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ABSTRACT

The thermal management is critical to maintaining the battery’s operational temperature within an optimal range, preventing overheating or excessive cooling, and
ensuring consistent performance across varying environmental conditions. This work explores state-of-the-art thermal management strategies for EV batteries,
focusing on passive, active, and hybrid cooling techniques. Passive systems utilize phase change materials (PCMs) and improved battery module designs to enhance
heat dissipation, while active systems rely on liquid cooling, air cooling, and refrigerant-based methods for dynamic temperature control. The efficiency, safety,
and longevity of electric vehicles (EVs) are strongly influenced by the thermal performance of their battery systems

The thermal energy recovery systems and the integration of intelligent control algorithms that adapt thermal management to real-time battery performance and
driving conditions. Challenges related to thermal runaway, energy efficiency trade-offs, and scalability are discussed, alongside emerging trends in using
nanomaterials and advanced heat transfer mechanisms. The comprehensive thermal management solutions for improving battery reliability, extending lifespan, and
enhancing the overall performance of EVs. Addressing these thermal challenges is essential to the broader adoption of EVs and the realization of a sustainable
transportation future
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INTRODUCTION

The thermal management of batteries in electric vehicles (EVs) is a critical aspect of ensuring the safety, performance, and longevity of the battery system.
As EVs become increasingly popular due to their environmental benefits and advancements in technology, the need to optimize battery performance has
gained significant attention. Electric vehicles (EVs) rely on advanced battery systems to store and deliver energy efficiently. As the demand for EVs
grows, improving the performance and safety of these batteries has become a critical focus area. Central to this effort is the thermal management of the
battery pack, which plays a crucial role in maintaining optimal operating conditions, extending battery life, and ensuring vehicle safety.

Battery packs in EVs generate heat during charge and discharge cycles, and their performance is significantly influenced by temperature. Operating within
an ideal temperature range is essential to achieve maximum energy efficiency, prolonged battery health, and consistent power delivery. Thermal
management systems are designed to regulate battery temperature, prevent overheating, and protect against cold conditions that may impair functionality.

METHODOLOGY

In electric vehicles (EVs), the battery pack serves as the primary energy source, powering all vehicle operations. Maintaining the optimal thermal state
of the battery is crucial for ensuring its performance, longevity, and safety. During operation, batteries generate significant heat due to internal resistance,
particularly under conditions of high power demand, rapid charging, or extreme ambient temperatures. This heat, if not effectively managed, can lead to
performance degradation, safety hazards, and reduced operational life.

The thermal management of EV batteries has thus become a critical area of focus in vehicle design, with various cooling technologies being explored and
implemented. Among these, liquid cooling systems have emerged as one of the most effective methods for managing battery temperatures. Liquid cooling
leverages the superior heat transfer properties of liquids compared to air, enabling efficient and uniform temperature regulation across the entire battery
pack.,

The liquid cooling system operates by circulating a coolant—typically a water- glycol mixture—through channels or plates that are in contact with the
battery cells. The coolant absorbs the heat generated by the cells and transports it to a heat exchanger, where it is dissipated into the environment. Real-
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time monitoring and control systems ensure the coolant flow rate is adjusted dynamically based on the battery's thermal load, optimizing energy efficiency
while maintaining safe operating temperatures.

The adoption of liquid cooling systems is expected to grow alongside advancements in EV technology. From passenger cars to heavy-duty commercial
vehicles, liquid cooling can be tailored to meet diverse thermal management requirements. Furthermore, its integration with advanced control systems
and real-time monitoring makes it a reliable and future-proof solution for battery thermal management.

WORKING MECHANISM OF LIQUID COOLING SYSTEM
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The battery pack generates heat during electrochemical reactions inside the cells, especially under high load conditions such as rapid acceleration, hill
climbing, or fast charging are Internal resistance within the cells also contributes to heat generation Challenges

Ac

. If not dissipated efficiently, the heat can lead to:

. Uneven temperature distribution (thermal gradients).
. Reduced performance and energy efficiency.

. Accelerated degradation of battery cells.

. Risk of thermal runaway and safety hazards

EXPERIMENTAL DESIGN OF BATTERY THERMAL MANAGEMENT SYSTEM

Before starting the experiment, a thorough assessment of every cell was done to confirm its voltage and capacity. It was necessary to guarantee that all
of the cells had the same starting temperature.

A computer-controlled battery analyser was interfaced with the positive and negative terminals of the cells to adjust the batteries' operating parameters.
During the discharging operation, the continuous discharge current was carefully set at 0.5C (1500 mA) and 1C (3000 mA), with termination occurring
when the pre-defined cut-off voltage of 2.5 V was reached.

Throughout the experiment, K-type thermocouples combined with a data recorder were used to measure the temperature. These thermocouples were
placed in the middle of the cell to measure the surface temperature It appears that two main issues were always present in the experimental analyses:
repeatability and systematic error. On the other hand, repeatability occurs when results show variability under constant ambient, hydraulic, thermal, and
Every experiment was repeated four or five times in order to reduce this type of inaccuracy in the experimental results. The uncertainty analysis approach
suggested by Moffat was used to evaluate the correctness of the experimental results. This computation was then used to find the average uncertainties
for all device data, including coolant inlet/outlet pressure, temperature, and flow rate

RESULT

Continuous focus is on keeping battery packs at ideal temperatures, especially for Li-ion cells, as lower maximum temperatures lead to higher efficiency
for individual batteries as well as the pack as a whole. The study's findings demonstrate the AI203 water Nano fluids' efficient cooling properties (at 1%
concentration), which led to a discernible drop in battery pack temperatures throughout testing.

In order to account for changes in cold and hot climates, this section carefully monitors the Lithium-ion battery (L1B) pack's thermal behaviour during
1C charge and discharge processes. Using four different coolant inflow temperatures (20, 25, 30, and 35 °C), the suggested cooling channel uses a range
of fluid inflow temperatures to evaluate thermal efficiency. Constant inflow velocity and vf-1% AI203 Nano fluid are two of the cooling system's
parameters.
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CONCLUSION AND FUTURE SCOPE

In conclusion, the thorough investigation into the diverse causes of thermal effects on Li- ion Battery Packs has provided valuable insights into the impact
of loading conditions on heat generation rates. The meticulous measurement of heat generation in the battery pack has enhanced our understanding of the
complex thermal dynamics involved. This knowledge serves as a foundation for addressing challenges related to thermal management in battery
technology.

The development of a cooling system employing Nano fluids marks a significant stride towards maintaining optimal temperatures within battery cells.
The objective of minimizing temperature gradients below 5°C has been successfully met through the application of advanced cooling techniques. This
innovative solution not only ensures the longevity and efficiency of Li-ion Battery Packs but also underscores the role of cutting-edge technology in
addressing thermal challenges in energy storage systems.
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