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Abstract: The heat storage and heat release characteristics and propulsion performance of solar thermopho-
tovoltaic—propulsion bi—-modal system is investigated by numerical calculation. Based on the engineering design
mathematic model of solar thermophotovoltaic—propulsion bi—modal system, the rationality of the concentrator de-
sign is verified by the ray optics, the energy distribution on the wall of the Receiver—Absorber—Converter (RAC)
cavity is obtained, and the factors affecting the process of phase change heat storage are further studied. Based
on the field synergy principle, the thermophotovoltaic regenerative cooling structure is optimized to make the

thermophotovoltaic have better heat transfer characteristics and increase the power generation. Through the flow
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simulation of solar thermal propulsion system, the heat transfer characteristics of the working fluid in the thruster

are analyzed. Finally, the calculated results indicate that the regenerative solar thermal thruster can obtain 734s

specific impulse and 0.9N thrust, and can meet the power supply and thrust demand of micro—satellites in the

eclipse area.

Key words: Solar thermal propulsion; Thermal energy storage; Thermophotovoltaics; Field synergy prin-

ciple; Specific impulse
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Table 1 Analytical solutions & numerical solutions of light spot position
Tracking Analytical solutions of Numecrical solution of Numerical solution of
.. L. Errors/% . Errors/%
accuracy/(°) position offset/mm geometric displacement/mm energy displacement/mm
0 0 -0.1112 - 0.06286 -
0.1 13.4 12.8 4.4 11.9 11.2
0.2 26.7 25.8 3.3 24.0 10.1
0.3 40.1 38.3 4.5 36.5 8.9
0.4 53.5 50.0 6.5 49.0 8.4
0.5 66.8 61.4 8.1 59.9 10.3
Time=0.03us Time=0.03us Time=0.03pus
| [ L
Energy/W 0 20 381 Energy/W 0 10 20 315 Energy/W 0 10 229
(a) R=30mm (b) R=40mm (¢) R=50mm
Time=0.03us Time=0.03us Time=0.03pus

5
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5
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Fig. 14 Energy distribution of the absorber cavity wall
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Fig. 15 Change of energy distribution of absorber cavity
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Fig. 16 Change of total energy with absorber cavity size
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