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1. PURPOSE

The purpose of the test is to provide thermal vacuum test data to allow
computation of the film temperature and verify the measured optical proper-
ties of the film. A secondary purpose is to verify the thermal effects of using
a beryllium-copper support grid between the film and frame.

2. SCOPE
The test program used three developmental front films bonded to plastic
frames which were mounted in instrumented calorimeter enclosures. The

test articles were mounted in the 4 x 8 ft space chamber and subjected to a
simulated lunar environment.

Two calorimeter configurations were tested—one for heat leak measure-
ment and the other to verify the thermal properties of the test film. Internal
" heaters were operated at three different power levels in both configurations.
At each heater power level, the test films were subjected to carbon arc solar
simulation. The simulated solar energy was varied tc produce three values
of incident energy: 0.0, 0.1, and 0.2%* solar constants.

3. OBJECTIVES

The objectives of the test program were to measure and record, for each
set of conditions, the following data:

1. Heater input power
2. .Incident solar energy
3. Cold wall temperature distribution
4. Calorimeter temperature distribution.
4. EQUIPMENT DESCRIPTION
4.1 TEST ARTICLE
Each test article is an assembly consisting of four developmental film

frames bonded to a larger plastic frame which is, in turn, mounted to a calori-
meter enclosure.

* The 0.2 solar constant was used only in conjunction with the high heater power
level.
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4.1.1 Film and Film Frame

The assembly details of the film and film frame are shown in Figure
4-1. The detail construction of each film is shown in Figure 4-2. Test Item
No. 1, P/N 2347014-4, has a film laminate consisting of four layers: 500 A
of gold (external surface); 100 A of parylene C; 500 A of gold; and a 6 x 2.5
mil BeCu grid where the gold together with the grid make up the internal sur-
face. The first three layers of the film laminate of test Item No. 2, ?/N
2347014-14, are identical to those of Test Item No. 1. The fourth layer,
however, is a 1000 A thick layer of parylene C. Test Item No. 3, P/N 2347014-
10, has a film laminate identical to the first three layers of the laminate of
Test Item No. 1.

Test Items 2 and 3 each contain only three 1 x 4 in. test films. The
fourth 1 x 4 in. film in each case is a special film in which a pair of copper-
constantan thermocouples were vacuum deposited on the film in place of the
external deposition of golid. '

Figure 4-3 shows Test Items 1, 2, and 3 during assembly and instru-
mentation. After these photographs were taken, however, Item 3 was dam-

aged.
4.1.2 Calorimeter

The calorimeter, shown in Figure 4-4, consists of a cubical box, with
one side open, painted with Midland Black on the inside. The open side of the
box is designed to hold the test film and frame assembly. The side opposite
the film is painted black on the cutside also and is designated as the radiator.
The remaining four sides have heaters attached and are covered with multi-
layer reflective insulation (25 layers of 1/4-mil crinkled aluminized mylar
separated by 24 lavers of nylon netting). The entire unit was instrumented
with 30-gauge chromel-constantan thermocouples as shown in Figure 4-5.
The special thermocouples that were vacuum deposited on the film (location
No. 28) did not function.

Three calorimeter enclosures were fabricated so that three develop-
mental films could be tested simultaneously to minimize test time in the
space chamber. The test setup is shown in Figure 4-6.
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SPECIAL 1" X 4" FILM WITH
/ VACUUM DEPOSITED
/ THERMOCOUPLES
4. (TEST ITEMS 2 & 3 ONLY)

XTERNAL

INTERNAL

4" X 4" FRAME”
(1} REQ'D)

1" X 4" FILM
(4REQ'D)

1" X 4" FRAME,
(¢ REQ'D)

190151

Figure 4-1 Film and Film Frame Assembly Details
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sTER ENCLOSURE

| INTERNAL TO THE CALORI

TEST ITEM NO. 1
(FILM NO. 4)
500 A GOLD
1000 A PARYLENE C
500 A GOLD ’

6 X 2.5 MIL BeCu GRID

TEST ITEM NO. 2 .

(FILM NO. 14)

500 A GOLD

1000 A PARYLENE C
500 A GOLD

1000 A PARYLENE C

TEST ITEM NO. 3
(FILM. NO. 10)
500 A GOLD
1000 A PARYLENE C
500 A GOLD

(BROKEN DURING INSTRUMENTATION)

THERMQCOUPLE FILM
(FILM NO. 21-1)

200 A Cu/CONST T/C
1000 A PARYLENE C
1000 A GOLD

Figure 4-2 Film Construction Details
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INSULATION CAP

01/ RADIOMETER

s T/C LOCATION DAS CHANNEL
NOTE . NO. ITEM 1 | ITEM 2 | ITEM 3
1. 3 CALORIMETERS WILL BE USED
ND DESIGNATED AS UNITS 1, 2 AND 3. INSULATION 1 01 31 61
A . carP|™ 2 02 32 62
2. THERMOCOUPLES AT POSITION 2
ARE TO BE DUAL REDUNDANT SEE NOTE 2 3 03 33 63
, = 4 , 04 34 64
THERMOCOUPLE LOCATION NO. v, S 5 05 15 65
3] 6 06 36 66
3 7 07 37 67
2 8 08 38 68
Z 9 09 39 69
= 10 10 40 - 70
11 11 41 71
12 12 42 72
13 13 43 T3
14 14 44 74
CALORIMETER | 15 15 45 75
ENCLOSURE = 16 16 46 76
5 1 17 47 77
. o 18 18 48 78
FRONT FILM AND 3 D 19 49 79
FILM FRAME 20 20 50 80
- 21 21 51 81
o 22 , 22 52 82
ITEM FILM NO. | T/C FILM g 23 23 53 23
F 95]
5N 1 4 NONE . 2 24 24 54 84
2 14 21-1A J 25 25 55 85
INSULATION - - > 26 26 56 86
3 10 21-1B # 27 27 57 87
(BROKEN) {(TORN) FILM 28 - % 88
ITEM

-*NOT CONNECTED **OPEN CIRCUIT .
TO DAS NOT CONNECTED,
TO DAS

NVET

-
[
H

jxcday 3soF juswdoreasyg Wiy

Figure 4-5 LEAM Calorimeter Thermocouple Locations
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Figure 4-6 Film Development Test Setup
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4.2 INSTRUMENTATION
The following instrumentation was used:

1. ta Acquisition System (DAS); Hewlett-Packard, Model
2010J, S/N 14329 '

2. 150°F thermocouple reference junctions; RI Controls,
Model J4801, S§/N's 13725, 13722, and 14301

3. Pyroheliometer; Hy-cal Engr., Model P8410, S/N 33172
4. Current Shunts; Weston Inst., Model 0042210, no S/N's

5. Digital Volt Meter; Hewlett-Packard, Meodel 2401C,
S/N 14398. '

4.3 TEST EQUIPMENT
The following equipment was used:
1. 4 x 8 ft space chamber; CB&I, no model or S/N
2. LN, System; AIRCO, no model or S/N
3. Cold Shroud; Bendix, no model or S/N
4. Arc Lamp; Genarco, Model ME-6, S/N 12389
5. Heater Exchaﬁger; Nes Lab, Model T3, S/N 6560194
6. DC Power Supply; N.J.E., Model QR 60-2.5, S/N 10663
7. DC Power Supply; Power Desigﬁ, Model 5015, S/N 07992
8. DC Power Supply; Sorensen, Model QR 36-4A, S/N 11517.

5. TEST DATA

The following data were recorded as a function of time on both magnetic
and paper tape:

1. Test item T/C voltages
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2. Cold shroud T/C voltages

3. Radiometer ".’."/C voltages

4. Radiometer output voltage

5. Heater voltage

6. Shunt voltage.

Polaroid photographic coverage was provided for the following:
1. Multilayer insulation fabrication

2. Assembly of test item showing thermocouple installation and
locations ‘

3. Test item installed in the 4 x 8 ft space chamber

4. Test setup and instrumentation.
6. TEST METHODS

The energy absorbed and re-radiated by the front film and frame assem-
bly will establish a unique equilibrium temperature distribution within the
calorimeter enclosure. The thermal equilibrium condition was systematically

perturbed by successively dissipating three different power levels in the
heaters.

6.1 HEAT LEAK TEST

The insulation cap was placed over the film and film frame assembly.
Equilibrium conditions were established and recorded for three heater powers.

6.2 FILM TESTS

The insulation cap was removed, thus exposing the film and film frame
assembly to the space chamber environment:

1. No Sun - Equilibrium conditions were established and recorded for
three heater powers.
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2. 0.1 Sun - Equilibrium conditions were establiished and recorded for
three heater powers. :

3; 0.2 Sun - An equilibrium condition was established and recorded for
one heater power. ‘

7. TEST RESULTS

7.1 SUMMARY

Figures 7-1, 7-2, and 7-3 present a temperature history of the calori-
meter radiator plates as recorded during the test. The thermal equilibrium
conditions shown on each graph were taken for a time-temperature change of
less than 1°F per hour. Figure 7-4 shows the three test items before and
after the solar tests.

Pretest predictions indicated that the films would exceed safe operating
temperatures when exposed to an incident flux greater than 0.125 solar con-
stants. During the 0.10 sun runs, no degradation was noticed for the three
sets of films. However, during the run for 0.20 sun the films in calorimeters
No. 2 and No. 3 showed a wrinkling effect indicating that film annealing temp-
eratures had been reached. Calorimeter No. 1, with the film grid installed,
showed no film degration. Analysis indicates that film with the grid reached
131°F while the films with no grid reached 277°F, Tabulated test data are
presented in the Appendix.

7.2 TEST ITEM NO. 1

Figure 7-5 shows Test Item No. 1 at various stages during the test.
Prior to the test, the grid on the back side of the film is barely noticeable;
however, after the test the grid can be readily seen. This effect may have
been caused by thermal distortion. It is predicted that a 30 to 40°F tempera-
ture gradient exists between the unsupported and supported portions of the
film.

Tables 7-1, 7-2, and 7-3 show a2 comparison for Box No. 1 between
temperatures recorded during the tests and temperatures derived for each
group of thermal conditions. The analysis in each case fixed the outside of

.the insulation as boundary conditions and solved the energy balance for the
remaining network. Table 7-1 compares temperatures for the heat leak test
and shows good correlation of data. Table 7-2 illustrates the night condition
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TABLE 7-1 HEAT LEAK TEST — BOX NO. 1

Low [Powen Med Powexl High Powe%
Description Node Test JAnal Test |Anal Test | Anal
Front Insulation 3 -58 -46 -40 | -40 =15 |-15
West Insulation 7 }-228 |-228 -223] -223 -218]-218
- §_Top Insulation 9 -218 1-218 -214{ -214 -208§-208
_FEast Insulation 11 -236_1-236 -232] -232 -2281-228
|_Bottom Insulation 13 -146 1-146 -143] 143 -1411-.141
| Frame Edge 15 73 1 79 98 1105 121 130 e
Frame Strut-Left 19 65 76 88 {104 110 128)
Frame Strut~-Center 20 63 75 86 § 103 108 127
Frame Strut-Right 21 64 .| 76 86 | 104 109 | 128
Endlosure - West 22 83 | 82 108 | 109 131 | 133
Enclosure - Top 23 83 i 82 108 1109 1311 133
| Enclosure. - East 24 83 1 82 108 1109 132.1 133 .
Enclosure-Bottom 25 83 1 .82 108 1109 132 § 133
i_FEonclosure - Back 26 75 114 981100 1 121 1 124y )
1 Film 101 --= L 77 --- 1104 - 129
Cold Wall 2.00 =302.1.~3004 =302} =300 =302.1 -300
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TABLE 7-2 NIGHT

CONDITION - BOX NO. 1

Low Power Med [Power High %owex’

Description Node Test | Anal Test| Anal Test | Anal |
Front Insulation 3 -210 |-210 1208 |-208 -204 |-204

. West Insulation 7 -238 }238 £236 }-236 -234 }.234
Top Insulation 9 -226 1226 230, | -230 ~225 1-225 o
East Insulation 11 -244 }.244 243 | -243 -240 |-240 ”
Bottom Insulation 13 148 L148 148 | -148 ~-146 |-146
Frame Edge 15 18 34 34 45 55 68
Frame Strut-Left 19 - 10 - 6 4 7 25 27
Frame Strut-Centexrd 20 - 16 + 8 A 6 h 14 24 o -
Frame Strut-Right 21 - 13 L 6 1 7 19 27 T
Enclosure-West 22 52 58 69 761 1931 99
Enclosure-Top 23 52 58 69 76 93 99 |
Enclosure .. Hast 24 52 58 10 16 93 99 .
Enclosure-Bottomn 25 52 58 70 76 93 99 ‘
Enclosure-Back 26 45 52 62 68 83 90
Film 101 - L 7 - 20 - 41
Cold Wall 200 -302 1300 302 ] -300 -302 |-300
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TABLE 7-3 PARTIAL SUN CASES - BOX NO. 1 7
: Low [Poweij Med pPower %—‘ligh‘ Poweyg High [Powes
‘Description Node| Test |Anal Test |Anal Test {Anal Test jAnal
Front Insulation 3 ~164 1-164 -163 ]| -163 ~-165} -165 -1281-128
West Insulation 7 ~212 j-212 -212 | =213 =212 -212 -1921 -192
Top Insulation 9 -221 }-221 =220 -22 -2161 ~216 -2061 -206
East Insulation 11 -198 1-198 -200 1 -200 -2041 -204 =170} -170
Bottom Insulation 13 2117 [-117 - -120 -122| -122 -100} 100
Frame Edge 15 31 46 48 63! 67 84 831 101
Frame Strut-Left 19 16 23 28 34 42 53 67 80
Frame Strut-Center § 20 10} 12 22 260 35{ 50 60} 78
Frame Strut-Right 21 12 23 24 36 38 53 61 80
Enclosure-West 22 59 68 79 87 101} 108 113§ 121
Enclosure-Top 23 59 68 79 87 1011 108 1133 121
i _Enclosure-East ¥ 24 601 .68 .80 87 1021 108 1141 121
Enclosure-Bottom 25 60] 68 79 87 102] 108 1131 121
Enclosure-Back 26 53 61 71 79 92 99 103} 112
© Film 101 - 55 - 69 - 86 - | 132
Cold Wall 200 -302 §-300 -302 -30 -3021 =300 -3021-300
# _of Suns 1/10 1/10 1/10 2/10
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film test summary, and the temperature comparison indicates the validity of
the measured infrared emittance of the films. The validity of the measured
film solar absorptance is indicated by the temperature comparisons for the
partial sun cases listed in Table 7-3.

7.3 TEST ITEM NO. 2

The changes that occurred in Test Item No. 2 are recorded in Figure
7-6. Note the extreme stretch marks in the second 1 x 4 in. frame from the
right. Note also the smaller stretch marks in the other frames where the
film is bonded to the supports of the 1 x 4 in. frames.

Thermal analysis had predicted that the two center 1 x 4 in. films would
reach temperatures higher than those of the 1 x 4 in. films at the edge. This
effect is due to the better heat transfer from the edge films to the 4 x 4 in.
frame. The fact that the thermocouple film did not distort as much as the
other center film may be due to the unique optical properties of the thermo-
couple film. It will be recalled from Figure 4-2 that the external surface of
the film is composed of the thermocouples and 1000 A of parylene C.

7.4 TESTITEM NO. 3

Figure 7-7 shows the changes that occurred in Test Item No. 3. Note
that the damage, which occurred during instrumentation, was intensified as
a result of the solar tests. The stretch marks, however, on the center film
are not as pronounced as those on Test Item No. 2, indicating lower tempera-
tures. The most probable cause of this effect is the damaged film. The holes
in the film permitted the calorimeter enclosure to '"see' the cold wall and
thus operate at lower temperatures as evidenced by Figure 7-3.

Tables 7-4 and 7-5 show Box Nec. 2 temperature comparisons for the
night and partial sun cases. The night condition temperature comparisons
again indicate the validity of the measured infrared emittance of the film,
while the partial sun comparisons again show the validity of the measured
film solar absorptance. '

8. CONCLUSIONS

These are:

1. The optical properties of the thin gold films as measured at Goddard
are verified by the calorimeter test data analysis.
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1 DURING INSTRUMENTATION; 2 INSTALLED IN CALORIMETER PRIOR TO SOLAR TEST
3 AND 4 AFTER SOLAR TEST

Figure 7-6 Test Item No. 2-Film Development Tests
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DURING INSTRUMENTATION; 2 INSTALLED IN CALORIMETER PRIOR TO TEST
AND 4 AFTER SOLAR TEST

Figure 7-7 Test Item No. 3-Film Development
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TABLE 7-4 NIGHT CONDITION - BOX NO. 2

Low jPowe: Med [Powed High |Powes
Description Node Test | Anal Test | Anal 1Test JAnal
Front Insulation 3 -214}1-214 =211 1-211 =207 1-207
West Insulation T -187] -187 -184 |-184 -182 |-182
Top Insulation 9 | -232)-232 -2301-230 -228 |-228
East Insulation 11 -236] -2361 ~234 1-234 -232 1-232
Bottom Insulation 13 -2281 -228 -2301-230 -228 1-228
rFra:ﬂe Edge 15 38 58 58 73 81 93
| Frame Strut-Left 19 -9 3 8 20 26 38
Frame Strut-Center 20 =22 2 -0 18 12 36
Frame Strut-Right 21 -19 3 -2 20 16 38
Enclosure-West 22 79 83 102 | 106 127 | 131
Enclosure-Top 23 79 83 102 ] 106 127 ] 131
Enclosure-Tast 24 79 83 1021 106 127 1131
Enclosure-Bottom 25 78 83 102 1 106 127 1 131
 Enclosure-Back 26 71 76 93 98 116 1 121
Film 101 — 8 - 25 - 43
Cold Wall 200 -3021 -300 -302 1-300 -302 ]-300
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TABLE 7-5 PARTIAL SUN CASES - BOX NO. 2

Low Pdwe!l Med {Powe: High{Powes1 High [Powe:
Description ) Node Test {Anal Test | Anal 1 Test |Anal Test | Anal
|_Front Insulation 3 =120 -121 =124} -124 -1381-138 -84 | -84
L. West Insulation q -1504 -150 -151} -151 -155} -155 -1341-134
Top Insulation 9 -2024 -202 -202) ~202 ~2051] -205 ~1841-184
| _East Insulation 11 -218 -218 -216] -216 -2171-217 -204 1-204
Bottom Insulation i 13 -1900 -19 -194f -194 ~-202] -202 -1761-176
_Frame Edge 15 49 18 691 101 881 122 991 118
| _Frame Strut-Left 19 1 3 33 45 43 58 62 10
Frame Strut-Center 20 9 217 21 43 29 54 52 66
Frame Strut-Right 21 1247 3 26 45 33 583 57 70
Enclosure-West 22 89 93 111] 115 1331 137 142 | 146
§ Enclosure-Top 23 8 93 111] 115 133} 137 142 | 146
|_Enclosure-East 24 8 93 111l 115 1331 137 142 1 146
_Enclosure-Bottom 25 8d 93 111 115} 133} 137 1411 146 N
_Enclosure-Back 26 81 85 1028 107 1231 128 1321 137
Film 101 - - — 188 - 278
L Cold Wall 200 =3024.-30 =302 =302.1-300 =302 é’z?(l()%
1/10 1410 1/10 2/10
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2. The unsupported gold films, as predicted by the thermal math model
analysis, are limited in use tc solar constants less than 0.20 and
therefore cannot be used on the LEAM. :

3. Use of the support gric lowers the film temperatures consid‘erably
and therefore should be used on the LEAM.

9. RECOMMENDATIONS

Based on the results of these tests and thermal math model analyses, a
silver film is recommended for use in the LEAM. The film should have the
following optical properties: «/ €< 4.0, and € = 0.03 + 0.002.

The recommended film laminate configuration for the LEAM "UP'" and
NEAST" sensors is defined as follows:

1. Film Overcoat (Sun Side): 200 A of Parylene C.
2. Film Coating: 1000 A of vacuum deposited silver.
- 3. Film Base: 1800 A of Parylene C.

4. Film Support (Inside): beryllium copper grid, 1/8 x 1/8 in. mesh,
0. 006 in. thick, and 0.0025 in. ribs.

The beryllium copper grid was chosen to enhance the conduction of heat
from the film to the film frame. Analysis (Ref. 1 in Section 10) has shown
that maximum film temperatures can be reduced by 150°F with the addition
of the grid.

Silver was chosen as the film coating because it exhibits, by theory and
test, the lowest ratio of a_/ €} (solar absorptance/hemisphe:ical infrared
emittance) and hence the lowest film temperature of any of the candidate films
(Ref. 2). In addifion, silver has a low emittance which is needed to mini-
mize the night heat leak.

The 200 A Parylene overcoat is needed to prevent tarnishing of the silver,
thus preventing an increase of solar absorptance. -
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APPENDIX

LEAM FILM DEVELOPMENT

THERMAL VACUUM TEST DATA
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Heat Leak Test ‘ TeLt Iterpn 1 TJst Iterp 2 Test Itegn 3
12/22/70, 0620 Hrs § T/C| MV |T(°F) T/C| MV |T(°F) T/C| MV |T(°F)
Low Power 01 }-11.7¢ -262 31 |-11.67-260 61 |- 5.6% - 19
Equilibrium 0z |- 5.44 - 12 32 |- 5.4d4- 12 | 62 |-11.68 -261
' 03 } 6.8 - 58 33 |- 6.69- 52 63 )- 5.83 - 25
Insulation 04 |- 2.99 65 34 |- 2.311 84 64 |- 3.04 62
Caps On 05 k- 6.4q4 - 44 35 |- 7.97-100 65 |- 5.7 - 22
§ 06} 3.54 48 36 1~ 3.7 4l 66 |- 2.82 69|
Sun Off 07 |-11.04 -228 37 |- 9.89-174 67 |-11.49 -248
08 |- 2.4% 81 38 I. 1.89 97 68 |- 2.03 93
09 }-10.84 -218 39 }-11.00-226 69 }-10.84 -218
10} 2.54 771 _ 40 }- 1.871 97 70 )= 2.0 91
11 |-11.24 -236 41 J11.03-2281 1 71 | 9,93 177 ]
12 ) 2.684 73 42 |- 2.14 89 72 - 2.2 87
13 1. 9.1% -146 43 }.10.84.218 73 \-11.43 -247
14 L 248 79 44 I 204 93 74 L 2a1d_ 90
15 2.61 73 45 |- 2.14 89 175 |- 2.2 86
16 |- 2.64 75 46 |- 2.0 93 176 - 2.20 87
17k 2,69 173 47 | 2.04 93 1 77 L 2.14 8
181 2.64 74 48 |- 1.91] 96 78 |- 2.2 87
19 L 2.99 65 49 |- 2.83 69 79 L 2.87 69
20} 3.0 63 50 | 2.93] 66 80 |- 2.94 65 B
21 |- 3.04 64 | 51 | 2.94 66 81 I- 3.0q 64 |
22 | 2.39 83 52 |- 1.63] 104 82 |- 1.84 97
. 23 |- 2.39 83 53 |- 1.63] 104 83 |- 1.8d 98 N
24 } 2.34 83 54 L 1.64 104 84 |- 1.84 98
25 L 2.34 83 55 L 1.65 104 85 |- 1.8 98 N
26 L 2.63 75 56 1 1.93] 96 86 |- 2.1 89
27 b 2.5 76 57 L 1.93 96 187 |-2.14 89 o
Pl b.62W P2 B.62W P3 H.58W




LEAM Film Development Test . Jort

KO. REV. HO
ATM-995 |

PAGE 33 1
pave 7 April 1971
e
Heat Leak Test Te’st Ttern 1 T%st Iterh 2 Tdst Item 3
12/22/70, 1230 Hrs § T/C| MV |T(°F) T/C| MV |T(°F) T/C|MV [T(°F)
01 F11.74 -262 31 F11.64-260 61 | 4.79 9
Nominal Power 02} 4.8¢ 8 32 | 4.7 11 62 111.71} -263
Equilibrium 03 | 6.29 - 40 33 | 6.19- 37 63 L 517 - 3 B
, 04 |- 2.04 92 34 | 1.47] 108 64 | 3.011 62
Insulation 05 L 5.94 - 30 35 L. 7.58- 85 65 | 5.19] - 4
Caps On 06 L. 2.74 72 36 L 3.0y 63 66 1 2.000 94
07 1-10.94 -223 37 L 9.7¢-170 67 }11.350 -244
Sun Off 08 | 1.54 107 38 | 1.00 122 68 | 1.11 119
09 |-10.74 -214 39 110.97-222 69 }10.77] -215)
10 |- 1.74 102 40 | 0.99 122 70 | 1.18f 117
11 }11.19 -232 41 }10.94-223 71 | 9.84 _173
12L1.84 98 42 1. 1.29 114 72 L 1.33] 113
13 L 9.13§ -143 43 L10.7d.-216 73 }11.41] -246) |
14 |- 1.64 104 44 L 1.14 118 74 ) 1.228 116
15 ). 1.84 98 45 L 1.3¢ 114 75 L 1.421 110
16 L 1.74 100 46 L 1.19 118 76 1 1.85] 98]
‘., 17 L 1.8 97 47 L 1.1¢ 118 77 L 1.84d 112 ]
181 1.84 99 48 L 1.09 120 78 | 1.35] 112
19 | 2.1 88 49 L 2.08 91 79 L 2.08] 91
20 I 2.23 86 50 §- 2.19] 88 80  2.23] 86
21 L 2.249 86 51 L 2.19 88 81 | 2.2711 85
22 )- 1.49 108 52 L .74 129 82 | .99 123 N
23 L. 1.49 108 53 L .74 129 83 .98 123
24 1. 1,471 108 54 L .76l 129 84 96] 123
25 1. 1.4 108 55 L .77l 128 85 L .96 123
26 L. 1.84 98 56 i 1.11} 119 86 L 1.30 113
27 ) 1.74 100 57 1 1.10] 119 87 1 1.30 113
Pl b.72W] P2 H.59W P3 5.71W
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Heat Lieak Test Telst Itern 1 Te}st Tterh 2 Telst Itern 3 \
12/22/70, 1810 Hrs | T/C| MV |T(°F) T/C | MV |[T(°F) T/C |MV |T(°F)
High Power 01 }-11.64 -261 31 }11.62]-258 61 [} 3.800 39
Equilibrium 02 |- 3.8 38 32 | 3.76] 41 62 Fi11.64 -260
B 03 | 5.54- 151 33 | 5.68]- 20 63 | 4.44 20
Insulation 04 | 1.24 116 | 34 | 0.47] 137 64 | 3.04 62
Caps On 05 £ 5.44 - 13 35 | 7.100- 68 65 { 4.59 16
06 L. 1.9 96 36 L 2.171 88 66 1 1.14 119
Sun Off 07 |-10.84 -218 37 L 9.65]-165 67 [11.24 -237
‘ 08 | 0.68 131 38 ¥ 0.05] 151 68 L 0.13 146
09 1-10.64 -208 39 }10.85[-219 69 F10.68 ~211
10 |- 0.84 127 40 F 0.08 152 70 F 0.22] 144
11 L11.09 -228 4] |-10.841-218 71 | 9.73 -168
12 }- 0.91 123 42 [ 0.26] 143 72 1 0.37 140
o 13 |- 9.04 -141 43 [10.741-214 737 Li1.3¢ -244
14 |- 0.74 129 44 L o0.121 147 74 L 0.2 143
157 -71.69 121 4577031 141 75 F70.521 7136
16 |- 0.94 123 46 | 0.15] 146 76 [ 0.45 138

17 1- 1.0f{ 120 47 | 0.164] 145 77 L 0.44 138 h
18- 1.08 122 48 L 0.03] 149 78 0.45 138

19 L. 1.41 110 -] a9 L 1.19] 117 79 L 1.2 114}

201 1.49 108 50 L 1.320 113 80 L 1.43 110
21 |- 1.47 109 51 ) 1.31) 113 81 L 1.47 109

22 |- 0.61 131 52 [ 0.31] 159 82 L 0.0 148 |

23 L 0.64 131 53 I 0.31] 159 83 | 0.0 148 ]
24 }- 0.64 132 54 { 0.29] 158 84 L 0.04 149
- 25 ). 0.64 132 55 I+ 0.29 158 85 L 0.05 149
26 - 1.04 121 56 |- 0.11] 147 86 L 0.44 138
27 |- 0.99 122 57 L o0.11] 147 87 L 0.44 138

P1i7.87TW P2 i?.ssw P3 7.93W
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Tdst Itetn 1 Teft Iterh 2 Tfst Iteln 3
Film Test -» T T : T
12/23/70, 0830 Hrs §T/C IMV_|(°F) T/C IMV__| (°F) T/CIMV |(°F)
Low Power -1l --- , 31 ——- . 61 —-———
Eguilibrium 2 ——- 32 J--- &1 62 |-+
I3 -10.64-210 33 -10.75] -214 63 -10.04..183
{Insulation R4 _1- 57d- 23 34 ). 509 - T 64 |- 294 65
Caps Off 5 |- sod-1371  Bs l1os8| -206 65__ 1+ .6d 168
6 - 670- 54 36 |- 684] - 59 66 |- 539- 11
Sun Off 7 41231238 37 -1012) -187 67 11149 -250
8 -3.491 49 38 |- 282l 69 68 |- 29 66
9 l-11.1d-226 39 L1L12] -232 69 "1-10.84 218
N 10 J- 364 43 40 |- 278] 70 70 }-.299 64
11 [-11.39-244 41 |-11.19] -236 71 ]-10.04-182
12 -J- 3711 41 42 1- 297' 65 72 |- 311 60
8§13 |- 9.22-148 | 43 |-1L05| -228 73 |-11,48 -250 ]
14 |- 3.5 46 44 |- 2.91 66 74 |- 3.04 62
15 |- 45d 18 45 L 3.86] 38 75 |- 399 34 1 j B
16 |- a2d 25 16 |- 3.58] 46 26 1- 384 39 ]
17__ - 4514 18 47 1 3,591 46 77 1- 381 39
18 |- 434 22 48 |- 3.34] 55 78 |- 3.74 41
19 |- 534-_10 49 1-.533]1 - 9 79 1. 569- 19
20 |- 55d. 16 50| 575l - 22 g0 1. 607- 33 ]
21 1. 544..13 51 ) 565l - 19 81 1. 594. 28
22 _1- 340 52 52 12501 79 82 |- 274 70 o
23 1. 34d 52 53 L 249 79 83 1. 273 71
24 1. 339 52 154 L. 2500 79 84 - 274 71
25 |- 3394 52 55 |- 2511 78l% 85 1. 274 71
26 1. 3.63 45 56  4=.2750 71 86 1~ 299 64
27 1- 387 .46 57 1. 2750 71 87 _1- 299 64
X,
Pl 559 W _Ip2 5, 56l P3__B.74
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T#st Iter\ 1 T#st Iterph 2 Test IteFrn 3
Film Test T T T
12/23/70., 1320 Hrs. | T/CIMV |(°F) T/C IMV (°F) T/C|{ MV | (°F)
B 01 —— 31 [--- 61 J--- -
Nominal Power £ 02 -——— . 32 - 62 -
Equilibrium 103 1061 -208 33 |-10.69] -211 63 |- 9.99-178 |
' 04 |-s534- 9 34 - |-449] 1 64 |-2971 65 ]
| Insulation 05 |-=i8.84 -133 35 110.54| -204] 65 |o--
| Caps Off 06 |- 635 - 42 36 |- 6.42] - 45 66 |- 484 7
§ 07 |-1L21 -236 37 {-10,08] .18 67 |-1L4%5 -248
Sun Off 08 |-29)] 66 38 |- 208} 91 68 |- 219 89
09 }-11,08 -230 39  }-11,09] -23c 69 |-10.84 .217
10 |-311 60 40 |- 203 9 70 |- 2240 85
11 |1134-243 41 |11.17] -23 71 [-10.04 -182
12 .31 59 42 1. 224 86 72 |- 244 81
13 |-9.2%4 -148 43 la1.08] -23¢ 73 [-11.54 253
14 |-300q 631 44 |- 217 88 74 |- 234 83
15 1-397 34 45 |.318 58 75 1-3345 53
B 16 1-374 42 46 1. 287 671 76 |- 3.14 59
17 |- 397" 34 a7 1-290] 67 77 |-314 59
18 1.38 39 48 |- 261 7 78 |-30d 61
19 |- 493 4 49 |- 481 8 79 |- 5149 - 4
20 |-519. 4 50 |- 525 - 4 80 |- 56l- 17
21 |- 50 1 51 |-513] - 4 81 |-54§ - 13
22 |- 28Q 69 52 }- L71} 102 g2 |.204 92
23 }- 27 69 53 |- 170}, 102 83 |-209 92
24 - 27 70 54 |- 171} 102 g4 |- 20 93
25 |-279 170 55 |- 1,721 102 85 [-201 92
26 1-304 62 56 1. 201 93 86 |- 234 84
27 1-304 64 57 - 201 93] 87 |-231 84
Pl 6.67W P2 672w P3 674w
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i Tdst tedn 1 Tebt Itenh 2 Tj\st Itein 3
Film Test T T T
12/23/70. 1730 Hrs T/C IMV_1(°F) T/C MV (°F) T/CIMV_|(°F)
01 J--- 31 - ' 61  J---
Hich Power $02 -—— : 2 o ’ 62 -
Equilibriung, ~ 03 J1052]-204 3 110,59] -207 63 i~ 9,75}-171
» 04 L 473]+ 11 34 L 3.93] + 35 64 1- 3.00l+ 64
" iInsulation 405 |- 8701-127 35 110,451 -200 65 _ 1. .37
ICaps Off 06 |- 585|- 26 36 L 595] - 29 66 |- 4.23]+ 26
07 ]-11,15}-234 37 11004 -182 67 |-11,40]-246
Sun Off 08 L. 2111+ 90 38 L 122] +116 68 |- 13414112
09 |.1098}-225 B9 H11.03] -228 69 1.10,75]-214
10 J-2321+ 841 w0 L o116l 4117 70 1-1.45 1+109
111 la129]-240 11 11,11 ~232 71 1-.9.96}-178
12 |- 237]+ 82 12 | 1L42] +110 72 |- 1.62]+104
| 13 1 919]-146 43 l11.03] -228 73 |-11,50{-252
14 ). 2211+ 87 Ma L 1.34] +112 74 |- 1,54]+107
i k15 |- 3,28+ 55 45 L 243] + 81 75 |- 2651+ 74
16 - 2991+ 64 46 L 2081 + 91 76 1. 2451+ 80
17 I- 3.27]+ 55 47 L 213] + 89]x 77 |- 2441+ 80
‘ 18 |- 3.08l+ 61 48 L 1801 + 99 78 |- 2,341+ 83
' 19 |- 4271+ 25 49 . 4,24 ] + 26 79 - 4.66]+ 13
20 |- 4631+ 14 50 L 470]) + 12 80 |- 508}. 1
21 |- 4471+ 19 51 L oas7]+ 16l 81 |- 4961+ 3
22 |- 2.03]+ 93 b2 L .84 +127 82 |- L26|+115
23 |- 202+ 93 53 L .84 +127 83 |- 1,24l1115
24 |- 201]+ 93 54 L .84] +127 84 1- 12214116
25 L 2021+ 93 55 L 861 +126 85 |- 1,2414115
26 |- 2341+ 83 56 L 120] 1116 86 |- 1,56}+106
27 ). 2271+ 85 57 L 1,201 +116 87 |- 1,571+106
Pl 790w ipz 7.92W P3 7,94~lw
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Tdst Itedn 1 Tdst Iterh 2 Tdst Iterh 3 }
Film Test T T
12/29/70, 1330 Hrs. § T/C|MV [°F) T/C| MV | (°F) T/C | MV | (°F)
01 [-- 31 }f-- 61 -
Low Power 02 |- 32 L-- 62 _——
Equilibrium 03 |- 96d-164 33 | 854]-121 63 |- 844 -117
' 04 . 9.44-158 34 L 4531+ 17 64 |- 304 + 62
: 05 §- 7.79- 91 35 L 851} -120 65  |--- o-
Insulation 06 |- 6.04- 32 36 L 6.01] - 31 66 |- 280 + ¢
Caps Off 07 |-10.69-212 37 } 9.2] -150 67 [-10.83 -21¢8
08 |- 3224+ 57 38 [ 2461+ 80 68 - 261 + 15
Sun On @ 99 1-10.89-221 |- 39 L1050]-202 69 |- 9.94 -17§
0.1S (13 W/ft2) 10 |- 344 + 51 40 | 242[+ 81 70 |- 269 +73
11 [-10.39-198 41 J10.82]-218 71 - 9.1y -143
12 1- 347+ 49 42 L 265]+ 74 72 |- 281 + 69
13 |- 844-117 43 l10.22]-190 73 1-10.94 -222
14 |-232% 55 a4 | 2571+ 716 74 |- 274 + 71
15 |- 407+ 31 45 L 348+ 49 75 |- 368 + 45
16 . 3871+ 37 46 L 3201+ 58 16 - 34% + 4§
17 - 404+ 32 47 | 316]+ 59 77  1- 344 + 49
18 - 384+ 37 48 L 2911+ 66 78 |- 341 + 51
19 |- 454+ 16 49 L a47]+ 19 79 |- 48% + 7
20 |- 474+ 10 50 L 4781+ 9 80 |- 519 - 4
21 |- 47d+ 12 51 }F 468)+ 12 81 - 514 - 2
22 |- 314+ 59 52 L 2161+ 89 82 |- 249 + 79
23 L2314+ 59 53 | 216)+ 89 83 |- 244 + 79
24 |- 313+60 54 L 217)+ 88 84 |- 244 +79
25 | 313+ 60 55 | 2181+ 88 85 - 248 + 79
26 }- 337+ 53 56 L 243]+ 81 86 |- 274 + 72
27 L 3310+ 54 57 L 243]+ 81 87 - 274 + 72
Pl 5.74W P2 |s5.44]w P3 5.62] W
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Tqist Iten 1 T\[st Ite;n 2 Tgst Iter 3
§T/Cc| MV T T/C | MV T T/C |MV T
01 - - 31 - - 61 - -
02 | . - - 32 - - 62 - -
03 l9.60l163 33 [8.631-124 63 1-8.50l-120
nsulation 04 |-10.22.190 34 13.98 1+ 34 64 1-3. 00}t 64
iCaps Off _ 05 J-7. 72 90 35 l9.61]-164 65 | - -
06 l-5,70l- 21 36 15.661- 19 66 1-4. 32l 24
fSun_on @ 07_l-10.7d-212 37 19,31 ]-151 67 _1-10.9d-221
%0. 1S (13W/£t2) 08 |-2. 56l 77 38 }1.71 |+102 68 |-1. 87k 97
09 |-10.84-220 39 l10.49]-202 69 |-10.01-181
10 |- 2.7+ 70 40 } 1.65|+103 70 |- 1.96}+ 95
11 |-10.44-200 41 110.801 -216 71 _1- 9,2d-147
12 - 2.824+ 69 42 L1911+ 96 721 2.1 90
13 |- 2.48+ 79 43 110.311-194 73 1-11.0d-229
14 |- 2.63+ 75 44 L 1,821+ 99 74 |- 2,09+ 92
15 |- 3.5+ 48 45 | 2. 820+ 69 75 1= 3.0G+ 64
16 )- 3.28+ 55 a6 L 2.50l+ 79 76 )= 2,83 69
17 J- 3,48+ 49 47 L 2.500+ 79 11 i- 2.84+ 68
18 |- 3.3+ 54 48 | 2.20] + 87 78 | 2.7d+ 71
L 19 |- 4.1%+ 28 49 | 4.01]+ 33 79 |- 4.5d+ 18
20 |- 4.38+ 22 50 | 4.41]+ 21 80 | 484+ 7
21 |- 4.3d+ 24 51 [ 4.25|+ 26 81 |-4.8d+ 9
22 |- 2.48+ 19 52 | 1.38 [+111 82 [- 1.77+100
23 1- 2,48+ 79 53 L 1.370+111 83 |- 1.79+101 -
24 - 2.4d+ 80 54 1 31.381+111 84 |- 1.74+101
25_1- 2,4%+ 19 55 L 1.390+111 85 |- 1.78+10]
26 |- 2.79+ 71 56 I 1.70f+102 86 |- 2.04+ 92
27 |- 2.1d+ 73 57 1 1,70]+102 87 |- 2.09+ 92
Py 6. 7ow[ P, _6.71V&i P2 l6. eqwl
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o Tdst Ite:ln 1 T;st Ite*n 2 Test Iterh 3
Film Test
12/29/10Q..2220 Hrs A TCIMV L T HC I MV L T TLGL MV T
_ , 01 - - 31 - - 61 - -
igh Power 02 - - 32 - - 62 - -
Fquilibrinvm 03 _}- 9.64-165 . 33} 8,981-138 63 1-.8.45.118
04 1-10.26-192 34} 3,451+ 50 64_1- 2.97+ 65
ulation 05 }- 7,73- 91 35} 9,08]-142 65 - -
Caps Off 06 }-531- 8 36} 5.421- 12 66 |- 3.77F 40
07_1-10.7A-212 37 9,40| -155 67. 1-10.89-221
Sun On @ 08 |- 1.7%+ 99 38} 9.40]+124 68 |- 1,06+120
_56 1S _(13W/ft. 2 09 |-10.84-216 39 $10.55}-205 69 |-10.01-181
10 _J- 2.08+ 93 40 +.869 | +126 70 |- 1.15+118
11_1-10.53-204 41 h0.81}1-217 1. _1-9.2d-150
12 1~ 2.04 92 42 F 1,161 +117 72 1= 1.23+115
13 |- 8.54-122 43 110.48] -202 73 }-11.10¢-231
14 |- 1.84 97 44 L 1.06{+120 74 |- 1.28+115
15 |- 2.88 67 45 L 2.17 88 15 _1-2.34 84
16 3- 2.6 _75 46 L 1.81 99 76 - 2.13 89
17 |- 2.84 68 47 L 1.84 98 77 1-2.14 89
18 |- 2.64 74 48 [ 1.51] 107 78 |- z.oj 92
19 |- 3.71 42 49 } 3.69]| 43 79 |- 4.04 32
201~ 3.94 35 50k 4,141 29 80 1- 4.47 19
21 J- 384 38 51 } 4.00] 33 81 |- 4.31 22
22 |- 1.74 101 52 L .605] 133 82 §-.987] 122
23 |- 1.73 101 53 L.6001 133 83 1-.969 123
24 1-1.70¢ 102 54 L. 607 1133 84 1-.953]1 123
25 |- 1.71 102 55 1.6271 133 85 |-.968] 123
i 26 |- 2.04 92 56 F.9791 123 86 |- 1.@{ 113
27 1-1.98 94 57  F.9751 123 87 1-.1,31.113
Py 1 7.93l W P, 17.93 | W P 17.951 W
-
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Tést Itein 1 Tegst Ite)}n 2 Tést Itejn 3
Film Test .
12/30/70, 0100 Hrs T/Cl MV | T T/C| MV T AT/CI MV} T
fich Power 01 - - 31 - - 61 - ~
Tguilibrium 02 - - 32 -V - 62 1 - Y -
03 |- 8.72-128 33 $7.541- 84 63 1- 7.47- 81 |
Tmsulation 04 |- 9.80-172 34 1 2.99(+ 64 64 1~ 2.9T+ 65
E?J_am Qff 05 I 6,74~ 55 35 1 7.7181- 92 65__ING -
06 i- 4,6?} 14 36+ 4.80j+ 9 66 |- 3,25+ 56
Bun On @ 07 }-10.27-192 37 18,861-134 67 1-10.39-198
0,18 {26 W/ ft. 2) 08 |- 1.34+112 38 | 0.59{+134 68 |- 0.63+133 |
09 |-10.58-206 39 }10.08]-184 69 |- 9.41-155 ]
10 |- 1.58+106 40 1 0.521+136 70 |- 0.714130
11 - 9.77-170 41 110.531-204 71 - 8.721-128
12 L 1,63+104 42 1 0.821+127 72 1. 0.9155125 3
13 - 7.98-100 43 19,911-176 73 1-10.80-216
14 1. 1.,421+110 44 1 0,71]1+130 74 1~ 0.81ir127
154 2.34 83 45 £ 1.821 99 do75 1-1.89 97
16 13- 2.00_91 46 1 1.461 109 76. 1= 1.68 103
174 2.28 85 47 11,451 109 77..1- 1,731 101
18 - 2.08 91 48 1.111 119 78 - 1.620 104
19 - 2.88 67 49 % 3.04 62 79 1= 3.400 52
20 1-3.11 69 50 3.38) 52 80 1-3.800 39
21 1-3.08 61 51 % 3,21 57 81 1-3.77_40
22 - 1.314 113 52. 4+ 0.28) 142 82 - 0.59 134
23 11,300 113 53 0,271 142 83_1- 0.571 134
24 )-1.28 114 54 L 0,281 142 84 - 0.56 135
25 4 1.300 113 55 .1 0.301 141 85 1- 0.58 134
26 - 1.65 103 56 0.661 132 86 1- 0,93 124
27 L 1.59 105 57 1 0.66] 132 87 |- 0.93 124
Py 17.91) W Po 17.761. W Ps. 17.92) W
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