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INTRODUCTION

ABSTRACT

Battery-operated modern mobility systems are commonly referred to as Electric Vehicles.
The transition from conventional internal combustion engines to modern electric mobility is
progressing rapidly. Incorporating Electric Vehicles is a practical solution to addressing envi-
ronmental pollution caused by the combustion of petroleum-based fuels. Among the various
energy storage options, Lithium-ion batteries are the preferred choice due to their superior
features, including high energy density, longevity, and efficiency. However, the performance,
safety, and lifespan of Lithium-ion batteries are highly sensitive to operating temperature.
Therefore, an effective battery thermal management system is essential. This review paper
focuses on air-based thermal management systems. Compared to other cooling methods, air-
based systems offer notable advantages, such as simplicity, lower cost, and ease of implemen-
tation. Despite these benefits, air-based systems often face challenges in efficiently managing
higher thermal loads. Various techniques related to air-based cooling systems are discussed in
detail. Additionally, the paper provides an overview of alternative cooling methods for com-
parison and context.

Cite this article as: S Kumar P, Krishnappa GB, Devegowda M. A comprhensive review on
aircooledbatterythermal mangementsystemofelectricvehicles.] TherEng2026;12(2):830—841.

the pollution caused by vehicles. Many countries have been
encouraging the research and development in the field

For the past few decades, world witnesses the exponen-
tial increase in demand of petroleum fuels. The excessive
burning of these fuels in automobiles has caused severe
environmental degradation. The vehicular pollution has
crossed its acceptable level in major cities of the world.
Government regulating bodies in various countries have
been implementing stringent emission norms to deal with
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of eco-friendly vehicles. This leads to a development of
new-generation vehicles called Electric Vehicles (EVs). In
EVs, the power required for the vehicle traction is supplied
by a storage battery. There are three types of EVs: Battery
Electric Vehicles (BEVs), Plug-in Hybrid Vehicles (HPVs)
and Hybrid Electric Vehicles (HEVs). Currently, wide
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varieties of storage batteries are available. Among the vari-
ous options, Lithium-ion (Li-ion) battery shows better fea-
tures in terms of energy-density, long-life and compactness
[1-4]. Thus, Li-ion battery is widely accepted and employed
in EVs. These batteries are also used in electronic devices
[5]. To accommodate the required power in EV, more num-
bers of Li-ion batteries need to be connected in series and
parallel. The life and performance of Li-ion battery are
highly influenced by the working temperature [6-8]. The
battery pack temperature should be maintained between 15
to 35°C [9-11] and uniform cell temperature shall be within
5 °C [12-17]. Significant amount of heat is being generated
while charging as well as discharging. The heat generation
could be due to Joule’s effect, called irreversible heat (Q,,)
and electrochemical reaction, known as reversible heat (Q,)
[18]. Bernardiet.al [19] developed a correlation (1) to find
the total heat generation in a battery.

Q:Qir+Qr:IZRin_IT§7ET; (1)

I is the current, R, is the internal resistance, T is the

dT . _ s
temperature and dE, 18 the entropy coefficient. To maintain

the operating temperature of a Li-ion battery within accept-
able limits, an effective Battery Thermal Management
System (BTMS) is necessary. The safety, economic viability,
and size of the BTMS should be carefully considered. At
present, cooling is achieved using air, liquid, heat pipe,
phase change materials (PCM) and thermoelectric cooling
(TEC) technique. Alternatively, different cooling methods
may be combined [20-22]. Each cooling method has its
own pros and cons. Based on the cooling technique adopted,
BTMSs are categorised into Active, Passive and Hybrid sys-
tems. In an active system, either free or forced cooling is
achieved by air or liquid. Heat pipe or Phase Change
Material (PCM) is employed in passive system. Hybrid sys-
tem generally includes two different cooling methods.
Recent advancements in Battery Thermal Management
Systems (BTMS) have garnered significant attention, partic-
ularly in the context of electric vehicles (EVs). Researchers
have developed various BTMS solutions to enhance battery
performance, safety, and longevity. This article provides a
comprehensive review of the latest developments in air-
based BTMS while also offering an overview of liquid,
phase change material (PCM), and hybrid approaches.

NON-UNIFORM TEMPERATURE

Non-uniform cell temperature is one of the critical
issues associated with Li-ion batteries. The key components
of a Li-ion battery are the anode, cathode, electrolyte, and
separator [23, 24]. During charging and discharging, lith-
ium ions exchange between the two electrodes through the
separator and electrolyte. During charging, lithium ions
move from the anode to the cathode by absorbing energy
from an external source. The same energy is then released
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Figure 1. Electronic pathway at the interface.

as electricity when electrons flow from the anode to the
cathode through an external circuit [25, 26]. The basic
working principle of a Li-ion battery is illustrated in Figure
1. Various chemical reactions occur during these processes,
and a significant amount of heat is also generated. As a
result, a temperature gradient develops across the battery
pack, which is often non-uniform.

Several factors contribute to the uneven temperature
distribution across the battery pack and within each cell. A
study by Hossein Maleki et al. [27] revealed that the struc-
ture of the electrodes changes due to repeated cycles. The
variation in open-circuit voltage leads to changes in spe-
cific heat capacity, which causes de-lithiation. De-lithiation
significantly impacts the structural changes in the battery.
Moreover, the thermal conductivity of the electrode mate-
rials is affected by the changes in the specific heat of the
battery.

An experimental study by Frank Richter et al. [28]
explored the changes in the thermal conductivity of bat-
tery materials and the temperature profile. The thermal
conductivity of the electrodes and separator is influenced
by the electrolyte. The study showed that the thermal con-
ductivity of the separator and electrodes was poor under
dry conditions. Consequently, the decomposition of the
electrolyte during aging reduces the thermal conductivity
of these materials. The temperature profile of the battery
pack is also highly influenced by the discharge rate. The
temperature difference between the center and the edge of
the battery pack increases with the discharge rate.

The internal resistance of battery materials increases
with aging, leading to higher internal heat generation
within the battery [30-32]. Additionally, the thermal con-
ductivity of the electrodes varies with particle size [33].
Thermal contact resistance between the electrode and the
current collector is another critical parameter that affects
both the performance and fast charging capabilities of the
cell. Often, the diffusion of ions in the electrolyte and the
flow of electrons through the solid medium significantly
contribute to the internal resistance of the cell. This contact
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resistance accounts for about 25% of the changes in the
shape and structure (polarization) of the cell [34].

A microscopic view of the contact resistance and the
paths of ions and electrons at a cathode (NMC5320) [35].
The cell current must pass through this interface during
both charging and discharging [36-38]. Therefore, mate-
rials that offer minimal contact resistance are preferred
to achieve better performance. Furthermore, microscopic
properties such as the particle size of the current collector
and binder, porosity, and the percentage of contact between
the surfaces have a significant impact on the contact resis-
tance [39-44].

AIR BASED SYSTEM

Atmospheric air is used as the working medium in an air
based BTMS. In the EV sector, air based BTMS proven to be
abetter option over other systems due its advantages such as
simple structural design, less weight, no leakages, and low
cost [45, 46]. All other BTMSs except air-based system are
still in developing stage. Major EV manufacturers preferred
air-based system to match the supply and demand for EVs
in the rapid growing market [47]. However, the challenges
associated with air-based system are; low thermal conduc-
tivity of air, large volumes of airflow requirement, non-uni-
form cooling of the battery pack and vibration problems.
Further, the air-based system alone is incapable of provid-
ing sufficient cooling due to the instant surge in heat gen-
eration from the battery at the higher vehicle speed [48,49].
Attempts have been made to improve the performance and
reliability of air based BTMS. The structural designs and
flow optimisations are the widely used techniques in this
regard.

Mao LI et al, [50] have conducted a study model-
ling and optimisation in an air cooled BTMS. A U-Type
Li-ion battery module with 36 cells and 37 cooling passages
was considered for the analysis. The study focuses on the

(a) 1x20

(b) 2x10

influence of important design parameters such as mass
flow rate, heat flux and flow passage spacing. Increased
mass flow rate results in decreased temperature differences
and increased pressure drop between the cells’ surface and
air stream. However, increased pressure drop demands
the higher power consumption. Increased heat flux causes
significant increase in temperature difference and merely
affects the pressure drop. Further, non-uniform tempera-
ture distribution within the battery module occurs due to
the increased heat flux. Thermal performance reduces with
increase in flow passage area. Further, uneven passages
result in uneven temperature distribution. XiongbinPeng et
al. [51] made an analysis of air-cooled cylindrical battery
pack. A cylindrical battery pack of 20 modules was consid-
ered, and the dynamic model was created for the validation.
The cooling performance was analysed for different battery
layouts with various inlet and outlet air flow pattern as rep-
resented in Figure 2 and 3.

Analysis was done by considering the same rectangu-
lar inlet and outlet size (20 x 49 mm) for each module by
blowing air at a constant speed in transverse and lateral
directions. For each layout, lower temperature distribution
was noticed near the air inlet than the outlet. However, bet-
ter uniform temperature distribution was noticed in 4 x 5
layout. For the flow optimisation, 18 different patterns were
attempted. Better flow distribution was observed in 3,4,12,
and13. Experiments were conducted to check the validity of
simulation results. Acceptable agreement between the sim-
ulation and experimental results was observed.

Kai Chen et al., [52] have developed various symmetri-
cal air-cooled models for BTMS. The study was performed
with different U and Z - type of flows. In symmetrical
models, the higher cooling performance, and less energy
consumption were reported. Further, the study has shown
that the minimum number of battery cells results in a better
uniform temperature distribution. Akinlabi A. A. Hakeem
and DavutSolyali [53] performed a thermal performance
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Figure 2. Different layouts of cylindrical Battery pack [From Akinlabi Figure 3. Flow positions [From Akinlabi and

and Solyali [51], MDP], licensed under CC BY 4.0].

Solyali [51], MDP], licensed under CC BY 4.0].
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analysis under forced convection for a Li- ion battery. In
this study, cell aligned cell optimisation technique was
adopted. Experiments were carried out at variable air
velocity. The results infer that improved cooling perfor-
mance was attained at higher Reynolds numbers as a result
of forced convention. Jiajun Zhang et al. [54] have done an
experimental and numerical study of transient heat trans-
fer analysis of air cooled BITMS. Parallel air cooled BTMS
was considered for the study with, Z, U and I - type of
flows. This study comprises of three analytical methods:
Numerical analysis using CFD, Flow resistance network
model, transient heat transfer model. Further, experimental
work was also carried out. Transient model was formulated
for I-Type flow by applying energy equations by consider-
ing four channels flow around the battery cell. In the exper-
imental analysis, aluminium blocks were used to represent
the battery cell. The blocks were heated uniformly by elec-
tricity. Thermocouples were placed on the blocks to contin-
uously monitor the temperature. The results of numerical
models were closely agreed with experimental results.

Thomas ImrerilleBuidin and Florin Mariasiu [55] pro-
posed a modeling approach for the sports track conditions
of 22 km travelling distance on the racetrack with battery
temperature limit below 50 °C. The power train system con-
sists of two motors of 15 kW each capacity. Battery pack
was made into 22 segments with 8 modules. Maximum dis-
charge current and voltage of battery pack were 464 Amps
and 369 Volts respectively. Power required for the traction
and current to be delivered by the battery as per the state of
charge was determined by using energy efficiency graph.

To travel 22 km, the profile repeated for 23 times and
time taken was 1960 seconds. CFD models were developed
to determine the surface heat transfer coefficient between
the air stream and surface of the battery cell. Initially, 1D
transient heat transfer model was analysed. Further, it was
used to develop the 3D transient heat transfer model. This
makes the analysis simple. Simulation results depict that
the heat transfer capacity decreases due to decrease in air
flow coefficient in longitudinal direction. Higher tempera-
ture was recorded at the middle and lower region of the
battery pack.

In most of the cases, non-uniformity of air flow causes
the uneven temperature distribution within the battery
pack. Researchers have tried to get uniform air flow pat-
tern by different inlet and outlet positions, using air distri-
bution fans [56, 57]. Few studies recommend adopting the
change air flow direction within the battery pack to achieve
uniform air distribution [58-61]. These studies also have
shown considerable achievement in uniform air distribu-
tion. In this direction, Meiwei Wang [62] et.al, proposed a
newer method to change air flow direction by using parallel
plates. This study had taken Z-type BTMS for the analy-
sis. Parallel plates were introduced at the bottom side of the
battery. According to airflow pattern, nine BTMS models
were developed.

The CFD analysis was made for these nine models.
Simulation analysis shows that the minimum value of
maximum temperature was noticed for model IX and min-
imum value of maximum temperature difference obtained
for model VII. For the model IX, good flow distribution
was achieved which leads to more uniform temperature
profile than the other models. Introduction of parallel
plates causes the decrease in maximum temperature dif-
ference initially and increase thereafter. Kai Chen et al.
[63] developed parallel air cooled BTMS and done CFD
analysis to know the influence of structural and opera-
tional parameters. The operational parameters taken for
the studies were discharge rate, inlet air temperature and
inlet airflow rate. Structural parameters focussed by this
study were cell spacing, convergence and divergence ple-
num. CFD model was developed by considering turbulent
flow conditions with k-e turbulence model. The results
obtained from the CFD analysis were validated by using
Park’s study [64]. Experimental data available in the study
made by Wu [65] was taken for the validation. The infer-
ences given by this study were: (i) reduced inlet air tem-
perature reduces the battery temperature, however, could
not restrict the rise in temperature effectively. (ii) Increase
in inlet airflow rate decreases the maximum temperature
in the battery pack. However, it increases the power con-
sumption. (iii) Reduction in cell spacing results in lower
cells’ temperature, this also leads to increased power con-
sumption. (iv) Often, reduction in maximum temperature
and minimum cell temperature gradient can be achieved
by optimizing the plenum angles.

The optimisation methods by using U and Z- type flow
patterns were widely employed methods. To some extent
I- type flow was also incorporated. Recently, research-
ers made attempts to study the cooling performance by
obtaining J- type flow. This flow pattern was achieved by
providing an inlet at the bottom and two outlets at the
top of the battery pack. The experimental and simulation
results proved that the cooling performance obtained by
the J-type was satisfactory [66, 67]. However, discussion
on J-type flow pattern is omitted due to lack of sufficient
number of research papers. Few attempts were made to
incorporate different controller like PID-controller for
active control of cell temperature. The surface and core
temperature of battery cell was continuously monitored
by using temperature sensors. According to the pre-set
temperature data, controller alters the air flow direction
by actuating flip valves. Fan He, Lin Ma and XiaojingGao
et al. [68, 69] made attempts in this direction. Reduced
Ordered Method (ROM) was used in these studies to
model the temperature distribution in the battery pack.
Validation of ROM was also proved by comparing it
with experimental results. Further, Computational cost
of ROM is significantly less compared to CFD analysis.
Results of the studies indicate that active cooling tech-
nique gives better uniform cell temperature which is much
lower than the desired value. However, accurate real time



834

J Ther Eng, Vol. 12, No. 2, pp. 830-841, March, 2026

temperature was not possible as the sensors were located
at few cells only. Practically it is difficult to fix tempera-
ture sensors at all cells of a battery pack and it increases
the cost also.

The staggered arrangement of battery cells is a geomet-
rical optimization technique that focuses on the spatial
configuration of cells. This approach enhances flow distri-
bution and promotes a more uniform temperature profile
[69]. Y. Wang et al. [70] studied the cooling performance
of a staggered arrangement by incorporating non-uniform
cell spacing. Their findings showed that this configuration
improves cooling efficiency and results in a uniform tem-
perature profile. However, significant energy consumption
was reported. P. Kashyap et al. [71] attempted to optimize
the staggered arrangement using a combined approach
involving physical modeling, parametric optimization, and
a sophisticated algorithm. In both models, the longitudi-
nal pitch remained the same (24 mm), while the transverse
pitch varied (24 mm and 20 mm). Under identical dis-
charge and flow velocity conditions, the staggered pattern
exhibited significantly lower temperatures compared to the
conventional inline pattern. It was noted that the the stag-
gered configuration outperformed the inline arrangement.
Enhanced temperature uniformity was observed at higher
Reynolds numbers due to increased convective heat trans-
fer. Additionally, cells near the inlet had lower temperatures
compared to those at the exit. Wenxu Yang et al. [72] incor-
porated a reverse flow mechanism with staggered battery
cells and introduced a spoiler to induce turbulent flow. The
results demonstrated significant cooling improvements
achieved through this technique.

OTHER COOLING METHODS

This section provides a brief discussion of cooling
techniques such as liquid cooling, PCM (Phase Change
Material) cooling, and hybrid cooling. Liquid cooling offers
superior performance and compactness compared to air-
based systems [73]. A wide variety of fluids, including
water, oil, nano-fluids, liquid metal, and refrigerants, are
used in this method [74, 75]. Liquid cooling BTMS (Battery
Thermal Management Systems) are divided into two main
categories: direct cooling and indirect cooling.

Direct cooling involves submerging the battery pack in
a non-conductive fluid, enabling efficient heat dissipation
directly from the battery. In contrast, indirect cooling circu-
lates a working medium through a cooling structure, such
as plates or jackets, which surrounds the battery pack. The
direct cooling approach provides direct contact between
the battery pack and the coolant, resulting in better ther-
mo-physical properties for heat dissipation [76]. Dielectric
fluids, which are non-conductive, are the preferred choice as
the working medium in direct cooling. These fluids prevent
short circuits and reactions with battery materials. Studies
on the direct cooling approach have used fluids such as ter-
minal oil, mineral oil, water-glycol mixtures, NOVEC 7000,

and refrigerants [77-85]. In these studies, both the battery
pack temperature and cell temperature were effectively
controlled within acceptable ranges. Additionally, these
studies focused on fluid and flow optimization. However,
challenges such as slow heat dissipation to the surround-
ings and leakage issues often limit the widespread use of
this method.

Indirect cooling, on the other hand, offers better per-
formance than direct cooling due to the continuous flow
of the working fluid through cooling passages [86, 87].
Indirect cooling is further divided into single-phase and
multi-phase cooling. In single-phase cooling, the working
fluid remains in the liquid state throughout the entire cycle,
whereas, in multi-phase cooling, the working medium
undergoes a phase change between liquid and vapor states.
Significant research has been conducted on indirect cool-
ing in recent years, with various optimization techniques
tested to improve cooling performance. The literature sug-
gests that the highest priority has been given to structural
modifications of the battery pack, fluid flow patterns, and
the properties of the fluids used [88-96].

The use of Phase Change Materials (PCMs) in BTMS
has gained considerable attention in recent years. The
unique property of PCMs is their ability to absorb signif-
icant heat loads. These materials can absorb the thermal
load of a battery pack through both sensible and latent heat.
Studies have shown that PCM cooling can help achieve
more uniform cell temperatures [97]. Desirable proper-
ties of PCMs include high latent heat, minimal subcooling,
higher thermal conductivity, and chemical stability [98, 99].
Among these properties, thermal conductivity has the most
significant impact on battery temperature.

The use of PCM for BTMS was first explored by Hallaj
and Selman [100]. Literature reports various PCMs tested
for this purpose, including decanoic acid, disaccharide,
CnH2n+2, RT-35 PA, RT-42 PA, RT-55 PA, and sodium
sulfate decahydrate [101-108]. However, the relatively low
thermal conductivity of PCMs limits their extensive use in
BTMS. To address this, efforts have been made to improve
the thermal conductivity of PCMs by incorporating addi-
tives such as metal foam, graphene, hexagonal boron nitride
(h-BN), and carbon fiber [109-114].

Furthermore, combined systems have been developed
by incorporating both liquid and PCM cooling methods. In
this combined approach, the liquid coolant typically flows
through a cooling plate surrounding the battery pack, while
PCM is placed between the battery cells. This configuration
helps maintain the pack temperature within permissible
limits and improves cell temperature uniformity. Studies
have reported significant improvements in overall cooling
performance using this combined system. Additionally,
the effects of PCM mass fraction and liquid coolant flow
rate have been studied [116-120]. However, this system
becomes more complex and requires substantial power.
Furthermore, it demands more space to house the compo-
nents of the combined system, all of which contribute to
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an increase in the overall cost of an EV. Additionally, the
slower melting and solidification properties of PCM must
be addressed to further improve cooling performance.
Priyadarsini et al. [121, 122] have conducted studies incor-
porating trapezoidal fins, which showed enhanced heat
augmentation. However, this technique has not yet been
applied in BTMS.

The selection of a BTMS for practical applications is
influenced by various factors, including cost, safety, design,
cooling performance, and reliability. Currently, air-based
BTMS are widely used in EV's due to their simple design and
low cost. However, the major drawback of air-based systems
is their inability to handle higher thermal loads effectively.
The liquid cooling approach offers more efficient cooling
compared to air-based systems and can handle higher heat
loads. Due to these advantages, liquid-based systems are
also commonly employed in practical applications. PCM
and hybrid cooling techniques show superior performance
and are capable of managing larger thermal loads. However,
the cost of these systems is much higher than that of air-
and liquid-based methods. Moreover, PCM and hybrid sys-
tems require more complex structures to accommodate the
various components of the BTMS. A comparative summary
of different BTMS options is provided in Table 1.

FUTURE PROSPECTUS

It has been observed from the literature that structural
and flow optimizations are the most common methods
to enhance the cooling efficiency of air-based systems.
Structural optimization focuses on the geometry of the
battery pack, while flow optimization relates to the air-
flow pattern. The arrangement of battery cells and the

Table 1. Comparison of different BTMS techniques

spacing between them significantly impact cooling effi-
ciency. Cylindrical and rectangular battery structures are
commonly used in electric vehicles (EVs). Studies have
been conducted by varying the number of cells in a battery
pack, with the cylindrical structure generally yielding bet-
ter performance than the rectangular structure. However,
the design and production costs associated with each bat-
tery geometry need to be carefully considered. Even a small
increase in these costs could result in a higher vehicle price.
Computational Fluid Dynamics (CFD) analysis is the most
widely used method in these studies as it allows for easy
examination of the effects of structural and flow variables,
with the flexibility to adjust boundary conditions. This flex-
ibility enables a greater number of iterations before moving
to experimental studies. Despite these advantages, none of
the studies have managed to maintain a uniform cell tem-
perature throughout the entire battery pack. In most cases,
temperature uniformity is observed only near the inlet
passage.

For next-generation EVs, a battery thermal manage-
ment system (BTMS) must support features such as long
driving range, quick charging, and safety. The air-based
BTMS used in current EVs needs further improvement to
meet these future demands. In air-based BTMS, the lower
thermal conductivity of air and the need for large volumes
of airflow are major concerns. The thermal conductivity
of air affects the rate of heat dissipation, and the large air-
flow requirements consume significant pumping power.
Research in this area suggests that incorporating evapora-
tive cooling could significantly improve the performance of
conventional air-based BTMS. Moreover, evaporative cool-
ing can be integrated into the existing structure of air-based
systems, thereby reducing the overall system cost. Lip Huat

Type Advantages Disadvantages
Air based BTMS - Less initial cost - Air has poor thermal conductivity
- Minimal operational cost - Difficult to handle higher thermal loads
- Easy to maintain - Lower cooling efficiency
- No risk of short circuit and leakages - Large volume air flow is required to take higher
- System design is simple heating loads. This consumes significant blowing
- Lower payload power
Liquid based BTMS - System is compact - Overall system cost is high
- Capable to handle higher heating loads - Liquid storage facility is necessary
- Quick heat dissipation is possible - Prone to short circuit and leakages
- Better cooling performance than air-based system - Consumes significant pumping power
PCM based BTMS - Low cost of PCM - Lower thermal conductivity of PCM
- Able to handle higher thermal loads - Possibility of PCM leakage
- Better cooling efficiency than air and liquid based - Chances of supercoiling
system - Change in volume of PCM during phase transition
Hybrid mode - Features of different systems can be integrated as - Complex system design

per the requirement
- Offers highest cooling efficiency

- Higher cost of the system
- Difficult to maintain the combined system

- Higher heating loads can be easily handled




836

J Ther Eng, Vol. 12, No. 2, pp. 830-841, March, 2026

Sawa et al. [123] demonstrated an improvement in cooling
performance by introducing fine water droplets into the
air stream. This approach not only enhanced cooling effi-
ciency but also reduced power consumption for the same
rate of cooling. Similarly, studies have been made by incor-
porating heat pipes to improve the cooling performance of
conventional air-based system. Heat pipe exhibit features;
light weight, simple design, absence of moving parts, and
low thermal conductivity which makes it suitable in com-
bination with air-based system. The studies made in this
direction gave improved performance of the combined
system [124-128]. However, few studies depict that not
much significant improvement was achieved at higher flow
rates; even by introducing fins in the air stream [129-133].
Hence, further research has to be carried out to address
these issues. Furthermore, significant advancements are
needed in terms of battery material design and selection.
Future research should focus on developing new materials
and fabrication techniques to address challenges such as
internal cell resistance, contact resistance, and premature
material aging.

CONCLUSIONS

Battery Thermal Management Systems (BTMS) in elec-
tric vehicles (EVs) are designed to maintain battery packs
within the ideal temperature range of 15-35 °C, safeguarding
them from premature wear and degradation. Among vari-
ous cooling methods, air-based systems are often favoured
for their efficiency and straightforward design compared
to liquid cooling or Phase Change Material (PCM)-based
systems. Improvements in these systems typically involve
structural and flow optimizations. Structural optimiza-
tion includes modifying battery shapes and adjusting cell
spacing, while flow optimization focuses on designing
airflow patterns—such as I, U, Z, ], and staggered config-
urations—to enhance thermal performance, particularly at
higher vehicle speeds. Additionally, the choice of battery
materials plays a significant role. Internal and contact resis-
tance within battery cells are responsible for approximately
25% of the heat generated. Future advancements in BTMS
should aim to develop innovative materials and manufac-
turing methods to reduce these resistances and mitigate the
early degradation of battery components.
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