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Abstract: To supply electric power in certain extreme environments such as a spacecraft or in military applications, a
radioisotope thermoelectric generator has been highlighted as a useful energy source owing to its high energy density,
long lifetime, and high reliability. A radioisotope thermoelectric generator generates electric power by using the heat
energy converted from the radioactive energy of a radioisotope. In this study, FE analyses such as radiation shield
analysis, heat transfer analysis, and power recovery rate analysis have been carried out to achieve an optimal design for
a radioisotope thermoelectric generator using SrTiO,.
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Fig. 1 Energy spectrum of *’Sr/”’Y
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Fig. 2 MCNP modeling of RI heater unit and tungsten
shielding, (a) side view, (b) top view
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Table 1 Material properties

SrTiO, 4.6 4.15 500
Hastelloy 8.69 10.1 414
W 19.3 155.0 138
Cu 8.89 388.0 385
ALO; 3.98 39 775
N-type 7.55 0.986 0.157
P-type 6.613 1.308 0.190
Insulator 0.23 0.019 800.0
Al6061 2.7 180.0 896.0

Table 2 Heat generation by radiation

Material SrTiO, Hastelloy Tungsten
Heat Gen.[W] 6.730 0.250 0.117
Ratio[%] 94.83 3.52 1.65
Thermoelectric
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Fig. 3 Schematic diagram of RI thermoelectric generator
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Fig. 5 Boundary conditions for heat transfer analysis (a)
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Fig. 6 Temperature difference according to height change
of thermoelectric material
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Table 3 Temperature difference according to module size

and shape

Case | W H BC-1 BC-2
(mm) (mm) (mm) & Tl & T2

1 13 4 2 63.4 24
2 13 4 5 82.3 5.9
3 13 4 10 92.9 11.2
4 13 4 20 99.8 20.4
5 19 6 2 433 2.3
6 19 6 5 65.7 5.5
7 19 6 10 81.6 10.4
8 19 6 20 92.6 19.3
9 25 8 2 30.7 2.3
10 25 8 5 52.4 53
11 25 8 10 69.8 10.0
12 25 8 20 84.9 18.6
13 31 10 2 22.5 2.3
14 31 10 5 41.7 53
15 31 10 10 59.7 9.9
16 31 10 20 77.3 18.2
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Fig. 7 Temperature difference according to width change
of thermoelectric material
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Fig. 8 Electrical power output in accordance with
thermoelectric module shape change
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