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Research on Thermal Management Application of 3D Composite

Phase Change Radiator in Rail Transit
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Abstract: In view of the increasingly harsh thermal management conditions in the rail transit field, a 3D composite phase change
radiator with more efficient heat dissipation capacity was studied. The research methods of numerical simulation and experimental
testing were applied, and the 3D composite phase change radiator was compared with the double-sided heat pipe radiator of the same
volume and the water-cooling system. The results showed that, compared with the double-sided heat pipe radiator, the 3D composite
phase change radiator under the same wind speed and power conditions could reduce the thermal resistance by 7.8%~10.5%, the
pressure drop by 57.5%~63.6%, and the temperature uniformity effect by about 52%; under the same fan cooling system, the maximum
allowable power of a single IGBT could be increased by 670 W, an increase of about 26.8%; the thermal performance of the rated
working condition was close to that of the water cooling system.
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Fig. 1 3D composite phase change radiator

and its structural schematics
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Table 1 Major structural dimension of radiators
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Fig. 2 3D composite phase change radiator geometry model
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Fig. 3 Heat sink surface temperature distribution
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Table 2 Highest temperature rise for each heat source
simulation K

HPE VI V2 V3 V4 V5 V6 V7 V8
I 344 340 335 33.0 346 342 33.7 33.1
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Table 3 Summary of experimental result
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Table 4 Comparison of simulated and experimental result K
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Table 5 Structural dimension comparison
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Fig. 4 Double-sided cooling heat pipe radiator
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Fig. 5 Wind-speed thermal resistance curve
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Fig. 6 Wind-pressure drop curve
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Fig. 8 Water-cooled system schematic
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