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Abstract: This paper presents a comprehensive review of the design and development of automatic battery cooling systems
employing air blower and temperature sensor technologies. With the growing demand for electric vehicles (EVs) and renewable
energy storage systems, efficient thermal management of batteries is imperative to ensure their longevity, safety, and optimal
performance. Traditional passive cooling methods often fall short in dynamically regulating battery temperature, especially
under varying operating conditions. Consequently, active cooling systems have garnered significant attention due to their ability
to actively control battery temperature.

This review outlines various approaches and methodologies adopted in the design and implementation of automatic battery
cooling systems. It discusses the integration of air blowers and temperature sensors into these systems to achieve real-time
monitoring and precise thermal regulation. Additionally, the paper examines different system architectures, control strategies,
and sensor placements utilized to optimize cooling effectiveness while minimizing energy consumption.

Keywords: Battery Cooling System, Automatic Cooling, Air Blower, Temperature Sensor, Thermal Management, Active Cooling,
Electric Vehicles (Evs), Renewable Energy Storage

L. INTRODUCTION

In the realm of electric vehicles (EVs) and renewable energy storage systems, the efficient management of battery temperature
stands as a critical determinant of performance, safety, and longevity. As the demand for sustainable transportation and energy
solutions continues to surge, there is an escalating need for advanced thermal management technologies to ensure the optimal
functioning of batteries under varying operating conditions. Among the myriad strategies employed to address this challenge,
automatic battery cooling systems incorporating air blowers and temperature sensors have emerged as promising solutions. The
conventional passive cooling methods, although simple and cost-effective, often prove inadequate in dynamically regulating battery
temperature, especially during high-demand scenarios or extreme environmental conditions. In contrast, active cooling systems
offer the capability to actively monitor and control battery temperature in real-time, thereby enhancing efficiency, reliability, and
overall battery lifespan. This transition from passive to active cooling represents a significant paradigm shift in battery thermal
management, driving innovation and technological advancements in the field.

Fig 1.1: Battery Cooling System
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This review aims to provide a comprehensive examination of the design and development of automatic battery cooling systems
utilizing air blower and temperature sensor technologies. By exploring various methodologies, system architectures, control
strategies, and advancements in this domain, the review seeks to elucidate the pivotal role played by air blowers and temperature
sensors in optimizing battery performance and safety. Additionally, it aims to analyze emerging trends, challenges, and future
research directions in automatic battery cooling technology, thereby offering valuable insights to researchers, engineers, and
industry practitioners involved in the design and implementation of battery thermal management systems.

1. METHODOLOGY

Step-by-step methodology for conducting a CFD analysis of a battery air cooling system using Ansys Workbench, with the given
condition of an initial air temperature of 22 degrees Celsius:

1)

9)

Geometry Creation:

Start by creating a detailed 3D model of the battery cooling system geometry using a CAD software or within Ansys Design
Modeler if available.

Ensure the model accurately represents all components including the battery, cooling ducts, inlet, outlet, and any other relevant
features.

Mesh Generation:

Import the geometry into Ansys Workbench.

Generate a mesh using Ansys Meshing module.

Pay attention to mesh quality, especially near walls and regions of interest.

Refine the mesh as necessary to ensure accurate results, especially in areas of high temperature gradients.

Material Properties:

Define material properties for all components involved in the simulation, including the battery, cooling ducts, and surrounding
air.

Specify thermal conductivity, density, and specific heat capacity for air and other materials as appropriate.

Boundary Conditions:

Define boundary conditions based on the problem statement.

Set the initial air temperature to 22 degrees Celsius.

Specify inlet and outlet boundary conditions for the airflow.

If the battery generates heat, apply appropriate heat generation boundary conditions.

Solver Setup:

Choose the appropriate solver within Ansys Workbench, such as Fluent for fluid flow and heat transfer simulations.

Define solution controls including convergence criteria, time step (if transient analysis), and any other relevant settings.
Solution:

Run the simulation and monitor the progress.

Ensure that the solution converges within acceptable limits.

If running a transient simulation, monitor the time evolution of the solution.

Post-Processing:

Once the simulation is complete, post-process the results to extract relevant information.

Visualize temperature contours, velocity vectors, and other flow characteristics using Ansys CFD-Post or equivalent.

Analyze temperature distributions within the battery and cooling ducts.

Calculate heat transfer rates and other relevant parameters to assess system performance.

Analysis and Optimization:

Analyze the results to identify areas for improvement or optimization.

Make design changes as necessary to enhance system performance, such as modifying cooling duct geometry or adjusting
airflow rates.

Conduct parametric studies to understand the effects of different design variables on system performance.

Validation:

Validate the simulation results against experimental data if available.
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e Compare simulation predictions with real-world observations to ensure accuracy and reliability.

10) Documentation:

o Document the simulation setup, methodology, and results for future reference.

e Provide clear explanations of the findings and any recommendations for design improvements.

By following these steps, engineers can effectively use Ansys Workbench for CFD analysis of battery air cooling systems, ensuring
accurate predictions and informed design decisions.

» Step 1 Importation of geometry

Geometry Import: - Import the 3D geometry of the radiator into ANSYS Workbench. - Ensure the geometry is clean and suitable for
meshing.

v A

.
2 m Geometry v 4
3 @ Mesh v 4
4 a Setup v 4
5 Solution v 4
6 @ Results v 4

Battery_Air_Cooling_CFD
Figure CFD Module Ansys Workbench
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50.00 150.00

Figure Impetrated geometry in the design Modular

0.00 100.00 200.00 (mm)
50.00 150.00

Figure Impetrated geometry in the design Modular with Sectional Cut view
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b. Geometry Cleanup (if needed): - Repair any gaps or overlaps in the geometry. - Simplify the geometry if necessary for meshing

and analysis.

c. Create Fluid Volume: - Identify the volume of the fluid (ethylene glycol) within the radiator.
Contact Region 40
Iterns: 10 of 39 indicated
316/2024 10:52 AM

l Contact Region (Contact Bodies)
[ Contact Region (Targt Bodies

. Contact Region 2 (Contact Bodies)
' Contact Region 2 (Target Bodies)
[B] Contact Region 3 (Contact Bodies)
l Contact Region 3 (Target Bodies)
l Contact Region 4 (Contact Bodies)
[l Contact Region 4 Target Bodies)
l Contact Region 5 (Contact Bodies)
. Contact Region 5 (Target Bodies)

Figure Contact regions of battery case with battery cells

» Step 2 Mesh Generation
Meshing: - Generate a mesh for the fluid volume. - Pay attention to mesh quality, refinement near critical areas, and ensuring an
adequate boundary layer mesh.
Statistics
Nodes | 2160|3090 | 2160
Elements| 905 |2085| 905
Table Number of Nodes & Elements Generated on the mesh body Mesh

0.00 100.00 200,00 (mmm)
I ..
50,00 150.00

Figure Mesh Generation
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. Type of Mesh used 3D Element
. Type of Shape used Tet-Mesh Type
. Size adopted 10 mm

Step 2 Named Selection giving name for Inlet, Outlet, Solid-Fins & Fluid Body or wall

Figure Named Selection

»  Steps 3 Physics Setup
Double precision with 1 processing solver
B Fluent Launcher 2020 R1 (Setting Edit Only) - O X

Fluent Launcher

Simulate a wide range of industrial applications using the general-

purpose setup, solve, and post-processing capabilities of ANSYS
Fluent.

Dimension

Options

Double Precision

Display Mesh After Reading
(O Do not show this panel again
(O Load ACT

Parallel (Local Machine)
Solver Processes 1

Solver GPGPUs per Machine g

4r ©

v Show More Options Vv Show Learning Resources

BN oo | e

Figure Physics Setup modular
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N7

Gravity

v Gravity

Gravitational Acceleration

X (m/s2) o v
Y (m/s2) -9.81 v
Z(m/s2) o v

Boussinesq Parameters
Operating Temperature (c)
15.01 v

Variable-Density Parameters
Specified Operating Density

Figure General Operating Conditions

Models

Multiphase - Off
Energy - On

Viscous - Realizable k-e, Enhanced Wall Fn

Figure Energy equation turning on

Model

Inviscid

Laminar

Spalart-Allmaras (1 eqn)
k-epsilon (2 eqn)

k-omega (2 eqn)

Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (7 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

k-epsilon Model
Standard
RNG
) Realizable

Near-Wall Treatment
Standard Wall Functions
Scalable Wall Functions
Non-Equilibrium Wall Functions
®) Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Model Constants a
C2-Epsilon
1.9

TKE Prandtl Number
1

TDR Prandtl Number
1.2

Energy Prandtl Number
0.85

Wall Prandtl Number
0.85

User-Defined Functions
Turbulent Viscosity

none
Prandtl Numbers

TKE Prandtl Number

none v
TDR Prandtl Number

Figure Viscous Flow to K-epsilon Setting
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Material Properties

7

+« Define material properties for all components involved in the simulation, including the battery, cooling ducts, and surrounding

alr.
¢+ Specify thermal conductivity, density, and specific heat capacity for air and other materials as appropriate.
Name Materal Type Order Materials by
air fid v 19 Name
) i Chemical Formula
Chemical Formula Fluent Fluid Materials
s ‘ Fluent Database.
Mixure —
‘User-Deﬁned Datab:
none \/ || S————
Properties
Density (ka/m3) constant v Eit. g
1205
Cp (Specifc Heat) (j/kg-K) constant v | Edit..
100643
Thermal Conductivty (w/m-K) contant v | Edit..
0.0242
Viscosty (kg/m-s) constant v | Edit.. =
Boundary Conditions:

7
0’0

Define boundary conditions based on the problem statement.

Set the initial air temperature to 22 degrees Celsius.

Specify inlet and outlet boundary conditions for the airflow.

» If the battery generates heat, apply appropriate heat generation boundary conditions.

Zone Name
inlet

X3

%

X3

%

B

Momentum | Thermal = Radiation = Speces DPM Multiphase

Velocity Specification Method Magnitude, Normal to Boundary
Reference Frame Absolute
Velocity Magnitude (m/s) 0.15
Supersonic/Initial Gauge Pressure (pascal) o
Turbulence
Specification Method Intensity and Viscosity Ratio
Turbulent Intensity (%) 5

Turbulent Viscosity Ratio 10
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Zone Name
inlet

Momentum | Thermal | Radiaton = Spedes DPM Multiphase
Temperature (c) 22 v

Figure Boundary Conditions Initial velocity & Air Temperature

Zone Name
interior-wall_battery
Adjacent Cell Zone
wall_battery

Shadow Face Zone
interior-wall_battery-shadow

Momentum | Thermal | Radiaton | Species DPM Multiphase UDs Wal Fim | Potential | Structure

Thermal Conditions

Heat Flux Temperature (c) 60 v

Y Temperature Wall Thickness (m) g v
Coupled

Heat Generation Rate (w/m3) o v

Shell Conduction 1 |ayer Edit...

Figure Battery temperature set for solution

Solver Setup:
Choose the appropriate solver within Ansys Workbench, such as Fluent for fluid flow and heat transfer simulations.
Define solution controls including convergence criteria, time step (if transient analysis), and any other relevant settings.

7

Solution Methods (@)

Pressure-Velocity Coupling
Scheme
Coupled )¢
Spatial Discretization
Pressure -
Second Order v

Momentum

Second Order Upwind v
Turbulent Kinetic Energy

Second Order Upwind v
Turbulent Dissipation Rate

Second Order Upwind v
Energy

Second Order Upwind v
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Solution:

+* Run the simulation and monitor the progress.
«+ Ensure that the solution converges within acceptable limits.
«+ If running a transient simulation, monitor the time evolution of the solution.

Run the Simulation: - Solve the CFD problem using the specified settings. - Monitor the solution for convergence and stability.

Solution Initialization |C -
Initialization Methods Run Calculation [@|
Hybrid Initialization
S ondad ko kiakzrdion [ Check Case... ’ [Update Dynamic Mesh... |
Compute from i +
[all-zoned | ~ | Parameters
Reference Frame Number of Iterations Reporting Interval
@' Relative to Cell Zone 100 a 1 -
Absolute 5
Profile Update Interval
Initial Values ~
Gauge Pressure (pascal) = 1 2t
. Solution Processing
X Velocity (m/s) Statistics
0
¥ Velocity (m/s) Data Sampling for Steady Statistics
0

Data File Quantities...
Z Velocity (m/s)

0 Solution Advancement
Turbulent Kinetic Energy (m2/s2)
4.219862e-05 Calculate

Figure Solution initialization method Standard all Zone & Iteration performed

) Scaled Residuals
Residuals
[===continuity
—x.veiosy fesdd 3
[—y-velocity
[ 12404
energy
e
epsilon 12402 o
1000 4 &
1e-02
1e-04 o
1e-06
1e-08 T y v T T T r J
0 5 10 15 20 % 0 35 40
Iterations

Figure Residual Plots
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Results — Post-Processing:

»  Once the simulation is complete, post-process the results to extract relevant information.

Visualize temperature contours, velocity vectors, and other flow characteristics using Ansys CFD-Post or equivalent.
Analyze temperature distributions within the battery and cooling ducts.

Calculate heat transfer rates and other relevant parameters to assess system performance.

B

X3

%

X3

%

X3

%

n Contours of Static Tempe

P
Q¢

Q

E\ \E H > H ‘;‘ =

ng "| gzip -2cf > FFF-1-00036.dat.gz"...
ng temporary file C:\Users\ADMIN\AppData\Local\Temp"

Area-Weighted Average

Static Temperature (c)
inlet 21.999994

outlet 47.006876

Net 31.524682

Figure Result plots for temperature of air entering and leaving the case

ANSYS

2020R1

Figure Temperature Volume rendering for battery as well as air fluid domain
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Figure Temperature Contour for battery as well as air fluid domain

Area-Weighted Average

Velocity Magnitude (m/s)
inlet 0.15000001

outlet 0.250231

Net 0.18817626

Figure Velocity contour of only Air at Inlet & Outlet

Figure Velacity stream line Contour for battery as well as air fluid domain
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Area-Weighted Average
Wall Func. Heat Tran. Coef. (w/m2-k)

wall-volume volume 25.5786

Figure RESULT Plot Heat transfer co-efficient

WmA-2KA]

Figure Heat transfer co-efficient

Area-Weighted Average
Total Surface Heat Flux (w/m2)

interior-wall battery 80.888275

Figure Heat flux on battery module

1. DISCUSSION ON THE RESULTS
CFD (Computational Fluid Dynamics) analysis is a powerful tool for simulating and analyzing the performance of various
engineering systems, including battery cooling systems. Ansys Workbench, a widely used simulation software package, provides a
comprehensive platform for conducting such analyses. In this discussion, we'll delve into the specifics of conducting a CFD analysis
of a battery air cooling system using Ansys Workbench, with particular focus on the conditions provided: an initial air temperature
of 22 degrees Celsius and an outlet temperature after heat transfer to the lithium battery of 47 degrees Celsius.
Firstly, setting up the simulation involves creating a detailed geometric model of the battery cooling system, including the battery,
cooling ducts, inlet and outlet ports, and any other relevant components. This model must accurately represent the physical
dimensions and features of the system to ensure realistic simulation results.
Next, boundary conditions need to be defined. In this case, the initial air temperature of 22 degrees Celsius serves as the inlet
condition for the cooling airflow. Additionally, the outlet temperature of 47 degrees Celsius after heat transfer to the lithium battery
sets the target temperature for the system. These boundary conditions play a crucial role in determining how heat is transferred
within the system and ultimately affect its overall performance.
Once the geometry and boundary conditions are set, the simulation can be run using Ansys Workbench. The software solves the
governing equations of fluid flow, heat transfer, and possibly other relevant physical phenomena to predict the airflow patterns,
temperature distribution, and other key parameters within the cooling system.
During the simulation, various analyses can be performed to gain insights into the system's behavior. For instance, temperature
contours can be visualized to identify regions of high heat transfer and potential hotspots within the battery. Velocity vectors can
help understand airflow patterns and ensure adequate cooling throughout the system. Additionally, heat transfer coefficients can be
calculated to quantify the effectiveness of the cooling process.
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Sr | Material | Temperature | Temperature | Heat | Velocity Final Heat
No in Celsius in Celsius Flux | in m/sec | Temperature | transfer
At Inlet At Battery at at Outlet in co-
battery Celsius efficient
in in
w/m”2 w/m”2-
k
1. Air — 22 60 80 0.25 40.007 25.54
Battery

After the simulation is complete, the results can be analyzed to assess the system's performance and identify areas for improvement.
For example, if the outlet temperature exceeds the desired value of 47 degrees Celsius, adjustments to the cooling duct design or
airflow rate may be necessary to achieve the desired cooling effect.

In conclusion, conducting a CFD analysis of a battery air cooling system using Ansys Workbench involves creating a detailed
model, defining appropriate boundary conditions, running simulations, and analyzing the results to optimize system performance.
By leveraging the capabilities of CFD simulation software, engineers can design more efficient and reliable cooling systems for
various applications, including lithium battery cooling

V. CONCLUSION

The design and development of automatic battery cooling systems using air blowers and temperature sensors represent a critical
aspect of enhancing the performance, safety, and longevity of lithium-ion batteries in various applications, including electric
vehicles (EVs) and renewable energy storage systems. Through the review of literature and discussion of key findings, several
important conclusions can be drawn:

Effective thermal management is essential for maintaining optimal battery temperature, preventing thermal degradation, and
ensuring safe operation under diverse operating conditions. The literature surveyed emphasizes the critical role of precise thermal
regulation in enhancing battery performance, efficiency, and reliability. A wide range of cooling strategies and methodologies have
been explored for automatic battery cooling systems, including passive and active cooling methods, phase change materials (PCMs),
and advanced cooling designs. Each approach offers unique advantages and challenges, highlighting the importance of selecting
appropriate cooling solutions based on specific application requirements and operational constraints. Successful implementation of
automatic battery cooling systems relies on seamless integration of air blowers, temperature sensors, control systems, and cooling
channels within the battery pack. Optimization of system architecture, component placement, and control algorithms is essential to
maximize cooling effectiveness, energy efficiency, and system reliability. Modular cooling system architectures, such as those
discussed in the literature, offer scalability, flexibility, and ease of maintenance, enabling tailored thermal management solutions
for different battery configurations and EV applications. The modular approach allows for efficient airflow distribution, heat
dissipation, and temperature regulation across individual battery modules, mitigating thermal hotspots and improving overall system
performance.

REFERENCES

[1] Lu, H. &Lin, X. (2021). Review on thermal management of lithium-ion battery: Techniques and methodologies. Energy Reports, 7, 375-389.

[2] Kim, D. S., Kim, S. H., & Park, J. K. (2019). Battery thermal management system with a modular structure using an air cooling method for electric vehicle
applications. Energies, 12(5), 829.

[3] Zhang, L., Mao, L., He, Y., Lin, J., & Gao, Y. (2018). An efficient thermal management system for lithium-ion battery packs based on air cooling. Journal of
Power Sources, 377, 70-78.

[4] Hu, S, Ma, C,, Lu, L., & Zhang, W. (2020). A review on thermal management strategies and systems of lithium-ion batteries for electric vehicle applications.
Renewable and Sustainable Energy Reviews, 119, 109554.

[5] Baronti, F., Fadda, P., Magnani, M., Papini, L., & Spagnolo, M. C. (2016). An overview on lithium-ion battery thermal management systems used in electric
vehicle applications. Applied Energy, 179, 375-394.

[6] Li,J., Li, X, Guo, H., Li, B., & Yu, J. (2020). A review of active thermal management strategies for lithium-ion batteries in electric vehicle application. Journal
of Energy Storage, 30, 101428.

3601

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




