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Fig. 1 The structure of single-cell TFE
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Table 1 The parameters of single-cell TFE
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Table 2 The parameters of reactor core
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Table 3 Radial power inhomogeneity factor under different
fuel loading forms of loading-on-Earth scheme
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Table 4 The worth of the loading-on-earth scheme

shutdown system
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Table S The worth of the loading-on-Moon scheme
shutdown system
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Table 7 Temperature effect
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Table 8 k. in different accident conditions with integrated core
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Study on Lunar Reactor Core Scheme with Singe-Cell

Thermionic Fuel Element

WANG Zheng, SUN Zheng, HOU Cheng, ZHAO Shouzhi

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: The nuclear reactor power is one of the most important power supply options for the lunar research station. To meet
the electricity demand of the lunar research station, a single-cell thermionic lunar power reactor core scheme with a net power of
40kWe and a lifetime of 10 years was presented. As the single-cell thermionic fuel element’s fuel loading can be completed either on
the earth or relatively conveniently on the lunar surface, two core schemes were given respectively. The radial power distribution of
the reactor core was optimized by fuel partition loading, and the power distribution, temperature effect, worth of bowl and safety rod,
burnup and hydrogen leakage effect, reactivity balance and special critical safety problem of the core were calculated and analyzed.
The results show that both of the core schemes can meet the requirements of neutronics and special critical safety, and have their own
characteristics. This research results can provide reference for the selection of lunar power reactor core scheme and the formulation
of workflow.
Keywords: lunar research station; lunar nuclear reactor power; single-cell thermionic fuel element; yttrium hydride;
reactor core scheme
Highlights:
e The lunar reactor core scheme using single-cell TFE is presented and the radial power distribution optimization is performed.
e The neutronics parameters and special critical safety issues of both core schemes, with loading-on-Earth and loading-on-Moon
modes, are calculated and analyzed, and the results verify the rationality of the core scheme.
e In the loading-on-Moon scheme, the safety rod and its driving mechanism are canceled, which improves system reliability,

reduces system mass and nuclear fuel mass, and the radial power distribution in the core becomes more uniform.
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