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Lithium-ion batteries are widely used in the electronics industry to store electrical 
energy. One of the challenges with these batteries is that they heat up during 
operation, which can damage the battery. For this reason, this paper simulates the 
cooling process of a plate-type (BTP) lithium-ion battery pack. To control the 
temperature of the battery (T-B), a laminar air flow and a phase change material 
(PCM) are used. The PCM is placed in a heat sink around the battery. This evaluation 
is performed temporarily for four different dimensions of the PCM pack. The hot 
outlet of this system is used to provide the thermal energy required for a small 
residential building (THE) at a mild temperature. The BTP was also simulated using 
COMSOL. The results show that the use of larger heat sinks can increase the 
maximum (MAX) and average (AVE) temperature of the battery. The minimum T-B 
occurs at different times for the smaller PCM heat sinks. Also, when using a heatsink 
with a larger PCM volume, it takes longer for the PCM to fully solidify. A BTP with 5 
or 50 battery cells can provide up to 3% or 30% of the THE required for the building. 

 

GÜNEŞ SİSTEMİNE BAĞLI PLAKA PİL HAVA SOĞUTMALI BİR SİSTEMDE FAZ 
DEĞİŞİM MALZEMELERİ KULLANILMASI VE GÖRÜNÜŞ ORANININ 

İNCELENMESİ ETKİSİ 
 

Anahtar Kelimeler Öz 

Faz Değiştiren malzemeler 
Plaka Tipi Pil, 
Bina, 
Enerji tüketimi, 
Hava soğutmalı. 
 

Lityum iyon piller, elektronik endüstrisinde elektrik enerjisini depolamak için 
yaygın olarak kullanılmaktadır. Bu pillerin zorluklarından biri, çalışma sırasında 
pile zarar verebilecek şekilde ısınmalarıdır. Bu sorundan dolayı, bu çalışmada plaka 
tipi lityum iyon pil takımının (BTP) soğutma süreci simüle edilmiştir. Pilin (T-B) 
sıcaklığını kontrol etmek için laminer hava akımı ve faz değiştirme malzemesi (PCM) 
kullanılır. PCM, pilin etrafındaki bir soğutucunun içine yerleştirilmiştir. Mevcut 
değerlendirme, PCM paketinin dört farklı boyutu için geçici olarak yapılır. Bu 
sistemin çıkış sıcaklığı, ılıman bir sıcaklıkta küçük bir konut binası için gerekli olan 
termal enerjiyi (THE) sağlamak için kullanılır. BTP ayrıca COMSOL kullanılarak 
simüle edilmiştir. Sonuçlar, daha büyük soğutucu pillerin kullanımının pilin 
maksimum (MAX) ve ortalama (AVE) sıcaklıklarını artırabileceğini gösterdi. 
Minimum T-B, daha küçük PCM soğutucusunda farklı zamanlarda meydana gelir. 
Ayrıca, daha büyük PCM hacmine sahip bir soğutucu kullanmak, PCM'nin tamamen 
katılaşması için daha uzun sürer. 5 ve 50 pil hücreli bir BTP, binanın ihtiyaç duyduğu 
THE'nin sırasıyla %3'ünü ve %30'unu sağlayabilir. 

Akkurt, N., (2022). The Effect Of Using Phase Change Materials And Examining The Aspect Ratio In An Air-Cooled 
System Of A Plate Battery Connected To A Solar System, Journal of Engineering Sciences and Design, 10(4), 1194-
1211. 
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1. Introduction 

 
Compared to other types of batteries, lithium-ion batteries are used in various industries, including electric 
vehicles, due to their suitable thermal capacity, relatively long lifetime, and low discharge rate. However, there are 
several challenges in using these batteries, such as their thermal stability or explosion due to overheating or 
uneven heat distribution (Al-Zareer et al., 2017; Amalesh and Lakshmi Narasimhan, 2020; Bibin et al., 2020; 
Elsheikh et al., 2014). Therefore, the design and application of battery cooling system and thermal management 
are important to provide suitable and safe working conditions. In recent years, the idea of introducing electric and 
hybrid electric vehicles and fuel cells has attracted much interest in the industry to replace internal combustion 
engine vehicles. This generation of vehicles has a battery to store energy. Electric vehicles are similar in many 
ways to gasoline and diesel vehicles. The only difference is the replacement of the internal combustion engine with 
a rechargeable battery (Hannan et al., 2014; Lopes et al., 2010; Nilsson, 2011; Sanguesa et al., 2021; Sun et al., 
2019). 
 
The electric motor is powered by the battery, and the battery drives the wheels. Batteries are generally the most 
widely used form of energy storage technology due to their low cost, mobility, and ability to function in a variety 
of situations. Batteries generate electricity by releasing energy that has been stored in chemicals. Because of their 
lower cost, longer life, and better energy density, lithium-ion batteries are becoming increasingly popular in 
electric cars. Significant breakthroughs in lithium-ion battery technology have enabled industry owners and 
technological pioneers to bring new products to market, including satellites and spacecraft, space stations, electric 
and hybrid cars, and advanced communications equipment. In addition, the technology used in the metallurgy of 
this type of batteries has led to the introduction of flexible and curved batteries into the market (Jiang et al., 2022; 
Orooji et al., 2022; Tran et al., 2022; Xie et al., 2021; Zhang, J. et al., 2022; Zhang, Y.S. et al., 2022). It should be noted 
that the thermal problems of these batteries have limited their applicability for high energy consumption, as high 
operating temperatures in these batteries can significantly reduce their lifetime and even cause burns and fires. In 
general, the best performance of lithium-ion batteries is determined solely by their temperature, as these batteries 
are very sensitive to operating temperature and must be operated within a certain temperature range (An et al., 
2017; Karimi and Li, 2013; Khateeb et al., 2005; Pesaran, 2001; Qian et al., 2016; Yang et al., 2019). These batteries 
have a MAX working temperature of 45 °C. It has been emphasized that they should not exceed a safe temperature 
of 60 degrees Celsius. Therefore, many researchers are interested in studying the thermal management systems 
of these batteries, and numerous studies have been conducted on practical high-efficiency cooling systems for 
thermal management of these devices (Hajatzadeh Pordanjani et al., 2019; Pordanjani et al., 2021; Pordanjani et 
al., 2019). Various methods such as air cooling, liquid cooling, nanofluids, heat pipes, and the use of PCMs have 
been proposed to provide the desired thermal management conditions and maintain the temperature of the 
batteries within a normal and safe range (Huang et al., 2021; Kirad and Chaudhari, 2021; Shen et al., 2021; Yao et 
al., 2021; Zhang, X. et al., 2022; Zichen and Changqing, 2021). A review of researches on encapsulation of organic 
phase change materials, thermal conductivity enhancement and modeling of thermal behavior reported in the last 
20 years has presented by (Mert et al., 2018 ). (Gürbüz et al., 2021) conducted a numerical analysis of the melting 
and solidification processes of the thermal energy storage (TES) system designed for the exhaust waste heat 
recovery of a spark-ignition engine was performed. Paraffin wax, which stores thermal energy as latent heat and 
is commercially identified with the code RT35, is used as phase change material in the thermal energy storage 
(TES) system. Sisk et al. (Sisk et al., 2015) summarized the electrochemical and thermal models of the battery. 
COMSOL software was used for the electrochemical modeling. The dynamic resistance of the battery was one of 
the most important properties studied in this simulation. Based on the results and comparison with the static 
resistance of the battery, it was found that the thermal load was overestimated in the design phase. Shojaei et al. 
(Shojaei et al., 2016) evaluated the battery as a component of the vehicle from a systematic point of view to cool 
the battery of the hybrid vehicle. They evaluated passenger compartment cooling, internal combustion engine 
cooling, and battery cooling. Due to the complexity of the model, numerous assumptions were made, such as 
neglecting spatial effects in the battery or the cabin. 
 
Thermal resistance, heat generation, radiation, and convective heat transfer were considered in the numerical 
models. Singh et al. (Singh et al., 2021) studied forced airflow in the BTP and found that using different designs did 
not affect the MAX -T-B. Shi et al. (Shi et al., 2021) studied the cooling system by optimizing the airflow in the BTP 
using an artificial neural network. They demonstrated a device with three outputs that can reduce the temperature 
of the BTP by up to 6 degrees Celsius. 
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Khateeb et al. (Khateeb et al., 2004) evaluated the thermal management system of a lithium-ion battery cooled 
with PCMs. They used air to charge and discharge the PCMs. The BTP consisted of nine 18650 batteries. They 
designed the battery for different conditions and showed that PCMs are a good alternative to cooling systems. 
In one of the studies conducted using the active method, Wang et al. (Wang et al., 2014) investigated the optimal 
arrangement of cells in the BTP. They also evaluated the effects of the location of the air inlet and outlet. They 
investigated the thermal behavior of the battery module at different flow rates, different charging rates, and 
different operating temperatures. Using air for cooling was not suitable in many cases due to the weak thermal 
properties of air and caused the T-B to exceed its allowable temperature. Therefore, some researchers used liquids 
to cool the battery to improve the cooling rate. 
 
Huo et al. (Huo and Rao, 2015) numerically evaluated the effect of adding alumina nanoparticles to the base fluid. 
The addition of nanoparticles can lower the MAX temperature of battery cells. Their results showed that the MAX 
cell temperature could be reduced by 7% by using a nanofluid with a volume fraction of 4%. 
Using waste energy to provide the energy needed for heating can reduce energy consumption and decrease fossil 
fuel consumption. One of the devices that generate unwanted heat is batteries. Batteries come in a variety of shapes 
and sizes, including those that can be alternately charged and discharged. These batteries are used in various 
devices, such as electric cars and solar vehicles, electronic devices, etc. On the other hand, a considerable amount 
of energy is consumed annually to heat a residential house in the world. Therefore, reducing energy consumption 
in buildings can be very important. In this paper, the effect of using the heat generated by a BTP to heat a building 
is studied. The BTP consists of plate batteries and a PCM pack placed around the batteries in a rectangular 
enclosure. The batteries are placed in the air duct, and the effects of different dimensions of the PCM pack on the 
T-B and delivered energy of the house are estimated at different times. 
 
2. Problem definition 
 
As shown in Fig. 1, a BTP with plate-type lithium-ion battery cells is housed in an air vent. Each battery cell is in a 
separate channel. To reduce the computation time, only one battery cell is simulated. A no-slip boundary condition 
applies to the walls of these ducts. Air enters the ducts at constant temperature and velocity with a Reynolds 
number (Re) of 150 and exits at atmospheric pressure. A rectangular PCM heat sink is placed around all battery 
cells. Four models of the heat sink with different thicknesses are considered. (Kant et al. 2017) is used for the PCM 
properties used in this study. 
 

 
Figure. 1. A schematic of the battery cooling system and different types of heatsink used for PCM. 

 
The battery cooling system is used in the air conditioning system of a 48 m2 building. The house consists of two 
rooms and a kitchen. It is located in a mild climate in the northern hemisphere. The materials used were selected 
based on the study (Alqaed, 2022). Figure. 2 shows a schematic diagram of the building and its climate system. 
 



AKKURT 10.21923/jesd. 1106646 

 

1197 
 

 
Figure. 2. The building studied and its ventilation system. 

 
2.1. Governing equations 
 
The air enters the duct with constant temperature and velocity and exits the other side with constant pressure. 
After solving the battery equations, which appear as source terms in the energy equation, heat is generated inside 
the battery, causing the PCM to melt. The PCM leads to a uniform temperature distribution on the battery surface. 
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Where Q is the current generated in the battery and λ is the thermal conductivity. Also, ρ and c_p are the density 
and heat capacity, respectively. (Bernardi et al., 1985) showed that the amount of heat flow in the battery can be 
calculated as follows: 
 

(2) 
𝑄 = 𝐼[(𝑈𝑂𝐶𝑉 −𝑈) + 𝐼𝑇

𝜕𝑈𝑂𝐶𝑉
𝜕𝑇

 ] 

 
This equation includes two types of heat generated in the battery: heat generated by Joule resistance and heat 
generated by entropy and electrochemical reaction in the battery. I is the charge and discharge current and U_OCV 
is the open circuit voltage. Therefore, the equation for heat generation in the battery is written as follows: 
 

(3) 
𝑞 =

𝐼

𝑉
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) 

 

The enthalpy-porosity method is used for numerical modelling of the solid-liquid phase change. In this method, 
the computational domain is a porous region such that the value of the porosity coefficient is equal to one in the 
liquid phase and zero in the solid phase. The solid-liquid interface forms a mushy region where the porosity 
coefficient varies between zero and one. In this method, a fixed grid is used and the location of the solid-liquid 
interface is determined implicitly at each time point (Kalbasi, 2021; Kalbasi et al., 2019). The following continuity, 
momentum, and energy equations are established: 
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Here, 𝐴 is the porosity function: 
 

(8) 
𝐴 = −𝐶

(1 − 𝛾)2

𝛾3 + 𝜀
 

 
where c = 106 is a mushy constant. Also, 𝜀 is 10-3 to avoid dividing the above fraction by zero when the amount of 
liquid fraction is zero. The liquid fraction is also calculated using the following equation: 
 

(9) 

𝛾 =
𝛥𝐻

𝐿𝑠𝑓
= 

{
 
 

 
 0                                                   𝑖𝑓                                        𝑇 < 𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠
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𝑇𝐿𝑖𝑞𝑢𝑖𝑑𝑢𝑠 − 𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠

                 𝑖𝑓                 𝑇𝐿𝑖𝑞𝑢𝑖𝑑𝑢𝑠 < 𝑇 < 𝑇𝑠𝑜𝑙𝑖𝑑𝑢𝑠

1                                                  𝑖𝑓                                   𝑇 > 𝑇𝐿𝑖𝑞𝑢𝑖𝑑𝑢𝑠

 

 
Energy conservation equation: 
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Two-dimensional continuity and momentum equations for a Newtonian fluid are introduced. A laminar, 
incompressible and steady flow is assumed. Body forces such as gravity. The continuity equations and the x and y 
components of the momentum equations are as follows: 
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3. Numerical method 
 
To solve the equations, discrete equations must be established. Therefore, the equations for air flow, phase change 
PCM, and battery equations are discretized. There are several methods to discretize equations, and researchers 
are still searching for new methods. In this paper, the finite element method is used to discretize the equations. 
COMSOL Multiphysics software, version 5.6, is used to solve the discrete equations. To calculate the heat load of 
the building and evaluate the impact of the heat of the batteries on the energy supply of the house, the Design 
Builder software is used. 
 
After discretizing the equations, it is necessary to solve the discrete equations at points on the geometry. 
Therefore, a grid is created on the geometry. Due to the importance of solving the PCM phase change and the 
battery, a fine grid is used for these two parts and a normal grid for the channel. Finally, the number of elements 
used is 965,382 elements. Table 1 shows the AVE -T-B and the volume fraction of the melt PCM for different 
number of elements. From the table, it can be seen that the selected number of elements is acceptable in terms of 
computational time. 
 

Table 1. AVE-T-B and volume fraction of molten PCM for a different number of elements and computational time for 
the largest PCM heatsink. 

1258640 965382 793864 610834 No. of elements 

260 min 110 min 50 min 16 min Computational time 

304.09 304.07 303.98 303.67 AVE battery temperature 

47.30 47.31 47.44 47.67 Volume fraction of molten PCM 

 
4. Validation 
 
A similar article is selected to confirm the present results. (Almehmadi et al., 2022) studied the effects of using a 
battery heater to heat a building. A cylindrical battery was used. The T-B quantities determined in the present 
work are compared with those of (Almehmadi et al., 2022) at different velocities and times (Fig. 3). From the table, 
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it can be seen that the error MAX between the present work and the study of (Almehmadi et al., 2022) is less than 
4%, which is indicative of the accuracy of the present simulations. 
 

 
Figure. 3. Comparison of T-B obtained from the present work with those reported by (Almehmadi et al., 2022) at different 

velocities. 

4. Results and discussion 
 
The velocity contours are shown in Fig. 4 for different models of the heat sink PCM. The change of velocity during 
the collision with the heat sink and the battery depends on the dimensions of the heat sink. When more PCM is 
used in the heat sink, the amount of velocity changes is higher, but when the heat sink is smaller (model 1), the 
amount of velocity changes is lower. A larger heat sink also results in the velocity of MAX being slightly higher than 
with a smaller heat sink. 
 

 
Model 1 

 
Model 2 

 
Model 3 

 
Model 4 

Figure. 4. velocity contour for different cavity models filled with phase change materials with different aspect ratios. 
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Figure. 5 illustrates the phase change of PCM at different times for different models of the PCM heat sink. The 
amount of PCM used in the heat sink affects its solidification time. The more PCM used in the heat sink, the longer 
it takes for PCM to solidify completely. Therefore, in Model 4, a significant amount of molten PCM remains over 
time, while in Model 1, all PCM solidifies in a short time. The solidification of PCM starts at the point where the air 
collides with the side of the battery. Then the parts of the heat sink that are exposed to more air become solid. Due 
to the heat generation in the battery, the PCM on the side of the battery becomes solid later than the other parts. 
 

 
250sec 

 
500sec 

 
750sec 

 
1000sec 
Model 1 

 
250sec 

 
500sec 

 
750sec 

 
1000sec 

Model 2 

 
250sec 
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500sec 

 
750sec 

 
1000sec 
Model 3 

 
250sec 

 
500sec 

 
750sec 

 
1000sec 
Model 4 

 
Figure. 5. The amount of PCM for different cavity models filled with phase change materials with different aspect 

ratios. 

 
Figure. 6 illustrates the temperature profiles at different times for different models of the PCM heat sink. The cold 
air meets the battery at the inlet and its temperature is increased by the cooling of the battery. Due to the horizontal 
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position of the battery in the air duct, the T-B at the inlet is reduced. The battery has a lower temperature at the 
inlet and a higher temperature at the outlet. The PCM heat sink solidifies first at the inlet and then at the outlet. 
For heat sink models with a higher percentage of PCM, e.g., Model 4, the temperature changes slightly over time, 
and the melt PCM does not allow T-B and PCM to be reduced. However, in Model 1, where less PCM is used in the 
heat sink, T-B and heat sink increase over time. The larger the amount of heat sink, the smaller the temperature 
changes over time. 
 

 
250sec 

 
500sec 

 
750sec 

 
1000sec 
Model 1 

 
250sec 

 
500sec 
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750sec 

 
1000sec 
Model 2 

 
250sec 

 
500sec 

 
750sec 

 
1000sec 
Model 3 

 
250sec 

 
500sec 
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750sec 

 
1000sec 
Model 4 

Figure.6. The temperature contours for different cavity models filled with phase change materials with different 
aspect ratios. 

 
Figure. 7 shows the AVE T-B at different times for different PCM heat sink models. T-B is increased by the chemical 
reactions in the battery. The chemical reactions show up as heat flow. This heat should be dissipated from the 
battery, otherwise it will cause an excessive increase due to the heat buildup in the battery. As a result, the battery 
will burn or explode in a short time. Due to the presence of molten PCM around the battery, the heat transfer rate 
from the battery to the air is low. This is the most critical condition for passive temperature management. When 
the PCM is completely melted and can no longer manage the T-B, the air solidifies the PCM, dissipating the excess 
heat so that it can effectively manage the T-B . The higher the PCM in the heat sink (Model 4), the higher the T-B. 
For Model 1, where the amount of PCM is lower, the T-B is smaller. 
 

 

Figure. 7. The AVE temperature values of the battery at different times for different aspect ratios of the cavity filled with 
phase change material. 
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Figure. 8 shows the AVE temperature of PCM at different times for different PCM heat sink models. The 
temperature inside the heat sink is lower than in the battery because no energy is generated and only THE is stored 
as latent heat of fusion. The heat generated in the battery is dissipated to the air via PCM. As long as there is a 
significant amount of PCM in the liquid phase, the temperature is high because the latent heat of fusion does not 
cause the temperature of PCM to drop. However, when PCM solidifies, the temperature decreases. Therefore, in 
heat sink model 1, where the amount of PCM is less and PCM solidifies completely in a shorter time, the 
temperature of PCM is lower than in other cases. In heat sink model 4, where a higher value of PCM is used and 
PCM is in the liquid phase for a longer time, the temperature of PCM is slightly higher. 

 
Figure. 8. The AVE temperature values of the PCM at different times for different aspect ratios of the cavity filled with phase 

change material. 
 
Figure 9 shows the MAX T-B at different times for different PCM heat sink models. Due to the shape of the battery 
in the duct and the collision of the air with one side of the battery, the temperature values in the battery are 
different, so the temperature at the inlet of the battery is slightly lower than at the outlet. Since the PCM solidifies 
earlier in the inlet area of the battery, the temperature in this area drops faster, but the temperature in the lower 
part of the battery is higher for a longer time. MAX Battery temperatures occur in this area. For models with higher 
PCM thickness, i.e. models 3 and 4, the MAX temperature in the battery cell is slightly higher for a longer period of 
time. For Model 1, where less PCM is used in the heat sink, the MAX T-B is greatly reduced in a shorter time and 
the MAX T-B drops sharply. 
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Figure. 9. The MAX temperature values of the battery at different times for different aspect ratios of the cavity filled with 
phase change material. 

 
Figure. 10 shows the values of air outlet temperature at different times for different PCM heat sink models. The air 
temperature is higher compared to the inlet for two reasons. The first reason is the performance of the battery 
during the studied period. The battery generates a heat flux due to its chemical reactions. This heat flux causes the 
air temperature to rise. Also, due to the melting of the entire PCM in the initial period, a large amount of energy is 
stored in the PCM. As the air passes through the heat sink, some of this energy is transferred to the air. As a result, 
the air temperature is increased. Also, some of the PCM solidifies by losing its internal energy. Since the dimensions 
and the type of battery are kept constant for the different heat sink models, the same amount of heat is generated 
by them. However, due to the different amount of PCM used in the heat sinks of the different models, the amount 
of energy dissipated to the air is different. Therefore, the MAX amount of air leakage temperature is observed in 
model 4, which has the highest amount of PCM in the heat sink. In this model, more heat is transferred from PCM 
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to the air, and consequently the outlet air temperature is higher. Also, the discharge air temperature is higher for 
a longer time in this model. 
 
The volume fraction of melt PCM is shown in Fig. 11 at different times for different PCM heat sink models. The 
more PCM used by the battery heat sink, the longer it takes for PCM to completely solidify in the heat sink. Thus, 
in Model 4, where the PCM heat sink dimensions are larger and more PCM is used around the battery, the PC 

Figure. 10. Outlet air temperature values at different times for different aspect ratios of the cavity filled with phase change 
material. 

 
M solidification time is longer. In contrast, in Model 1, where the heat sink around the battery is smaller and a 
small amount of PCM is used, PCM solidifies in less than 400 seconds. In Model 2, PCM solidifies in less than 900 
seconds, but in Models 3 and 4, some of PCM in the heat sink is still liquid in 1000 seconds. Since the air absorbs 
the energy stored in the PCM, the amount of solid PCM increases as the air flows with the PCM heat sink for a 
longer period of time. 
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Figure. 11. Volume fraction values of molten PCM at different times for different aspect ratios of cavities filled with phase 

change materials. 

 
In figure. 12, the percentage of energy supplied by the batteries to the annual energy needed to heat the building 
is shown for two models of the heat sink PCM and a different number of battery cells. Since the amount of THE 
required in summer is lower and the amount of energy dissipated by the battery cooling system is constant, a 
significant percentage of the THE required by the building in summer can be supplied by the battery cooling 
system. In winter, when the building's energy demand is somewhat higher, the amount of energy supplied by the 
battery cooling system is significantly reduced. Due to the location of the building in a mild climate, the difference 
between summer and winter temperatures is not very large. In the spring and fall, a moderate amount of the 
energy required by the building is provided by the battery cooling system. Overall, these improvements and 
reductions show that 3 to 30% of the building's energy needs can be met by using 5 to 50 battery cells in the 
battery cooling system. It is also shown that the use of PCM round heat sinks is more suitable for the energy supply 
of the building than other forms of heat sinks. Due to better heat exchange between air and batteries, the air 
temperature in this model is higher, which leads to better energy supply than other models. It has more 
possibilities to increase the amount of energy easily. The air temperature is higher in this model and thus the 
energy supply is also higher than other models. 
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Figure. 12. Percentage of energy supplied from heat generated higher than the required heating energy of the building 

annually for the two aspect ratios of the PCM-filled cavity and the different number of battery cells.  
 

Conclusions 
 
This paper investigates the effect of using a plate-type lithium-ion battery in the air-conditioning duct of a building 
to power the building's THE. The batteries are located in a rectangular heat sink with PCM in a laminar air flow. 
The investigation of different heat sink models leads to the following results. 
 
1- The battery has a lower temperature at the inlet and a higher temperature at the outlet. The MAX -T-B occurs 
at the outlet. 
 
2- The use of thicker heat sink models leads to an amplification of the MAX -T-B. 
 
3- Model 4 has the MAX average temperature and model 1 has the lowest AVE temperature compared to the other 
models. 
 
4- Model 4 takes the most time and model 1 takes the least time to completely solidify PCM inside the heat sink. 
 
5- Using 5 to 50 battery cells in the battery cooling system can provide 3 to 30% of the energy needed for the 
building annually. 
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