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FOREWORD

This volume is one of a series of reports describing the
development tests conducted on a candidate Shuttle heat rejection
system at the !llational Aeronautics and Space Administration - John-
son Space Center during the period from March to July 1973. The
complete test series are reported in the following volumes:

Volume I Overall Summary

Volume I1  Modular Radiator System Tests

Volume III Modular Radiator System Test Data
Correlation With Thermal Model

Volume IV Modular Radiator System Testi Data

Voluma V Integrated Radiator/Expendable Cooling System
Tests

Volume VI Water Ejector Plume Tests

Volume VII  Improved Radiator Coating Adhesives Tests

Volume VIII Tube Anomaly Investigation

The tests were conducted jointly by NASA and the Vought
Systems Division of LTV Aerospace Corporation under Contract
NAS9-10534. D. W. Morris of the NASA-JSC Crew Systems Division
was the contract technical monitor. Mr. R. J. Tufte served as the
VSD Project Engineer.

ii




- _—— e —

1.0
2.0

3.0

4.0

5’1
o

6.0
7.0

TABLE OF CONTENTS

PAGE

SUMMARY . . & . . i ittt e e e e e e e e e e e e e e 1
INTRODUCTION . . . . . . .. e e e e e e e e e e e e e 2
2.1 Test Objectives . . . . . ¢ ¢ v v v v v v e v v o . 2
2.2 Mission Enviromments Simulated . . . . . . . . . . .. 4
TEST ARTICLE AND INSTRUMENTATION . . . . . . .. .. .. 5
3.1 Panel Description . . . . . . ¢ ¢ o v ot v oo 0 e 5
3.2 System Description . . . . . . .. C e e e e e e e e 5
3.3 Instrumentation . . . . . . . .. 0 oo e 6
3.4 Enviromment Simulation . . . . . C e e e e e e e e e 7
TEST DESCRIPTION . . . . &« & ¢ & v v 6 e v o o o s o s o 8
4.1 Test Description by Week . . . . . e e e e e e e e 8
4.2 Summary of Testing by Objective . . . . . . . . . .. 10
TEST RESULTS & & ¢ v o i e et e et s v st s oo v o o n
5.1 Baselinme System . . . . . . . .« ¢ ¢ vt et o0 n
5.2 Two-Sided Radiation Tests . . . . . . . e e e e e 12
5.3 DesignData . . .. .. ... .. C e e e s 16
CONCLUSIONS . . & v ¢ v v v v e v v v 0 o o s v e e .. 20
REFERENCES . . . ¢ ¢ ¢ ¢ ¢ v v vt v o e e s v v s e .. 22
APPENDICES
Environment Summary . . . . . . . . . .. e e e e v e o A
Weekly Test Reports . . . . . . .. . .. .. « v e o« B2l
iii

| e

reoy ey emeny

G votens R wor b ik

o




[V

R
-
PR

FIGURE

N W~

O 0 N -

10
11

13
14

15
16

17

18
19
20
21

22
23

24

25
26
27

LIST OF FIGURES

PAGE

Shuttle Configurations Simulated by Test Article. . . . . . 50
B = 78° Orbits Simulated. . . . . « . « ¢ v ¢« ¢ ¢ ¢ v a0 51
B = 0° Orbits Simulated . . . . . . . ¢« ¢ v v o v oo s . 52
Unccated Radiator Pamel . . . . . ¢ . ¢ v ¢ v ¢ v ¢ o v o 53
SESL Chamber "A" Showing 8 MRS Panels and LTV Test

PErSOMNET & & v & v v ¢« o o o o o & o s o s s e e e e 54
MRS Panels Installed inChamber A . . . . . . . . .. . .. 55
MRS P nels During Insulation. . . . . . . .« ... oo 56
Connecting Tubes and Panels After Insulation. . . . . . .. 57
Insulated MRS Panels Prior to Chamber Closeout. . . . . . . 58

Detail of Insulation on Panels and Enviromment Simulator. . 59
Simplified System Schematic, Showing Prime and Bank Tube

Relationships . . . . . . C e e e e et e e e e e e e 60
Fluid Schematic for Full Scale Modular Radiator . . . . .. 61
Thermocouple locations onPamel . . . . . . . . .. .. .. 63
LTV Instrumentation - Power Supply, Strip Chart Recorders,
CRTDisplay - . & ¢ v v v e v v v v e e e o s o e s v s a s 64
LTV Instrumentation - Flow Control Console. . . . . . . . . 65
LTV Instrumentation - Pressure Signal Conditioning

Equipment and Flow Control Console. . . . . . . . . . . .. 66
LTV Instrumentation - Freon Pump and Freon Line Chamber
Penetration During Installation . . . . . . . . . . . .. 67
FIOWLOOP @« . ¢ v v v o v o o v v 8 6 o o o o o o o o 68
FIOWLOOP B « v ¢ v v v v 4 v v e e v st e oo e s e e ne 69
Flow Loop Bg v e e e e e e e e e e 70
Summary of Week 1 Flow Contigurations to Simulate Baseline
Shuttle . . . . . ¢ v o v v v v o e e e C e e e e e e s A
Flow of Testing During Week 1 . . . . . . . ¢ ¢ ¢ ¢ oo ¢ 72
Insulation Displaced from Panels 2, 3, 4 and 7 Due to

Freon 11 Line Rupture . . . . . . . . e e e s e e e e e e 73

Insulation Displaced from Panels 6, 7, and 8 Due to Second
and Third Freon 11 LineRuptures. . . . . . . + « « « « . . 74

Flow LOOP Y « ¢ v v v v v v v vt h e o o s o C v e e 75

Flow LOOp § « &« & ¢ ¢ v v ottt ot e e et e e e e e e e s 76

FIowLloop € « ¢« v ¢ v v ¢ v v v v 0t 6 o o o o v s N /i
iv

LR T R PR




-

————

FIGURE

28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

46

47
48
49
50
51
52

56

LIST OF FIGURES (Cont'd)

Summary of Week 2 Flow Configurations . . . . . . . e
Flow Loop Simulating Two-Sided Radiation from the Forward
30' of the Cargo Bay Doors. . . . . . . .. .. .. . .
Test Point 1R ~ Stabilized Temperatures . . . . . . . .« o e
Test Point 5A ~ Mixed and Main Qutlet Temperatures. . . . .
Test Point 5A -~ Leg Flow Rates and Qutlet Temperatures. . .
Test Point 1 - Stabilized Temperatures. . . . . . . . . .
Test Point 3 - Stabilized Temperatures. . . . . . . . . ..
Test Point 20 - Mixed Outlet and Leg Qutlet Temperatures. .
Test Point 20 - Leg FlowRates. . . . . . . . . . . . . ..
Test Point 4 - Stabilized Temperatures. . . . . . . . . ..
Test Foint 8 - Mixed and Main Outlet Temperatures . . . . .
Test Point 8 - Inlet Temp and Leg Outlet Temperatures . . .
Test Point 8 - Leg and Total Flow Rates . . . . . . . . . .
Test Point 10 - Stabilized Temperatures . . . . . . . . . .
Test Point 11 - Stabilized Temperatures . . . . . . . . ..
Test Point 12 - Stabilized Temperatures . . . . . . . . . .
Test Point 14 - Stabilized Temperatures . . . . . . . . .
Test Point 14, 14A - Inlet Temperature, Prime, Bank and
Mixed Qutlet Temperatures ............ . ..
Test Point 14, 14A - Bank Tube Qutlet Temperatures.

Panels 2and 6. . . . ¢« ¢ ¢ ¢ v ¢t b vt i e e e e .
Test Point 14, 14A - Total, Bank Prime Flow Rates . . . . .
Test Point 14, 14A - Leg Flow Rates . . . . . . . C e e

Test Point 17 - Stabilized Temperatures . . . . . . . . ..

Tect Point 17A - Stabilized Temperatures. . . . . . . . . .
Test Peint 16-1 - Stabilized Temperatures . . . . . . 0.
Test Point 16-2 ~ Stabilized Temperatures . . . . . . . . .

Test Point 16 - Panel 2 and 6 Outlet Temperatures, Mixed
Outlet Temperatures, Mixed Qutlet Temperature . . . . . . .

Test Point 18 - Stabilized Temperatures . . . . . . . . . .

Influence of Enviromment on Performance Comparison of
Test Points 5and 8 . . . . . . .. e e e e e e e e

Test Point 21 - Stabilized Temperatures . . . . . . . . ..

PAGE

78

79
80
81

SRER

86
87

89

91

92
93

95




FIGURE

57
58
59
60
61

62
63
64
65
66
67
68
69
70
7
12
73
74
75
76
77
78
79
80

81
82

83
84

85

LIST OF FIGURES (Cont'd)

PAGE
Test Point 22-1 - Stabilized Temperatures . . . . . . . . . 107
Test Point 22-2 - Stabilized Temperatures . . . . . . . .. 108
Test Point 22 - Panel and Mixed Qutlets . . . . . . .. .. 109
Test Point 23-1 - Stabilized Temperatures . . . . . . . . . 110
Test Point 23-2 - Stabilized Temperatures . . . . . . . . . m
Test Point 23 - Panel and Mixed Qutlet Temperatures . . . . 112
Test Point 24-1 - Stabilized Temperatures . . . . . . . . . 113
Tast Point 24-2 - Stabilized Temperatures . . . . . . . . . 114
Test Point 25-1 - Stabilized Temperatures . . . . . « .. 115
Test Point 25-2 - Stabilized Temperatures . . . . . « ... 116
Test Point 26 - Stabilized Temperatures . . . . . . . . . . 117
Test Point 27 - Stabilized Temperatures . . . . . . . . . . 118
Test Point 28 - Stabilized Temperatures . . . . . . . . . . 119
Test Point 29-1 - Stabilized Temperatures . . . . . . . .. 120
Test Point 29-2 - Stabilized Temperatures . . . . . . .12
Test Point 61 - FlowRates. . . . . . . . .. . ¢ .. C. ol 122
Test Point 61 - Prime, Bank, Mixed Qutlet Temperatures. . . 123
Test Point 63 - Flowrates . . . . . . . . .+« ¢« ¢ o ... 124
Test Point 63 - Prime, Bank and Mixed Outlet Temperatures . 125
Test Point 64 - Flow Rates. . . . . . . . . e e e e e e 126
Test Point 64 - Prime, Bank, Mixed Outlet Temperatures. . . 127
Test Group 2.5 - Response to Set Point Changes. . . . . . . 128
Test Group 2.6 - Response to Set Point Changes. . . . . . . 129

Test Group 2.7 - Response to Set Point Changes. . . . . . . 130
Test Group 2.8 - Response to Set Point Changes. . . . . . . 131
Test Group 2.5 - Flow and Temperature Response to Set

Point Changes . . . . . et e e e e e e e e s e e e e 132
Test Group 2.6 - Flow and Temperature Response to Set -
Point Changes . . . . . . . . .. et e e e e e e e e e 133
Test Group 2.7 - Flow and Temperature Response to Set

Point Changes . . . . . « « v v v v v v 0 e e e e e . 134
Test Group 2.8 - Flow and Temperature Response to Set

Point Changes . . . . . . « . ¢« v v o o o e e e e e e 135

vi

a0 S T PRIV L R

T s T A )




FIGURE

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

103

104

105

106

107

108
109
110

m
1n2

LIST OF FIGURES (Cont'd)

PAGE
Test Points 52D, E - Panel Flow Rates . . . . . . . . . .. 136
Test Point 32 - Stabilized Temperatures . . . . . . . ... 137
Test Point 33 - Stabilized Temperatures . . . . . . . . .. 138
Test Point 45 - Stabilized Temperatures . . . . . . . . . . 139
Test Point 46 - Stabilized Temperatures . . . . . . .. .. 140
Test Point 37 - Stabilized Temperatures . . . . . . . . . . 141
Test Point 38 - Stabilized Temperatures . . . . . . . . .. 142
Test Point 39 - Stabilized Temperatures . . . . . . . . . . 143
Test Point 62 - Stabilized Temperatures . . . . . . . . . . 144
Test Point 62 - Tube Temperatures After Cold Soak . . . . . 145
Test Point 48 - Stabilized Temperatures . . . . . . . . . . 146
Test Point 49 - Stabilized Temperatures . . . . . . . . .. 147
Test Point 43 - Stabilized Temperatures . . . . . . . . .. 148
Comparison of Plumbing Arrangements . . . . . . . . .. .. 149
Comparison of Plumbing Arrangements . . . . . . . . . . .. 150
Comparison of Test Points 16and 43 . . . . . . . . . ... 151
Coldest Tube Temperatures at Start of Heat Load Transient -
Test Point 47 . . . . . . .. e e e e e e s P 1Y 4
Coldest Tube Temperatures at Start of Heat Load Transient -
Test Point 19 . . . . . . ¢ v v v v v vt e o e . . 153
Coldest Tube Temperatures at Start ¢f Heat Load Transient -
TestPoint 50 . . . . . . . .. e et e e e e e e e e e 154
Coldest Tube Temperatures at Start of Heat Load Transient -
Test Point 17A-18 . . . . . .. . .. e e e e e e e e 155
Coldest Tube Temperatures at Start of Heat Load Transient -
Test Point 36-36A . . . . . . . . ¢ i vttt e e e 156
Coldest Tube Temperatures at Start of Heat Load Transient -
Test Point 60 . . . . . ... .. et e e e e e e e e e 157
Test Point 47 - Total, Prime, Bank Flowrates. . . . . . . . 158
Test Point 47 - Leg Flowrates During Transient. . . . . . . 159
Test Point 47 - Bank and Prime Inlet and Qutlet Tempera-
tures, Mixed Outliet Temperature . . . . . . . . .. .« « . 160

Test Point 47 - Outlet Temperatures of Panels 1, 2, 3, 4. . 161
Test Point 47 - Qutlet Temperatures of Panels 5, 6, 7, 8. . 162

vii

Jewang beoustomag ey tauny [ [ ] um—— ] e ad

Y S N e




e e ]

o el

€ > tm——ag

[ o [ it

Wy

FIGURE

113
114
15
116

117
18
119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134
135
136

Test Paint 19 -
Test Point 19 -
Test Point 19 -

Test Point 19 -
Outlet Temps. .

Test Point 19 -
Test Point 19 -
Test Points 47,
Test Point 50 -
Test Point 50 -
Test Point 50 -
Test Point 50 -

Test Point 50 -
Recovery. . .

Test Point 50 -

Test Point 17A - 18 - Leg Flowrates During Recovery

LIST OF FIGURES (Cont'd)

Total, Bank, Prime Flowrates. . .
Bank Flowrates. . « « « « « s ¢ o 2 « o o =«

Prime Flowrates . . . . . . .

Bank Inlet and Qutlet Temps, Panels 2, 6

Panels 1,

2, 3. 4 Bank Outlet Temperatures.

Panels 5, 6, 7, 8 Bank Qutlet Temperatures.
. 169

19 - Test Summary . . . . . . .
Panel 2 Recovery. . . . . . . .
Panel 3 Recovery. . .
Panel 5 Recovery. . . . « . . .
Panel 6 Recovery.

« o * B @

Comparison of Tube 3 Temperatures During

e« & o & o o o

« & & & & e =

Comparison of Panel Flow Rates. .

Test Point 36A - Panels 2, 5, 6 Flowrates . . .
Leg Flow Rate Plots for Test Point 60-51 . . .

Test Point 31 -
Test Point 36 -

Stabilized Temperatures . . . .
Stabilized Temperatures . . . .

Test Point 36A - Stabilized Temperatures. . . .
Test Point 2-1 - Stabilized Temperatures. . . .
Test Point 2-2 - Stabilized Temperatures . . .
Test Point 2 - Flow Rates . . . . . . . . .
Test Point 2 - Panel and Mixed Outlet Tempr“atures. . e

Comparison of Simulated Low a/e Coating Test Results and

Analysis. . .

viii

.

. L L] L]

166
167
168

170
m
172
173

174
175
176
177

. 178

179
180

. 181
. 182

183
184

. 185

186

GoFirany

s 35 o




TABLE

O N1 W N~

i i s i |
R N VDWW~ O W

LIST OF TABLES

Three Week Test Timeline. . . . . . . . . . . . .. ..
Test Group 1 - Simulated Baseline System Tests. . . . .
Group 2 - Two-Sided Radiation Tests . . . . . . . . ..
Group 3 - Design Data Tests . . . . . . .+ o o .
Simulated Baseline System Test Summary. . . . . . . . .
Test Group 1.1 Summary. . . . . . « ¢ o o v - ¢ 0 o o
Test Group 1.2 Summary. . . . . « + ¢ v ¢ v ¢ v o o o &
Test Group 1.3 Summary. . . . . « v v v v v v v v v e
Test Group 1.4 Summary. . . . . .« ¢ ¢ ¢« ¢ ¢« & o o o o« &
Test Group 1.5 Summary. . . . . . « « v v v v v v o .
Test Group 1.6 Summary. . . . . . . . . ¢ ¢« v o v v .
Test Groub 1.7 Summary. . « .« « v ¢« v v v ¢ ¢ 0 v o o
Two Sided Radiation Test Summary. . . . . . . . . . . .
Summary of Set Point Changes (Two-Sided Radiation). . . .
Summary of Alternative Plumbiny Test Points . . . . . .
Summary of Heat Load Transient Test Points. . . . . . .
Sunmary of Simulated Low o/c Coating Tests. . . . . . .
Extrapolation of Test Data to Baselin. Configuration. . .

ix

S k2

Gl ten’2t s aom o n g ST

b

(g

S v

et
& Mg



ws M0 S o E MR SN SER SEE SIS SEE SN GER IR AN AN A

1.0 SUMMARY

A three-week test of a Modu:ar Radiator System (MRS) was conductes’
in the Space Enviromment Simulation Laboratory (SESL) at the Johnson Space
Center (JSC) during the time period March 5 through 23, 1973. The tests were
designed to investigate the validity of the "modular" approach to space
radiator system design for Space Shuttle and future apglications by yathering
performance data on various systems comprised of different numbers of identical
panels, subject to nominal and extreme heat loads and environments. Both
one-sided and two-sided radiation was tested, and engineering data was gathered
on simulated Tow o/e coatings and system response to changes in outlet temp-
erature control point.

The results of the testing showed system stability throughout
nominal orbital transients, unrealistically skewed enviromments, freeze-thaw
transients, and rapid changes in outlet temperature control point. Various
alternative panel plumbing arrangements were tested with no significant changes
in performance being observed.

With the MRS panels arranged to represent the Shuttle baseline
system, a maximum heat rejection of 76,600 BTU/hr was obtained in segmented
tests under the expected worst case design environments. The minimum heat
rejection was 8260 BTU/hr in a cold enviromment. Testing of an alternate
smaller two-sided radiation configuration yielded a maximum heat rejection of
52,931 BTU/hr under the maximum design enviromments and a minim: of 4163
BTU/hr in a cold enviromment.
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2.0 INTRODUCTION

This report presents data from the Modular Radiator
System Shuttle Configuration Tests conducted in the NASA-Johnson Space Center
thermal vacuun facility (Chamber A) from 5 March 1973, through 23 March 1973.
The tests were conducted under the supervision of the Crew Systems Division
of JSC. vought Systems Division of LTV Aerospace Corporation designed, man-
ufactured, and instrumented the radiator panels and fiow bench used to supply
the radiator system. The chamber facilities, environment simulation and data
gathering and reduction were supplied by NASA-JSC.

2.1 Test Objectives

The general test objectives were:

1. Provide data which will support detail design of Space Shuttle
radiators by defining performance limitations with environments and fluid
temperatures characteristic of shuttle operation.

2. Demonstrate performance of eight modular radiacor panels in a
variety of series and parallel flow arrangements with balanced and unbalanced

panel environments.
3. Demonstrate that the modular radiator system performance
range of capabilities satisfies Shuttle requirements.
4. Demonstrate general modular radiator system operational
capability in a thermal-vacuum environment.
5. Investigate test performance of various candidate shuttle
radiator panel arrangements to support analytical predictions.
6. Provide data for verification/correlation of math model pre-
dictions.
The test was divided into three major groups with specific objectives
as follows:
GROUP 1 - SIMULATED SHUTTLE BASELINE SYSTEM - One-Sided Radiators
o Demonstrate performance of the Rockwell International
Corporation (RIC) baseline Shuttle configuration with
a variety of heat loads and thermal environments.
GROUP 2 - TWO-SIDED RADIATORS
o Demonstrate performance of radiator portion of weight
optimum radiator-water heat rejection system under

} -
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simulated 78° inclination and 0° inclination orbits.

o Investigate radiator system response to step changes
in outlet temperature control point.

GROUP 3 - DESIGN DATA

o Compare performance of radiator systems plumbed in
various alternative arrangements.

o Evaluate engine’ .ng design adequacy of the panels.

o Evaluate performance with simulated low a/e coatings.

0 Demonstrate system parallel flow stability with skewed
environments.

o Demonstrate system performance during transition
between high and low heat loads (freezing and thawing)
in various parallel/series flo.s arrangements with
balanced and unbalanced environments.

Four basic Shuttle configurations were approximated during the tes:.
The four configurations have been analyzed in a recent Shuttle radiator design
optimization study (Reference 1) which permitted the use of water evaporation
to supplement radiator heat rejection when needed. The four configurations
and corresponding flow loops are illustrated in Figure 1.

The baseline configuration (3) with 1436 ft? of effective area can
reject the Shuttle heat loads without supplemental water evaporation. For each
cargo bay door, two panels are permanently attached to the aft door segments
and four more panels are mounted back-to-back and separately deployed from the
forward door segment. The 12 panels are identified as A through L on Figure 1.

Configurations 1 and 2 require supplemental water evaporation to
satisfy shuttle heat rejection requirements, but all panels are permanently
atrvached to (and supported by) cargo bay door segments. Configurations 1
and 2 differ only in the deployment angle of the forward doors. The eight
panels are identified ABCD, GHIF and tne environments are similar to those of
Panels ABCD, GHIF of Configuration 3 .

Configuration 4 consists of four panels which are separately
deployed from the forward cargo bay door segments. The panels are uninsulated
so that they radiate from both sides. The analytical trade study indicated that,
with supplemental water evaporation, this concept yielded a weight optimum design.
“he four panels are identified as M, N, 0 and P since the two-sided configuration




does not correspond to any panels in the other three configurations.

2.2 Mission Environments Simulated

Figures 2 and 3 show the various mission environments which were
simulated during the testing. In addition, deep space cald soaks and severely
skewed (unrealistic) environments were simulated. Deta.ied values for the
environments are presented in the section or zvaluation of results and in
Appendix A.
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3.0 TEST ARTICLE AND INSTRUMENTATION

3.1 Panel Description

fhe Modular Radiator System (MRS) for this test consisted of eight
6 ft x 12 ft flat panels arranged in flow patterns similar to those being
considered for the Space Shuttle. Each panel consists of extruded tubes
welded to 0.02 inch aluminum sheet on 6.0 inch centers in a U-shaped pattern
as shown in Figure 4. The over/under tube arrangement (Figure 4) provides
for completely redundant flow passages, but only the "under" passage was used
in this test. Thorough thermal vacuum testing of two of the panels has pre-
viously been performed (Reference 2) and all eight panels and the flow bench
were checked out in the VSD thermal vacuum chamber prior to the Chamber A
tests to insure satisfactory operation of ali equipment and verify all opera-
tional procedures. (Reference 3)

The eight panels were installed in Chamber A as shown in Figures 5
and 6. Figures 7 through 9 show the panel being insulated. the plumbing
insulation and the insulated panels. The enviromment simulators were installed
directly below the radiator panels and wrapped in superinsu:ation as shown
in Figure 10 for the one-sided and two-sided radiation tests.

3.2 System Description

The MRS achieves heat load control by varying the flow split between
a "prime" and "bank" circuit as shown for a typical panel arrangement on
Figure 11. The flow split was controlled during the test by a valve which
sensed the mixed outlet of the prime and main circuits and compared it to a
desired set point temperature. During periods of low load, the majority of
the flow was routed to the prime tubes of each vanel, and the bank was allowed
to stagnate (freeze), thus reducing the effective panel area. As the load
incv-ased, more flow is routed to the bank, and the panels begin to de-

stagnate (thaw) from the inside out (i.e., the shortest tubes destacnate first).

Two different mixing valves were used during the test to control the
prime and main mixed temperature. A thermally actuated valve supplied by
Pyrodyne was used during some portions of the test (mostly during transients).
This valve has a fixed set point of 47-49°F,

The second valve used an electro-mechanical valve and control unit
originally designed for use in the Skylab Apolio Telescope Mount (ATM) coolant
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loop. The valve control unit was modified by LTV to provide outlet temperature
control points of 40°, 50°, and 70°. The Skylab requirement for leakage
through the ATM valve "closed" side is much higher than that required for MRS
testing. Thus, additional restriction was added manually by LTV test per-
sonnel during various phases of the test, such that the leak rate was reduced
to approximately 1% of full flow.

Figure 12 shows the test system schematic and instrumentation location.
A1l valves inside the chamber are remotely controlled to permit a wide variety
of series/parallel flow arrangements. Some valves external to the chamber
used to provide for flowmeter isolation for servicing and repair and an
additional temperature control valve (the ATM valve)are not shown on Figure 12 .

3.3 Instrumentation
The Al series thermocouples (panel inlet and outlet temperatures)

and flow measurements shown on Figure 12 are considered critical for evaluating
system performance. The Al temperatures are backed up by Brown Recorder ther-
mocouples and the flowmeter arrangement (total flow plus flow in each leg) is
such that with the loss of any one flowmeter all flows are still known. In
addition to the critical fluid temperatures, each panel has 37 thermocouples
attached to the external tubes as shown in Figure 13. These temperatures and
the panel pressure drop measurements are desirable but not consi iwed critical
to the conduct of the test.

Figures 14 through 17 show the LTV flow bench and equipment used to
supply the radiator system with the desired fluid temperatures and flow.

During the third week of testing it was observed that the inlets
to the prime tubes inside the chamber were reading approximately 9°F higher
than the prime inlet outside the chamber. With chamber cold walls it did not
seem reasonab'e that a net heat gain of this magnitude could occur. Starting
with day 79 approximately 2230 hours the back-up thermocouples for A10003
through A10036 were recorded on the miscellaneous channels, MS0003 through
MS0036. The MS data agreed well with th- measurements outside the chamber.
Subsequent to the test it was discovered that a dissimilar thermocouple
connector inside the chamber was used for A10003 through A10014. During the
first two weeks of testing the chamber walls were warm and the thermocouple
connector did not affect the readings. However, during the third week the
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chamber walls were cold and a temperature gradient in the connector produced

an EMF which affected the readings. A survey of the Al and MS readings after
2230 on day 79 indicated that the Al readings averaged 8.5°F high. This value was
subtracted from all A10003 through A10014 data between day 78, 0735 hours and

day 79, 1110 for determining the radiator performance.

3.4 Enviromment Simulation

The environment was simulated by a temperature controlled panel
located immediately below the -adiator panels as indicated in the sketch of
Figure 10. A freon 11 loop and a liquid nitrogen loop flowing in separate
tubes were used to control the panel temperatures. Design, installation ana
operation of the enviromment panels were provided by tha Space Enviromment
Simulation Laboratory (SESL) division of NASA-JSC. The radiator panel absorbed
heat was determined by SESL engineers based on the simulator and radiator
temperatures including the effect of reflected energy.

Appendix A shows the absorbed heat for each radiator panel at the
stable conditions. Transient environment data is not available at this time.
During the initial 5 test points the simulated enviromment was high because
SESL engineers used a radiator panel emissivity of 0.85 to determine the
heat absorbed. VSD used 0.92 in the pre-test computer analysis. Gier-Dunkle
tests of 5 paint samples by NASA indicated a "near normal" emissivity of 0.913.
Correcting to hemispherical emissivity yields 0.865 to 0.89. A value of 0.90
was used to determine all the enviromments shown in Appendix A. TP-5 (Test
Point - 5) enviromments were set based on the revised emissivity of 0.90,
resuiting in lower values than used in TP-1. TP-1 and TP-5 are segments of
the baseline system and together simulate one side of the cargo bay doors.
This explains why the enviromments for this test sequence were inconsistent.
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4.0 TEST DESCRIPTION

The original test plan called for three separate test weeks with
differer . panel and plumbing configurations each week. In order to make
may ‘m.m use of available test time the test chamber pumpdown was to be initiated
at mid ight each Sunday and the test completed in time for repressurization
and recuired test article reconfiguration by midnight the next Friday. However,
a failure of the environment simulator during the first week of testing required
a revisfon of the test timelines including chamber repressurization and pump-
down ir the middle of the week one and week three tests. The revised test plan
satisti «d all major test objectives although the test time was reduced.

e sengy

4.1 Test Description by Week

During the first week the panels were insulated on one side and two
flow loup arrangements tested to investigate the performance of segments of
configurations 1, 2, and 3. Flow loop a (Figure 18) is used to simulate the
top panels on one cargo bay door for configurations 1 and 2; all of the panels
of conficuration 2 with a low a/e coating; and 1/4 of the upward tacing panels
combired with all of the downward facing panels of configuration 3.

Flow loop 8 (Figure 19) simulates the parallel to series flow setup
of te baseline system for one cargo bay door. One half of the upward panel
area and all of ° .2 downward facing area are simulated for this test arrange-
ment. Since the flow loop of Figure 18 simulates all upward facing panels of
configuration 3, the outlet temperature at point X (after one half of the up-
ward facing panels) is used at the inlet temperature for corresponding condi-
tions with flow loop 8 (Figure 19). The temperature at point Y (after 3/4 of
the upward facing parelsj is used as the iniet temperature for corresponding
conditions with the arrangement of Figure 20 which simulates the outlet leg of r
boch cargo be. aoors. Figures 21 and 22 summarize the first week test config- 4
urations «..d flow of testing.

After 5 test points were completed in the first week,a freon 11 line l
sur’ 'ying the IR simulator failed causing a pressure wave in the chamber to blow

he insulation blarkets of f of panels 3 and 4 and partially off of panels 2 and 7. l :
Figure 23 shows the insulation on the panels after the freon 11 line failure. 3
It was d.-ci.ad that no further useful testing could be accomplished with the || §
i
I
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the blankets and 1ine repaired. The test timelines were revised to reflect

the reduced test time due to the chamber repress, repair time and pumpdown.
During the first test sequence after pumpdown, another IR panel line failed
(Zone 2) and blew the insulation blanket partially off of panel 2. The flow
arrangement was modified to use panel 6 and 8 instead of 2 and 4 in the a

flow loop and one orbit simulation completed before another IR panel line failed
and ble. the insulation off of panel 8 and partially off of 6 and 7. Figure 24
shows the location of the insulation blankets after the second and third IR
panel line failures. Four additional planned test points were completed with
revised flow configurations and degraded insulation on panels 2, 6, and 7.

Two additional test poinis were devised to investigate system performance
during the transition from low to high heat loads and with the panels under
widely different enviromments.

The second week of testing was revised to complete the originally
planned week 1 test points and a portion of the planned third week tests. The
third week of testing was pianned to investigate three more flow loops
(Figures 25, 26 and 27) to demonstrate versatility of flow arrangements, the
effect of panel isolation, panel shadowing, and 1imitations on performance.
Freeze-thaw characteristics of panels connected in various parallel/series
flow arrangements were also obtained during these tests. Figure 28 summarizes
the second week configurations.

Based on anomaly study results of the IR panel failures, the requested
enviromments for the remaining tests were also revised so that the cyclic
environments did not require alternate freon 11 and LN; in the simulator panels.
A1l major third week objectives were accomplished during the second portion
of the second week.

For the third week of testing, the insulation was configured to
simulate the cargo bay door and the performance of configuration 4, (two-sided
radiation) investigated with flow loop y (Figure 29). This flow loop simulates
the radiators on both sides of the forward 30 ft. of the cargo bay and represents
the full radictor system when expendable water is used to supplement the
radiator heat rejection. A1l planned test sequences and objectives were
accomplished for this configuration. Excess test time at the end of the week
was utilized to investigate the syste” performance in other than the analytical
"worst case" orbits.
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Table 1 presents the complete 3 week test timelines in the order
the tests were run. Appendix B presents more detailed test timelines com-
piled from the weekly status reports prepared by VSD.

4.2 Summary of Testing by Objective
The sixty-one test points run during the three-week test series
have been divided into three major groups as follows:

Group 1 Simulated Baseline System
Sun in Cargo Bay, B = 78° enviromment
Skewed enviromments
Cold soak and recovery

Group 2 Two-Sided Radiator System
Sun in Cargo Bay, 8 = 78° environment
B8 = 0° enviromment
Cold soak and recovery

Group 3 Design Data
Low a/e coating simulation
Response to set point changes
Alternative plumbing arrangements
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5.0 TEST RESULTS

The results presented in this section are catagorized by major objective
topic as presented in Section 4.2. Section 5.1 presents simulated baseline
results, Section 5.2 presents two-sided radiator results, and Section 5.3 con-
tains results from other test points designed to obtain engineering data.

Each major group has been further sutdivided to include test points
which together form the baseline system or are directly comparable to each
cther. Tables 2 through 4 present the test point groupings and an index showing
the page numbers for the test data for each subgroup. The test results pre-
sented include a summary of the test conditions and overall results, steady-
state performance maps showing temperatures and flow rates for each stabilized
condition and appropriate transient data and calculated heat rejection as re-
quired. The complete set of test data is presented in Volume IV of t-is report.

5.1 Baseline System
The results of Test Groups 1.1 through 1.8 (refer to Table 2) are
displayed in this section. Table 5 summarizes the results of these groups
(18 test points) and Tables 6 through 12 present a summary chart for each
g -up. Figures 30 through 55 present detail data for each test point.
Table 5 shows the test data heat rejection for the simulated base-
line system. For those test points which simulate half of the system the
average heat rejection over the orbit is doubled to get the system heat re-
jection. It is assumed that as one side of the system is at the maximum heat i
rejection the other side is at the minimum so that the orbital average of one :
side is approximately the same as the total system. Table 5 indicates that i
test groups 1.1 through 1.5 do not reject the desired heat loads. The difference
in heat rejected and heat load for test groups 1.6 and 1.7 is due to the out-
let temperature control point and slight differences between the main and
prime system flow splits between the test segments. The fact that test groups
1.1 through 1.5 do not reject the heat load is attributed to two reasons.
First, although the total test area agrees with the baseline area, the dis-
tribution between the top panels and the cavity panels is different. Second,
the test enviromments are generally higher than desired resulting in a lower
heat rejection.
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The test and baseline areas are:

TEST BASELINE

Top Panels 1152 1030
Cavity Panels 288 410
Total 1440 FtZ2 1440 Ft2 -

.

The baseline heat rejection can be estimated by adjusting the test heat
rejection on the top panels and cavities by the differences in areas. Table 18
presents the results of this analysis for test groups 1.1, 1.2 and 1.5. The
extrapolated results are close to the desired heat rejection for test groups
1.1 and 1.2 indicating that with lower enviromments the heat load could be
met. The results for test group 1.5 indicate that the baseline system as
tested will not reject the system heat 1oad with the sun in cavity orientaiion.
A flow reversal valve which routes the flow through the hot cavity panels
first then to the top panels or a flow proportioning valve to route the flow
to the cold cavity would improve heat rejection for this orientation.

The low heat rejection for test groups 1.3 and 1.4 is attributed to
higher than desired enviromments. For example, the comparison of test points
5 and 8 shown in Figure 55 indicates that the high enviromnment on panels 1, 3,
5 and 7, test point 8, caused the inlet to the cavity panels (panels £ and 6)
to be the same for both test points and resulted in the same outlet temperatures. -

5.2 Two-Sided Radiation Tests

The enviromment and heat load simulation for this test group was very
good. No data is available at this time on the transient enviromnments but
the maximum and minimum points agreed well with the desired values.

Test groups 2.1 through 2.4 examined the performance of the radiator
portion of the analytically determined weight optimum radiator/water heat re- B
jection system. Table 13 summarizes the test results of these test groups and 3
Figures 56 through 86 present the temperature maps and pertinent transient a
temperature and flow rate plots. Test points 21 and 22 yield comparable re-
sults for steady state and cyclical enviromments. As indicated by Table 13,
the test heat rejection rate for TP-21 would require an additional 20,296 BTU/hr
of heat rejection by water evaporation to reject the imposed heat load of

.
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69,722 BTU/hr. This is above the nomial 16 1b/hr maximum previously established
by analysis for the evaporation device. An examination of the environments
for this test point indicates that the steady environments requested were
too high. The cyclic enviromments used for TP-22 varied between 133 and 158
for one side of the cargo bay and 171 and 131 (90° out of phase) for the other
side. Therefore the constant environment of 160 BTU/hr-ft2 on all panels used
in TP-21 is not representative of the design conditions. This data point is
valuable as a steady maximum heat rejection case for thermal model correlation.
TP-22 indicates a maximum evaporation heat load of 17,864 BTU/hr which is close
to the nominal 16 1b/hr rate. It should also be noted that the maximum heat
rejection occurred during TP-27 which represents a sun in cavity orientation.
This is in direct contrast to the baseline system which indicated that the
sun in cavity orbit is the worst case condition.

Calculated heat rejection rates (Table 13) for the initial seven test
points were approximately 10 percent lower than the pre-test predictions (a
maximum deviaiion of 3000 BTU/hr). Heat rejection rates for the low load tests
were different from the simulated loads and predictions due to slight dif-
ferences in the outlet control point. The differences in the predicted and
test heat rejection for the high and intermediate loads could be caused by
several factors. The total heat absorbed by the radiators was higher than used
in the predictions due to the effect of the warm chamber floor and the radiant
interchange between the insulation blankets which face each other (panels 2, 4,
5 and 7). The pretest analysis to determine the angle between the blankets
and the panels indicated that an angle of 42° is desired for the outward
facing blankets and 48° for the blankets that face each other. The actual test
configuration had all blankets at approximately 45°. It is estimated that the
effect of the warm chamber floor and the LN2 walls adds 3.3 to 7.2 BTU/hr-ft2
for a chamber floor temperature of 0°F and -100°F respectively (LN2 walls at
-280°F). Real time computer analyses were conducted during the test with
3-4 BTU/hr-ft2 added to the observed test enviromments from the IR simulator
panels. The effect on outlet temperature for test points 21 and 22 are:

13
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TP-21 TP-22
Pretest Analysis
Outlet temp, °F 74 67.1-70.9
QaBS» BTU/hr-ft2 160 133-158
. 171-130
Real Time Analysis
Qutlet Temp 76.2 68.8-72.0
QaBS 164.8 135-165
174-132
Test Results
Outlet Temp 78 71-74
Qass ? ?

It is seen that radiator performance is very sensitive to environments in this
range. A change in absorbed heat from 158 to 165 BTU/hr-ftZ increases the
equivalent radiation sink temperature approximately 6°F from 51 to 57°F.

Another possible reason for the lower than anticipated panel heat
rejection is that the effective radiation from the simulated cavity could be
lower than the pre-test analysis value. Previous cavity analyses of the actual
shuttle configuration including the effect of the curved surfaces indicated
that the effective area of the cavity panel was 67% of the actual panel area.
It was originally planned to conduct the test with 33% of the panel covered
with an insulation blanket to simulate the cavity. However, a late NASk re-
quirement that the test configuration be more geometrically representative of
the Shuttle required the analysis to determine the angle between the flat test
panels and insulation blankets that would yield an effective area of 67% of
the panel area. Due to time Timitations this analysis was based on the
simplifying assumption that considered the radiator panel as one isothermal
node and the blanket as one isothermal node. More detailed multi-node analyses
may indicate a lower effective radiation from the test cavity.

Test group 2.4 examined the weight optimum radiator system performance T
in a simulated 0° inciination orbit. These orbits have been analytically shown
to be not as severe as the 78° inclination orbits tested in test group 2.1.

A comparison of the results verifies that less water evaporation is required
for test point 22. However, the peak outlet temperature occurs during TP-61
indicating that the maximum instantaneous water evaporation rate is during

this orbit. This is important in sizing the evaporation system. The test data
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indicates a maximum water evaporation devicec heat load of 19,048 BTU/hr. An
examination of the transient test enviromments to insure that they are repre-
sentative of the orbit and an analytical verification of the results is required
before a definite design criteria is established. The maximum and minimum test
environments were lower than requested (a maximum deviation of 5.0 BTU/hr)
indicating that the actual peak outlet teriperature could be higher than the

test data.

Groups 2.5 through 2.8 are included in the two-sided radiation test
subgroup, although these tests were primarily intended tc test system outlet
temperature set point change response. Tabl: 14 summarizes the test results
of test groups 2.5 through 2.8. Figures 78 through 81 show the transient
heat rejection resulting from the change in set point temperature and flow rate
and outlet temperature plots. As shown by Figures 78 through 81 the changes
in radiator heat rejection are accomplished in five minutes or less, indicating
that che water evaporation device to be used with the radiator system should
have a fast response time. As previously mentioned, the flow control valve
used to control the mixed outlet temperature required some manual override to
maintain the desired outlet. This accounts for the loss in outlet control
observed in some cases immediately after a change in set point. The test data
indicates that the radiator system's ability to supply a controlled outlet
temperature of 40°F to 70°F is limited only by the response time of the control
valve. With the control point set at 70°F the main outlet temperature is less
than 40°F, due to reduced flow, even at high load and hot enviromment. (The
load/enviromment must be such that the radiator system is capable of obtaining
a 40°F outlet of course.) When the set point is changed to 40°F %he control
valve routes more flow through the main system and the first slug of cold main
fluid jmmediately lowers the mixed outlet to 40°F. With the control point main-
tained at 40°F, the prime outlet remains approximately 3°F below the inlet
temperature even at low loads in the coldest environment. When the set point
is increased to say 70°F, the first slug of hot prime fluid immediately in-
creases the mixed outlet.

The maximum observed change in heat load was from approximately
45,000 to 70,000 BTU/hr (Test Points 53-54 and 56-59). This 25,000 BTU/hr
change under the maximum load conditions is above the anticipated change in

15




gk

load when the excess fuel cell water is used to top off the radiator system
(10,000-16,000 BTU/hr). Test points 52D and 52E obtained the maximum observed T
heat rejection ratio of 7.7 : 1.0 (2600 to 20,000 BTU/hr). Test point 52 i
had a lower than desired heat rejection because the cimulated heat load was
Tow due to Timited test equipment heater power for the prime system.

There were no observed flow instabilities (Figures 82 through 85) due
to the rapid changes in flow rates for the cold and skewed environments.
Figure 86 shows a typical flow rate response, indicating equal flew: distribu-
tion in the four parallel flow paths.

RErR

5.3 Design Data
The test points grouped under design data include those intended to

investigate (1) alternative plumbing configurations (Test Groups 3.1 through
3.3), (2) response to heat load transients and recoveries of frozen panels
(Test Groups 3.4 and 3.5), and (3) low a/e coating simulation (Test Groups
3.6 and 3.7).
Alternative Plumbing Arrangements

Table 15 summarizes the alternative plumbing test points and Figures
87 through 98 present the temperature maps for these test points.

A comparison of the heat rejection per unit area (Q/A) is shown in
Figure 99 for panels plumbed in 4, 5 and 8 parallel paths. This data indicates
that with equal panel inlet/outlet temperatures (TP-32, 33 and 45), the Q/A
variation is 51.0 to 55.4 BTU/hr-ft2. TP-46 has a Q/A of 62.5 BTU/hr-ft2,
but also has a higher outlet temperature indicating a higher average radiating
temperature. Therefore, a direct comparison between TP-46 and TP-32, 33 and
45 cannot be made. It is concluded that changing the panel plumbing from 4
to 8 parallel paths results in approximately an 8 percent decrease in heat re-
jection capability. This agrees with previous analytical studies (pre-test
predictions which were made for an inlet temperature of 111°F instead of
165°F).
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The effect of different plumbing configurations for the cavity panels
of the baseline system is shown in Figure 100. TP-48 and 49 indicate no dif-
ference in system performance. The difference between TP-29 and TP-48 and 49 is
attributed to differences in enviromments. The test results again indicate
that the plumbing arrangement does not affect the system performance.

-
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Test points 37, 38 and 39 were intended to provide a compar.son of
plumbing arrangements uvder low load operation. However, an evaluation of
the results (Figures 91, 92 and 93 indicates that the test conditions chosen
for these test points were incorrect. The environment of 117 BTU/hr-ft2 on
all panels except 7 and 8 with an inlet temperature of 53°F resulted in l.at
rejection only in panels 7 and 8. The oth~r panels actually absorbed heat.
Under the test ccnditions no difference in panel 7 and 8 performance was
observed and the isolation of panel 8 merely reduced the system heat rejection
by approxmmately one-half.

The only other comparison of low load plumbing -~rangements is pro-
vided by test points 16 and 43. As shown on Figure 101, test noint 16 heat
rejection was lower than test point 43. This is attributed to differences
in the mixed outlet control point rather than better low load capabilities
of the test point 16 plumbing configuration. A cocmparison of the main outlet
temperatures, indicates that during test point 43 the panels got colder than
during test point 16, although neither test point approached the limit of
-211°F. This is due to different environments (the test points were not
originally designed for comparison).

The test data are inconclusive as to the best plumbing arrangement
to obtain the lowest load. It is expected that a Flow arrangement with all
panels in series would have a lower load capability than all panels in parallel |
since the downstream panels would have a lower inlet temperature and lower !
average temperature in the series arrangement. No test data was obtained
under limit conditions to verify this hypothesis.

Heat Load Transients |

A total of 6 heat load transients with five different flow confiqu:a- P
tions were conducted (Test Groups 3.4 and 3.5). A summary of the heat load
transfent test points is shown on Table 16. Panel temperatures prior to the
recovery and panel flow rates and outlet temperatures during the recovery
are presented i., Figures 102 through 128. Minimum-maximum-minimum and
max imum-minimum-maximum heat load transients were tested with different en-
vironments on parallel panels. A maximum of five parallel panels with a hot
enviromment on one panel and cold enviromments on the other four have been
tested. A1l flow arrangements operated satisfactorily, with no observed flow
instabilities. Figures 102 through 107 show the coldest tube temperature taken

17



from the 37 panel thermocouples (Figure 13) at the minimum heat load condition
Just prior to the start of the transient to the high heat load condition. This
data indicates the number of tubes which must be thawed during the transient.
Figures 107 and 114 show the flow rates in parallel flow paths during
the heat load transients for test points 47 and 19 respectively. As indicated,
there were no flow instabilities observed during either transient. The flow
discontinuity shown on Figure 109 at 1600 hours is due to a flowmeter failure.
Figures 120 through 124 show the recovery transient of each tube of
panels 2, 3, 5 and 6 during test point 50. A comparison of tube 3 temperatures
during the test pc.nt 50 recovery, given on Figure 124, shows the transient
characteristics of five panels plumbed in parallel. At the start of this
transient four of the five parallel panels had six tubes frozen (Figure 104).
Panel 1 had a high enviromment (approximately 125 BTU/hr-ft2) ard did not
freeze any tubes, thus demonstrating flcw stability with partiaily frozen and

free flowing panels in parallel. Further evidence of this stability is indicated

by the fact that all panels show a recovery trend throughout the transient
even though the panels do nct thaw out at the same time due to differences in
initial temperatures (Panel 5 was the coldest panel), enviromments and/or
panel inlet temperature and flow rates. The last panel to recover (Panel 5)
lags the initial panel recovery by approximately 20 minutes. The exception

to the consistent recovery trend is shown by a comparisor of tube temperatures
of panels 2 and 3 (Figures 120 and 121). Panels 2 and 3 appear to be recover-
ing at approximately the same rates when Pane: 3 abruptly experiences a trend
reversal for a short period of time. This is believed to be caused by Panel 2
tubes thawing first‘and momentarily taking the majority of the flow (in effect
starving Panel 3) due to the -educed pressure drop caused bty more tubes flowing.
The recovery trend is quickly re-2siablished however, indicating the system
stability.

‘est group 3.5 was design: ] tc investigate the heat load transient
under cold enviromments. As indicater on Figure 105, only panel four was
frozen during test point 17A-18. Panel two had one tube that was frozen, but
due to the degraded panel insulation, the heat leak to the warm chamber walls
kept the other tubes above the freezing point. Figure 126 illustrates the
flow stability of panels in two parallel flow paths during the heat load
transient. The flow blips betweenr 0 and 0100 hours are caused by surges in
the total flow.

18
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Figures 127 and 128 demonstrate the flow stability of panels in three
and four parallel flow paths respectively. As shown by Figures 105 and 106
both the upstream and downstream Danels had frozen tubes and there were dif-
ferent number of frozen tubes at the start of the transient. For example,
both panels 6 and 8 had eight frozen tubes at the start of test point 60-51,
whereas the parallel panels 2 and 4 had only one and five tubes frozen.
Simulated Low a/e Coatings

The low a/e coating performance was simulatad by reducing the absorbed
heats to the amalytically determined va'ues and ratioing the test panel areas
by the ratio of emissivities (Ewhite paint / €desired = .9/.76). Table 17

summarizes the results of this group of tests and the test panel and simulated
areas. Test points 31, 36 and 36A represented one-ha” f of the analysis con-
figuration 2 under steady enviromments and test point 2 represented the full
configuration 2 with cyclical enviromments. Figures 129 through 133 present
temperature maps for test groups 3.5 and 3.6. Figures 134 and 135 show the
flow rate and outlet temperature variations for the simulated orbit of test
point 2.

Figure 136 compares the results of the simulated low a/e coating
tests to the analysis results of reference 1. Test point 2 compares very
favorably with the analysis while test point 31 indicates a higher required
evaporation than predicted. This is attributed to the fact that the test was
conducted with steady rather than cyclical environments.

19
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6.0 CONCLUSIONS
The modular radiator system operated flawlessly during three weeks
of testing, accumulating over 300 hours of operation in a thermal-vacuum

enviromment with no problems. Performance data has been obtained for Rockwell's

baseline system and the weight optimum system for a variety of known environ-
ments and heat loads representative of the shuttle design conditions. Design
data for alternate plumhing arrangements, heat load transient capabilities
and simulated low a/e coating operation have also been obtained. A1l test
objectives have been met.

The maximum observed baseline system heat rejection was 76,600 BTU/hr
obtained in segmented tests, and 52,931 BTU/hr for the weight optimum system.
The minimum observed heat rejection was 8260 BTU/hr for the baseline system
and 4163 BTU/hr for the weight optimum system. The test results indicate the
applicability of the MRS to the Shuttle; however several differences between
the test and baseline panels should be examined in future testing. These dif-
ferences include: the panel size, the panel aspect ratio (length to width),
and the reach (maximum distance between frozen and non-frozen tubes during
low load). It is also recommended that future testing inciude the effect of
backside and edge heat leaks.

The concept of modular radiator panels used to "build" a system to
the required area was demonstrated by obtaining operating data for panels
plumbed in eight different series/parallel arrangements with skewed and
balanced enviromments representing eight different situations. Each of the
test panels provided the same perforiwunce under similar heat loads and en-
viromments.

A total of 17 test points were made to collect design data to support
detail design of the shuttle radiators. The test data indicates that any con-
venient plumbing arrangement can be used (up to eight panels in parallel) with
only a slight degradation in performance due to low panel flows (laminar flow
heat transfer coefficients). The transition between the minimum and maximum
heat rejection rates was demonstrated for a variety of series/parallel flow
configurations with balanced and unbalanced enviromments. No unstable flow
conditions viere observed during any of the tests.

The simulated low a/e coating tests indicates that the MRS should
operate satisfactorily with a low a/c coating and that the performance is in
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the range used in previous heat rejection system weight optimization studies.

Data for thermal model correlation has been obtained by recording
total system and individual panel inlet and outlet and tube temperatures, fiow
rates and pressure drops for approximately 302 hours of testing. A preliminary
comparison of pre-test predictions and test data indicates that the system model
used in previous analytical studies is adequate. The results of a more detailed
correlation analysis are reported in Volum: III of this report.
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DATE

5 March 1973

6 March 1973

7 March 1973
8 March 1973

9 March 1973
12 March 1973
13 March 1973

14 March 1973

15 March 1973

DAY

64

65

56
67

68
n
72

73

74

TABLE I

THREE WEEK TEST TIMELINE

TEST POINT

Chamber Down

Chamber Down

23

1
1A
2
3
4

5
8
10
12
17
178
18
19
a7
14
14A
16
20
1

31
32
33
48
49
37
38
39
45
46

BEGIN

1525
1855
2020
0146
0445
0948
1700
0020
0430
0755
1115
2050
2300
0740
1108
0000
0315
0730
1040
1515
1830
1400
1525
1825
1920
2210
2330
0210
0300
0400
0615

END

1855
2020
0146(day 65)
0445
0600
1700
1920
0430
0755
1115
1525
2256
0340(day 68)
1140
2025
0315
0615
1040
1515
1830
1400(day 73)
1525
1825
1920
2210
2330
0210(day 74)
0300
0400
0615
0745

-~ -




| e e e e e —— et ot

<t i

ed o

DATE

15 March 1973

16 March 1973
19 March 1973

20 March 1973

21 March 1973

22 March 1973

23 March 1973

DAY

74

75
78

79

80

81

82

TEST_POINT

24

TABLE I (CONT'D)

50
43
36
36A

”
[

22
23
24
25
26
27
28
29
62
57
58
60
51
52
52A
528
52C
52D
52E
53A
53

55
56

22886

0745
1900
2335
0600
0736
1000
1340
1720
2025
2330
0130
0250
0525
1110

0420
0735
1646
1735
1920
2031
2105
2200
2336
0205
0605
0715
0825
0920
1105
1800
2300
0200

BN

1900

2335
0600(day 75)
0955

100V

1340

1720 -
2025 =
2330 -
0130(day 79)

0250

0525

1110

0045

0420

0735

1140

1735

1920

2031

2105

2200

2336 . ‘
0205(day 81)
060> ;
0715 =
0825

9:20 I
1105

1210 | |

2144

b}

o

0630

0200(day 82) l E
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SHOWING 8 MRS PANELS

SESL CHAMBER "A"

j AND L7V TEST PERSONNEL -




MRS PANELS INSTALLED IN CHAMBER A
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FIGURE 9

INSULATED MRS PANELS PRIOR TO CHAMBER
CLOSEOUT
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FIGURE 15

FLOW CONTROL

CONSOLE

LTV INSTRUMENTATION -




FIGURE 16
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CONSOLE
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FIGURE 20
TEST POINT 1+ - STABILIZED TEMPERATURES

Tin Main 1i6.3
Tip Prime _ 148.7

] l Flow Hain _ 109
Flow Main —ore Flow Prime  13.2

N et e e Sttt -~ 1+ e

6
Temp Main -9-&—— j‘\
Temp Prime e T -

Tt X

Tout Main 97

Tout Prime 0 l .
3
é;
X Temn Mixed Prime and Main 96 l }
60 [
l . ».' A
| mvsnenany o S S, oy e s R ————

Temp Main 11 -—
00 Tero Prime 101
Temp Prime L—.__\& V e

Fiow Hain 607

flow Prime ~ : ) —r
‘ L~ Frow Prime _1-°
PANEL
) PANEL
5
Temp Main —13%.2 Temo Main 141.1
Temp Prin —20 T~y Temn Prime 108
P
PANEL N;EL .
3

Temp Main 119

PANEL PANEL
4 8
' Temo Main -2 105
: emp Main - Temp Main
Temp Prime 22— " — Temp Prime 102
PANEL PAKEL

Temp Main 98
Temp Prime

g |

+



mee e e M e

o — ORI . ——a

~

[ e |

FIGURE 31
TEST POINT SA - MIXED AND MAIN CUTLET
TEMPERATURES
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FIGURE 33

TEST POINT 1 - STABILIZED TEMPERATURES
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FIGURTE 34

TEST POINT 3 - STABILIZED TEMPERATURES
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FIGURE 35

TEST POINT 20 - MIXED OUTLET AND LEG
OUTLET TEMPERATURES
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FIGURE 36

TEST POINT 20 - LEG FLOW RATEX:
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FIGURE 37

TEST POINT 4 - STABILIZED TEMPERATVRES
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FIGUFY L2

TUST PCINT 10 - STABILIZED TEMPERATURYS
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TEST POINT 17 - STABILIZED TEMPERATURES
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FIGURE 50
TEST POINT 17A - STABILIZED TEMPERATURES
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FIGURE 52
TEST POINT 16-2 - STABILIZED TEMPERATURES
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FIGURE 54

TEST POINT 18 - STABILIZED TEMPERA-
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FIGURE 59
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FIGURE 72
TEST POINT 61 - FLOW RATES
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FIGURE 76
TEST POINT 64 - FLOW RAT®!
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FIGURE 99
COMPARISON OF PLUMBING ARRANGEMENTS

AVG INLET OUTLET HEAT

e hevans  EEND -

TEST  EN. ., TEMP TEMP ReJecTIon YA :
CONF IGURATION POINT BTU/HR FT2 °F  °F  BTU/HR  BTU/HR FT
| — 322 129.8  165.2 111.0 31,908  55.4

33 129.6 164.1 110.0 30,679 53.4
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FIGURE 110

TEST POINT 47 - BANK AND PRIME INLET
AND OUTLET TEMPERATURES, MIXEL QUTLET
TEMPERATURE
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FIGURE 111

TEST POINT 47 - OUTLET TEMPERATURES OQF
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FIGURE 112

| TEST POINT 47 - OUTLET TEMPERATURE OF

PANELS 5, 6, T, 8
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; FIGURE 115
l "I TEST POINT 19 - PRIME FLOWRATES
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FIGURE 116

TEST POINT 19 - BANK INLET AND OUTLET
TEMPS, PANELS 2, 6 GUTLET TEMPS
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FIGURE 132

TEST POINT 2-1 - STABILIZED TEMPERA-
TURES
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FIGUT © 133

TEST POINT 2-2 - STABILIZED

TEMPERATUKES
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FIGURE 136

COMPARISON OF SIMULATED LOW a/e COATING
TEST RESULTS AND ANALYSIS

ANALYSIS (REF. 1)

TEST POINT 31 (HEAT LOAD = 74,012 BTU/HR)
TEST POINT 2 (HEAT LOAD = 66,803 BTU/HR)
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APFENDIX A

ENVIRONMENT SUMMARY

- —————

TEST TIME AVG IR ABSORBED BY PANEL

POINT |DAY [HR IMIN] 1 | 2 3 8 5 6 7 8
1 64 {18 | 55} 137.6 [137.5[137.3 [ 137.0 | 137.5 | 137.4 | 138.2 | 137.4
TA 64 |20 | 00135 [136.6|133.6]135.6 |136.4 | 136.6 | 135.4 | 135.5
2 Low 65{01 { 45| 60.8 {39.2/ 39.7| 36.2| 59.6| 71.4{ 71.6| 70.3
2High | 65{01 | 05| 65.6 | 76.7| 76.9] 80.5| 64.8| 45.1| 45.8 | 46.1
5-1 66 {19 | 05| 122.4 119.3 125.1| 13.8|125.4| 15.8
5-2 66 |18 | 00| 125.1 122.6 124.5| 58.7|131.0] 593
8-1 67 {04 | 30| 138.4 | 15.3]140.1] 15.9|141.2 141.2
8-2 67 |03 | 40| 138.4 | 56.6|140 | 58 [141.2 140.1
10 67 {07 | 55| 45.1 34.8| 30 32.6
12 67|11 | 15] 32.8 } 7.4] 3.8} 7.9 30.7 3
3 65{08 | 45| 135.3 36 |139.7)136 |142.6]138.2|141.8 | 144.2
4 65|06 | 00| 132.6 |140.5{135.5|134.7 | 134.5]139.4 | 134.9 | 134.4
17 67 |15 | 25| 28.8 26.6| 21.2 21.8
17A 67 ({23 | 00f 26.4 | 5.1| 25.1| 3.4 21.7| 4.2
18 68 |03 | 40| 31.7 | 6.5{ 28.6| 7.2) 26.6] 12.9] 26.5] 4.4
19-1 68 |05 | 30| 114.6 | 15.1|{119.6| 18.7] 39.8|175.2| 34.5]113.9
19-2 68 {09 | 30{ 112.3 | 8.5{120 | 11.9| 25.9|157 | 24.4 |110.4
19-3 68|11 |40{16 |15 [121.9| 18.8] 39.6|180.6 | 34.4 |126.6
47 Low | 71|14 | 50| 126.2 126.6{125.0|129.6| 5.8] 2.8] 3.5]| 2.95
47 High | 71 {17 | 55 127.4 [124.6{122.3{125.5| 20.4| 8.6{13.97 {10.78
47 Llow | 71|20 | 30| 126.3 P2a.0]122.9|127.7] 6.6] 3.8] 4.5| 3.8
14 72103 |15/30 |so | 30 |8 |30 |30 |3 | 30
14A High| 72|06 | 15) 30.3 [172.2| 30.7{171.6] 30.9| 31.4| 9.4} 26.2
1A Low | 72 )05 | 35| 30.4 |33.3| 30.8] 29.9] 30.9{154.4| 9.5}152.1
16" 72 {09 | 55| 25.2 {561 25.4 {556 | 25.6( 32.1| 4.0 33.5
16-2 72 {09 | 10| 25.4 | 28.2) 25.4| 29.7| 25.6| 63.1] 4.0| 55.0
20-1 72 {12 | 45| 126.8 | 30.6|124.7] 32.9{123.5| 79.7 [127.1| 74.6
20-2 72 {13 | 35|/ 123.5 | 56.5)124.6 | 56.4 }122.7| 32.3]|123.0| 39.1
20-3 72 {14 | 20| 126.8 | 30.1|126.3| 32 [127.6| 76.4 |127.2] 78.1
20-4 72 |15 | 10| 123.5 | 53.2120.5) 55.5{125.1| 33.5]120.6| 36.5
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APPENDIX A (Cont'd)

TEST TIME AVG IR ABSORBED BY PANEL

POINT | DAY | HR{ MIN| 1 2 3 4 5 6 7 8
n 721 18| 30| 28.5|180.4| 28 |182.3| 23.5 29.2
31 731 15| 25 120.6} 59.3}120.7| 55.3] 61.2] 51.7] 52.3} 52.5
32 73| 18| 25] 130.5] 129.3{130.8} 130.2 ] 129.1 | 128.5} 130.8 | 129.6
33 73| 19 20| 128.7}129 |130.3}131.2|129.0}129.2| 78.7|129.8
48 731 22| 10| 128.1| 128.5] 29.5| 29.8|130.5|129.1| 78.7| 83.6
49 731 23| 30|127.5]128.4| 29.5] 29.5|128.8|129.3| 78.2| 75
37 74] 02| 10} 110.5}109.6} 370 |109.8|110.5]109.3] 25.1| 24.9
38 74103] 00| 110.3]111.7}111.1}109.7{110.5]|109.2| 25.3| 24.8
39 74} 04| 00} 109.8] 110.5}110.7 } 110.7 | 110.6 | 111.7| 26.6
45 74{06] 15{(129.4|129 |130.1|128.9}{128.3|127.2(129.3|128.1
46 741 07| 45}130.5{130.3}130.5|118.5}128.3|129.4 | 118.4| 118.8
50-1 74|13] ss|125.6] 6.2y 6.4]120.5| 6.3] 5.9|118.9{120.5
50-2 74117| o5]|126.5| 3.2 3.2|{mn9.6| 3.4| 3.2{118.8{119.3
50-3 74119] 00}139.2] 20 18.7 ] 119.7| 18.7] 19.1]118.8} 118.2
43 74123] o0 19.1] 4.6] 3.5] 16.7] 4.7| 5.0] 46.4| 56.4
36 75106] o0|113.4] 4.8{119.6] 2.9| 48| 4.6] 3.0{ 3.1
36A 75110| oo 118.7| 17.6{110.1] 10.1}| 16.7| 17.0] 9.6] 9.8
21 78{10] 00 161.6)161.7|161.1{161.5(158.6 ] 161.6]159.3 | 160.9
22 Low 78113 30]162.5|161.6 161 |161.3]128.9{127.6|128.1]128.6
22 High | 78|12} 30|132.2]132.4|131.5]133.6|168.9}169.5]168.8]173.8
23 Low 78|14 s0}159 |160 {159 |159.5[127 (127 |129 {130
23 High| 78{15] 40130 |130.7]129.9;133.7|171 |17 |17 |167
24 'ow 78119 20|155.6 {154 |154 [157 {124 129 |127 |122
24 High| 78120] 10|126 [124 |125 |[125 [168 |163 |166 |167
25 Low 781 21] 451126 |125.4]127.31129.4|165.7 |167.5]167.4 | 163.7
25 High | 78| 22| 35{151.1|15i.2{153.3[153.5[119.5}126.2|124.7 | 128.9
26 79100 30/167 {169 |168 |171 |65 67 68 69
27 79102 sol170 |170 |172 |174 66 67 68.8 | 67
28 79]05| 25{164.81167 |164.7{171.5| 66.7| 69.1 ]| 68.7 | 69.4
29-1 79109} 35| 37.3| 40.6| 40.3] 39.5| 20.5} 21.3| 22.1] 22.1
29-2 79{10| 20| 24.3| 25.3| 25.3| 26.7| 37.5| 38.3| 35.2| 36.4
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APPENDIX A (Cont'd)

. rm e v

TEST TIME AVG IR ABLORBED BY PANEL
POINT DAY | HR |MIN 1 2 3 4 5 6 7 8
62 80 |00 | 45 2.6 3.1 2.4 2.6 2.9 2.9 2.6 2.3
57 80|04} 20 ] 4.5 5.2 2.8 3.1 5.4 4.0 3.1 2.6
58 80 {07 | 35 2.7 2.9 2.5 2.7 2.8 2.6 2.0 2.4
60 80 {11} 40| 4.5 5.0 2.8 3.0 5.3 3.8 3.0 2.4
51 80 j17 | 35} 16.5 ] 16.8 8.8 9.2 | 16.0 | 16.3 9.0 9.1
52 80 {13 | 20 |93 10.3 5.3 5.5 | 10.0 | 10.2 5.3 5.4
52A 90 20 | 30 6.3 6.5 3.4 3.6 6.6 6.6 3.5 3.4
528 80121 | 00 6.5 7.0 3.4 3.7 6.8 6.9 3.6 3.6
52C 80 |21 | 55 6.3 6.5 3.2 3.5 6.2 6.3 3.5] 3.4
52D 80123 | 35 3.5 3.7 2.9 3.0 3.9 3.6 2.9 Z.9
52t 81 102 | 05 6.7 6.9 3.3 3.9 6.9 7.0 3.7 °.4
53 81 107 | 15 )126.5 {125.7 |120.7 |114.2 | 14.0 | 14.0 7.4 7.2
54 81 |08 | 25 |{130.2 {128.6 |124.1 |123.4 { 17.5 | 17.6 | 10.7 | 10.6
55 81 109 | 20 §129.9 |128.2 {123.7 }123.8 | 17.6 | 18.2 | 10.5 | 10.5
56 81 {11 | 05 |124.8 |124.8 |119.8 [121.5 | 13.9 | 13.7 7.3 7.0
59 81 |12 | 10 }129.3 }128.7 |124.9 |124.1 | 17.3 | 18.7 | 1.1 | N
63A 81 |18 | 55 [151.1 J151.2 {151.1 |151.3 {151.8 |151 151.1 {150.8
63B 81 |19 | 30 ]135.1 |134.3 |135.4 |134.7 | 38.1 | 40.3 | 29.3 | 30.6
63C 81 120 ) 15 ) 38.2 | 37.3 | 27.9 | 28.8 | 35.6 | 36.5 ; 26.7 | 27.9
630 81 21| 00| 37.2| 36.7 | 28.3 | 28.5 {140.6 {133.3 {139.2 |136.6
63E 81 |21 | 44 }151.8 }152.9 |153 156.2 |152.9 {143 149 149.8
64A 81 |23 | 45 |133.1 |133.2 {132.4 |132.7 | 34.9 | 36.7 | 27.3 | 28.2
64B 82 )00} 20 | 49.5 | 47.7 | 51.2 | 50.2 | 46.0 | 34.2 | 25.8 | 26.1
64C 82 101 | 02 §171.2 |172.5 {161.5 |176.8 }60.2 58.1 | 58.9 | 59.3
64D 82 {01 | 25 }1142.5 {143.5 {140.3 |144.3 | 71.9 | 69.3 | 70.9 | 72.3
6AE 82 102 | 00 |134.1 }135.3 |133.6 |132.9 | 35.2 | 36.5 | 22.7 | 28.3
61A 82104 } 15} 57.5} 59.1 | 58.9 | 58.8 |167.6 |167.6 |166.6 |164.6
618 82|05| 00| 54.4 | 55.0 | 54.4 | 55.0 | 59.7 | 55.3 | 58.4 | 54.9
61C 82 |05 | 55 |169.2 |171.4 |161.5 |175.6 | 57.3 | 55.2 | 59.3 | 62.4
61D 82 106 | 30 |158.8 ]153.0 |160.5 {161.4 |162 160.8 {149.4 |167.3
A-3
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S1tEAD.X Br WiLRLY TEST REIVRTS

9 March 1973

MRS Shuttle Test Operations Report # 1

The first of three planned weeks of test operatiors were successfully
completed on 9 March 1973. Because of faciiity leakage and flux
simulator problems and resulting damage to insulation blankets, test
time available was severly restricted and all objectives were not
accomplished. Testing ir the first week configuration will therefore
be continued next week to accomplish these objectives which are related
to investigation of the Baseline flow arrangement operation.

General test operations are summarized below.

Date (day) Time Activity

S Marcn 1973 (64)00.00 Hrs. Test team on station.
03:15 Chamber inspection .
05:00 Start pumpdown.
06:05 Chamber back to ambient to fix leak.
06.25 Start pumpdown.
07:15 Start MRS flow set-up.
11:24 Other chamber leakage repaired.

12:59-13:31 Ace down

15:10-16:22 Observed erratic pattern of prime
tube panel iniet and outlet
temperatures ~-- increased flow from
approximately 17 Lb/Hr to 335 Lb/Hr.
and established good pattern --
returned flow to normal. Problem due
to thermal domination by line heat
leaks at very low flow rates. Acceptance
because prime heat rejected only 1%
of total heat rejected under these
conditions.

15:25 2.5 X 10°° to 1074

torr chamber pressure.




MRS Shuttle Test Operations Report # 1

(continued - page -2-)
5 March 1973 (cL) 16:57

18:55
20:20
6 March 1973(55) 01:46
03:17
04:45
06:00
07:39

09:23

09:48
10:41

12:45

14:50
24:00

Temporarily lost all flux simulators.
Chamber pressure 2 to 4 X 107° torr

(DTP requires 1 X 1070 torr).

4 X167 torr acceptable for this
secuence because mean free path is

4.5 ft at 130°F or approximately 10
times distance between radiator ard flux
simulator.

Complete first test point (#1).

Complete test noint 1A.

Complete test-point 2{cyclic eivironment)

to 03:3€ Ace down

Compiete test point .
Comulete test point 4.
Pyrodyne valve control to 47° to 49°F--

activate ATM valve ¢ achieve 40°F control.

Inlet conditions achieved for test point §
stabalization.

Flux simulator 4 sprung a frecn 11 1eak.
Insulation blankets blown off of panel

3 and 4 and partially off of panel 7.
Checkout pyrodyne valve-increasing back
pressure from 100 psi to 200 psi does not
affect set point. Also, checked out ATM
valve. Data on voice tape.

Chamber repress started.

Timeline revisions resolved for reduced
available test time this week. SESL

used 0.85 assumed panel emmissivity in
setting up desired fluxes and LTV used
0.92 in pre~test predictions.

8-2

setun —— o ] [ ] — =gy

gl BN USRI NER e fewm e

RO S S




- et

[T Y

PR P—

[y

[l [~ ™ ey

MRS Shuttle Test Onerations
(continued - Page -3-)
6 March 1973 (&)

7 March 1973 (66)04:03
10:25

19:20

8 March 1573 (67)00:20

04:30

07:55

5 paint samples have been shipped

from Dallas for measurement by SESL.
(Results of measurements made .
later in this week indicate 0.913
emiissivity , but this is a "near normal"
value. Correcting to "Hemispherical"
emnissivity yields 0.89. A 0.9 radiosity
model that SESL has available should prove
adequate for flux simulation analysis).
Start pumpdown.

Freon 11 leak at zone 2 IR simulation.
Change flow arrangament to flow through
paneis 5 and 8 instead of 2 and 4.
Completed one cvcie of TP5 -- Leak
developed in IR simulation F-11 zone 8 --
Blew insulation off of panel 8, and
slightly off of 6, 7 -- insulaticn now
covers approximately 70% of paﬁgl 2
Started test point 8 using panels 4 and
2. Revised test pians to achieve
maximur useful data with existing facility
test set-up.

Completed test point 8 (B configuration)
with degraded insulation on panel 2 and
slight degradtion on panel 7.

Completed test point 10 with a single

series flow path through panels 1, 3, 4 and

7 (one half of x configuration) instead
of the desired pair of series flow paths
1, 3,4, 2and 5, 7, 6, 8. Data is
acceptable to satisfy objectives.




MRS Shuttle Test Operations
(continued - Page -4-)
8 March 1973(67) 11:15
15:25

20:50

22:5¢

Approx.
23:00

Completed test point 12 (B configuration)
with degraded insulation.

Completed test point 17 (one half of A
configuration).

Cooldown was speeded up by shutting main
flow cff for approximately 4 hours. Flow
was momentarily cycled on and off twice
during this period to insure that local
freezing could not occur at a possible
heat short. Flow set up to 14 Lb/Hr. in
main at 20:50.
Completed test point 17 a (B configuration)

Data on voice tape.

with LN, enviroment on panels 2 and 4.
Approximately 5 tubes froeen on panel 4
but degraded insulation preventsproper
freezing pattern on panel 2. With

15 Lb/Hr. main flow (-152° outlet) and
1154 1b/Hr. prime flow (49°F cutlet).
Mixed temperature would be approximately
47°F. This agrees with pyrodyne valve
control point. (Actual mixed temperature
is 47°F, but this is coincidence because
mixed inlets at valve are approximately
+25 main and +47°F prime due to line heat
leaks). Excessive heat leaks at low flow
rates yield the following main inlet and
outlet pattern for panels 4 andz; 4
inlet -65°F, 4 outlet -150°F, 2 inlet -
1€°F, 2 outlet - 152° F.

Started 3 hour recovery ramp of inlet
temperature. Frozen tubes thawed out at
expected rate of approximately one every
10 minutesduring first hour of recovery.
Data on voice tape.
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MRS Shuttle Test Operations
(continued - Page - 5-)

9 March (©8) 02:04

03:40
11:40

14:00

Approx.

19:40

R. J. Tufte
9 March 1973

Signed:

Activate ATM valve to achieve desired
40°F set point for test point 18.

Test roint 1S complete (B configuration),
Test point 19 completed {Full oc configura-
tion), with degraded insulation. Prior

to this test point panel 8 was completely
uncovered fur long period with LN, flux
simulation on one side. Average panel

temperature of -90% jndicated that

chamber environment in this region of the

chamber must be aporoximately 55-60 BTU/Hr
2. Analvysis of this data may be used

to establish actual environments on panel
8 during test point 19.

Pnhotographs from top of chamber obtained
at LTV request to document condition of
blankets prior to repress.

Post test in pection -- blankets did blow
around during repress. Damage to failed
simulator panels at intet manifolds.
Radiator panels OK.
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16 March i3, .
MRS SHUTTLE TEST OPERATIONS REPORT #2

The second of three planned week~ of {est operations was successfully
completed on March 16, 1973. Due to flux simulator problems in the first week of
testing some of the first week's test points were carried over into the second week's
scheduie allowing baseline objectives to be accomplished. The planned second week's
objectives were for the two sided operation of the panels. Since the impor-.ant
nature of the two sided operation, it was decided to move the second week's configuration
to the third week of testing to inavle completion of test objectives. All major third
week objectives were accomplished during the second portion of the second week. Flux
simulation data is being processed much quicker and all data is now availabie (Friday)
on the second week of testing. General test operations are summarized below.

12 March 1973 (day 71)

00:00 Test team on station
2:00 Start pump down
2:19 Freon leak detected - secure pump dovn
3:22 Start pump down
5:58 2 x 10-1 torr chamber pressure
Stopped flow in MRS to allow coldsoak
6:30-11:35 Flow started for approx. 5 min every 30 min to prevent freezing
of connecting lines
11:08 4 x 10-6 torr chamber pressure
13:40 Panel 6 has 5 to 6 tubes frozen
. Panel 8 has flow in all tubes. Suspected ion gage suppling heat
source due to bad insulation. Main flow of 111. set by Pyrodyne
valve mixing to 45°F. Analytical mix of panel outlet temperatures
is 42°F.
14:50 Stabilization reached for TP47A
15:00 Start 2 hour ramp to 162°F
15:30 Panel 6 thawed
15:40 Flowmeter 54 went out
15:54 Shut down main flow to replace FM0054 with FM0056
16:04 Main flow back up
17:00 CRT at flow bench went out
17:28 CRT back on line
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18:00
20:25

20:46
21:00

22:55
'23:08
23:32
23:50

Stabilization reached for TP47B

Complete inlet temperature stabilization after 2 hour

down transient (TP47C)

Prime bypass via V46 to stay under 325 psi pressure red lira2
Pyrodyne valve oscillating, cut oscillations by cutting down
main valve

A1l flux simulators operating with Freon

Shut off main flow to allow panels to cool faster
Re-initiate main flow

Potential problems on TP (21-1400)

(1) insufficient power in 10kw heater to achieve 152° inlet
on prime at high flow rates.

(2) insufficient GSE heat exchanger to achieve -16°F on main
due to high flow.

(3) flux simulator #7 cannot maintain temperature control.

13 March 1973 (day 72)

03:15

06:15
07:30
08:40
09:50

10:40

12:46
15:15

17:30
18:30

Stabilization reached for TP-14. Main inlet temperature
cycling between 23.7 and 20.5. Flux simulator 7 set to LN2

for freon loop trouble shooting

Two 90 minute cycles compleved for TP-15. Start inlet temp

& IR transients to TP-16 conditions

Cycle started for TP-16

FCE reported a Freon leak

Flowmeters for panels 1 and 5 were not on 1ine. No flow distribution
measurements for this TP.

Freon 1. pump on panel 7 reported fixed

Completed TP-16; V-45 was open during TP-16; prime flow bypass
to obtain 2200 1b/hr

FM0042 and FM0O047 went out

Completed TP-20 - cyclic a3

Setup 8 for 21-1100; fixed the two flowmeters

Inlet temp cycling + 5° in response to coldpack cycie with fuil heater bypas:

Completed TP-11; start repress

e-7




14 March 1973 (4ay 72)

01:32
06:30
08:50
09:40

10:40
10:45

11:15
11:24
14:00

15:25
17:00
18:25
19:20
22:10
23:30

Chamber door open

Start oump down. Lines have been changed and system pressure checked.
Panel 7 AP measurement bad

A~tificial flow balance was performed at ambient conditions with all’
panals flowing. Total flow = 2730 1b/hr

Switched back to y-1,-3 and 1100 1b/hr

Activate Pyrodyne vaive to reduce pr‘ e flow to 20-30 1b/hr

Pyrodyne valve restricted total flowrate to 200 1b/hr; took it cut
of circuit

Troubie reported with FM46

FM46 fixed

IR fluxes low on panels 7 and 8 started bringing up to correct positions.

This test point demonstrates the low a/e coating on the total cargo bay
door area with the forward doors opened farther than aft doors (differert

sun angle) will accomplish approximately 70k heat load in direct sunlight.

Completed TP-31 (y-1,-3 panels)
IR zones set to 130 BTU/hr-ft2
Completed TP-32 (y configuration)
Completed TP-33 (6 configuration)
Completed TP-48 (6 configuration)
Completed TP-49 (y configuration)
Proceed to TP-37

15 March 1973 (dsy 74)

02:10
03:00
04:00

05:10
06:15

07:45

Completed TP-37 (y configuration)
Completed TP-38 (6 configuration)
Completed TP-39 (8 minus panel 8)
Switched to ¢ configuration
Balanced fiow artificially. AP readings indicated that panel
3 flow was high. IR panels putting 130 BTU/hr-ftZ on all panels.
Flowmeter 47 is out
Completed TP-45
Isolated panels 4,7, and 8 and rebalanced fluws
Completed TP-46 (e minus 4,7, and 8)
Proceed to TP-50 (e minus 4,7,8, panels)
LN2 on panels 2,3,5,6
Panel 1 hot
B-8
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15 March 1973 (Continued)

13:55

15:00

15:40

16:00

16:07

17:05
17:10

17:24

18:10

19:00

23:35

Stabilization reached for TP-50, but no panels were frozen.
The 7k Toad plus one panel environment load being dumped
by 4 panels in cold environment reauires 180 1b/hr :ain flow.

Form new test point to enable freezing of panels for recovery
to high load conditions. New inlet temp set at 43-45°F.
Flow set to 20 1b/hr to mafn with occasional off znd on
sequences of 1 minute for freezing conditions to occur.

The 4 cold panels (2,3,5,6) show consistant edge effect witn
outer tube approx. 10° warmer than 3rd and 5th tubes in
from edge. Probably due to inadequate insulation. Blankets
conducting too much heat to panels. This is consistant with
earlier problem on panel 8.

Setup to re-establish flow - increase gain 10 times on AP
transducers to obtain positive flow indication at startup.
Positive flow indication on all 4 cold panels - return AP
transducers to proper gain

Completed TP50A

Startup 50°/hr transient ramp - 7 to 8 tubes frozen on each
cold panel.

ATM valve in system

Panel 3 thawed approx. 30 min. after start of transient
Panel 2 & 6 thawed approx. 40 to 45 min. after start of transient
Panel 5 thawed approx. 55 min. after start of transient

One hour of ramp completed; all nanels thawed.

Step inlet temp to 162.4°F

Completed TP-5C (e minus 4,7,8)

Proceed to TP-43

Completed TP-43 (y configuration)

Proceed to TP-36 LN2 on all flowing panels

16_March 1973 (dsy 75)

06:00
06:15
07:18
07:36

M .FR

Completed TP-36 (y minus 1,3) i
Start up ramp j six tubes frozen at outlet manifold
Start increase in inlet temperature to 162.4°F

Flowmeter 56 ‘s out
fe a1 4 4 77" (v ipne 1 3)
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was successfully completed on March 23, 1973.
in Samma configuration originally planned for the second week was

performed this week due to the previous IR simulator problems which
oc-urred in the first week's testing.
during the week to insure a full week of testing.

in addition to the ATM valve controlling to set point changes which

23 March 1973

MRS SHUTTLE TEST OPERATIONS REPORT #3

The third of three planned weeks of test operations

were added to the test timeline just prior to the test.

test operations are summarized below.

19

00:
145

01

04:
07:
10:
10:
11:
13:

15:
15:

17:

20:
20:

23:

March 1973 (Day 78)

00

23
36
00
30
15
40

46
50

20

25
42

30

Test team on station

Start pump down

Flow on-start establishing inlet temp
1.0 x 10-9 torr

Completed TP21; inlet temp 1-2°F high
Start IR cycle - Environments stabie
Restart ¥nvironment

Completed TP22; High point -12:35
Low point - 13:30

Corrected flux simulators

Chamber pressure 1.5 x 10-6
Lunar Deck = 230°K

Completed TP23; Low main outiet at 14:50,
High main outlet at 15:40

Completed TP24; Low at 19:20, High at 20:10

Lunar Deck = 220°K. Could possibly account for
slight (2-4°F) increase in Qain outlet. This
adds about 3 to 6 BTU/hr-ft¢ to the panel from
reflection offshields.

Completed TP25; had some tad flux on Panel 2 for
last half cycle. High at 21:45; Low at 22:35

B-10

The two sided operation
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20 March 1973

01:30
02:50
03:30
05:25
06:00

06:45
07:15
07:32
08:55

09:20
11:00
11:10

Approx.
16:00

18:45

22:16

Completed TP26
Completed TP27
ATM valve used to control to 40°F four TP28
Completed TP28

ATM valve can't control to 40°F; switch to manual
bypass required to get to 40°F

IRS stable; start 30 min hold

Start IRS transient

Freon to LNy HX froze on zone 1 IR simulator

Valve to HX is still frozen; zone 1 avg. temperature
-29°F should be -60°F

IR zone 1 has full control

IR zones 1 and 5 are out

Completed TP29; high 9:35, low 10:20

Total flow was reduced to 2000 1b/hr from 2200 1b/hr
to stay within red line limit of pressure gauge on
flow bench.

Since approx. 16:00 we have been trouble shoot’ng
inconsistent AI and AJ thermocouple temperatuy data.

A11 in chamber redundant temperature measurements will
be put on MS data channels 3 through 36.

21 March 1973

01:10
04:20

04:36

07:35

Inlet temperatures stable for TP57
Completed TP57
ATM valve set to control to 50°F

Set ATM valve to 40°F then back to 50°F to see if valve
will reduce the flow from 130 to 10 1b/hr (main): Cannot
control to 10 1b/hr because of leakage characteristic of
valve.

Completed TP 58

08:08-08:14 ACE is down

11:40
12:00
13:36

Completed TP60
Start Transient
Popped circuit breaker on prime heater-reset

B-11
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21 March 1973 (Continued)

13:38

13:55
13:57
14:00

16:46

17:35

18:06
19:20
20:31
21:05
21:08
22:00
23:36

Prime outlet dropped in response to reduced power;
valve cut main flow from 900 to 700 1b/hr to compensate

Lost orime circuit breaker again
Prime outlet dropping due to reduction of power

14:47 Kept blowing circuit breaker; installing
60 amp breaker

Inlet temperatures stable at 162°F on both prime and
main; end of ramp

Completed TP51; (we are operating
with ATM valve)

Lower inlet temperature to 116°F

Completed TP52; lower inlet temperature to 75°F
Completed TP52A; change set point to 40°F
Completed TP528

Change set point to 50°F

Completed TP52C; change set point to 70°F
Completed TP52D; change set point to 40°F

22 March 1973

02:05
04:00
06:05
07:15
08:25
09:20
11:05
12:10
13:00

18:25
18:55
19:30
20:15
21:00
21:44
23:10

Completed TP52E

Set inlet temperature to 162°F

Change set point to 70°F

Completed TP53; change to 40°F set point
Completed TP54; change set point to 50°F
Completed TP55; change set point to 70°F
Completed TP56; change set point to 40°F
Completed TP59

18:00 IRS panels are low on freon cause delay
until they can be refilled

IR panels have reached desired fluxes
Start cycle, completed TP63 (0° point)
Completed TP63 (90° point)

Completed TP63 (180° point)

Completed TP63 (270° point)

Completed TP63 Repeat (360° point)
Start cycle per deviation 96
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22 March 1973 (Continued)

23:40

Completed TP64 {90° point)

23 ¥arch 1973

00:.9

D0::70
0t:00

01:°5
02:'0

03:09
04:(0

(4:15
L5:00
¢5:5%
(6:30

NTE reported pump on IR panel 5 has quit. Going on
with cycle letting panel 5 drift.

Completed TP64 {180° point)

Completed TP64 (270° point). The environments were not
what was desired but can be calculated.

Completed TP64 (360° point)

Complieted second 90° point, correlated well with 64.
Proceed to TP 61

Pump on IR5 went out again

Pump is back on, but IRS is having trouble with the LN»
supply to their heat exchanger

Completed TP61A (90° point)

Completed TP6I1B (180° point)

Completed TP61C (270° point)

Completed TP6ID (360° point)
Started repress sequence.




