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For a stable electric power supply in the space, nuclear batteries have been used as the main
power source in a spacecraft owing to their long lifetime and high reliability. In accordance with
the plan for lunar mission in Korea, nuclear batteries will supply electricity to the rover that needs
to be developed. According to the information about the estimated payload, Korea Atomic Energy
Research Institute started with the conceptual design based on the previous studies in USA and
Russia. Because a nuclear battery converts the decay heat of the radioisotope into electricity,
thermal design, radiation shield, and shock protection need to be considered. In this study, two
types of nuclear batteries, radial type and axial type, were designed according to the alignment of
the thermoelectric module. Heat transfer analyses were performed to compare their thermoelectric
efficiency, and test mockups were fabricated to evaluate their performances.
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p = Density

C, = Heat capacity

K = Thermal conductivity
€ = Emissivity

Wth = Watt thermal

We = Watt electric
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Table 1 Material properties of RTG components

Al6061| TE1400 |Titanium|Graphite
p (ton/mm’) | 3.0e-9 | 3.2¢-10 | 4.5e-9 |3.2¢-10
Cp (J/ton'C) 896000| 963000 | 528000 | 707000

K (W/mm-TC) | 0.170 [0.0000288| 0.017 | 0.024
€ 0.04 0.75 0.63 0.9

Temperature(C)
346
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58

(a) Distribution of temperature
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(b) Heat flux
Fig. 3 Heat transfer analysis of K-RTG v1.0
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Fig. 4 Heat transfer analysis of K-RTG v2.0
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Table 2 Comparison of heat transfer analysis

K-RTG v1.0 | K-RTG v2.0
Heat input (W) 120
Thot (T) 170 197
Teod (C) 148 58
Heat loss (W) 23 27
Output voltage (V) 14.2 1.0
Output power (W) 0.52 1.02
System efficiency (%) 0.438 0.85
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generated from the thermoelectric module
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Table 3 Heat transfer analysis using the desired dimension
of thermoelectric module

L 40 x W40 x H10.5 mm
Heat input (W) 120
Thet (C) 314
Teota (C) 49
Heat loss (W) 18
Output voltage (V) 291
Output power (W) 4.8
System efficiency (%) 4.03
4. 48
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