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FOREWORD

The work reported herein was sponsored by the Marshall Space
Flight Center (MSFC), NASA. The results of tests presented were obtained
by ARO, Inc. (a subsidiary of Sverdrup and Parcel & Associates, Inc.),
contract operator 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),
North American Rockwell (NAR) and General Dynamics Convair (GDC). In
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 NAR Delta Wing Orbiter mated
with the GDC-booster. This volume (Volume I) contains the mated data
and Volume II contains the interference-free data for the orbiter and

booster alone.
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ALPHA-PREBEND
ALPHA-SECTOR
H(TO)
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H

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

NOMENCLATURE

Model angle of attack, deg

Sting prebend angle, deg

Tunnel sector pitch angle, deg
Heat-transfer coefficient based on T,, = Tos
BTU/ft2 - sec - °R, and

B vpck

H(T0) =
At

where g is obtained from
Tpe = Ti . q - e8? erfc B
Taw = T4
and At ~ del time ,
Tpc ~ phase-change paint temperature, °R
T; ~ initial model temperature, °R
Taw ™ adiabatic wall temperature, °R
/pck ~ model material properties = 0.11-0.008 V{at)

BTU/f’tZ-sec"/2 - °R

Heat transfer coefficient based on Taw 0.9To
Heat transfer coefficient based on Ty = .85Tp

Reference heat_transfer coefficient based on Fay-Riddell
theory, BTU/ft2-sec °R

HREF = | 8:139(P01)0-5 (Mu-0)0-# (3-p-INF/PO1)0-25 |,
(RN)0.5 (10)0.15

[0.2235 + 0.0000135 (T, + 760)]

where POl ~ stagnation pressure downstream of a normal
shock, psia

MU-0 ~ air viscosity based on To, 1bf sec/ft2

RN ~ reference nose radius, (0.013 ft)
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H(TO)

ST(T0) = 0.V, [0.2235+0.0000135 (To+Tpc)1x(32.17)

Reference Stanton number

HREF

STREF =
.V, [0.2235+0.0000135 (T0+Tpc)]x(32.]7)

Free-stream static temperature, °R
Tunnel stilling chamber temperature, °R
Model wall temperature, °R

Time from start of model injection, sec
Time model exposed to airstream, sec
Free-stream velocity, ft/sec

Model yaw angle, deg

Axial distance from booster nose to orbiter nose
("3.2] 1".)

Gap spacing between booster and orbiter (0.312 in.)

vi




SECTION 1
INTRODUCTION

This report presents the results of a wind tunnel test program
to determine aerodynamic interference heating on the North American
Rockwell orbiter mated with the General Dynamics Convair Booster. The
tests were conducted at] the Arnold Engineering Development Center (AEDC)
in Tunnel B of the von Karman Gas Dynamics Fa§11ity (VKF). The test
period was June 1971.

Heat-transfer rates were determined by the phase-change paint
technique on 0.013-scale Stycast(:>models using Tempi]aq<:>as the surface
temperature indicator. The nominal test conditions were; Mach 8, free-
stream unit length Reynolds numbers of 1.25 x 10 and 2.55 x 106, 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 appropriate con-
tractors and fabrication of two sets of Stycast models 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 configurations is shown in Fig.
3. Table 1 provides additional configuration description details but it
should be pointed out that the models were cast as one smooth surface
without moveable control surfaces. Presented in Table 2 are model
coordinate measurements referenced to the axis system illustrated 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
section. 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 péia, respectively, at
stagnation temperatures up to 1350°R. The model may be injected into the
tunnel for a test run and then retracted for model cooling or model changes

without interrupting the tunnel flow.




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. The models were installed
on the model injection mechanism at the desired test attitude and
relative position and éhe mode]l 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 embedded thermocouples became
inoperative and the probe temperature was generally used for the model
initial temperature. The models were then injected into the airstream
for approximately 20 seconds and during this time the model surface
temperature rise produced isotherm melt lines. The progression of
the melt 1ines was photographed with 70-mm sequenced cameras operating

at two frames per second.

3.2 TEST CONDITIONS

Nominal test conditions are presented in the data summary sheets
(Table 3). As mentioned in the foreword this test was part of a compre-
hensive Space Shuttle investigation and as a result the run numbers are
not necessarily consecutive. The specific test conditions for each run
(or group) are provided on the data tabulation sheets preceding each set

of melt line photographs.



3.3 DATA REDUCTION

During each run the tunnel conditions 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

IEEQ:;Ii =1 - B erfc 8
Taw - Ti

where g = h/&E and vpck = 0.11 - 0.008 /At

pC

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

Heat-transfer coefficients were calculated for assumed adiabatic
wall temperatures of T,, 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 Ty, assumed. For
the sake of consistency all heat-transfer coefficients shown on the photo-
graphs are based on Tyy = T,.

A11 heat-transfer coefficients were non-dimensionalized by
dividing by the stagnation point heat-transfer coefficient (Ref. 1) on a
0.013-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

obtained by a camera mounted in the side window (LS). The photographs

4



are grouped as follows:

Model Surface Re/ft o
Side view of mated 6 )
configuration* 1.25 x 10 -5,0,5 (paint)
2.55 x 108 " "
" " (oil flow)
’ " " (shadowgraph)

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. In general, the booster
and orbiter had slightly different initial temperatures and therefore the
values of h/h, are stightly different. 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. Table 4, Page 4l presents & Summery

Data Index of these data.
REFERENCE

1. Fay, J. A. and Riddell, F, R, "“Theory of Stagnation Point Heat
Transfer in Dissociated Air." Journal of the Aeronautical
Sciences, Vol. 25, 1958, pp. 73-85.

*The corresponding data for the orbiter and booster alone
(non-interference) are presented in Volume II.
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Table 1

Configuration Description Details

MODEL COI'PONLLT:  BODY - B6

.

GENERAL DESCRIPTION: Basic delta wing fuselane as pnr NR lines drawina

9992-161B, Fuselaae reference plane is located at water plane 400.00 in.

Model Scale = 0,013

DRAVING RUMDLR: Lines Drawing 9992-161B
DIMENSIONS : FULL-SCALL MODEL SCALE
Length 2223.00 28.80
. Max. \idth 495.80 6.445
Max. Depth 263.00 3.419
Fineness Ratio 6.019 6.019
Arca .
Kax. Cross-Sectional 743.95 ___0.1257
Planform DNA DHA
Helied DNA . DHA
Base DA DHA



Table 1

\ MODEL COMPONENT: Orbiter Wing

Continued

Details

'GENERAL‘DEQFRIPTION:

Delta wing with -5° twist and rounded wing tips.

Hing

blended into body. Follows

MR lines 9992-161B.

Used with Body B6.

Model Scale = 0.013

DRAWING NUMBER:

Airfoil Section

Root (.S, 249.75)
Tip (1.S. 561.85)

EXPOSED DATA

DIMENSIONS: . FULL-SCALE
TOTAL DATA X
Arca, ft2
Planform 6511.00
Wetted -
Span (equivalent), in 1272.38
+ Aspect Ratio 1.714
Rate of Taper 1.719
Taper Ratio 0.144
Diehedral Angle, degrces 7.000
Incidence Angle, degrecs 0,000
- Aerodynamic Twist, degrees(about T.E.) 5,000
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge 59,808
Trailing ‘Edge 0.090
0.25 E)cment Line 52.197
Chords:
Root QW1ng Sta. 0.0) 1287.70
Tip, (eauivalent)(y.S. 640.97) __186.00
MAC (1.S. 240.62) 87410
Fus. Sta. of .25 MAC 1793.32
W.P. of .25 MAC 280.73

MODEL SCALE

1.1003

1.719

0.144

7.000

0.000

-5.000

59.808

0.000

16.739

2,416

11,3063

23.313

3.650

NACA 0009-64
NACA 0012-64

Area, £t 3023.00
Span, (equivalent), ___810.6]
Aspect Ratio T 1.498
Taper Ratio _0.209
Chords_ 4n.
Root (Equiv. g(w.s. 232.62% —_8872.85
~ Tip (Equiv.)(VM.ST 640.97 186,00
MAC gJ.S. 392.31? 613,33
Fus. Sta. of .25 MAC 1925, 65
W.P. of .25 KAC 299,22

10

0.5108

lO . .).Jg

1.498

0.209

11,543

2,418

855

2
7,873
2
3

3.869




‘ - Table 1

- continucd

Orbiter Elevon Details

VODEL COMPONENT; Elevon - E1] (Data for one of two sides)

GENERAL DESCRIPTION: Constant chord elevon located on Delta Wing - ¥y

(Product of area and mean chord)

11

LA —— e ———

.
-

Model Scale = 0.013
DRAWING NUMBER:
DIMENSIONS @ C FULL-SCALE MODEL SCALE
Area (true), ft° 423.09 0.6715
Span (equivalent), in. 417.30 5.425
Iipb'd egyivalent chord » in. 146.00 1.8983
(7.5, %57 4%) —_—
. Outb'd equivalent chord, in. 146.00 1,893
~ (W.S. 654.78)
Ratio movable surface chord/
. total surface chord
At Inb'd equiv. chord 0.166 0166
At Outb'd equiv. chovd n.900 0.900
Sweep Back Angles, degrees
Leading Edge n.000 0.000 -
Tailing Edge 0.009 0.00Y
Hinge]ine 0.000 0.0‘JO
Area Moment (Normal to hinge line), ft3 514400 0.0113

—e -

e ————— —



—

~ NMODCL COMPONCNT:

1ab i€ { - LonLinucu
Orbiter Tail Details

Vertical Tail - V27

+ GENERAL ‘DESCRIPTION:

Centerline vertical tail on delta wing configuration.

The total data includes the void area listed below.

Used with Body-B6.

Fnllows NR lines 9992-1618,

Model Scale = 0,009

DRAMING NUMBER:

DIMENSIONS :
" TOTAL DATA

Area ft2
Pianform
Wetted

Span (equivalent), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees

Toe-In Angle

Cant Angle

Sweep Back Angles, degrees

Leading Edge
Trailing Edge
0.25 Clement Line

Chords: in.

Root (W.P. 511.62)

. Tip, (equivalent) (W.P. 872.67)
MAC, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Air{oil Section
(W.P, 500.44)
(v.P, 878.00)

EXPOSED DATA

Area

Span,- (equivalent)
Aspect Ratio

Taper Ratio
Chords
Root
Tip
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC

-

. FULL-SCALE

379.31

—120.05
272.7)
282261

_660.90

MODEL SCALE

0.1058

4.694

1.446

0.718

0.310

0.000

U.000

50.003

25.352

45,352

4,931}

~1.2600

3.537

31.493

8.59T

NACA 0012-64
NACA 0009-64




‘ .

Table 1 continued

Orbital Maneuvering System Shroud Details

{ODEL CONPONLNT: . Orbital Maneuvering Systen Shroud - 7,

.

GENERAL DESCRIPTION: Fairing over orbital maneuvering system. Located on aft

upper fuselaqe mold linc.

tlodel Scale = 0.013

DRAVING NUMBCR:

DIMENSIONS FULL-SCALE MODEL SCALE

Length (along upper surface), in. —359.31 4.671
Sta. of lLeading Edge, in. 2163.33 28.123
Sta. of Trai{ing Edge, in. 2523.56 32.306
Pitch Angle (T.E. Up), deg. 3.181 4.594
Area .

Max. Cross-Sectional
Planform
telied

Base

11



_JODEL COMPONENT:

GENERAL DESCRIPTION:

Yrble 1 continued

Orbiter Drag Drake Details

Drag Brake - J4 (Data for one of two sides)

Drag Brake - J4 is the deflectable side panels of

delta wing vertical tail V27 hinged at the 60% element line and

extending to the trailing edge

Model Scale = 0.013

DRAWING NUMBER:

(A1 dimensions are in the drag brake reference plane)

DIMENSIONS:

Area , ft2

Span (equivalent), in.
Inb'd equivalent chord, in.

(¥.P, 520.18)

Outb'd equivalent chord, in.
(v.P. 875.79)

Ratio movable surface chord/
total surface chord

At Inb'd equiv. éhord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

Arca Moment (Normal to hinge line), ft3

(Produce of area and mean chord)

Buttock Plane of Hingeline, in.

14

FULL-SCALE
" 242.39

355.61
149.22

47.08

S ————————

37.273

r————————t————

25.352

St —————————

37.273

S ———————

1921.27

e ——————

3.44

A ———————————

MODEL SCALE

0.04095

4,623

1.939

0.612

37.273

25.357

37.273

0.00422

0.045




Table 1 continued ,

MODEL COMPONENT: BODY - B24

GENERAL DESCRIPTION: Basic Fuselage for the B-15B-2 Booster Configuration

DRAWING NUMBER: WT-71-105129
DIMENSIONS : | FULL-SCALE MODEL SCALE
Length 2757 in. 35.84 in.
Max. Width 387 in. 5.03 in.
Max. Depth 453 1in. 5.89 in.
Fineness Ratio 6.08 6.08
Area ‘
Max. Cross-Sectional 183837 in? 31.07 in?
Planform 1010612 in? 170.79 in?
Wetted
Base 159510 in2 25.43 in2

15



GENERAL DESCRIPTION:

Table 1 continued

MODEL COMPONENT: Canard C4

Basic Canard for B-15B-2 Boo;ter Configuration

DRAWING NUMBER: WT-71-105129

DIMENSIONS: FULL-SCALE
Area 66286 in’
Span (equivalent) 352 in.
Inb'd equivalent chord 341 in.
Outh'd equivalent chord 36 in,

Ratio Efevator chord/horizontal
tail chord

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge 60
Tailing Edge 0
Hingeline

Area Moment (Normal to hinge line)

16

" MODEL SCALE

11.20 in?
4,58 in.
4.43 in.
0.468 in.



~ -
K ‘ Table 1 continued - ) '
. MODEL COMPONENT: _ Wing - W5
-GENERAL DESCRIPTION: Basic Wing for the B-15B-2 Booster Configuration -
Cy Design = 0.215
;
DRAWING NUMBER: WT-71-105125
E DIMENSIONS : . FULL-SCALE MODEL_SCALE
: JOTAL DATA . L '
Area ’ 2 .
Planform ) 1241959 in 209.89 in?
Wetted
Span (equivalent) 1739 1in. 22.61 1n.
: * Aspect Ratio 2.436 2.436
% ¥ate p; T?per : I
aper Ratio , 0,106 .
~ Diehedral Angle, degrees ‘ 3 fif) giiggi
Incidence Angle, degrees 2 . 2.
?ero?yn;mif Twist, degrees a 0
' oe-In Angle .
Cant Angle =
Sweep Back Angles, degrees '
Leading Edge 53 , 53
Trailing Edge 0 , 0
‘ 0325 Element Line 47,85 37,85
Chords: )
Root 2wing Sta. 0.0) 1291 in. 16.78 in.
Tip, (equivalent) 137 in. | 77 in
MAC, inches _§§2;E_1g;_ 11.29 in
Fus. Sta. of .25 MAC : -
W.P. of .25 MAC - -
Atrfoil Section ,
Root - NACA-0010-64 (Mod
Tip T NACAOUTOSET(Mod
EXPOSED DATA
Area 812980 in? 137.39 in?
Span, (equivalent) 1373 1n._ 17,85 in,
Aspect Ratio 2.25 2.25
Taper Ratio 0,1306 —_0.1306 _
- Chords
Root 1048 in. 13.62 1in,
Tip ~ in, .78 in,
. MAC n., .22 1n,

Fus. Sta. of .25 MAC
W.P. of .25 MAC _ 17

H

A ————————
S p————
[ T T TV VCRNSEENERSER RN



_ GENERAL DESCRIPTION:

,',r ' Table 1 concluded

N’

MODEL COMPONENT: Elevon

Basic Elevon for the W15 Wing

DRAWING NUMBER: =+

DIMENSIONS ; e
_Area |
Span (equivalent)
Inb'd equivalent chord
. Outb'd equivalent chord

'Ratio Elevator chord/horizontal
' tail chord

At Inb'd equiv. chord
At Outb'd equiv. choid

Swaep Back Angles, degrees
Leading Edge : :
Tailing Edge
Hingeline

_ Area Moment (Normal to hinge 1ine)

4

o
L

" FULL=SCALE

' 69178 in2
486 in.

SR ————

172 in.

114 in. -

!

0.167
" 0.294

6.73
0.0

l

l

6.73

|

MODEL_SCALE

11.68 in

6.31 in.

2.23 in.

1.48 in,

0.167

0.294

6.73

0.0

6.73




~ Table 2 Model Coordinates
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NODEL GEOMETRY = 60C SIDE SURFACE = ALL DIMENSIONS IN INCHES = 9 MAY 1972 o .
[ )
[}
§Ya a0, X "
POINT MO, Y 2 Y 2 \i 4 \i 2 \J 2 \J 2 A4 2 Y  u
N
14 T.00
146 0 -2.43 A6 =2,43 noﬂlﬁ .Nond T.91 lﬂ.ﬂd MQNM =, 79 243 0 2.%73 + 0 237 o &7
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vT1i62 \0
o] i
MODEL GEOMETRY = GOC SIDE SURFACE < ALL DIMENSIONS IN INCHES ~ ¢ MAY 1972 '
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0 2e69
23 15.00 ) o B
R Y 1) 0 -2.60 <36 =2.57 1026 =223 2401 -1.51 2435 =66 2.41 0 2.41 «01 2.29 '64
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2031 __ 53 2,71 .85 2:12 1,24 2,06 1,53 2406 _1.76 2:12___1492 2019 2,14 219 2430
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S0 INCH MWYPERSONIC TUNNEL 8 s
vTiile2 & .
MODEL GEOMETRY = GDC SIDE SURFACE - ALL OIMENSIONS IMh INCHES = 9 MAY 1972 “
L]
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STa D, X “
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2.27 065 2.21 .98 2:28  1.24 2.34  1.43 2.49 1,54 3443 1.58 4,57 1,66 S5¢47 177
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0 309
39 30400
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MODEL GEOMETRY = GDC SIDE SURFACE = ALL DIMENSIONS IN INCHES « 9 MAY 1972
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vilie2
MODEL GEOMETRY = NAROWO BOTTOM SURFACE =~ ALL DIMENSIONS IN INCHES = 9 MAY 1972
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k] 2467 0 2467
- 3 20.00 -
008 uw— -eb9 0 ~e69 «98 =e68 1.65 =66 2.24 -e65 271 L1 wad -e62 MaNO -,58
3.59 =eS1 3.94 LY Y4 4.15 =e34 4,26 =.26 4032 =.16 434 =07 4435 /] 4.29 ol0
4,15 «21 3.96 27 365 32 3.35 «35 3.1} «38 3.07 o 40 3,05 b4 J.04 066
3.04 «94 2.99 1.28 2.86 160 2.67 1.86 2.31 2.15 1.95 230 1.34 2.45 82 2e517
<46 2463 24 2466 0__ 2.67 - —_—
34 2100 _ _
640 0 =69 «B4 ~.68 166 =e60 2038 =65 3.00 6] 3.21 a6l 3.53 .56 4,00  =.47
4.4 -e39 A 67 =31 Ae8B1Y -e23 4.90 =.10 4,93 0 A.89 « 09 4,74 «21 4.56 «27
4,36 31 4,23 «33 3.93 «36 3.65 «39 3.34 40 3.15 «h) 3.13 Y] U-N Y
3.11 54 3.11 <81 3.08 1.17, 3.01 1.42 2,84 174 252 207 2.07 2.29 1.42 2045
1.03 254 «19 2+58 o48 2.64 27 2.67 [} 2.68
35 22.00
677, 0 =70 1.30 =69 230 =e67 3.19 =465 3.54 =060 4013 =51 4,67 -, 42 Sell -e33
S.,31 e 2% Se42 17 5448 =07 S.%0 ] S.45 °10 Se34 18 5.22 24 9.00 29
4,70 «34 4432 «J7 382 «40 3.45 42 3.19 43 3.17 46 3.17 «66 Je14 114
2.91 1e72 245 2415 176 2438 1.01 2454 «58 2062 «29 2466 0 2.68
35 23,00 v
L] «69 -t f 0 ~e68 186 =-e66 2496 =-,65 3.20 ~eb4 3.51 =60 4,30 -, 49 4,98 =-u39
5,59 =29 5.86 -e22 601 -l OoOd 0 6.05 <08 Se94 17 MoOG .28 w.ww .UU
4.96 32 4,53 240 3.178 042 3.23 243 3.22 o4 3.21 46 3.20 .80 3.17___1.20
2,01 1¢6) 2,79 1.92 2442 2.19 1.86 2437 1.38 2047 «89 2457 37 2465 0 2467
37 24,00 ”
140 « 48 o b4 0 =+64 1.78 =63 2.890 =o61 3.14 =e60 3e62 =55 4.22 -.48 4.89 o b
Se62 -e31 6613 =24 6e44 =el7 6.9 -e07 6463 0 663 11 6.54 .18 6.33 XL
‘ 6.05__ o34 S.89 436 S.66 .38 5.39___ .40 5.00_ 42 4e16___ o4 3,23 .44 3,22 .S2
J.21 o748 3.19 1.06 3.11 1.43 2492 1.77 250 2e¢14 2008 2.31 1.60 2.42 le.02 2454
52 283 «20 2467 ] 2+68 .
kL) 25.00
TS 0 -e56 2e14 =58 «93 ~+58 Je04 =24 3.3 =92 4426 .43 Se13 ~e35 D83 -ell
6.64 -s18 7.02 =ell Tels =06 7.19 a T.21 «07 Tel7 e15 7.02 24 6476 «32
€.33 «39 6.02 42 s.78 «43 5419 Y 3,22 N YY 3.22 «59 3.20 <97 3014 1.3l
3.00__ 1.64 2.80 _ 1.90 2s41 _ 2.18 2,03 2,3} 1,60 2441 1.35_ 2.46 «94 2,54 oS5 2.6l
25 2066 0 2.68 = -
A raTyly
809 1459 =<56 W64 =.56 0__ =56 2+83  =.55 3.00__ =.52 4004 =ob2 5.36 __ ~.31 6e21 =e23
7203 =.lE T.2% .08 Te37 [] 7.42 .10 733 .16 7419 21 7.03 26 6.8% «30
€.45 236 605  .3A 5¢39 39 3.2) +39 3,20 73 314 1.24 2,94 1.67 2449 2409

199 2.01 1,38 2.40 74 2+52 41 2.58 1S 2462 0 2.64
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50 INCH rYPERSONIC TUNNEL 8 ~ e
vTl162 .
MUDEL GEOMETRY ~ NAROWO SIODE SURFACF = ALL OTMENSIONS IN INCHES = 9 MAY 1972 “
]
o
»Ta nO, X "
POINT AO, Y 2 A\ )4 Y 2 Y )4 Y 4 A 4 Y b4 Y Z o
blo 26440 . _ ) .
839 «52  =edl 0 =.48 145  =.A7 253  =,48 280 =45 3.45 =39 4,34 =.3%
6.28 =e16 7.04 =e11 1.19 =«09 Te44 -.02 Te72 09 7.84 «18 T.87 25
7.70 37 Te4S b0 T.13 2 6.70 45 6.10 o 46 3.11 o468 3,09 «69 .
2.85 1.46 2,77 1.76 2046 2.05 1.97 2.28 1.54 237 1.19 243 1,02 2.47
<90 264 «T76 2.73 «65 2.74 &7 2.7% 34 275 «30 2.76 .28 2,718
. 21 3.08 «14 3.34 «08 Jeb44 [\] 3.50

=3

4] 27.00
883 0 =.43 «80  =.42 2001 =e4l 2.85 -.39 3.54 =.32 4.79 =-.20 6.07 ~.11 7,05~ =+05
7.20 =404 7.53 « 03 7.88 ol4 8.03 23 B8.08 «35 84064 oh} 7.98 ohb T7.85 o 40
.01 »49 2.99 L) 2+95 1.07 2.04 1.47 2460 1+8¢ 2429  2.10 1.96 2.26 T.56  2.3%
1,23 2039 1,03 2,42 1601 2444 297 2.52 092 2464 219 2.75 66 2,78 +45__ 2478
35  2.60 «32 2.81 «28  3.01 23  3.36 16 3,72 «09  3.92 <047 3.98 T 07 4l0l
LY4 28.00 - - - -
923 «36 .32 0 =332 n.ON =31 NodO -,29 3.18 =-.26 3.96 “-el? MO—N -405 Q.NO «05
7406 o10 “T1.21 «12 T.49 o186 T+93 «25 8.21 «32 8.30 +40 8.33 a7 8429 33
8,21 '€ 2.83 .60 2.81 84 2,73 1.26 2,57 1,64 2,24 2.01 1.85__ 2.23 1627 2434
1.03 237 1.01 2.39 97 2457 87 276 «59 2484 «33 2486 31 2.88 "29 3.09 -
25 3+63 21 4.12 o15 4.49 «09 4,72 «0S 4.82 0 4.86 . .
43 28.¢0
Yol o2f CRY-K| 02 =23 .88 =edQ 1.80 -.21 ceB0 XY 4{] 3.20 -s17 3.79 - 09 %493 « U4
6,00 o 16 693 «26 Te15 +28 TebS «32 7+98 «40 8428 «4S B.37 «48 8.40 54
d.31 vS€ 2469 «63 2+65 97 2%) 1.50 2.27 1.84 1637 2425  1.24 2.3 1.037 233
«99 235 +98 2449 91 275 «71 2,88 49 2489 .29 2.90 27 2.93 25 Jebl
omb Uomw ONQ O.WO o~u m-nu .o@ U-Uﬂ aOU mohw 0 anw -
+8 €902
999 09 -e20 o40 -,19 106 -.18 2404 .17 2.80 - 16 3.07 ~el5 4,34 «01 5.87 «21 .
6.91 «33 T4 «36 7.51 .4l 7.99 o7 8.36 <55 .84 2.21 295 2.29 987 2.5%
92 2476 o 74 2.89 55 2491 «38 2.91 «28 2492 25 2495 «24 J.41 22 420
«17 491 «12 $.38 «08 Se58 N 5.69 0 Se74 - -
43 J0.08
1028 «83 234 +91 2440 «98 252 «99 2.64 «97 NHNO «87 2489 «60 2.97 e19 297
#1377 3.01 «15  3.66 AT 4,38 .15 %.33 11 6402 «06 638 «03 6.51 0 6.54 .
45 J0JIT _
1044 «03 2¢60 « 04 284 oll 3.7 «14 4,65 012 5.80 «08 6«49 <04 6.74 «02 6.80
0 6813
&7 3070 -
1053 02 3e.28 « 06 3e92- — o1l 476 o1l 5.76 «08 6.62 « 05 689 <04 7.01 «02 7.06
(] Te10 N
L]} 31«3V
1062 0 4054 «04 S.07 +06 S.88 «07 6.59 «06 Tel2 « 08 T29 “e 04 Te38 +03 Te39 _
[] Tedl
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POINT AO, Y 2 Y 2 Y P4 Y 4 Y 4 \ 1 Y 2 Y T
49 32,00 _
1071 0 6e04 01  6.48 «»03 T.08 «03 T.41 0 7.52 —
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Table 3 ) .
PHASE CHANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: Ascent Heat Transfer Test of GDC-B+NAR-DWO

TEST NUMBER:  VT1162-11 TEST FACILITY: VKF Tunnel B
TEST DATE: June 1971 TEST ENGINEER: R- K. Matthews & W. R, Martindale
Run Model] Free | Total | Total | Taw * [RNX106] Phase | Model Position]
No. [Model Configuration Mentification] Scale | Stream [ Pressure] Temp.} Tiotal| Ft Change| (degrees) | Model
Mach (psia) CR) Temp. Surface |
Number CF) [ 2 [ ©
232 | GDC-B + NAR-DWO 0.013] 8.0 265 1220 1.0} 125 250 {o] oo Side
233 125 | o
230 250 [-5 N
231 125 |-5 ]
228 ] 250 | 5
229 v < - 125 | 5
238 567 | 1310 2.55 275 O
239 150 | 0
236 275 }-5
237 150 {-5
234 300 |5
235 _ _ + 150 |5
242 <4 <1 4 + + 1wa + o, Fx 0 - ,

* Taw — adiabatic wall temperature
**0 F. = 0i1 Flow
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PHASE CBANGE COATING TEST DATA SUMMARY SHEET

TEST TITLE: Ascent Heat Transfer Test of GDC-B+NAR-DHO

TEST NUMBER:  '11162-11 TEST FACILITY: 'KF Tunnel B
TEST DATE: June 1971 TEST ENGINEER: R. K. Matthews and ¥. R, Martindale
m Model] Free | Tatal | Total | Taw * [RNX106| Phase | Model Position|
No. |Model Confignration Mentification] Scale | Stream | Pressure] Temp.| Teotal] Ft Change| (degrees) Model
Mach {psia) CR) Temp. Surface |
241 GDC-B + NAR-DMO 0.013 8.0 567 1310} N/A 2.55 0.F.**] .5 0 01 Side n
240 0.F. 5 0
260 Sha***] 0 0
261 Sha 0 90
258 Sha -5 0
259 v - 3 Sha. ! s{ el 0

* Taw - adiabatic wall temperature
**Q.F. = 0i1 Flow

***Sha

= Shadowgraphs

k3
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TABLE 4. SUMMARY DATA INDEX

- REYNOLDS NUMBER X Hoﬂﬁ, ANGLE OF ATTACK - DEGREES
MODEL DATA
CONFIGURATION SURFACE PRESENTED PAGE 1.25 2.55 -5 0 5
Booster-0Orb. Side A 46 - 47 X X
] 49 - 50 X X
52 - 53 X X
55 - 56 X X
58 - 59 X X
61 - 62 X X .
. 64 - 65 X X
67 - 68 X X
70 - T1 X X
73 - Tk X X
P .Nm - .N.N N N
A 79 - 80 X X
o 82 X X
C 84 X X
1 c 86 X X
Side B - 87 X X
Rolled 90° B 38 X X
Side B 89 X X
Booster-0Orb. Side B 90 X X

PRESENTED DATA SCHEDULE

A: PHASE-CHANGE PAINT PHOTOGRAPHS

S')bd

: SHADOWGRAPH PHOTOGRAPHS
OIL FLOW PHOTOGRAPHS

Ly
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; 6/ 4/171 ’
L
- AEDC(ARO INCo) ARNOLD AFSs VTENNESSEE . .
VON KARMAN €AS DYNAMICS FACILITY . . ‘
S0_INCH MYPERSONIC TUNNEL B : : e
: P . . villé62 =
. L)
" 6RoUP  CONFIG MODEL -— _MACH NO PO PSIA T0 DEG R ,---»mmzﬂ.umoom]nﬂuﬂmuanﬂaz AUPHA-PREBEND — ROLL=MODEL VAW ~— -
— 232 6153 __ ENC-BeDyO 1497 262:6 1213 201 203 s 0 0 P u
% v '
. T=INF P=INF___Q=INF___ V=INF___ RHO=INF __~° WMU-INF _RE/FY_ _ _WREF . STREF_ __ e
(NEG R) (PSIA) (PSTA) (F1/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) (R= L013FT) (K= 4013FT) o
. .92.9__ 4028 1226 ___ 3764 20490E=-05 ___ T2479E=-08___1.25€_06 _3.177E=02_ __ 4.229E=-02
CAVERA PAINT TFMP (DEG F) INITIAL TEMP (DEG F) SQUARE RQOT (RMOXCXK)
10P(T) 250 ) ] : -
B SICE(US) S—— | - __ AVERAGE Tw = 7% _(B)______=,008(SQUARE ROOYT DEL_TIME) ¢ Q.11 _
SICE(LS) ¢50 AVERAGE Tw = 88 (C)
v . .
PIC NC TI*E DELTIME  H(TO)  MUTOI/HREF  M(,970) H(,970)/HREF H(+BSTU) H(,85T0)/HREF - ST(TO0) MODEL TEMP F
LS 3421 (250) 3460 2.53 O 1.4BE=02 «4649 1.8B4E=02 «5929 2.186E-02 «68A0 1.957E=02 74 74 90 87
LS . 3421_1(250) 3,60 _2.53 B 1,59E=02 L5015 ___ 2.031E=02 «6391 2.356E-02 27412 2.111E=02___ 74__ 74 __90__ BT _ _ _
LS 342) 1250) 3460 2453 B 1.59E-02 +5015 2+031E-02 +6391 2.356E-02 7412 2.111E=02 74 74 90 87
LS 3421 (250)...3.60__2.53_0 1.4BE=02-__ 4649 __ 1.884E-02 #5929 2.186E-02 «6880 1.957E-02 __74___ T4 _90_ BT _____
LS 3433 (250) 970 8.3 O 7,12E-03 2239 9.076E-03 «2855 . 1.053E=02 «3313 9.421E-07 7T T4 93 94
LEENMPEDNEEEE.Mlad 231078 1.135F=02 231549 1.016F=n2 11 14 93 Q4
LS 7433 (250) 9.70 A.631 B 7.6RE-03 «2415 9.784E-03 «3078 1.135E-02 «3569 1.016E=02 77 74 93 94 i
LS 3433 (250)__9.70 _B8.63_ 0_7.12E=03 ___ ,2239 9.076E-03 «2855 1.053E-02 3713 9.421E-03___ 77 ___T4__93 94 _
LS 3445 (250) 15.85 14.78 O 4.98E-03 « 1546 6.355E-03 «1997 7.373E-03 «2318 6.585E-03 79 7S 95 102
LS 3445 (259) _15.85 14,78 _ B8 S.37E-03___ 41689 6.850E-03 «2153 7.944E-03 02497 T.103E-03__79.__75._95 102 __
LS 3445 (250) 15485 14,7F B $.37€-03 «16A9 6.850E-03 «2153 7+944E-03 «2497 T.103E=-03 79 75 95 102
LEKEEEEEEEEE[“EEF
© LS 345P (250) 26465 25.58 0 3.326-03 «1044 4.239E-03 «1332 4.919E-03 «1545 4,388€-03 83 78 99 113
LS 3458 _(250)_26465 25.58 8 3.59E=-03 1126 ____ 4.569E-03 #1435 5.299E-03 01665 4.733€-03__B3___ 78 99 113
LS 3458 (250) 26.65 25.58 3.59€-03 «1126 4.569E-03 o 1435 5.,299E-03 e 1645 4,733E-p3 83 78 99 113
LS. 3458 _1250)_26465_25.58 f0 3.32E-03 21044 4,239E-03 #1332 4.919€E-02 4.,388E-03_B3___T78___99 113 _
/! on.E.nmu.on

h Booster(B) '
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Pic, No. 3445 H/HREF = .1689 BOOSTER
.1566 ORRTTER. . .

No. 3458 H/HREF = .1126 BOOSTER
.1044 ORBITER'

1?13 .

Group 232 Re/ft 1.25E 06 ALPHA O

B
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6/ A/71 v
N L}
. AEDC(AROs INCo) ARNOLD AFSs TENNESSEE .
VON KARMAN GAS DYNAMICS FACILITY s
S0 INCH HYPERSONIC TUANEL B N : “
' : . vT1162 p
”
" GROUP  CONFIG  WODEL —— MACH NO PO PSIA TU DEG R “TALPHA=MODEL  ALPHA=SECTOR  ALPHA-PREBEND  ROLL=MODEL ¥AW . .
213 6251 €EDC=-B+Dy0 1291 2664 1275 =200 =900 Q ° 0 u
 T-INF_ P=INF Q=1hF V-INF __ RWO=INF MU-INF  RE/FY__ WREF ' STREF o
(DEG R) (PSIA)  (PSIA) (FI/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) (R= (013FT)  (R= L013FT)
e _.93.0___.028 10243 3761 2.522E-05___ ' T7.490E-08 __ _1.27E 06__ 3.202E=02  4.203E-02
CAMERA PAINT TEMP (DEG F) .z:::. TEMP (DEG F) SQUARE ROQT (RHOXCXK)
10R(T) 125 ch
___ TICE(US)__ 125 :nz»anuﬂt.! T (B _____ =.008(SQUARE ROOT DEL TIME) ¢ Qe11
JIRE(LS) 125 AVERAGE Tw = 89 (0)
PIC NC 1IME 10
LS 3469 (125) 3.70 2.63 O 2.71E-03 «0848 3.320E-03 «1037 3.T41E-03 «1169 3,572E-03 o 73 91 a9
LS 3469 (125) 3470 2.63 B 3.91€=03 L1222 _ 4.781E-03_ 03 _ 030 7391 89
LS 3469 (125) 3.70 2.63 B8 3.91E-03 $1222 4.781E-03 « 1494 5,379E=03 «16R) 5.148E=01 o 73 91 a9
LS 3465 (125)__3470_2.63_0 2.71E=03____.0848 30320F=03___ L1037__ 3,TA1E-03 L1169 __ 3,S72E-03 __ 0 __ 73 91 89 __
LS 3479 (125) B.95 7.AA 0 1.42E-03 00442 1.731E-03 <0541  1,951E-03 «0609 1.863E=n3 0 74 93 95
LEEEEEEEE'LE@SE[E&TB 0 14 93 95
479 (1725) R.95 T.AA B 2.04E-0) « 0637 2+493E-03 «0779 2.805E-03 «0876 2.685E-03 0 T4 93 95
rm 3479 (125)__He95 _T,R8 0 1.42E-03___ ,0442 1.731E~03 20541 1.951€-03 «0609 1,B63E-03___ 0 74 93 95
LS 3485 (125) 14.20 13.17 O 1.01E-03 <0317 1.241€-03 «0388 ' 1,399E-03 <0437 1.336E-03 0 75 96 1ol
LS 3485 (125)_14.20 13.17__8_],46E-03 20457 1.787E=-03, +0559 2.011€-03 «0628 1,926E=03____ 0 75 96 101 _ ©
LS 3485 (125) 14.20 13,13 B 1.46E-03 <0457 1.787E=03 « 0559 2.011E-03 +0628 1.926F=01 0 75 96 101 =
LS 348G (125) 14.20 13,13 0 1,01E=03 20317 1s241E-03 20388 1,399€-03 «0437 1.336E=01 0 75 96 101
LS 3501 (125) 24415 23.0R O 6.76E-04 .0211 Be212F=04 <0258 9.320E~04 «0291 8,R9TE~04 0 79 99 113
LS 3501_(125)_24.15 23,08 _B 9,75E-04____ ,0305 1.191€-03 20372 1.340E=03 +0419 1.282€-03 079 99 113
LS 3501 (125) 24,15 23.0A B 9,75E-04 <0305 1.191€E-03 00372 1.340E-03 «0419 1,282E=-03 o 79 99 113
LS. 3501 (125) 24415 23,080 6.76E-04__ ,0211 __ 8,272E-04 20258 9,320E-04 <0291 B.,897E-04____ 0 79 99 113_

)




Pic. No. 3469 H/HREF = ,1222 BOOSTER
.0848 ORBITER |

- B
i S

= .04k2 ORBITER




. No. 3489 H/HREF = .0457 m
‘ -»0317 ORBITER

%w?f s

Piec. No.3499 H/HREF = ,0327 BOOSTExi
.0227 ORBITER

50

Group 233 Re/ft 1.27E 06 ALPHA O
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6/ A/T71
AEDC(ARO+INCs) ARNOLD AFSe TENNESSEE
VON KARMAN GAS DYKAMICS FACILITY
: S0 INCH HWYPERSONIC TUANEL B
ville2 J - '
\
GHoUP — FONFTG T WODE___, MACH NO PO PSTA TO DEG R ALPHA=FONEL ™ ALPHA-SECTOR  ALPHA-PREBEND ROLL-MODEL VAW
228 £151  EDC-HeDwO - 7,97 . 267.6 1267 S:01 5201 [} 0 0
'
 Y-INF. _P=INF__ O=INF__ V=INF RHO=INF . MU=INF " 'REJFT___ WRFF ___ STREF o
(DEG R) (PSTA)  (PSIA) (FT/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1)  (R= L013FT) (R= 4013FT)
— 900 0028 ____1¢230 3158 2.511E-05_° _ Te445E6-08 1e27E 06 _J.181E=02 __ 4,2]10E=02
CAVERA PAINT TFMP (DEG F) INITIAL TEMP (DEEG F) SCUARE HOOT (RHOXCXK)
10p (7N ; 250 .
__ __SIPELUS) 250 AVERAGE Tw hl?l.m.:-lli.aou.hoc.znlzoo-lpmr TIME) o Q.11
SINE(LS) 250 AVERAGE Tw = 73 (C)
PIC NC TIrvE DELTIME Hivo) HI{TO0) /HREF
LS 3227 (250) 3.65 2.58 0 1.606-02 «5032 24043€E-02 «6421 2.371E-02 s TASA 2.109E-02 73 73 T4 T4
LS 3227 (2500365 2.58 B 1.60E=02 L5027 2.041E=02_ _«6415___ 2.369€E-02_ 17447 2.107€=02 73 73 T4 74
LS 3227 (250) 3.65 2.58 R ].60E-02 «5027 2.041E-02 «6415 2.369€E-02 «T4MT 2,107E-02 73 73 T4 T4
LS 3227.(250)__3.65 2.58 0 1.60€=02 «5032. 20043€-02 +6421 C2.3TME-02. »TASH 2.109€=-02___73__73__ 74 _ 74 _
LS 3239 (250) 9.90 BA.A3 O T7.68BE-03 «2415 9.805E-03 v3082 1.13RE-02 «3578 1.012E=02 mn T4 7 79
.m 2236 _(2%1) _9.90 R.A3 A 7.6RF-01 22411 9.195€=-01 23079 1.1376~-02 23574 1.011F=n2 1T 14 11 19
3239 (250) 9.90 H.”R7 A [,6RE-0) «2413 9.795E-n3 «3079 1.137€E-02 «3574 1.011E=-02 17 T4 17 79
s ..w 3235 (250).__9.90 _P.A3_0 7.6PE-03___ 2415 9.80% =01 3082 1.138E-02 «3578 1.012E-02 __77__ 74 77 ___ 79 __
LS 3251 (250) 16405 14.9°7 0 5.41€-01 «1700 6+901E-03 «2170 8.011€E-03 2519 T.127€E=03 80 76 80 85
LS 3251 (250)_16.05 14.92 _8 5.40E-03 ___ 1698 ___6.,E94E-0Q3 #2168 8.002€-03 02516 T.120€-03 __B0__76__80 _8S =
LS 3251 (250) 16.05 14.9RA A 5.40E-01 «1698 6.E94FE-03 - L2168 8.002E-03 *2516 7.120E-03 80 76 80 ' 8S
LS 3251 (250) 16,05 14,92 0 $.41F-01 1700 6.901F-01 22170 A.N11E=-03 22519 7.127E-03 R0 76 B0 RS
LS 3764 (250) 28404 26.97 0 3.49€E-03 «1098 4.454F=-03 «1401 S.171E~03 01627 4,604E-07 87 80 8BS 94
LS 2264.1(250) 2R.04_ 26497 _B _3.49E-01 21097 44450E-03______ L1400 _____5.166E-03 01625 4,599€-03 __A7__ 80 _ 85 94
LS 3764 (250) 2B.04 26,97 B 3.49E-0) «1097 4.450E=03 «l400 S.166E-03 «1625 4,599E-n3 B7 B0 B85 94

LS 1264 _(250) 28,04 26,97 0 3,49€-03 _ ,1090___ 4,454€-01 s 1401 S5.171€-03 <1627 4,604E-03 87 __80__ 85 94




Pic. No. 3239 H/HREF = .2413 BOOSTER
' .2415 ORBITER




Pic. No. 3251 H/HREF = .1698 BOOSTER
~ .1700 ORBITER

Pic. No. 3264 H/HREF = .1097 BOOSTER
.1098 ORBITER

Group _228 Re/ft _1,27E 06 ALPHA _5

53



. .. .
R 4 T T .
6/ /71 5
N <
1 - AEDC(AROVINC.) ARNOLD AFSs TENNESSEE v
; VON KARMAN GAS DYNAMICS FACILITY S . Y
S0_INCH HYPERSOKIC_TUANEL_R * : I e
' , . vT1162 ; ey .
L
T GROUP  CONFIG  NODEL —_ MACH NO PO PSIA~ TO0 DEG R ALPHA=MODEL  ALPHA=SECTDR , ALPHA-PREBEND  ROLL=MODEL ~YAW .
NND DNMu h:hlﬂoﬂ‘a 1297 NDMDU —NDD S:02 .02 /] 0 Q o
o T=INF P=INF __ Q=INF___ V=INF___' RWO=INF - WU=INF _RE/FT . WREF . ' STREF, =~ —
(0EG R) (PSTA)  (PSIA) (FT/SEC) (SLUGS/FT3I) (LB=SEC/FT2) (FT=1)  (R= .013FT).. (R= 4013FT) .
.. 92.4___a028 10238 3754 2.529E=05___' 7.438E-08 1.28€ 06 3.191E=02_ __ 4194E=02 _ R
CAVERA PAINT TFMP (DEG F) _z:::. TEMP (DEG F) SQUARE ROQT (RHOXCXK)
100¢1) 1725 r .
____ TICE(S) 125 .<n=;P Tw = 68_(P)__ =008 (SUUARE _ROUT DEL _TIME) ¢ 0el) o S
LiCE(LS) 125 AVERAGE TWw = 78 (C)
PIC NC TIME DELTIME  H(TO)  HUTO)/HREF  1H(.970) H{,9YQ)/HREF H{+85T0) . H{,8570) /HREF ST(T0) MODEL TEMP F
LS 1287 (125) 3.65 2.61 O 3,59E=03 <1125 4.395€-03 #1377 4.951€-03 *1552 4,729€-07 68 68 80 78
LS 3283 (125)__3.65 2461 B 4.36E=03 L1366 S5.336E-01 1672 6.010E=03___ +18B3 __ 5,743€-03___ 68 __68__ 80 _ 78 _
LS 37R2 (12%) 3.65 2.61 B 4,36E=03 «1366 5.336E-03 1672 6.010E=03 «1883 S.743E-n37 68 68 80 78
LS 3282 (1250 3,65__2.61 0 3.59E=03___ 21125 ____ 4,395E-03. o13770 4.951E-03___ .1552 4.729E-03_ 68 _68 80 718
LS 1729S (12%) 9.95 .91 O 1,77€-03 «0540 2.110€-03 «0661 2.3TRE~03 «074S 2.27T1€-03 69 T0 82 84
N L%L;tEEEEE[mE[EE»I
LS 3295 (172%) 9.95 R.91 B 2.,09€-03 «0656 2.563E=03 «0803 2.886E-03 «0904 2.758F=03 69 70 82
LS 3295 ,(12%)__9.95 __P,91_0 1.72F=03 ___ 40540 2.110E-01 20661 2.37RE-03 20745 _2.271E=03__69__ 70__ B2 o.;.|
LS 3307 (125 16.25 15.21 0 1.21E=03 «0378 1.478E=03 «0463 * 1.665€-03 «0522 1.589€-03 72 72 85 90
. _.w 3207,(125)_16,25 15,21 A 1.47E-03 20459 1.795F=03 00562 2.021€-03 #0633 1.930F-031 _ 72 _72_ 85 90 4
LS 3307, "1128) 16425 15.21 A 1.47E-03 <0459 1.795E=03 © - .0562 2.021€E-03 «0633 1.9306=p03 72 72 85 90
LS_3307 :Mn_ 16,25 15.21 0 1,21E-03 201718 1:478€-03 20463 1.6656=03 20522 1,589 =01 12 12 -} 90
LS 3318 (12%) 26415 25,11 O B.34E=-04 «0251 1.021€-03 «0320 1.150€-03 «0360 1.098€=-p3 76 75 89 98
LS 331P_(125)_26,15 25211 A 1.01€-03 20317 1.239E-03 20388 1.396E~03 00437 1.333E=03___76__ 75 _89 98 _
LS 3318 (12€) 26415 25.11 B 1.01€-03 20317 1.239€-03 +0388 1.396E~03 «0437 1.333€-03 76 75 89 98
LS 3318 (125)_ 26,15 25411 0 H.34E-04____ 0261 1.021E-03____ ,0320 +0360 1.098€-03__76___75___89 98

- e we 0 - o




Pic. No. 3083 H/HREF = .1366 BOOSTER
.1125 ORBITER

Pic. No. 3295 H/HREF




Pic. No. 3318 H/HREF =.0317 BOOSTER
.0261 ORBITER

Group 229 Re/ft 1.28E 06 ALPHA 5
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t
6/ 4/71 .
. « N
. AEDC (ARDINC.) ARNOLD AFSes TENNESSEE .
; VON KARMAN GAS DYNAMICS FACILITY . ‘
- S0 _INCH WYPERSONIC_TUANEL A_ : : .
. vrilez . . .
. . &
T 6ROUP CONFI& MODEL ~__ WACH NO PO PSTA TO DEG R ALPHA=MODEL  ACPHA=SECTOR uﬂnﬂ»lvnmwmzan ROLU=MODEL ~YAW
230 4153 €DC~H*0Dy0 1291 264.6 1269 -4.99 =4.99 0 Q n
T-INF P<INF__ Q=INF____V=INF __ RHO=INF . MU=INF _“RE/FY____WREF__ ' STREF
"7 (DFG R) (PSTA)  (PSIA) (FI/SEC) (SLUGS/FT3) (LB=SEC/F12) (FT=1) ' (R= ,013FT)  (Ra .013FT) o
9246 o028 1235 37SA___ 2,517E=05 ' 1.454E=08__ 14+27E 06 3,189€=02  4.205€-02 .
CAVERA PAINT IFMP (DEG F) INITIAL TEMP (DEG F) SQUARE RQOT (RHOXCXK)
T0P (D) 250 h..
____ SIfEUS) 250 »<mz.mm|-uw.m!~.l.3 =+00B(SRUARE ROOT DEL TIME) ‘o Q.11 . -
JICE(LS) 250 AVERAGE Tw = 82 (C) 22,
PIC KC TINME DELTIME  HITO)  HUTO)/HREF  HI(.9T0)  H(.9TC)/HREF H{.B85T0) H(+B8570) /HREF ST(TO) MODEL TEMP F
LS 3330 (250) 3465 2458 0 1.52€=-02 <4773 1.942E-02 «6091 2.254E-02 «7072 1.998E=02 74 74 B84 83 '
LS.31330.(250) 365 2.5 B 1,59E=02 _ .4985 __ 2.027€-02 _ 26359 2.353E=02 - 84 By
LS 3330 (250) 3.65 2.58 B 1.59E=02 +4985 2.027€-02 «6359 2.353E-02 «73R0 2.087E-02 74 74 84 83
LS 1330 (250)_ 3465 258 _0 1,52E=02 4771 ___ 1.942E-02 «6091 _P.254E=02__  «7072 ___ 1.998E-02__ T4 ___ T4 _ B4 83
LS 3342 (250) 9.95 B.AR 0 7.,2RE=-03 «2283 9.287E-03 «2913 1.078E~02 «3382 9.556E-n3 76 T4 8T 96
LS 3742 12%7) 9,95 B.AR B 7,60€-03  ,23R4  9.695E=03  ,3042°  1.125€-02 +35130 9.9R0FE=03 76 T4 BT 9%
LS 31242 (250) 9.95 P.AR B 7,60E-03 «23A4 94695E-03 «3042 1.125E-02 «3510 9.980E=-n3 76 T4 BT 96
LS 3342 (250)__9+95_8.R% 0 .7.28E-03___ ,2281 __ 9.287E-03 22913 1.07RE=02 ¢33R2 9.556E=03__ 76 __T4 __ 8T 96 _
LS 3354 (250) 16430 15,23 0 5.0RE-03 «1594 6.48B4E-03 <2034 * 7.52RE-03 «2362 6.673-03 78 76 91 108
LS 1354 (250)_16430_1523_8 S,316-03__ 41665 €+770F=03 02124 7.RS6E=03 2465 6.96BE-03__78 __76 _ 91 108 X
LS 3354 (250) 16.30 15.73 B S5.31€-03 «1665 6.770E-03 . 42174 7.856E-03 «2465 6.968E-n3 78 76 91 108 .
LS 3354 (2 3 ag - S AF-03 L2034 _ 7,S52RE=03 2362  6,673%-031 78 76 91 108
LS 3365 (250) 26425 25.18 0 3.50€E-03 «1099 4.472E=03 «1403 5.192E-03 «1629 4,601E=03 80 79 95 121
 LS.31365_(250)_26.25.2%:18 A 3.66F=03___ L1148 ___ 4.,669E-0] 21465 S.418E-03 «1700 4.805€-03__8B0___ 79 95 121_
LS 33KE (250) 26425 25«1R B 3.66E-03 «114R 4.669E-03 « 1465 S.418E-03 «17n0 4,805€E-03 RO 79 95 121

LS _1336% 1290) 26,25 2518 O 3,50F=03 1099 __ 4,472E-03 +1402 5.192€-03 21629 4,601E-03___80___79 _ 95 121




N ,rx,'_‘ S
H/HREF = ,4985 BOOSTER
~ .4773 ORBITER

o




Pic. No. 3354 H/HREF =

PICQ nﬂ. 3365 m = .1138 ..
. .1099 ORB]

Group 230 Re/ft _1.27E 06 ALPHA _=5



: : 1]
6/ 4/71 .
AEDC (AROSINCo) ARNOLD AFSs TENNESSEE .
VON KARMAN GAS DYNAMICS FACILUTY ‘
50_INCH HYPERSONIC TUANEL B : .
ville2 .
" - A P R o e R = ==Y L)
T GROUP  CONFI6  MODEL , MACH NO PO PSIA T0 DEG R ALPHASPODEL — ALPHASSECTOR  ALPHA-PREBEND — ROLL=MODEL ~ VAN~ u
231 6253 EDC-Be0Wd . 7,97 262.% 1270 =5.00 =5,00 0 0 0 u
o T=INF P=INF__ Q=INF V-INF __ RHO=INF . MU=INF - RE/FT___ WRFF '  STREF
(DFG R) (PSIA)  (PSIA) - (FT/SEC) (SLUGS/FTI) (LB=SEC/FT2) (FT=1) (Rz +013FT)  (R= .013FT) T
9247 4028 14225 3760 2.494E-05_:  7.463€=08____1.26E 06 J.161E=02___ _ 4.,225E-02
) CAVERA PAINT TFMP (DEG F) INITIAL TEMP (DEG F) SQUARE ROOT (RHOXCXK)
T0P(T) 125 ] h -
— .- SICE(US) 125 . _AVERAGE Tw =_ T1 (B) ____  =,008(SUUARE ROOT DEL _TIME) e+ 0,11 R
SICE(LS) 125 AVERAGE Tw = 85 (0)
PIC NC TIVE DELTIME  H(TO) HITO)/HREF _ H(.9T70) H(.9T0)/HREF H(.8570) H(.8570) /HREF ST(T0) MODEL TEMP F
LS 337€ (125) 3465 258 0 3.09E-03 «0972 3. 77HE-03 «1190 4,255E-03 +1340 4,114E-03 o 70 87 &85
LS 2376 (125) 3465 _2.52 B 4419E=03 L1318 S.120E-03____ o1612___ S.763E-03___ 1815 _ _ S.S80E-03 __ 0___T0__87 85 _ _
LS 337€¢ (125) 3.65 2.5A B 4.19€E-03 «1318 S¢120E-03 1612 5.763E-03 <1815 S.SROE=-n3 0 70 87 8%
LS 337€ (125).__ 3465 _ 2457 _0 3,09F=03 40972 __ 3TTBE=03 L1190 ____ "4.255E=03__ <1340 __ 4.114E-p3____0__ 70 _ 8T 85
LS 3385 (125) 10,50 9.43 O 1.42€-03 00447 1.739€-03 +054A 1.958E~03 «0617 1.894E-03 o T1 91 98
1S 3389 _(12S) 10450 9.4 B 1,93F=-03  ,0607  2,356E=n3 L0742  2.652E=03 0B35S 2.569€=p3 o 7)1 91 98
LS 3289 {125) 10.50 Q.47 B 1.93E-03 20607 24356E-03 «0742 2.652E-03 « 0875 2.569€E-03 o T1 91 98
LS 3285 (125)_10.50_ 9,42 _0_1,42E=03 ___ ,0447 1¢739E-03 20548 1.958E-03 20617 1.894E-03 0__71__91 98
LS 3401 (125) 16.85 15,78 0 1.01E-03 «0317 1.231E-03 «0387 1.386E-03 <0436 1.340E-n3 0 73 9 109 o
LS 3401 (125)_16485 15,79 _B 1.,36E-03___ 0429 1+668E-93 20525 1.A77E-03 +0591 1.818E-03 073 _ 94 109 \O -
LS 3401 (125) 16.85 15.78 R 1.36E-03 <0429 1.668E-03 . 0525 1.877€~03 «0591 1.818E-02 0 13 94 109
LS 3401 (125) 16,85 1S.7R O 1,01€=-03 L0317  1.231€-03 L0387  1,386E~03 0436 __ 1,340E-p3 073 94 109
LS 3411 (125) 23.60 22.57 0 7.75E-04 00244 9.485E-04 «0299 1.068E=-02 20336 1.034E-03 0 75 98 120
LS 3411 (125) 23.60 22,5318 1,05€-03___,0331 ___ 1.285€-03 «0405 1.447€E-03 <0456 1.4026=03 0 7S___98 120 _
LS 3411 (125) 23.60 22.53 B 1.056-03 «0331 1.285€-03 «0405 1.447E-03 «0456 1.402E-07 0 75 98 120

— LS 3411 _(125)_23.,60 22.53_0 7,75F-04

«0244 _ 9.485E-04 00299 1.068€-02 20336 la034E-03__ 0 75 98 120 __

v~ we we we o 8=




.1318 BOOSTER
.0972 ORBITER

.
r - ey SSTREE

Pic. No. 3389 H/HREF = .0607 BOOSTER
.0447 ORBITER




e W IR

‘3401 HVHREF = .0429 BOOSTER
.0317 ORBITER f

Pic. No. 3411 H/HREF = .0331 BOOSTER
.0244 ORBITER

Group 231 Re/ft _1,26E 06 ALPHA -5



6/ 4/71
snon;..e:zn.. ARNOLD AFSs TENNESSEE .
AN GAS DYNANICS (%]
. m-lEnx HYPERSONIC TUNNEL B N : a =
vT1162
238 5153 €DC-BeCy A.00 565.1 1321 .02 .om 0 0 o
T-INF P=INF_ Q=INF_ V=INF RHO=INF  MU=INF RE/FT _ HREF _ ' STREF
T 7 T(DEG R) (PSIA) (PSIA) (FT/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) = (Ra L013FT) (R2 L013FT) T T
95,7 _ 4058 2593 3RIS _ S,075€=05 . T.T04E-08___ 253E 06 4,655E€=02  2.974E-02
CAMERA PAINT IFMP (DEG F) INITIAL YEMP (DEG F) SQUARE RQOT (RHOXCXK)
109(1) 275 ' .
______SICE(US) 215 AVERAGE Tw = 7S _(B)__ =+008(SUUARE ROOT DE TIME) o Qel] o
STIDE(LS) 2715 AVERAGE Tw = 96 (0)
PIC NC TINE DELTIME  HITO)  HITO)/HREF  H(«9T0) H(.9TO0)/HREF H(.BST0) H(.85T0) /HREF ST(T0) MODEL TEMP F
LS 3706 (275) 3.65 2.58 0 1.55E-02 «3335 1.975E=02 4247 2.289E-02 «4924 9.865E=-03 ) .G 96 98
LS 3706 (27S) _3.65_ 2.5R B |.72€-02 23701 ___ 2.189€-02 «4709 2.5356-02 5454 1,095€=-02 0 7S 96 98
LS 3706 (275) 3.65 2.58 B 1.72E-02 «3701 2.189€-02 «4709 2.535€E-02 «5454 1,095E=-02 0 75 96 98
LS 370€ (275)__ 3. omlw.mﬂlml_.mﬁm-aw 03335 ____ 1.975€E-02 +4247 2.2R9E=02_ _e4924  9.86S5E-n3__ 075 _96 98
LS 3717 (275) 9.30 #,23 0 7.7RE-03 1676 9911€-03 «2134 1.149E-02 2474 4,962F-01 0 15 98 108
LS 3717 (2715) _9.30 8,23 B ¥,63E-03 +1859 1.099E=92 22366 1.273E=02 «2740 5,505F=n3 075 98 108
LS 3717 (275) 9.30 8.271 B B.63E-03 «1859 1.099€E=-02 «2366 1.273E=02 «2740 5.505E-013 0o 75 98 108
LS 3717_(275)_9.30__8,23 0 7.7RE-03 21676 9.911€E-03 #2134 1.149€E-02 02474 4,962€-03_ 0 7S 98 108 ™
LS 3728 (275) 15.05 13.9A 0 5.49€-03 «1183 6.997€-03 «1506. * B8.111E-03 1746 3.501E-03 o 77 101 11a \©
II...u 728 _(275)_1505_13.9R_B 6,10E-03____ o1312____7.756E-0 21670 B.9B84E=-03 «1974 3,885F=-n3 o 77 101 118
S 3728 (275) 15.05 13.98 B 6.10E-03 1312 T.756€=0 «1670 8.984E-03 «19134 3.885E=n7 o TT 101 118
.I_rm|:.-|.3£ 5.05 13.99 0 5.49E=0 A «997€~ <150 11E-03 S01E=-0 77 101
LS 3736 (275) 23.40 22.33 0 3.92E-03 «0B43 °  4.991E-03 «1074 5,785£-03 «1245 2.496E-013 o 80 105 131
LS 3739 _(275)_23.40 22.37__B 4.356-03 20935 §.533E-03 <1190 6.409E-03 «1379 2.769E-p2 0_ 80 105 131
TTLS 1739 (275) 23440 22.33 A 4.35€-03 «0935 5.533E-03 «1190 6.409E-03 «1379 2.769F=03 0 80 105 131
LS 3735 _(275)_23.40_22.33_0 3.92E-03 20843 4.991€-03 <1074 5.78SE-03 01245 2,496E-03 Q80 _105 131

g * e oemenm
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Pic. No. 3717 H/HREF 1839
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6/ A1)
AEDC(AROSINC.) ARNOLD AFSs TENNESSEE
VON KARMAN GAS DYNAMICS FACILITY
. S0 _INCH MYPERSONIC TUANEL B =
. ville2
. L ' \
~T GROUP™ CONFT&  MODEL—_ WACH WO PO PSTA  TO DEG R ALPHA=RONEL  ALPHA=SECTOR  ALPHASPREBEND  ROLU=MODEL ~YAW ~
239 6253 GDC-B+Cy0 A.00 565.9 1316 «02 «02 0 0 0
T=-INF P=INF Q=INF Ve=INF RHO=INF . MU-INF  RE/FT  ®RFF ' STREF o
T " (DEG R) (PSTA) (PSTAY (FT/SECY (SLUGS/FT3) (LB=-SEC/FT2) (FT=1) (R= LQ13FT) (K= <013FT) T T
_ 95.3  _.058 2.597 3R2R S.101E=05 ' 7.676E=08__  2.54E 06 4.A49E-02  2.965E=-02 o
CAVERA PAINT TFMP (DEG F) INITIAL TEMP (DE6 F) SUUARE RQOT (RHOXCXK) .
TOP(T) 150 D !
. SICE (US) 150 AVERAGE Tw = 78 (R) n...;o.ur.;.xm ROOT DEL TIME) + 0.1} ‘ .
SIRE(LS) 150 AVERAGE Tw = 95 (0)
PIC NC . TIME DELTIME  HITO)  HITO)/HREF  H(e9T0) H(.9T0) /HREF H(+B8STO) H(.B85T0) /HREF ST(T0) MODEL TEMP F
LS 3757 (1500 3465 2.58 0 4.09E=03 .0879 5.006E-03 <1076 S5.642E-03 1213 2.608E=013 0 15 94 99
LS 3757 (150) 3.65 2.58 B 5,.55€=03 #1192 6.7BAE=03_ +1459  T7.638E=03 1642 3,539E-p3 0 7S 94 99
ILS 3757 (150) 3465 2.5R B 5.556=03 «1192 6.7B4E=03 «1459 7.638E-03 1642 3.539€E-03 0 15 94 99
LS 3757 (150)_ 3,65 2.5R 0 4.09E=03  ,0B79 __ 5.006E=-03 «1076 "5.642E-03 1213 2,608E-03 0 7S 94 - 99
LS 3770.(150) 10435 9.28 0 1.90E-03 20408 2.328E-03 «0500 2.624E-03 «0564 1.212€-03 0 717 98 110
LS 17 sn) 10 9, A 2,5RE=93 0554 S4E- S1E-0 « 076 £44F =07 0 17 98 1)0

LS 3770 (150}

LS 3770 _(150) 1035 9.78_ 0 }.90E=03 +0408 2.328E-03

LS 3783 (150)
LS 3783 (15n)
LS 3783 (150)
LS 3783 (150)
LS 3797 (150)
LS 3797 _(150)

LS 3197 (1500
LS 3797 (150)

10.35 9.2A8

17.10 16.03

17.10_16.07__|

17«10 16.03
7410 16407
30.94 25.R7
30.94 29.R7

30.94 29.R7
30.94 29.A87

B 2.5AE-01 <0554  3.154E-03 <0678 3.551€-03 «0763 1.644E-03 0 77 98 110
20500 2.624E-03 <0564 1,212€=03___ 0 77 _ 98 110

0 1.326-01  .02R3 1.613€-03 <0347 1:81R8E-03 +039] 8.401E=-04 o 80 102 122 o
B |.79E=03__ ,03R4___ 2.185E-03 <0470 2.461€-03 +0529 1.140E-03 0 80 102 122 O
B 1.79E-03  .0384  2.185€=-03 40470 2.461€-03 «0529 1.140€=03 0 80 102 122

0 1.376=-03 +02R3 «6136=-03 20347 1.818E=-03 +039) 8.401E=-04 0o 80 102 122

0 8.20E-04 <0176 1.004F=03 <0216 1.1326-03 <0244 5.234E-04 0 86 109 142

A 1.11E=03 +0239 1.361€=03 0293 1.532E-03 «0330 T.104E<n4 0 B6 109 142
8 1.116-03 «0239 1.361E-03 0293 1.532€-03 «0330 7.104E-04 0 86 109 142

0 8.20E-04 «0176 1.004E-03 +0216 1.132E-03 00244 S.234E-04 0 86 109 142




Pic. No. 3757 H/HREF =.})§gg BOOSTER

Pic. No. 377 “ :




SER S S

.0239 BOOSTER
.0176 ORBITER

Group _239 Re/ft _2,54E 06 ALPHA _0




6/ a/7

AEDC(AROsINCo) ARNOLD AFS, TENNESSEE
VON KARMAN GAS DYNAMICS FACILITY

|

) S0 INCH WYPERSONIC TUNNEL A N
. . , villez
T TGROUPT CONFTG  MODEL - MACH WO PO PSIA TO nEG R ALPHA=FONEL — ALPHA=SECTOR — ALPHA-PREBENG  ROLL=MODEL — YAW ~— — .,
~@B 4151 €DC=ReNyN ' R,00 c__S5k%,.6 1302 =4,97 -4,97 [ ] Q [} n
T=INF P=INF ___Q=INF___ V=INF ___ RHMO=INF _ MU=INF ‘RE/FT____ WREF ' SIREF :
777 (DEG R) (PSIAY  (PSIA) (FT/SEC) (SLUGS/FT3) (LB=SEC/FT12) (FT=1) (F= (013FT)  (R= L013FT) o T T
_a . GG L0508 2.595__ 3R07__ §.152E-05_" T.595€-08___ 2,56E 06 4.641E=02  2.947E-02 S W _
CAWERA PAINT TFMP (DEG F) INITIAL TEMP (DE6 F) SOUARE ROOT (RHOXCXK)
106 (T) . 275 ‘ h
_ SIRE(US) _ 275 AVERAGE Tw = 73 (R) _ =~+008(SQUARE ROOT DE__TINE) « 0.1]
SIOE (LS) 275 AVERAGE Tw = 90 (0) T
PIC NC TIFE DELTIME  HITO)  WITO)/HREF . H(.9T0) H(.9TC)/HREF H(.85T0)  H(.BSTO) /HREF ST(T0) MODEL TEMP F
LS 3601 (275) 4.10 3.03 O 1.51E=-02 <3246 1.928E~02 .4153 2.2426~02 <4830 $.507E-03 0o 173 92 92
LS 2601 (275) 4410 3.03 B |.64E=02 03523 2.090E-02_ _  L,4502_ _ 2.429E-02 45233 1.032E=02 0_ 73 92 92
LS 3601 (275) 4410 3.07 B 1.64E=02 +3523 2.090E-02 » 4502 2.429E=02 +5213 1.0326-02 0 73 92 92
LS 3601 (27%). 4410 3e03__0 1.51E=02 3746 _ 1.928E=02 L4153 L2.242E=02  ___ +4R3D _ 9,807E-n3 0 T3 92 92
LS 713 (27%) 10.25 9.1A 0 7.73E-03 . 1666 9.891€-03 2132 1.150E-02 +2479  4,8B1E=-n3 0 T4 97 110
LS 3€)3 (27€) 10.25 S.)1R A 8,39E-03 +1808 1.072F=02 .2311 1.246E-02 «26R6 5,297E=n13 0 T4 97 110
LS 3613 (275) 10425 9.18 A 4,39F=03 .1808 1.072E-02 .2311 1.246E-02 «26R6 S.297E-03 0o 74 97 110
LS 3613 (27%)_10.25 _9,18_0 7,73E=03___ ,1666 ___ 9.RY1E=n3 02132 1.150E=02 e2479 __ A,RRIE-03I___ 0 __ T4 _ 97 110
LS 3625 (27%) 16435 15,28 0 5,50E=-03 «11R6 T¢039€-03 #1517 8.1R6E~03 1764 3. 474E-03 o 76 101 126
—_ LS 3625 (275) 16,35 15,28 _H 5,97€-01 1287 ___7.€31€-03 _s 1645 R.AT0E-03 *1912 3.770E-03 __0.__ 76 _101 126
LS I62€ (27%) 16435 15.,2R B 5.,97E-03 «1287 7.€31E-03 «1645 8.870E-03 e19)12 3,770E-03 0 76 101 126 .
LS 3625 (275) 16435 15,28 0 5,50E=-03 21186 7.039E=-01 .1517 R, 1R6E=03 o1764 3,474E-01 0 716 101 126
LS 63T (275) 22.50 21.43 0O ,31E-03 .0978 5.509E-03 «1188 6.407F-03 « 1381 2.720E-03 0 79 106 139 -
LS 3637 (27%) 22.50 21.47__H 4.67E-03 21007 S.972€-03 + 12648 6.942E-03 «1497 _ 2,952E-03 0. 79 106 139 °
LS 3637 (275) 22450 21447 R 4,67E=03 «1007 5.972€-03 .1288 6.942€-0) e1497 2.952E-03 0 79 106 139
LS 3637 (275) _22.50 21.41_0 4,31E-0] 20978 _ 5.509€-03 1188 6,407E-03 «1381 2,720E=-01 0___79_106 139
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' No. 3601 H/HREF = .3523 BOOSTER
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No. 3613 H/HREF = .1808 BOOSTER
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Group _ 236 Re/ft _2.58E 06 ALPHA -5
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AEDC(ARO+ INCs) ARNOLD AFSes TENNESSEE '
VON KARMAN GAS DYNAWMICS FACILITY ‘
50 INCH HYPERSONIC TUANEL B N e
. . V11162 .
-
~ T GROUP T CONFTG WODEL———  WACH WO PO PSTA 1O DEG nll»?:.--ggumgnllnnvzﬂéjﬂqxauﬁli-ﬂl'
237 6253 €0C=B+Dw0 ' R.00 © 56547 1299 4499 4,99 0 0 u
T=INF  P=INF Q=INF V=INF RHO=INF - MU=INF ' RE/FT __ FREF ' STREF
T (DEG R) (PSIAY  (PSIA) (FI/SEC) (SLUGS/FT3) (LR=SEC/FT2) (FT=1)  (R= L013FT) (R= .013FT) T T
o 94,2  .058 2596 3JR04 Se163E=05 7.580€-08 2459E 06 4.640E-02 - 2.943E-02 .
CAVERA PAINT [EMP (DEG F) INITIAL TEMP (DEG F) SQUARE %3 (RHOXCXK)
TOP(T) 150 '
. SIrE(US) 150  AVERAGE Tw = T2 (R) ...S.m_of.m;moflonr TIME) + 0411
- SICE(LS) 150 AVERAGE Tw = 94 (0)
PIC NC TIFE DELTIME HITO) H{TO0) /HREF H(«9T0) H(.9TQ) /HREF H(.AST0) H(.85T0) /HREF ST(TO) MODEL TENP F
LS 3655 (1500 3.55 2.4R 0 4.35E-03 <0937 §.338E-03 «1150 6.024E~03 «1298 2.761E=03 0 712 95 97
LS 2655 (150)  3.55 2.48 B 6.03E-03 «1300 Te393E=03 L1593 8,337E-03_ 1797 3,830E-03 0 T2 95 91
LS 3655 (150) 3.55 244 B 6.03E-03 «1300 7.393E-03 «1593 8.337E-03 e1797 3.830€E-03 0 12 95 97
S 3655_(150)__3.5% 2.4 0 4,35€=01____ ,0937 5,338E-03 «1150 6.024E=03 «1298 2.761E=n3____ Q72 _ 95 9T
3668 (150) 10.20 9.13 O 2.00E-03 « 0431 2.453E-03 +0529 2.768E-03 «0597 1.269E=03 0 74 100 115
le.?LpubLlerLbLhFEblq - ) A T60E=- 100
LS 2668 (150) 10.20 9.13 B 2.77E-03 +0597 3.397€-03 20732 3.831E-03 «0R26 1.760E-03 0 74 100 115
LS 3¢68 _(150) 10,209,131 _0-2,00E-03 »0431 2.453€-03 <0529 2.76BE=-03 «0597 1,269E=-03 9___74 _100 115
LS 3681 (150) 16.80 15.73 0 1.39€E-03 +0299 1«704€-03 «0367 1.923E-03 «0415 8,.820E-04 0 77 106 131
LS 348)1 (150) 16.R0 15.77_A _}.93E-0) <0415 2.360F=03 «0509 2.662E-03 <0574 1,224E=03 __0 __77 106 131 N
© LS 3681 (150) 16.80 15.73 B 1.93E-03 <0415 2.260E-03 «0509 2.662E-03 <0574 1.224E=03 0o 17T 106 131 .
LS 36R1 (151) 16.80 15.77 0 },39E=03 «0299 «704E-03 «0367  1.923E-03 «04)5 8,820E=n4 077 _106 131
LS 9493 (150) 25.40 24.37 0 1.01E-03 .0217 1.235E-03 20266 1.394E~03 <0301 6.395E-04 0 81 113 148
LS 2£92 (150) 25.40 24,37 A 1.40€E-03__ .0301 __ 1.710E-03 <0369 1.929€-03 <0416 8,871F-04 0_ 81 113 148
..u 1693 (150) 25.40 24,37 B8 1.40E-03 <0301 1.710E-03 «0369 1.929E-03 «0416 8.871E-n4 0 81 113 148
LS 3692 (150) 25.40 24,31 0 1.01E=03 ___ .02]7 14235€=-03 +0266 1.394E-03 «0301 6.,395E-04 0 81 113 148
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H/HREF =.0415 BOOSTER
0200 ORBITER

Pic. No. 3693 H/HREF =.0301 BOOSTER
.0217 ORBITER

Group 237 Re/ft 2.59E 06 ALPHA -5




. 6/ &/71
- AEDC(AROs INCo) ARNOLD AFSs TENNESSEE
VON KARMAN GAS DYNAMICS FACILITY
_ S0 INCH HYPERSONIC _TUNNEL_A - : e
i : vTll162 i
TTTGROUP  CONFIG MODEL ——~ .MACH NO PO PSIA TO DEG R ALPHA=MODEL  ALPHA=SECTOR  ALPHA-PREBEND ROLL=-MODEL  YAW
234 6151 GNC-B+Nw0 Ae00 5653 1286 502 502 0 [\ [

T=-INF P=INF___ Q=INF V=INF _ RWO=INF . Mu=INF  “RE/FT _ FKREF ' STREF o o )

“(DEG R) (PSIA)  (PSIA) (FT/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) (Rz o013FT)  (R= ,013FT)
93,2 a058___2+554 3784 5.213E=05 _ T7+503E=08___ 2,63E 06 4.A28E=02  2.926E-02 -

CAVERA PAINT TEMP (DEG F) INITIAL TEMP (DEG F) SQUARE RQOT (RHOXCXK)
10P (1) 300 ' / s R
—_ SIDE(YS) . 310 AVERAGE Tw = 75 (B)____  =,008(SQUARE ROOT DEL TINE) + Q.11 S
SICE(LS) 300 AVERAGE Tw = 90 (0)
P H(.B5TU) H(.B5T0) /HREF ST(T0) MODEL_TEMP F
LS 3511 (3000 3.70 2.43 0 1.98E-02 4267 2.56BE=02 +5547 3.024E-02 «6533 1.240E=02 0 T4 91 90
LS 3511_(300)__Je70 2463 B 2,10€=02 4546 2,734E-02_ 05905 3.21BE=02  _ «6950 ___1.,32)€=02_ 0 74 91 90
LS 3511 (300) 3,70 2.63 B 2.10E-02 *4546 2.734E-02 +5905 3.218E-02 +6950 1.321€-02 o 74 91 90
——LS 3%11_1300)__3.70__2.63 0 1.98E-02 ___.4261 2.56BE-02 «5547. 3.024E-02__ +6533 ___ 1.240E-02__ 0 __ 74 91 90
LS 3522 (300)  9.90 R.A3 0 9.59E-03 «2071 1.246E-02 - *2692 1.468E-02 37 6.021E-03 0 76 95 98
—15 13823 (3 - -2
LS 3523 (300) 9.90 B8.A3 B 1.02E-02 «2206 1.326E~02 «2866 1.561E=02 +3373 6.414E-0) 0 76 95 98
L5 3523.(300)_—9.90__B.83_0:9.59E=03____ 42071 1.246E-02 22692 1.468E-02 — 3170 6.,021€E-03___0___T76__ 95 _ 98
US 3535 (306) 16.05 14.98 0 6.75€-03 <1457 8.770E-03 «1894 *  1.033€-02 +2231 4.236E-03 0 79 99 106
~— LS 353% (300)..16405 14,92 A 1.19E-03 #1552 ____9.335€-03 02016 ___ 1.099E-32_ +2374 4.613E-03. __ 079 _ 99 106
LS 3535 (300) 16405 14,90 B 7.19€-03 «1552 9.335E-03 - 2016 1.099€-02 *2374 4.513€-03 o 79 99 106
—1'S 383€ (300) 16,05 14,98 0 A.ISE=03  L14ST _ RA.J70F=031  L1A04 1.033E=02 L2231 4.236E=03 0 79 99 106
LS 3546 (300) 26.60 25.53 0 4.556-0) +0982 S+914E-03 1277 6.965E-03 +1504 2.855F=03 0 84 105 117
LS 13S4€ (300) 26460_25.531 B 4.PSE-03___ L1046 6.295E-03 1359 T.410E-03 +1600 3.042€-03___ 0 84 105 117 _
LS 3%46 (300) 26460 25.53 B 4.BSE-03 «1046 6.295E-03 #1359 T.410€-03 «1600 3.042€-0) 0 84 105 17
LS 354€ _(300)_26460.25,53_0 4.55€-01 00982 S5.914E=-03 1277 6.,965E-03 21504 2.855€=-03____0_ B4 105 117 ____

2 " e n e~




ic. No, 3511 H/HREF = .4546 BOOSTER

- .4267 ORBITER

= ,2206 BOOSTER
.2071 ORBITER




Pic. No. 3535 amEF - .1552 BOOSTER
.1457 ORBITER

Pic. No. 3546 H/HREF = .10146
Fi .0982

Group 234 Re/ft 2.63E 06
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AEDC (ARO+ INCo) ARNOLD AFSe TENNESSEE

VON KARMAN GAS DYNAMICS :2..:«

\
st asoaol.mamld NODEL— WACH WO

Wu“ 62%3 €DC-B+Dy0 Re00 $64.2 1319 503

0
T<INF_P<INF__ O=INF__ V=INF  RMO-INF - MU=INF  RE/FT __ WREF _ STREF
T (DEG R) (PSI1A) (PSIA)Y (FT/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) (R= 013FT) (R= «013FT) T o
95,6 058 2509 A3 54072E-05  Te69TE=08___ 2.53E 06 __4,646E=02  2.974E=02 e
CAVERA PAINT TEMP (DEG F) INITIAL TEMP (DEG F) SQUARE RDOT (RHOXCXK) °
JOP(T) 150 ) [ ) ;
. SIEYS) 150 _AVERAGE_Tw = _ 75 (R) _=+008(SUUARE RUOT DEL TIME) e« Q.l] —_
SIDE(LS) - 150 AVERAGE Tw = 93 (0) .
PIC NC TIFE DELTINE  HITO)  HITOI/HREF  H(.9T0) H(.97C)/HREF H(eB8ST0) H(.85T0) /HREF MODEL TEMP F
LS 3551 (150) 4.25 3.1f 0 3.77€E-03 +0813 4.619E-03 «0994 5.202€-03 «1120 95 9%
LS 3551 (150) 4,25 3.1R B 4.,89E=03 _ ,1053 __S.982E€-01 «]288 6.731E-03 «1449 JJ137E=-03 0TS 95 _ 94
LS 3551 (150) 4.25 3.1 B 4,89€-03 «10%53 S.982E-03 «1288 . 6.,731E-03 «1449 95 - 94
LS 3551 (1500 4.25 3,18 0 3,77€=03___,0R13 ___ 4,619E-03 20994 5.202€E~-03 1120 2,420E-03___ 0 ___ 7S 95 94
LS 3%63-(150) 13435 12.27A O 1.65E=0) «0354 2+013€=-03 «0433 2.267E-03 « 0488 101 1lo7 ’
AS 3567 (1540) 13,35 12.2°8 B 2,13F-03 20459 2:607E-03 20561 2.934E-03 « 0632 80 101 107
LS 3%63 (150) 13.35 12.2° B 2.13€-03 «0459 2.607E-03 «0561 2.934E-0) «0632 101 107
LS 3562 (150) 13,35 12.28__0 1.65€6-03___.0354 2.013€E-03 +043) 2,267€E-03 +04A8 J,055E-03___0__ 80__101 107 <D
AS ISTE (150) 19.50 18.47 O 1.24E-03 « 0267 1.517F=03 «0327 1.709€E-03 «0348 105 115 &
___ LS 257% (150) _19.50 1P.41 R _},61€-0] ‘20346 1:965€E-03 #0423 2.211E-03 «0476 1,030E=-03 ___ 0 105 115
LS 3575 (150) 19.50 18.43 B 1.61E-03 «0346 1.965E=03 L0423 2.211€-03 «0476 105 115
LS 375 (150) 19.50 1R.43 O ].24E-0) 267 . «S17€-03 «0327 «0348 T.949E=n4 0 83 105 115
LS 3%58¢ (150) 25.15 24.0R O 1.01E-03 «021 1.241E-03 « 0267 1.398E-03 «0301 - 108 122
LS 3586 (150) 25415 24.0R B ).,31E-03 ___ ,02R3 1+607E-03 0346 1.B0RE=03 «0389 108 122
LS 35R6 (150) 25415 24408 B 1.31E-03 «N2R] 1.607E=-03 0346 1.80HE=03 «03R9 108 122
LS 3%RE (150) 25.15 24.08 0 1.01E-0) «0218 _‘w:m-ou « 0267 1.39RE-03 «0301 108 122




c. No. 355 = ,1053 BOOSTER
- No. 3551 H/HREF _0813 ORBITER
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Pic. No. 3563 H/HREF = .0459 BOOSTER

.0354 ORBITER




"“‘f" ~E i PR it R

- 7

H = .0346 BOOSTER -
.0267 ORBITER

Pic. o. 3586—7"1}{/1;11%;‘5:‘1;: 0283 EOOS"I‘ER
.0218 ORBITER

Group 235 Re/ft 2.53E 06 ALPHA 5
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AEDC(AROs INCo) ARNOLD AFSs TENNESSEE
VON KARMAN GAS DYNAMICS FACILITY i
. _Sp INCH HYPERSONIC TUNNEL ¥ .
. . vIll62 .
“TTGROUP  CONFTG NODEL—  MACH NO PO PSIA YO DEG R ALPHA=MODEL _ ALPHA-SECTOR  ALPHA-PREBEND  ROLL=MODEL _YAW ~
242 4153 CDC=-B+Dy0 R 00 $565.5 1332 201 201 0 0 0
T=INF__ P-INF 0=INF V=INF RHO=INF MU-INF ' RE/FT__ WREF ' STREF — SR
(0EG R) (PSIA)  (PSIA) (FT/SEC) (SLUGS/FT3) (LB=-SEC/FT2) (FT=1)  (R= <Q13FT)  (R= <013FT)
_9645__ 4058 24595 3852 5,034E=05 ' T.7TIE=08__  2,49F 06 4,660E=02  2.988E-02 _
OfL FLOW : n
. . » A} m :/
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——AEDCIAROLINCo) ARNOLD AFSy TENNESSEE . : .

VON KARMAN GAS DYNAMICS FACILITY . ¢

S0_INCH HYPERSONIC_TUANEL B ¢

' \ . vill62 .

. -

GROUP ~ CONFIG ~ MODEL™—~" MACH NO PO PSIA T0 DEG R ALPHA=FODEL ROLL-MODEL VAW "
— 281 6153 EDC-ReLy0 Re00 5662 1326 =4,99 [ 0 u

___T=INF_P=INF__ Q=INF__ V~INF __ RHO-INF _°_ WU=INF _ RE/FT.  WREF STREF
(DEG R) (PSIA) (PSia) (F1/SEC) (SLUGS/FTY) ....ulmmn\vJQ (FT=1) (R= L013FT) ~ (R= .emﬂ:

—= 96,1 .054 2,598 342 = S.065€=05__ T.7ISE=08__  2,52F 06 4.659€=02 _  2.978E=-p? . i
OTL FLOW




Group 241 Re/ft 2.52E 06
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AEDC(ARO+INC.) ARNOLD AFS, TEWNESSEE p
VON KARMAN GAS DYKAWICS FACILITY ‘
50 _INCH WYPERSONIC TUANEL 8 . L f
; ville2 .
“TTGROUP T EONFTE T WODEL WACH NO PO PSTA—  TO DE6 R ALPHASHODEL — RLPHA=SECTOR —KLPHA=PREBEND — ROLL=MODEL ~ YAV .
240  A)53  EDC=B+CHO’ - R.Q0 565.5 1317 5.0) 5,01 0 0 0 «
_ T-INF P=INF__ Q=INF___ V=INF RHO=INF  WU=INF . RE/FT___ WREF '\ STREF
T TUDEG R) (PSTA)  (PSIAY (FT/SEC) (SLUGS/FT3) (LB=SEC/FT2) (FT=1) (R= 013FT) ~ (R= L013FT) - T
955 _ 058 __ 2.59% AR30 ___ S.090E-05 . T.6U6F=08__ 2.54E 06 _4.AS1E=02  2.968E-p2 R
OIL_FLOW 1
. [
- N —
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Group mmp..,...,.,, Re/ft 2.54 06 ALPHA ©
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