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Numerical analysis on the thermal management of lithium-ion battery using phase
change material and metal foam

H. Rahmanian-Koushkaki Department of Mechanical Engineering of Biosystems, Jahrom University, Jahrom, Iran
S. Rahmanian Department of Mechanical Engineering, Jahrom University, Jahrom, Iran
Abstract

The purpose of current study is to investigate the cooling of a lithium-ion battery using two modes of phase change material and its
combination with copper foam (hybrid system) based on computational fluid dynamics. The simulation was conducted using
ANSYS-Fluent software, which NTGK and enthalpy-porosity models were used for battery and phase change material modeling,
respectively. Effects of discharge rate (C) and convective heat transfer coefficient were studied. The findings showed that the use of
PCM reduces the battery temperature by 11.97 c , 3222 °C and 35.04 C in 1C, 3C and 5C discharge rates, respectively. By
increasing the convective heat transfer coefficient from 0.5 W m? K™ to 10 W m™ K™ in the hybrid system, a reduction of 10% in
battery temperature was investigated. In the recovery process of the PCM with discharge rate of 5C, the solidification time of phase
change material in the hybrid system was enhanced by 45% compared to the phase change material system. Finally, it was concluded
that the metal foam has improved the performance of battery thermal management system.

Keywords: Lithium-ion battery, Thermal energy storage, Electrical vehicle, NTGK model, Battery thermal management, Phase
change material.
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