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In this study, parameters such as maximum battery temperature, temperature difference inside the battery, 
cooling effect of the cold plate on the battery, temperature difference across the cold plate and battery 
efficiency are investigated for the reference battery at different C-rate values. The battery thermal management 
system is modelled in MATLAB/Simulink using a lumped method and in ANSYS/Fluent using the NTGK 
method. The data obtained with the lumped model and NTGK method are used as boundary conditions for 
CFD analysis in ANSYS/Fluent. By defining the heat flux on the CAD designed cold plates in spider web and 
serpentine geometries, the amount of heat transferred to the cold plate, the temperature rise in the cold plate, 
and the heat dissipation and cooling performance on the cold plate surface are analysed. The studies were 
carried out assuming the input parameters given in Table 2. 
 

Table 2. Input Parameters 

Parameters Value 

 10 

Refrigerant Inlet Flow Rate (g s-1) 7 

Spider Web Cold Plate Total Channel Area (m2) 0.217 

Serpentine Cold Plate Total Channel Area (m2) 0.206 

Ambient  25 

 20 

Initial SOC Value of the Battery (%) 85 

 
 

 
The assumptions considered when reducing the physical problem to a mathematical model are as follows: 

 Heat generation inside the battery is equal in each cell. 
 The convection coefficients on the lateral surfaces of the battery module are the same. 
 The heat generation in the cells does not depend on the temperature. 

The top surface of the battery is assumed to be adiabatic. 
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 (1) 

where   is the battery mass, is the specific heat capacity of the battery,  is the total amount of heat 
generated by the battery and  is the total heat dissipated from the battery. 

 (2) 

 

 (3) 

where  is the electrical current, and  is the internal electrical resistance. 

 (4) 

 
 

 
Kwon et al., 2006)

 

 (5) 

 

 (6) 

 

 (7) 

 

 (8) 

 

 (9) 
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3. RESULTS AND DISCUSSION 

In this study, where the NTGK method and Lumped method are compared, 
the maximum cell temperature of the battery and the heating performance of the cold plate for 0.5C, 1C, 2C 
and 5C rates are evaluated by assuming an initial temperature of 25 85%. It is 
observed that as the C-rate value increases, the maximum cell temperature increases and the cooling 
performance decreases. When the results obtained from the NTGK method and Lumped method were 
compared, a difference of 1.95% was found.  
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