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Figure 1 (Color online) 3D geometric model of the heating furnace.
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Figure 2 Finite element calculation process.
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Figure 3 (Color online) Target temperature and temperature measure-
ment data from four thermocouples in the furnace.
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Figure 5 (Color online) Cloud diagrams of temperature field
distribution on the cross-section of the furnace at three different
moments.
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Figure 6 (Color online) Comparison of simulation data of thermo-
couple temperature in the furnace with experimental data.
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Figure 7 (Color online) Comparison of simulation data of thermo-
couple temperature in the sample box with experimental data.
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Numerical simulation research on the heating process of high-
temperature materials experiment in China Space Station

ZHANG Yang, MA Ping, ZHONG HongEn, YU JianDing, LIU Yang & GUO YuXue

Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100101, China

Based on the operational principles of the high-temperature furnace aboard the China Space Station, a three-dimensional finite
element model was developed to simulate the sample heating process, incorporating a closed-loop feedback temperature control
algorithm. This model accounts for the coupled effects of heat conduction and heat radiation, enabling it to compute the temperature
field distribution within both the furnace and the sample box under various thermal control scenarios. Through a combination of
simulation and experimental validation, the directional solidification process of copper alloy samples in the high-temperature furnace
was thoroughly investigated. The study analyzed the distribution characteristics and underlying mechanisms of temperature fields
across different heating zones within the furnace and inside the sample box. Comparative analysis of simulation results and
experimental data revealed that the model accurately predicted temperature variations across different heating zones of the furnace
throughout the entire heating, holding, directional solidification, and cooling phases. However, it was observed that the calculated
temperature gradients and cooling rates inside the sample box exceeded the measured values obtained from thermocouples. Following
further refinement, this model can serve as a valuable tool for verifying the rationality of space high-temperature materials experiment
designs. It can guide the optimization of sample box structures and thermal control process parameters, thereby reducing the trial-and-
error costs associated with ground-based matching experiments and enhancing the efficiency and quality of space experiments.
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