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Constructal studies on hexagonal microchannel heat sinks based on
multi-physics field coupling calculations

WANG Liang', XIE ZhiHui', SUN FengRui' & CHEN LinGen™”

: College of Power Engineering, Naval University of Engineering, Wuhan 430033, China;
* Institute of Thermal Science and Power Engineering, Wuhan Institute of Technology, Wuhan 430205, China;
? School of Mechanical & Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, China

The design prototypes of four kinds of channel structures for three fluid recirculation ways, i.e. without reverting microchannels, with
rim reverting microchannels and with central reverting microchannels, respectively, for the hexagonal heat sink are put forward. The
influences of the fluid recirculation way, the microchannel branch number and the microchannel distribution on the maximum thermal
resistance and the equivalent thermal resistance based on entransy dissipation of the hexagonal heat sink are studied based on thermo-
fluid-stress-deformation multi-physics field coupling calculations and the thermal stress and strain analyses are carried out. The
results of numerical calculations show that the fluid recirculation way with central reverting microchannels is the best among the three
fluid recirculation ways with the objectives of minimizing the maximum thermal resistance and the equivalent thermal resistance. The
construct of the hexagonal heat sink with six branch microchannels and central reverting microchannels, in which the upper
microchannels distribute along the radius of the hexagonal inscribed circle and the lower microchannels distribute along the
hexagonal circumscribed circle, is optimal, and its heat transfer performance is the best. Its maximal thermal strain is 0.28 GPa, and is
an order of magnitude smaller than the yield strength of silicon. Its maximal deformation is 1.4 um. The results can provide some
theoretical supports for multidisciplinary design of practical microchannel heat sinks.

microchannel heat sink, entransy dissipation extremum principle, constructal theory, multi-physics field coupling,
electronics cooling
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