
Optimized Battery Thermal Management System in 

Electric Vehicle 

Sethusundaram P P 
1
, Jeeva N 

2
,Pradeep Kumar J 

3
,Praveen Kumar S 

4
 

1 
Professor, 

2 ,3 ,4 
UG Scholar, 

Department of Mechanical Engineering, 

M.Kumarasamy College of Engineering, 

Karur, Tamil Nadu, India-639113. 

1ppsethu63@yahoo.com 

2jeevanatrajan10@gmail.com 

3pradeepkumarjcyp@gmail.com 

4praveenkumar17101998@gmail.com 

 

Abstract—To run the electric vehicle, battery system is used. In battery system internal heat is generated due to various reason such as 

close arrangement of cells, periodic recharge and discharge of  batteries. This heat can cause reduction of driving range, System safety, 

Life time of battery and Efficiency. To eliminate the heat by introduction of Battery thermal management system. In  Battery thermal 

management system various cooling arrangement configurations (1s,2s,Parallel & Parallel with smooth tubes) are done to maintain the 

optimum temperature level of  battery. This work is done by a Computational fluid analysis to characterize the temperature distribution 

of the battery under various configuration using Ethylene glycol and also Nano particles and Phase change material are introduced in the 

Lithium ion battery system. Inlet velocity of fluid is given as 0.1m/s and the temperature is 300K. Heat generated by the cell is 4 watts per 

cell and the heat flux is 1.66*e^5 w/m^2. 
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I. INTRODUCTION 

 In day-to-day life E-vehicles are increased in numbers to avoid pollution. Electric vehicles use large amount of batteries to 

store energy.  Battery system is one of the major part in electric vehicles, on behalf of that this project has been explored.  

Lithium ion battery system is used in the most of the electric vehicle. Lithium ion battery contains low self discharge rate, 

light weight and high energy density. However, despite their auspicious feature, there are some obstructions with regards to battery 

system such as temperature related issues. The temperature can minimize the lifetime, performance and safety. Temperature 

difference among cells and modules in a battery pack must be controlled else thermal runaway might occur. Thus, an effective 

battery thermal management system is necessary to disappear the excess temperature  in the battery. Moreover, in low temperature 

case, heating is required to ensure the best performance. 

 The goal of battery thermal management system is to increase the life time of Lithium ion cells and thus regulating the 

temperature level and distribution. The vehicle is operated in very high or low ambient temperature battery efficiency will decrease. 

A BTMS is especially necessary when the cells are susceptible to high rates of charging and discharging. Not only the average or 

maximum temperature in a cell influences the aging but also the temperature gradient across the cell. Premature aging of a single 
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cell degrade the performance of the module. The heat is generated due to joule’s heating law. High cell temperature lead to increase 

the internal resistance of the cell which will reduce the output power. As the battery pack increase in size and charge/discharge rate 

more heat energy will generated in them. If this heat does not dissipate properly, it will remains in the battery pack. To made the 

convective heat transfer temperature distribution can done.  

This project aims to analyze and compare the arrangement of pipe and performance of different cooling configuration used 

in the Lithium ion battery module. The comparison is done by simulating the performance of the module using computational fluid 

dynamics software. This software replicates the properties of cell and flow distribution. To analyze result such as maximum 

temperature, temperature difference and the temperature distribution within the cell are compared to each other. 

II. OBJECTIVE 

 The main objective of this is to maintain the energy dissipation of each cell in the module in order to control the 

temperature level of batteries. The dissipation rate of the cells used in the module plays a major role in the energy storage. Due to 

this reason the usage of flow of coolant through various channels is to control the temperature of the battery module and to improve 

the life of the battery. Since the battery is less affected by the temperature change there will be a huge difference in the life time 

working of the battery. In this use the constant heat flux generated in the cells and to find the optimal solution. 

III. CAD MODEL –VARIOUS GEOMETRICAL CONFIGURATION 

Geometric model is generated in “CATIA SOFTWARE” and the generated model is exported to .IGES format as it is a 

third party format. 

IV. 3D MODEL FOR COOLING CHANNELS 
The fluids in the channel can observe the heat of the cell. So, optimize the fluid channel is necessary. The fluids are flow in 

various channel, as shown in the Fig. 1-4. 

A. 1-s Cooling Tube (1-Inlet & 1-Outlet)  

This channel consist of one inlet and one outlet and it is a primitive type. A single channel can flow a entire cell, as shown 

in Fig. 1. A first cell has a minimum temperature and last cell has a maximum temperature. It has a high pressure pump to flow a 

fluid at a edge.  

 

Fig. 1    1-s Cooling Tube (1-Inlet & 1-Outlet) 

B. 2-s Cooling Tube (2-Inlet & 2-Outlet) 

This channel consist of two inlet and two outlet. A single channel can flow a half of the module, as shown in Fig. 2. It has a 

less pressure pump than 1S configuration to flow a fluid at a edge. 
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Fig. 2 2-s Cooling Tube (2-Inlet & 2-Outlet) 

C. Parallel Cooling Tube 

In this type of channel has also one inlet and one outlet. The fluid will not fulfilled to travel in the pipe. The pipe is fitted in 

entire row in the module, as shown in Fig. 3.   

 

Fig. 3 Parallel cooling tube 

D. Parallel Cooling with Smooth Tubes 

In this configuration has also one inlet and one outlet, as shown in Fig. 4. The fluid is fully developed flow in the channel. 

The fluid flow in the smooth way in the tube. So, it is called as Parallel Cooling with Smooth Tubes.   

                                                      

                                                                                         Fig. 4 Parallel Cooling with Smooth Tubes 
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V. SURFACE MESH 

A. Meshing: 

After cleaning up the geometry surface mesh is generated in ANSA tool. All the surfaces are discredited using triangular 

surface element .As the geometry has some complicated and skewed surfaces triangular dominant surface elements are used to 

capture the geometry. The following figure shows the surface meshes and volume mesh in a cut plane. The meshing of various 

configuration as shown in Fig. 5-8. The surface mesh count of the entire flow ,maximum surface skewness, the volume count and 

maximum volume skewness are shown in Table 1. 

 

 

 

 

 

Fig. 5 Surface Mesh for 1-s Cooling Tube (1-inlet & 1-outlet) 

 

 

 

 

 

 

Fig. 6 Surface Mesh for 2-s Cooling Tube (2-inlet & 2-outlet) 

 

 

 

 

 

 

 

Fig.7 Surface Mesh for Parallel Cooling Tube 
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Fig.8 Surface Mesh for Parallel Cooling with Smooth Tubes 

VI. MESH-DETAILS 

 
The meshing of these configuration is very complicated because it has two domain solid and fluid, as shown in Fig.5-8. By 

using the ANSA software surface mesh is generated. The meshing details are shown in Table 1. 

 

TABLE 1 

MESH DETAILS 

Parameter 1S Configuration 2S Configuration Parallel Cooling Tube 
Smooth Parallel Cooling 

Tube 

Surface Mesh Count 4,52,319 4,11,741 4,01,672 5,92,167 

Surface Mesh Quality 0.6 0.6 0.6 0.6 

Volume Mesh Count 11,74,181 11,40,017 11,20,641 1,21,907 

Volume Mesh Quality 0.8 0.89 0.89 0.89 

 

VII. SOLVER-SETUP 

 Coolant Fluid is assumed to be Ethylene-Glycol, Flow is assumed to be 3D,Turbulent and compressible, Flow is assumed 

to be velocity inlet with 0.1 m/s, Air temperature is assumed to be at STP, Cell volumes are assumed to be at constant heat flux  of 

1.66*e^5 W/m2. 

 

VIII. MATERIAL PROPERTIES 

 

To choose four different material and has an different fluid properties as shown in Table 2. In PCM material has both fluid and 

solid properties and the Nano particle is combined with Ethylene-Glycol to become Nano fluid. The Nano fluid has special fluid 

properties based on the concentration.  
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TABLE  2 

PROPERTIES OF MATERIAL 

Properties/Material Symbols 
Ethylene-Glycol 

(Fluid) 

Lithium ion 

Battery (Solid) 
Nano fluid PCM 

Density(Kg/m3) ρ 1097 2560 1169.25 857 

Specific Heat (j/Kg-K) Cp 2200 1000 3500 680 

Thermal Conuctivity (W/m-K) k 0.254 25 0.326 30 

Viscosity (Kg/m-S) µ 0.001003  0.001095 0.00553 

Latent Heat (j/Kg)     223000 

Liquidus Temperature (K)     317 

Solidus Temperature (K)     317.1 

 

IX. RESULTS AND FINDINGS 

 

A. Temperature contours for different geometrical configuration 

       1)  1-S Cooling Tube (1-Inlet & 1-Outlet): For this configuration there is a considerable variation of temperature some cells 

with high temperature (315K) near outlet and low temperature near the inlet. This is because of the reason that the heat is 

continuously added to the cooling liquid. While the high temperature cells produce unfavorable condition,  too much temperature  

variation cause thermal stresses in the Battery system. A single channel can flow a entire cell, as shown in Fig. 1. A first cell has a 

minimum temperature and last cell has a maximum temperature. Maximum temperature is 315K. Minimum temperature is 300K. 

Temperature difference is 15K, as shown in Fig. 9.  

 

 

 

 

 

 

 

 

 

 

 
Fig. 9   Temperature Contour of 1-s Cooling Tube 
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        2)  2-S Cooling Tube (2-Inlet & 2-Outlet):In this configuration  temperature has reduced by 3 K from 1S configuration.Still the 

high temperature cells produce unfavourable condition. This too much temperature variation cause thermal stresses in the Battery 

system in this configuration too. Maximum temperature is 312K. Minimum temperature is 300K. Temperature difference is 12K ,as 

shown in Fig. 10. 

 

 

 

 

 

 

 

 

 

Fig. 10 Temperature Contour of 2-s Cooling Tube  

       3)  Parallel Cooling Tube: In parallel configuration most of the cells have minimum temperature of 307 K. At the same time 

few cells near the outlet region have very high temperature. Maximum temperature is 337K.Minimum temperature is 

300K.Temperature difference is 37K, as shown in Fig. 11. 

 

 

 

 

 

 

  

 

  Fig. 11 Parallel Cooling Tube 

      4)  Optimized Parallel Cooling with Smooth Tube: This parallel configuration with smooth coolant flow channels eliminates 

high temperature cells very efficiently. Maximum temperature is 308K. Minimum temperature is 300K. Temperature difference is 

8K, as shown in Fig. 12.  
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Fig. 12 Parallel Cooling with Smooth Tubes 

X. FINDINGS FROM THE ANALYSIS 

In the base 1S configuration, Heat transfer characteristics are comparably poor due to “Continuously decreasing thermal 

gradient between Cold fluid and Hot cells”. Thus the Cells near the outlet have higher temperatures and in-turn less fatigue life. 

Where as in 2S configuration, the thermal gradient is high in both loops that result in better heat removal. Few cells registered high 

temperatures due to improper design that can be still improved. The average temperature distribution is very low comparing to other 

configurations and it would be the optimum model structure for better heat removal. In parallel configuration the smooth 

configuration  provides the optimum temperature distribution. Thus this geometrical configuration is taken for the further studies. 

 

XI. FINDING THE OPTIMUM NANO PARTICLE CONCENTRATION 

With parallel configuration with smooth coolant path is found to be optimum where the heat transfer is maximum, a study 

is executed with Nano particles are added in to the base fluid. The volume concentration of Nano particles are varied from 0.1 to 

0.4, as shown in Fig. 13-16 and CFD results are taken and compared. 

 

 

                        Fig.13 0.1% Nano particle concentration                                                                                       Fig.14 0.2% Nano particle concentration     

                                                                  

 

                      Fig.15 0.3% Nano particle concentration                                                                          Fig.16 0.4% Nano particle concentration 
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XII. FINDINGS FROM NANO ANALYSIS 

 

With the concentration of  Nano particles increase heat transfer rate increases and after 0.3 again heat transfer rate 

decreases. This is because of the reason the specific heat capacity (Cp) decreases after Nano particles concentration of 0.3 

drastically. Thus 0.3 would be optimum concentration of Nano particles as shown in Fig. 15. 

XIII. MODEL WITH PCM  
 

The PCM used for thermal management have a melting point in the optimum performing range of lithium cells. The PCM 

has high latent heat and acts as a heat sink during battery discharge. When the cells are on standby, the PCM releases heat to the 

cells an environment. The PCM consist of paraffin mixed with graphite flakes. The PCM is introduced in parallel cooling with 

smooth tube configuration and also Nano fluid is introduced in the channel, as shown in Fig.17. The fluid properties are in Table 2. 

It act as a hybrid thermal management system. 

 

 

 

 

 

 

 

 

Fig. 17 PCM Cells 

 

XIV. DOMAIN DISCRETIZATION WITH PCM 

 

The meshing of parallel cooling with smooth tubes and PCM material are shown in Fig. 18. With the inclusion of  PCM 

temperature distribution on the cells has found to be uniform and minimum at 304K, as shown in the Fig.19. But due to the space 

available very little PCM can be introduced for the given arrangement of cells. 

 

 

 

 

 

 

Fig.18 Mesh on PCM 
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Fig.19 Temperature Contour of PCM with 0.3% Concentration of Nano fluid 

 

XV. CONCLUSION 

Thus an exclusive and extensive analysis is executed using computational fluid dynamics (CFD) for the understanding the 

impact of enhancing the rate of heat transfer by varying geometrical configuration, using nana particle with the base fluid and 

adding PCM in the available space. From a detailed analysis of EV using CFD for various geometrical configuration, different 

concentration of Nano particles and PCM it was found that Parallel configuration with smooth coolant path found to better. A Nano 

particle concentration of 0.3% was found to be optimum for higher heat transfer rate. PCM concentration shows good heat transfer 

characterises  still PCM materials are costlier. Thus Parallel configuration with smooth coolant path allied by 0.3 concentration of 

Nano particles found to be the optimum model. 
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