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Abstract

In a power battery system, under conditions of thermal or mechanical abuse, a single cell may ex-
perience thermal runaway, releasing a substantial amount of heat within the battery system in-
stantly. This can lead to a domino effect of thermal runaway across multiple cells. Simultaneously,
the high-temperature gases released during thermal runaway pose a potential risk of combustion
within the battery system. Aerogels, due to their excellent thermal insulation, low cost, and struc-
tural stability, are considered an ideal material for inhibiting the spread of thermal runaway. This
study focuses on large-capacity ternary lithium-ion batteries, conducting experiments and mod-
eling at the individual cell and module level. Experimental validation confirms the effectiveness of
using aerogels to suppress the propagation of thermal runaway in the battery system. The results
indicate that introducing aerogels significantly reduces the temperature rise of the battery pack,
confining the heat to a localized area and preventing the spread of thermal runaway to adjacent
battery units. In the event of partial thermal runaway within the battery system, rapid venting of
the high-temperature gases is necessary to mitigate thermal hazards. Finally, a 3D model depict-
ing the flow of high-temperature gases expelled during thermal runaway within the battery sys-
tem is developed. This model simulates the flow of high-temperature gases after sequential ther-
mal runaway events in two cells, offering insights for the design of safety structures in future bat-
tery systems.
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Figure 1. ARC and module TRP experience. (a) ARC test results; (b) Schematic of module experiment; (c) Physical image
of the module before TRP experiment; (d) Physical image of the module after TRP experiment; (€) TRP test results.
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Figure 2. Module TRP model. (a) The geometric structure of the module; (b) Comparing simulation results with experi-
mental results
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Figure 3. The temperature contour map of the simulation model
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Figure 4. Geometric model and mesh model. (a) The geometric model of the battery system; (b) The mesh model
of the battery system; (c) Internal cross-section of the mesh model for the battery system
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Figure 5. The evolution of gas temperature within the battery system
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