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FOREWORD

This report is submitted by the Rockwell International Corporation,
Space Division to the National Aeronautics and Space Administration's
George C. Marshall Space Flight Center at Huntsville, Alabama, in
accordance with Task Authorization TA-68 issued persuant to NASA
Contract NAS7-200.

This report presents the results of the 1/25 scale model S-II
Stage base region thermal environment test conducted at MSFC under the
direction of the Aero-Astrodynamics Laboratory with test engineering
support provided by Space Division.

Analytical results are presented which reflect the effect of engine
‘operating conditions, model scale, turbo-pump exhaust gas injection in
the engine nozzle, and co-planar engine gimballing on the S-II base
. region thermal environment. Comparisons are made between full scale
flight data, model test data, and the analytical results.

This report is prepared in two volumes. Volume I presents the
description of the test equipment, test procedures, discussion of the
test results, analytical predictions and comparisons with fllght data.
Volume II contains the tabulation of the test data.

The task activities were conducted with Mr. J. A. Sadunas, Task
Manager, Dr. E. P. French, and Mr. H. Sexton, the responsible engineers
from the Saturn Launch Vehicles Aerothermodynamics group, and
Mr. D. C. Seymour as the technical coordinator for the Marshall Space
Flight Center.

The authors wish to acknowledge the cooperation and valuable

suggestions contributed by Messrs. D. C. Seymour and R. F. Elkin of
S&E-Aero-Astrodynamics Laboratory and John Reardon of REMTECH, Inc.

- 1iii -
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1.0 INTRODUCTION

The documentation of the S-II Stage 1/25 Scale model base region
thermal environment test program was prepared in two volumes. Volume I
contains the description of the test equipment, test procedures, dis-
cussion of the test results, analytical predictions and comparisons
with flight data. Volume II contains the test data tabulation,
statistical analysis results and heat shield constant heating rate
contours. This volume supplements the results of Volume I, and it is
intended that it be used in conjunction with Volume I.

W
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2.0 MODEL TEST DATA STATISTICAL ANALYSIS RESULTS

The results of statistical analysis of the test data are presented
in this section in tabular form. For each set of test runs, the number
of samples, or test runs, the average test value, and the standard
deviations were computed for each gage and printed out as shown using

the following relationships.

DX

X = -;;— (Sample Mean)
1/2 '
o = ( x2) - ()'2 )2 (Standard Deviation
X of Sample)
\ (Standard Deviation
oy* C Ty of Universe)
]
GX (Standard Deviation
N T 77 of Mean)
o N] /2

where

4(N-1) N-1

(»3) F(%)_,D - )”2

A summary of all the test cases run during this test program,
and presented in this section, is given in Table 5-1, Volume I.

Rev July 6, 1973
-3- SD73-SA-0061
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‘ Space Division
North American Rockwell

3.0 TABULATIONS OF NORMALIZED TEST DATA

During the test program, it was intended to hold the chamber
pressure and mixture ratio for each set of runs at a constant value,
However, due to practical limitations, some variation of the measured
chamber pressure occurred from run to run. Therefore, in the analysis
of the model data, the test values are first normalized to the nominal
chamber pressure value using the experimentally and analytically
determined correlations, i.e.,

The following notation is used in the test data tabulation of this
section.

PC Chamber Pressure

ALT Altitude corresponding to test chamber pressure
P02 Oxygen charge tube pressure

PH2 Hydrogen charge tube pressure

TO2 Oxygen charge tube temperature

TH2 Hydrogen charge tube temperature

D02 Oxygen charge tube venturi diameter

DH2 Hydrogen charge tube venturi diameter

A summary of all the test cases run during this test program, and
H
presented in this section, is given in Table 5-~1, Volume I.
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‘ Space Division
North American Rockwell

4.0 HEAT SHIELD CONSTANT HEATING RATE CONTOURS

Constant heating rate contours to the heat shield are presented

in this section.

The contours represent the mean + 30 values tabulated

in Section 3.0. Linear interpolation, between the gage locations in-
dicated, was used to obtain the constant heating rate contours.

Contours were plotted only for the test cases where sufficient heat

shield,instrumentation was recorded.
BTU/ft'~ sec.
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The units of the heating rates are
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RUN SERIES 1, LOG 1.5 MEAN + 3 SIGMA

NO DEFLECTIONS
O/F = 5.0

Pe = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL oot SYMBOL oot
) 1.5 s .0
x 2.0 o 4.5
° 2.5 o 5.0
* 3.0 s 5.5
. 3.5
9
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RUN SERIES 2, LOG 2.1 MEAN + 3 SIGMA

NO DEFLECTIONS
O/F = 5.5

Pe = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL QaooT SYMBOL QooT
-] 2.5 ] 5.0
X 3.0 [ ] 5.5
L] 3.5 (] 6.0
* 4.0 S 6.5
¢ 4.5

=
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RUN SERIES 2, LOG 2.2

MEAN + 3 SIGHMA

NO DEFIECTIONS
0/F = 4.50

Pc = 546 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL

crtaxD
wuwnn -8
wowonmS
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SYMBOL QooT
] 4.0
L] 4.5
[ 5.0
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RUN SERIES 2, LOG 2.3 MEAN ¢ 3 SIGMA

NO DEFLECTIONS
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE ON

: PLOTTING SYMBOL KEY

SYMBOL apoTt SYMBOL QpoT
-] 3.0 [ ] 5.5
X 3.5 [ ] 6.0
a 4.0
+ $.5
. 5.0
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RUN SERIES 2, LOG 2.% MEAN + 3 SIGMA

GIMBAL PATTERN 3C
O/F = 5.5

Pe = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL oot SYMBOL apoTt
] 5.0 . 10.0
x 6.0 0 11.0
e _ 1.0 ° 12.0
. 8.0 s 13.0
: . 9.0
1
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RUN SERI-ES 4 LOG 4.2A MEAN + 3 SIGHA

GIMBAL PATTERN 2A
O/F = 5.0

Pe = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL QpoT SYMBOL QDoT .
[} 3.0 [ ] 5.5
X 3.5 [ ] 6.0
] 4.0 [ 8.5
* 4.5 s 7.0
. 5.0 A 7.5
-
- 288 -
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EUN SERIES 4, LOG 4.3

MEAN + 3 SIGMA

GIMBAL PATTERN 3C
O/F = 5.0

Pc = 432 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

QapoT
8 5.0
X 6.0
-] 7.0
+ 8.0
. 9.0
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SYMBOL

anoTt
10.0
11.0
12.0

SD73-SA-0061



RUN SERIES 4, LOG 4.5.1A MEAN + 3 SIGMA

GIMBAL PATTERN 2
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL 0007 SYMBOL oot
) 2.0 . 7.0
x 3.0 . 8.0
. 4.0 ® 9.0
* 5.0 s 10.0
. 6.0

=290 -
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RUN SERIES %. LOG 4.5.18B ’ MEAN + 3 SIGHA

GIMBAL PATTERN 2
O/F = 5,5

Pec = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL aboT SYMBOL aporY
-] 4.0 [ ] - 6.5
X 4.5 [ ] 1.0
e 5.0
+ 5.5
. 6.0
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LOG 4.5.2A

MEAN + 3 SIGMA

RUN SERIES 4,

GIMBAL PATTERN 2
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE ON

99!&0"\!8
aoooog

- 292 -

PLOTTING SYMBOL KEY
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BUN SERIES S5, LOG S.1 MEAN + 3 SIGMA

GIMBAL PATTERN 5
O/F = 5.0

Pe = 632 PSIA
INTERSTAGE OFF

R
e
g

PLOTTING SYMBOL KEY

SYMBOL QDOT SYMBOL apor
9 5.0 ] 7.5
X 5.5 L] 8.0
8 6.0 [ 8.5
* 6.5 S 9.0
. 7.0 A 16.0

1
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RUN SERIES S5, LOG 5.2

MEAN + 3 SIGMA

GIMBAL PATTERN 4
0/F = 5.0

Pc = 632 PSIA
INTERSTAGE OFF

SYMBOL aoot SYMBOL @007
) 3.0 ) 8.0
x .0 o 9.0
e S.0 0 10.0
. 6.0 s 1.0
. 7.0 :
- 294 -

PLOTTING SYMBOL KEY
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RUN SERIES 6, LOG 6.1 MEAN + 3 SIGMA
GIMBAL PATTERN 4A
o/F = 5.0 ..
Pe = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL [+:0.019 SYMBOL apoTt
-] 2.0 [ I 4.5
X 2.5 [} 5.0
@ 3.0
. 3.5
L4 4.0
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RUN SERIES 6, LOG 6.2 MEAN + 3 SIGMA

NO DEFLECTION
o/F = 5.0

Pec = 432 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL [+ 0024 SYMBOL QooT
-] - 1.5 [ ] 4.0
X 2.0 [ 4.5
] 2.5 [ ] 5.0
+ 3.0
. 3.5

!
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RUN SERIES 7, LOG 7.1

AHEAN + 3 SIGMA

NO DEFLECTION
8/F = 5.0

Pc = 632 PSIA
- INTERSTAGE OFF

S-IV TYPE HEAT SHIELD

SYMBOL

¢+ DX

PLOTTING SYMBOL KEY
SYMBOL

.8
.8

2.0 » +.5
2.5 . 5.0
3.0 ' 5.5
3.5
4.0
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RUN SERIES 9, LOG 9.1.1

MEAN + 3 SIGMA

NO DEFLECTION
O/F = 5.0

Pe = 632 PSIA
INTERSTAGE OFF

WITH BOUNDARY LAYER BLEED

PLOTTING SYMBOL KEY

SYMBOL QDoT SYMBOL apo?
-] 1.5 [ ] %.0
X 2.0 [} 4.5
L] 2.5 [} 5.0
+ 3.0
. 3.5
- 298 -

SD73-SA~0061




-

RUN SERIES 12, LOG 12.1A

MEAN + 3 SIGHMA

GIMBAL PATTERN 4A-a
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE OFF

SYNBOL

e+ 0 XD

PLOTTING SYMBOL KEY

aoor SYMBOL QaooT
5.0 [ ] 15.0
7.0 [ 17.0
9.0
11.0
13.0

- 299 -

SD73-SA-0061




_l .
RUN SERIES 12, LOG 12.2 MEAN + 3 _SIGHA

GIMBAL PATTERN LA-a
O/F = 5,0

Pc = 632 PSIA
INTERSTAGE OFF

SYMBOL QaooT SY

SD73-5A-0061

TIOM‘N
cCoooo

- 300 -



N .
RUN SERIES 12, LOG 12.3 MEAN + 3 SIGMA

GIMBAL PATTERN LA-b
0/F = 5.0

Pec = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL QapoT SYMBOL QooT
(-] 1.0 [ ] 6.0
X 2.0 [ ] 7.0
@ 3.0 [] 8.0
+ 4.0
. 5.0
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RUN SERIES 13, LOG 13.1.1

MEAN + 3 SIGHA

GIMBAL PATTERN 7
O/F = 5,0

Pc = 632 PSIA
INTERSTAGE OFF

SYMBOL

s+ BXD

PLOTTING SYMBOL KEY
SYMBOL
]
¢
@

4

RSoms
[-N-N-N-N-)

-
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QaDoT
14.0
16.0
18.0

-




_J

MEAN + 3 SIGMA

RUN SERIES 13, LOG 13.1.1A
GIMBAL PATTERN 7
O/F = 5.5
Pc = 715 PSIA

INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL aoor
-] 4.0
X 6.0
e 8.0
* 10.0
. 12.0

- 303 -

SYMBOL apoT

>Nneoem
—
@«
o
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RUN SERIES 18,

LOG 18.1

MEAN ¢+ 3 SIGMA

GIMBAL PATTERN 8
0/F = 5.0

Pc = 632 PSIA
INTERSTAGE OFF

SYMBOL QooT
2] 3.0

X 3.5

e 4.0

+ 4.5

. 5.0

- 304 -

PLOTTING SYMBOL KEY
SYMBOL

[
®
e
S
A

SD73-SA-0061
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‘RUN _SERIES 19, LOG 19.1

MEAN + 3 SIGMA

GIMBAL PATTERN 9
0/F = 5.0

Pc = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL apor

[ ] 8.0

8
1

NOWE W
ocooool

SYMBOL

¢+ 0DXO
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SD73-SA-0061




_J
RUN SERIES 19, LOG 19.2 . HEAN + 3 SIGHA

GIMBAL PATTERN 9A
O/F = 5.0

Pe = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL QooT
] e.c

SYMBOL

g

¢+ B XD
NOwsw
[-N-N-N-N-)
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RUN SERIES 19, LOG' 19.2.28 MEAN + 3 SIGMA

GIMBAL PATTERN 9B
O/F = 5.5

Pe = 715 PSIA
INTERSTAGE ON

PLOTTING SYMBOL KEY
SYMBOL QnoT
[ 8.0

SYMBOL

28

*+ DX
NOO W
cococoo

- 307 -

SD73-SA-0061




RUN SERIES 19, LOG 19.2.38 - MEAN + 3 SIGHMA

GIMBAL PATTERN 9B
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL QoOoT
[ ] 8.0

SYMBOL

s+ DX®
Nounswl
ococoocoool
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RUN SERIES 19, LOG 19.3 MEAN + 3 SIGHA

GIMBAL PATTERN 9B
O/F = 5.0

Pc = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYHBOL QooT SYMBOL QapoT
e 4.0 L] 6.5
X 4.5 [ 7.0
a 5.0 [ 7.5
+ 5.5 S 8.0
. 6.0 A 8.5
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_

RUN SERIES 20, LOG 20.1.1 AND LOG 20.1.2 MEAN + 3 SIGHMA

GIMBAL PATTERN 2B
0/ F=25.5

Pc = 632 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL QnoT

SYMBOL QaDoT
e 3.0 [ ] 8.0
X 4.0 [} 9.0
a 5.0 -] 10.0
+ 6.0 S 11.0
* 7.0 A .0
I
- 310 -
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RUN SERIES 20, LOG 20A.1.2 MEAN + 3 SIGMA

GIMBAL PATTERN 2B- MOD
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY
SYMBOL QDoT

0

=

SYMBOL

e+ DXD
~oumsrwd
coocoooo
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RUN SERIES 20, LOG 20.2.1 AND LOG 20.2.2 MEAN + 3 SIGMA

GIMBAL PATTERN 2B
O/F = 5.5

Pe=632 PSIA
INTERSTAGE ON

&l

><\><

O\

)

n
xq\\
.‘E}fﬂ

&i; :
OB\\Q
\

+

\

\
e
s\

>

Cs

PLOTTING SYMBOL KEY

SYMBOL QoaT SYMBOL QooT
5.0 [ ] 10.0
6.0 [} i1.0
7.0 (] 12.0
8.0
9.0
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RUN SERIES 21, LOG 21.1 - MEAN + 3 SIGMA

GIMBAL PATTERN 6A
O/F = 5.5

Pec = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL QooT SYMBOL QooT
-] 4.0 [ ] 9.0
X 5.0 [ 10.0
e 6.0 [ 11.0
+ 7.0 S 12.0
. 8.0
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RUN SERIES 21,

LOG 21.2 MEAN + 3 SIGMA

GIMBAL PATTERN 6A
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE ON

PLOTTING SYMBOL KEY
SYMBOL

SYMBOL QanoT
e 4.0 B
X 5.0 [ ]
] 6.0 [}
. 7.0 S
] 8.0

- 314 -
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RUN SERIES 27. LOG 27.2.1 AND 27.2.2 MEAN + 3 SIGMA

GIMBAL PATTERN 6A
O/F = 5.5

Pc = 715 PSIA
INTERSTAGE OFF

PLOTTING SYMBOL KEY

SYMBOL [laledg SYMBOL QpoT
9 5.0 [ ] 10.0
X 6.0 [ 11.0
Q@ 7.0 [ te.o
* 8.0 S 13.0
. 9.0

- 315 -.
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