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Prediction of temperature distribution of ground-based telescopes
under the influence of external thermal environment
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Abstract : To study the influence of the complex thermal environment of the external field on the temperature distribu-
tion of the telescope,the finite element method is used to establish a numerical simulation model of a ground-based
telescope for an all-weather laser communication ground station. Firstly, a steady-state thermal analysis of the main
body of the telescope is carried out to study the temperature distribution under the influence of the external thermal
environment. Then, a transient thermal analysis of the primary and secondary mirrors is carried out to study the tem-
perature variation during the communication and the non-communication periods. The analysis results show that the
maximum temperature difference of the telescope in winter and summer is 25. 839°C, which is lower than the design
index, which proves that the telescope is able to communicate stably in the dynamically changing external field envi-
ronment. The temperature changing of the primary and secondary mirrors has a significant hysteresis compared with the

ambient temperature in the cabin,and has lower amplitude. Therefore ,in the subsequent thermal analysis, the tempera-
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ture boundary conditions of the primary and secondary mirrors can be set correctly for different times, which can avoid

using a higher cabin ambient temperature instead of primary and secondary mirror temperature. Open the cabin door

half an hour before the communication and the temperature difference between the primary and secondary mirrors and

the environment is not enough to reduce the temperature to below 2°C. It is recommended to design reasonable thermal

control measures to narrow the gap between the ambient temperature inside the cabin and the ambient temperature in

the external field,in order to ensure the communication quality of the telescope.

Keywords : ground-based telescope ; external thermal environment ;temperature distribution ; thermal analysis
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Fig. 1 Schematic diagram of the composite heat transfer of the telescope
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Fig. 2 Telescope structure diagram
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Fig. 3 The finite element model of the telescope
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Tab. 1 Material properties
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R 204 880 2.7 x10°
T2 4 9.38 712 1.7 x10°
TR 1 2.7 1.07 x 103
BG4 8 620 4.51 x10°
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Fig. 4 Changes of ambient temperature and solar radiation in

winter and summer
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Fig. 5 Steady-state temperature distribution of telescopes in different
phase states in summer
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Fig. 6 Steady-state temperature distribution of telescopes
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and ambient temperature in the cabin in summer and winter
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Tab. 4 Primary and secondary mirror temperature
and ambient temperature at the time of opening

the cabin in summer and winter
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