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Numerical simulation of detailed thermal model for cylindrical lithium-ion battery
ZHU Zehua, ZHANG Hengyun
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Lithium—ion batteries, with its excellent characteristics such as high energy density and low self—discharge rate, are
widely used in new energy vehicles. In this study, a detailed thermal model is established for 18650 cylindrical lithium—ion battery.
The simplified model by adopting a cylindrical coordinate is employed. Theoretical thermo—electric model conjugated with finite
element analysis to numerically study the thermal behavior (temperature distributions and profiles) of LiNiCoMnO,/C cylindrical
battery during different discharge rates. The results show that the contribution of heat source due to joule heating is significant during
the discharge process, and the effect of entropy heating is relatively small. Compared to the results of natural convection, the
maximum temperature of the battery is significantly reduced under forced convection, while the temperature difference between the
inside and the outer surface increases.
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Tab. 1 The parameters of the lithium—ion battery

HiE, W/ SN 52N FrfR K/
HE/V  HE/V  HEE/V (mA-h)

mm mm

18 25 4.25 2.75 3.6 2500
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Fig. 1 Schematic of the configuration for cylindrical Li—ion battery
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Tab. 2 Thermo—physical properties of components in the 18650 cylindrical Li—ion battery

ZH AR g JEE/ pm ¥/ mm R/ (kg - m™) SR/ (W/m - K) HHE/(I/kg - K)
TEAR AL A Li(NiggCop;Mng;) 0, 77 58 2500 1.58 1269
ARt LiCq 72 58 5031.67 1.04 1437

B AR TZE Al 10 58 2710 202.4 871.5
TR AR 2 Cu 10 59 8975.6 387.6 381

e i PP/PE/PP 22 60 910 0.22 1883
TERR AR H- Al 100 63 2710 202.4 871.5
fob B Ni 100 63 8900 91.4 444

FL iU LiPF6/EC/DMC/EMC - - 1280 0.45 134
977 48 il Al r=6mm 4 2710 202.4 871.5
TEAR T00 SPCC/JIS G3141 r=8mm 4 7800 16.27 478
TR R s Al r=8mm 2710 202.4 871.5
2% - - - 1000 0.19 1200
Hhit SPCC/JIS G3141 300 65 7800 16.27 478
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Tab. 3 Polynomial fit to entropy data

A‘Sl.ixc(y ASI.iNiCUMnOZ

DOD 0-0.469 0.469-0.490

al 11 316.261 8 -
a2 5120.701 9 -
a3 -18058.356 7 -
a4 10 285.028 2 -
a5  —2409.864 7 -
a6 261.8100  -654.931 4
a7 —-17.808 1 306.372 2

0.490-1 DOD  0-1

111 396.985 9 bl -496.636 9
—-457 667.411 0 b2 12494824
776 445.885 9 b3 -1 078.638 1
—696 337.467 5 b4 3674523
348 390.916 9 b5 -57.409 5
-92 261.567 9 b6 127325
10 094.793 6 b7  -7.6734
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Fig. 4 Numerical model, including computational meshes and

boundary conditions
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Fig. 5 The location of thermocouples on the surface of the battery
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Fig. 7 Comparison between experimental and simulation results
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process with different discharge rate
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Tab. 4 T,..s Teuface and AT of battery with different discharge

rate at DOD=1.0

h = 5W/m*K h =75 W/m’K
C-rate

Tox 7/ C Topoe /C AT Tae 7 C Tyuiaee” G AT
2 4624 4542 0.82 3060  28.81 1.79
3 57.66 5628 1.38 3707 3326 3.81
4 609.05  67.03 2.02 4505 3875 6.3
5 8048 7177 271 5414 4503 9.11
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