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Experimental and Simulation Research on Thermal Dynamics of Temperature Field During
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[ABSTRACT] Systematic experiments and CFD simulations were conducted to investigate the temperature-field
evolution of particle-reinforced aluminum matrix composites during a deep cryogenic rapid heat treatment. After soaking
in liquid nitrogen, specimens were plunged into boiling water; thermocouples embedded inside recorded the transient
heating history, revealing the temperature-rise behavior. A 3D transient thermal-fluid-structure coupled CFD model was
established based on Fluent software to simulate the heat transfer mechanism of multiphysics coupling effects during the
specimen’s immersion into the hot medium. The results show good agreement between predicted and measured
temperatures, confirming high model accuracy. A severe temperature gradient exists at the onset of heating, but the
specimen rapidly equilibrates, its average temperature climbing from —194 °C to 92 °C. During the rapid heating of the
specimen, the maximum convective heat transfer coefficient at the cross-section reaches 2265.15 W/(m’-K). Throughout

the process, a 95 °C cold annulus envelops the specimen wall, maintaining a 5 °C difference from the distant liquid.
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Fig.1 Principle and basic procedure of experimental process
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Fig.2 Temperature sensor placement
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Table 2 Properties of aluminum matrix composites
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Fig.8 Comparison of experiment and simulation temperatures at each temperature measurement point
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Fig.9 Temperature field distribution on the surface and at the center cross-section of the specimen upon water entry
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Fig.10 Temperature field distribution on the surface and at the center cross-section of the specimen in water
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Fig.11 Temperature field distribution at the fluid mid-plane as the specimen enters the water
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Fig.12 Ice phase distribution on the specimen surface during the specimen enters the water
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Fig.13 Temperature field distribution at the fluid mid-plane while the specimen is in the water
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