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Abstract: This paper undertakes a comprehensive investigation into the influence of different
battery arrangement configurations on thermal runaway propagation characteristics, thereby
providing a theoretical foundation for the design and optimization of battery packs in electric
aircraft. Experiments and numerical simulations were integrated to systematically study the
effects of single-cell spacing and cluster layouts (2 x 2, 3 x 3) on the initiation and propagation
behavior of thermal runaway. The findings indicate that, at the single-cell level, while a 1 mm
spacing does not entirely prevent propagation, it significantly delays the propagation rate by
227 s compared to direct contact. Conversely, 2 mm spacing effectively prevents thermal
runaway transmission between adjacent cells. At the pack level, a 2 mm spacing effectively
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inhibits propagation within the 2 x 2 cluster structure. However, in the 3 x 3 cluster
configuration, propagation did not occur even at 1 mm spacing due to the complex heat
dissipation pathways, preventing adjacent clusters from reaching the critical temperature
threshold. Furthermore, increasing the spacing within the module exhibits typical trends of
delayed thermal runaway triggering, reduced propagation rates, and lower peak temperatures.
The findings suggest that increasing cell spacing and optimizing the structural design of
clusters are pivotal measures for suppressing thermal runaway propagation. This study
elucidates the critical triggering conditions and propagation mechanisms under various
configurations, thereby offering significant guidance for the thermal protection design of high-

safety battery systems.

Keywords: lithium-ion battery; thermal runaway propagation; cell alignment; cell clustering
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Fig. 1 Schematic diagram of experimental platform
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Table 2 Thermal source parameters for side
reactions in thermal runaway of lithium-ion battery
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Fig. 3 Comparison of thermal runaway experiment
and simulation temperature of battery pack (2 x 2 as
1 cluster) at different spacings
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Table 3 Comparison of simulation and experimental
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Table 4 Typical temperatures for thermal runaway propagation of single cell at different spacings
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Fig. 4 Thermal runaway experimental temperature of
battery pack (2 x 2 as 1 cluster) at different spacings
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