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Abstract The temperature field during solidification has an important influence on the microstruc-
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ture and properties of the material. Due to the difference of heat convection in space and ground envi-
ronment, natural convection driven by gravity plays an important role in heat transfer in ground envi-
ronment. However, in space, the microgravity environment almost eliminates the influence of gravity-
dominated natural convection, which will lead to certain differences in the heat transfer characteristics
between space and ground, resulting in differences in the temperature field distribution in the material
experimental furnace. As a result, the temperature field obtained on the ground is different from that in
space under the same temperature control conditions, thus affecting the equivalence of experimental
conditions between space and ground materials. The heat transfer characteristics obtained from ground
experiments cannot be directly applied to space experiments. This mismatch has a major impact on the
space materials experiments. In order to obtain the heat transfer characteristics under microgravity
conditions, a three-dimensional numerical model of heat transfer in the high temperature material experi-
mental rack of the space station is established. In the modeling process, reasonable simplification is
carried out according to the actual physical conditions, some minor heat transfer factors which have
little influence on the overall temperature field are ignored. The temperature field simulation of the
ground experiment and the space experiment was carried out respectively, and the temperature distribu-
tion of the sample box was obtained. The temperature obtained by simulation was compared with the
measured temperature. Through comprehensive analysis of the changes of heat transfer parameters in the
space microgravity environment and the normal gravity environment on the ground, the heat transfer
law similar to the space condition was obtained. The research results provide a new way to predict the
space temperature field distribution based on the ground experiment results of high temperature mate-

rials experiment rack and have important guiding significance for the future research of space materials.
Key words Temperature profile, Space experiment, Space materials science, Space high

temperature experimental rack, Heat transfer characteristics, Numerical simulation
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Table 1 Heat transfer parameters of ground experiment and space experiment (Unit: °C)
P S HoRED ELAE H B ELSE HiFEREAH Z3 [ Bl 23 M L IAE RS
T1 827 826 1 880 879 1
T2 911 911 0 920 920 0
T3 752 753 -1 729 730 -1
T4 570 569 1 578 579 -1
T5 481 481 0 478 479 -1
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Table 2 Heat transfer parameters of ground and space experiment
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