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ABSTRACT  

Overheating of Li-ion batteries in Electric Vehicles (EVs) degrades performance and reduces lifespan. Hence, energy-

efficient and reliable Battery Thermal Management Systems (BTMS) are required. This paper investigates the use of Phase 

Change Materials (PCMs), a passive cooling method with high heat storage capacity, for the thermal management of prismatic 

Li-ion battery cells in EVs. This computational study models the influence of buoyancy-driven convective flow on the PCM 

cooling performance, compared against thermal conduction-only models. In addition, this study investigates how convective 

flow influences the cooling performance with variations in cell orientation between vertical and horizontal alignments. n-

Octadecane is used as the PCM, and Computational Fluid Dynamics (CFD) simulations were conducted with the 

Solidification and Melting model in ANSYS Fluent. A 12 mm PCM layer placed around the cell periphery reduced the centre 

temperature after 1800 s by 2.7 K in the vertical orientation and 3.7 K in the horizontal orientation compared to air-cooling. 

The effect of natural convection was more pronounced in the horizontal orientation, providing superior cooling performance 

relative to the vertical case. When the same PCM volume was used to fully enclose the cell, the cooling effect was further 

enhanced, achieving a maximum temperature reduction of 8.3 K within the first 1800 s. The findings demonstrate that natural 

convection significantly enhances the PCM-based cooling effectiveness, particularly in horizontally oriented cells, while 

thinner PCM layers with increased heat transfer area promote faster melting and improved cooling performance. 

 

KEYWORDS: Battery Thermal Management (BTMS), Phase Change Materials (PCMs), Natural Convection, 

Computational Fluid Dynamics (CFD), Prismatic Li-ion Cells  

 

INTRODUCTION 

Li-ion batteries are popular in EVs due to their high energy densities and long operating life (Subramanian et al., 2021). 

However, these batteries tend to overheat during charging and operation, while the overheating of one cell can lead to thermal 

runaway of the whole battery pack (Shirazi et al., 2016). Hence, it is important to maintain the temperature of the battery 

cells within the recommended range, usually below 40 oC for effective operation (Subramanian et al., 2021). Furthermore, 

monitoring the battery cells and regulating their temperature within the optimal limits helps to extend their life (Warner, 

2014). Another key design criterion for BTMS is to control the temperature change of the battery pack within a 2-5 oC 

difference throughout its lifetime (Warner, 2014). The cooling requirement also depends on the region of operation and the 

nature of its performance (Warner, 2014), as the heating rates of the battery vary due to both the ambient 
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temperature and the charging and discharging rates. 

With increased energy efficiency and fuel economy becoming rising priorities in the world, passive cooling methods are 

becoming an ideal solution for thermal management of EV batteries as they do not consume extra energy (Jankowski & 

McCluskey, 2014). Furthermore, they can offer cost-effective and easy installation solutions without complicating the design 

(Li et al., 2025). However, passive air cooling does not provide sufficient cooling for EV batteries; hence, alternative cooling 

methods are required.  

Phase Change Materials (PCMs) are popular for thermal management and heat storage due to their high heat storage densities, 

as they absorb and release heat as latent heat while going through a phase change. They become good passive cooling options 

due to their high heat-absorbing and constant temperature heat storage capabilities, and hence, are currently under a lot of 

research. They are ideal for EV battery cooling as they are less bulky, less complex and less expensive than forced air cooling 

systems and liquid cooling methods (Jaguemont et al., 2018).  

This work involves modelling a PCM cooling unit for prismatic Li-ion battery cells, which are widely used in EVs due to 

their high-density energy storage capabilities. The study is conducted to evaluate the cooling performance of different PCM 

unit designs with varying PCM layer thicknesses and configurations. The effect of gravity on the cooling performance of the 

PCM unit was also evaluated for different orientations of the battery cell. Two studies that have been conducted on the same 

battery model by Javani et al. (2014) and Verma et al. (2019) were used as the basis to develop the numerical model, which 

is detailed below. 

Javani et al. (2014) studied the thermal performance of the battery with PCM unit under different heat generation rates of the 

cell caused by different operational conditions and ambient temperatures. The authors evaluated the cooling performance 

variation under different PCM thicknesses of 3, 6, 9 and 12 mm. Here, n-Octadecane was used as the PCM, and the PCM 

layer was only added around the periphery of the battery (refer to  

 

 

 

 

 

 

 

 

 

Figure 27) due to the orthotropic nature of the thermal conductivity of the prismatic-type battery cell (Javani et al., 2014; Li 

et al., 2025). Furthermore, the authors only modelled the thermal conduction, ignoring the effects of the convective flow of 

the liquid PCM. The temperature variation of the battery at fixed points was observed in the study to analyse the PCM cooling 

performance. The authors found that the maximum temperature reduction of the battery after 20 minutes only improved from 

2.77 K to 3.04 K when the PCM thickness was increased from 3 mm to 12 mm. Furthermore, Javani et al. (2014) defined 

constant values for the specific heat (CP), thermal conductivity and the density of the PCM for each region, solid, liquid and 

phase transition, as step functions. This approach is not suitable for modelling the PCM with gravity effects for tracking the 

flow front and to model the buoyancy-driven flow (Pan et al., 2018). 

Verma et al. (2019) used the same battery model and extended the study using a different PCM, Capric acid. They observed 

the PCM cooling performance with the thickness of the PCM layer varying from 3, 7, 9 and 12 mm. Furthermore, the cooling 

performance was studied under two ambient conditions: 294 K for normal conditions and 323 K for desert conditions. It was 



SLIIT International Conference on Engineering and Technology 

 

174 

 

concluded that the PCM layer with a 3 mm thickness provides the optimum cooling. Similar to the previous study, Verma et 

al. (2019) have not considered the PCM flow in the model. Contrastingly, Verma et al. (2019) used constant values for the 

PCM properties of CP, density and the thermal conductivity and used the Solidification and Melting model in ANSYS Fluent. 

However, despite the difference in the model, it was validated using the results of Javani et al. (2014), with an error below 

7%.  

In this study, the same battery model was used with n-Octadecane as the PCM. The model was improved to analyse the 

convection effects of the liquid PCM on its melting rates and the cooling performance. Effects of gravity and temperature-

dependent density variations were incorporated into the model to simulate the buoyancy-driven convective flow and its 

effects. Furthermore, the orientation of the battery affects the PCM performance when convective flow is present. Due to the 

stacking of battery cells when creating the battery pack, vertical orientation is preferred for prismatic-type cells, where 

horizontal cell orientation is avoided to prevent upper cells from exerting force on the lower cells. Hence, vertical cell 

orientation is also modelled in comparison with the horizontal orientation. Finally, the study evaluates the effect of PCM 

configuration, i.e. PCM around the periphery of the cell (Side Pack) and PCM around the entire cell (Whole Pack), to 

understand how increasing the heat transfer surface area while reducing the PCM layer in the direction of high thermal 

conductivity influences the cooling performance. 

 

METHODOLOGY 

Initially, the model was created similarly to the models by Javani et al. (2014) and Verma et al. (2019), neglecting the 

convective flow for validating the initial model. Later, the gravity effects and density variation were incorporated into the 

model to analyse the convective flow effects.  

Design 

The parameters of the battery and the performance conditions were taken from Javani et al. (2014). The cell dimensions used 

in the models are provided in Table 24. The models and their boundary conditions are presented in  

 

 

 

 

 

 

 

 

 

Figure 27. Five PCM configurations were analysed, and their thermal performance was compared, namely, the air-cooled 

battery without PCM cooling (Cellw/oPCM), the battery with PCM cooling without convective flow analysis (noFlow), and 

the battery with PCM cooling with convective flow analysis in the vertical orientation (FlowY) and the horizontal orientation 

(FlowZ). Finally, the same PCM volume was applied around the entire cell (except for the terminal face) to create the 

WholePack configuration, which includes a thin layer of PCM around the cell as shown in  
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Figure 27 (b). The performance of the WholePack configuration was compared to the SidePack configurations, i.e. noFlow, 

Flow Y and FlowZ, where the PCM only lies around the periphery of the cell as shown in  

 

 

 

 

 

 

 

 

 

Figure 27 (a). Here, the thickness of the WholePack configuration was set so that the total PCM volume matched that of the 

SidePack configuration. 

 

Table 24. Battery cell dimensions 

Component Length (mm) Height (mm) Thickness (mm) 

Cell 146 194 5.4 

Terminals 35 15 0.6 

PCM (SidePack config) 3 and 12 mm around the periphery of the cell 5.4 

PCM (WholePack config) 0.6 mm around the entire cell (except the face with terminals) 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Geometry and boundary conditions of a) SidePack, b) WholePack configurations 

 

Table 25. Boundary conditions 

Initial cell temperature & ambient temperature 294.15 K 
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Uniform heat generation in the cell (when the battery is 

discharging at a 2C rate) 
63,970 W/m3  

Outer surfaces (PCM walls, terminals & the cell top) 
Convection 

Heat transfer coefficient: 7 W/m2K 

Coupled wall between the cell and the terminal 

Terminals: no heat generation, acts as cooling fins, material- Aluminium 

The PCM compartment and the cell are covered by a thin Aluminium layer of 0.5 mm thickness, which acts as 

the convection surface. 

 

The boundary conditions used for the simulations are provided in Table 25. The specifications of the battery, taken from 

Javani et al. (2014), are shown in Table 26. The heat generation rate when the battery is discharging at a 2C rate is 63,970 

kW/m3, which is 4.45 W per cell. The 2C rate signifies the battery discharges completely within half an hour. This rate was 

used for the simulations first to validate the results with the two previous studies, and then to compare the results of different 

cooling configurations with the initial results. Furthermore, at this high discharge rate, the battery tends to heat up more than 

the desired levels; hence, cooling is important.  

 

Table 26. Battery Specifications 

Heat generation rate 

(considered to be uniform 

throughout the cell) 

At standard working conditions  6855 W/m3 

When the cell is discharged at a 2C rate 63,970 W/m3 

At full power 200,000 W/m3 

Thermal conductivity of the cell 

(Orthotropic) 
In planar directions 25 W/m K 

 In the direction normal to the cell 1 W/m K 

Specific heat capacity (CP) 1097 J/kg K 

Density 1881 kg/ m3 

 

n-Octadecane was used as the PCM, and its properties are shown in Table 27. The Boussinesq model is used to approximate 

the density variation with temperature. Data was not available for the viscosity and thermal expansion coefficient of n-

Octadecane in the paper by Javani et al. (2014); hence, it was taken from G. Zaki, E., & S. Dhmees (2022). 

 

Table 27. Properties of n-Octadecane (Javani et al., 2014) 

Solidus temperature (𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠) 301.15 K 

Liquidus temperature (𝑇𝑙𝑖𝑞𝑢𝑖𝑑𝑢𝑠) 303.15 K 

Thermal conductivity (𝑘) 0.152 W/m K 

Latent heat (𝐿) 225 kJ/kg 

Specific heat capacity (𝐶𝑃) 2180 J/kg K 

Density (𝜌) 724 kg/ m3 

Viscosity 3.878×10-3 Pa s (G. Zaki, E., & S. Dhmees, 2022) 

Thermal expansion coefficient 0.00091 1/K (G. Zaki, E., & S. Dhmees, 2022) 
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Mathematical Model 

Initially, the noFlow configuration was modelled, neglecting the PCM convective flow, similar to the assumptions made in 

the previous two studies, to validate the results using those of the two papers. The density was considered constant, and only 

the thermal conduction was modelled. This method is called the Effective Heat Capacity (EHC) method. Here, only the 

energy equation is solved, where the phase change process is incorporated in the model with varying thermophysical 

properties defined. This model requires less computational power and permits larger mesh and time step sizes.  

However, when modelling the Solidification and Melting of PCM with the convective flow, the Enthalpy Porosity (EP) 

method was used. The phase change behaviour was modelled using the Solidification and Melting model in ANSYS Fluent. 

The liquid front was modelled as an enthalpy-porosity formulation. The solid-liquid mushy zone is modelled as a porous 

zone with its porosity equal to the liquid fraction (a value between 0 and 1) of each cell in the domain. PCM is considered to 

be Newtonian and incompressible. The density variations are only considered in the buoyancy source term and are modelled 

using the Boussinesq model. Transient simulations were used to model the melting of the PCM over time with a laminar 

viscous model. 

Enthalpy of the material (𝐻) is calculated as the sum of sensible enthalpy (ℎ) and the latent heat enthalpy (∆𝐻) and is given 

in Eq. (1). ℎ is calculated by Eq. (2). 

𝐻 = ℎ + ∆𝐻      (1) 

ℎ = ℎ𝑟𝑒𝑓 + ∫ 𝐶𝑃𝑑𝑇
𝑇

𝑇𝑟𝑒𝑓
     (2) 

Here, ℎ𝑟𝑒𝑓  is the reference enthalpy, 𝑇𝑟𝑒𝑓  is the reference temperature and 𝐶𝑃 is the specific heat at constant pressure. The 

liquid fraction 𝛽 is calculated using the PCM temperature (𝑇) as given in the set of equations in Eq. (3). 

𝛽 = 0 if 𝑇 < 𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠     (3) 

𝛽 = 1 if 𝑇 > 𝑇𝑙𝑖𝑞𝑢𝑖𝑑𝑢𝑠     

𝛽 =
𝑇−𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠

𝑇𝑙𝑖𝑞𝑢𝑖𝑑𝑢𝑠−𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠
 if 𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠 < 𝑇 < 𝑇𝑙𝑖𝑞𝑢𝑖𝑑𝑢𝑠  

The latent heat enthalpy (∆𝐻) can be calculated as given by Eq. (4). 

∆𝐻 = 𝛽𝐿       (4) 

Here, L is the latent heat of the PCM, and the latent heat enthalpy changes from 0 to L as the solid PCM melts to become a 

liquid. The continuity equation, which ensures mass conservation, is given by Eq. (5), where the mass flux divergence is 

made zero. Here, density (𝜌) is considered a constant, which is the reference density. 

∇ ∙ 𝜌𝑣⃗ = 0      (5) 

The momentum equation, which models the motion of PCM including inertia, viscous forces, and buoyancy forces due to 

thermal expansion, is given by Eq. (6). Here, the Boussinesq approximation is used to calculate the buoyancy force, where 𝛾 

is the thermal expansion coefficient. 𝑆 is the sink term, which is defined in Eq. (7). 

𝜌
𝜕𝑣⃗⃗

𝜕𝑡
+ 𝜌(𝑣⃗ ∙ ∇)𝑣⃗ = −∇𝑃 + 𝜇(∇2𝑣⃗) − 𝜌𝛾(𝑇 − 𝑇𝑟𝑒𝑓)𝑔⃗ − 𝑆 (6) 

𝑆 =
(1−𝛽)2

(𝛽2+∈)
𝐴𝑚𝑢𝑠ℎ ∙ 𝑣⃗     (7) 

The sink term calculates the momentum sink due to the reduced porosity in the mushy zone. Here, 𝜀 is a small number (0.001) 

to prevent division by zero, 𝑣⃗ is the velocity due to the buoyancy-driven natural convection and 𝐴𝑚𝑢𝑠ℎ is the mushy zone 

constant. The mushy zone constant was selected as 100000. This parameter determines how quickly the velocity drops to 

zero as the material solidifies. For PCMs, the value is typically set to 100000 (Li et al., 2025). 

The energy equation, which considers conduction and convection, is given by Eq. (8). 
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𝜕

𝜕𝑡
(𝜌𝐻) + ∇ ∙ (𝜌𝑣⃗𝐻) = ∇ ∙ (𝑘∇𝑇) − 𝑆𝐿   (8) 

Here, 𝐻 is the enthalpy (from Eq. (1)), 𝜌 is the density, 𝑣⃗ is the local velocity vector (initially in no flow condition, this was 

assumed to be 0), 𝑘 is the thermal conductivity and 𝑆𝐿 is the source term that accounts for the latent heat release and absorption 

during phase transition, which is given by Eq. (9). Here, 𝜀 is the porosity, which is equal to the liquid fraction. 

𝑆𝐿 =
𝜀𝜕𝜌𝛽𝐿

𝜕𝑡
+ ∇(𝜌𝑣⃗𝛽𝐿)     (9) 

It is important to capture convective flow as it promotes mixing, which could either even out the temperature gradients or 

could adversely affect the even cooling of the cell. Therefore, excluding the PCM flow can lead to inaccurate results.    

Computational Setup 

A structured mesh was used as presented in Error! Reference source not found..  

 

 

 

 

 

 

 

Figure 28. Structured mesh used for the cell-PCM model 

 

All results were generated for five points along the centreline of the cell, as shown in Figure 29, which shows the plane 

midway across the thickness of the battery. The distances to Points 1-5 are 184, 140.5, 97, 43.5, and 10 mm, respectively, 

from the bottom edge of the cell. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29. Locations along centreline to monitor data 
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A grid independence study was performed for the EP model, which is presented in Error! Reference source not found., and t

he mesh size of 0.6 mm was selected for the simulations. This size provided reliable results with an error of less than 0.85% 

while minimising computational cost. Since the study focuses on a qualitative comparison between different configurations, 

the same mesh element size was applied consistently across all simulations.  

Validation 

First, the model without PCM convection was validated using the results of the two papers, Javani et al. (2014) & Verma et 

al. (2019). The validation process was carried out initially for the air-cooled cell without PCM cooling (Error! Reference s

ource not found.(a)), followed by the cell with PCM cooling with a 3 mm thick PCM layer (Error! Reference source not 

found.(b)). Since the EHC model has a reduced computational cost and permits larger mesh and time step sizes, a coarser 

mesh was used for validation. Initially, the mesh size and time step size were varied until the results showed correlation with 

the data of the two papers. The accuracy of the results also depends on the time step size; therefore, the time step was varied 

until the 

results converged. The maximum temperature of the cell was compared for each case.  

 

To model the cell without PCM cooling, a 1 mm mesh with a 0.5 s time step size was sufficient, as it coincides with results 

from Javani et al. (2014). However, for the battery model with PCM cooling, the model with 1 mm mesh size and 0.3 s time 

step was chosen as it gives converged values from the time step convergence study, and the values are close to both results 

Figure 30. Validation of the battery model a) without and b) with PCM cooling 
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by Javani et al. (2014) and Verma et al. (2019) with Root Mean Square Error (RMSE) values of 1.53 and 0.48, respectively, 

hence, the model can be used to obtain reliable results for the EHC model in comparison with the EP model. However, since 

the EP model requires smaller mesh sizes to generate reliable results, the same mesh element size of 0.6 mm was used for all 

models for an independent comparison of results.  

 

RESULTS 

Error! Reference source not found. presents the temperature distribution of the battery without PCM cooling and with P

CM cooling under FlowZ and FlowY configurations at 1800 s. With PCM cooling, the maximum temperature was reduced 

from 314.12 K to 309.64 K in the FlowZ configuration and to 310.57 K in the FlowY configuration. The location of the 

maximum temperature shifted upward, attributed to the PCM layer at the bottom. Between the two PCM configurations, 

FlowZ demonstrated superior cooling performance. 

Although at 2C mode, the maximum duration the battery works is for 1800 s, the cooling performance was further analysed 

for a higher duration to understand the PCM melting behaviours and the cooling performance associated with it. 

 

  

 

 

 

 

 

 

 

Figure 31. Temperature variation of the cell a) Cellw/oPCM, b) FlowZ config, c) FlowY configurations at 1800  

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Liquid fraction of PCM for different configurations at 3 

 

 

 

 

Error! Reference source not found. shows the liquid fraction of PCM for different configurations at 3600 s. Figure 33 (a) 

shows the temperature variation of Point 3 for each PCM configuration and Figure 33 (b) shows the liquid fraction variation 
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of PCM with time. 

Cooling 

Performance Evaluation: EHC Model vs. EP Model 

When comparing the temperature-time curves of noFlow, FlowZ, and FlowY in Figure 33(a), the noFlow and FlowZ curves 

are nearly identical at first, with noticeable differences emerging only at later time steps. The deviation in the FlowZ curve 

arises from distinct melting behavior driven by convective flow, as illustrated by the liquid fraction graphs in Figure 33(b). 

Initially, all temperature curves overlap because liquid fractions are low and heat transfer is dominated by conduction, 

resulting in similar performance across the noFlow, FlowZ, and FlowY models. As melting progresses, however, convective 

flow begins to significantly influence cooling performance. 

Hence, modelling the convective flow is important when evaluating the cooling performance of PCM units. Although the 

EHC model can be used for small time durations during the initial melting phase to save computational efforts, as the PCM 

melts, incorporating the effects of convective flow using the EP model is important to accurately predict the thermal 

performance. 

Impact of Cell Orientation on PCM Cooling Efficiency 

When structural loading is considered, the vertical orientation is preferred for stacking prismatic cells in a battery pack. 

However, in terms of cooling performance, the horizontal orientation (FlowZ) outperforms the vertical orientation (FlowY) 

over the studied duration, as shown in Figure 33(a) and supported by the temperature contours in Error! Reference source 

not found.. The FlowZ configuration achieves higher liquid fractions faster, enabling greater utilization of latent heat for 

cooling. Convective flow in the horizontal orientation also promotes more effective heat propagation through the thin PCM 

layer, as illustrated by the melt flow patterns in Error! Reference source not found.. 

Over the observed duration, the FlowY configuration showed only marginal improvement compared with the conduction-

only model. This behavior arises because the melt flow is concentrated near the top of the cell, while the rest of the melting 

pattern remains similar to the noFlow model. Thus, although convective flow is present in the PCM unit, its impact is limited 

if it is not well distributed throughout the material. The influence of convection is expected to become more pronounced at 

higher liquid fractions over longer operating durations. 

Comparison of Peripheral vs Fully Encapsulated PCM Configurations 

The effect of PCM placement was evaluated, accounting for the orthotropic thermal conductivity of the battery, in two 

configurations: SidePack and WholePack. As shown in Figure 33 (b), the liquid fraction of the WholePack configuration 

reached 1 at 1800 s, while all SidePack configurations exhibited slower melting. Consequently, the WholePack initially 

Figure 33. a) Temperature variation at Point 3, b) liquid fraction variation of PCM, for different PCM 

configurations 
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demonstrated superior cooling performance. However, once the PCM fully transitioned through the phase change region, the 

cell temperature increased sharply, emphasizing the importance of designing PCM units to operate effectively within the 

phase change range. At later stages, the FlowZ configuration outperformed the WholePack, maintaining better cooling 

performance as melting progressed. 

The initial strong performance of the WholePack configuration is attributed to the large heat transfer area available, as the 

PCM fully encapsulates the battery with a thin layer. In contrast, with the SidePack designs, although the peripheral thermal 

conductivity of the cell is higher, the inherently low thermal conductivity of the PCM delays heat propagation until sufficient 

melting occurs to initiate convective flow and enhance thermal transfer. 

Hence, the PCM unit should be designed according to the specific requirements of the application, such as operating duration 

and acceptable temperature range. For applications requiring long-term temperature regulation where minor increments are 

permissible, the SidePack configuration is more suitable. Conversely, applications demanding strict thermal control over 

shorter periods would benefit from designs similar to the WholePack. Therefore, a careful evaluation of design requirements 

is essential for developing an optimized PCM cooling unit. Furthermore, the initial low thermal performance of the SidePack 

configurations, caused by the low inherent thermal conductivity of the PCM, can be improved by incorporating nanoparticles 

to enhance conductivity. However, a critical evaluation is required, as the addition of nanoparticles also increases the viscosity 

of the nanocomposite PCM (NCPCM), thereby reducing thermal convection. Thus, the nanoparticle concentration should be 

carefully optimized by considering the combined effects of conduction and convection. 

Comparison of centerline temperature evolution for all PCM configurations 

Figure 34 shows the temperature variation of the cell along the centreline at the five points (Points 1–5) for the four PCM 

configurations over time. The WholePack configuration exhibited the best cooling performance initially, up to 2400 s, due to 

the rapid phase change of the PCM enabled by effective thermal propagation and the large heat transfer area. However, its 

performance declined once the PCM entered the sensible heat storage region.  

Among the SidePack configurations, the FlowZ orientation demonstrated the highest cooling efficiency throughout the 

observed duration. Between 1800 s and 3600 s, FlowZ controlled the temperature rise effectively, showing only a slight 

increase over time. These results indicate that the horizontal orientation enhances convective flow, improving the ability of 

PCM to absorb and propagate thermal energy. In the FlowZ configuration, the cooling performance is higher towards the 

bottom of the cell, caused by the cooling effects of the PCM layer at the bottom. 

Initially, at 600 s, all three SidePack configurations exhibited similar behavior, as heat transfer was dominated by conduction, 

which is consistent across the models. The noFlow and FlowY configurations showed nearly identical performance in the 

early stages, indicating that the simplified EHC model can be applied to the vertical orientation for a limited duration. 

However, as the PCM melted, convective flow effects became more pronounced in the FlowY configuration which could no 

longer be neglected. At higher time steps, the FlowY model demonstrated lower temperatures near the bottom of the cell 

compared to the noFlow model. This resulted from upward heat transport by the melted PCM, which left the lower region at 

relatively lower temperatures and thereby improved cooling performance.   

Hence, these results provide insight into the impact of convective flow on the cooling performance of PCMs and highlight 

the importance of modeling it to accurately capture melting patterns and cooling behavior. 
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Figure 34. Temperature variation of the cell along the centreline at 600s, 1200 s, 1800 s, 2400 s, 3000 s, 3600 s 

 

CONCLUSION 

The cooling performance of different PCM configurations for the thermal regulation of prismatic battery cells was analyzed. 

Two modelling approaches were considered: the EHC method, which accounts only for thermal conduction in the 

propagation, and the EP method, which incorporates both conduction and convective flow. The cooling performance results 

from the two models were compared, and it was found that the simplified EHC method can be used for a limited period of 

about 1200 s, during which conduction is the dominant heat transfer mechanism. However, as the PCM melts, more complex 

models that account for convective flow, such as the EP model, are required to capture the melt dynamics and the resulting 

cooling performance. 

Furthermore, two battery orientations, vertical (FlowY) and horizontal (FlowZ), were compared to assess the effect of 

convective flow on the cooling performance of the PCM unit. The FlowZ configuration exhibited superior cooling, achieving 

higher liquid fractions over time and resulting in a 3.9 K temperature drop at Point 5, located at the bottom of the cell, after 

3600 s. Hence, the horizontal orientation enhances convective flow, enabling more effective heat propagation throughout the 

PCM unit. However, since the vertical orientation is preferred for prismatic cells due to cell stacking in battery packs, 

additional techniques are needed to enhance thermal propagation and melt rates in the FlowY configuration. Approaches such 

as incorporating fins or using graphite/metal foams could be explored to improve heat transfer within the PCM unit. 

Finally, two PCM configurations were evaluated using the same PCM volume: a peripheral layer (SidePack) and full 

encapsulation of the cell (WholePack), to assess the effect of increasing the heat transfer area given the orthotropic thermal 

conductivity of the cell. The WholePack configuration demonstrated superior cooling performance, achieving a temperature 

reduction of up to 6.1 K compared with the FlowY orientation, and a maximum cell temperature reduction of 8.3 K relative 

to the air-cooled battery after 1800 s of operation. These results indicate that the WholePack is more effective than the 

SidePack in regulating cell temperatures. However, the cooling performance of the WholePack configuration substantially 

decreased once the PCM fully melted and entered the sensible heat storage region, leading to a gradual temperature rise after 

1800 s. In contrast, the SidePack configuration, particularly in the FlowZ orientation, showed lower initial cooling, but 

delivered better performance with the melting of PCM, with cell temperatures dropping below those of the WholePack 
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configuration. Hence, the design of the PCM unit should account for the required duration of operation. The WholePack 

configuration is more suitable for short-term cooling, while the SidePack configuration is preferable for longer durations, as 

its thicker PCM layer slows heat propagation and sustains latent heat cooling. 

Therefore, this study highlights the influence of different PCM cooling unit designs on cooling performance and emphasizes 

the need to align the design configuration with application requirements. Future work requires enhancing PCM cooling for 

vertically oriented cells, which are typically preferred in battery packs. Approaches to improve convective flow distribution 

within the PCM unit, such as optimized fin patterns or the use of metallic/graphite foams should be explored through further 

computational analysis. 
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