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Fig.2 Temperature variation curve of battery cells
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Fig.8 Comparison of battery pack temperature curves
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Fig.9 Temperature curves of electric vehicle fire
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Experimental and numerical simulation study on full-scale fire
spread characteristics of electric vehicles

LIU Tong'*, HUANG Jianhua'*, ZHU Guoging", QI Xuyao®, YUAN Diping'

(1 Shenzhen Research Institute of China University of Mining and Technology, Shenzhen 518000, Guangdong, China;
2 School of Safety Engineering, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China)

Abstract: This study conducted a systematic experimental investigation ranging from individual battery cells to battery packs and
ultimately to complete electric vehicles. Basic characteristic parameters of thermal runaway were obtained through testing of cells and
modules, providing foundational data for the development of the vehicle model. A full-scale electric vehicle fire experiment was
performed, utilizing n-heptane pool fire heating to induce battery thermal runaway, allowing for the assessment of fire characteristics and
propagation pathways throughout the entire vehicle. The results indicate that arcing occurs after the battery pack ignites, followed by
early-stage thermal runaway of the power battery and the formation of pool fires due to molten plastic components dripping from the
chassis. This marks the transition of the vehicle fire into an accelerated development phase. The primary fire propagation path is as
follows; battery pack — rear wheel — front wheel— passenger compartment — trunk — front engine compartment. Additionally, the
fire temperatures experienced in the front and rear sections of the vehicle were similar, indicating comparable hazard levels. From the
onset of ignition to the fire spreading into the passenger compartment, the process takes 340 seconds, with a peak temperature reaching
798.3 C. Based on the experimental data, a full-scale electric vehicle model was constructed using FDS software, and the numerical
simulation results demonstrated good agreement with the experimental findings. The peak Heat Release Rate ( HRR) of the vehicle
reached 7. 88 MW, closely approximating the fire behavior of a vehicle with approximately 70 kWh capacity. The maximum contribution
of battery thermal runaway to the total HRR was 1. 61 MW. This indicates that the combustion heat release rate of an electric vehicle fire
is primarily governed by its solid combustible materials. While battery thermal runaway does amplify the HRR, it does not play a
dominant role. The findings of this study enhance the understanding of the development processes of electric vehicle fires. Additionally,
the experimental data and numerical models provide valuable support and references for future research on fire characteristics in charging
stations.

Key words: safety engineering; electric vehicle fire; full-scale experiment; fire spread; fire dynamics simulator
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