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Numerical study on the effects of working fluid and flow rate
on thermal runaway suppression in immersion cooling for
batteries

FU Meiya, XU Yifeng, WANG Haimin
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China.)

Abstract: Dielectric fluids possess high specific heat capacity and stable electrical insulation
properties, making immersion cooling technology widely used in thermal management
systems for high-performance lithium-ion batteries. However, research on the suppression of
battery thermal runaway (TR) by immersion cooling remains limited. In this work, a novel multi-
physics coupled numerical model integrating TR, thermal, and flow behaviors is developed
based on electrochemical fundamentals to investigate the key effects of cooling working fluid
and flow rate on TR propagation mitigation. The reliability of the model is validated using
experimental data from TR tests on battery packs. Furthermore, an evaluation methodology is
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proposed that combines thermal safety and thermal management performance, providing a
quantitative basis for system optimization. The evaluation metrics include TR trigger time (t,z),
pumping power (P), flow resistance (f), Nusselt number (Nu), and comprehensive
performance index (PEC). Finally, functional fitting relationships between the Reynolds
number (Re) and each evaluation metric are established to explore general principles of flow
and heat transfer. The results indicate that although immersion cooling cannot prevent TR in
cells already subjected to local short-circuit (nail penetration), it effectively suppresses TR
propagation. Compared with forced air convection, the use of polyalphaolefin (PAO) oil
significantly delays the propagation of TR within the battery module. Along the direction of TR
propagation, the t,; of Cell #2 is extended by 94.9%, that of Cell #3 by 45.3%, and that of Cell
#4 by 42.8%. When Re exceeds 9.88, TR propagation is effectively suppressed. At Re =
23.04 (0.7 g/s), PAO oil achieves a notable temperature reduction. The findings of this study
can provide valuable references for the design of immersion cooling thermal management
systems.

Keywords: lithium-ion battery; thermal runaway; immersion cooling; working fluid; inlet flow
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