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Electrothermal characteristics simulation of
cylindrical automotive lithium-ion battery
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Abstract: A three-dimensional thermal simulation model was established based on the finite element commercial
software COMSOL MULTIPHYSICS to analyze the influence of different discharge rates on temperature distribution.
The results show that the highest temperature locates at the central area, and the temperature decreases from inside to
outside. Besides, the single cell can work well below 8C discharge current when the coefficient of heat transfer is set to

20 W/(m2-K), but 5C for the module. The highest temperature of the central cell of the module under 5C is 322.88 K,

only 2.81 K lower than that of single lithium-ion battery working at adiabatic condition nearly.
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Table 1 Parameters of lithium ion battery

Capacity/ Mass/ Density/ Voltage/ Dimension/ Height/
(Ah) g
2.5 48

(kgm ) A% mm mm

2055.2 3.7 18 65
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1) HLv P 3B FioA LR AT % 1m [ 1 B A 3 5
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Fig. 2 Semi-structure of schematic diagram of battery pack
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Table 2 Thermal-physical properties parameters of

lithium-ion battery materials

Density/ Specific heat/ Thermal conductivity/

Material s I -
(kgm”) (Jkg K)) (Jm -K")

Separator  1008.98 1978.16 0.3344
Positive 3985 126921 1.58

electrode

Negative 130033 14374 1.04

electrode

Aluminum /) 875 170
foil

Copper foil 8933 385 398
Nylon 1150 1700 0.26

Steel can 7850 475 44.5
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Fig. 3 Finite element model of lithium-ion battery: (a) Cell;
(b) Packs
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Fig. 4 Comparison of temperature difference under different
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Fig. 5 Simulated contours of temperature for 18650/2.5 Ah
cell at end of 5C discharge: (a) Overall temperature field; (b)

YOZ cross section temperature
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Table 3 Temperature distribution of lithium-ion module at different discharge rates

Temperature rise/K

Rate/C Heat transfer coefﬁcient/(W'mfz'Kfl) AT /K Tma/K
Cell 8 Cell 1
1 20 0.23 0.30 0.45 304.19
3 20 0.80 1.06 1.61 313.76
5 20 1.45 1.94 2.90 322.88
8 20 2.58 3.50 5.17 336.45
10 20 3.43 4.71 6.89 345.42
Temperature/K Temperature/K
430421 . 4313.84
(a) 304.2 (b) 313.8
313.6
304.1 313.4
313.2
304.0 313.0
312.6
303.8 3124
3122
303.7 312.0
311.8
303.6
v303.6 v311.65
Temperature/K Temperature/K
4323.03 4336.76
© 230 W
3225 336
322.0 335
3215 334
321.0 333
320.0 332
320.5 331
19.
319.5 330
¥319.05 v329.6

B 6 AR EE RS dg e OB EFGH il 73 Aii
Fig. 6 Temperature distribution of cross-section EFGH of battery module under different discharge rates: (a) 1C, 3600 s; (b) 3C,
1200 s; (¢) 5C, 720 s; (d) 8C, 450 s
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