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1. Introduction 

In this modern era, many people are aware that our 

environment is getting worse from day to day due to air 

pollution, mainly from the on-road vehicles. To combat 

this problem, electric vehicles (EVs) are created, i.e., 

hybrid electric vehicles (HEVs) and fuel cell hybrid 

electric vehicles (FCHEVs) [1-5]. Another reason to opt 

for EVs, is because the conventional internal combustion 

(IC) engines run on fuel and fossil fuels, which are non-

renewable energy. It will be used until the vehicle run out 

of fuel and as substitution, powered battery is used. 

Electric powered vehicles use battery pack as their main 

source of energy. Although EVs have not polluting gas 

emission while operating and have high energy 

efficiency, the heat management of the battery pack is a 

huge downside for the EVs [6-11]. 

Currently, the most commonly used battery in EVs 

is the Lithium-ion (Li-ion) batteries as shown in Figure 

1. Li-ion batteries have greater power and specific energy 

compared to Lead Acid and Nickel Metal Hydrides (Ni-

MH) batteries [1,13]. The life of Li-ion batteries 

decreases when the temperature is high, while power and 

energy capabilities decline at cold temperature. These 

limit the range of driving and performance of EVs 

[14,15]. The desirable temperature for Li-ion batteries to 

operate is in the range between 25 to 45℃ [16]. Cooling 

system for battery in electric vehicles is important 

because it affect the safety, battery life and battery 

performance [17-18]. The rising of temperature due to 

Abstract: Many people are aware that our environment is getting worse from day to day due to air 

pollution, mainly from the on-road vehicles. To combat this problem, electric vehicles (EVs) such 

as hybrid electric vehicles (HEVs) and fuel cell hybrid electric vehicles (FCHEVs) were introduced. 

Cooling system for the battery pack in electrical vehicles is crucial, as the battery will have a poor 

performance if it is too hot. High temperature can cause fast aging of the battery. This review paper 

is to discuss the cooling system has an effect on the performance of the battery pack in electrical 

vehicles (EVs). From previous research findings and several methods can be used to solve this 

problem, either through simulations or experiments. Simulations usually run by computer software 

such as computational fluid dynamics (CFD) or finite element model (FEM) using mesh models. 

Most researchers prefer to choose simulations rather than experiments because it can save a lot of 

cost. As a result, battery pack in EVs needs to have cooling system, so that all the systems can run 

smoothly and efficient. 
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heat generated in the battery will reduce the performance 

[17]. Therefore, this review paper also discuss the 

thermal management of the battery pack in EVs, methods 

of cooling battery pack in EVs and modelling of battery 

cooling system in EVs. 

 

 
Fig. 1: Schematic drawing of Lithium-ion battery 

cell [12] 

 

The arrangement of the cooling system of electrical 

vehicles battery pack is shown in Figure 2 [16]. This 

experiment is on liquid boiling cooling versus air 

cooling. In the external heat exchanger, the coolant liquid 

is heated and vapored gas is cooled down and condensed. 

The charging and discharging cycles are done 5 times. 

Charging is done by the constant current charge followed 

by the constant voltage charge, while discharging is done 

by the constant current. Experiments are carried out by 

10ºC and 20ºC charging/discharging rates and the time 

for a full discharge is 6 minutes and 3 minutes 

respectively. 

 

 

Fig. 2: Cooling system of electrical vehicles battery 

pack construction [16] 

 

 

 

 

 

2. Discussion 

2.1 Thermal Management of the Battery Pack in 

Electrical Vehicles 

 Figure 3 (a) and (b) show the overall pictures of 

temperature distribution in the battery pack at the end of 

discharge for rate of 2ºC [19]. Both battery packs are 

using air as cooling medium and left for 24 minutes in 

respective methods. The differences between the two are 

the battery pack in Figure 3 (a) use natural convection 

with heat transfer coefficient, h = 7 W/m2℃ and air 

velocity, Vair = 0.01 m/s, whereas the battery pack in 

Figure 3 (b) is tested using forced convection with h = 50 

W/m2℃ and Vair = 1 m/s. Referring to the results, the 

value of h and Vair for battery pack in Figure 3 (a) is 

smaller and the heat removing process for the battery 

pack is not so efficient compared to battery pack in 

Figure 3 (b), which have better uniformity in terms of 

temperature. 

 

 

Fig. 3: Overall picture of temperature distribution in 

the battery pack at the end of discharge for a rate of 

2ºC with cooling medium of (a) natural convection 

and (b) forced convection [19] 

 

 Meanwhile, Figure 4 shows the temperature profile 

of two adjacent cells with different methods of cooling; 

(a) is by air-cooled, whereas in (b) is using phase change 

material (PCM) [20]. PCM cooling method gives better 

thermal management for cooling system as the colour 

indicator is green with a little bit yellow showing more 

cooler condition compared to the battery pack in Figure 

4 (a) which indicates hot condition by red colour 

indicator. However, the temperature for battery pack in 

Figure 4 (b) is around 47.5℃, but still do not reach the 

high temperature, which can affect the performance and 

efficiency of Li-ion battery pack. 
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(a)                                      (b) 

Fig. 4: Temperature profiles in two adjacent cells 

when applied (a) air-cooling and (b) passive cooling 

[20] 

 Figure 5 shows an illustration of a simulation using 

computational fluid dynamics (CFD) with thermal 

runaway in a battery pack [21]. The ignition starts as 

shown in illustration number 1 where the cell at the 

bottom left corner draws high current and overheated. 

Afterwards, the heat will progress to other cells as shown 

in the illustrations numbered 2, 3 and 4 until the whole 

battery pack ignites. The ignition will cause the 

temperature of the battery pack to increase as depicted by 

the temperature profile in Figure 5. The changing of 

temperature is indicated by the different colours used in 

the profile. 

 

Fig. 5: An illustration of thermal runaway in a 

battery pack [21] 

 Furthermore, Figure 6 shows battery pack models 

based on joule heating experimental data [22]. The model 

on Figure 6 (a) can predict current density distribution, 

while the model on Figure 6 (b) is used to predict the 

resulting temperature distribution within a battery cell. 

From the observation, temperature profiles for higher 

temperature in the battery pack is indicated by red colour, 

which occurs in the middle surface of each battery cell, 

while the coolest temperature is indicated by blue colour 

arises in the outer surface of each battery cell. 

 

(a)                                        (b) 

Fig. 6: Models based on joule heating experimental 

data can predict (a) current density distribution and 

(b) the resulting temperature distribution within a 

battery cell [22] 

 

3.2 Methods of Cooling Battery Pack in Electrical 

Vehicles 

3.2.1 Series and Parallel Cooling 

 Figure 7 shows a comparison between the series and 

parallel flow thermal analysis in the cell of HEV battery 

pack [23]. The y-axis represents maximum temperature 

in each cell for both flows, while the x-axis represents 

the time taken for the analysis. 

 

Fig. 7: Transient and steady-state thermal analysis 

of the first module in a 12-module Optima battery 

pack for a parallel HEV [23] 

 

 For parallel flow, the cells in the battery pack are 

arranged upright, so the airflow that goes through the 

cells is in an upward direction. On the other hand, for 

series flow, the cells are arranged side by side and the air 

that cools the battery pack will flow across the cells. 

From the figure, it obviously states that parallel flow has 

higher maximum cell temperature when it is running 

compared to the series flow, which means when the cells 

of the battery pack is in series flow it will reach the steady 
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state faster. This condition proves that battery pack that 

use series flow is much better compared to parallel flow. 

3.2.2 Air Cooling and Phase Change Material (PCM) 

Cooling 

 Figure 8 shows temperature against time for plug-in 

hybrid electric vehicles (PHEV) for 20 battery packs 

[20]. Both initial temperatures are equal which are at 

40ºC. The red line represents air cooling with h = 6 W/ 

m2K, whereas the blue line represent PCM cooling. 

According to the figure, it shows that as time increases, 

temperature for both cooling type also increase. In 

comparison, when the battery pack is cooled using 

airflow, the temperature increase abruptly but by using 

PCM cooling, the temperature increase in a small amount 

and the increment of the temperature of the battery pack 

is almost constant after 200 seconds. This is because 

PCM reflects the heat absorption at the surroundings of 

the cells in the battery pack. This shows that using PCM 

cooling method is way better. 

 

Fig. 8: Cell temperature increases for plug in hybrid 

electric vehicle (PHEV)-20 battery pack under 

stressed condition [20] 

 

3.2.3 Active Cooling and Passive Cooling 

 Figure 9 and 10 show types of cooling methods, 

which is an active and passive cooling method in EVs 

respectively [24]. Both active and passive cooling 

methods are using outside air as their cooling medium. 

The difference between active and passive cooling 

method is that, the passive cooling have cabin air for the 

returned air from the exhaust, while the returned air for 

active cooling have to return back to the inlet of outside 

air. 

 

Fig. 9: Active Heating and Cooling [24] 

 

 

Fig. 10: Passive Heating and Cooling [24] 

 

3.2.4 Air cooling & Oil Cooling 

 Figure 11 shows the transient and steady-state 

comparison of cooling an Optima module with liquid or 

air based on a similar parasitic pump/fan power [23]. The 

battery pack in Figure 11 (a) used air cooling, while in 

Figure 11 (b) used oil cooling. The y-axis represents the 

maximum cell temperature and the x-axis represents time 

taken in minutes. The initial temperature of the battery 

pack is 30ºC for both cooling methods and 25ºC for 

initial temperature of both air and oil. 

 Figure 11 (a) and (b) show that when the time 

increases, the maximum cell temperature also increases. 

The top, middle and bottom lines in red, green and blue 

respectively are showing the vertical location of the cells 

in the battery pack which is the top layer, middle layer 

and bottom layer. It shows that oil cooling method have 

a better heat transfer compared to air cooling method.  

 

 

(a)                                     (b) 

Fig. 11: Transient and steady-state comparison of 

cooling an Optima module with (a) liquid or (b) air 

based on a similar parasitic pump/fan power [23] 

 

3.2.5 Large and Small Aspect Ratio 

 Figure 12 shows the comparison results for heating 

rectangular battery packs using different aspect ratios, 

which are large and small. Each aspect ratio is tested 
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using core and jacket heating [25]. The energy input is 

6.62 Wh/kg and the experiment ran for 2 minutes. The 

vertical axis represents the temperature of battery pack 

and the horizontal axis represents time taken in seconds. 

The figure shows that the longer the time, the 

temperature will be higher. In comparison of core 

heating, it shows that large aspect ratio have lower 

temperature than the small aspect ratio. Meanwhile, for 

jacket heating, the large aspect ratio has higher 

temperature compared to small aspect ratio. However, 

comparison between core and jacket heating indicates 

that jacket heating have relatively lower temperature and 

from the overall analysis, jacket heating with small 

aspect ratio have the lowest temperature after being 

cooled. 

 

Fig. 12: Comparing results of heating two 

rectangular batteries with different aspect ratios for 

heating rate [25] 

 

3.3 Modelling and Analysis of Battery Pack Cooling 

System in Electrical Vehicles 

 Figure 13 shows the detailed computational fluid 

dynamics (CFD) thermal model of the cold plates which 

is used to extract the pressure losses, convective heat 

transfer coefficient and the thermal resistance of the cold 

plates for different mass flow rates [26]. Specific for low 

Reynolds number turbulence models have been utilized 

to acquire an exact description of the hydrodynamic and 

convective heat transfer case inside the complex small 

channels in the cold plates. The model has been 

numerically and experimentally established. 

 

 

Fig. 13: Detailed CFD model for the cold plates of 

battery pack [26] 

 Meanwhile, Table 1 shows that the temperature of 

the battery pack is affected by the diameter of the cooling 

channels [27]. These results were obtained from 

combining 1D network solver, 3D heat transfer and 

computational fluid dynamics (CFD) modeling method, 

in order to find the optimized cooling systems. The 

bigger diameter leads to higher temperature difference 

(DT) within the cells of the battery pack. The difference 

of the average temperature from the first battery cell to 

the last one also increases with the diameter of cooling 

channel. 

Table 1: Temperature change for different diameter 

of cooling channels [27] 

 

 The computational fluid dynamics (CFD) using 

mesh models of series ventilation in Figure 14 (a) and (b) 

compared the temperature distribution of the battery pack 

with and without cooling system [25-27]. The cooling 

system for this model is by using fan to cool off the 

battery pack. In Figure 14 (a), when the cooling of battery 

is not considered, temperature increased by 21.87℃. The 

battery will work in bad condition, and it will accelerate 

aging, if the maximum temperature exceeds 50℃, which 

is very hazardous. 
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Fig. 14: Temperature distribution at battery 

surfaces (a) without cooling system and (b) 

considering the cooling system. [25-27] 

 On the other hand, based on Figure 14 (b), after the 

fan is turned on, maximum temperature falls to 37℃, 

indirectly meets the working condition which is in the 

range of 25-40℃. On the downside, the range of 

temperature difference among the cells rose, which 

shows the temperature consistency of battery pack 

becomes bad. Explicitly, the lowest temperature is in the 

first layer and consequently, it increase in each layer 

below it, because the cooling air is heated when flowing 

through each of the layers when using series ventilation. 

 Figure 15 (a) and (b) show the ANSYS CFD model 

for similar battery model but with different diameter and 

length of gap between each cell. In Figure 15 (a), the cells 

have smaller diameter, so the gap between the cells are 

bigger. However, the cells in Figure 15 (b) have larger 

diameter, which makes the gap between the cells smaller 

[25-27]. According to Figure 15 (a), the first and last cell 

experienced smaller heat transfer coefficient because the 

velocity is lower due to lesser blockages in the 

neighbourhood cells. Without CFD analysis, this could 

have been overlooked because generally, the first cell 

will be cooler than the others. The smaller gaps between 

the cells in Figure 15 (b) cause in higher velocity, which 

means greater heat transfer coefficient. Therefore, this 

cell configuration at the battery pack will be cooler 

compared to the smaller diameter because it has more 

uniform temperature distribution and lower temperature 

values. 

 

Fig. 15: Temperature distribution of a 16-cell 

battery model (a) with smaller diameter and (b) with 

larger diameter.[25-27] 

4. Conclusion 

Nowadays, battery pack plays an important role for 

green vehicles concept, since it replaced the fuels such as 

gasoline oil or diesel. Therefore, a well design thermal 

management system is required to regulate the battery 

pack temperature evenly. Production of EVs requires 

different methods of cooling for the battery packs, in 

order to allow it to operate in all climates because the life 

and performance differs according to the surroundings. 

By using liquid as cooling/heating medium, it gives a 

better effectiveness to the thermal management system. 

Generally, for parallel HEVs, an air thermal management 

system is adequate, whereas for EVs and series HEVs, 

liquid-based systems may be required for optimum 

thermal performance. Li-ion batteries also need a good 

thermal management system because of the safety and 

low temperature performance concerns [9]. The location 

of the battery pack may also have a strong impact on the 

type of battery thermal management required by the 

battery, and whether the pack should be air cooled or 

liquid cooled. 
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