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Abstract Manuscript Information 

Maintaining the right temperature is one of the most important factors in improving the safety, 

performance, and lifespan of lithium-ion batteries used in electric vehicles (EVs). As batteries 

generate heat during charging and discharging, an efficient cooling system is needed to prevent 

overheating and ensure reliable operation. This study investigates the heat generation and 

dissipation characteristics of an EV battery system using a nanofluid as the cooling medium. A 

computational analysis was carried out to evaluate the cooling performance of the battery 

under continuous operating conditions. The nanofluid entered the cooling channel at an inlet 

temperature of 30°C, allowing effective removal of heat from the battery surface. 

The simulation results show that the nanofluid provides efficient heat transfer, resulting in a 

more uniform temperature distribution throughout the battery module. The battery temperature 

was successfully maintained at approximately 30°C, indicating that the cooling system 

effectively removed the generated heat while preventing the formation of localized hot spots. 

Compared with conventional cooling fluids, the nanofluid demonstrated better heat transfer 

capability, leading to improved thermal management and enhanced battery reliability. 

Overall, the study highlights the potential of nanofluid-based cooling systems for electric 

vehicle battery thermal management. By effectively controlling heat generation and 

dissipation, this approach can improve battery efficiency, increase battery life, and enhance the 

overall safety and performance of electric vehicle battery systems. 
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1. INTRODUCTION 

The world is moving from internal combustion engine (ICE) to 

electric vehicle. For the past 5 years the consumers are 

demanding more of electric segment automobile either it is full 

electric vehicle or hybrid technologies combining electric and 

ICE trend. All electric vehicle, have electric motor instead of IC 

engine. The vehicles use large traction battery back to power 

electric motor. Because it run on electricity so vehicle emits no 

exhaust from tailpipe. The thermal management system in 

electric vehicle is needed as it need to operate in very cold and 

very hot climate condition.  

With the demand of electric vehicle, the companies are now 

focusing on producing electric powertrain. Manufactures have 

adopted different method of producing electric vehicle but the 

battery- electric technology has seen a rapid development and 

implication in automobile industry. 

With the rapid increase in demand the challenge to maintain the 

battery temperature is most difficult and important parameter in 

electric vehicle due to high charging time and less range 

available as compared to IC engine. The selection of material 

for battery and its design is also important as it decide the 

temperature variation in it.  

Ahmadou Samba et al. [1], in the paper "Analysis of 

Thermal Modeling and Thermal Management in 

Battery Electric Vehicles," emphasized that temperature is one 

of the most significant factors affecting the performance, 

efficiency, and lifespan of lithium-ion batteries. The study 

highlighted the advantages of pouch cells, including their 

design flexibility, ease of manufacturing, and lower production 

costs. Furthermore, the authors reported that the 

optimal operating temperature range for lithium-ion batteries 

is 25–40 °C, while electric vehicles are typically expected to 

operate under environmental conditions ranging from −30 °C 

to 60 °C. These findings underscore the importance of 

an effective battery thermal management system (BTMS) to 

maintain battery temperature within the desired range. 

Jian Xu et al. [2], in "Thermal Management of High-Power 

Lithium-ion Battery Using Mini-

channelAluminum Tubes," investigated the influence of battery 

cell size on thermal behavior, noting that variations in heat 

transfer area per unit volume significantly affect 

heat dissipation. The study evaluated mini-channel aluminum 

tube cooling and demonstrated that liquid cooling provides 

superior thermal performance compared with air cooling and 

phase change material (PCM)-based cooling. The 

enhanced cooling effectiveness was attributed to improved heat 

transfer characteristics and optimized channel configurations. 

In the paper "Thermal Management System with Nanofluids 

for Electric Vehicle Battery Cooling Modules," the authors [3] 

reviewed existing battery cooling techniques, including air 

cooling, liquid cooling, and phase change materials, while 

identifying the limited application of nanofluids in 

electric vehicle battery thermal management.  

The study proposed the use of nanofluids flowing through 

corrugated mini-channels to improve heat transfer between the 

coolant and the battery surface. The research further examined 

the effects of coolant flow direction and cooling capacity, 

demonstrating the potential of nanofluids to enhance thermal 

management performance.  

The paper "Thermal Cooling Characteristics of Li-ion Battery 

Pack with Thermoelectric Ferrofluid Cooling Module" by the 

authors [4] investigated the thermal performance of a lithium-

ion battery pack integrated with a thermoelectric ferrofluid 

cooling module. Through experimental analysis, the 

study evaluated temperature distribution under varying 

operating conditions, including hot-side and cold-side flow 

rates, thermoelectric input voltage, coolant type, and ferrofluid 

concentration. The results showed that the 

thermoelectric cooling system significantly improved cooling 

performance, maintaining the battery temperature below 30 °C, 

thereby enhancing battery safety and operational efficiency. 

The rapid growth of electric vehicles (EVs), hybrid electric 

vehicles (HEVs), and renewable energy storage systems has 

significantly increased the demand for high-performance 

lithium-ion (Li-ion) batteries. Due to their high energy density, 

long cycle life, and low self-discharge rate, Li-ion batteries 

have become the preferred energy storage technology for 

modern transportation and portable electronic devices. 

However, during high-rate charging and discharging operations, 

these batteries generate a considerable amount of heat, which 

can lead to elevated cell temperatures and temperature non-

uniformity within the battery pack. Excessive heat 

accumulation adversely affects battery performance, accelerates 

capacity degradation, reduces cycle life, and may even trigger 

thermal runaway, posing serious safety risks. Therefore, an 

efficient Battery Thermal Management System (BTMS) is 

essential to maintain the battery within the optimal operating 

temperature range and ensure its safety, reliability, and 

longevity (Wu et al., 2021; Liu et al., 2021). 

Several thermal management techniques have been developed 

to address the thermal challenges associated with Li-ion 

batteries. Among these, air cooling is widely adopted because 

of its simplicity and low cost, but its relatively low heat transfer 

capability limits its effectiveness in high-power battery 

applications. Liquid cooling systems offer significantly higher 

cooling performance due to the superior thermal properties of 

liquids. Lan et al. (2016) [5] demonstrated that aluminum mini 

channel-based liquid cooling effectively reduced the maximum 

battery temperature while improving temperature uniformity 

across the battery pack. Their study highlighted the advantages 

of compact mini channel structures in enhancing heat transfer 

under high heat generation conditions. 

To further improve cooling efficiency, researchers have 

proposed advanced cooling strategies beyond conventional 

liquid cooling. Saw et al. (2018) [6] introduced a mist cooling-

based thermal management system in which fine water droplets 

evaporate on the cooling surface, providing high heat removal 
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through latent heat transfer. Their results showed that mist 

cooling significantly reduced battery temperature while 

requiring relatively low coolant flow rates, making it a 

promising technique for high-power battery applications. 

Hybrid cooling methods have also attracted considerable 

attention because they combine the advantages of different 

thermal management technologies. Mashayekhi et al. (2020) [7] 

developed a hybrid cooling system integrating phase change 

materials (PCM) with Al₂O₃ nanofluid flowing through 

aluminum mini channels. The combination of latent heat 

storage by PCM and enhanced convective heat transfer 

provided by nanofluids effectively reduced peak battery 

temperatures and improved thermal uniformity compared to 

conventional cooling methods. 

Comprehensive review studies have summarized the current 

state of battery thermal management technologies and identified 

future research directions. Wu et al. (2021) [8] reviewed 

various BTMS approaches, including air cooling, liquid 

cooling, phase change materials, heat pipes, and hybrid cooling 

systems, emphasizing that hybrid thermal management 

strategies offer superior thermal performance while addressing 

the limitations of individual techniques. Similarly, Liu et al. 

(2021) [9] highlighted recent advancements in BTMS, 

discussed the challenges associated with thermal runaway 

prevention, energy consumption, system complexity, and cost, 

and emphasized the need for innovative cooling technologies 

capable of maintaining both thermal safety and high battery 

performance. 

Batteries are the largest, most expensive and most important 

component of electric vehicle. It is the heart of electric vehicle. 

The effect of climate and road condition are harsh, and it’s very 

critical that we understand the battery care and charging 

requirements carefully. 

Temperature is the most critical parameter in battery systems as 

it impacts the battery’s performance. The heat is generated in 

electric vehicle when electric current flows during charging and 

discharging of battery as the current faces resistance which 

causes the temperature to increase. So, it is most important to 

control the temperature in electric vehicle. 

Thermal management in an EV battery is of utmost important 

since it needs to operate in very cold and very hot weather 

condition. 

There is no single alternative for selecting BTMS for battery-

pack. The following figure shows the outline of thermal 

management technologies. 

 

 
 

Here, we are using liquid technology on active battery thermal 

management systems. Between air-based and liquid-based 

BTMS for same battery module, temperature difference within 

the module increases with an increase in air flow rate, better 

temperature difference is seen in liquid cooling system. The 

liquid cooling method is more energy efficient than air cooling. 

In this project, nanofluid as liquid coolant material is used for 

BTMS. 

 

 

 

A nanofluid is a fluid containing nanometer-sized particles, 

called nanoparticles. The nanoparticles used in nanofluid are 

typically made of metals, oxide, carbides or carbon nanotubes. 

Common based fluids include water, ethylene glycol and oil. 

The properties of nanofluid are increases thermal conductivity, 

increased heat transfer and increased critical heat flux. 

Battery module is combination of components of battery system 

that includes at least the following components: a battery, 

battery management electronics for battery cell balancing, 

voltage and temperature measurement and connectors. 
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Battery Module 

Battery cell is the smallest unit, comprised of 4 key components 

including cathode, anode, electrolyte and separator. The  

 

characteristics of a battery cell play a pivotal role in the overall 

performance of electrified vehicles. 

 

 
 

Battery Cell 

The thermal network design to analyse the thermal behaviour of 

nanofluid with respect to different temperatures. 
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On the basis of network diagram, a prototype in Ansys software is created to find the variation of temperature in different battery 

module. 

Arrangement of Battery pack and nanofluid flow 

B= Battery (module) surface temperature  

F= Nano-fluid inlet temperature  

V= inlet velocity of nano-fluid 
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C=Thermo-Electric Cooler Temperature  

b “n” in= inlet liquid temperature of battery “n” 

b “n” out = outlet liquid temperature of battery “n” 

“n” = battery’s number in sequence 

c= Heat lost by nano-fluid due to cooler 

h=Heat gained by nano-fluid due to battery. 

 

Analysis parameter  

Analysis parameter is based on different working condition of 

EVs such as climate condition, speed of vehicle etc. The 

following parameter are used to analyze the thermal behavior of 

batteries and nanofluid. 

Input Parameter 

The temperature of nano-fluid at inlet is 18°C, temperature of 

batteries module is 30°C, the velocity of nano-fluid is 1m/s. 

The thermo-electric cooler temperatures are C1, C2, C3, C4, 

C5, C6, C7. 

 

Output Parameter 

The temperature of battery inlet and outlets are b1 in, b1 out, 

b2in, b2out upto 8in and 8 out. The cooling of liquid in every 

cooler (c) is (c1=b1out-b2in), (c2=b2out-b3in) upto (c7=b7out-

b8in). The heating of liquid in every battery (h) is (h1=b1out-

b1in), (h2=b2out-b2in), upto (h8=b8out-b8in). 

The input  

data that are put in ansys software is given below  

 

 
 

The output result obtained from the software is below. 
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The data obtained for cooling of liquid in every cooler and heating of liquid in every battery is below 

 

The heat gain by liquid in all battery obtained is below, it shows the heat gain value is decreasing when the liquid flow is moving 

from battery 1 to 8.  
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Figure1 Heat gain (heating) of nanofluid @ 30°C 

 

 
Figure 2 Heat loss (cooling) of Nano-fluid @ 30°C 
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Figure 3 Cooling Performance @30°C 

 

RESULTS  

The nanofluid flows through cooling jacket and absorb heat 

from battery surface module resulting in heat of nanofluid after 

that the nanofluid flow through jacket where a cooler is 

installed to cool the nanofluid, thus the heat loss takes place and 

the temperature of nanofluid is reached is below 30°C. Thus, 

the heating of battery is avoided with the use of nanofluid. 

 

CONCLUSION  

The value obtained from Ansys software shows that the 

nanofluid plays a crucial role in maintaining the temperature 

across the battery module. The heat gain and loss by nanofluid 

is governed by heat exchanger phenomenon. The battery 

temperature is maintained within the temperature range thus; 

the battery life and performance are improved. 
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