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Safety Analysis of Space Nuclear Reactor

ZHANG Yifan, QU Shen, CAO Liangzhi, ZHENG Youqi
(School of Nuclear Science and Technology, Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China)

Abstract: Space nuclear reactor is an important candidate for space power source. It has the advantages such as
long life, large power, and compact structure. However, its unique characteristics of neutronics and the design scheme
different from traditional fast nuclear reactors pose challenges to the core safety analysis. In this paper, the calculation
and analysis of the steady-state neutronics of a heat-pipe space reactor under the accident conditions of water flooding
and sand burial are conducted based on the Monte-Carlo method. The results show that the core would not return to the
critical state under the accident conditions. Meanwhile, based on the transient multi-physics analysis program TMACS,
the transient rotation process of a single control drum is carried out. The results show that, in a particular transient
process under the multiple physical couplings of thermal-hydraulic feedback and thermal expansion feedback, the space
reactor can maintain the power stable and meet the safety requirement.
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Fig.2 Safety rod structure of heat pipe reactor schematic

diagram
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Tab.1 Heat pipe reactor safety rod parameters
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Fig.3 Core structure under water flooded or sand buried
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accident conditions
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Tab.2 kof heat pipe reactor core under water flooded or

sand buried accident conditions
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Fig.4 Normalized mean neutron energy spectrum ratio in

heat pipe core
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Fig.5 Core structure under mixed accident conditions of

K

water flooding and sand burial
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Fig.6 Core k., curve under mixed accident conditions of
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Fig.7 Diagram of sand-water mixture entering core
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Fig.8 Core k. variation curve
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Fig.10 No.1 control drum rotation 30° with double feedback transient results in core HFP state
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Fig.11 Comparison of relative power before and after
transient in heat pipe reactor
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