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Figure 1 (Color online) The general layout of Zhurong rover.
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Figure 2 (Color online) General layout of solar photo-thermal
conversion and energy storage system.
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Figure 3 (Color online) Data sources for thermal analysis correction.
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Design and verification of the thermal control system for the
Zhurong rover

XIANG YanChao'”, ZHANG BingQiang'”, XUE ShuYan'?, ZHENG Kai'”, DAI ChengHao~,
YANG HuNing'” & LIU GuoQiang'

! Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2 Beijing Key Laboratory of Space Thermal Control Technology, Beijing Institute of Spacecraft System Engineering, Beijing 100094, China

The conditions of low temperature, weak sunlight, and low-density atmosphere on Mars pose severe challenges to the thermal control
design and verification of the Zhurong rover. The thermal control system adopts the idea of broadening sources of incoming energy
and reducing energy expenditure. This is accomplished by an energy conversion and storage system based on in-situ solar energy use
combined with a nano-aerogel insulation system, which solves the problems of energy supply and heat loss without a nuclear source.
The thermal design has been verified by thermal analysis simulations. Low-pressure static thermal balance tests, low-pressure
atmosphere thermal balance tests, and thermal control product performance tests were carried out to validate the thermal model. The
testing was successful, and the thermal control verification problem, caused by the difficulty of comprehensively simulating the
thermal environment on Mars, was solved. The successful design and full verification of the thermal control system laid the
foundation for the spacecraft to complete its mission.

Mars rover, thermal control system, solar collector, nano aerogels

doi: 10.1360/SST-2021-0490

252


https://doi.org/10.1360/SST-2021-0490

	祝融号火星车热控系统设计与验证
	1�� 引言
	2�� 火星车总体特点
	2.1�� 火星车构型特点
	2.2�� 着陆点及分离姿态
	2.3�� 火星车工作模式

	3�� 主要环境约束条件
	3.1�� 火面弱光照环境的影响
	3.2�� 火面低温环境的影响
	3.3�� 火面低气压环境
	3.4�� 火星风的影响
	3.5�� 火星尘暴与沙尘的影响
	3.6�� 火星重力场环境的影响

	4�� 热控系统设计
	4.1�� 热控设计思路
	4.2�� 太阳能原位获取、存储与利用系统设计
	4.3�� 火星车组合式隔热系统设计

	5�� 热设计验证
	5.1�� 热设计验证思路
	5.2�� 热分析验证
	5.3�� 热平衡试验验证
	5.4�� 飞行验证

	6�� 总结


