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ABSTRACT: In this study, two factors affecting the cooling performance of lithium-ion batteries have been selected and 

investigated using numerical methods. They have been determined as airflow geometry design and different Reynolds numbers. 

First, the differences between a classical flow path design (Z channel) with air inlets and outlets in the same direction and an 

alternative design (U channel) with air inlets and outlets in different directions have been evaluated. To understand the effect of the 

turbulent properties of the fluid in both designs, the results of the analyses performed using different Reynolds numbers (Re=4000, 

6000, 8000, 10000, 15000) have been compared with each other. As a result, it has been observed that the U-channel design provided 

more homogeneous cooling on the battery surfaces and that the heat transfer is at higher values. In addition, it was observed that the 

Nusselt number increased with the increase in the Reynolds numbers used in the analyses. This study provides important data to 

understand the effects of airflow geometry and Reynolds number on the design of lithium-ion battery cooling systems and 

contributes to the development of optimized cooling solutions. 
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1. INTRODUCTİON 

Lithium-ion batteries have become one of the important 

components of developing technology. These batteries are 

widely used especially in portable electronic devices, electric 

vehicles and renewable energy storage systems. Thanks to 

their high energy density, lithium-ion batteries, which can 

store large amounts of energy despite their small size, are 

frequently used in smartphones, laptops and tablets, which are 

indispensable parts of daily life. In addition, with the 

increasing prevalence of environmentally friendly electric 

cars instead of fossil fuels, the energy efficiency and long life 

of these batteries have revolutionized the transportation 

sector [1]. Many advantages of lithium-ion batteries support 

their widespread use. First, their high energy density allows 

for longer life than other types of batteries. Their lightweight 

construction offers a major advantage in applications where 

weight is important, such as portable devices and electric 

vehicles [2]. In addition, the low self-discharge rate allows 

lithium-ion batteries to be stored for long periods without 

being charged. Their long life is also one of the reasons why 

these batteries are preferred. Durability in charge-discharge 

cycles provides cost-effectiveness and reduces environmental 

impacts. These advantages are the main reasons why lithium-

ion batteries are preferred [3]. 

The advantages offered by lithium-ion batteries are not 

limited to portability and energy density. These batteries, 

which also offer significant environmental benefits, stand out 

as an environmentally friendly alternative because they 

contain less toxic substances and are recyclable. Compared to 

older battery types such as lead-acid or nickel-cadmium, the 

production and usage processes of lithium-ion batteries are 

less harmful to the environment, making them an attractive 

option for industries seeking sustainable energy solutions. At 

the same time, the low maintenance requirements of these 

batteries provide an economic advantage for users by 

reducing additional costs during their lifespan [4]. Another 

promising area of use for lithium-ion batteries is their role in 

the integration of renewable energy sources. The 

intermittency of energy obtained from natural sources such as 

solar and wind necessitates storage solutions to ensure 

continuous energy supply. Lithium-ion batteries offer an ideal 

solution for storing this energy and using it when needed. In 

this context, the use of lithium-ion batteries is of critical 

importance to increase the efficiency of renewable energy 

systems and reduce dependence on fossil fuels [5]. 

As a result, lithium-ion batteries are a versatile and effective 

technology that offers a powerful answer to the need for 

energy storage and portability in the modern world. Used in a 

wide range of applications from electronic devices to electric 

vehicles, from medical applications to renewable energy 

systems, these batteries play an important role in every field 

of technology thanks to their high energy density, long life, 

environmentally friendly features and low maintenance 

requirements [6]. The development and proliferation of 

lithium-ion batteries will continue to shape both individual 

daily lives and global energy strategies. In the future, the role 

of lithium-ion batteries in energy storage and portable 

technology solutions will become increasingly central [7].  
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Lithium-ion batteries operate most efficiently within a 

specific temperature range. Typically, these batteries have an 

ideal operating temperature range of 20°C to 60°C [8]. In this 

temperature range, the battery's chemical reactions occur 

stably, achieving optimum performance in terms of both 

capacity and life. However, at low temperatures, battery 

performance drops significantly, which can lead to reduced 

energy density and longer charging times. At high 

temperatures, chemical reactions inside the battery accelerate, 

which can lead to thermal instability and compromise battery 

safety. Therefore, temperature management of lithium-ion 

batteries is critical for both safety and performance [9]. 

One of the biggest problems with lithium-ion batteries is the 

cooling difficulties encountered at high temperatures. 

Especially in high-energy applications such as electric 

vehicles, overheating of batteries poses a serious risk. 

Overheating can shorten the life of the battery and can also 

lead to a dangerous situation called thermal runaway. Thermal 

runaway means that the internal temperature of the battery 

increases uncontrollably, potentially causing a fire. To 

prevent this situation, lithium-ion batteries usually use 

cooling systems or materials that provide heat dissipation. 

However, these solutions create additional challenges in 

terms of both cost and system complexity. Therefore, it is 

important to develop an effective thermal management 

strategy to ensure the safe and efficient operation of lithium-

ion batteries. 

There are many studies on this subject in the literature.  Şen 

et al. reviewed the working principle, performance and 

failures of lithium-ion batteries. In their study, they focused 

on the general problems of batteries used in electric vehicles 

[10]. Deng et al. reviewed the research on the performance of 

coolant for lithium-ion batteries and the classification of 

liquid cooling systems. They compared the applications of 

different liquids such as water and oil as coolants and 

different additives such as nanoparticles. They evaluated the 

differences between active and passive cooling, internal and 

external cooling, and direct and indirect cooling for the 

classification of liquid cooling systems [11]. Chen et al. 

compared four cooling methods for lithium-ion batteries. 

They were air cooling, direct liquid cooling, indirect liquid 

cooling, and fin cooling. They found that the air cooling 

system consumed about three times more energy than the 

other methods and the indirect liquid cooling system had the 

lowest maximum temperature increase [9]. Thakura et al. 

focused on the thermal management systems of lithium-ion 

batteries of electric vehicles and examined different cooling 

technologies. They found that air-cooled systems, although 

offering a simple and safe design, have a limited area of use 

due to their low heat capacity. They stated that while liquid-

cooled systems provide more effective cooling, attention 

should be paid to the risk of leakage in their designs [12]. 

Sun and Dixon aimed to develop a cooling strategy for 

logistic ion air-cooled batteries used in hybrid vehicles. In the 

study, they created a three-dimensional thermal model for the 

temperature conditions and cooling distribution of the battery. 

As a result, a cooling strategy was developed to maximize the 

amount of battery pack and driving range [13]. Xun et al. 

investigated the differences between flat-plate and cylindrical 

designs to examine the thermal management of lithium-ion 

batteries. They found that in the flat-plate design, increasing 

the cooling channel size increased energy efficiency but 

caused irregularities in temperature distribution. They found 

that cylindrical battery designs were more efficient in terms 

of cooling, although less compact. They also added that a 

reverse flow arrangement or periodically changing the flow 

direction could improve thermal management [14]. Saw et al. 

focused on the air cooling system of a lithium-ion battery 

consisting of 38,120 cells for electric vehicles. The thermal 

performance of the battery was evaluated by computational 

fluid dynamics (CFD) method and experimental tests. They 

compared the results obtained from the analyses they made 

with different air flow rates with the data in the literature. As 

a result, they demonstrated the accuracy of the CFD method. 

They showed that the CFD method can be used to predict the 

thermal performance of large batteries [15]. Shang et al. 

designed a liquid cooling system for lithium-ion batteries and 

evaluated the cooling performance. They found that 

increasing the mass flow rate could not significantly improve 

the temperature distribution, although it reduced the 

maximum temperature [16]. Chavan et al. focused on 

extending the battery life by analyzing different cooling 

methods to ensure that lithium-ion batteries operate at 

optimum temperatures in electric vehicles. In their study, they 

presented different design suggestions for this issue [17]. 

Wang et al. investigated forced air cooling methods for 

thermal management of lithium-ion batteries. They evaluated 

the thermal behaviour of batteries under different cooling 

conditions and ambient temperatures using three-dimensional 

computational fluid dynamics (CFD). As a result, they found 

that forced air cooling is necessary above 35°C [18]. 

Park has studied and modelled the cooling of lithium-ion 

batteries used in hybrid electric vehicles with a forced air 

cooling system. In his study, he showed that battery cooling 

performance can be optimized by evenly distributing the air 

flow [19]. Akbarzadeh et al. compared air and liquid cooling 

systems for lithium-ion batteries and studied their power 

consumption and cooling performance. As a result, they 

found that liquid systems provide lower module temperature 

and better temperature distribution for a given power 

consumption [8]. Yang et al. investigated the thermal 

performance of axial flow air cooling for lithium-ion 

batteries. They evaluated the effects of radial spacing and 

airflow between cells by numerical analysis. As a result, they 

found that wider radial spacing makes the temperature 

distribution more uniform, slightly increases the average 

temperature, and reduces the energy cost of the cooling 

system [20]. Kizilel et al. evaluated the passive thermal 
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management system for Li-ion batteries using phase change 

material (PCM). They found that passive cooling provides 

faster heat dissipation than active cooling [21]. Wang et al. 

investigated the thermal performance of different cell 

arrangements of lithium-ion batteries. By evaluating air 

cooling strategies with various cell arrangements and fan 

positions, they found that the best cooling performance was 

achieved when the fan was placed on top of the module. They 

also determined that the cubic arrangement was the most cost-

effective structure [22]. Kirad and Chaudhari studied the 

effectiveness of a forced air cooling system for lithium-ion 

batteries. They developed numerical models for a module 

consisting of 30 lithium-ion batteries and validated them with 

literature data. They found that changes in longitudinal and 

transverse distance between batteries greatly impact cooling 

efficiency and temperature distribution [23]. Wang et al. 

investigated the liquid cooling systems used in the thermal 

management of lithium-ion batteries for electric vehicles and 

proposed an innovative modular liquid cooling system. They 

examined the effects of coolant flow rate and cooling modes 

on the thermal behaviour of the battery module through 

numerical simulations and experiments. As a result, they 

found that increasing the coolant flow rate reduces the 

maximum temperature and provides homogeneous 

temperature distribution [24]. 

In this study, two factors affecting the cooling performance of 

lithium-ion batteries were selected and investigated using 

numerical methods. These were determined using air flow 

geometry design and different Reynolds numbers. First, the 

differences between a classical flow path design (Z channel), 

where the air inlets and outlets are in the same direction, and 

an alternative design (U channel), where the air inlets and 

outlets are in different directions, were evaluated. To 

understand the effect of the turbulent properties of the fluid in 

both designs, the analyses performed using different 

Reynolds numbers (Re=4000, 6000, 8000, 10000, 15000) 

were compared with each other. 

 

2. MATERİAL AND METHODS 

2.1. Design 

In lithium-ion battery systems, flow zones are created 

between the cells in the internal structure to provide airflow. 

These openings play an essential role in cooling the batteries 

through heat transfer. In such systems, air channels between 

the cells allow the heat to be effectively distributed and 

removed. The design of the air channels between the cells 

significantly affects the efficiency of the battery cooling 

system. Geometric features such as channel width, height and 

length significantly affect the air flow rate and pressure drop. 

For example, comprehensive and low-resistance channels 

provide higher airflow and allow for more effective cooling 

performance. On the other hand, narrow and long channels 

can cause higher pressure drops and limit airflow. 

Another critical point in lithium-ion battery designs is the 

design changes in the air inlet and outlet regions. Differences 

in the inlet and outlet designs between cells significantly 

affect the flow regime and heat transfer efficiency. The design 

of the inlet region determines the flow of the inlet and its 

distribution inside the cell. An irregular air distribution leads 

to a heterogeneous flow regime, causing turbulence formation 

and improvement in heat transfer. The design of the outlet 

region affects the movement of the flow between the cells. 

Inadequate outlet design can reduce heat transfer efficiency 

by causing pressure increase and, thus, flow rate decrease. 

Therefore, optimizing the inlet and outlet regions to provide 

homogeneous and high-speed airflow in the internal channels 

can maximize heat transfer between cells. The symmetrical 

inlet-outlet design allows the formation of turbulent flow 

regimes and effective heat removal. 

This study modelled lithium-ion battery cells with two 

different inlet and outlet designs using a CAD program in a 

three-dimensional environment. The difference between the 

designs is the air inlet and outlet directions in one of them. 

The design shown in Figure 1 is a Z-channel lithium-ion 

battery. In this geometry, the inlet and outlet directions of the 

cooling air are the same. The design shown in Figure 2 is a 

U-channel lithium-ion battery. In this geometry, the inlet and 

outlet directions of the cooling air are different. The 

dimensions of the batteries used in this study are also given 

in Figures 1 and 2. In addition, the dimensions and locations 

of the nickel-based cathode materials in the battery's internal 

structure are also shown in Figure 3. 

 
(a) 

 
(b) 

Figure 1. Z channel (a) General view, (b) Dimensioned version 
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(a) 

(b) 

Figure 2. U channel (a) General view, (b) Dimensioned version 

 

 

Figure 3. The positions of nickel-based cathode materials within the battery 

 

2.2. Mesh Process 

The mesh structure used for finite element analysis (FEA) is 

an essential factor that determines the accuracy and precision 

of the analysis. A quality mesh structure ensures the finite 

element analysis results are more accurate and reliable. In the 

analyses performed in this study, mesh structures consisting 

of approximately 4 million cells composed of square elements 

were used. The general appearance of the mesh structures 

created for the Z and U channels is given in Figure 4

. 

  
(a) 

  
(b) 

Figure 4. The general appearance of mesh structure (a) Z-channel, (b) U-channel 

 

 
Figure 5. Element quality values 
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Element quality is a criterion that controls an element's 

geometric order and numerical balance. The quality of an 

element varies depending on factors such as the element's 

size, shape and location. The high element quality in the 

created mesh order allows the mesh structure to provide more 

accurate results. The element quality value is a parameter 

based on the geometric properties of the element, such as edge 

lengths, angles and corner joint angles. Element quality is 

generally a number between 0 and 1. An element quality close 

to 1 provides better results. In the mesh network structure 

created for analysing the lithium-ion battery cooling system, 

more than 90% of the materials are between 0.9 and 1. The 

element quality values are shown in detail in Figure 5. 

Therefore, the element qualities of the mesh network 

structure are suitable for analysis accuracy

. 

 

Figure 6. Skewness values 

 

Skewness is a measure of the curvature of the elements in the 

mesh structure used for finite element analysis. The high 

curvature values in the mesh structure mean that the 

components can be subjected to high levels of deformation at 

the same rate. This can affect the accuracy and reliability of 

the finite element analysis results. The skewness measure 

considers the angles between the element's edges and the 

angular difference of the most giant angled triangle of the 

component. Skewness is generally a number between 0 and 

1. A skewness close to 0 provides better results. The skewness 

values of the mesh network structure created for the Lithium-

ion Battery cooling system analysis in the study are an 

average of 0.25. The skewness quality values are shown in 

detail in Figure 6. This average value indicates that the mesh 

network structure is suitable for analysis after skewness 

examination. 

2.3. Material 

Lithium cobalt oxide (LiCoO2) compound is a vital cathode 

material in lithium-ion batteries. LiCoO2 has a stable 

chemical structure, which ensures long battery life and safe 

operation. LiCoO2 is also one of lithium-ion batteries' oldest 

and most widely used cathode materials. Considering these 

advantages, LiCoO2 is an important cathode material in 

lithium-ion battery technology. Table 1 shows the 

thermophysical properties of LiCoO2 material [25]. 

 

Table 1. Thermophysical properties of lithium cobalt oxide (LiCoO2) 

Density (ρ) 5000 (kg/m3) 

Thermal Conductivity (λ) 10 (W/m.K) 

Specific Heat Capacity (cp) 800 (J/kg·K) 

Thermal Expansion Coefficient (α) 1.5 × 10⁻⁵ (1/K) 

Emissivity (ε) 0.3 

Melting Point 1273 (K) 

 

2.4. CFD Modelling 

CFD (Computational Fluid Dynamics) programs are used to 

model the behaviour of fluids using computer-based 

numerical analysis methods. These analyzes provide data to 

the user by solving relevant mathematical equations to 

estimate fluids' speed, pressure, temperature, density and 

other properties [26]. CFD analysis is a widely used tool in 

solving engineering problems. CFD programs are frequently 

used in industrial fields, especially automotive and aviation 

[27]. The CFD method is increasingly used every day because 

it allows you to save both time and money. One of the most 

significant advantages of CFD analysis is that it can be used 

at any stage, eliminating the need for a physical prototype. 

Numerical analysis has also replaced the old applications of 

experimental testing on lithium-ion battery components. With 

the analysis performed for lithium-ion batteries, it is possible 

to optimize the performance of battery packs and predict 

overheating. Numerical methods can also be used to optimize 

the design of battery packs and to determine the airflow 

required for cooling the packs. In short, CFD analysis plays a 

vital role in developing lithium-ion battery technology. In this 

way, improving and optimising battery designs cost-

effectively and efficiently is possible [28]. 

In this study, SST k-ω is used as the turbulence model. SST 

k-ω is one of the most frequently used models for calculating 

turbulence in near-wall and free-flow regions. SST k-ω model 

uses the classical k-ω model in near-wall regions while 

switching to the k-epsilon model in free-flow regions. The 
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SST k-ω model is based on two equations. These are k and ω. 

k represents the energy of turbulence. ω represents the 

frequency of turbulence. SST (Shear Stress Transport) 

combines the advantages of these two models and is widely 

preferred, especially in aerodynamics and flow separation 

calculations. This model was developed to increase the 

accuracy in turbulent flows [29]. 

In the analyses, two different battery temperatures were used. 

These were selected as 40 oC and 60 oC. In all calculations 

made for Re=4000, 6000, 8000, 10000, and 15000, air at 20 
oC was used as the coolant. The boundary conditions used for 

designs with different air flow directions are given in Figure 

7. Steady-state analyses were conducted over 20,000 steps. 

The computer used in this study was equipped with an Intel 

Core i7 processor with 16 cores and 64 GB of RAM. Each 

analysis required approximately 6 hours to complete. 

 
(a) 

 
(b) 

Figure 7.  Boundary conditions of li-ion battery (a) Z-channel, (b) U-channel 

 

This study calculated the Nu number to evaluate the heat 

transfer efficiency of two packages designed for lithium-ion 

batteries with different air inlet and outlet directions. The 

estimated values were compared with each other. In this 

study, the flow was assumed to be turbulent at all Reynolds 

numbers used. Therefore, it was believed that the flow was 

turbulent along the channel. However, since it is known that 

turbulent flow is generally concentrated in regions where 

vortices are formed, it was predicted that the turbulence effect 

would be more significant in some areas. Therefore, the 

values used in calculating the Nusselt number were taken 

from the regions where nickel-based cathode materials are 

located in the inner area of the battery at the end of the 

numerical analysis. The calculation of the Nusselt number 

(Nu) is given in Equation 1. 

𝑁𝑢 =
ℎ.𝐷ℎ

𝑘
  

………………………………………………………………

………..   (1) 

k and h represent thermal conductivity and heat transfer 

coefficient, respectively [30]. 

 

3. RESULTS 

3.1. Thermal Analysis Results for the Z-Channel Design 

of a Battery at 60 °C 

The Z-channel lithium-ion battery design, modelled three-

dimensionally according to the specified technical 

dimensions using the CAM program, was subjected to flow 

analyses using the CFD program under a cell temperature of 

60°C, with variable speed data based on five different 

Reynolds numbers. Figures 8, 9, and 10 show the resulting 

temperature distributions from these analyses

. 

 
Figure 8. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 4000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=4000 boundary condition at 60° operating 

temperature was calculated as 0.414 m/s. The maximum 

temperature value was measured as 42.88 °C, as can be seen 

in Figure 8, due to the analysis performed according to the 

entered boundary conditions. 
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Figure 9. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 8000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=8000 boundary condition at 60° operating 

temperature was calculated as 0.828 m/s. The maximum 

temperature value was measured as 39.80 °C, as can be seen 

in Figure 9, due to the analysis performed according to the 

entered boundary conditions. 

 
Figure 10. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 15000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=15000 boundary condition at 60° operating 

temperature was calculated as 1.552 m/s. The maximum 

temperature value was measured as 38.73 °C, as can be seen 

in Figure 10, due to the analysis performed according to the 

entered boundary conditions. 

 

3.2. Thermal Analysis Results for the U-Channel Design 

of a Battery at 60°C 

The U-channel lithium-ion battery design, modelled three-

dimensionally according to the specified technical 

dimensions using the CAM program, was subjected to flow 

analyses using the CFD program under a cell temperature of 

60°C, with variable speed data based on five different 

Reynolds numbers. Figures 11, 12, and 13 show the resulting 

temperature distributions from these analyses.

 

 
Figure 11. Contour of the Temperature Distribution for the U-Channel Battery at Re = 4000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the U channel type lithium-ion 

battery at the Re=4000 boundary condition at 60° operating 

temperature was calculated as 0.414 m/s. The maximum 

temperature value was measured as 42.98 °C, as can be seen 

in Figure 11, due to the analysis performed according to the 

entered boundary conditions. 
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Figure 12. Contour of the Temperature Distribution for the U-Channel Battery at Re = 8000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the U channel type lithium-ion 

battery at the Re=8000 boundary condition at 60° operating 

temperature was calculated as 0.828 m/s. The maximum 

temperature value was measured as 38.26 °C, as can be seen 

in Figure 12, due to the analysis performed according to the 

entered boundary conditions. 

 

 

Figure 13. Contour of the Temperature Distribution for the U-Channel Battery at Re = 15000 under 60 °C Operational 

Temperature 

 

The velocity for analysing the U channel type lithium-ion 

battery at the Re=15000 boundary condition at 60° operating 

temperature was calculated as 1.525 m/s. The maximum 

temperature value was measured as 35.92 °C, as can be seen 

in Figure 13, due to the analysis performed according to the 

entered boundary conditions. 

 

 
Figure 14. Comparison of Maximum Temperature Values for Z-Channel and U-Channel Designs at 60°C Operational 

Temperature Across Various Reynolds Numbers 

 

Figure 14 compares maximum temperature values obtained 

from all analyses performed for both Z-channel and U-

channel designs under different Reynolds numbers at the 60 

°C temperature of a lithium-ion battery. This graph highlights 
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the thermal performance trade-offs between Z-channel and U-

channel designs by clearly visualising how the temperature 

distribution responds to different flow conditions for each 

channel type. These results are crucial for understanding the 

thermal management efficiency in lithium-ion batteries under 

increased turbulent flow. 

3.3. Thermal Analysis Results for the Z-Channel Design 

of a Battery at 40°C 

The Z-channel lithium-ion battery design, modelled three-

dimensionally according to the specified technical 

dimensions using the CAM program, was subjected to flow 

analyses using the CFD program under a cell temperature of 

40°C, with variable speed data based on five different 

Reynolds numbers. Figures 15, 16, and 17 show the resulting 

temperature distributions from these analyses. 

 
Figure 15. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 4000 under 40 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=4000 boundary condition at 40° operating 

temperature was calculated as 0.414 m/s. The maximum 

temperature value was measured as 36.13 °C, as can be seen 

in Figure 15, due to the analysis performed according to the 

entered boundary conditions. 

 
Figure 16. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 8000 under 40 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=8000 boundary condition at 40° operating 

temperature was calculated as 0.828 m/s. The maximum 

temperature value was measured as 35.74 °C, as can be seen 

in Figure 16, due to the analysis performed according to the 

entered boundary conditions. 

 
Figure 17. Contour of the Temperature Distribution for the Z-Channel Battery at Re = 15000 under 40 °C Operational 

Temperature 

 

The velocity for analysing the Z channel type lithium-ion 

battery at the Re=15000 boundary condition at 40° operating 

temperature was calculated as 1.525 m/s. The maximum 

temperature value was measured as 31.74 °C, as can be seen 

in Figure 17, due to the analysis performed according to the 

entered boundary conditions. 
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3.4. Thermal Analysis Results for the U-Channel Design 

of a Battery at 40°C 

The U-channel lithium-ion battery design, modelled three-

dimensionally according to the specified technical 

dimensions using the CAM program, was subjected to flow 

analyses using the CFD program under a cell temperature of 

40°C, with variable speed data based on five different 

Reynolds numbers. Figures 18, 19, and 20 show the resulting 

temperature distributions from these analyses. 

 

 
Figure 18. Contour of the Temperature Distribution for the U-Channel Battery at Re = 4000 under 40 °C Operational 

Temperature 

 

The velocity for analysing the U channel type lithium-ion 

battery at the Re=4000 boundary condition at 40° operating 

temperature was calculated as 0.414 m/s. The maximum 

temperature value was measured as 36.44 °C, as can be seen 

in Figure 18, due to the analysis performed according to the 

entered boundary conditions

. 

 
Figure 19. Contour of the Temperature Distribution for the U-Channel Battery at Re = 8000 under 40 °C Operational 

Temperature 

 

The velocity for analysing the U channel type lithium-ion 

battery at the Re=8000 boundary condition at 40° operating 

temperature was calculated as 0.828 m/s. The maximum 

temperature value was measured as 33.89 °C, as can be seen 

in Figure 19, due to the analysis performed according to the 

entered boundary conditions. 

 

 
Figure 20. Contour of the Temperature Distribution for the U-Channel Battery at Re = 15000 under 40 °C Operational 

Temperature 
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The velocity for analysing the U channel type lithium-ion 

battery at the Re=15000 boundary condition at 40° operating 

temperature was calculated as 1.525 m/s. The maximum 

temperature value was measured as 30.33 °C, as can be seen 

in Figure 20, due to the analysis performed according to the 

entered boundary conditions. 

 

Figure 21. Comparison of Maximum Temperature Values for Z-Channel and U-Channel Designs at 40°C Operational 

Temperature Across Various Reynolds Numbers 

 

Figure 21 compares maximum temperature values obtained 

from all analyses performed for Z-channel and U-channel 

designs under different Reynolds numbers at the 40 °C 

temperature of a lithium-ion battery. This graph highlights the 

thermal performance trade-offs between Z-channel and U-

channel designs by clearly visualising how the temperature 

distribution responds to different flow conditions for each 

channel type. These results are crucial for understanding the 

thermal management efficiency in lithium-ion batteries under 

increased turbulent flow

. 

 
Figure 22. Comparison of Nusselt Numbers for Z-Channel and U-Channel Designs at 60°C Operational Temperature 

Across Various Reynolds Numbers 

 
Figure 23. Comparison of Nusselt Numbers for Z-Channel and U-Channel Designs at 40 °C Operational Temperature 

Across Various Reynolds Numbers 



“Numerical Investigation of the Effects of Air Flow Geometry and Reynolds Number in Cooling Systems of Lithium-

Ion Batteries” 

5038 Haydar Kepekci 1, ETJ Volume 9 Issue 09 September 2024 

 

 

Figures 22 and 23 compare Nusselt numbers for U-channel 

and Z-channel lithium-ion battery designs under operational 

temperatures of 40 °C and 60 °C. The analysis reveals that the 

Nusselt number is consistently higher in the U-channel 

design. As the Reynolds number increases, the turbulence 

within the flow intensifies, leading to a corresponding 

increase in Nusselt values. These findings indicate that the 

heat transfer efficiency of the U-channel design is better than 

the Z-channel design, especially under higher turbulent flow 

conditions. 

 

4. CONCLUSİONS 

In this study, numerical analyses were performed using 

different parameters to predict the thermal management of 

lithium-ion batteries. As a result of numerical calculations 

made for increasing Reynolds numbers using two different 

battery operating temperatures, the effect of airflow direction 

was investigated. The obtained results showed that the 

opposite airflow direction battery design called the U-type 

channel, is more advantageous in cooling the nickel strips and 

homogeneous temperature distribution than the same airflow 

direction design called the Z-type channel. In addition, it was 

observed that Nu numbers increase with the Reynolds 

number. Based on these results, it is recommended that a U-

type channel design be used as it provides more effective 

cooling for lithium-ion batteries operating at high speeds and 

exposed to high operating temperatures to operate at optimum 

temperatures. In the continuation of this study, the most 

efficient cooling strategy can be determined by changing the 

channel width, depth and position of nickel strips to optimize 

the U-type channel design. 
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