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Numerical Evaluation of Cooling Technology for Preventing
Thermal Runaway in Batteries
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Abstract

The growth of the energy market due to global eco-friendly policy issues is leading to the growth of the lithium-ion battery market
related to the energy storage system (ESS). However, if a fire occurs in an ESS using lithium-ion batteries, it is difficult to penetrate
fire extinguishing agents due to the structural characteristics of lithium-containing electrical fire and cell-unit batteries. For this
reason, ESS needs to study fire prevention and diffusion prevention systems; in this paper, computational fluid dynamics (CFD)
are utilized to evaluate the cooling properties of PCM and thermoelectric devices, which are easy to apply in practice. In the PCM
model, the correlation between the mass of the PCM and its temperature rise time confirmed that temperature control through
PCM is possible when the temperature of the heating battery is out of the normal range. In the thermoelectric module, the numerical
results of the model with an output of 40 W under the input power of 200 W confirmed that the heating value and the output
of the thermoelectric module can create thermal equilibrium in a short time.
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Table 1. Thermal Properties of Battery Module
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Fig. 1. Schematic of PCM Model

. Density Specific heat Thermal conduction
Material 3
[kg/m’] [J/(kg - K)] [W/(m - K)]
Cooling plate (Aluminum) 2,700 903 238
Battery 3,231 1,176.096 44.072
PCM (solid) 910 2.0 0.24
PCM (liquid) 790 2.15 0.22

Note: PCM latent heat: 190 kl/kg, PCM melting temperature: 53.7 C
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Fig. 3. Time Taken Up to 60 C for Each Model
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Fig. 5. Solid-liquid Phase Change Rate by Each Model

Table 2. Time to Reach Target Temperature According to Increase in Mass of PCM

Time to reach Time Increase in Temp. rise delay
Model 60 C difference mass of PCM time per mass
(s) (s) (2 (s'g)
without PCM 239 - -
2 mm PCM 546 307 92.96 33
5 mm PCM 971 732 139.44 (average)
10 mm PCM 1,824 1,585 232.40
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Fig. 6. Schematic of Thermoelectric Module
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Table 3. Time to Reach Target Temperature According to Power of Thermoelectric Module

Power of thermoelectric module Target temperature Time reach to target temp.
(W) (60 C) (s)
10 62.15 C (X) 378
20 61.99 C (X) 459
40 6137 C (X) 1,505
100 637
120 (¢} 505
180 331
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