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Abstract: Microchannel flow boiling heat transfer is an effective technical approach for heat dissipation of high—
power, large—area chips. Current research mainly focuses on high mass flux conditions, while studies on
microchannels with high—aspect-ratios under low mass flux conditions are relatively limited. In this paper, using
R134a as the working fluid, the effects of mass flux (< 100 kg-m™+s™) and aspect ratio on the boiling heat transfer
performance, two—phase pressure drop, and flow pattern evolution of a copper—based microchannel heat sink are
systematically investigated. The results show that both aspect ratio and mass flux significantly influence the two—
phase flow pattern and heat transfer performance. Under low mass flux conditions, the microchannel with an aspect

ratio of 15 (FG—15) achieves the highest HTC (15.4 kW +m™?:K™"). Under medium and high mass flux conditions, the
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FG-5 exhibits the best overall heat dissipation performance, with a peak HTC 11.6% higher than that of FG-15, a

maximum heat dissipation power of 1543 W, a heat source temperature of only 71.4 °C, and a pressure drop

reduction of 30.6% compared to FG—=3. Visualization observations indicate that at a given heat flux, FG-15 tends

toward annular flow, achieving the highest HTC but being prone to local dryout at high heat flux, resulting in the

lowest critical heat flux (CHF). FG—5 exhibits typical slug flow, while FG=3 remains dominated by discrete bubbly

flow with a large liquid fraction, yielding the highest CHF but the lowest HTC. These observations explain the heat

transfer advantage of FG—=5 under medium—to—high heat flux conditions. This study reveals the combined effects of

mass flux and geometry on microchannel flow boiling performance, providing experimental guidance for the optimal

design of microchannel heat sinks.
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Table 1 Experimental studies on flow boiling of R134a in microchannels
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Fig.3 Schematic diagram of the heating copper column and heat sink
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Table 2 Channel geometric parameters
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