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Abstract : In electrified vehicles, large lithium ion batteries are typically used because of their high charge and
discharge efficiency, high power density, wide range of SOC operation, longer shelf life, and lower self-discharge rate.
However, such type of batteries should be kept at the proper operating temperature to extend their battery life and avoid
explosion. Therefore, a battery cooling system is an essential sub system for electrified vehicles. In this study, the
multi-dimensional battery heat transfer model was developed by using Matlab/Simulink, and validated with CFD
simulation results. Based on the Matlab/Simulink model, the cell maximum temperature, cell maximum temperature
deviation, and distribution were tested. The model is then used to estimate the effect of ambient temperature, cooling air

temperature and flow rates, heat generation, and the design of the cooling fin on temperature distribution and maximum
temperature change in the battery module.
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Fig. 6 Heat transfer model of indirect air cooling battery module in Matlab/Simulink
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Table 1 Specification of cell and cooling plate

Number of cell 12ea
Size of cell 89x148x26.5 mm’
Density of cell 2300 k,g/m3
Specific heat of cell 1132 J/kg-K
Thermal conductivity of cell 11 Wm-K
Cooling plate A6NO1-T6

Table 2 Condition of simulation (case 1)

Temperate of ambient 45°C
Current 60 A
Flow rate of cooling air 65.7 CMH
Temperature of cooling air 333°C
Number of fin 16ea

Table 3 Heat transfer of cells and pressure drop of cooling
air in case 1

Heat generation of cells 39.2799 W
Cells to cooling air 35.8203 W
Cells to ambient air 3.4596 W

Pressure drop 68.8513 Pa
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Fig. 8 Comparison of battery cell temperature between CFD
model and MATLAB/Simulink model in case 1
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Fig. 10 Temperature distribution of maximum and minimum
temperature cells in battery module

Table 4 Base condition of simulation

Parameters Base condition
Ambient temperature 45°C
Current 60 A
Flow rate of cooling air 60 CMH
Temperature of cooling air 30°C
Number of fin 18ea

Table 5 Value range of various parameters

Parameters Value range
Ambient temperate (°C) 30/35/40/45/50/55
0/10/20/30/40/
Current (4) 50/60/70/80
Flow rate of cooling air 10/20/30/40/50/
(CMH) 60/70/80/90/100

10/15/20/25/30/35/40/45

6/7/8/9/10/11/
12/13/14/15/16

Temperature of cooling air (°C)

Number of fin
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