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Abstract

In energy storage battery systems, when batteries are subjected to thermal or mechanical hazards,
they are highly susceptible to thermal runaway. During this process, batteries can rapidly release a
large amount of heat within a short period, triggering subsequent thermal runaway in other batter-
ies within the system. The high-temperature gases released during thermal runaway accumulate
inside the battery system, which may lead to deflagration, posing a severe threat to the safety of the
battery system. This study introduces a bricklaying-style module with an insulating structure,
where batteries are arranged in a staggered manner. This arrangement reduces the heat transfer
power between batteries, effectively interrupting the thermal propagation. Focusing on large-ca-
pacity prismatic lithium iron phosphate batteries, experiments and modeling studies were con-
ducted using a closed-box module. The experimental results demonstrate that, even without the use
of insulating materials, the bricklaying-style module is highly effective in suppressing thermal run-
away propagation in the battery system. The temperature of adjacent batteries is significantly re-
duced, and the heat from the thermally runaway battery is successfully isolated, effectively prevent-
ing the spread of thermal runaway heat to neighboring batteries. After a thermal runaway event
occurs in a closed box, to reduce the risk of thermal hazards, the high-temperature gases that are
emitted need to be vented. The study investigates the impact of high-temperature environments on
battery modules. A three-dimensional model of high-temperature gas ejection and flow inside a
closed box during battery thermal runaway has been established. This model can simulate the flow
of high-temperature gases inside the closed box following a single-cell thermal runaway event. It
provides important theoretical basis and design ideas for future safety structure design of energy
storage systems, and helps to further enhance the overall safety performance of energy storage bat-
tery systems.
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Figure 1. The experimental results of accelerated adiabatic thermal runaway for single-cell batteries
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Figure 2. Experimental study on thermal propagation suppression of battery modules: (a) Schematic diagram of the brick-
style battery module layout; (b) Photograph of the thermal suppression experiment inside a sealed enclosure
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Figure 3. Experimental study on thermal propagation suppression of battery modules: (a) Schematic diagram of the brick-style
battery module layout; (b) The phenomena observed after the thermal propagation suppression experiment of the battery module
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Figure 4. Model for heat propagation inhibition: (a) Geometric model; (b) Mesh partitioning model
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Figure 5. Comparison of simulation and experimental data on thermal

runaway propagation suppression of new configuration battery modules
in a sealed enclosure
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Figure 6. The evolution of high-temperature gases from thermal runaway in a sealed enclosure
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