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Flow-Distribution Uniformity of Multiscale Heat Sink and Heat-Dissipation
Capacity of Microchannels
Zhou Xiangyu Huang Wei Liu Qihang Qin Xiaojin
(The 30th Research Institute of China Electronics Technology Group Corporation, Chengdu 610041, China)

Abstract To address high heat-flux dissipation and ensure uniform flow distribution across multiple heat sources, a multiscale heat sink
integrating centimeter-, millimeter-, and micro-scale channels is designed in this study. The ANSYS Icepak thermal simulation software
is used to analyze the effects of varying rectangular cross-sectional heights and widths on flow-distribution uniformity and system pressure
drop under a specified liquid flow rate. Optimal geometric parameters obtained from numerical analysis are applied to fabricate the
multiscale heat-sink prototypes, which are subsequently subject to performance testing and comprehensive analysis. Additionally, a
simple and efficient method is designed to test flow-distribution uniformity. Results show that, for identical multiscale heat sinks, flow-
distribution uniformity correlates positively with the liquid-supply flow rate. Specifically, when the flow rate is reduced to 83% of the
rated value, the maximum difference of pressure drop remains below 3. 5%; at a 67% reduction, this difference remains under 5%. In
liquid-cooling heat-sink configurations, radiative heat transfer accounts for only a minor proportion of the total heat dissipation, while
almost 90% of the heat is removed by the working fluid. When the heat flux of the heat source is 33. 2 W/cm®, the temperature difference
between the heat source and inlet liquid is merely 2.4 “C , which demonstrates the outstanding heat-transfer capability of the
microchannel and the excellent heat-dissipation performance of the multiscale heat sink. The results and test data derived from this study
may facilitate the optimal design of multiscale heat sinks.

Keywords multiscale; heat sink; liquid cooling; microchannel; flow-distribution uniformity
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Fig.1 Cross-section view of microchannel liquid cooling plate
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Fig.2 Exploded view of multi-scale heat sink
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Fig.3 Meshing of the fluid computational domain
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Fig.4 Pressure test points of distributed flow network
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Tab.1 Differential pressure data and analysis on mean

differential pressure of flow channel

Wil Ap/kPa  Ap/kPa  Ap/kPa  Ap/kPa E E

a 17.03 17.01 16.19 1622 1661 041
b 16.89 16.87 16.49 1651 1669  0.19
¢ 16.78 16.78 16.56 16.60 1668  0.10
d 15.72 15.50 14.76 1491 1526 040
e 17.92 17.93 17.75 1779 1785 0.8
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in fixed load
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400 10.94 10.97 10.55 10.78
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Fig.9 Layout of simulated heat sources and thermocouples
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Tab.3 Temperature data under different supply voltages
T I L e
2.00 1.53 3.06 15.59 23.01
1 2.50 1.86 4.65 23.69 23.22
3.00 2.13 6.39 32.56 23.51
2.00 1.38 2.76 14.06 22.85
2 2.50 1.60 4.00 20.38 23.22
3.00 1.98 5.94 30.27 23.33
2.00 1.38 2.76 14.06 22.94
3 2.50 1.80 4.50 22.93 23.33
3.00 2.17 6.51 33.17 24.40
2.00 1.40 2.80 14.27 23.24
4 2.50 1.60 4.00 20.38 23.53
3.00 1.95 5.85 29.81 24.11
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