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INTRODUCTION

‘The parametric studies begun in Reference 1 have been completed.
Of the three heater configurations, Configuration I was selected for
the flight configuration. Since the thermal characteristics of the
three configurations-were so similar, the selectlon was primarily
based upon mechanical cons1derat10ns

SUMMARY

A umque rectangular masking pattern has been found which, within
the assumptions discissed below, satisfy the specified thermal plate
average temperature limits of 65 F to +140 F.

DISCUSSION

Several changes have been incorporated into the analyticaf'model of
Reference 1, The significant ones are discussed in detail below and
the final analytical model is presented in Appendlx A.

THERMAL ISOLATORS

In Reference I, the night time heat leak was assumed to be 5 watts

of this 5 watts; approx1mately I watt was allotted to the thermal
isolators between the thermal plate and the pr1mary structure.  How-
ever, as shown in Reference 2, the isolator. with the requ1red therma]
remstance does not sat1sfy the structural requlrements and v1ce versa

F1gure 1 illustrates the effect of thermal res1stance on the mght time
~heat leak and the night time thermal plate temperatgre Thus, the

low- re31stance thermal isolators with their increased heat leak of

4 watts lowers the night time thermal plate temperature by appI‘OXI-

mately 12 F,

C/s, HEAT_I.)EAK;

As . , tated in the prevxous sectlon, the mght tlme,heat leak n
- thAe ‘solators was assumed to be 4 watts However, a deta le
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Item Night Tifne
} ' : Heat ALeek (_\—N)‘_{ .

PSE Insulation | 0.6
" Heater Insulation (2) ’ bl'. 1

Mask (A = 1.0 ft2) ; oy 11

Thermal Bag - k 0.4

Cables i : . 2. 1%

TOTAL o T 5.3

The additional 1. 3 watts is primarily due to the PSE instrument
cables and the insulation covering the heaters. In Reference 1 the
heater insulation was considered as part of the mask and the PSE
instrument cables were neglected. Thus, the additional 1.3 watt
heat leak will lower the therma] plate temperature approx1mately
5 F

PSE ‘MOU NTING PLATE SKIN THICKNESS

The thickness of the upper skin of the PSE mountm}., pldto was mcroase
from 0. 016 inches to 0. 032 inches in order to reduce the temperature
gradient as dlscussed in Reference 3. ~

i

RECTANGULAR MASKING PATTERN . o ~  ,.;

The temperature prof11es shown in References I and 3 were based 1
upon ideal mxrror/maskmg patterns. However, the second surface, .

mirrors are composed of 1-inch squares which will result in rec-

~ tangular rather than curvilinear patterns. When these rectangular -

- patterns are mcorporated into the analytlcal model, the tempera-
ture gradxents are mcreased as shown below ' ,

¥

Based up n msulated mangamn PSE mstrument cables. Present desxgn,

-
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Day Time Gradient (F) | Night Time Gradient (F

|
Item . Ideal . Rectangular | Ideal Rectangular
Pattern | Pattern ‘ Pattern Pattern_
} : )

Thermal Plate 10 15 ! 15 19
| . | ) ! B o

| PSE Mtg. Plate 19 26 o2 L 27

REGULATOR

The data’in Reference 1-was based upon the ALSEP 55-watt regulator
which resulted in a C/S thermal dissipat‘ion of 35.8 W. Subsequently,
a 30-watt regulator was proposed which lowered the C/S dissipation
by 5 watts for a total of 30,8 W. The 30-watt regulator was incorpo-
rated into the analytmal model and the results were published in
Reference 4, Further discussion of these results are not presented
here because systems considerations indicated a larger regulator
would be required. The analysis (Reference 5) showed that a 36-watt
regulator would be required. The 36-watt regulator mcreased the :
C/S thermal dissipation by 2 watts for a total of 32.8 W. The higher
thermal dissipation requires a greater rad1at1ng area to maintain the-"ff
140°F day time temperature The larger radlator. however, lowers '
the mght time thermal plate temperature approxxmately 3 F

, RESULTS

W1th all of the changes of the prevmus section mcorporated mto the

analytlcal model, several runs were made to determme the. maskmg qj""y
pattern. The m1rror/maskmg pattern was chosen to achieve an

average thermal plate temperature of +l40 .F at lunar noon while
minimizing the temperature gradients across the. plate and he con-

sistant with the. assembly procedures, developed for the mrrrors.

PSE, PSE shroud, 1sotope heaters, heater msulatwn and msulatxon

masks

AJ'I‘he fmal m1rror/mask1ng pattern and the resultmg day/mght tempera.-i

ture profiles for both the thermal plate and the PSE mountmg plate aref

"shown in F1gures 2 and 3.

CONCLUSIONS
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total is lost in heat leaks leaving only 20 watts to maintain the night
time survival temperature. Due to the small amount of thermal
energy available the night time thermal plate temperature is extreme
sensitive to the radiator area and the total heat leak. By referring
to Figure 1, it will be noted that in the present design a variation of

1 watt in the heat leak results ina 5 F change in the average night
time thermal plate temperature. If the heat leak can be reduced,

the night time temperature is raised, the slope of the temperature
curve is reduced, thereby making the design less sensitive to small
changes in heat leak. v ’
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Isotope Heater L0cat1on, Mu-ror < Ma.skmg Study
Lunar Noon, 36 w Regulator ', ,

HEATER, SUNSHIELD*AND THERMAL PLATE NODES“

; Node No. Initial Temp. Heat Input Component
s (°F)y o (WattS) o

B Thermablji-"late -

-1m2119 §
‘g'94131 ' -
«37497 " | b

97 % {PSE
: - ' Space :
- Primary Structure

SUNSHIELD*- THERMAL PLATE RESISTORS

Connecting Resistance :
Resistor No.  Node No. to Node No. (°F/BTU/hr) P
15 | 30 - 0e38476"
16 31 - 1 2003941 .
17 41 7 1e8733%
18 28 ' 7 13185
A9 39 24070
20 20 L 4eB6
21 34 355
S22 44 - 0294
21 SR 4056
=35 54843
: 4’_“‘\". : 5n ‘0‘5 g ) 039
Ao« 22 4e56
S 36 ~5e843
46 : 39
23 . . 3el45
37 54843
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Isotope Heater Locatwn. Mirror - Masking Study
: Lunar Noon, 36 W Regulator j

. s‘uusmm*‘- THERMAL PLATE RESISTORS

31 2 T A 1 39
g 23 2k 34145

:323;‘, Lo 48 _'f&
2“’"; i ‘. : :'25 E

. 24 g 49
25 S 26
*.;25; . 38

2% 50
26 o2
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29. o
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30 3]
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31 22
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33 34
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34| S35 . 7673
34! 59 °42
354 36 - 14673
35 .42 : 5843
35§ 60 : le29
36 3t Te673
36’ 43 54843
36 61 ‘ ~1e29
“37 .38" : 54843

Connecting . Resistance:
’Renstor No. Node No. to Node No.  (°F/BTU/hr) -

e
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Isotope Heater Locatxon, Mxrror - Masking Study
i ‘Lunar Noon; 36 W Regulator

 SUNSHIELD*- THERMAL PLATE RESISTORS
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Isotope Heater Location, Mirror - Maskmg Study
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SUNSHIELD THERMAL PLATE RESISTORS

I v

S Connectmg : Resutance
Remstor No. Nadb No. to Nc@_ %\I (°F/ BTU/hr)
223 | , ., 134384
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~

.THERMAL ISOLATORS

: Connectmg : Resiéténée
Resistor No. Node No. to Node No. (°F/BTU/hr)

182 44 191 19240
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Isotope Heater Locahon. Mirror - Maskmg Study
Lunar nght 36 W Regulator -

HEATER SUNSHIELD AND THERMAL PLATE NODES :

-Node No In1t1a1 Temp Heat Input' ‘ Component
CF) (Watts). | |

' i1'@ - ;‘0’. L »‘Heater'No. 1
10 1 0e. . lde45 | Heater No. 2
19 O0e . {*=s208 - | Sunshield
20 : De S
22° ¢ 0s  =e1576
22 - P . =086l
.= 24 o Det . =40845
?6 o De
27 B "~ Oe : : ‘
28 Qe Coee 1743
29 » Oe = (R )
g De  -et435
2 : O . =.0l38
12 o O 1 =e0210
24 : Je : ""408.5'7 ! : :
1w : De ' :
'36 T . .Oo
37 S
LY Ce - '
Klelin e -e0716.
4 o : Coe : :
41 Os - ~e0573
az Na
43 o ,,bioo

44 o e ~e 088 Thermal Plate cie 3 "

{+R o ST -+ C88.
46 Oe -e 00D
47 ) Do : ~s 000G .
48 De- . =088
49 Qe - =eD088
50 - De oo =e 088
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54 : Oe. it - i ; o088
58 ‘ ‘ Ql 40 ' =e088 '
26 , b «a088 . ot

*PSE Mounting Plate Assembly .
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HEATER SUNSHIELD AND THERMAL PLATE NODES

oNode No. ~imt1a1 Temp.f Heat Input , 'COmponent
i : (°F) - (Watts) ' . -
87 Jeo 088 Thermal Plate
53' L LNVe - &8 e :
59 Do § “- e 08
68 Os ~el88
61 0e . =088
52 Qe . =e0B8
. S 63 ° De : ~+088
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SRy ',65‘ ” O : ‘0088
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&7 T ~-¢088 - S
68 e 0 syo88 oy
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100 L =460 - Space
10 o =200 : : ‘Primary Structure :

 SUNSHIELD- THERMAL PLATE RESISTORS

v ’ : ~ Connecting Resistance
. Resistor No. Node No. to Node No. (°F/BTU/hr)
15 : Sy 20 R e
16 o1 : 31 26073741
17 S 1 ' S4Y 1687727
A 19 28 e 218E
1 o -39 26070
20 19 20 4456
21 : 19 34 3455
i ST 22 19 ' INRE 0294
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25 . 20 &% 839
26 21 o220 . 456
27 21 36 54843
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- 29 22 23 34145
20 22 a7 56843
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Isotope Heater Locatxon, Mxrror - Maaking Study
: Lunar nght, 36 W Regulatar :

SUNSHIELD THERMAL PLATE RESISTORS

S = Connectmg ' Resmtance .
' “‘~e»s‘istor'No;- Node No. to Node No ‘(°F/BTU/hr)k -
3 o o 47 )’ v ~ .19 :
24 F 1 3&14ﬁ~’“*
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Isatope Heater Locatmn, M1rror - Maskmg Study
. Lunar nght 36 w Regulator

' "~‘"sUNsnmm*;m‘smn PLATE RESISTORS

s+  + Connecting ~ Resistance
Resxstor No. ' Node No. to Node No. (°F/BTU/hr),)\_ :
T 37 _ ‘62“ L le29 ‘7.?‘
. % 1w . nepey
i3] a4 Te673
:-;;ggv;:.» 63 1629

g

L . uas 274873
76 %9 66 1428
. m v
= 18 ME 62  BeB4
g 4 65 - . 1le29
80 o 41 Lo 4 : - BeR4T e
' e . 66 - 1429 L
82 .,‘zi~: Bt
§ L s R BT .1e29
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85 . 4a 4t e01®
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88 . 45 60 6743 * .
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95 49l 62 6995
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97 50 63 L 4995
98 ' 51 52 «693
99 51 . 64 «995
100 : 52 53 915
101. . 53 54 . . 4915
102 : %3 64 o e743
103 genat g 13 55 T 6915
loa 54 65 L o743
105 55 R 56 : 0915
106 g : ssa 66 -t eTa3
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59 T 6693
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Isotope Heater Locatmn, Mu-ror - Maskmg Study
: - Lunar nght 36 W Regula.tor
~ SUNSHIELD*- THERMAL PLATE RESISTORS
. o , - Coimecfmg ' - Resistance |
_Resistor No. Node No. to Node No. (°F/ BTU/ hr)
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Lunar nght~ 36 w Regulator

»]f-f‘_»suNS‘HmLD“‘- ‘THERMAL PLATE RESISTORS

... . Connecting  Resistance
Resxstcr No. - Node No. to Node No. (°F/BTU/hr)
RZ3 3T 33° 0 30384
-gzzaaj?' o 3 41 4.241“f .
. @ o o b :3‘.35a o
X - gt A g”*'xa.zal :
228 35 36 4e241
229 3% a2 3,384
- o 230 . g 37 - . 4e24l
oy 23 36 43 ggagy
: e rErE 37 38 : 3e 384
233 38 39 34384
- 23 38 - 43 4,241
235 39 40 4e241
236 Qe 41 o he241
231 40 43 Jelbh
238 ' 41 82 Zeloe
239 42 43 44241

THERMAL ISOLATORS
- £ Connecting ~ Resistance
Resistor No. Node No. to Node No. (°F/BTU/hr)
182 44 101 L9240
183 ' 4T 101 9260
186 . 48 1ol 9249
185 49 101 9240
186 - 52 101  92ev
187 ’ 52 101 F2eU
le8 ' ‘56: : 101 ' 20 €
189 ' 56 101 " 9240
190 Bt 101" . 92U
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Isotope Heater Locatmn, Mu-ror - Maskmg Study
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- Connectmg - . Radient
Rgpiﬁtb?;ﬂb,_ Node No. to Node No. ,Are'a’:‘(ftZ) : Interchange:

.elG44
olb44
f0046¢'h
«1097
«1566
e1587
‘e0444
 _el506
. «0668
‘wl6ll
‘blhOBi*
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e068<2
‘91056
iel072
160867
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n e «0146
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Figure 1 PSE Mountmg Plate Day-Nzght Temperatures
Mirror Area = 2,04 Ft2 .
Night Heat Leak = 5.3 Watts + Thermal Isolators L
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