 + ^	 f t	 •
if •	 r

1	
r .

All u ►1i is are	 ft., sq. ft., or degrees, .	 , • ; ,
1

RF Thesp data include both sides of ve,hiol e. 	 .^' •	 •, _ •	 1 .' ;^A %

r •

l^	
wd f	 , 	 . 	 •	 •

x	 '
r	

i1	 !Y•r.M

y

u
'` +

l	 C

le ft,

+^..sen-..-w.w.."t.w1a"w•.`e"'°s..
i	 't .

%
f•w.arbyw.F4."^+Yff.•+tl^ ^Irh+'+s'w•.waYlc+.'A^+...++wr..r.w...^.^..-..r."....^...» a. .:..+..r ...« :+.....w..+r....,. «. ,a.:^.:.. ... ,. .	 . ,x a ,a a mr r ,a

. ^	 +	 . S
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-- R	 • :	 Table, l	 -
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continued •

,S\«	 1

.	 • .	 ,•

•	 ♦ 	 ,	 I

f	 R

I

1

r	 R	 •	 •	 ♦

•	 '•	 I-IODEL COI NIPONENT:	 '	 Body Fl ap - MDAC
•

Orbiter
r	 •

GENERAL DESCRIPTION: 	 Model Scale:	 0.011

,

I
1
 ,

♦ 	 1	 '	 ;

`	 ORlI1ftIItG P ► U;^'BER:	 255 BJ 00050,
...

Rev. B  '-	 .:

•

'	 DIMENS I ONI S :	 ; • FULL-SCALE " MODEL'MODEL SCALE

^..	 1	 Areaft2	
• +

,•	 , 10.88 .0170

'	 Span	 (eduival en t)	 ft.	

...

01-23.8]
1

. .262--.

'	 ..	 1 b' d equivalent chord, ft,
a

5.333._..__.__ 	 • i--	 20587

Outb',d .equivalent chord, ft.
• 
ill	

•3` L •
G

t	 ' • •	 Ratio Elevator chord/horizontal
tail chord

rc	
At Inb'd equiv: • chord

•	 •	 '	 .

♦
f	 ,	 At 'Outb'd equiv. chhord

Sweep Back Angles, degrees

Leading Edge .0.0 0•p
- -	 -

Tailing Edge	 • ' 0.0 0.0
Hingel ine 0.0, p p

Area X'oment (Normal to hinge line)

116te	 All	 di rans i ons in , ft, ,. sq. • ft,'; or degrees, '.	 !
'	 These data include both sides of vehicle.

•

•



a T	 • ,

* ^^+	 ¢	 '' `{./. 6	 ^	 6	 '^ 	 f'P	 Y «^ jai•	 N Y	 a	 x	
h	 a	 w	

A 	 • s	 ib'•.^„ ^	 '

,	 ^'`	 •	 ^ e r^	 ,	 .. m	 )	 a...-.1	 ..SFr a^ .+Y.	 §-:-a	 $s . .-	 ..	 r i

r
r	 , 	 a	 a	 ..	 ..	 a	 a	

.	 a

r

``•• ^- QD L COr^^'O"MIT: 	 4f nq ^ ^}1DAC Orb itdr

• r 	 Modal Scale:	 0.011GEI^ERAI. QcSCRIPTY01'^:	 ^ •^ •

R ffl^f.f1•f•••w

.

i

DPIAW r,G 1 ^^ ^BER:	 255 ,BJ 0.0050, Rev.	 B`

. DIMENSLOji'S;	 } . FULL -SCALE MODEL SCALE

^•,

'	 P1anor°try 	.,. -	 530 X45
Wetted

,

• •*
S	

(equival ent). ft,_pin
..}	 ...r........r.5.. •

. :• ..	 , a • Aspect Ratio	
•

1 tl66 1.6e
Rate of Taper	

•} ,

q japer Ratio	 ^. ,	 ..0.230 •230'
Ui ehedral Ang le, degrees

- ^--^-.

Incidence Angle, degrees 0
--	

2.0
b. 'Aerodynamic Ni st, degrees 0

Toe-In Angle
Can't Ang le -	 0 0
Sweep, E3acI: Angl es, degrees

_ UtWina Edmc--_ ___.	 -_	 _
,	 55 0 15S_n-	 -

• Trai1'ing Edge
•	 0,25 El ciment Line 47.0
Chords:	 ft.)

Root	 tieing Sp a. 	 0.0) 90.43 .995
Tip,	 equi val er e) ..r-.-2u. ':)	 .m ..2 2`2

}	 14AC
rw	

"`• 63.30 0690' -
	 -

Fus,. Sta. of .25 MAC
p 

p
	 n .

Airfoil Section
,	 • '.^..,---^-.-r..----	

^
Root	 = .•0010 -64 0010'64
1i

P
001?_-•6`n f. . •.: 0012-64, 

I

EXPOSED DATA

'	 Area 	 ft.
	 r B147-.3- .301

Span,	 (equivalent), . -^ .77 ^
Aspect Ratid 4I`

' lapdr Ratio
• Chords	 (st.)	 •.
	 •'

,^. Root • •	 71, 25 • .784Tip
20. t)16) •2^	 ,R

MAC `..52

•	 bus.	 Sta.	 a •F	 .25° 14AC
't 1}1. P0.. of	 •25	 PIAY	 i i.	 '	

.r^nA	 4
•

iw^.^aayY..."..c.Whl.h*:.^rst,+a ^>r^r....ww.7
P

w
r}^ ,g,	 '}	 yy..	 ,/,

flote:	 All' UjIftS	 C^^C	 f l.,•. ,. $^•	 ft s 	 0T"
^/	

i	 a.l

degre'S.

fiu.^+.^/.' 3YA'dMmeA+_?+.MO••!^°ai•,r..	 ^•

1

,r v`	 ^	 s..x	 =r..v.,mms^-- 	 `,..:-,^n.n	 „::;.:;,,,ter s,r>^^ro^.u..pax'.,•a:.es^^.:a:•..y,^.._..^^y.....,3...,._a. ^..,<. y_..,....:.:	 _w.^...s.: .._._...a.___^._...	 .	 __._..	 .,._...._.. _....°..	 __"	 ,.__._._..._.	 .^	 ....	 .	 _,.^..	 _..	 ..	 ._.._. __	 ..w.. .,......___`"._
	 _.
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• 	 Table 1	 - continued-	 •',

7.

,

^•	 ' I 	N.	 P,u dde r - MDAC Del ta tlli n g^lOQ^I. C06PO^ IE^tT • ` Or6i to r	 •

x	

'
•

GENERAL DESCRIPTION;	 Model ScalDESCRIPTION; •,.

• .

DRAWINGt;U ►^^SER:	 255 SJ ' 0305th , Re v. '6

'	 DIMENSIONS: 	 ...1 FULL.-SCALE MODEL SCALE

.	 Area, ft. 2	 • • 213.9 .0259

• Span (equivalent) , ft 	 •t 27.5 .303

• Irib' d equival ent chord, ft. 9.50 .105

Outb' d ,equivalent chord	 ft. 6.10 0671
•

•	 Ratio Elevator chord/horizontal
tail chord	 ^.

,
M Inb'd equiv.Shord	 . ..._ ._ .369 •369	

s ;

:At 'Outu'd equiv. chord .369 .369

'	 Steep Back ling l es , degrees'

Leading Edge	 , 30.0 30.0

Taili ng . Edg a• 13.38 ' 13.38
,

Hingeline 19.95 19 95
>

Area '?roment (hor^al	 to hinge line)

f.

Note:	 All units are ft. ,, sq• ft.', or degrees.
•

t



• W:

•̂ ►00	 • O^^EN1'.	 Vertical tall -^` t^ DAd OrbiterDg ^	 . 
'

'	 •	 i	 R•	 w  • ,•	 .

GENERAL DES CRIPT IOil 	 'Model Scale:	 0+011

,

`	 DRAWIUG UuM3ER;	 255 BJ 005, Fev• 6 ;^.	 ;	 :	 ,' •	 •.

•'	 •.';	 •	 DIt11ENSIO;iS	 . ,^.:: ;',•	 .•,';•.	 :	 • . ;. t ;+
,.	 -

+,,•;•
^.. 'ULL^SCALE

;
MODEE. SCALE

•	 YOTAL DATA	 f ' ' • .

.
Ai rea	 ft

-	 Planform	 •

.'

',',	 '.	 '	 702^;,_,-: •	 •	 ,	 .
Wetted

'	 v .	 ,

•	 ''	 Span	 (equivalent,, `ft. 	 .`•	 ••	 , .. ',	 +
303

Aspect Ratio	 : '.^, 1.30	 •, , 1,30
Rate of Tapir	

,,.
r

'.
• • japer Ratio	

'..,
•

,...^.. 	,

.	 .... '	 Diehedral Angle,	 degrees - •:.	 p D..
Incidence Angle, degrees

14

•'	 •	 -
'

0
••'Aerodynami c Twist, degreesf ;.:'.	 •	 p

' Toe-In Ang-le ...

• • `	 Cant Angle ....

• .	 •,Steep Back, Angles, degrees :.	 ' •.
P.	

,
•	 , Lead ng Edg e- 30..0	 ' '	 3 0.0

Traili ng Edge	 _,	 " ., ,`.'._.'1 M	 , ,,.	
3

0.25 El ement Line	 .. .,•^ u `^"	 •.;
Chords	 c f `. }	 •'

_^	 ., _

`	 Root	 Wing Sta . 0.0^ •	 : ^-= 25.15 ,.	 ,^	 _:223 .. .
•	 •	 Tip, (equivalent)

•,..	 .'.	
16.42

'•MAC
f • w	 :`	

• 21, 43	 , , .236
•	 Fus. Sta. of .25 MAC

Airfoil Section.
Y 	 •

' Root	 •• 	 ,^	 f ^ :r •41
; •	 :OOn^'-64 0000-64

•,

•EXPOSED DATA 	 .. ti	 :. •. J, :'	 '

Area,,	 ft	 •. ,' 580:

•.

., .	 .702
Haan,	 (ec^ttivalentl

....	 ..	 .., , Aspect Ratio	 `' '	 "." _
.	 1 .30 30	 +

Taper Ra Vi'0	
r •

'
.•	 z

^'	 638
•	 'Chords	 )	 ••. •	 ,.

Root, -25.75

Tip 16 is)

.	 MAC E.......^... ,.
•	 •'	 Fits	 Sta.	 of .26 MAC

+

,.	 • •	 •.	 ^R,!,+G4,t,•L..Ct•.3C+.¢,C'. d{4Ff.^,"-,'t'J,u 1As".49^2a4."'..mtE^..aTl..w!

'

l :•

M18.
r

-

,
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 '04SA	Z4.00NI ^ i ONNP•or 	POe 	 D M^ '
r ^

I
I
Iw

I ^ f I I
V V V r r r r N N N N u u u ^

P• ^/P uW uM r NN 3 r 77.I r I ^POOPO • • O•r 3 • T OOH•.. • ^ • 1yVV W	 0P000 00 • •o ^ • AIII AlA/•1	 n MM III M m M MM M O r I1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1/ 'S 1ee••s soo•e . ••sa• .wvNo 	 j Ir/
f V •/ur1NN^V • V •V ^I/ • tl'NV VN V.	 1I	 I ^

'
•1	 ( 1 ^	 I

s
I^ •il•••ft••••I•H••/•• .1 ^

i

1• 7i1 f) V V V V 3 	 r r r r r ..+ Q
i

I
^

AQI ^
I

r^
IP 1 IV .Irr)r r r -4"./.4.4-4 r rd	 I (•PPWk PPPPr .I rrr r .1 •• •

'	 I	 ^
rrr•r

^^ II I	 I r•r •r r•.• 000O• a• mamma	 I
004 000000 a 0006"1TI

a

j	 I	 I	 I	 '	 1

•r r r	 N N N Ir II 111 1/ y► I/ yI l/	 I

I	 1	 I	 ^	 ^	 I	 I	 ^	 1
I

	

• • • • • 0 	 • • • • • • • - • • • • • O
42



0

r

M

Pic. No. 4729 H/HREF - • 6867 BOOSTER
H/HREF - . 6667 ORBITER

43

w

Y

Pic. No. 4737 H/HREF - . 3904 BOOSTER
H/HREF - • 3790 ORBITER

ih



..r te .....

WNW

-	 } 	 \
qw-

a

Pic. No.4752 H/HREF	 •2374 BOOSTER
H/HREF = .2305 ORBITER

N
a

L

Pic. No. 4769 H/HREF - .1392 BOOSTER
U /HREF' _ .1352 ORB I TER

Group 195 re/ft	 8.26E 05	 ALPHA	 0

I^



•.I

t^

(

I 	1	 1

1	 1	 I
i	 ^	 1

• • • •

I

i

1

1
{	 1

{	 I I
I

1

I
I	 I

1
1

i
I

1

I

• I 	 i

I

1
t	

I

	

I

I

	

Ir
^	 1
	

I	 I
i
	 .	 1

I

	

1

I

I
I

ir.

I	 I	 I	
I

i

•	 •	 •	 •	 • • •	 • • •	 I^
i	 I ;

'
c c c G IG c c c c c c Cs C c 4 C5

I
1 rN N N N	 N NNV`N N	 IA N	 Ny _ I

♦ ♦ • • '• • • • a • ♦ • • • • • A O • O rA• s N ••• • rrr .• r r ,, r n 7 • f •	 1 ^i^
bV N N IV	 r ...^ 0 04 0 1• •• T Al Al - rq r fl r I
' • • 1 • 1 J ^ J • r . • T ? A T • • • • A .• n •	 •

- •..	 I ^.^. A 'r r ... r,r r r r Z.: r..• r r	 r IIr Y
1

d P-* A $1.0  RAP A .A JI N M .A A' - N• ) e ) 7 ^ 0 ) e • • J ) O J ) i •	 f1 'r hr ^ ^,.. .. r r .r • r .. r . .• r e ^ ^' 1
I

r
1 r	 t f1

y J W y Y Y Y V rrr . O •= 1 I

NNN111rr rr Oe••• • • 1•+ i•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 ft i fr• •'•• V V V V • ♦ ♦ • NNNNA• 'p ,o O O Deco O NJ^NMOO OO
^ • 1Y

SI B
NN^uuuNN ;j Q

OJO • ) DOOOWW W yr' VN r .n
1 s i • Y Y Y V W W W V r•..r.rr... ^A = q
N V V 11 W y •• ••••• J .I I V f •

,	 I	 ^ I
O a• O O• v O O m A O O•• O
r r r r :w.1V N N • N V• • j rrr r '

77

y• •V tvy •V rro? r r} O • V0" 1 • i
TTTA Nrw ^ T wTTrwAATT .. I A V f
1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1 {! `• O
• 0 0 0•• 0 0 0 0 0 0. 0 0• AvN y W V 111 W W u1 y .•1 I .J W W ^/ 1^

•^	 I w :
o ^

C
Mc o ^ 1•	 •	 •	 • '•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 • .•	 I V H 1 O <

•	 • O e 0• O O r r• r N NS. v,APON \ V N w•A1. ^r O	 ^	 '000 OaOO • j
op.

. aI rN. N•
♦ y V./ • •^ • 1.10	 I	 ,

I	 ^ ^ ^ 1A ^ .I r •
I V •or4.1•r r11• ./

^

AA ^ s •	 1
D O ♦ I•	 ••'•	 Ir r rr rN N r V y y V •1 e ^ • >r • • •'• r I =	 I•	 •	 •{•	 •	 •	 •	 •	 •	 .	 •	 •	 •	 •	 •^.. of ci ► r• f a T	 AN•• N rr V O A w ••- o r r • • /w n r •	 1	 t_ r ♦ Q1 •

ONNOM• ♦ V'WPPW••'+r•• •1! 1 •^ it•+Orr
V r r W •^ N Iy r	 W y	 O t< e A •• 1♦ ♦ y h1 O ^''	 /.l u1

_ I/11T A A A rw r•1T r•ITA A T T rw nl O 	,
1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1 3 • t irw

n
O A l
N\ w O

• 1	 •	 II
N N O• O • J 010 O . O . O • O'O O O o'•• ; r r O 1 w r Al OA S rV W y •^WV W W y V Wu yy 111 • r r 61 7 7	 ••

•-.. O• O r• A I O I
1i • • 1 IN I

•	 •	 •	 * i s ^p o f w r 1 n N	 1 •	 •	 •	 •	 • •	 • •	 •	 •	 • •+	 l •• •	 Al #	 ••Or•.r rrNNNN\ I • 1 \ r•11^ •OOO• • rrrrNW WNV V 1 NV ^' 1 rA•
O+ • O r•) a r r y y r,Jl 0 0 N x r r .r I.1• O•aW P• y1+ rld r N ♦ ♦ M I , r •ri

I M r)

x .	 !1 N D ! Alrrr.,• rVrVNW WWW• • -4 -d•	 •	 •	 •	 o •
•

iC
►

•	 •	 Im
M	 1'1

I•
r O

A•	 •	 •	 •• •P ► r V• •	 •	 •	 •	 •	 rur Jl OON OP P O• O A d •	 ^1 AAA111 '•V Wm^'W V+OJ1 J O? ts•P• • /•1 O• P 'O y y O • 	 y y r"I"	 I• r ^rl '	 .of rAA\ A rw T f".91 '.1 rw Al	 T T .w T r•1 ♦ N 1D 1 r I I
1	 1	 1	 1	 1,	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 0 O O .^• • • • • O • O • • • e 0 e • • C O N yNNNY/WV WWVWWW y WVV r ♦ r r'
• i M	 M • /

I • ^ GGG I1 • y -
y
y _•N

e••• O O• O O r r r r N N V N pQ A=^ p^ Iyy11? T.AS 10 • y JIN W P O 4 r`  lw r 1	 1 1
1l̂w ♦ O 1

NNN NNVYNd•f•Mrrr
•	 JI • { ( IY'A 'AWNIONTNNPONNO••

I
I

• ♦ • OO ♦ ♦ .o r eo r .0	 O.0 • 1 •
(

• rr 0 ONN01 P WV P 3 NMA •'• • ,A fw m A In .+1 nt r1 A M m M rw A ^I A (^ r I1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 11 "° r' I I A ^• e•• s e a s a o 0 0 o s o s• I I
111 V V 1+

I	
I
I .J V y y y ^ r V HN V Y'	 ,

I	 I 
I

;
i

{
I I

I

•d• I••s•o••f•s01

^ I
i

'11113 W1••i• • a Po l , vv	 P P^
I^	 t

I

(I 1 r Iy

^• • +	 •• • d O •• •rrrr .• I ,

I ^ i

,r̂̂rryry/1yry ^̂,// v r.• rr 00 • •d O .4^ I I i	 f

NNNN•.ir•el`•••••fl
I I r

'
I r I

'1 •s 1

l lI r I j i

I	 ^	 I	 ^	 1	 1{

I

I	 ^	 I
'	 I
I	 I	 1	 'I

I

f

I	 ^

I	 '

I	 I	 I

I

•	 !	 I

(	 1

1

45



46

c

J^
	Pic. No. 4784 H/HREF	 •2073 BOOSTER

	

H/HREF	 •1877 ORBITER

&

4!

i
7

Pic. No. 4796 H/HREF = :1068  BOOSTER
H/HREF	 .0967 ORBITER

I

s



a

Pic. No. 4813 H/HREF - . 0628 BOOSTER
H/HREF : . 0560 ORBITER

a
mp

s+►

Pic. No.-4824 H /HREF	 .0439  BOOSTER
H/HREF = • 0397 ORBITER

Group 1)6 Re/ft	 7.93 E 05 ALPHA	 0	 47



48

MMMM6wWMM6dMm 11	

- __-sr-.-^^_,,,,,.^ - 



49

ti

I

I
I
l

1

• • 0

r

I
1

(
1

I
1

© •	 •	 •	 e	 •	 •	 • •	 •	 •	 •	 •	 • • •	 •	 •	 • p
^	 ^ ^ i (	 I I ^ ^ ^ II

1

I

I
I JA

555555 10A 54$!is SAS 5 SS: 
I

•.. •,•.A A A'A • A . • • 0;
•^4Or y W	 0s-	 •IA•,A.AIAA	 I

M A	 nrpr
R04

^ 7 •^ oft	 I^n r I

SI
r • r • .. ^ r O + •.r • r • r 0r I	 1

r r 'f1

r r r r v d V d • O.. WW W W
N N N N N N N N ••+	 •• O ♦ M O• • • • .A .A J^ J' ^A .A JI ^ ^A .A J^ .A I 1 I

'• i 1V V DU yrrr r

r r -+rr^r rr - -
1o..00••oo..00...	 i

M•N•• •'• r rNrNN• N • Z Y ••Jr ♦ 1
•♦ O J,• • ♦• •r •n ► ,• V O • 004 1Iw	 h 141.1 w•1w nlm on r% 	 0%iw rw A •.

1	 1	 1	 1	 1	 1	 1	 1	 1/	 1	 1	 1	 1	 1	 1

= yI•

••	 0 0 O •	 •	 O•• • ooA ^•rO •y• •N• NVN• .rN• •/N• /N
II

r	 O M C I	 f '• I•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •• V• V• IA•^A• •'•••• vr J	 .I
S

o r '	 bl• • vav r s •vim• •
•J^•• A ♦ r•M•••r ♦ AI

I ^ ^ N

♦ N 1yM
1'1 ♦• y

Or
•.^
•	 ..

< AIQ Q
O

R•
1^^

i

I
♦ r O r r N r N_ r y y 0 y r• r

_
r

!_l ^ =
jr 7

♦ y • y • r 	 r ♦ N r•NVA • A•O ► v	 d Oo OO dJ^O •NM10•r Ni1yy	 OJ r v.. .•oo• ♦ O a ♦M /w ••1 	 A AI T /w Al r•1 •w .w +1 •w Al M O	 (1	 1	 / 	 /	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1-

i
^• O ••• 0• O • • •O f • O•• •N O	 y N V N y N y N r N V	 s

Iw o
••.•
• f
• •

^^

r
rM̀
•

•	 1	 C•M 1Nh1r-1 f%A1♦
•-

1O
Qo•n ^

: w
M•

r ^ H •r p ► rrr^ A
• •	 tY.AO pppO <
r`

nsv

•

V\̂1r
I	 I	

i
•	 ^ w rri a-

N	 -	 o	 l•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •000 %A: •O •• No N•-OrelN Y ^yy	 ♦♦♦♦ O P O rV .j . w N
M%04%A y d Nr N.• ♦ NO^ VI ••

os► .• fr ..^ ••	 4.1 A• 1 ``yy r 1

^Aw
~

•r^r A
rw

I	 {
•
M

I
I	 I

I

( .1r-•rlrrNrNr^r.•ylyd •

i

• ^ ~•
•

• ^
M

AI I•	 •	 • I •	 •	 •	 •	 •	 •'•	 •	 • • • d1 y

I
1'

i

	

II	
^.II

	

I	 I^	
II

lll••.N •N 070Y • -rN • r •	 O .••	 1 A^
CA'♦ 1 O • r ^A 1 .1 V d w ? v ^• O JInPI rw rw r.l n1 /w rw /w ^1 rw • ^ 	 , w rw A ^1 1	 ^A 1/	 1	 1	 1/	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 0	 O •

♦ N•	 V N y N w N y N w 1V w N -• 1"
a

i	 Iw

M
-A@

•	 1

JI	 O
( • yr	 r	 V	 1.1 -/	 •^ A	 •	 Al A.

^•• d•.1•r• r•-1•./r.A	 O71A •' /1yy r J 7 • • • • -• ! d 1P ♦ • A A A \	 ^11 r )Od•1 r )ONAt•>t)(	 r r	 1 r^fir•V• r ,r•JII VIJ1V • r•OO• D 111
/w	 -•I

r N r r y N y N 1 N• O r 0 Y
N •NOON • N O r•• r f. 0 o N•.•r 0 •• N 1 y• N O N d^ -. O ♦ O••	 O •
1 • • 1,:	 Vas •d O J^ ^ • r ry .^	 • Iwx;4Al rw rw M 1'i Iw rw rw rw rw rw r^ •w w /w rw O 	 ••
/	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1 —	 I	 ••1

I

II N 'I	 V N V V r N•d N •I r.^ ^.

I I^	 I
'o. No N N /1/ N N .V NNN Q

II'''
w.•.••• •v	 y.

	 ArO1

No	 ^1.1 •^••

f•

•
A

I
^
NNN•••••••••••

••••••• • • y V yy r.y^rMN^A	 w	 1
f

I 1 I

^ 1	 I II
1 I

^ I

• • • • • • f



50

.c.r

w^-

S

M

L	 4 --M^

Pi( No. 5050 HiHREF = .1073 BOOSTER
H,,'HREF - .1044 ORBITER

As

f

r	 ,	
tA

ti

dL

Pic. No. 5062 H/HREF = . 0515 BOOSTER
H/HREF = .0501 ORBITER

:9.



,e.z Grc,,,., '7 0 1 . nn/ft	 7.97E 05	 PIiA	 0 .51

1



pip
J	 ^

Opp
^'	 M'	 ^ J• rum	 ^/

op
^	 ^

AM	 6r.r ^

ŷ
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Ì 	f
I	 1
I

Ill

1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1' I a
0 0 0 0• O O O e e 0 O 0 0 e 0 O• N• N!• N V N .•I N	 N W N V N Al

Ii	 r	 r	 N	 N O M O•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 • I .• C1	 1A 1 O <
: 0000 00 ,00W 0 610 ^•-• O •• 6 N r 'QI V V W• • N•	 0 V O U r s j \ N• N I
O r • w NV 7 VV SOP'V-+ J1 P^• 1w NN +s	 ..V v• 00 00  d W d N a W • V• 1A11 • r	 i• .-• A e

'pope
Al M f1 AlL

•IYVNr• r I rd	 ?ur Wr Z • •dr r I I•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 • T O ► .• • f s [	 n 1Weel•O..	 W -• l.l• MI.1 r .	 1	 C -+t	 . •0. W ea r•OV v D ^/. W N O• WON G• O P O • O N 1 -•• r d• ^•W
W	 OrI.00 NJ VO .no • •y ^••^ O In Q rT y.'•IM /h M AI r•1 M	 T I.1 T n, r•1	 T rw	 Q1	 1	 1	 1	 1	 1	 1	 1	 1	 1,1	 1	 1	 1	 1	 1+ • a^ l•1S O A s'w \ w O O D	 •'V NO D W\•t• •'f b r• •le •N b Q OW . OS p / 1 1 1 M O i I ^1	 tM,INWNW N WW rrlW • ^, A f l A r,

I •d O N a A•I O 1(	 (.•• rrV ^1 _

r,	 r	 N	 N	 r A	 111, O O •1 w • •1 D  N
NOV•	 O/PM1P V 	 .O.O•P	 •V'	 t•Q  .IO VW••NJI Wr wA`•r • fA riMW r	 N	 • W d WW 1 r •

 

&W 

'00,

 ql r' • r z
I

''1 s  • ..I1	 +	 I •A Zi	 ^ / • I	 •t^ Iyyŵ̂I _
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