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FOREWCRD

The work reported herein was sponsored by the Marshall Space
Flight Center (MSFC), K25A. The results of tests presented were obtained
by ARO, Inc. (a subsidiary of'Sverdrup and Parcel & Associates, Inc.),
contract cperator of the Arnold Engineering Development Center (AEDC),
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 (GDC). In 34

addition a Timited 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 §
conducted at Mach 8 in Tunnel B on the McDonnell Douglas Delta Wing :

R A S

Orbiter mated with the -17A Boostew. This volume (Volume I) contains

the mated data and Volume II contains the interference-free data for the

- orbiter and booster alone.

it
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ALPHA-MODEL (a)
ALPHA-PREBEND
ALPHA-SECTOR
H(T0)

or
H

H(.9T0)
H(.85T0)
HREF

NOMENCLATURE

Model angle of attack, ‘deg
Sting prebend angle, deg
Tunnel sector pitch anale, deg

Heat-trans fer coefficient based on Ty, = 7,4,

'BTU/Ft? - sec - °R, and

H(TO) = ﬁ%%%&w
where g is obtained from

Toc ~ T
.JE&_,‘jn, 1 . e8? erfcs
Taw = Ty

and At ~ del time
Tpe © phase-change paint temperature, °R
Ty ~ initial model temperature, °R
Taw v adiabatic wall temperature, °R

- /pck ~ model material properties = 0.11-0.008 /{at) .

BTU/¥t2-sac1/2 _ op
Heat transfer coefficlant based on Ty, = 0.9Ty
Heat transfer coefficient based on Taw = -85To

Reference heat transfer coefficient based on Fay-Riddell
theory, BTU/ftZ-sec °R

HREF -{[8"39(901)0'5 (My-0)0-4 (T-P-INF/POI)O'ZSJ "

[0.2235 + 00000135, (T, + 760)] .

. where P01 ~ stagnation preséure downstream of a normal
_shock, psia | ,

MU-0 ~ air Wiscosity based on To, Tbf sec/ft2

RN ~ réference nose radius, (0.011 ft)
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&) 3
i MU-INF ) Free-stream viscosity, Tb-sec/ft?
f P~INF Free-stream static pressure, psia
PO Tunnel stilling chamber pressure, psia
| Q-INF Free-stream dynamic pressure, psia
g RE/FT Free~stream unit Reynolds number, -1
‘ ROLL-MODEL Model rall angle, deg
ST(TO) Stanton number based on Ty,
ST(T0) = A fo.zzasm’.{égggis‘s“(fowpm
. 1 STREF Reference Stanton number
3  STREF = HREF
- . 0.V, [0.2235+0.0000135 (To+T  )Ix(32.17)
‘ T-INF Free-stream static temperature, °R
h! TO | Tunnel stilling chamber temperature, °R
i ™ ‘ Mode] wall temperature, °R
’ TIME Time from start of model injection, sec
gz DEL TIME (at) Time model expos;ed to airstream, sec
? V-INF (V) ~ Free-stream ¥elocity, ft/sec
' YA  Model yaw angle, deg
X | Axié] distance from booster nose to orbiter nose .
: - (1.86 in., see Fig. 3)
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SECTION 1
INTRODUCTION

This report presents the results of a wind tunnel test program
to determine aerodynamic heat transfer distributions on the McDonnel)
Douglas configurations. The tests were tonducted at the Arnold Engineer-
ing Development Center (AERC) in Tunnel B of the von Karman Gas Dynamics
Facility (VKF). The test period was in June 1971.

Heat~transfer rates were determined by the phase-change paint
technique on 0,011-scale StycastC:)mode1s using”Tempilaq<:>as the surface
temperature indicator. The nominal test conditfons vere; Mach 8, free-
stream unit Reynolds numbers of 0.8 x 108, 2.5 x 106, and 3.7 x 10°, and
angles of attack of -5, 0, +5 deg. Model details, test conditions,
phase-change paint photographs and reduced heat-transfer coefficients are

presented in this report.




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 modals was subcontracted to
the Grumman Aircraft 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 configuration is shown in
Fig, 3. Table 1 provides additional configuration description details
but it should be pointed out that ihe models were cast as one smooth
surface without moveable control surfaces. Presented in Table 2 are
mode1 coordinate measurements referenced to the axis system illustratea
in Figs. 1 and 2. '

Six-in.-diam hemispheres were cast from the same batch of
Stycast used to cast the models so that the Stycast thermal properties
could be determined from calibration runs on the hemispheres, Also

Chromel-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 B is a continuous, closed-circuit, variable density

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

sect1on The tunnel can be operated at a nominal Mach number of 6 or 8
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,
at stagnation tempergtures up to 1350°R The model may be injected into
the tunnel fbr a tpst run and then retracted for model cooling or model

changes without interrupting the tunnel flow.
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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. In some cases the local
interference region between the models was sprayed with a higher
temperature paint since the surface temperatures were generally higher
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 gmbedded thermocouples became inoperative and the probe
temperature was generally used to determine the initial éémperatures 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

photographed with 70-mm sequenced camerés operating at 2 ‘frames per

3.2 TEST CONDITIONS
Nominal test conditions are presented in the data summary sheets
(Table 2), As mentioned in the foreword this test was part of a com-

prehensive Space Shuttle investigation and as a result the run numbers

are not consecutive. The specific test conditions for each‘vun (or

group) are provided on the data tabu1ation sheets preced1ng each set of

melt line photographs

Tt
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During each run the tunnel conditions and time of each picture
~ were recorded on magnetic tape. The heat transfer coefficient for each
picfure was calculated from the semi-infinite slab transient heat con-

duction equation.

IE‘.:.:_I"_:] - eBz erfc 8

)
hv/At
where g = ———~ = - . ,
ook and vpck 0,11 - 0,008 vat

The equation for the thermal properties (vpck) of Stycast was obtained by
evaluation/of a considerable amount of hemisphere calibration data and
suppliemented by VKF laboratory imeasurements.

Heat-transfer coefficients were calculated for assumed adiabatic

wall temperatures of Ty, 0.9T,, and 0,85T, (see tabulated data sheets).

The use of three values of Ty, provides an indication of the sensitivity |

of the heat-transfer coefficient (h) to the values of T, assumeri. For | f,' k
" the sake of consistency all heat-transfe“ coefficients shown on the - i  ~\

r ' photographs are based on Ty, = To. : ' : )

A1l heat-transfer coefficients were non-dimensionalized by

dividing by the stagnation point heat-transfer coefficient (Ref. 1) on a

0.011-ft radius sphere (a 1-ft radius sphere scaled ddwn by the model

sca]e).

SECTION 4
~ DATA PRESENTATION

 "§§§ The test results are presented as a series of four photographs

obtalned during each run and a post-test pho*ograph of the 1nterférence

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

Model Surface Re/ft . o
Side view of mated 0.8 x 106 -5, 0, +5
configuration*
2.5 x 100 "
3.7 x 105 0

*The corresponding data for the orbiter and booster dlbne (non-interference)

are presented in Volume II.

Preceding each set of photographs is a tabulated data sheet
which 1ists the specific test conditions and the time of eéch picture
with the corresponding heat-transtr parameters. Of course, the heat-
transfer parameters apply only to the melt lines of the corfesponding
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

heating which can occur between mated configur

~z
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ome type of

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

transfer ratios associated with the melt iines in these photographsaré
approximate because of ihe uncertainties in time and flow condi tions

vhich occur when the model is retracted from the airstream. Table b,
Page 38, presents a Summary Index for these data.
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MODEL COMPONENT< Vertical Ta11 - MDAC Booster

", GENERAL. DESCRIPTION: -Configuration 17 Vertxcal Tails
Model Scale 0.011
_ C ' , ' i .
ORAWING NUMBER: 256-17-0001, Rev. A ' )
DIMENSIONS : L 37”': .j i .i: .+, » FULL=SCALE +, MODEL SCALE
... .IOTAL DATA (values for one) 1 - - o
Area N i :

<

"
-

T

o o g piie - ., . p
. R ) *%

:;_fﬂ Pianform fTrue) ' | B

: Side Projection)
Span (equivalent), inches -

o )‘

i Aspect Ratio t

. Rate of Taper

Taper Ratio R
Diehedral Angle, degrees - . .+

Incidence Angle, degrees ¥

Aerodynamic Twist, degrees

) IP'S
Toe-In Angle

Cant Angle ' L

' " Sweep Back Angles, degrees T
’ Leading Edge ~ . AR

+
||||||

: ;o Traiiing Edge o

48040

0.25 Element Line

w " &
.

" Chords o

;‘-'gi Root QW1ng Sta. 0 0 s

o « Tip, (equivalent) , inches,

1300 YR 3030
1T Py 4

o MAC, inches

Fus. Sta. of .25 MAC - e

™% IR

* w P' Of 25 MAC . ‘h;-”‘ v
Airfoil Section - .
NACA

- 64A-009  NACA ° 64A-009

54R-007 ~B4A-009

REE R

Lo e

Root - . . 'y ,

Ti p : . 3 ',’" y . & , NACA .
) B RN : S +

NACA'
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.. Span, (equivalent) L RN
: ~Acpect Ratio B Yol
Taper Ratio - : o e e LT
. Chords T et e PRy
** Root T R S RN
. Tip R N
T .' FUS. Stac @T 125 MAC Ttk : .
RN L “,Pe Of 125 MAC : AR -' ‘ -
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MODEL COMPONENT: _ Canard - MDAC Booster

F Al

GENERAL DESCRIPTION: Configuration 17A Canard
Model Scale 0.011

DRAWING NUMBER: 256-17-001, Rev. A

DIMENSIONS: \ o FULL-SCALE  MODEL SCALE

Theo. Area, ft° | 1660 .200
Exp Area, ft2 ‘ | 1215 146
Aspect Ratio _ y ‘ 3.0 3.0
Chord (Incl. Flap), ft ! 23.025 .260
Airfoil (360 In. Theo Chord) NACA 63-015 NACA 63-018
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T "7 2 -c-Configuration,Description Details L ’
™ o , YL SR U Y
'( © MODEL COMPONENT: BODY - MDAC Orbiter ~~ SR S T
) GENERAL DESCRIPTION: Basic fuselage contours including canopy. ‘ Lo,
+ ' ’ * . s " * * ¢
.. t+ + Kodel scale: 0.011 . ! - ' e Pt
0' o 0. ' Py "; * ! "’ T A ' ’*' 4
., DRAMING NUMBER: 255 BJ 00050, Rev. N
l" i . " ”‘ :‘ " ] " " . .l
~2ase DIMENSION o S o FULL SCALE MODEL SCALE '
‘ Length. (ft.) ' 86,4 oo 1.720 -
Kax. Hidth L IR ORI ¥ P ,298 .
,‘,.) Fax. Depth . O A 30,3 ' . .333 ety
() "+ Fineness Ratio’ | | L | y . T
. Arca (ft. 2) - ) Do ‘ . -
' : hax. Cross- Sect1ona1 . 1627.4 ©_.0759 SN
¢ . ()
, - Planform ‘ . y - 3790.0° .459
‘fetted . . "12520,0 1,515 |
Base el .o 447.0 . .0541
B - Note: "M units are ft. oF 5q. ft. R R
" These data mc'lude bmh sides of the ve!nc]e. i
| e e Do e R
2'): REy T Wt R
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J.4 ' GENERAL DESCRIPTION: _Model Scale:r 0.011 . . - L
z"‘ ; ’ ., f i . . * : . s
é * ' * . 1y
‘{ . , 1] ’ ’I> s » ' . R i ' .

K : ‘ . ) ¢ ) ‘ 4 : . : ¥ PR . ,
.- DRAMING NUMBER: - 255 BJ 00050, Rev, B ‘ . ,
T ¢’ g ] : : - Yoo .

P » 4 [ : ) e L. ’ o~ LA v‘: ) ] , '
rd ..+ DIKENSIONS: coV Tty Y e FULL-SCALE " MODEL_SCALE
o .. Area, ft2 | Vi 968, a 17
o , ' ;) ' ) R S S L
ST BN Span (cquivalent), ft. =~ > - Lo 137 IR .1 X
| .~ Inb'd equivalent chord, ft, . . ° ' 12.8 L
. Outb'd equivalent chord, ft, = "+, .- 12.8 T L 1
~ Ratio Elevator chord/horizontal R .
: . tail chord . .o . P T
; M Inb'd equiv, chord D
At Outb'd equiv. chord = - ' e
Sweep Back Angles, degrees B S '
Leading Edge U S 1. . 0.0 -
"« Tailing Edge -0 T .h 0L 00 . 0.0
B B | Hingaline S S : 0.0
1 firea loment (Novmal to hinge line) . .| R '
? n," v » , .‘ ' . ' ¢ . . + . ". .. { o'. . .‘. Y . ’
) L ) . 4 “ . B . ‘ ) s o . ;’c
) : hote.» A1 units are ft., sq. ft., or degrees, ' A T
These data include both sides of vehicle, cT e e e
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%y, . MODEL COHPONENT: Body Flap - MDAC Orbiter - -,

. GENERAL DESCRIPTION: _ Model Scale: 0031 . ‘.0~ " . .

o DRovitng mumper: | 255BJ 00050, Rev.B ' . .
! .. " DIMENSIONS: o FULL-SCALE ' MODEL SCALE

- "+ . Area, ftz ) ) 140,88 | .0170

ot

o .. Inb'd equivalent chord, ft,

Y Span (equivalent), ft, A c '23 g]‘ A ;262

5,333 0587 -

0}

Outb'd equivalent chord, fg,‘

se ubm eewalm e £
R s L -

3' | tail chord . s . L
At Inb'd equiv. choird | ,  ,: B -
Co ;- At Qutb'd equiv. chord ‘

" " Sweep Back Angles, degrees Lt

0.0 "

Leading Edge L
e Tailing Edge ' |

Hingeline L | -f 0.0,

-~

" Area Moment (Momal to hinge line) L I

Note: A1l dirensions in ft., sq. ft.; or degrees. . Lo
These data include both sides of vehicle. CLs
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* Airfoil Section T
Root BN
T1p s T

EXPOQCD DATA

Area ft.2
Span, (cqu1va1c1t) ft
Aspect Ratio

. Taper Ratio

. - ~ © . 'Chords (ft.)

g R Root T -

T . oTip S

' ; MG

 Fus. Sta. of 25 MAC
UeP. of .25 hAC .

|
: |
A H@tp: Al] unwcs are ft., 9. ft. or degwees

0010-64
. 0012-64

3147.3 -

.i.‘ ~ /U,b'

4 ].47

71.25.
- 20,050
52.2U

"!
at /

" - e R e R e
l;'ﬁ'ﬂsq q‘ . "’ . oﬁ!au " s ' . . e
A £>f~MODEL con?ouEuT Wznq ~ MDAC Orbwter ‘
i '.GENERAL DESCRIPTION: Hode] Scale: 0 o )
DRANTNG HUMBER: ) BJ 00000 Rev. B (.m:;_uq. e e
) DIMENSIOHS AR x:}*- S FULL-SCALE MODEL_SCALE
la — . ¢! e e v ey - ’ ’
| TOTAL DATA o ) - . ’
Al L Area, ft? ST o L;:°i ;
¥ ' Planform . = L -.* 5330, 645 ~
X . Lo lletted - Do
2 . * .Span (equmva]ent) ' ‘ . 97.5 T.073
- v - Aspect Ratio ' 1.68 1.63
¥ . . Rate of Taper : -
b ;.. cJaper Ratio : ) 0.230 .230
4. . Dichedral Angle, d°grees . 10,0 10.0
ST ' Incidence Ano]e, degrees 2.0 2.0
O A - ‘Aerodynamic Twist, degree 0 . 0
S . Toe-In Angle ' 0o 0
o] . Cant Angle . o 0 0
: , Syeep Back Ang]es degreas
‘ Jeading Edge ‘ 55.0 __55.0
‘ : Tra1]1ng Edge';. L .0 - 0
FRR - 025 Eleﬂnnt Llne . 47.0 ___47.0
: “Chords: (ft.) '
g . | foot Hlng Sta., 0.0) 90.43 .995
ER - Tip, equ1va1ent) 20,80 273
LTt L Tt MAC 63. 30 .696
¥ Fus. Sta. of .25 FAC - .
g H.P. of .25 nAC e ; .

. 0010-64

- 0012-6¢4

391 -

'7/0

1.47
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MODEL COMPOMENT: Rudder - HDAC Dé]ta Wing Ofbﬁtq; y
GENERAL DESCRIPTION: _Model Scale: 0.011 h "

" DRAWING HUMBER:

255 BJ 00050, Rev. B

3

pmgmsIons: T it

hrea, ft.?

© Span (edui&alent),.ft. E

. Inb'd equivalent chord. ft.
Outb'd equ1va1ent chord, ft.

. Ratio E'!evauor Chord/hnmznqta]
tall chord

A Inb 4 EQUIV.~Ch01d
+At Outb'd equiv. chord

Sweep Back hngles, degree§A

Leading Edge SRR

Tailing .Edge

e,

Hingé1ina

N . e

Qe

“Arca Voment (Novmal tp'hinge,lfné).

. " Hote: All.units are ft., sq. ft., or degrees.
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FULL-SCALE

.2213.9 .

" 27.5

9.50

,:;:6.10

369

~.369

30,0

. 713,38

" 19,95

' MODEL SCALE

.0259
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=303

.105

.0671
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¢~ MODEL COMPONENT: - Vertical Tail - MOAC Orbfter  ° P
-* GENERAL DESCRIPTION: __ -Model Scale: 0.011 - . E
., A ' Lt w oo .
g DRAt-.'If-'G NUMBER: " - - 255 B3 ooouo F‘ev B 1
Dn..er‘szo::s- L AT ",;',-;,’;y,':; ..FULL SCALE . MODEL_SCALE
. L T0TAL DATA PRI _:..1"'-;'-; o Lo .
.+ . HArea w2 e e TRl T .
e e planform e e BR0LO .702
T Metted ST A S
.o, - 0t Span (equivalent), ft. e TR 503
.20, Aspect Ratio T PR I 1,30
;" 7, .. Rate of Taper T A .
. '.; ..., “Taper Ratio - Ye U L o - .638 .638.
-, 2@ Diehedral Angle, degrees R S 0~ 0
Incidence Angle, degrees ~ Soar e D 0
;::) ..+ Aerodynamic Twist, degrees S T 0
L e Toe-In Angle ' T P N 0 e
oot Cant Angle Pt T 0 1 T
.., _- Sweep Back Angles, degraes L . |
.0 7L LLeading Edge e g 00330 T .30.0
.o« " Trailing Edge . - 2 < e 13.% ' 13,4 )
. 0,25 Element Lme . SR - 20.2
. Chords' (te.) VI )
. .‘ Root élhng Sta. 0. 0) -, 212575 - -3 283 .
o e Tip, equwa’lent) L T 16,42 - . 181
AT MAC S e 21,43 .236
T - "7 Fus, S’ca. of .25 VAC S AT . "
© . WP of W25 MAC, Lt e e RS = '
Afrfoil Secuon R T
' " Root . . ute) :’.."..«‘?"' ' i .0009 64~ --. -0009-64
Tip T LGLA .+ TDUGI-5d "t 0009-64
. - Yy sere «.;.v'.. . . ) . "‘.".‘... e »
. %, EXPOSED DATA: RS w."'.:.:;';"-,e; ot /\ X
' Area, Ft.2 . UL S B8D; a2 ,702 .
Span, (equivalent),. ft e 27.5 o . 303
“oAspect Ratio . s oot Lo 1.30 1.30
.+ Taper Ratio e Ay T 633 7 - 038
» Chords (ft ) R : . ".' . - o, i , i
." " Root o T RUNSAY - 70 1 AR R
S o Tip . ~ ',:~' Y T6,82 161
- MAC . B T 236
‘ " Fus, Sta. of .25 MAC e ~ L
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Table 3

PHASE CHANGE COATING TEST DATA SUMMARY SHEET
TEST TITLE: Ascent Heat Transfer Test of the MDAC Configurations

TEST NUMBER: __ V11162-9 TEST FACILITY: VKF Tunnel B
TEST DATE: June 1971 TEST ENGINEER: R. K. Matthews & W. R. Martindale
Model| Free | Total | Total | Taw* [RiX106] Phase | Mode! Positionf
No. [Model Configurstion Meutification| Scale Stream | Pressure| Temp. Tiotal] Ft Change| (degrees) | Model
Mach | (peia) .| ©R) Temp. Surface |
Number S rIVALDL
OWO 0.011 8.0 150 1180 § 1.0 0.8 400 0 0 0 Side
. 250 | 0
: 15 | o
13/ 0
250 |-5
_ || 113/50q -

250/ 5 *

0.011] 8.0 55 1 300/
125/ 0
5004 5
v S
*Tow ™ adiabatic wall temperature

+Post-test photograph
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PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: Ascent Heat Transfer Test of the MDAC Configurations

TEST FACILITY: YKF Tunnel B

TEST ENGINEER: R. K. Matthews & W. R. Martindale

Total | Total | Taw * | RNX106| Phase | Model Position]
Pressure| Temp.| Tioal Ft Change (degrees) | Model
weis) | CR) Temp. Surface .
rak) ;
sis 1ot
= N——
Top/Side
T
0
|
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