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Numerical analysis of thermal management in lithium-ion
batteries for space applications using phase change materials and
nanoparticles

Hamid-Reza Bahrami', Mahziyar Ghaedi’

1- Assistant Professor of Mechanical Engineering, Department of Mechanical Engineering, Qom University of Technology, Qom, Iran.
2- MSc, Department of Mechanical Engineering, Qom University of Technology, Qom, Iran.

Abstract

This study investigates the thermal management of lithium-ion battery packs (comprising three
cells) under space conditions, where heat transfer occurs exclusively through radiation. Four phase
change materials (PCMs) - n-eicosane, RT-35, RT-44, and tetradecanol - were examined at a
discharge rate of C5. Results demonstrated that RT-35, due to its lower melting point, exhibited
superior performance during the initial phase (~300 seconds), though its efficiency diminished
thereafter. The other PCMs reduced the battery temperature by approximately 10 K by the end of
the discharge process. To enhance thermal conductivity, beryllium oxide, zirconium oxide, silicon
oxide, and titanium oxide nanoparticles were incorporated into tetradecanol. Among these,
beryllium oxide nanoparticles proved most effective, lowering the peak temperature by 1.2 K.
Furthermore, it was determined that each 1% increase in beryllium oxide volume fraction resulted
in an approximately 1 K reduction in battery temperature. These findings highlight the significant
potential of PCM-nanoparticle composites for thermal regulation in space battery applications.
Keywords: thermal management, lithium-ion battery, PCM, heat transfer, microgravity.
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