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Abstract: To enhance the heat transfer performance of two-phase immersion cooling for electronic devices, a composite

heterogeneous surface was proposed based on a partitioned functional synergy design, consisting of a central mushroom-like
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(VOF) method was conducted to investigate the heat transfer performance of the composite heterogeneous surface and the

effects of surface structures on bubble nucleation and departure behaviors, with comparisons made against smooth and

grooved surfaces. The results show that, within the investigated heat flux range, the composite heterogeneous surface exhibits

superior heat transfer performance. Compared with the smooth and grooved surfaces, the average wall superheat is reduced by

28.3% and 18.7%, while the heat transfer coefficient is increased by 39.5% and 22.0%, respectively. This enhancement is

attributed to the increased effective heat transfer area and higher density of active nucleation sites induced by the surface

structure. In addition, the synergistic design of the composite heterogencous surface simultaneously improves nucleation

efficiency, bubble departure rate, and surface rewetting capability.

Keywords: composite heterogeneous surface; pool boiling; surface modification; heat transfer characteristics; numerical

simulation
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