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Basic Investigation into the Validity of Thermal Analysis of 18650 Li-ion
Battery Pack Using CFD Simulation
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TCorresponding author :
hskim1101@seoultech.ac.kr  Abstract >> The Li-ion battery is considered to be one of the potential power sour-

_ ces for electric vehicles. In fact, the efficiency, reliability, and cycle life of Li-ion
Ezsies';'zd zggﬁzzz’f%go batteries are highly influenced by their thermal conditions. Therefore, a novel
Accepted 30 October, 2020 thermal management system is highly required to simultaneously achieve high

performance and long life of the battery pack. Basically, thermal modeling is a
key issue for the novel thermal management of Li-ion battery systems. In this pa-
per, as a basic study for battery thermal modeling, temperature distributions in-
side the simple Li-ion battery pack (comprises of nine 18650 Li-ion batteries) un-
der a 1C discharging condition were investigated using measurement and com-
putational fluid dynamics (CFD) simulation approaches. The heat flux boundary
conditions of battery cells for the CFD thermal analysis of battery pack were pro-
vided by the measurement of single battery cell temperature. The temperature
distribution inside the battery pack were compared at six monitoring locations.
Results show that the accurate estimation of heat flux at the surface of single cy-
lindrical battery is paramount to the prediction of temperature distributions in-
side the Li-ion battery under various discharging conditions (C-rates). It is consid-
ered that the research approach for the estimation of temperature distribution
used in this study can be used as a basic tool to understand the thermal behavior
of Li-ion battery pack for the construction of effective battery thermal manage-
ment systems.

Key words : Li-ion battery(2| §-0| 2 H{E{2]), Thermal management(Z 2 2|), Thermal
modeling(€ X T &), CFD (computational fluid dynamics, A8 X
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Fig. 1. Schematic of the single cylindrical Li-ion battery used
for discharging experiment
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Fig. 3. Geometric configuration of the Li-ion battery pack
adopted for the present study
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Table 1. The specifications of NCR18650B cylindrical battery
used for the current study

Parameter Value
Rated capacity (Ah) 34
Nominal voltage (V) 3.6-3.7

Temperature (C) -20 to 60
Size (DxH : mm) 18.06%65
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Table 2. Macro-scale thermo-physical properties for 18650
battery thermal analysis

Property Value
Specific heat capacity (J/kg-K) 80
X and Y conductivity (W/m-K) 4
Z conductivity (W/m-K) 50
Reference density (kg/m’) 1,800
. 3 Anode: 2,700
Density (kg/m’) Cathode: 9,000
. . Anode: 870
Specific heat capacity (J/kg-K) Cathode: 381
Anode: 200

Thermal conductivity (W/m-K) Cathode: 380

® Point1

® point2

*® Point3

Fig. 4. Single cylindrical Li-ion battery model adopted for the
simulation
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Table 3. Boundary conditions used for the thermal analysis of
simplified Li-ion battery pack

Parameter Value (or condition)
Battery outer surface Wall heat flux
Battery pack wall No-slip
Air inlet temperature (C) 20C
Air inlet velocity (m/s) 0.25
Battery pack (Acrylic)

wall density (kg/m’) 119
Specific heat capacity (J/kg-K) 1,470
Thermal conductivity (W/m-K) 0.19
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Table 4. Measurement and CFD calculated temperatures at
the two measuring points for different heat transfer co-
efficients

Temp. (C) Temp. (C)
(at Point 1) (at Point 4)
Measurement 26.6 36.4
Calculation
(single battery thermal 27.8 34.8
simulation at /=4 W/mz-K)
h=5 W/m*K 283 35.6
h=6 W/m*K 28.8 36.2
7=7 W/m>K 29.8 37.2
h=8 W/m*K 30.5 37.9
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B4 0.975 B9 0.97
BS5 1.01

Table 6. Comparison between measurement and CFD simu-
lation results at h=6 (W/mz-K) condition for the six monitoring
points (at t=3,000 s)

Measurement (C) | CFD Calculation (C)
Point 1 26.6 28.8
Point 2 30.1 31.2
Point 3 32,5 32.0
Point 4 36.5 36.2
Point 5 34.6 34.1
Point 6 27.8 272
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