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Table 1 Temperature of the pipe
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e I BR BR TRR BB A
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HZE B RE 2 -5 60 9.9 15.7 e
R E EEIRE -5 60 3.8 13.7 FE
SRR E BE LB 2 -5 60 5.0 10.6 e
EZBRERER L -5 60 12.5 23.3 FE
IEZBNE BER 2 -5 60 353 40.6 sy
TZIRE BER -5 60 17.0 21.9 FE
B ZIRE RER FE2 -5 60 137 17.7 e
AL FL BN SRR -5 60 13.7 18.4 FE
SR R Bl I U -5 60 150 21.9 sy
B ZIAE B FE3 -5 60 2.5 5.5 FE
IEZ5 & BEIR 3 -5 60 318 40.1 e
EZIRE RERRE3 -5 60 9.3 19.0 FE
B BE T 3 -5 60 0.5 32 e
XA BB 4 -5 60 19.0 23.3 FE
LR BE TR 3 -5 60 0.7 5.0 e
SRR BEIR 4 -5 60 17.0 20.4 FE
H ARV g9im -5 60 170 19.7 sy
8LVl 05 -5 60 17.7 19.7 FE
INHEMLV g4 B -5 60  24.1 28.9 e
JiHEMLV g3i5 -5 60 233 27.2 FE
FMDVg i B -5 60 8.1 9.3 fics
H M DV2if -5 60 7.5 8.7 FE
INHEMLV g5 4 B -5 60 233 25.6 FE
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Table 2 Power ratio of the heater on the pipe

& BRI BRI EEN SR BB BN
P[] AR R HR3 R4 s Hdle

2020.07.25  0.75 0.59 0.50 0.66 0.53 0.67
2020.08.15  0.90 0.75 0.50 0.79 0.42 0.71
2020.09.01  0.81 0.71 0.52 0.73 0.48 0.68

2020.09.15  0.87 0.73 0.52 0.74 0.55 0.82
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Fig. 3 Power ratio of the heater on the pipe
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Fig. 4 Comparison of test temperature and on-orbit temperature of the pipe
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Research on the Thermal Design of the Propulsion Pipeline on

the Tianwen-1 Mars Orbiter

ZHANG Yuhua', YANG Jin’, SHENG Song’, YIN Xingfeng’, XU Liang’

(1. Shanghai Academy of Spaceflight Technology, Shanghai 201109, China;
2. Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: In this article, a method that can solve the problems of thermal design of the pipe that was suitable for the
characteristics of space environment of the Mars Probe was proposed. By adopting optimized heating power, suitable number of
layers and suitable zone of the heaters, thermal control of the pipeline under complex external heat flow was realized. In the design of
propulsion pipeline of Tianwen-1 Mars Orbiter, this method was analyzed and verified, and influencing factors, such as the change of
ambient temperature, whether the propulsion pipeline had working fluid, whether it was exposed to the sun, the number of coating
layers and heating power, were also analyzed. Research shows that this method had high adaptability to the environment and could
adapt to the whole process of the orbiter flight and the conditions of orbit change; more attention should be paid to the number of
coating layers and heating power in the future; the extravehicular pipeline was greatly affected by sunlight, exposure to sunlight
should be avoided as much as possible in the design process. The research findings above can provide some reference for thermal
control design of the propulsion pipeline in subsequent deep space explorations.

Keywords: Mars; propulsion pipeline; thermal control; influcing factor

Highlights:

e A thermal control method for propulsion pipeline of the Mars Orbiter is proposed.

e The analysis shows that solar radiation had a great influence on the external pipeline.

e The number of layers had a great influence on the external pipeline.
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