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1.0 SUMMARY

The most significant technical achievements on the SNAP-21 Program during this

quarter include the following items:
e Disassembled system 510D3 and sent HTVIS to Linde for repair.
. Checkout and implantment of systems S10P1 and S10P2 were completed.

. Dynamic testing and the standard reference performance test of system

S10P4 were completed.

° Fueled system performance predictions were completed for systems
S10P1, S10P2, and S10P3,

° The biological shield which was removed from insulation system

B10DL1 was incorporated into insulation system B10DL.S8.
e Insulation system B10D2 was leak checked and rethermally tested.

° The radiation shield, spider, spider bolt, and inner liner from

insulation system B10DL3 were shipped from Linde to 3M Company.

. Thermal performance testing was conducted on insulation units B10DLY7
and B10DL.S8.

° Insulation system B10DL6 was mated with generator A10P1 for long-

term test.

° Continued testing of Phases I and II thermoelectric generators and

power conditioners.

. Preliminary effort was started on the 20-watt system concept.



2.0 TASK'1 - 10-WATT SYSTEM
2.1 SYSTEMS

2.1.1 Llectrically Heated Systems

2,1.1.1 System S10D2

System S10D2 completed one year of operation on June 26, 19689, The power input

was reduced by 2.5% to simulate actual fuel decay over a one-year period.

Last quarter it was reported that the hot end temperature decreased at about

8°L" per watt., Further analysis shows that this should be about 4°F per watt.

Table 2-1 shows the thermoelectric generator and system electrical performance.
Table 2-2 shows the thermal performance for the system. Figure 2-1 shows the
thermoelectric generator and system power output. Iigure 2-2 shows the system
instrumentation locations. Figure 2-3 shows the normalized thermoelectric
performance data. From these tables and curves it can be seen that the thermo-

electric generator and system thermal and electrical performance has been stable.

Indications from the generator pressure transducer show that the thermoelectric
generator may be leaking. The generator pressure has decreased about 3.0 psia
to its present level of 19. 2 psia (as of 6/27/69). Further investigation will

continue.



Table 2-1. System S10D2 Electrical Performance

Item 4/24/68 9/4/68 11/15/68 2/24/69 6/13/69
Test Hours 233 1771 3502 6798 8542
System Power Input (corrected-watts) 218 220 220 219 219
Generator Primary Load Voltage (vdce) 5.32 5.29 5.00 5.30 5. 29
Generator Bias Load \ oltage (vdc) 0.739 0.734 0.736 0.736 0.734
Generator Primary [ oad Current 2.89 2.80 2,78 2.75 2.73
(amperes)
Generator Bias I oad Current (amperes) 0.142 C.138 0.156 0.136 0.138
Generator Primary Power Qutput (watts) 15.3 14.8 14,7 14.6 14,4
Generator Bias Power Output (watts) 0.105 0.101 0.100 0.100 0.101
Generator [otal Power Output (watts) 15.4 14.9 14.8 14.7 14.5
Conditioner Primary Voltage Input (vdc) 5.31 5,26 5.27 5,27 5,26
Conditioner Bias \ oltage Input (vdc) 0.734 0,724 0.726 0.726 0.724
Conditioner Primary Current Input 2.89 2.80 2,78 2,75 2,173
(amperes)
Conditioner Bias Current Input (amperes) 0.142 0.13% 0.136 0. 1086 0.138
Conditioner Primary Power Input (watts) 15.2 14.7 14.6 14.5 14.4
Conditioner Bias Power Input (watts) 0.104 0.0%) 0.098 0.098 0.099
Conditioner lotal Power Input (watts) 15.4 14.8 14.7 14.6 14.4
System Load \oltage (vdc) 24,6 24,5 24,48 24 46 24,49
System [ oad Current (amperes) 0.428 0.426 0.426 0.426 0.427
System I oad (ohms) 57.48 57.38 57.5 57.5 57.35
System Power Output (measured) (watts) 10.5 10.5 10.4 10.4 10. 4
Primary Open Circuit (volts) 9.46 9.40 9.30 9,22 9.16
Primary 1 oad Voltage (volts) 5.32 5.29 5. 30 5.00 5. 29
Primary | oad Current (amps) 2.87 2. 80 2.78 2.75 2.773
Bias Open Circuit (volts) 1,39 1.37 1.37 1.35 1.35
Bias Load Voltage (volts) 0.739 0.734 0.736 0.736 0.734
Bias Load Current (amps) 0.142 0. 13¢ 0.136 0. 136 0.138
Internal Resistance (ohms) 1.43 1.46 1.43 1.41 1.41
Fotal Power Output (watts) 15.4 14,9 14.8 14.7 14.5




Table 2-2. System S10D2 Temperature Profile in Water

Thermocouple Pre-Dynamic| Post-Hydro Long-Term Test
1 ocation Test 4/28/68 | lest 9/4/68
(See T'igure 2-2) Identification (°kF) (°F ) 11/15/68 | 2/24/69 | 6/13/69
1 Segmented Ring at Pressure 39 43 45 40 43
\essel Wall
2 TLG Mounting Plate (inner) 50 54 56 50 53
3 TLG Cold 'rame Center (external) 58 63 65 59 62
4 I'LC Hot Frame Center (external) 1042 1040 1041 1028 1026
5 [EG Hot Frame l.dge (external) 1047 1046 1046 1035 1033
6 Lmitter Center 1254 1277 1278 1267 1267
7 Lmitter Midway 1262 1287 1287 1276 1275
8 Lmitter Edge 1305 1332 1332 1321 1319
9 Insulation System Upper 97 103 103 99 100
10 TEG Cold Frame Outer (external) 53 59 60 54 56
11 TEG Mounting Plate DMale 42 47 49 42 45
12 Heater Block Bottom 1435 1470 1471 1458 1456
13 Power Conditioner Base 44 41 - - -
14 Pressure \ essel, Cover Upper 40 40 41 40 41
15 Pressure Vessel, Cover Center 40 41 40 40 40
16 Pressure Vessel Body Lower 40 41 40 40 41
TEG Hot Frame (internal) — Edge 1012 1014 1009 1002 1002
T'EG Hot Frame (internal) — Center 999 998 993 985 986
Hot Electrode — Ldge 999 1001 996 990 990
Hot Llectrode — Center 976 976 971 963 965
Cold Electrode — Edge 95 98 96 94 96
Cold Llectrode — Center 91 94 93 91 93
Cold F'rame (internal) — Ldge 82 83 82 80 81
Cold I rame (internal) — Center 74 72 72 70 71
Follower — Edge 81 84 83 81 83
Follower — Center 80 81 81 80 81
17 Water — Top 40 40 39 40 40
18 Water — Middle 40 40 39 40 40
19 Water — Bottom 39 40 39 40 40
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2,1.1.2 System S10D3

System S10D3 was used to perform the shipping container test. This test was
completed on April 17, 1969. Prior to the shipping container test, this system
required an additional 21 watts of power input to obtain initial BOL test conditions.
In order to perform the shipping container test, the power input was increased to
obtain near beginning-of-life temperature profile (refer to Quarterly Report Number

11 for more details on the condition of this system).

Table 2-3 presents the collected data for the shipping container test. Figure 2-4
shows the test setup, Figure 2-5 shows the temperature profile curves, and

Figure 2-6 is a photo of the shipping container test.

sSurveillance was performed by Quality Control during all phases of the shipping

container elevated temperature testing.

Although S10D3 required 235 watts input (includes 4.7 watts extraneous losses)

to obtain a correct thermal profile, the analysis of the shipping container test
data cannot be conducted on the basis of fuel loading. The data must be studied
strictly on the basis of the established temperature profile for a system. From
Figure 2-5 it can be seen that the system can withstand the specification value of
130°F environmental air temperature. The limiting factor for shipment is 225°F
at the cold cap. The cold cap temperature is a near linear function of the ambient
air. In projecting cold cap temperature in Figure 2-5, it can be noted that the
system can withstand an excess of 150°F ambient temperature. This should not
be done for any extended period of time. Table 2-3 shows that a temperature of
978°F was noted at the hot junction at 130°F ambient air. The difference between
the hot frame design values and the experimental data of the hot frame and button
temperatures is 30°F and is due to an assumption of the design values for the
radiation gap temperature drop. The radiation gap temperature difference for
the design values is 180°F, while for the various systems a temperature difference

between 200°F and 250°F has been experienced.

After the shipping container testing was completed, the system was placed in the
water tank for testing., A check of the temperature profile as a function of the

power input was performed to determine if any additional heat losses occurred



“iReference: SNAP-21 Program, Phase II, Quarterly No. 7, MMM 3691-30

Table 2-3. Shipping Container Testing for System S10D3
Ambient Temperature (°F)

Thermocouple Designi*
Numbers Location 68 92 110 130 Values (°F)
#1 Pressure Vessel Top 90 114 137 156 --

#2 Pressure Vessel Center 92 117 140 159 --
#3 Fin Base Center 92 116 141 158 --
#4 Fin Base Bottom 86 111 134 153 --
#5 Middle Fin Outer 86 111 134 153 --
#6 Holding Fixture Cover 81 105 128 147 --
#17 Holding Fixture Bottom 70 92 114 134 --
#8 Shipping Container Top 77 102 124 144 --
#9 Shipping Container Middle 69 93 114 135 --
#10 Shipping Container Bottom 68 90 110 131 --
(CONTROL)
#11 Test Chamber Top 73 98 121 141 --
#12 Test Chamber Middle 70 95 117 138 --
#13 Test Chamber Bottom 68 85 94 124 --
- Emitter 1215 1232 1241 1253 1270
- External Hot Frame Center 968 995 1010 1028 1090
(avg. est.)
- External Hot Frame Edge 980 1006 1020 1039
- Estimated Hot Button 919 945 961 978 1020
- External Cold Frame 107 131 154 171
Center
- Estimated Cold Button 132 156 178 195 204
- Pressure Vessel 85 110 134 151 143
- Date 3/31/69 4/3/69 4/2/69 3/25/69
*Refer to Figure 2-4
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during the shipping container tests. The system performance did not change. The
power input to S10D3 was turned off on May 7, 1969. The system was cooled to
room temperature and dismantled during the week of May 12, 1969. The HTVIS
was sent to Linde for a check of its efficiency to determine possible heat leaks
through the insulation system. The results of this test are discussed in paragraph
2.4.1. The HTVIS will be repaired by Linde and sent back to 3M for reassembly
into system S10D3.

2,1.2 Fueled Systems

2.1.2.1 System S10P1

Final tests and checkout were completed for the systems on May 29, 1969, A
standard reference performance test was conducted on May 21, 1969. The system
was then shipped to NRDL (San Francisco) for integration with their Data Acquisition
System and checkout. Upon completion of this, it was shipped to San Clemente
Island for implantment. Refer to Section 2. 10 for a discussion of the system check-

out and implantment,

Table 2-4 shows the performance data for S10P1. All indications are that the
system performance was satisfactory. Figure 2-7 shows the location of the thermo-

couples on fueled systems.
2,1.2,2 System S10P2

Final tests and checkout were completed for the system on May 29, 1969, A
stable referenced performance test was conducted on May 21, 1969. A system
checkout, according to the Shipping and Handling Manual 10-Watt System (Report
No. 3691-42), was done on May 29, 1969. The system was then shipped to NRDL
(San Francisco) for integration with their Data Acquisition System and checkout.
Upon completion of this, it was shipped to San Clemente Island for implantment.

Refer to Section 2. 10 for a discussion of the system checkout and implantment.

Table 2-5 shows the performance data for S10P2. All indications are that the

system performance was satisfactory.

2-12
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Table 2-4.

Performance Data

for Fueled System S10P1

Test Hours

&
o &
- =3 o = o & =
P & E z F 2 Iy o o g
ft e : 3 : 5 g 3 : : b p £c g g 5
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=0 S EE Li g2 &4 52 e EF NS 9z 3c 25 £x R Zi3 =4
Parameter A o B 7 A SR £ 2 g 7 e 7 7L Z & v R N -
Date
A\lonth /11y /Y car 12/10/68 | 12°11/68 1 14/69 1/16/61 1/17/6% 11776 1/17 6% 120 69 1,2 60 1/30/6" 2/24/6¢ 313160 3169 3 26760 5/21/6% 615/69
System bucl Input, watts (1) | 210.4 210.4 210,0 200, 200, 0 20, 200 20 .8 2007 200 7 209.3 2002 2002 209.0 208, 2 208.0
Gener itor Primary Open
Circuit (volts) a8 0,81 o a. 84 0,79 9. 78 4. 74 9.93 49,89 ). 58 9.79 9. 84 9,42 9.40 9,73 9.68
Gencr ator Bias Open
Cir mt (volts) 1,41 1043 1.45 1,44 1,43 JORE] 143 1,44 144 1.3 143 1,43 1.47 1.38 1,41 1,41
Generitor Primary [ oad
Voltage (vdc) 4,98 4,97 5.01 2,01 5,01 5,01 1. 01 4,00 1oy 2. 00 4.1 4,97 4.07 4.98 4,99 4.98
Generator Bias Load
Voltage (vdc) 0.695 0.686 0.641 0.6497 0,89 0. 605 0.6 0.688 0.687 0.612 0,686 0,687 0.698 0.699 0.693 0.891
Genciator Primary I oad
Currents (amps) 2,88 2,83 2.8 2,003 2,93 20 2.0 2.8% 2.80 3,00 2.8 2.83 2,05 2,01 2,83 2.85
Generator Bias Load
Curient (imps) 0.116 0.124 0,124 0.122 0.122 0,122 0.122 0.124 0.124 0.116 0.124 0 124 0.118 0,120 0.124 0.124
Gencrator Primary Power
Output, watts (e) 14.3 14.0 4.4 14.7 14.7 14,5 14 14.2 131 1.0 14.1 4.1 4.7 14.6 14,1 14,2
Gencrator Bias Power
Output, watts (e) 0.081 0.083 0.086 0,085 0.085 0.08)» 0,08 0,085 0.08> 0.080 0.080 0.085 0 082 0.0838 0.086 0.085
Gencrator Total Power
Output, watts (e) 14.4 14.1 14.4 14,8 14,8 14.6 14.6 14.3 14.0 11 14.2 14.2 14.7 14.7 14,2 14.3
Generator Internal
Reststanc e (ohms) 1,54 1.713 1,72 1.64 1.62 1.63 1,63 1.72 1.74 1.52 1.68 1.71 1.50 1.40 1.67 1.63
Conditione1 lotal Powcr
Input, watts {e} 14.3 14.1 14.3 14.7 14,7 6 146 14.3 13.0 15.1 14,2 14,1 14.7 14.6 14,1 14.2
System 1 oad Voltage {vic) 24.6 24,4 24.6 24.7 24.6 24.8 24,6 24.6 24,5 24,5 24,4 24,0 24.4 24.5 24,5 24.5
System 1 oad Current (amps) 0.426 0.426 0.130 0.431 0.430 0,410 0.130 0.428 0.427 0.428 0.421 0.424 0.424 0,425 0.428 0.427
System Powcr Output,
watts (¢} 10.3 10.4 10.6 10.6 10.6 10.6 10.6 10.5 10, 10,5 10.4 10.4 10.4 10.4 10.5 10.5
System 1 02d Resistance
(ohms) 57.7 2.3 57,2 57.3 57.2 57.2 a7 2 27.5 274 o7 2 27,6 57.8 27,5 57.7 57,2 57.4
Seg. Het. Ring at Pressure
Vesocl Wall (°1) 44 86 87 61 61 61 61 87 94 34 87 95 41 47 90 90 1
Seg. Ret, Ring Inner (°F) 56 ag ga 7% 75 k3 7 9a 108 44 a7 100 23 58 100 100 2
TEG C old Frame Center
{Ext) (°1) 64 106 107 85 84 84 84 107 113 3 106 113 62 65 108 108 3
TEG Hot | rame Centcr
(Ext) 1) 1050 1084 1078 1065 1061 1061 1060 1081 1079 1032 1072 1079 1033 1031 1068 1068 4
TEG Hot I rame Edge
(Ext) (1} 1066 1098 0a1 1077 1073 1072 1073 1093 1093 1047 1086 1093 1047 1045 1081 1081 5
Emitter Plate Center (°F)  |1248 1270 1272 1266 1265 1264 1266 1275 1270 1242 1272 1275 1249 1247 1268 1270 6
Refercnc (°F) 41 88 87 67 65 66 67 86 ag 34 87 97 3% 42 95 20 7
Water Top (°T) 40 - -- -- -- -- -- - - 35 -- -- 39 42 - . 8
Water Center (°F} 40 -- -- - -- -- -- - -- 34 - - 39 42 . - 9
Water Hottom (°F) 40 -- - -- -- -- -- -- 42 -- -- 39 42 - - 10
Average Cold Junction
{Estimated) (°F) 92 134 135 113 112 113 112 135 141 82 134 141 90 93 136 136
Average Hot Junction
{Estimated) (°F) 999 1032 1026 1012 1008 1008 1008 1028 1027 980 1020 1027 agl 979 1016 1016
Ambient (°F) -- 72 67 73 69 73 73 65 80 79 79 7% 72 72 79 70
135 168 975 1027 1046 1051 1052 1122 1334 1367 1960 2127 2177 2680 4032 4387
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Table 2-5. Performance Data for Fueled System S10P2
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s 28 o3 N Y x " x | 25 v8 S, 28 28 z -8 857 PYE £
o Z% T o Ty WY 78 z% =h R Eh 2% %2 8E age. Tgz 5
[ £ dc ~ 2 c g s £ o2 2o ks - 2a ® o o¥e) g9 WO e &5 25
Paramctcr om 2 R A [ &7 [ o 7R f=a ] [y & 43 [ [AR) hahak:) 559
Date
\onth/Day /Y € 1t 1/2/60 |1 380 | 1718769 | 1/20/60 L as21/ee T1/21/6 |1 21 6% |1 226 [ 1730760 | 2/8/6%  [2/24/60 [3,9 B0 [3/7/6% 5/12/8% 5/21/6% 6/4/69
System Fucl Input, watts (t) 207 207.4 207.4 207.4 207.3 207 2 207.1 206. 8 206.7 206.6 205.7 205, 6 205,38
Generator Primary Open 9. 41 a, 72 a5y 400 (TS 4,48 9 b4 (5 2.32 9,64 9,66 9. 25 9.20 9.63 9,55
Circuit (volts)
Generator Bias Open 1,36 1,41 1.42 1.40 1,39 1,30 1.0 1,42 142 1.36 1.41 1.41 1.35 1.35 .41 1.40
Circutt (volts)
Generator Primus I oad 1.16 1,07 1.8 1ouy 1.08 4 4.8 07 108 4,07 4,95 4.6 4,05 498 4,99 4.98
Voltage (vde)
Generatct Biis T ord 0. 686 0,641 0.681 0.687 0.686 0 686 0.686 0. 681 0.683 0,682 0. 640 0.670 0. 688 0.893 0. 684 0.670
Voltage (vel)
Generator Primary 1 oad 2,80 2,78 2,748 2.78 2,78 2,78 2,78 2.78 2T 2.85 27 2.7 2.83 2,80 2,73 2,173
Current (1mps)
Generator Bias 1oad 0.118 0.122 0.122 0.120 0.120 0.120 0.120 0.122 0,122 0.114 0.120 0.122 0.118 0.118 0.122 0.122
Current {amps)
Generator Prim ity Power 130 13.6 13.8 130 13.8 13,4 15,8 13.8 13,7 14.2 13.7 13.6 14.0 13.0 13.6 13.5
Qutput, watts {¢)
Gencrator Bias Power 0.081 0.083 0,083 0,042 0,082 0.082 0.042 003 0.083 0.074 0. 082 0.083 0.081 0,082 0.083 0 083
Qutput (watts)
Generator lotil Power 14.0 13.6 13,0 13,9 13,1 130 13.¢ 154 14.2 1.8 13.7 14,1 14.0 13, 13.6
Output, w s ()
Generator Inte rnal 1o 1.67 1,72 1,62 1.62 161 1.61 1.69 1,72 1.2 1.64 1.70 1.51 1.48 1.69 1,67
Resistance (ohms)
Conditioncr Total Power 13,0 136 13.6 13 13.9 13, 13, 13,0 138 14.2 14.7 19.7 14.1 13.8 13 5 13.5
Input, watls (¢
Svstem Toxd \ Ttae {vde) 2409 LA 24,6 RENN 24.8 240 21, 24 th, EENN i 2404 24.4 24,5 24,5 24,4
Svstem [ oad Curront (amps) 0.426 0.426 0.426 0. 426 0 421 0. 126 0,127 0 12 0 16 0 126 0 127 0,424 0.425 0.427 0 427 0.426
System Power Output, 4 10,1 10.5 10,4 10.5 10.1 10,5 10. 4 10.4 10.4 10 % 10.4 10.4 10.5 10,0 10.4
watts {¢}
System T oxd Resiatnge 3T 57,5 57.8 V7.5 57.6 576 V7.4 57.7 57, 57.3 57 1 57.6 57,4 57.4 57.4 57.3
{ohms)
Seg. Ret. Ryt Prossure 41 82 a8 64 63 6 61 82 : 3 8 a1 44 46 0 88 i
Vessel Wall 1)
Seg. Ret. Rung Inncr (°F ) 3! " 100 71 T T " oy 100 13 1 101 24 56 aa ag 2
TEC Cold Frame Center 02 100 107 a1 81 42 t3 101 106 4c 101 10t oL 63 106 104 3
(Tat) (1)
TEC Hit 1 ime Conter 1023 1005 1009 1040 1048 1011 1017 105 10,8 1004 1048 1054 1009 1006 1046 1043 4
(Fx) 1) Tst. sty Lut. Pty Pt Eot. st bt [ Eot. Pt Pate Est. I st. Lst. Lst,
T1G Hot trame Fpe 1030 1064 1072 1052 1020 1050 104+ 1068 1072 1019 1062 1067 1023 1020 1060 1057 5
{(Ext) {°h)
Emutter Plate Ceonter (R} [1231 1.0 1203 1241 1241 1234 1211 1234 1o 1214 12,0 1254 1225 1222 1247 1246 [
Reference (1) 10 82 87 60 61 st 62 40 0 31 £ 8 40 10 86 86 7
Water lop (1) 40 32 - 3¢ 10 -- 8
Water Center (1) 10 - - -- - -- - - 33 -- - 39 40 -- -- 9
Waler Bottom { 1) 40 .- - - -- -- -- 30 - 39 40 -- 10
Average Cold Tuncion ] 128 130 10 104 110 111 124 111 7 120 136 88 40 133 131
(Fstimded} (1)
Average Het lun tion 72 1003 1007 ‘o7 85 oh cad 1003 1006 1 Y 1001 <58 » n5 aag
(Estimate 1} 71
\mbient () - 50 66 61 64 7. 74 60 kN 7 7 74 5 -- 70
Test Hours 134 161 022 N 1 v 7 611 813 10260 1408 1600 1673 1252 3467 3829




2,1.2,3 System S10P3

a) Performance Testing

System S10P3 continued on test this past quarter. Table 2-6 shows
performance data for the system. It appears that the performance

for the system is satisfactory.

b) System Environmental and Characterization Tests

The system was characterized for various system resistive loads at
40°F - 60°F and 80°F environmental water temperatures. The following
parameters will be used to define the performance; generator power
voltage, current, cold junction temperature and hot junction temperature
each as a function of system resistance load at each environmental water
condition, system power out, current and voltage as a function of
resistance load at each environmental water condition, and generator

cold and hot junction temperatures as a function of time.

These data were prepared and submitted to the AEC as part of the data

package accompanying each fueled system.
2.1.2.,4 System S10P4

All components for system S10P4 were shipped to ORNL. The system was fueled
and final-assembled during the week of May 19, 1969. As was done on system
S10P3, particular attention was given to the '"'Blue Ribbon' connectors. In accord-
ance with revised Process Routings, the connectors were carefully cleaned and
re-examined visually to assure that no foreign material was present, This added
attention was provided to prevent the occurrence of a connector problem such as
was reported on system S10P2,

A Quality Assurance representative was at ORNL during the period for the
assembly, fueling, BOL test, preparations for shipping, and actual shipping
operations of system S10P4.

Following assembly at ORNL, the fueled system S10P4 was shipped to Sandia for
dynamic testing.



Table 2-6.

Performance Data for

Fueled System S10P3
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Month Daviyc o 2. > 107 - b [ e 1303 6 s/afoe [3/5089  |3/1983 [ 3/21/60 | 3/28760 4,3/89 4/8/89 6/26/69
RAIIZENPE S N s () 23 Z1s 13 -1 IR AN 218 213 3 21303 2131 2143 0 213.0 212.8 212.8 211.7
Cencrator Triras Open a7y 10 0> .12 noa a2 o a ke 10 o8 10 04 w84 10.05 10 04 "85 9.51
C1rcwt {volts)
Gunerator Biis Oren 12 13 14 1o 1ot 1 116 147 146 143 1.46 1 46 1.41 1.39
C1out ( ols)
Guaerator Pronoary Loal 4 1.07 1 ' 10 Loy 108 4 a7 4,90 v 00 4.9 4.8 4.u8 4.96
Voltige (od )
Ccnurator B Toad ST 0 61 0700 0 702 0 701 003 0 702 0 87 0 898 0 bug 0.638 0 695 0.704 0.703
Vot e (Lac)
encrator Brimery Lowd b0 200 S 2o s ! R 29, 2 88 00 2. 88 2.85 2,95 2.92
Current (vng~)
Gonerator Bris | oad 01 0 12 0126 0123 0422 01 0103 0121 0124 0 178 0.124 0 124 0 120 0120
[C arrcat (g s)
snerater P Poaas . 1+ 2 1 16 T 16 147 142 T 1o 14,4 1402 14,7 14.3
Outpnt watts {0)
Goncrator Tnas 1P wer 00 00 0 Ut 0 087 006 It 0 0tr 0 086 0 086 0 v82 0. 086 0.0886 0.084 0.084
Output  wotts (o)
Gone ator 101 ) o 13 42 1403 1 [ 14 14 14 2 14 1 14 14.3 148 14.6
Ot 4, wotts ()
Cocrcrator Internal 1 b 1T 1.66 167 [ 1 6 T8 L7 1 b0 1.75 1.76 158 1.55
Resistan ¢ (1ms)
Conatow Lot P 14 P Ta.3 1A 11t 16 Tt 4. 114 1o 144 141 14.6 14.3
lnput, watts ()
Systam 1 oad 4oltage (vde) 24 24,5 216 (R 21, 24, 24 24 215 2108 24.5 24,5 24.5 24,5
Svstc 1l 1 Cnrar (s s) 0.1 0 42b 42 0 4t [N 012 0 12 0 427 0,428 0 128 0 428 0 428 0 426 0.425
Svatem Py Ot 10. 10+ 3 10 10 10 5 L0 (U] 10 0 10.5 10.5 10 4 10.4
woatts (o
Svstem 1o R sistan ¢ (obms) 0 o no T T2 VT2 7o 27 2 v 072 T2 57.2 57 2 57 2 57,0
See Ret R v Press o kM 2 61 61 61 64 6 2 37 64 ap 44 43 1
Vesse War (1)
S Ret Ring b (1) © v 110 o o 30 30 10 a1 a7 W 108 58 54 2
116 Co Lo Contet 64 102 o £ 5 116 12 " 104 116 0b 63 3
0 )y
PEC B lram Cente 105 (L] 1o H0 0 07 1073 1077 0, 0 1044 1083 1088 1041 1035 4
st ()
TFG Hot Tea o 1dge 1072 1106 1010 1006 1086 1088 1042 1110 100" 1061 1098 1104 1061 1052 5
0
Ponter Plac Conte {(B) 126 1292 1206 - 1t 2h [ 1404 1203 1264 1204 1296 1264 1262 6
Retcrence (1) 40 23 17 il 72 Tl 71 16 81 i 85 96 42 42 7
Woater Lap (1) 10 - - 1 42 42 8
Woter Center (1) 10 - - - - - 42 42 o
Wit Bott w (1) 40 - - - - - 50 - 42 42 10
Avcrage o lun uo “2 130 115 116 11 16 110 114 130 nn 132 144 4 )
(Fstmeted) (1
\verage H ot mot o, 100 1033 1044 101 1020 1022 1025 1014 100 any 1032 1037 XE! 984
(F stimated) (1)
Ambient (°1) 62 o i 2 74 3 72 72 67 71 72 68 71 72
I ¢ 5t Hour ~ 117 16 10 190 473 47 480 10 41 thb 031 1145 1319 3113
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Table 2-7. System Environmental and Characteristics Test — S10P3
Ther moelectr e Gener ator System
Primary Primiry Primary

Hot I rame Cold tramc 1 oad Load Power Load Load Powct

Woater System lemperaturc Iemperaturce | Voltige Current Resistance Out Voltage Current Out
Lcmper 1ture Load °k °F (V) (A) ()] (W) () (A) (W)
37, 0se 1047 66 4,54 3.20 1. o 14,5 21,9 0. >34 12,9

42, 0s. 1051 67 4,63 3,08 1,53 14,7 23,6 0.5)»7 13,2

47, Os. 1032 66 4. 97 2.9, 1,549 14,7 24,0 0,510 12,7

40°1 51. 1s 1052 63 4,97 2.99 1.8 14,7 24, 0,47 11.6
37T, B 1032 64 4,97 2.9 1,57 14,7 24,5 0.426 10, 4

65. 0. 1052 66 4,97 2.9 1,59 14,7 24, 0,372 9,1

80, 0 1052 65 4, 97 2,95 1.58 14,7 24,5 0.506 7.

37, 08 1060 41 4,01 3. 10 1.62 14,3 21,0 0. o> 12,

42, 0s 1062 80 4,81 3.03 1.61 14.6 25,5 0.5 13.0

17,08 1065 80 4,97 2,493 1.62 14.6 24,5 0.51, 12,7

60° 51, L. 1064 80 4,98 2,90 1.62 14.6 AR 0,475 11.6
57, B 1062 82 4.97 2,90 1.62 14.4 24, 0.126 10.4

65.0: 1064 82 4,97 2,90 1.63 14,4 24, 0,073 9.1

30, 0s 1063 82 4,97 2.90 1.64 14.4 24,5 0.506 7.5

37, Os. 1084 101 4.45 3.15 1,70 14,0 21.6 0.7 12.5

42, O 1082 101 4, 76 3.00 1. 69 14,3 25,3 0. 540 12,7

47, 0: 1084 100 1.97 2,90 1,69 14,4 2400 0. >l 12,7

80° 1 51, 1 1044 102 4, 07 2,49 1.70 14,4 2 ) 0.47> 11.6
37. b 1082 101 4,97 2,33 1.70 14,3 24,5 0,426 10,4

63.0 1032 100 d.007 2 ) 1.69 14,4 2405 0.372 9.1

80,0 1082 100 4,97 2,39 1,69 14,4 2 ) 0.30> 7.5




Shock and Vibration

A Quality Assurance representative was at Sandia during the period 10 through
13 June 1969 to witness equalization of the test equipment, preparation of fueled
system S10P4 for dynamic testing, and actual testing operations. A thorough
surveillance of methods and procedures with emphasis on calibration controls

was made by the 3M Quality Control engineer,

The shock and vibration testing was completed on fueled system S10P4 on

June 13, 1969, The required tests to specifications were successfully conducted
with no change 1n system performance. Upon arrival at the test facility, the
system and equipment were inspected for transportation damage. The temperature

recorder and impactograph on the shipping container were inspected and dated,

A stable reference performance test was conducted on the system prior to

removal from the shipping container.

During the stable reference performance period, a dummy load equal to system
weight was placed 1in the shock and vibration fixture and attached to the vibration
machine, The recorded shock pulses used on fueled systems S10P1, S10P2 and
S10P3 were utilized on the dummy load configuration and found to be 1dentical to

previous trials and satisfactory for S10P4 shock testing.

The vibration equipment was given an operational check-out by conducting one

sweep at the required input levels and duration.

Maximum acceleration (g) was measured and recorded during an emergency auto-
matic shut-down by causing the amplifier to go into automatic shut-down at a

frequency of 6 Hz.

Following equipment capability verification, system S10P4 was placed into the
shock and vibration fixture, the cooling ring was attached, and the system was

allowed to stabilize,



The system was subjected to the required levels and durations for vibration and
shock, as indicated below:
Vibration
5—5-1/2 Hz at 0.8 in DA displacement
5-1/2 —26 Hz at 1. 3 g peak acceleration
26 —40 Hz at 0.036 in DA displacement

40 —50 Hz at 3,0 g peak acceleration

Sweep three times 5-50-5 Hz in three axes in a period of 45 minutes per

axis.,

Shock

Terminal peak sawtooth wave pulse with a magnitude of 6 g and a duration

of 6 milliseconds,

Three shock pulses in each direction of the three major axes (total 18
shocks).

System performance readings were taken before and after each sweep of vibration

and each three shock pulses, See Table 2-8.

After successfully completing the vibration and shock requirements, system S10P4

was removed from the shock and vibration fixture.

Cooling fins were attached and the system was placed into the shipping container,

after which a stable reference performance test was conducted.
During the entire time that the fueled system was at the Sandia Test Laboratories,
the system was monitored at least once daily for a radiation hazard by the Sandia

Health/Physics Department,

No changes in radiation levels were found on the system throughout the dynamic

testing.

2-20




Table 2-8. Performance Data for System S10P4
30 g § 8 § .
Ho ° o 2 2 B ) o ]
o g 134 o © o o © b3 b4
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Parameter &M @ M @ P R A7) S} Ao v A (31
Date
Month/Day/Year 5/28/69 5/29/69 6/11/69 6/12/69 6/12/69 6/12/69 6/13/69 6/16/69
System Fuel Input, watts (1) 210.4 210.4 210.0 210.0 210.0 210.0 210.0 210.0
Generator Primary Open 9.64 10.0 10.0 9.91 9.78 9.83 9.82 10.12
Circuit (volts)
Generator Bias Open 1.41 1.46 1. 46 1.45 1.44 1.44 1.44 1.48
Circuit {volts)
Generator Primary Load 4.98 4.99 4.99 5,00 4.99 4.98 4.99 4,99
Voltage (vdc)
Generator Bias Load 0.701 0.696 0.692 0. 700 0.699 0.698 0. 700 0.692
Voltage (vdc)
Generator Primary Load 2,88 2.85 2.83 2.90 2,88 2.88 2.88 2.83
Current {amps)
Generator Bras Load 0.118 0,124 0.124 0.122 0.122 0. 122 0,122 0.126
Current {amps)
Generator Primary Power 14.3 14,2 14.1 14. 5 14.4 14.3 14.4 14,1
Output {(watts)
Generator Bias Power 0.083 0.086 0,086 0.085 0.085 0.085 0.085 0.087
Output {(watts)
Generator Total Power 14. 4 14.3 14.2 14.6 14.5 14.4 14.5 14.2
Output (watts)
Generator Internal Resistance 1.61 1.75 1.77 1.68 1.85 1.67 1.67 1.80
{(ohms)
Conditioner Total Power 14.3 14,2 14.1 14,5 14. 4 14.4 14. 4 14,2
Input (watts)
System Load Voltage (vdc) 24.5 24,5 24.6 24,5 24,5 24.4 24,5 24,6
System Load Current (amps) 0, 426 0.426 0.426 0.426 0.426 0.426 0.426 0.426
System Power Output (watts) 10.4 10.4 10.5 10.4 10.4 10.4 10.4 10. 5
System Load Resistance (ohms) 57.5 57.5 57.17 57.5 57.5 57.3 57.5 57.7
Seg. Ret. Ring at Pressure 44 83 90 62 63 64 61 99 1
Vessel Wall (°F)
Seg. Ret. Ring Inner (°F) 57 96 102 78 79 80 i 111 2
TEG Cold Frame Center 65 103 110 85 87 87 85 119 3
(Ext) (°F)
TEG Hot Frame Center 1058 1094 1094 1079 1071 1072 1071 1103 4
(Ext) (°F)
TEG Hot Frame Edge (Ext) 1070 1106 1105 1089 1081 1083 1082 1112 5
(°F)
Emitter Plate Center (°F) 1258 1283 1284 1276 1270 1270 1271 1292 6
Reference (°F) 41 84 89 68 69 69 67 98 7
Water Top (°F) 40 - — - - — — - 8
Water Center (°F) 40 - - - - - - - 9
Water Bottom (°F) 40 - - - - - - - 10
Average Cold Junction 93 131 138 113 115 115 113 147
(Estimated) (°F)
Average Hot Junction 1004 1040 1041 1024 1017 1019 1018 1049
(Estimated) (°F)
Ambient (°F) 70 66 72 68 74 73 74 77
Test Hours 92 117 432 454 457 463 480 550




Following the post-test stable reference performance test, the system was
placed into a short-circuit condition and shipped to Southwest Research Institute

for hydrostatic pressure testing, which is to be conducted in July 1969,
Sandia is preparing a complete test report on the shock and vibration testing,
2.1.2.5 Fueled System Performance Predictions

The electrical and thermal performance of the first three fueled SNAP-21 10-watt
systems has been predicted for a range of "off-design'' conditions including variable
system load resistances and sea water temperatures, The results of these

predictions are shown graphically in Appendix A,

The design of the SNAP-21 system was originally based on its operation in +40°F
sea water at a fixed system load resistance of 57, 60 and a BOL fuel loading of

209 watts (t). Under actual operating conditions, however, the system may operate
under a wide range of sea water temperatures and load resistances, and the BOL
fuel loading can vary within the manufacturing tolerances of 209-219 watts (t).

The system performance characteristics are affected by these variables, as well
as by normal manufacturing tolerances, and the normal thermal decay of the
radioisotope fuel over the five-year life of the system, Consequently, in order to
predict system performance accurately, it is necessary to evaluate each fuel

loading and specific component performance,

Although the specification requirements of the SNAP-21 system are to provide a
minimum of 10 watts of conditioned electrical power at the end of five years, it

is desirable to compare the actual system performance with predicted performance
at intermediate points in the five-year period. These comparisons are for the
purpose of detecting abnormal performance that could result in a system life of

less than five years.

To provide a basis for comparison, the electrical performance of each individual
system was predicted at one year intervals for sea water temperatures of 40, 60
and 80°F and system load resistances varying from 30 to 85Q. In addition, the
performance of each thermoelectric generator and the temperature profile of
each system was predicted for the same range of sea water temperatures at the

system design load resistance of 57, 6,



The 1nput data used to prepare the system performance predictions consists of:
experimental test data, derived thermal properties of each individual system, the
known fuel decay rate, and computer programs that characterize the performance
of the thermoelectric generator and the power conditioner. A simplified flow
diagram showing the data inputs and the analytical procedure used for these
predictions 1s shown in Figure 2-8. Further details of the analytical procedure

are presented in Appendix B,

As mentioned previously, the SNAP-21 system 1s designed to operate at a fixed
load resistance of 57, 6{l, When operated in this condition, the power output of

the system will be a constant 10 — 10, 5 watts because the power conditioner
contains a voltage regulator circuit that maintains the output voltage at 24 + 1 vdec.
The excess power produced by the TEG prior to the end-of-1ife 1s dissipated within
the voltage regulator circuit of the power conditioner., When system load resistance
1s 1ncreased, the power output will be reduced since the voltage 1s limited. How-
ever, when system load resistance 1s decreased, the reduced resistance with
constant voltage results 1n an increased current flow and thus increased power.
The power output will continue to increase until all available power from the TEG
1s being delivered to the load, and the only losses are those due to the efficiency
of the power conditioner, If the system load resistance 1s reduced far enough, the
voltage will fall below the mimimum specification limit of 23 vde and will continue

to fall until the power conditioner becomes unstable.

At extreme '"off-design" values of system load resistance which result in system
load voltages below 23 vdc, the analytical model of the power conditioner does not
precisely predict system performance due to the non-linear characteristics of
the power conditioner circuit. Therefore, some deviation between predicted and

actual data can be observed in the low resistance regime,

It should also be noted that the test data used to predict system performance was
measured on systems operating in clean fresh water with a clean pressure vessel.
Operation 1n a sea environment where sediment and fouling may be present could
affect cold end heat rejection and therefore system performance. Another factor
that may cause a difference between laboratory and sea environment data 1s the
slight cooling water agitation that 1s present 1n the laboratory test set-up. This

agitation 1s created by the introduction of a small amount of air at the bottom edge



¥¢-¢

INPUTS

L

e HTVIS HEAT LEAK
e FUEL LOADING

e SYSTEM TEMP, PROFILE

OUTPUTS

DERIVE SYSTEM
THERMAL MODEL

(TEG LOSS CONDUCTANCES
STRUCTURE CONDUCTANCES
HTVIS LOSS CONDUCTANCES)

ISOTOPE HALF LIFE
SEA WATER TEMP,
T.E. COUPLE CHARACTERIS

T.E. DEGRADATION PARAMETERS

TEG LOAD VOLTAGE

TICS

e SYSTEM LOAD RESISTANCE

e POWER CONDITIONER
CHARACTERISTICS

1

PREDICT SYSTEM TEMP.
PROFILE AND TEG
ELECTRICAL PERFORMANCE
FOR YEARS 0-5

.

PREDICT SYSTEM
ELECTRICAL PERFORM-
ANCE FOR YEARS

0-5

'

T.E.G. PERFORMANCE
CURVES AND SYSTEM
TEMPERATURE PROFILE

'

SYSTEM ELEC.
PERFORMANCE
CURVES

Figure 2-8. Flow Diagram for Performance Prediction of 10-Watt SNAP-21 Fueled Systems



of the water tank to improve heat transfer from the cooling coils to the water and
thus prevent cooling coil freeze-up. This agitation also increases the film con-

ductance between the pressure vessel and the cooling water which lowers the cold
end temperature profile over that of quiescent water, The effect of this improved

heat transfer 1s expected to be less than 10°F on the cold end temperatures.

2.2 FUEL CAPSULE

No effort was expended on this component during this report period.

2.3 BIOLOGICAL SHIELD

The biological shield which was removed from insulation system B10DL.1 was
recewved by 3M Company, cleaned, gamma stabilized, and replated with copper.
Quality Control personnel provided both surveillance of the refurbishing process
and surveillance of the plating vendor., The vendor was conditionally approved

for the special plating process. The shield was crated and shipped to Linde, where

1t was 1ncorporated into insulation system B10DLS,

2.4 INSULATION SYSTEMS

2.4,1 Rethermal Test and Leak Check of Unit B10D2

Development Unit B10D2 was rethermal tested and leak checked during this
reporting period. This unit was sealed-off on December 26, 1967 and delivered

to 3M Company. Recently while the unit was on long-term test at 3M, it was

noted that the power requirement to maintain a constant emitter plate temperature
was increasing, indicating that the system heat loss was increasing. To aid 1n
determining what was causing the higher heat loss of the system, Linde was asked
to rethermal test the unit and compare the performance to the original as delivered

performance,

Upon receipt at Liinde, the unit was prepared for a thermal test by installing the
unit in a unit manipulating fixture and insulating the neck tube area above the
heater block with Min-K 2000 insulation in the same manner as was originally

performed 1n order that the thermal performance determinations would be directly



comparable. The umt was electrically heated to the 1285°F operating temperature,
1t was determined that i1t required 98, 6 watts to maintain this temperature., The
two-dimensional subtractibles to account for the heater wires and Min-K insulation
were previously calculated to be 24, 2 watts, which yields an insulation system heat
loss of 74. 4 watts, The previously measured unit heat loss 1n December 1967 was
47,7 watts. The difference between the unit performance now and originally 1s,
therefore, an increase of 26.7 watts., It was expected that this deterioration in
performance was caused by a leak 1n the unit causing a partial loss of vacuum,
Following the thermal performance test, the unit was fast cooled using the 3M

company-supplied water-cooled copper chill block.

In Light of the deteriorated thermal performance, 1t was decided that Linde
recommend that the insulation space pressure and gas composition be determined
and, that if a leak was apparent, the leak should be located and the absolute leak

rate should be determined.

The unit pressure was determined by drilling into the unit through the seal-off
device plug using a vacuum sealed drill apparatus. While drilling into the unit,

1t was determined that the vacuum space pressure was 6, 03 torr. Two 0. 50 liter
glass sample bulbs were filled with the gas 1n the insulation space and were analyzed
w1ith a mass spectrometer to determine the gas composition. The results of the

analysis of this gas was as follows:

Analysis Analysis
13431-81-22 13431-81-30 Average
Percent Percent Percent
Hydrogen 0. 08 0.10 0.09
Argon 15.8 16. 95 16. 38
Nitrogen 84. 2 82.90 83. 55

This analysis clearly shows that the pressure 1n the vacuum space 15 the result of
a leak in the vacuum system 1n that mitrogen and argon do not result in any
appreciable quantity from off-gassing. The presence of hydrogen and nitrogen
further shows that the getter has been totally used. The lack of any oxygen in

the analysis results from the fact that there 1s a considerable surface area n

the unit which 1s oxidizing, thus causing the removal of the free oxygen. Following



the pressure determination, the unit was evacuated and subjected to a helium leak
check., The absolute leak rate was 3.1 x 10_4 atm, cc air/sec., This leak was
found to be 1n the solder joint where the vacuum gauge adaptor 1s threaded into the

upper enclosure head on the side nearest the inner liner.

Pending 1nstructions as to the disposition of this umt, the unit has been placed 1n

a HTVIS shipping container for storage.

2. 4.2 BSalvage of Components from Damaged Unit B10DL3

Upon return of Unit B10DL3 by common carrier truck from Ogden Technological
Laboratories in Deer Park, Long Island, New York, disassembly was performed

to salvage reusable components,

The 1nitial step prior to actual disassembly was to determine if the vacuum had
been lost when the neck tube was buckled due to a test machine malfunction, A
small hole was put in the neck tube with a center punch. Air could be heard
entering, and the bottom head became hot to the touch 1n the getter area, indicating
that the getter was still active and that a vacuum had been maintained, It is,
therefore, concluded that the buckling of the neck tube did not cause a vacuum leak.
Next, the unit was mounted on a shaft and put 1n a horizontal position 1in a unit
handling fixture. Each receptacle seal-off plug was drilled out and the tension

rod anti-rotation pins were removed. The female tension rods were easily
unthreaded but were not removed. The bottom enclosure head was cut off with a
seam grinder. The female tension rods were removed and 1t was noted that all

three rods were slightly bent near the spherical ball,

The lower head was removed and the insulation cut circumferentially, approximately
two inches below the head cut-off point. The insulation was removed from the
bottom of the unit; 1t was noted that black radioactive powder covered the bare
shield, but there was no evidence of flaking as was noted on Umt B10DL1. When

the spider bolt safety wire was cut, the bolt, as well as the spider, was found to be
only finger tight, In removing the male rods from the spider, two of the retainer
pwns broke. The rods were free in the spherical sockets., All three rods were bent

slightly to different degrees, generally in the same plane as the retainer pin hole,



Following cleaning of the lower end of the radiation shield, the unit was placed on
the floor 1n a vertical position. The upper head was removed by chiseling through
the neck tube slightly above the bolt flange, The upper head and insulation were
then removed and 1t was noted that the upper end of the radiation shield had the
same appearance as the lower end. After starting to remove the liner bolts
safety wire, 1t was observed that the bolts were loose. This was not due to
unthreading, but to an increase in thread clearance. All bolts were only finger
tight, and when removed allowed the liner to move freely 1n the radiation shield

and to be removed easily.
All components were cleaned under supervision of the Linde Radiation Safety
Officer, The radiation shield, spider, spider bolt and washer, liner washers and

bolts, and the inner liner were packaged and shipped to 3M Company.

2.4.3 Insulation System B10DL6

This insulation system continued on test this past quarter, Table 2-9 shows

performance data for this unit, Refer to Figure 2-9 for location of thermocouples.

2.4.4 Insulation System B10DL7

The Liinde and 3M-supplied components were inspected by Quality Control personnel,
The spider sockets were lapped with the support rod's male end. The spider and

inner liner were attached to the biological shield.

A Quality engineer was at Linde during the period of April 1 and 2, 1969, to survey
Linde operations. The dimensional inspection and 1mtial assembly of this system
were witnessed, Application of the insulation material to the biological shield was
then completed. The top enclosure head was aligned and semi-automatically
welded to the inner liner, The bottom enclosure head was automatically welded

to the top enclosure head. The tension rods were installed at an angle of 27 degrees
and 30 minutes. The tension rod spherical washers were pinned to the receptacles,
the anti-rotation pins were installed, and the receptacle seal-off plugs were welded
into place, The unit was evacuated and subjected to a helium leak test with the

result being that the leak rate was acceptable,



Table 2-9. HTVIS B10DL6 Thermal Performance Data

Performance Data
Thermocouple
Number
Refer to
TFigure 2-9 Location 4/30/69 5/20/69 6/24/69
# 1 Cold Frame 83 88 81
# 2 Cold Frame 83 88 81
# 3 Hot Frame External Edge 1050 1043 1032
# 4 Hot Frame External Middle 1068 1065 1053
# 5 Hot Frame External Center 10486 1042 1028
# 6 Emitter Top Edge 1249 1244 1233
# 1 Emitter Top Middle 1266 1260 1250
# 8 Emitter Top Center 1253 1248 1237
#9 Emitter Bottom Center 1273 1268 1257
#10 Heater Block Side 1392 1387 1377
#11 Heater Block Bottom 1406 1401 1391
Power Input 208 206 208
Test Hours 1344.5 1824 2664.5

*Watt transducer was calibrated on 6/16/69 and was found to be reading 1. 5 watts
high,

The unit was then instrumented for conditioning., The unit was evacuated, heated
to 1400°F and held at this temperature for 48 hours to provide the required proc-
essing, Following the conditioning, the unit was cooled to operating temperature,

and the pressure rise rate was determined to be acceptable.

Following the pressure rise rate determination, 15 grams of regular getter were

installed in the unit, and the unit was sealed off.
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Figure 2-9. Instrumentation for HTVIS B10DL6 and TEG A10P1




The thermal performance test was then conducted. It was found that a corrected
power input of 67, 2 watts was required to maintain the umit at a nominal 1285°F
operating temperature, The subtractable heat loss due to the Min-K 1insulation,
heater and thermocouple wires, and power lead loss 1s 14,1 watts., This yields a
total heat loss of the unit of 53. 1 watts. The required heat loss at test conditions
to be equivalent to the specification heat loss of 45 watts 1s 42, 6 watts. This unit,

therefore, hag a heat loss in excess of specifications of 10, 5 watts.

Following the thermal performance test, the unit was fast cooled using a chill

block., After cooldown, the unmt was installed in a HT VIS shipping container and
shipped to Oak Ridge National Laboratory. An impactograph was mounted to

record the shocks transmitted to the unit during transit. This unit was incorporated

into system S10P4,

2.4.5 Insulation System B10DLS8

The i1nner liner and spider for this system were plated and then ground to match
the biological shield. All components were inspected by Linde, and the assembly
of the biological shield, inner liner, and spider was completed, The insulation
material was then applied to the biological shield. The top enclosure head was
aligned and semi-automatically welded to the inner liner. The bottom enclosure
head was automatic-welded to the top enclosure head. This welding was recorded

on 16 mm movies by 3M photographers.

Continuing with the fabrication of this umt, the tension rods were installed at an
angle of 27 degrees and 30 minutes. The tension rod spherical washers were
pinned to the receptacles, the anti-rotation pins were installed, and the receptacle
seal-off plugs were welded 1nto place. The unit was evacuated and subjected to a

helium leak test with the result being that the leak rate was acceptable.

The umit was then instrumented for conditioning, The unit was evacuated and

heated to 1400°F and held at this temperature for 48 hours to provide the required
processing. Following the conditioning, the unit was cooled to operating tem-
perature and the pressure rise rate was determined to be acceptable., To determine
if further conditioning would reduce the unit heat loss, a thermal performance test

was conducted while still evacuating the unit. This thermal test showed the unit
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to have a heat loss of 53, 0 watts. Following the thermal test, the unit was again

heated to 1400°F and maintained at this temperature for an additional 106 hours to
condition the unit further, The unit was cooled to operating temperature and the

pressure rise rate was determined to be acceptable, Fifteen grams of regular

getter were installed 1n the unit.

After the unit was sealed off, the thermal performance test was conducted as
presented 1n the Acceptance Test Plan. It was found that it required a corrected
power 1nput of 64, 1 watts to maintain the unit at a nominal 1285°F operating tem-
perature. The subtractable heat loss due to the Min-K insulation, heater and
thermocouple wires, and power lead loss ts 14.1 watts. This yields a total heat
loss of the unit of 50, 0 watts., The required heat loss at test conditions to be
equivalent to the specification heat loss of 45 watts 1s 42. 6 watts., This unit,

therefore, has a heat loss 1n excess of specifications of 7. 4 watts,

Following the thermal performance test, the unit was fast cooled, After cooldown,
the unit was installed in a HTVIS shipping container and shipped to 3M Company.
An impactograph was mounted to record the shocks transmitted to the unit during

transit,

The additional 106 hours of conditioning at 1400°F caused the insulation system
heat loss to be reduced by 3, 0 watts, Table 2-10 presents a summary of the
thermal performance of all the Task I HTVIS units, It appears that the delivery
units (DL series) would exhibit a lower heat loss than measured if more complete
conditioning could be performed, as was accomplished on Unit B10D4. Presently,
conditioning cannot be performed at 1550°F because creep in the tension rods

would cause the loss of preload.
2.5 THERMOELECTRIC GENERATOR
2.5.1 Phasel

Data collection and analysis of the Phase I 6-couple modules and prototype
generators continued during this quarter. Performance data for 6-couple modules
Al, A3, and A4 is given in Table 2-11 and Figures 2-10 through 2-12, Data from
prototypes P5, P6, and PT are given in Tables 2-12 through 2-14 and Figures
2-13 through 2-15,



Table 2-10. Summary of HTVIS Unit Thermal Performance
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Unit Heat Conditioning
L.oss at Time and
Unit 1285°F Insulation Temperature
Number Watts Composition While Evacuating
B10D1 50, 2 45 layers nickel Temperature rise from 1300°F to 1470°F in 88 hours
60 layers copper
60 layers aluminum
B10D2 47,17 45 layers nickel 46 hours at 1550°F
60 layers copper
60 layers aluminum
B10D3 47.0 45 layers nickel 21 hours at 1550°F
60 layers copper
60 layers aluminum
B10D4 42.9 105 layers copper 33 hours at 1550°F
60 layers aluminum
B10DL1 48.1 105 layers copper 48 hours at 1400°F
60 layers aluminum
B10DI.2 49.1 105 layers copper 48 hours at 1400°F
60 layers aluminum
B10DL3 50.6 105 layers copper 48 hours at 1400°F
60 layers aluminum
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Table 2-10. Summary of HTVIS Unit Thermal Performance (Continued)
Unit Heat Conditioning
Loss at Time and
Unit 1285°F Insulation Temperature
Number Watts Composition While Evacuating
B10DL.4 53.9 105 layers copper 48 hours at 1400°F
60 layers aluminum
B10DL5 50. 8 105 layers copper 48 hours at 1400°F
60 layers aluminum
B10DL6 47,1 105 layers copper Overhaul of B10Q1 used for thermal force cycles
60 layers aluminum
B10DL.7 53.1 105 layers copper 48 hours at 1400°F
60 layers aluminum
B10DLS8 53.0 105 layers copper 48 hours at 1400°F
60 layers aluminum
50.0 105 layers copper Additional 106 hours at 1400°F
60 layers aluminum
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Table 2-11,

Performance Data of SNAP-21 6-Couple Modules

Th T, E0 EL IL Py R PI
Module Date (°F, est) {°F) {volts) {volts) {amps) (watts) | (milliohms) | (watts) Hours
Al 8-4-64 1100 115 1.31 0.66 1. 96 1.29 342 38.0 192
2-25-65 1100 114 1. 35 0.68 2,09 1.41 323 39.0 5,112
7-23-65 1100 114 1.35 0.67 2,00 1.34 341 37.0 8,664
10-7-65 1100 113 1,35 0.68 1.97 1.33 342 38.0 10, 488
10-9-65 Power Input Reduced
10-9-65 1080 114 1.33 0.67 1.94 1.29 340 36.0 10, 536
4-14-66 1080 113 1.33 0.65 1.91 1.25 352 36.0 15,021
10-13-66 1080 113 1.33 0. 65 1,88 1,21 364 36.0 19, 389
10-13-66 Power Input Reduced
10-17-66 1060 113 1.29 0.64 1,84 1,17 355 36,0 19,485
6-~23-67 1060 115 1.29 0.63 1.83 1.15 361 36.0 25, 581
10-16-67 1060 115 1,30 0.64 1.86 1.18 356 36.0 28, 341
10-19-67 Power Input Reduced
10-25-67 1040 115 1.27 0.63 1.82 1,15 351 35.0 28,557
3-20-68 1040 113 1.26 0.62 1,176 1.09 365 35.0 32,085
8-27-68 1040 114 1.28 0.63 1.73 1,10 373 32.0 35,879
9-16-68 1040 116 1.27 0.63 1.73 1.09 369 32,0 36,359
10-21-68 1040 114 1,217 0.63 1.73 1.09 369 32.0 37,199
11-25-68 1040 115 1.27 0.63 1.72 1.09 370 32.0 38,039
12-9-68 1040 115 1.27 0.63 1.71 1,08 374 32.0 38,375
12-9-68 Power Input Reduced
12-11-68 1020 116 1,24 0.62 1.67 1.03 374 35.0 38,423
12-16-68 1020 115 1.24 0.61 1.67 1,03 375 35.0 38, 543
1-7-69 1020 115 1,24 0.62 1,71 1.06 362 35.0 39,071
1-17-69 1020 115 1.24 0.62 1,71 1.06 363 35.0 39,311
2-10-69 1020 116 1.24 0. 63 1.69 1. 06 364 35.0 39,887
2-26-69 1020 117 1,25 0. 62 1.67 1.03 380 35.0 40,271
3-11-69 1020 115 1,24 0,62 1.869 1.05 367 35,0 40, 583
3-18-69 1020 116 1.24 0.62 1,69 1.05 367 35.0 40,751
4-24-69 1020 115 1,24 0.62 1,69 1,05 367 35,0 41,639
4-30-69 1020 114 1.24 0, 62 1.67 1.03 372 35.0 41,783
5-9-69 1020 115 1,24 0.61 1.67 1.03 375 35.0 41, 999
5-20-69 1020 115 1.24 0.61 1,67 1.02 375 35,0 42,263
6-13-69 1020 115 1.24 0.61 1.67 1,02 375 35.0 42,839
6-18-69 1020 115 1.24 0.62 1.67 1.03 373 35.0 42,959




Table 2-11. Performance Data of SNAP-21 6-Couple Modules (Continued)
Th Tc Eo EL IL PO R PI
Module Date {°F, est) (°F) {volts) (volts) (amps) {(watts) | (milliohms) | (watts) Hours
A3 9-17-64 1106 114 1.35 0.65 1.93 1.26 360 - 72
1-21-65 1100 111 1.35 0.69 2,10 1,44 316 45,0 3,096
10-7-65 1100 119 1,35 0.67 1.91 1,27 359 47,0 9,312
10-9-65 Power Input Reduced
10-9-865 1080 118 1.33 0.66 1.90 1.25 351 46.0 9, 360
5-27-66 1080 120 1.32 0.66 1.86 1.23 356 46.0 14,877
10-13-66 1080 118 1,33 0.66 1.86 1.22 361 47,0 18,213
10-13-66 Power Input Reduced
10-17-66 1060 118 1. 30 0.65 1.84 1.20 353 46.5 18,309
5-13-67 1060 119 1.30 0.65 1.84 1.20 356 47.0 23,241
10-18-67 1060 119 1.31 0,65 1.82 1.18 364 47.0 27,081
10-19-67 Power Input Reduced
10-25-67 1040 120 1,27 0.63 1,77 1.12 360 45,5 27,225
5-10-68 1040 119 1.28 0.65 1.78 1.15 355 46.5 31,931
8-13-68 1040 117 1.30 0.65 1.76 1,14 372 46.5 34,211
9-16-68 1040 119 1.29 0.64 1.76 1.13 367 46.5 35,027
10-21-68 1040 119 1.31 0.64 1,71 1,14 3176 46.5 35,867
11-7-68 1040 118 1,31 0.65 1,77 1.14 375 47.0 36,275
11-25-68 1040 119 1.31 0.65 1.76 1,14 378 47.0 36, 707
12-3-68 1040 120 1.30 0.65 1,77 1,14 370 47.0 37,043
12-9-68 Power Input Reduced
12-11-68 1020 117 1.28 0.63 1.74 1,10 371 45.5 37,091
12-16-68 1020 117 1.28 0.63 1.74 1,10 372 45,5 37,211
1-7-69 1020 117 1.28 0.63 1,74 1.10 372 45,5 37,739
1-17-69 1020 117 1.28 0.63 1,74 1.10 372 45.5 37,979
2-10-69 1020 117 1.28 0.64 1.71 1.09 374 45.5 38,555
2-26-69 1020 116 1.28 0. 64 1.71 1.09 374 45,5 38,939
3-11-69 1020 116 1.28 0.64 1.72 1.10 371 45,5 39,251
3-18-69 1020 116 1.28 0.64 1.71 1.09 375 45.5 39,419
4-23-69 1020 116 1.29 0.64 1.71 1.10 379 46.0 40,283
4-30-69 1020 115 1.29 0.64 1.71 1.10 380 46.0 40, 4217
5-9-69 1020 115 1.29 0.64 1,71 1.10 378 46.5 40, 643
5-20-69 1020 116 1.30 0.65 1,71 1.10 382 46.5 40, 907
6-13-69 1020 115 1.30 0.64 1.72 1.11 382 46.5 41,483
6-18-69 1020 116 1.29 0.64 1.70 1.09 382 46,5 41,603
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Table 2-11. Performance Data of SNAP-21 6-Couple Modules (Continued)

Th Tc EO EL IL Po R PI
Module Date (°F, est) (°F) (volts) (volts) (amps) (watts) Kmilliohms) | (watts) Hours
Ad 10-29-64 1099 115 1.39 0.70 2,22 1. 54 312 45.0 240
1-5-65 1100 114 1.39 0.72 2,30 1.66 291 48.0 1,872
4-2-65 1100 115 1,39 0.70 2.36 1.64 294 47.0 3,960
7-7-65 1100 116 1.39 0.69 2,16 1. 50 322 46.0 6,264
8-25-65 1100 114 1.39 0.69 2,15 1.48 327 45.0 7, 440
10-7-65 1100 117 1.39 0.68 2,14 1.46 330 44.0 8,472
10-9-65 Power Input Reduced
10-9-65 1080 116 1.36 0.68 2,10 1.42 3286 43.0 8, 520
11-16-65 1080 115 1.36 0.68 2,11 1.43 324 42,0 9,432
1-27-66 1080 115 1.36 0.67 2,09 1.40 330 41,0 11,160
5-26-66 1080 116 1,36 0.66 2.03 1.35 343 40.0 14,013
10-13-66 1080 116 1.36 0.63 1.89 1.18 387 40.0 17,373
10-13-66 Power Input Reduced
10-17-66 1060 117 1.31 0.62 1.87 1.15 373 39.0 17,469
6-23-67 1060 117 1.29 0.66 2.30 1.52 274 39.0 23,385
10-16-67 1060 117 1,30 0.68 2,38 1.63 259 40.0 26,169
10-19-67 Power Input Reduced 26, 241
10-25-67 1040 116 1.27 0.64 2,44 1.55 259 39.0 26,385
3-14-68 1040 118 1.25 0.60 2.26 1. 36 2817 39.0 29,1769
8-13-68 1040 117 1.24 0.62 2.28 1.42 271 39.5 33, 571
10-21-68 1040 119 1.24 0.61 2.20 1.33 288 39.5 35,027
12-9-68 1040 117 1.24 0. 56 2.04 1.15 332 39.5 36,203
12-9-68 Power Input Reduced
12-11-68 1020 112 1.22 0. 56 2,03 1,13 327 38.8 36,251
1-17-69 1020 115 1,22 0.61 1,44 0.871 427 37.5 37,139
2-26-69 1020 115 1.23 0.45 0.993 0. 450 782 37.0 38,099
3-11-69 1020 115 1,22 0.04 0.081 0.003 14,590 37.0 38,411
3-18-89 1020 115 1,22 0.03 0,061 0.002 18, 880 37.0 38,579
4-9-69 1020 115 1.05 0.51 0.743 0.378 730 37.0 39,107
4-23-69 Shorted Out Couple No, 1 Becduse of High Resistance
4-24-69 1020 114 1.03 0,087 0,413 0.036 2,280 37.0 39,467
4-30-69 1020 115 1.01 0.015 0.073 0. 001 13,630 37.0 39,611
5-9-69 1020 114 1.00 0.0086 0.029 0.0002 | 34,280 37.0 39, 827
5-20-69 1020 118 1,02 0.0075 0.036 0.0003 | 28,130 37.0 40,091
6-13-69 1020 115 0.977 0, 0026 0.013 0.00003 74, 950 37.0 40,667
6-18-69 1020 115 0.978 0. 0025 0.012 0. 00003 81, 290 37.0 40, 787
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Table 2-12, Typical Performance Data SNAP-21B Prototype Pb5%

. ) E, R, P
T | T | B EL I Py R 17 |m |5 | ous
Date {°F) | (°F) | (volts) | (volts)| {amp)| (watts) | (ohms) | (watts) c c c on Test
4-19-65 1112 | 117 | 11,20 | 5,60 2.04 11,42 2.74 - 0,99 [1.26 |0.78 24
5-12-65 1115 | 127 | 10,92 5, 46 2,00 10,92 2.73 -- 0,97 | 1.24 | 0,77 576
6-30-65 1097 | 135 | 10,65 5.32 2.02 10.74 2,64 176 0,97 1,20 { 0.78 1, 320
7-26-65 1097 | 142 } 10,68 | 5,34 2.0t 10,72 2. 66 176 0,98 | 1.21 | 0,79 1.944
9-10-6> 1095 | 144 | 10,60 5. 30 2,06 10,92 2,07 - 0,97 1.17 | 0.81 3,048
10-26-65 1097 | 147 | 10,58 5,28 2.05 10,81 2.58 180 0,97 | 1,16 | 0.82 4,152
12- 1 85 1102 151 | 10, 58 5.29 2.10 11,11 2,52 -- 0,98 1.13 | 0,84 5,016
1-28-66 1094 | 149 | 10,56 5,28 2.14 11,30 2,47 180 0,98 1,11 0, 88 6,408
3 28-66 1094 | 152 | 10,54 5.27 2.16 11,38 2. 44 180 0,98 1,10 | 0,87 7,821
4-28-66 1074 | 151 | 10.20 5,10 2.19 11,17 2.33 176 0,97 1.07 | 0,87 8, 565
6-21-66 1073 151 110,24 5 00 2.18 10,90 2. 40 174 0,97 1,10 | 0,88 9,834
8-12-66 1078 161 | 16,15 3. 07 2.20 11,15 2. 30 178 0,97 1.04 | 0,89 11,081
9-14-66 1075 161 | 10,186 5. 07 2.19 11,10 2.32 175 0,97 1,06 | 0,89 11,873
12-27-66 1077 153 | 10,22 f.11 2,19 11,19 2,33 184 0,97 1 1,07 | 0,87 14, 369
1-31-67 1073 159 110,12 1, 06 2,20 11,13 2,30 179 0, 96 1,05 | 0,70 15,208
4- 1-67 1074 148 | 10,20 5.10 2,24 11,42 2,28 179 0.97 1,05 { 0.89 16, 649
5-24-67 1076 | 150 | 10,28 5. 14 2.20 11,31 2,34 179 0,97 1,08 | 0,88 17,921
6-30-67 Powcr Falure, Pmergueney Power Came On at 8:28 PM to 10 3¢ PM
T~ 1-687 1067 159 | 10,00 5. 00 2.19 10,95 2,28 17 0,95 1,00 | 0,88 18,833
8- 5-67 1069 164 | 10,01 », 00 2.22 11,10 2,26 170 0,95 1,01 | 0,90 19,8673
9-26-67 1068 160 | 10,04 5,02 2.17 10, 89 2,31 172 0,96 | 1.05 | 0,88 20,921
11~ 6-67 1067 1,8 | 10,08 5,04 2. 19 11,04 2,30 174 0,96 | 1.00 [ 0,89 21,953
12-29-87 1066 1,0 | 10,20 3. 10 2.22 11,32 2.30 17> 0,97 1.06 | 0,90 23,225
1-15-68 Power 1 ulure, @ mergoney Power C'ume On for One Hour
1-30-68 1070 111 ). 10 4.9> ‘ 2.21 I 10,94 2,26 175 o, 94 1.01 0,87 23,993
2-17-68 Power Failure, Fmergency Power C'ame On for 11ive lours
2-19-68 1068 143 | 10,10 5, 05 2.17 10, 96 2,33 1717 0, 96 1.00 | 0,87 24,473
3-14-68 1052 158 9,96 4,n8 2.1 10,91 2,27 177 0,98 1.0% [ 0.90 25,049
5-22-68 1077 1,4 (10,02 w02 2,22 11,14 2.25 176 0. 95 1,04 [ 0,87 26, 705
6-17-68 1042 157 o2 4.96 2. 14 10. 61 2. 32 171 0,98 1.06 | 0,90 217, 328
6-17-88 Re¢ luced Input Power
8 13-68 1044 166 9,80 4.90 2.09 10, 24 2, 34 169 0,98 1,14 1 0.87 | 28,697
3-16-83 10,0 | 16¢ 332 4 30 2 01 10 24 2 3 181 QJ7 1114 |08 [ 29,313
11-6-68 102 162 ) 76 4 88 2 10 10 25 2 32 170 0 97 113 | 0 87 30, 737
1°-16-68 1052 1o2 J 86 |4 93 2 1 10 60 229 170 0 97 113 |0 86 31 637
1 16 69 10,2 1l v 88 134 212 10 47 233 170 0 37 113 {0 87 32 441
1-27 69 Regulator tuilure PPower Increased for 12 Hours
2-10-83 1052 149 9 88 14 04 22 10 92 2 24 171 0 97 110 |0 88 33 041
3-10 69 1050 154 9 85 4 89 2,21 10 83 2.24 172 0 96 109 [0 89 33 713
3-18-89 1052 152 9 178 4 89 2 19 10,71 2,23 172 0 96 109 (0,87 33,905
4-24-69 1050 | 152 9 78 4 89 218 10 686 2,24 172 096 |1.09 0 86 34, 649
4-30-69 1052 155 9 85 4 89 219 10,71 2,26 172 096 [1 10 0 88 34 793
5- 9-69 1052 155 9 83 4 89 2 19 10,71 2 26 172 0 96 110 ;0 88 35 009
5-19-69 1052 156 9,84 4 92 2 18 10,73 2 26 172 0 96 110 (0,88 35 249
6-12-69 1052 160 9 80 4 89 2 16 i0 56 2,27 172 0 97 110 [0 88 35, 825
6-17-69 1052 161 9. 80 4.85 2,16 10. 48 2 29 172 o 97 111 0.87 35, 945
6-17-69 Reduced Input Power,
&8—69 1032 ‘ 159 9 57 477 2 14 10 21 2 24 168 0 97 111 |0.88 35, 969

Begin test on 4-19-65
Turned off from 5-20-65 to 6-7-65

1 Based on average of two N leg Seebeck voltages
2, Based on average of four cold electrode thermocouples.
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Table 2-13, Typical Performance Data SNAP-21B Prototype P6%*

1 3 Re | By
Lo 1T | B EL L Po R P | vours
Date CI) | (D) |(volts) | (volts) | (amp) | (wuuts) | (ohms) | (watts) . lonTest
6- 2-6> | 109-1[ 132 [10.88 [ s.as [ 2,08 | 1403 | 2.10 204 104 | 102 | 102 24
6-30-6, | 1005214 |10.88 |44 | 2.34 | 12,73 | 2.32 206 104 ] 1.11 | 0,96 720
7-20-65 | 1005%| 157 [10.88 | 5.a4 | 2,28 | 12,40 | 2,38 - 104 | 1,15 | 0.96 | 1,416
a- 1-6c | 1052|162 [10.80 | ».20 | 2.20 | 1188 | 2.4> 201 104 | 116 | 0,93 | 2,184
a-30 65 | 1057|166 | 10,72 | s.36 | 2.1 | 11,74 | 2.45 198 1,04 | 1,10 | 0.93 | 2,880
11-17-6> | 1003%] 160 110,80 | .40 | 2.16 | 11.66 | 2,20 201 105 | 1,16 | 0.94 | 4,032
12-28-67 | 10952 | 171 {1078 | 530 | 2,18 | 175 | 2,47 200 | 105 | 115|095 | 5,016
2- 0-66 | 10052171 [10.74 | 537 | 2.14 | 1L40 | 251 197 1,04 | 1,17 | 0,93 | 5,002
3-28-66 | 10022171 [10.74 | 530 | 2013 | 11,44 | 252 107 vos | e ooz | nams !
a-zgece | 1005%| 172 |10.76 | .38 | 2011 | 115 | o2, 201 104 | L1y | o0z | 7,08
5-12-66 | 10702181 [10.52 | n2s | 2.05 | 10.72 | 2.08 1 1.0s | 1,20 ooz |10, 152
y-14-66 | 10752 | 182 |10.53 | 24 | 2,06 | 10,79 | 2.7 10 | 105 | 1.20 | 0.93 | 11,244
l2-27-c¢ | 1070|176 |10.82 | .41 | 2.0% | 1128 | 2.00 102 107 | 122 | 0.0 | 13,740
1-27-67 | 1075%] 176 |10.84 | 5.4z | 2,10 | 11.38 | 2.8 191 108 | 1.22 | 0.95 | 14,483
3 13-c7 | 1075%| 173 [10.86 | 43 | 2000 | 1135 | 2.80 108 1,08 | 1.23 | 0.9 | 1o, 764
4-27-67 | 1075%| 168 [10.38 | .10 | 207 | 10,72 | 201 104 1,03 | 1,20 | 0,80 | 18,521
(-16 67 | 1070%}176 |10,58 [ 520 | 2.0, | 10,84 | 2.58 104 1,00 | 1.23 | 0,00 | 17,843
5-22-67 | Power Input Re luced 186 17,88
6-30-67 | 1055% Bllg Power T ulure, Fmergncy Power for Approx, 2 Ilours
7- 1-67 | 105t 172 (10,10 | 7.0s | 209 | 10028 | 2.48 184 | 103 | 1.20 | c.88 | 18204
8- 4-67 | 1035|178 | a5 |a98 | 208 | 10.11 | 2.45 185 | 10z |1.18 | 0,80 | 1),020
a-26-67 | 1055|175 [10,08 | .04 | 202 | 10018 | 2,00 186 1,03 | 1,21 | 058 | 20,20
11- 6-67 | 105,*1172 |10,08 | s0s | 2002 | 10,18 | 250 18, | 103 | 121 | 087 | 21,324
11-30-67 | 1005%| 166 10,00 | 5,00 | 2,04 | 10,20 | 2.4» 190 | 1.0z |1.20 | 0.86 | 21,900
1-10-69 | Bllg. Power Was Off ~Emergenes Power Came On for One Hour
1-17-68 | 1050* | 166 | 10,04 | 5,02 1 205 | 1019 | 2,47 | 192 102 | 1.20 | 0.86 | 23,052
2-17-68 | Bllg. Power Was Off —Emergency Power Came On for » Hours
s-14-88 | 1055%{171 |10.02 | Lo1 | 2.04 | 10,22 | 2.46 192 102 | 1.10 | 0,88 | 24,420
- 9-68 | 1055%|169 [10,00 |5.00 | 2,04 | 10.20 | 2,45 192 101 | 119 | 0.87 | 20,764
7-10-68 | 1032%[173 | a,76 |4.88 | 107 0.61 | 2.48 188 1,03 | 1,23 | 0,87 | 27,202
g-13-68 | 1035%|182 | 9,76 |4.88 | Leo | o701 | 2.45 188 104 | 1,21 | 0.89 28,068
a-16-68 | 103.%{17> | 7,76 |4.88 | 1,08 Les | 2,48 188 103 | 1.22 | 087 | 28,884
5-9-68 | 1005 [160 |10 00 [500 |2zos | 1020 | 24, 132 1o1 {119 |0 87 |25 764
6-17-68 | Reduced Input Power
~10-68 | 1035* 173 | 16 |s88 | 107 | )1 2 48 188 103 {123 o8 |27,22
8-13-68 | 103o% 182 | 116 {488 | 190 | 971 2 45 131 1os | 121 |08y | 2508
9-16-68 | 1035*|170 | A 76 |4 88 | 104 | 066 2 48 188 103 | 122 | 087 | 28804
11-6-68 | 1035% [174 | y 8o fas0 |10 |0 2 a1 188 1ot 122|088 30,108
1e-16 68| 1030 160 | vs0 |w e lzoo | e 2 a5 163 103 |13 Jos7 |31 o6
1-16 65 | 1030% |160 | w83 |40 | 200 |80 2 47 168 105 |1 24 o087 |31 810
1-2-6° | Regulator Iailure P wer Increased for 12 Hours
2106 | 1030% |16 | o83 491 |200 [1007 2 40 183 103 |10 jos8s |32412
3-10 69 | 1035* |166 | 986 |42 |2 06 |10 14 2 40 190 104 |120 |090 {33084
3-18-68 | 1035 168 | o 81 {490 {205 |10 0s 2 40 190 103|119 |og0 [13276
4-24-60 | 1035% 168 | 980 [490 |204 (1000 2 40 190 | 103 119 |089 |34 020
13060 | 10%% (170 {982 |as0 | 2,04 |1000 2 41 190 103 | 120 |089 |34 164
5 969 | 1035 [171 | 981 [4.90 |202 |10 00 2 41 190 103 [120 [089 |34 380
5-19-69 | 1035 (173 | 981 |400 |2035 |9 95 2 42 190 .04 1120 085 |34 620
6-12-60 | 1035% [176 | 980 |a 91 [200 |9 g2 235 190 104 [1 21 o088 |as, 16
6-17-69 | 1035% [178 | 982 a9z |201 | 989 2 44 190 104 } 120 {087 |35 316
6-17-69 | Reduced Input Power
6 18 69 | 1015% |175 l 955 477 |199 |9 a9 2 40 185 104 |1 20 [0 88 |35 340

Begin test 6 1 65

Based on average of two hot electrode thermacouples

Based on hot frame thermocouple referenced to 6-2-65
Bascd on average of two cold electrode thermocouplcs
Based on average nput power from 6-5-66 to 12 27-66

oLt
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Table 2-14. Typical Performance Data SNAP-21B Prototype P7*

L . R |,
Tn | Te | B B Iy Po £ " el vl (FRAN
Date ©F) [©F)| (volts) | (volts) | (amp) | (watts) | (ohms) | (watts) : ! on et
6- 8-65 |1009% [127 [10.80 | »n40 | 2,44 1317 | a2 200 1ol | o8] 0.1, log
7-14-68 10981 142 10,80 5. 40 2,21 11,99 2.44 194 1. 01 1,18 0,88 1,032
8-24-65 11003 152 10,82 5,41 2,13 11,02 2,04 192 1.03 1,21 0, b8 1, 968
10-12-65 | 1100% [156 |10.86 | 5.43 | 211 |17 | 27 101 1o | 122] os2 | s
11-17-68 10953 158 10,80 5. 40 2.08 11,23 2,60 148 1,04 1.23 .87 4, 008
12-28-65 10953 159 10.78 5. 39 2.07 11,16 2,860 101 1 04 1.23 0, 88 4,002
2-10-66 | 1095° 158 [10.82 | 541 | 2,06 | 1114 | 2,63 101 1or | 12a| oous | o600
3-28-68 10953 160 10, 80 5, 40 2.0 11,07 2.63 191 1,04 1.24 0.87 7T
5-16-66 10953 163 10, 82 5,41 202 10,93 2. 68 189 1,01 1,26 0, 86 8,324
6- 4-66 | Reduce { Input Powes
6-21-66 |1073% [158 110,72 | 5,40 | 100 [ 1007, | s.e7 186 1os | Las| ve7 | a1m
6-28-66 | Moved Les( from 1. C.A. to 8p1 ¢ Conter
8-12-66 1073? 173 10, 36 . 26 1. 76 10. 31 2,05 168 1,0 1.26 0. 86 10, 32t
10- 3-66 | 1075% [178 | 10,62 | 531 | ey [ 10045 | 272 16> Los | L27] o.er 11,676
12-28-66 10754 165 10,70 5. 35 1,94 10, 37 2,76 186 1,00 1.31 i, 84 13,760
1-31-67 1075‘1 171 10,70 w30 1,96 10, 49 2,73 1686 1. 06 1.30 0,06 14, 76
3-13-67 1073.‘l 173 10, 80 .30 1,84 10, 28 2,74 188 1. 06 1,2¢ 0. 86 15,160
5-13-67 | 1075% 175 10,61 | 5.30 | Lo | 10011 | 278 16 o6 | 11| ass |17,02
6-22-67 | It Powcr was Re tuce 180
6-23-87 10')54 171 10,30 5015 1.91 a,84 2,70 180 10, 1.31 0,84 18, 001
6 30-67 | Bldg, Powc: Failure, Imcrgoncy Power was on for Appros. 2 lours
7- 167 |1055% 165 ;10,30 | 515 1.g6 ass | 277 180 105 | Las| oosr 18,102 ]
8- 8-67 10'75.1 182 10,18 v 10 1,02 a, 70 2,65 178 10> 1.27 0. 86 16,110
a-26-67 | 1055|166 [10.26 | 5,13 | 1oz 9.85 | 2.67 171 1oy | 10| oous |20, 260
10-20-67 105')‘1 171 10, 14 % 07 1,01 9. 68 2,63 176 1.03 1,24 0,83 21,091
1-15-68 | Bldg. Powrr was off - Emergen v Priir came on for One Hott
1-17-68 | 1055% 169 10,40 | »20 | 1,02 I 9, 0 I 2,71 177 Lo6 | 1.32] 0.t |23,205
2-17-68 Bldg, Power was off - Emergency Power came on for about o Hours :
2-19-68 | 1055|164 [10.20 | 510 | 1,42 a7 | 2,66 160 101 | 1s0] o0 |23, e
3-20 88 | 1055|160 | 10,28 | »13 | 1w a.87 | 2.8 181 1o | 30| 0,85 {24,510
4-18-68 10554 177 10,20 5. 10 1,93 9, 84 2.64 189 1.04 1,28 0,85 25, 184
5- 9-68 ].0554 170 10,28 5,14 1, ¥4 a, 12 2.66 1.0 1. 0¢ 1.28 0.7 25,917
6-17-68 1055.1 182 9, 94 4,97 1. 90 o, 44 2,62 176 1,02 1.26 0,83 26,44
8-13-68 1035.1 177 9,78 4,89 1,91 9, 14 2,56 17t 10t 1,27 0,85 28,221
a-16-68 10354 173 a9, 72 4,88 1, 90 a,27 2,56 174 1,03 1.2% G.td 26037
6-17-68 10354 182 9 84 4 07 1 10 9 44 2 62 176 1 6o 1 26 03 26, 3
6-17-68 | Reduced Power Input
8-13-68 10354 177 9 78 4 89 1 31 9 31 2 06 174 104 1 27 ] 2,,221
8-16-68 10334 173 9 T 4 88 1 0 4 27 2 6 174 10, 12, 1 1 240
11-6-68 10354 170 9 82 4 91 1 87 9 18 2 83 173 103 130 o 2 30, 261
12-16-68 10354 154 G 83 4 193 1, 88 a9 27 2 bl 174 103 1 30 012 312
1-16-69 l():i:')4 153 9 88 + 94 1,82 9 48 2 a7 174 tat 1 30 0 4 31 b
1-27-69 Regulator tailure, Power Incre ased for 12 Hours
2-10-69  |1035% 158 | 9,00 (4904 | o5 | 968 | 2 175 Vo4 | 28| 045 |32 s
3-10-69 10354 162 9.81 4 94 1.97 9.73 2 52 175 1. 04 127 [o:1:] 33 237
3-18-69 10354 159 9.91 4, 94 1 97 9 13 2,52 175 1,03 127 0.85 33, 429
4-24-60  |1035% 162 | 9.92 4.9 | 195 | 963 | 2.55 175 104|128 0.84 |34 173
4-30-60  [1035% |163 | 9.88 |4.93 | 195 | a.61 | 2 34 175 104 ] 127] 0.85 |34 317
5- 9-69  |1035% |164 | 9.84 [4.02 | 1.0s | 9.54 | 2.54 175 Loy | 127] 084 |34 3
5-19-69 |1035% (164 | 9.83 [4.92 | 193 | .54 | 2.s4 175 104 1.27] 0,84 |34,771
6-12-69 |1035% [169 | 9.83 [4.02 | 101 | 8.40 | 2,57 175 103 | 128) 0.84 |30 31
6-17-69 {1035 [171 | 9.84 |49z | 191 | 940 2,08 175 1.o4 | 128] o.e1 '35 480
6-17-69 | Reduced Power Input
6-18-69  |1015% [168 | 962 |4.81 | 1L9o1 | 819 | 25 172 10i | 128) 0gs 354

*Begn test 6-2-65

1. Based on average of two hot electrode thermoc ouples

2. Based on average of two cold clec trode thermocouples.
3. Based on hot frame thermocouplc referenced to 6-30-65
4, Based on average input power from 7-13-66 to 11-12-66
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Performance for 6-couple modules Al and A3 remained stable this past quarter,

Module A4 continued to decrease 1n power, The major cause for this 1s an icrease

1n internal resistance,

During this past quarter, this module (A4) had been operating with couple #1
shorted. This was due to a high impedance 1n this section. It also appears that
a high impedance has developed 1n the other section of the circuit, Disposition

of this module will be made next quarter,

Prototype generators P5 through P7 continued to operate satisfactorily this past
quarter, The input power was reduced to obtain a 20°F drop in hot button tem-

perature, This 1s the fourth annual simulated 1sotope fuel decay.

It should also be pointed out that the prototype generators appear to have returned

to their operating point prior to the regulator failure (refer to Quarterly #11),
2.5.2 Phasell

2.5.2.1 Performance Testing

A10D1

The power-out for this generator decreased about 5% over this past quarter (refer
to Figures 2-16a through 2-16c). The major cause for this i1s the increase in
internal resistance, The Seebeck voltage for this past quarter was fairly constant,
Generally, sublimation at the hot end of the legs 1s a cause of this performance

degradation,
Al10D2

Generator A10D2 decreased slightly in power this past quarter. Figures 2-17a
through 2-17c show performance curves for this thermoelectric generator, This
power decrease has been due to a slight increase 1n resistance. The Seebeck

voltage was fairly stable this past quarter,
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A10D4
Refer to paragraph 2. 1. 1, 1 for evaluation of generator A10D4 performance.
A10D6

Figures 2-18a through 2-18c are performance curves for this generator. From
the curves, 1t can be seen that the performance for this generator has been stable

this past quarter.
A10D7

Figures 2-19a through 2-19c show the performance curves for this generator.
The resistance for this generator appears to have stabilized. As a result of
the resistance, the power output from the generator has also stabilized. The

Seebeck voltage for the generator was fairly stable,
A10P1

Figure 2-20 shows performance data for this generator. It can be seen that the

performance for the generator has been stable this report period.

Further investigation into the performance data ratios has shown that the data
before 5, 140 hours should be about 0. 3 of a unit higher than 1s shown on Figure
2-20. The error was introduced because an erroneous AT for external hot frame

to the hot button was used 1n the data reduction computer program.

A AT of 60°F was used while a AT of 80°F should have been used., The dashed

lines 1ndicate the corrected performance for the generator during this period.
2.6 POWER CONDITIONERS

2,6.1 Phase I Power Conditioners

Phase I electronic component testing continued this past quarter with the automatic

selector switch, power conditioner MP-C, and regulators operating satisfactorily.
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Tables 2-15 through 2-18 are the life data for thege electronic units. As can be

seen, the performance for these units has been stable,

2.6.2 Phase II Power Conditioners

Tables 2-19 and 2-20 are the performance data for power conditioners H10D3 and
H10D6, As can be seen, the performance for these units has been stable this

past report period.



Table 2-15. Phase I Regulator Test Fixture Performance Data

High Power Regulator-A
TRIO-LAB Regulators HPR-A
A C D F
Operating Output Output Output Output Output Operating
Hours {vdce) (vdce) (vdc) (vde) {vdc) Hours
0 21. 17 21,92 22.58 21, 36 26,73 0
552 21.82 21. 96 22.56 22,04 26.67 451
1,029 21.83 21.98 22,56 22.08 26.76 1,267
1, 965 21.82 21,93 22,55 21.98 26.78 2,010
3, 045 21.80 21.89 22.54 22.00 26.76 2,929
4,011 21.82 21,92 22,56 22,02 26.78 3,961
5, 043 21.81 21.90 22.55 22,00 26,81 4,945
6, 147 21,78 21,87 22,52 21.95 26.78 6,121
7,015 21.79 21, 88 22,53 21.98 26,17 6,792
8,023 21.80 21.88 22,53 21,98 26. 80 8, 017
9,125 21.78 21,86 22,52 21.99 26,81 9, 504
10,133 21,75 21,82 22,50 21,94 26,82 10, 590
11, 143 21,79 21.87 22,52 21.98 26, 82 11, 314
12, 031 21.79 21.85 22,52 21.97 26,75 14,288
18, 369 21.75 21.86 22,49 21.93 26. 78 17, 552
18,729 21.72 21,179 22,47 21.90 26,77 17,912
19, 257 21,72 21.78 22.46 21,89 26. 80 18, 440
19, 401 21,72 21,78 22.486 21,88 26.81 18, 584
19, 881 21. 54 21,63 22.41 21,88 26. 46 19, 064
20, 265 21.53 21,55 22.42 21.90 26. 47 19, 448
20,8673 21.53 21.46 22, 42 21,88 26,51 19,856
21, 117 21. 49 21, 39 22,40 21,84 26. 051 20, 360
21, 161 21.52 21, 37 22,39 21,85 26.51 21, 344
22,617 21.60 20,79 22,40 21,88 26, 48 21,800
23, 145 21. 46 21,45 22,35 21,82 26. 45 22, 328
23,769 21.46 21,13 22,31 21,82 26. 36 22, 952
24,291 21.35 21, 52 22,41 21, 82 26. 31 23, 480
24,771 21.43 20, 93 22,33 21,76 26. 34 23, 960
25,137 21.49 21.00 22,36 21.83 26. 47 24, 320
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Table 2-15. Phase I Regulator Test Fixture Performance Data {Continued)
High Power Regulator-A
TRIO-LAB Regulators HPR-A
A C D F
Operating Output Output Output Output Output Operating

Hours (vde) {(vdc) (vdc) (vde) (vdce) Hours
25, 449 21,49 21,00 22. 39 21, 84 26.53 24,632
25,929 21,50 20,97 22,39 21.83 26. 56 25,112
26, 381 21,51 20, 95 22,40 21,84 26. 60 25, 564
26,693 21,74 21,81 22,46 21.92 26.93 25,876
28,061 21,52 21,30 22,41 21.83 26, 52 27,244
28, 541 21, 51 21,27 22,38 21.81 26. 56 27,724
29, 525 21, 48 21,00 22,33 21.75 26.52 28,708
30,773 21,46 21,01 22,31 21,75 26,52 29, 956
31,733 21, 48 20, 82 22,32 21,776 26,53 30, 916
32,189 21,49 20. 28 22,33 21,80 26,51 31, 372
33,029 21,51 20,25 22. 36 21,78 26. 55 32,212
33, 941 21,61 21,07 22,39 21,81 26.73 33,124
34, 541 21.70 21,73 22.39 21,83 26.78 33,724
35, 405 21,70 21,74 22,40 21.85 26.85 34, 588
36, 317 21,71 21,74 22,41 21. 86 26,87 35, 500
37,325 21,70 21,74 22, 40 21.84 26.86 36, 508
37, 709 21.63 21,35 22,37 21,78 26. 85 36, 892
38, 405 21,63 21.35 22,37 21,178 26,84 37, 588
38, 765 21,69 21,73 22,40 21,85 26, 85 37,948
39, 101 21,170 21,72 22,40 21,82 26.83 38,284
39,413 21.70 21,74 22.41 21,90 26,88 38, 596
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Table 2-16. Performance of Phase I Power Conditioner MP-C
Converter

Perlg%Iv‘vrgince EI I1 P1 Eo Io Po Efficiency | Hours

Conditioner (volts) (amps) (watts) (volts) (amps) (watts) % on Test Notes
4.909 2.386 11,814 | 24.00 0. 434 10, 42 88. 10 23
4,912 2,380 11,792 | 24.00 0.433 10.39 88,08 577
4,911 2,388 11.830 | 24.00 0.434 10. 43 88. 16 1,072
4,909 2,388 11.824 | 24.00 0.435 10. 43 88,22 2,064
4,908 2,383 11,798 | 24.00 0.434 10. 42 88.30 3,069
4,913 2,382 11.804 | 24.00 0.433 10.39 88.03 4,058
4,910 2.379 11.782 | 24.00 0.433 10. 39 88.20 5, 054
4,910 2.363 11.602 | 24.00 0.429 10.30 817.89 6,017
4,910 2,372 11.749 | 24,00 0.431 10. 34 88. 04 7, 165
4,910 2.373 11.754 | 24.00 0.431 10,34 88,00 8, 154
4,909 2.366 11,718 | 24.00 0. 430 10.32 88.07 9, 136

MP-C 4.913 2.395 11.809 | 24,00 0.436 10.464 | 88,61 15,783

4,908 2,360 11,806 | 24.00 0.429 10.296 | 88,71 16, 143
4,909 2.374 11,757 | 24.00 0,432 10.368 | 88.19 16,671
4,910 2,378 11.779 | 24.00 0.433 10.392 | 88.22 16, 815
4,906 2,372 11,740 | 24.00 0.432 10.368 | 88.31 17,295
4. 905 2,374 11.747 | 24.00 0.432 10.368| 88.26 17,679
4. 904 2.353 11.642 | 24,00 0,428 10.272 ] 88.23 17,087
4.909 2.389 11.831 | 24.00 0.439 10.416 | 88.04 18, 591
4,912 2,395 11.867 | 24.00 0.436 10.464 | 88.18 19, 575
4,913 2,396 11,878 | 24.00 0.436 10.464 | 88,10 20, 031
4,910 2.375 11.764 | 24.00 0.432 10.368 | 88.13 20, 559
4.908 2.371 11,740 | 24,00 0.431 10.344 ) 88,11 21,183
4,909 2.375 11,762 | 24.00 0.432 10.368 | 88.15 21, 811
4. 909 2,376 11,767 | 24.00 0,432 10.368§ 88,11 22,098
4,910 2.375 11.764 | 24.00 0.432 10.368 | 88.13 22, 485
4.912 2. 403 11,907 | 24.00 0.438 10.512 | 88.28 22, 770
4.911 2,377 11.776 | 24.00 0.433 10,380 88,92 23,250
4,909 2.357 11.6874 | 24.00 0.428 10.270| 87.99 24, 066 Note Unit accidentally
4,908 2.368 11,725 | 24.00 0.431 10.344 | 88.22 25, 434 zgultzd/%‘/‘é7_D‘;%‘$’§:e‘j
4,908 2.368 11,725 | 24.00 0. 430 10.320| 88.02 25,914 restored 12/22/67
4.908 2.374 11.755 | 24.00 0.432 10.368 | 88.21 26, 898
4.908 2.376 11 764 | 24.00 0.432 10 368 88.13 28, 146
4.910 2,378 11.779 | 24.00 0.433 10.384| 88.16 29, 106
4.910 2.395 11.862 | 24.00 0.435 10.440| 88.01 29, 562
4,909 2.395 11.860 | 24.00 0.435 10.440| 88.03 30, 402
4.907 2,375 11.757 | 24.00 0. 432 10.368| 88.18 31,314
4,905 2.373 11.743 | 24.00 0.434 10.416( 88.70 31,914
4,904 2.371 11.730 | 24.00 0.431 10.344| 88,18 32,778
4.907 2,381 11.780 | 24.00 0. 433 10.392| 88.21 34,698
4,907 2.381 11.780 | 24.00 0.433 10.392| 88.21 36,618
4,910 2,375 11.760 | 24.00 0. 433 10,392 88.37 37, 002
4,909 2,375 11.760 | 24.00 0.433 10.392| 88.37 37,698
4.911 2.384 11.810 | 24.00 0.434 10.416| 88.20 38, 058
4,910 2,378 11.780 | 24.00 0.433 10.392| 88.22 38, 394
4,910 2.391 11.840 | 24.00 0.433 10.392| 87,17 38, 706




Table 2-17. Phase I Automatic Selector Switch Performance Data

Output Voltage
Conditioner Conditioner
MP-A MP-D
Notes Hours (vdc) (vde)
360 24,60 24,45
646 24, 47 24,58
1,056 24, 47 24, 59
1,968 24, 46 24, 49
2,975 24, 48 24. 59
4,103 24,45 24, 57
5, 087 24, 48 24, 58
6,071 24, 47 24, 58
7,415 24, 44 24, 56
13, 583 24, 54 24, 59
14,471 24,56 24,60
Now ST Tl | s 24,62 20,50
15, 887 24,50 24, 59
16, 799 24,45 24,57
17,951 24, 50 24, 55
18, 959 24, 41 24,57
19, 631 24, 48 24, 58
20,687 24, 45 24, 56
20,999 24, 48 24, 56
22, 367 24, 49 24. 60
Note: At 22, 367 houlfs 22,895 24, 49 24,56
sysiem shut down lo nstall | 4 119 20,4 21,57
(2/28/67). 24,719 24, 50 24, 57
Note: 8/27/68 unit put 25, 583 24,51 24, 58
back on test. 26, 495 24, 48 24, 55
27,503 24, 48 24, 56
27, 887 24, 46 24, 56
28, 583 24, 46 24, 55
28,943 24, 50 24, 56
29,279 24, 46 24,55
29, 591 24,50 24, 58




Table 2-18.

Phase I Regulator Performance Data
Conditioner:

Regulator:

I

MP-C

No-Load Voltage

Operating Hours (vde)
23 24,55

577 24, 55
1,072 24.53
2,064 24,53
3,069 24, 53
4,059 24.53
5, 054 24, 53
6,017 24. 53
7,165 24.53
8,154 24, 54
9,136 24, 54
10, 088 24. 54
15,783 24,54
16,815 24,53
18, 087 24,53
20, 031 24, 52
22,098 24,51
22,770 24. 50
23,250 24.51
24, 066 24,51
25,434 24,49
26, 898 24, 52
28, 146 24, 52
29,106 24, 52
30, 402 24,51
31, 314 24.52
32,778 24.52
34, 698 24,52
36,618 24,52
37,002 24, 51
37, 698 24, 51
38,058 24, 53
38, 394 24, 51
38, 706 24, 51
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Table 2-19, Power Conditioner H10D3 Performance Data

Ep I Py Ep I Py E, I Po

Primary { Primary | Primary Bias Bias Bias Efficiency | Temp Test*

(volts) (amps) (watts) (volts) [ (amps) | (watts) [ (volts) | (amps) | (watts) (%) {°F) Hours
5 06 2 17 11 02 0 646 0 132 0 085 23 11 0 424 10 08 90 7 82 1296
5 06 2 17 11 00 0 657 0 132 0 085 23 16 0 423 10 05 90 66 82 1413
5 08 2 18 11 07 0 658 0 134 0 087 23 80 0 422 10 04 89 99 82 1576
5 08 2 18 11 07 0 647 0 132 0 085 23 81 0 422 10 05 90 09 80 1894
5 08 2 18 11 07 0 648 0 132 0 086 23 83 0 422 10 06 90 18 81 2106
5 08 2 18 11 07 0 648 0 134 0 087 23 82 0 422 10 05 90 10 86 2904
5 08 2 18 11 07 0 647 0 134 0 087 23 81 0 422 10 05 90 07 86 3575
5 08 2 18 11,07 0 648 0 134 0 087 23 82 0 422 10 05 90 07 86 4244
5,08 2.18 11.07 0.648 0.134 0.087 23.83 0.422 10.06 90.17 86 5058
5.08 2.18 11.07 0.648 0.134 0.087 23.82 0,422 10.05 90,08 87 5928
5.08 2,18 11.07 0.648 0.134 0.087 23.83 0,422 10. 06 90. 17 37 6476
5.08 2.18 11.07 0.648 0.134 0.087 23.85 0.422 10. 06 90.17 92 7468
5.08 2,18 11.07 0.648 0.134 0.087 23. 84 0. 422 10. 06 90. 17 90 7684
5,07 2,18 11,05 0.646 0.134 0.087 23.79 0.422 10.04 90.15 93 8081
5,07 2.18 11.05 0.646 0.134 0.087 23.179 0. 422 10. 04 90. 15 92 8327
5,07 2,18 11.05 0.647 0.134 0.087 23.80 0.422 10.04 90. 15 92 8640

Includes 1241 hours of short-term tests.
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Table 2-20, Power Conditioner H10D6 Performance Data

EI II PI EI II PI Eo IO PO

Primary |Primary |Primary Bias Bias Bias Efficiency | Temp Test*

(volts) (amps) (watts) (volts) |(amps) |(watts) |(volts) |(amps) | (watts) (7o) (°F) Hours
4 81 2 35 11 30 0 646 0 122 g 079 24 00 0 430 10 32 90 69 82 1296
4 81 2 35 11 30 0 646 0 122 0 079 24 00 0 430 10 32 90 69 82 1437
4 82 2 35 11 33 0 648 0 122 0 079 24 08 0 425 10 23 89 67 82 1600
4 83 2 35 11 35 0 648 0 122 0 079 24 20 0 430 10 41 91 08 80 1968
4 83 2 35 11 35 0 648 0 122 0 079 24 09 0 425 10 24 89 60 81 2278
4 82 2 35 11 33 0 648 0 122 0 079 24 07 0 425 10 23 89 67 87 2904
4 82 2 35 11 33 0 647 0 122 0 079 24 07 0 425 10 23 89 67 86 3575
4 82 2 35 11 33 0 648 0 122 0 079 24 07 0 425 10 24 89 75 817 4244
4,82 2.35 11.33 0.648 0.122 0,079 24,08 0.425 10.23 89.67 817 5058
4.82 2.35 11,33 0.647 0.122 0.079 24,07 0.430 10.35 90. 72 88 5928
4,82 2.35 11,33 0.648 0.122 0.079 24,10 0.425 10. 24 89.75 87 6476
4, 82 2.35 11,33 0.648 0.122 0.079 24,10 0.430 10. 36 90. 80 93 7468
4,82 2,35 11,33 0.648 0.122 0.079 24,09 0.425 10. 24 88,75 89 7684
4, 82 2,35 11,33 0.648 0.122 0.079 24.06 0.425 10. 23 89.67 94 8081
4,82 2.35 11,33 0.647 0.122 0.079 24,04 0.425 10. 22 39. 81 93 3321
4,81 2.35 11.30 0.647 0.122 0.079 24,04 0.425 10, 22 89.81 89 8640

Includes 1271 hours of short-term tests.




2.7 ELECTRICAL RECEPTACLE AND STRAIN RELIEF PLUG

No effort was expended 1n this area during the report period.

2.8 PRESSURE VESSEL

No effort was expended 1n this area during this report period.

2.9 NSRDC 10-COUPLE MODULES

A 3M Company engineer and technician were at NSRDC to instruct and assist in the
assembly of 10-couple module number 5, The module was assembled and proc-

essed. All instrumentation was intact at the end of processing.

The following comments are made on the operation at NSRDC,

. The relative humidity 1n the assembly area was approximately 50

percent., A relative humidity of 35 percent 1s desired.

o The welding and machine shops are not familiar with the type of work
done on these modules. The reject rate of the closely machined parts
from the machine shop was near 100 percent. The welding shop
experience 1s largely 1n the area of heavy structural and high pressure
joint welding., The welder who observed the 3M Company welding
techniques had become sick and was not present, The welding of the
outer case to the top cover and pedestal showed this loss of experience,
The welding was done too slowly and with such heat penetration that
the soft solder header joints opened up. These joints were sealed by

potting.

° There are no formalized inspection or sign off procedures during
assembly or processing. A quality job is dependent on the skill of
the technician. Although the technicians assigned to this task are
capable, without the documentation to prove proper assembly and
processing, analysis of any future problems associated with the

testing of these modules would be difficult,



2,10 NRDL SYSTEM TESTING

Systems S10P1 and S10P2 were shipped from 3M and arrived at NRDL (San

Francisco) on June 2, 1969, System checkout on both systems indicated that the

systems were operating satisfactorily.

Table 2-21 shows a comparison of the data received from 3M's SRP test set-up

on S10P2 and from the NRDL Data Acquisition System (DAS).

Table 2-21. Data Comparison (System S10P2)

Data Acquisition

NRDL

3N

System Test Console| Percent
6/12/69 6/12/69 [Difference

T

press vessel 89 90 1.1
Tseg ring 100 100 0
Teold frame 107 106 0.94
rlhot frame center --- --- -
Thot frame edge 1061 1060 0.094
Temitter 1251 1250 0.08
Vabr (TEG bias shunt voltage) 0.0062 0.0060 3.3
Vepr (TEG primary shunt voltage) 0.0109 0.0109 0
ngl (TEG bias load voltage) 0.690 0.678 1.76
Vapl (TEG primary load voltage) 4.97 4,95 0.4
Egbo (TEG bias open circuit 1.42 1.39 2.15

voltage)
Egpo (TEG primary open circuit 9.61 9.56 0.52
voltage)

Ver (system shunt voltage) 0.04186 0.0426 2.3
Vi (system load voltage) 24.5 24. 4 0.4
Eso (system open circuit voltage) 9.61 9.56 0.52




From Table 2-21 it can be seen that the thermal data agrees closely but there appears
to be some differences in the electrical data. The following comments can be made

with regard to these major differences:

ngr - The cause for the 3.3% difference is that NRDL has a slightly
different shunt resistance than is in 3M's test console. It was
desired to use a resistor with the same value, 0.05q, but an error
was introduced with the actual placement of the monitoring leads.
The bias shunt resistors of all the cables were measured prior
to potting and these new values will be used for calculating the bias

current.

ngl - The 1.76% difference is due to the different amount of lead resistance
introduced into the bias circuit for the two test set-ups. With the
3M test console about 24 feet of 16-gauge wire is introduced while

with NRDL's test cable only about one foot is introduced.

Egbo - The difference in this reading is probably due to a difference in

timing and sequence when the open circuit voltage is read.
VSr - The cause for the 2.3% difference is the same as for ngr (that is,
that some extraneous résistance was introduced with the actual
placement of the monitoring leads). All the system shunt resistors
were measured prior to potting. These values will be used in the

calculation of the system load current,

After checkout was completed at San Francisco, both systems and related equip-

ment were sent to San Clemente Island for implantment.

On June 25, 1969, system S10P1 was removed from the shipping container on

San Clemente Island, positioned in the implantment structure, hoisted aboard the
implantment barge and transportedto the pier near the implantment site. No
problems were encountered with this phase of the operation except that the thermo-
electric generator shorting plug, prepared by NRDIL, was found to be incorrectly

wired. This was quickly remedied using the island's electironics shop equipment.



Implantment procedures involved laying the instrumentation cable (by barge) from
the pier to the site, connecting the cable to the system, and implantment. Prior
to these operations, the cable was connected to the system at the pier to verify
system and instrumentation integrity. At this point it was discovered that the

NRDL data system was not functioning properly.

After several hours of trouble shooting, the problem was traced to the data
processor (digital computer) and could not be immediately resolved. Verification
of system and data transmission integrity was accomplished using auxiliary equip-
ment inserted prior to the data processor in the data transmission chain., At this
point the decision was made to proceed with the implantment and debug the data

acquisition system at a later date.
System S10P1 was successfully implanted in approximately 50 feet of water.

On June 26, 1969, nearly the same course of events transpired for system S10P2,
with the exception that during the pier side checkout, the thermocouple data signal
appeared to be in error, even when measured prior to the data processor. Simple
Seebeck calculations conducted by 3M personnel and correlated to known system
performance characteristics indicated that the thermocouple signals had to be in
error. System integrity was confirmed by 3M personnel by removing the instru-
mentation cable and probing the system via the receptacle pins with portable
temperature measuring equipment. Analysis of the situation again indicated that
the trouble was in the data acquisition system. And again the decision was made

to proceed with the implantment.

After minor difficulties in laying the cable and positioning the barge, system S10P2

was successfully implanted in approximately 120 feet of water.

Data taken manually after implantment indicated that both systems are operating

as expected.

Complete photographic documentation of the implantment was obtained.



3.0 TASK 11 -20-WATT SYSTEM
3.1 CONCEPTUAL DESIGN

Conceptual design effort on the 20-watt system was authorized to commence
during this report period. This effort was initiated twice before, once in
the third quarter of 1966 and once 1n the second quarter of 1968. Both of these

previous starts were terminated after approximately one quarter of low level effort.

Significant accomplishments of these previous efforts are summarized below:

. System design criteria were formulated
(Reference Quarterly Report No. 8, MMM 3691-35).

° Two basic design concepts were established for further analysis.
Concept I which utilizes two 10-watt thermoelectric generators
positioned at each end of the biological shield, and Concept II
which utilizes a single 20-watt thermoelectric generator and
1s basically a scaled-up 10-watt system (reference Quarterly
Report No. 8, MMM 3691-35).

] Several methods of supporting the biological shield within the HTVIS
for each concept were investigated by Linde, and the heat leak for

each method was calculated.

] Preliminary performance data for a single 20-watt thermoelectric
generator for use 1n system Concept II was prepared (reference
Quarterly Report No. 9, MMM 3691-39).

. Several methods of improving the heat rejection efficiency of the
single TEG system (Concept II) were 1investigated. One method
appeared to be technically feasible (reference Quarterly Report
No. 9, MMM 3691-39).



. Based on the limited conceptual design analysis that was performed,
a comparison of the key characteristics of both system concepts

was made (Table 3-1).

° Based on the results of the concept comparison, Concept II was
identified as the best concept. A summary of the physical charac-
teristics and performance predictions for the selected concept is
shown in Table 3-2. Included in the summary is the effect of two

fuel forms (SrO2 and SrTiOS) on system characteristics.

The conceptual design effort, which was initiated during this report period, is
planned to be more comprehensive in nature than the previous efforts. It will
culminate in the preparation of a Conceptual Design Description that selects and

justifies the 20-watt system concept to be designed and developed during Task II.

The design criteria applied to the current conceptual design effort is the same as
used for the initial efforts (reference Quarterly Report No. 8, MMM 3691-35) with
one exception. This exception is the fuel form. The current conceptual design
will consider SrTiO3 as the fuel form rather than SrOz, however the advantage of

utilizing SrO2 will be investigated.

The effort during this report period-has consisted of investigating various design
concepts for supporting the biological shield in the High Temperature Vacuum In-
sulation System (HTVIS) and revisions to the Generator Mounting Plate and HTVIS
retention system. These components are being studied for both Concept I (Dual
TEG) and Concept II (Single TEG). In addition to the conceptual design effort being
conducted by 3M, Linde is also investigating variations in the HTVIS design for
both concepts. Further details of the effort on each concept are presented in the

following paragraphs.
3.2 CONCEPT I (DUAL TEG)

The system configuration designated as Concept I consists of two 10-watt TEG's
positioned axially at each end of a directly shielded fuel capsule. The major

problems associated with this concept are:
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SNAP-21 20-walt System

Table 3-1. Concept Comparison Based on Preliminary Conceptual Analysis

Item

Concept I (Dual TEG'S)

Concept II (Single TEG)

High Temperature Vacuum
Insulation System

New Concept — Development
and Fabrication Problems
Anticipated

ocale up of 10-watt HTVIS
allowing use of existing
methods.

Thermoelectric Generator

Uses (2) 10-watt TEG's

New TG using proven technology

and many existing components,

Power Conditioners

Uses (2) 10-watt PC's

New PC using proven technology.

Pressure Vessel

Covers — Use 10-watt forg-
ings, requires new final
dimensions.

Body — New forging and size.

Cover and body — new forging
and size,

Electrical Receptacle

Uses (2) 10-watt receptacles
for external power lcad
combination or (1) 10-watt
receptacle with internal
power lead combination.

Uses (1) 10-watt receptacle.

Handling Equipment

Requires many new tools and
methods.

Uses existing methods and
minimum new tooling.

Number of Pressure 4 2
Vessel Penetrations

Weight — Short Cover 900 770
(lbs) Long Cover 1130 880

Diameter (Inches) 16.4 18.0

Length — Short Cover 33.4 28.0
(in.) Long Cover 50.0 38.0

Fuel Loading (BOL) 403 386

(Watts)

Note:

based on an additional design iteration.

This table is valid for comparison of concepts only. Actual system performance prediction was




Table 3-2.

SNAP-21 20-watt System

Concept IT (Single TEG)

Conceptual Design Performance Prediction (1)

Biological Fuel
Weght (Lbs) (3) Maximum Length (In.) Shield Fuel Loading | System

Fuel Long Short | Diameter Long | Short Weight Capsule BOL, | Efficiency

Form Cover | Cover (Inches) Cover |Cover (Lbs) Redesign (Watts) | % - EOL
SrTiO3 950 840 18.0 38.0 }28.0 375 Yes 386 5. 89
SrO, (2) 880 770 18.0 38.0 ]28.0 310 No (2) 378 6. 00
Specification 890 775 18.0 44,0 (32.0 None --- 372 6.11
Requirement (3)
Note: (1) This prediction 1s based on a second design iteration so that shield weight 1s based on a more

(2)

(3)

accurate prediction of fuel loading.

The predicted fuel loading of 378 watts of SrO can be contained in the existing 10-watt system

fuel capsule.

Predicted weights are based on a beryllium-copper pressure vessel.

are based on a titanium vessel.

Specification limits




(a) Design of the biological shield support system within the HTVIS,
(b) Support of the HTVIS within the pressure vessel,
(c) Potential fabrication and assembly problems, and

(d) Designing the system to be thermally symmetrical to avoid unequal

heat flow through the thermoelectric generators.

During the most recent conceptual design effort, the first three problem areas listed
were 1nvestigated; however, the problem of thermal symmetry was not explored.
A re-evaluation of all aspects of this system concept will be conducted during this

conceptual design effort.

The first two major components to be investigated were the HTVIS and the generator
mounting plate and HT VIS retention system. Details of the effort to date on these
components follows.

3.2.1 HTVIS

Biological Shield Support System

During the 1nitial conceptual design effort, a number of biological shield support
systems were considered by both 3M Company and Linde. As a result of this
investigation, a support system consisting of a neck tube at one end with a bellows
and three tie rods at the other end was selected as the best choice based on heat
leak, development risk and manufacturing considerations. This configuration was
essentially the same as the existing 10-watt system with the addition of a bellows-

sealed opening at the opposite end of the shield from the neck tube.

In the course of reviewing the HTVIS from the standpoint of thermal symmetry, 1t
became obvious that the optimum system from a thermal symmetry standpoint 1s

one that has an equal heat leak from each end of the HTVIS. A support method that
would provide this symmetry 1s one that has a bellows and three tie rods at each

end of the shield. A sketch of this concept 1s shown in Figure 3-1. This method

of shield support (s1x tie rods) was considered early in Task I but was not considered
feasible at that time because the thermal expansion of the shield and tie rods could

not be matched. The use of an adjustable tie rod (a new concept) however, now makes
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Support Concept and Revised Generator Mounting Plate Design)



this method technically feasible. This concept is currently being analyzed by 3M
and Linde from the standpoint of thermal efficiency (heat leak), fabrication ease,

development risk and cost,

Bellows Design

The double-ended HTVIS will require a bellows to seal the TEG opening. A pre-
liminary design of a bellows that can be used in this application was prepared.

The characteristics of the bellows are as follows:

Material — Hastelloy-X or Inconel 625
Thickness — 0,006 inch

Convolutions —15

Convolution Pitch — 0.12 inch

Inside Diameter — 4.9 inch

Outside Diameter — 5.62 inch

Analysis of the bellows is continuing to determine its heat leak., Contact is
being made with bellows manufacturers to determine fabrication feasibility and

potential problems.

Shield-to-HTVIS Shell Attachment

A problem common to all of the HTVIS configurations for Concept I is that of
securing the shield to the HTVIS shell at the bellows end of the system. Previous
experience has shown that utilization of a flat disc (''spider') with large biological
shield contact area and three tension tie rods is optimum from the standpoints of

minimum heat leak with maximum structural stiffness.

Two basic alternatives in mounting the tie rod spider to the biological shield are
being considered. One is a tapered groove contact surface and the other is the
cylindrical groove interface that is used on the 10-watt system. With the last
approach, physical contact between the spider and the shield can be maintained.
This is important when a double generator design is considered since heat transfer
between the biological shield and TEG hot frame will occur with the spider as an
emitting surface., Contact with the shield over large areas is important in mini-

mizing the temperature drop across the shield-to-spider interface, The latter



method of shield~-spider interface is shown in Figure 3-1. Further analysis of

this interface will be conducted to determine the temperature differential.

3.2.2 Generator Mounting Plate and HTVIS Retention System

The generator mounting plate and HT VIS retention system serves a dual purpose:

(a) It must align the HTVIS within the pressure vessel and prevent move-

ment of the HTVIS during shock and vibration of the system, and

(b) It must serve as a mounting plate for the TEG and provide an efficient
heat rejection path from the TEG cold frame to the pressure vessel
wall. In the 10-watt system these functions are performed by the

segmented retaining ring.

Although this component is functionally adequate, it is a complex component with

a number of close tolerance parts.

It appears feasible to replace the segmented retaining ring by a thick plate using
stacked "Belleville' washers for spring loading in the vertical direction, plus

utilization of a large rubber "

o-ring" between the plate periphery and the inner
surface of the pressure vessel cylinder. The rubber ring will allow small
changes in radial dimensions due to thermal and pressure effects, while at the
same time providing transverse support. The preliminary configuration embody-
ing the above concepts is the one shown in Figure 3-1. Thermal analysis is being

conducted in order to establish heat-rejection capabilities for this design.

This concept also offers the advantage of using thermally similar components for

the heat rejection path of each TEG thereby maintaining thermal symmetry.
3.3 CONCEPT II (SINGLE TEG)

The system configuration designated as Concept 1I is basically a scaled-up 10-watt

system (see Figure 3-2),

The basic problems associated with this concept are the design of a 20-watt TEG
and the problem of rejecting heat from the TEG to the sea water with an acceptable

temperature drop.
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Conceptual design effort on this concept during this report period has consisted of
preliminary evaluation of spider-to-shield attachment methods and cold end heat
rejection systems.

3.3.1 HTVIS

Shield-to-Spider Interface

In the 10-wait system the shield-to-spider interface is controlled by a close fitting
diameter to provide radial positioning and an axial bearing surface to control the
axial position and an axial bearing surface to control the axial position of the

tie rod socket on the spider. Both the axial and radial position of the spider have
to be closely controlled to maintain the tie rods in a tight condition when the system

temperature varies from room temperature to operating temperature.

For the 20-watt system an adjustable tie rod concept is being considered. This
concept will allow adjustment of the tie rods to compensate for slight variations

in the axial length of the shield assembly.

The ability to make tie rod adjustments after system assembly makes it possible to
consider a different type of shield-to-spider interface. This new interface consists
of a tapered seat as shown in Figure 3-2. This concept offers the advantage of

simpler machining and looser tolerances.

3.3.2 Generator Mounting Plate and HTVIS Retention System

The feasibility of using the same type of simplified mounting plate for Concept II
as shown for Concept I is being considered. The system concept shown in Figure

3-2 includes this type of plate.

An analysis of the heat transfer efficiency of this concept must be performed to
determine its feasibility. This effort is now in progress. A potential method of

improving the heat transfer effectiveness of this concept is shown in Figure 3-3.
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4.0 PLANNED EFFORT FOR NEXT QUARTER

° Complete Final System Design Description

. Complete Final Safety Analysis Report

. Complete Revision o of Program Plan

] Complete Updating TASK I System Drawings

° Complete TASK II Preliminary Design Description

. Hydrostatic Test System S10P4

. Complete Thermal and Electrical Characterization of System S10P4
. Implant System S10P3 Off San Clemente Island

° Repair Insulation System B10D2 and replace it in System S10D3
. Complete 16mm SNAP-21 Documentary Film

] Complete Evaluation of Machine Wrapping of Insulation Systems

° Start investigation into Alternate Thermoelectric Material for

SNAP-21 Generators
° Begin Long-Term Test of System S10P4
° Continue Testing Phase I and Phase II Thermoelectric Generators

] Continue Long-Term Test of Phase II Power Conditioners
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APPENDIX B

EXAMPLE OF METHOD USED TO DERIVE A THERMAL MODEL
OF A FUELED SNAP-21 SYSTEM

A thermal model for each system was derived using temperature measurements
made during system tests in March and April, 1969. The modeling equations were
then applied to the three fueled units; S10P1, S10P2, and S10P3. The modeling
equations will also be applied to the final fueled system, S10P4, when data 1s

available.

Derivation of the thermal model 1s based on the following assumptions:

1. Heat flow between points where temperatures are measured 1S known.

2. Changes 1n thermal contact conductances and the gap between emaitter
and hot frame over the range of water temperatures considered are

negligible,

The first assumption permits calculation of "lumped" conductances based on
assumed known heat flows, Ql_J, and measured temperatures, tl and tJ, from

the cquation:
hl-] ) Ql-]/f (tl, tJ)

This first assumption 1s reasonable since there are only two major heat paths from
the heat source to the sea water. One 1s through the insulation system and the
other 1s through the thermoelectric generator. Since the heat loss of the insulation
system 1s carefully measured during its acceptance test, the heat flow through

the generator can be obtained by subtracting the insulation system heat loss from
the known total heat input of the fuel.

The second assumption 1s required to permit direct averaging of conductances com-
puted from several sets of temperature data, It 1s reasonable to assume that very

small changes will occur 1n the conductivities, contact conductances, and gap for



the 40°F to 80°F water temperature range of interest, thus conductances between
points were calculated using many data sets for each fueled system. Kach value
was compared with the average value which permitted rejection of the conductance
values if they appeared greatly different from the average value. Only one point
in sixteen was rejected in this comparison which helped demonstrate the regularity

of the measured temperature data.

The models derived from test temperatures and heat flow data were used to predict
temperatures (at one-year intervals) during the five-year mission. The decay in
isotope heat production was accounted for in this model and degradation of the

thermoelectric materials was included using a degradation analysis technique.

In the degradation model, the time rates of change in generator leg geometry,
electrical resistance and thermal conductance can be calculated as functions of

the following:
° Hot and cold junction temperatures.
[ ] Hot frame temperature gradient.
. Generator backfill gas pressure.
. Original leg dimensions.
e Activation energy of sublimation.

° Ratio of electrical resistance at the hot junction to the average leg

resistance,

The specific factors used in this model are based on test data from the various
SNAP programs (SNAP-21, 23, 27). Changes in electrical resistance and thermal
conductance predicted for a particular time interval are summed with previous

accumulated changes to reflect total changes since BOL.

A schematic indicating the locations of key temperatures in the fueled systems
and the corresponding thermal model conductance network used to establish the
SNAP-21 thermal model is included (Figure B-1). In the discussion following,
the method of calculating each conductance is explained. The values used in

predicting system EOL characteristics are tabulated in Appendix C,
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HTVIS (High Temperature Vacuum Insulation System)

Thermal Conductance

The calculated HTVIS conductances used in the system models were
based on acceptance test measurements of heat loss for each insu-
lation system. These data were used to determine insulation conduc-

tance, KZ’ for each HTVIS as follows:

Q (Test)
K, =————
(1285 - 100)

This conductance is assumed to be independent of temperature even
though the heat loss through the multilayer insulation is predominantly
by radiation. This assumption is valid since the portion of heat lost
through the multilayer insulation is a small portion of the total HTVIS
insulation loss (12 to 14 watts through insulation compared with about
50-watt total). The larger portion of the HTVIS loss occurs by con-
duction heat transfer along the neck tube and tension tie rods. Over
the 40°F to 80°F water temperature range of interest, thermal con-
ductivities of materials used in the HTVIS change less than 1/2%,
which is negligible. For the insulation systems used in the three

fueled SNAP-21 systems, the values of insulation conductance are:

Acceptance Test Ko (W/°F)

System HTVIS Heat Loss, HTVIS
Serial Number Serial Number Watts (t) Conductance
S10P1 B10 DL2 49,1 0.04143
S10P2 B10 DL4 53.9 0.04548
S10P3 B10 DL5 50. 8 0.042886

The acceptance test of the HTVIS is conducted by insulating the gener-
ator opening inside the neck-tube area and then applying only the
amount of heat required to maintain the top of the shield (emitter plate)
at the test temperature of 1285°F., Therefore, the heat input is equal
to the HTVIS losses plus a small amount of fixed losses through the
heater leads and neck-tube insulation. Since the heat flow from the

heat source to the emitter plate is very small under these conditions,



the temperature gradient in the shield 1s negligible. In a fueled system,
however, a relatively large amount of heat flows from the heat source

to the ematter plate and then through the thermoelectric generator.

This heat flow produces a temperature gradient between the heat source
and emitter plate. As a result, for the same emitter plate temperature,
the average interior temperature of the shield 1s higher in a fueled
system than during acceptance testing., Tests with electrically heated
system S10D2 show approximately 170°F gradient along the shield inner
liner for a typical heat flow., In the thermal model, heat flow through
the insulation system was assumed to occur as a function of the above
computed 1nsulation conductance and a temperature-intermediate
between the bottom of the inner liner and the emitter plate. Thus:

Q Insul = K2 (tA - tw)

where tA 1s the intermediate temperature and t;, 1s water temperature.

W
A comparison of the acceptance test values tabulated above and the
calculated insulation heat loss when used 1n a fueled system in 40°F

water 18 made below.

Acceptance Test Heat Loss Computed with
Heat Loss System Thermal Model (BOL)
System HTVIS Watts for 40°F Water, Watts
S10P1 B10 DL.2 49.1 52.3 Difference =3.2
S10P2 B10 D14 53.9 56.7 Difference =2.8
S10P3 B10 DL5 50.8 55.4 Difference =4,6

The higher heat loss of the HTVIS when operating in a system 1s due

to the higher average shield temperature.

Conductances Between Heat Source and Emitter

Conductances between the heat source and the emitter plate were based
on temperature data from S10D2 (using 169°F temperature difference
between the emitter and the bottom of the inner liner). To 1llustrate
the method with S10P1, the following data was recorded during 3M

Company performance tests on 12 March 1969 in 40°F water.



External External
Q Source t Emitter Hot Frame Cold Frame Water
Watts (t) (Ave), °F (Ave), °F °F °F

209,14 1247 1038 63 40

(Note that the heat input from the radioisotope fuel has been corrected
for the amount of thermal decay that occurred between BOL and the
test date.)

The average temperature of the fuel capsule surface was assumed
to be 169°F higher than the emitter temperature, based on S10D2
tests. Thus, t source = 1247 + 169 = 1416°F, An intermediate

temperature of 1316°F was used to calculate the insulation loss.

Thus, the conductance between source and intermediate temperature is:

209.14
) =———— = 2,0914 W/°F

Ky = QS/(tS -t
100

A

Conductance between the intermediate temperature and emitter plate

must be based on the source power minus the insulation heat loss:

Qg - Ky (ty - ty)

K =
1 (tA - tE)
For S10P1;
209,14 - 0,04143 (1316 - 40)
K1 = = 2,265 W/°F

(1316 - 1247)

Heat Transfer Between Emitter and Hot Frame

The emitter to hot frame heat flow was represented as:

(t -t

b e h)




_ 4
or: = Kg (Te - Ty )+K4 (te-th)
where:
Te = center emitter plate temperature
t =
© [
_ capital letters
Th average hot frame temperature denote °R,
lower case
t, = d  denotes °F
h
o =0.173 x 10" 8 BTU/Hr FtZ °r*
Fe-h = radiative interchange coefficient

(A function of view factors and emissivities alone)

A = hot frame area

e
k = gas thermal conductivity
b = gap width (at zero external pressure)
For S10P1;
0.036 x 13.79 in”
K4 = = 0.0651 W/°F
0.186 x 12 x 3.4186
and:
Qop ~ Ky g -ty ™ .
K, = =4,11003 x 10 W/°R
3 4 4

Thermoelectric Generator Thermal Conductances

Hot and cold junction temperatures were determined from the curves
included in the SNAP-21 Final Development Test Plan (Ref. 3691-9014,
Page 22), These curves give hot and cold junction temperatures as
functions of the average external hot and cold frame temperatures.
The curves were derived from empirical data obtained from generator
A10D8 which was completely instrumented. Therefore, the derived

hot and cold junction temperatures for S10P1 are:



External Hot Hot Junction Cold Junction External

Frame (Ave) (Ave) °F (Ave) °F Cold Frame
°F (measured) (Derived) (Derived) °F (measured) Water
1038 979.2 90.6 63 40

Assuming all heat leaving the emitter plate is transferred to the hot
junctions, a conductance between external hot frame and hot junctions

can be calculated:

QSOURCE - QNsuL

K =
H St )
EXTH HOT
For S10P1;
209.14 - 52,80
KH‘ = 2,660 W/°F

(1038 - 979.2)

The heat flow between hot and cold junctions was represented by an
equation which includes direct flow through the thermoelectric legs
and a parallel heat loss term which includes all heat flow not
passing through legs;

=K. (t

H—tC)+K (tH-tC) Egn 1

LOSS
The effect of temperature on the conductivity of thermoelectric materials
cannot be neglected due to the large temperature gradient and the large
percentage of heat flowing through the legs. The apparent thermal
conductivity of each leg type (N and P) must be computed by integration

of conductivity data over the temperature gradient, generally:

YHOT

K =

t )12

k(W) dt/ (tuor T teoLp

COLD



The electrical resistivity must be computed in a similar manner since
resistivity is also significantly temperature dependent due to the large
temperature gradient. Although the hot and cold junction temperatures
are known, accurate generator heat flow calculation must include these
property temperature dependencies as well as the distribution of Joule,
Thomson and Peltier heat effects within the leg. The following schematic
(Figure B-2) is included to amplify the detail necessary for an accurate
accounting of heat flows within the generator. Computation of gener-
ator output characteristics includes all these effects at any time point.
For our analysis, the time dependent degradation effects previously

mentioned are also included in the computer model.

Returning to the generator heat flow equation (equation 1 above),

values of the generator heat flow conductance, K., are determined by

5:
the computer program and are not included as input model data. The

heat loss term, K - tC) was preliminarily evaluated from the

Loss ‘tu
total generator shunt heat loss curve in 3M Report MMM 3691-34,
"SNAP-21, Phase II - Design Description'', Page 32. For the hot and

cold junction temperatures listed above for S10P1, the curve gives

QLOSS = 30.4 watts, the calculated loss conductance therefore is;
30.4 -
K = = 0.0348 W/°F
LOSS  (979.2 - 90.6)

This value was used in initial calculations using the completed derived
model. However, using conductances determined from the referenced
curve resulted in heat loss which did not correlate with BOL temperature
data. For modeling the generator by the method chosen, a smaller
value of the loss conductance must be used to obtain hot and cold junc-
tion temperatures comparable to those measured. The difference
between conductance required to match temperatures apparently lies
either in the interpretation of heat flow between the HTVIS neck tube

and the generator outer cylindrical shell or to a slight improvement

in the HTVIS due to ''clean-up'' of the reflective foils by the internal getter.



(1-F>|2RJ

Qy

TN

Qyt P

A

(1-F)|2Rj

Q-CNC —»
COLD N

SEGMENT \

Q" SNC ~--—

Q"SNH —»

HOTN/

SEGMENT

Q-HNH --—

FIZR.
]

1/2 12RNC

1/2 12RNC

v

1/2 QTNC

1/2 QTNC

¢

1/2 12RNH

1/2 12RNH

v
}

1/2 QTNH

1/2 QTNH

'

}

1/2 1°RPC

1/2 12RPC

'

}

1/2 QTPC

1/2 QTPC

'

COLD P
|*—QCPC_~SEGMENT

|— QrSPC

'
—

N-L

Q- ~ PELTIER HEAT TERMS
QT ~ THOMPSON HEAT TERMS
12R ~ JOULE HEAT TERMS

Figure B-2.

EG

!

1/2 1°RPH

1/2 12RPH

'

}

1/2 QTPH

1/2 QTPH

la— Q~SPH

HOT P
SEGMENT

—»Q-HPH

Qy P

P-LEG

|
T \ CONTACT

HEATING,

Hsz

S ~ SEGMENT INTERFACE
C ~ COLD SEGMENT
H ~ HOT SEGMENT

Thermoelectric Couple Heat Model



The conductance between the cold junction and external cold frame
was computed by subtracting the electrical power from the heat

entering the generator, i.e.;

QsoUurcE " QnsuL - FOWER Q
K = =

C
TeoLp - TexTc!

REJ

TecoLp - Texre
or, for S10P1;

209.14 - 52.8 - 14.5

= 5,13 W/°F
27.6

The last conductance in the model represents the heat flow between the

cold frame and sea water.
For S10P1;

QREJ 141.84
K, = = = 6.16 W/°F

6
(Textc - TwATER’ 23

All the conductance values computed as examples above pertain to
S10P1 data measured at 40°F water temperature. The calculations
were repeated for 60 and 80°F water temperatures, in order to
examine any residual temperature dependence of the conductances
and to permit rejection of a conductance value if it appeared widely
different from the other computed values or from the averages due
to possible reading error. A tabulation of computed conductances

for all these systems is included in Appendix C.

The modeling equations for each system are based on energy balances.,
These equations can be written down directly from the thermal model

schematic (Figure B-1). Starting with the heat source we obtain:



QS = KO (ts - tA) Source

0= KO (tS - tA) + Kl (tE - tA) + K2 (tW - tA) Intermediate Point
0=K, (t, -t)+K (T4—T4)+K (t., - tn) Emitter Plate
1 A E 3 H E 4 *'H E

0 =K (T4—T4)+K (T, - T_)+K_ (t -t..) External
3 E H 4 ' TE H H ""HOT H

Hot Frame

1/2 Qq = Ky (tyy - tyop) ¥ Ky o055 " K5) Uyor - Teorp)  TEG Hot

Junction

1/2 Q1 =Ko teorp - tC) +(K; qgg t Kg) (tCOLD - tHOT) TEG Cold

Junction

0=K_ (t -t )+ KL (b, - ta) External

C "COLD C 6 W C Cold Frame

The values of constants used in these equations for S10P1, S10P2 and

S10P3 are the average values tabulated in Appendix C.

B-12
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1. S10P1 MEASURED PERFORMANCE DATA (12 March 1969)

External Hot TEG Source Strength
Water External Cold Frame Emitter Power Corresponding to
Temp, °F Frame, °F (Average), °F Center, °F Output, W Measuring Date
40 1038 1247 14.5
60 1054.5 1257 14. 4
80 1072.5 1270 14, 22
2, CONDUCTANCES DERIVED FROM MEASUREMENTS
Water
Temp, °F Ko K, Ky K3 Ky Ky Ke Kg Kloss
Through  Emitter to Hot Frame  Hot Frame Cold
Source to Intermed. HTVIS to Hot Junction to Cold Frame TEG
Intermed. to Emaitter to Water Radiation Conduction Junction Cold Frame to Water Shunt Loss
40 2.0914 2. 265 0.041434 4.1100E-110, 0651 2.660 5.13 6.16 -—-
60 2.0914 2.270 0.041434 4,169E-11 0,0651 2.662 5.14 6.48 ---
80 2,0914 2,280 0.041434 4.28E-11 0.0651 2.675 5,175 7.15 ---
Ave 2.0914 2,270 0.041434 4.17E-11 0.0651 2,66 5,14 6.48 2,54E-4
3. ADDITIONAL TEMPERATURES DERIVED FROM MOQDEL
Intermediate
Water Cold Hot Temp, °F Source
Temp, °F Junction, °F Junction, °F (See Page B-5 of Text) Temp, °F
40 90.6 979.2 1316 1416
60 109.7 995.7 1326 14286
80 127.17 1013.7 1339 1439

+“Tabulated number 1s value required to predict hot and cold junction temperatures (see Page B-9 of text).



1.

2.

3.

S10P2 MEASURED

PLRITORMANCE DA LA (12

Mwrch 1969)

Lxternal Hot TLG Source Strength
Water Lxternal Cold I rame Lmatter Power Corresponding to
Temp, °I trame, °F (Average), °L Center, °F Output, W Measuring Date
40 60 1015 1223 14,07 206.58 W
60 79 1032 1231 13.87
80 98 1051 1246 13.64
CONDUCTANCES DLRIVED FROM MEASUREMLNTS
Water
Temp, °I }\0 le }\2 1\3 I\4 I\H I\( 1\6 I\L()Sb
Ihrough  Ematter to Hot Frame Hot Frame Cold
Source to Intermed. HTVIS to Hot Junction to Cold I'rame I1EG
Intermed. to Emaitter to Water Radiation Conduction Junction Cold I rame to Water Shunt Loss
40 2.0658 2,237 0.04548 4.1343k-11 0,0651 2.5725 4,9871 6.782 ---
60 2.0658 2,243 0.04548 4, 2530L.-11 0,0651 2.591 5.061 7.192 -—-
80 2,0658 2,246 0.04548 4, 2050L-11 0.0651 2,595 5. 069 ---
Ave 2.0658 2,242 0.04548 4,1974L-11 0.0651 2,586 5.039 7.192 2.30E-4
ADDITIONATI TEMPLERATURES DLRIVED TROM VIODLI
Intermedaiate
Water Cold Hot Temp, °1 Source
Temp, °T Junction, °F Junction, °k (See Page B-5 of lext) Temp, °1
40 87.2 956.8 1290 1390
60 106 974 1298 1398
80 125 993 1013 1413

See Page B-9 of text.

Conductance value discarded.
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1. S10P3 MEASURED PERFORMANCE DATA (9 April 1969)

External Hot TEG Source Strength
Water External Cold Frame Emitter Power Corresponding to
Temp, °F Frame, °F (Average), °F Center, °F Output, W Measuring Date
40 64 1052 1268 14.75 212.5 W
60 82 1062 1274 14.50
80 101 1082 1287 14, 40
2. CONDUCTANCES DERIVED FROM MEASUREMENTS
Water
Temp, °F Ko Ky Ks Ky Ky Ke Kg K1 oss-
Through Emitter to Hot Frame Hot Frame Cold
Source to Intermed. to Hot Junction to Cold Frame TEG
Intermed. to Emitter to Water Radiation Conduction Junction Cold Frame to Water Shunt Loss
40 2.125 2,274 0.04286 3.8468E-11 0.0651 2.655 5.45 5.93 -—-
60 2.125 2.2827 0.04286 3.8317E-11 0.0651 2,670 5.50 6.51 ---
80 2,125 2.2871 0.04286 3.9333E-11 0.0651 2.670 5.51 6.84 -
Ave 2.125 2,2811 0.04286 3.890E-11 0.0651 2.676 5.487 6.426 2, 56E-4
3. ADDITIONAL TEMPERATURES DERIVED FROM MODEL
Intermediate
Water Cold Hot Temp, °F Source,
Temp, °F Junction, °F Junction, (See Page B-5 of Text) Temp, °F
40 90.1 992,9 1337 1437
60 108 1003 1343 1443
80 127 1023 1356 1456

See Page B-9 of text.





