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Numerical study of flow and heat transfer performance of porous—media heat
exchanger in millikelvin temperature regime
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Abstract: Kapitza thermal resistance at the interfaces between liquid helium and solid components significantly
affects the flow and heat transfer performance of porous—media heat exchangers (PMHEs) in the millikelvin
temperature regime. To explore the influence law of Kapitza thermal resistance on the heat transfer efficiency of
sintered porous media heat exchangers, a clear understanding of its impact is essential for enhancing interfacial heat
transfer efficiency in sintered heat exchangers. In this work, a local thermal non—equilibrium model is established,
which comprehensively considers axial heat conduction, viscous dissipation effect and the variation characteristics
of Kapitza thermal resistance with temperature, to describe the heat transfer behavior in the porous media region.
Fluid flow within the sintered sponges is described using the Brinkman—Forchheimer equations. The results show
that the proposed model can effectively capture the temperature jump phenomenon at the interface between liquid
helium and solid. Based on the above model, the variation laws of temperature and pressure under different working
conditions are analyzed, and the underlying heat transfer mechanism is revealed. Furthermore, the effects of Kapitza
thermal resistance and axial heat conduction on heat transfer performance are investigated, and the influence

mechanism of parameters such as flow rate, heat transfer area and sintering parameters on flow and heat transfer
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performance is systematically discussed. Additionally, the effects of flow rate, heat transfer area, and sintering

parameters are systematically studied. Based on these findings, a predictive model for the outlet temperature of the

concentrated phase and the cooling power is developed by incorporating viscous dissipation, axial heat conduction,

and the temperature dependence of Kapitza thermal resistance.

Keywords: porous media; kapitza thermal resistance; heat transfer; numerical simulation; local thermal non-—

equilibrium model
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Fig.1 Schematic diagram of porous—media heat exchangers (PMHE) in the dilution refrigerator
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