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Abstract

Lithium-ion batteries are predominantly employed in electric vehicles and energy storage devices, offering the advantage of high energy density.
However, they are susceptible to efficiency degradation when operated at high temperatures due to their sensitivity to the external environment.
In this study, we conducted experiments using an indirect cooling method to prevent thermal runaway and explosions in lithium-ion batteries.
The results were validated by comparing them with heat transfer simulations conducted through a commercial finite element analysis program.
The experiments included single-cell exothermic tests and cooling experiments on a battery pack with 10 cells connected in series, utilizing
21700 lithium-ion batteries. To block external temperature influences, the experimental environment featured an extrusion method insulation
in the environmental chamber. The cooling system, suitable for indirect cooling, was constructed with copper tubes and pins. The heat transfer
analysis began by presenting a single-cell heating model using commercial software, which was then employed to analyze the heating and cooling
of the battery pack.
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Fig. 2 Samsung SDI 21700 lithium-ion battery

Table 1 21700 battery specification

Specification
Model INR 21700-40T
Rated Voltage 400 mAh
Rated Capacity 36 V
Maximum Charging Voltage| 4.2 V
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(b) Cooling system

Fig. 5 Battery cooling system
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(c) Battery test configuration

Fig. 7 Battery Test system
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Fig. 8 Li-ion Battery temperature change combined
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Table 2 Maximum temperature according to C-rate in 1cell test

C-rate Maximum Temperature
05C 30.59TC
1C 34.56C
2C 3746
4C 40.79°C
8 C 291T
10C 4621C

Table 3 Amount of calorific value by C-rate in 1cell test

C-rate Q
(Calorific value)

05C 64149 J
1C 853.87 J
2C 1038.93 J
4C 1246.35 ]
8 C 139042 J
10 C 1591.44 ]
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(b) 10 Cell thermocouple connection point

Fig. 9 10 Cell heating test
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Fig. 10 10Cell 2 C heating test result
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Fig. 11 10Cell 2C cooling test system
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Table 4 21700 Lithium-ion battery material

Density 268615 kg/m?
x=z=1.6 WmC
Conductivity -
y=3 WmC
Heat specific 900 k/kgC

NT11
+4.000e+01
+3.952e+01
+3.904e+01
+3.856e+01

+3.473e+01
+3.425e+01

(a) Heat transfer in battery

HFL, Magnitude

(Aug: 75%)
+2.705e+00
+2.480e+00
+2.254e+00
+2.029e+00
+1.803e+00
+1.578e+00
+1.352e+00
+1:127+00
+9.016e-01
+6.762e-01
+4.508e-01
+2.254e-01
+5.356e-15

(b) Heat flux in battery

Fig. 14 1Cell heat transfer analysis model
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Fig. 15 10Cell cooling analysis model with cooling system

Table 5 Cooper material property

Density 894843 kg/m®
Conductivity 400 W/m'C
Heat specific 385 JkgC
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Table 6 Typical convective heat transfer coefficients

Process h W/mPK
Free convection of gas 2-25
Free convection of fluid 50~1,000
Forced convection of gas 25~250
Forced convection of fluid 100~6,000
Boiling or condensation 2,500~100,000
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Fig. 16 Cooling test measurement point
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Fig. 17 Cooling analysis result
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