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Abstract : Global industries are developing eco-friendly technologies to address climate change. Among these, secondary
batteries are drawing strong attention as substitutes for fossil fuels. With tighter carbon emission regulations, electric vehicle
(EV) adoption has grown rapidly, relying on advanced batteries for performance. High-power, high-energy-density
cells(cylindrical, prismatic, and pouch types) are critical for EVs. Pouch cells, while lightweight and efficient, are highly
susceptible to thermal runaway due to their low activation energy. Thermal runaway occurs when heat initiates internal
chemical reactions, leading to rapid temperature rise and potential fires. This study investigates pouch-cell thermal runaway
behavior using Fluent simulations validated with experimental results. Data from ARC (Accelerating Rate Calorimetry) tests
were used to evaluate temperature-dependent heat generation and identify critical runaway conditions. These parameters
were further applied to module-level propagation studies. The simulations excluded separator-induced short circuits, focusing
on localized heating to develop predictive models for EV safety.
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Nomenclature NCM : nickel cobalt manganese
T : temperature, K NE  :negative electrode-electrolyte
t - time, s PE : positive electrode-electrolyte
h : film coefficient, W/m?*K TC  :thermo couple
Cp : specific heat, J/kg*K TR :thermal runaway
TC  :thermal conductivity, W/m*K TP :thermal propagation
EC  :electrical conductivity, S/m
1.LAZ2
Subseripts AAA AR AT 2P Q% 73 e E A
ARC :accelerating rate calorimetry 3}‘7] 913 27 I5A QN 71& el HFH R A
SEI  :solid electrolyte interface FU o) g3 87 313813 7)1 TN E oA
ELE : electrolyte decomposition ](‘cs~Zq A digeE)E @h eSS st S d8E
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Photo. 1. Pouch type battery cell and ARC test setting
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Table | Pouch cell material properties

Battery p G TC EC
type (kg/m’) (/kg*K) | (Wm*K) (S/m)
Pouch cell 2,630 954 28/13 1,000

1) W (p): 2,630 kg/m?

2) ¥ E(C,) : 954 Jkg*K

3) & W = 5%(TC) : 28(Lead) / 1.3(Tab) W/m*K
4) A7) A E%(EC) : 1,000 S/m

5) il X (Ambient temperature) : 297.15 K
6) % 7] <=X=(Initial temperature) : 297.15 K
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3. Thermal Runaway Test Analysis
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Photo. 2. Pouch type battery cell module and TP test setting
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The results of module simulation and validation
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Fig. 4 The results of module simulation and validation
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Table 2 Vent gas properties
Gas type CHs Hz CzHs Unknwon
Proportion (%) 28 20 4 48
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&
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Fig. 5 The sampling of vent gas condition
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The results of M to M simulation and validation
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Fig. 6 The results of M to M simulation and validation
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