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Study on Integrated Thermal Management Devices through the Construction of 3D
Microchannel Networks
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In this study, we developed an integrated thermal control device with a
high-density microchannel network using silicon etching technology. Visualization techniques using
temperature-sensitive paint (TSP) allowed us to visualize the heat transfer distribution on the
heating surface with high temporal and spatial resolution. We also controlled multi-scale
condensation phenomena using bio-inspired nano- and microstructured surfaces. These advancements
enabled stable boiling without dryout at heat fluxes up to 15 W/cm"2 and provided detailed insights
into heat transfer mechanisms during forced convective boiling. Our findings propose a novel
approach to enhancing heat exchange processes through precise surface structure adjustments,
potentially improving the efficiency of thermal control devices.
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