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Table 1 Pore properties of metal foam

Metal foam 3 K/m?
IMP-1 0.920 5.1x10°8
IMP-2 0.850 1.6x10°
IMP-3 0.770 7.3x10°
MHS 0.900 7.4x107
pU-Vw:(,u+ﬂ)V2a)+Gw—Ym+Dw (5)
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Table 2  Grid independent verification of IMP

Grid Number Nu
I 0.8x10° 19.985
I 2.5x10° 19.999
I 3.6x10° 20.011
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Table 3  Grid independent verification of MHS

Grid Number T/K
I 0.6x10° 301.498
Il 2.1x10° 301.448
I 2.6x10° 301.452
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Fig. 3 IMP flow field with different metal foam pore parameters
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pore properties
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air-flow forced convection through metal foams: Contrast-

Enhanced Heat Transfer in Metal Foam Heat Sinks
Based on Field Synergy Principles

ZHANG Liyuan, LAI Huanxin
(School of Mechanical and Power Engineering, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Metal foam possesses a large heat transfer surface area due to its porous structure, making it an
excellent heat transfer material. Enhanced heat transfer can be achieved by combining metal foam with various heat
exchange methods. The principle of field synergy focuses on the interaction between flow field and temperature field. It
is a method that explains the causes of heat transfer in fluid flow by leveraging the correlation between flow and heat
transfer. To elucidate the enhanced heat transfer mechanism of metal foam heat sinks, the influence of metal foam heat
sinks on the heat exchange performance of impinging jets is investigated based on the field synergy principle. The
synergy angle indicates that the secondary recirculation vortex is the primary cause of changes in the flow field and
temperature field influenced by metal foam. Advancing the secondary recirculation vortex enables more intense heat
exchange. The characteristic number equation corroborates the influence pattern of metal foam pore properties. To
further illustrate the application of field synergy principles in guiding the optimization of heat transfer structures,
numerical simulations are conducted to investigate the influence of structural parameters on the heat transfer
performance of microchannel metal foam fin heat sinks. Heat transfer structures with uniform flow and temperature
distributions enable enhanced heat transfer. Rational performance evaluation metrics are pivotal for optimizing metal
foam heat sink designs. Both an increased Nusselt number and a decreased synergy angle effectively characterize
improvements in heat sink performance.

Key words: enhanced heat transfer; metal foam; field synergy; Nusselt number; heat sink
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