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Research and Verification of Thermal Control Schemes for Spaceborne Slot
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Abstract: The thermal deformation of microwave antenna array is the key factor affecting the pointing accuracy in
orbit, and how to solve the heat dissipation problem of high-power devices is of vital importance. The peak heat
consumption of a microwave antenna is nearly 10 000 W. In the full array area of about 20 m®, it is necessary to ensure
that the temperature rise of the transmitter and receiver (TR) module and the power consumption of the compensation
heater are not too high. In view of the special working mode and external heat flow of a microwave antenna, three
thermal control schemes, i.e., mechanically pumped fluid loop, double-sided heat dissipation, and phase change heat
pipe, are proposed, and their characteristics and applicability are analyzed. In order to solve the problem of radiation
and conduction coupling in the narrow space inside the antenna, thermal resistance tests are carried out for the analysis
and optimization of single modules. The results show that the three proposed schemes are effective.
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Fig.1 Finite element thermal model for satellites
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Fig.3 Temperature comparison before and after using

the phase change heat pipe
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Fig. 4 Differences in the thermal resistance patterns
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TR module with the thermal conduction resistance
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Fig 6 Variation curve of the thermal control power

consumption with the thermal conduction resistance
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Tab.1 Comparison of the thermal control states of the

test modules
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Tab.2 Results of the difference in temperature (°C)
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Tab.3 Thermal resistance from the TR module to the

structural slab
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Fig. 8 Comparison of the thermal resistance from the TR

module to the structural slab

B 2 h IV 5 S5 AR S B2 i, WA S #, TR
2 F BB A 7.44 C/W, BMA 324/ 148 SCHBH
4.13 C/W , 2 $hBH I 156 5 38 HE TR 5 #45) 21 45 #
B R 2.7 C/ W, B Ik BMA #4BH fy 48k — 38
5y o Y BMA #BH XN FE R B B . 4T,



9539 % 2022 4E45 4 1

TR, 55« B AR B % T O R PR T S 5 S it 197

TE BMA $2 48 P 3k 22 22 5% T 22 )R ) 0 1 mm 3¢ 5
AR REAME DI FE D T 140 W, 2 BAHLI S
FEARATS SR R, AR I 4

x4 ARLTUEEHIERLE

Tab.4 Comparison of different schemes
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Tab.5 Results of the heat balance tests in orbit
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