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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 etal. [1], inthe paper "Analysis of
Thermal Modeling and Thermal Management in
Battery Electric Vehicles," emphasized that temperature is one
ofthe 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 2540 °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 etal. [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 ALOs 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,

g
-
3

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.

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.

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 characteristics of a battery cell play a pivotal role in the overall
Battery cell is the smallest unit, comprised of 4 key components performance of electrified vehicles.
including cathode, anode, electrolyte and separator. The

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.
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C=Thermo-Electric Cooler Temperature
b “n” in= inlet liquid temperature of battery “n”

€699

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,
Cs, Ce6, C7.

Output Parameter

The temperature of battery inlet and outlets are bl in, bl out,
b2in, b2out upto 8in and 8 out. The cooling of liquid in every
cooler (c) is (c1=blout-b2in), (c2=b2out-b3in) upto (c7=b7out-
b8in). The heating of liquid in every battery (h) is (h1=blout-
blin), (h2=b2out-b2in), upto (h§=b8out-b8in).

The input

data that are put in ansys software is given below

Cooler Temperature
Test Battery Temp Inlet fluid temper: Inlet veloc CT CGE C5 C4 C3 C2 C1

1 30 12 1 12 12 1= 14 12 E 15
z 30 L= 1 15 L= 15 1d L= =] e
3 30 13 1 13 13 1= 14 13 B 10
d 30 15 1 15 15 15 14 15 = =]
5 30 1= 1 j=3 1= 1= 1 1= =] z2
E 30 12 1 12 12 1= 14 12 2 15
T 50 15 1 15 15 1= 14 15 z e
g 30 15 1 15 15 1= 1 15 2 10
E=| 30 12 1 12 12 1= 14 12 pe g
10 30 L= 1 15 L= 15 1d L= z z
1 30 15 1 13 15 = 14 14 13 15
12 30 13 1 12 13 1= 14 14 12 14
13 30 1= 1 j=3 1= 1= 1 14 j=3 lul
14 30 13 1 15 13 1= 14 14 15 =
1= 30 15 1 13 15 13 14 14 13 2
16 30 15 1 15 15 1= 1 1 1 15
17 30 12 1 12 12 1= 14 14 14 14
15 50 15 1 15 15 15 14 14 14 10
13 30 15 1 13 15 = 14 14 14 [
20 30 13 1 12 13 1= 14 14 14 2
21 30 15 1 15 15 L= 1 14 10 15
22 30 15 1 15 15 1= 1 1 10 14
23 30 12 1 12 12 1= 14 14 10 10
24 30 15 1 15 15 1= 1 14 10 =]
25 30 13 1 13 15 1= Plot Area 10 2
26 30 15 1 15 15 15 14—|?4_J = 15
27 30 15 1 13 15 = 14 14 =] 14
28 30 13 1 12 13 1= 14 14 E 10
23 30 15 1 15 15 15 14 14 = [
S0 30 15 1 15 15 1= 1 1 =] z2
a1 30 12 1 12 12 1= 14 14 2 15
I 30 15 1 15 15 15 1d 1 2 e
33 30 1= 1 15 1= 1= 14 14 z lul
<t 30 12 1 12 12 1= 14 14 2 =]
35 30 15 1 =3 15 =3 1 14 z 2

The output result obtained from the software is below.
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Eattery In and Out Temperature (k]

Blln  B10uwt BZIn B20ut B3In B30ut Bdln B40ut BSIn  BS0Out B6In  B6EOut BYln  B7 Out BEIn BB Out
29115 29288 2928 29423 2336 23502 23485 23606 235.Y5 23683 23663 23756 Z9V.23 23815 2374 23555
29115 25268 23262 23406 23346 23489 23473 29605 23566 23681 23655 23751 25722 23503 23774 235.54
29115 #5265 23245 29355 253.31 23477 29461 25595 23556 23672 23647 23745 2376 23504 23763 23543
29115 #5268 23227 29353 23316 23464 23443 5555 23546 23664 23633 Z237.36 257.03 23795 23764 23545
29115 29268 23203 235367 25301 23452 23437 29575 23536 23656 29651 23713 z25V.03 23795 23753 2364
29115 29255 2928 23423 23343 23487 23471 23603 23564 23673 23653 2375 29721 23808 23773 235.53
29115 23255 23262 29414 23323 23474 23455 23533 23554 29671 2I646 23743 23714 23503 23768 235.48
23115 23255 23244 23398 23313 23462 23447 23553 23544 23663 23635 29736 237.06 23797 23763 23544
23115 23285 23227 23383 29233 23443 23d.34 23573 23534 23654 2363 2373 297.02 23732 23758 23839
29115 23255 23209 23367 29283 23436 234.22 23563 29525 236.46 23622 23723 23635 23766 29752 238.35
29115 23255 2328 23423 23414 23548 23512 23635 23596 23707 2968 29772 23742 23826 29791 295.68
29115 23255 23262 29414 23333 23535 255 236.27 295.896 296.95 23672 23766 23736 235.21 237.86 235.64
29115 29291 29247 234.04 29389 29528 234.93 29623 29581 29695 29669 29765 297.35 29822 29787 298.63
29115 29288 29227 29383 2937 2951 23476 29607 29567 296.82 29656 29752 23723 2351 29775 298.54
29115 29288 29209 23367 29355 23497 294.64 29597 29557 296.74 29648 29745 29717 23504 2977 2985
29115 29288 2928 29429 29396 29532 294.98 29625 29584 29697 2967 297R4 23735 2982 29784 298.63
29115 29288 29262 29414 23381 2952 23486 29615 29575 296.88 29662 29758 29728 29814 29779 298.58
29115 29288 29244 233.98 29366 29507 23473 29605 29565 2968 29655 29751 237.22 23503 29774 298.54
29115 29288 29227 293.83 29352 29495 29461 29595 29555 29672 29647 29744 29715 23503 29769 298.49
29115 29288 29209 23367 29337 29482 29443 29554 29546 29664 29639 29737 237.03 23798 29763 29844
29115 29288 2928 29429 29379 29517 294.83 29613 29573 29687 29661 29756 297.27 29813 29778 298.57
29115 29288 29262 29414 29363 29505 29471 29603 29563 29679 29653 2975 2972 29808 29773 298.53
29115 29288 29245 293.98 29349 29492 29453 29593 29553 2967 29645 29743 29714 29802 29769 299.48
29115 292,89 29227 293.83 29334 29479 294.47 29582 29544 296.62 29637 29736 297.08 29797 29762 29844
29115 29288 29209 29367 29319 29467 29435 29572 29934 29654 29629 29723 29701 29791 29757 298.39
29115 29288 2928 29429 29361 29502 294.63 296.01 29561 2967 29651 29748 29719 29807 2972 298.52
29115 292,89 29262 29413 29344 29487 29455 2959 29552 296.69 29644 29742 29714 29502 29766 298.46
29115 29288 29244 233.98 29331 23477 23444 2958 29542 2966 Z2IEIE 23735 297.06 23796 29T.R1 23843
29115 29288 29227 29383 29316 23464 23432 2957 29932 29652 29628 29728 237 2979 29756 23338
29115 25258 29203 25367 253.01 23452 2342 2556 29522 23644 2962 29721 296.94 23785 ZSV.S1 29534
29115 25288 29285 254.29 23345 29487 29454 FS5.53 2355 2366V 23642 2874 25712 295 239766 Z55.46
29115 25258 29262 29414 29325 23474 25442 FS5TE 0 2354 23655 29634 297.33 25705 23795 2976 29542
29115 25288 29244 253898 25313 23462 2343 28568 2953 29651 29626 29T.2Y 29693 23789 29755 29857
29115 25288 29227 29383 23235 23443 25415 28555 2952 23642 29615 29V.2 296.92 Z37E3 0 2975 29835
29115 25268 23203 23367 23265 23436 25406 23545 2351 23634 2961 23713 296.86 23775 23745 235.:5

The data obtained for cooling of liquid in every cooler and heating of liquid in every battery is below

Auro-Generated Auto-Generated

h1 h2

073 0833 011 03 0242 0273 0337 1734 1573 153 1.403 1213 1012 0303 0824
0.087 0153 0354 041 0268 0301 0356 1734 1436 1337 1252 1105 0326 084 0775
0.264 0145 0343 0403 0264 0257 0353 1.734 1517 1358 1272 113 0537 0543 0.731
0.433 Q.48 0.35 0421 0262 0233 0352 176 1563 133 1237 14 036 0863 0764
0.615 0132 0338 0333 0258 0232 0348 1734 1558 1402 13 1143 0361 0868  0.734
0.7 0126 0333 0335 0254 0288 0345 1733 156 1424 133 1164 0372 0677 0.801
0.053 0331 0347 0408 0264 0237 0353 1734 1436 1362 1275 1123 094 0852 0783
0264 0324 0342 0404 026 0234 035 1733 1517 1385 1295 1138 0951 0861 0783
0.433 0317 0337 0333 0257 0231 0347 1733 1537 1406 1315 1155 0,363 067  0.735
0.674 031 0532 033 0253 0288 0345 1734 1558 1428 1.334 166 0975 0873 0803
073 0305 0327 03533 0243 0285 0343 1733 158 1.451 1.353 1181 0586 0.853 0.81
0.037  0.508 034 0402 0253 0233 0343 1734 1435 1383 1238 114 03953 0862 0.79
0263 0502 0336 033 0256 0231 0347 1733 1516 1412 1318 1155 0966 0872  0.735
0433 0436 033 0333 0852 0287 035dd 1.734 1537 1434 1337 117 0376 0851 0804
0677 0438 0326 0333 0243 0285 0342 1735 1558 1485 1.356 1185 0,383 0.83 0.8M
0.7 0482 0321 03383 0245 0.z 0.34 1733 1573 1477 1376 1133 1 03 0.815
0037 0687 0335 0337 0255 0.23 03546 1733 1436 1416 1322 1156 0368 0873 0.735
0.264 0.63 0.3z 0388 0242 0273 0382 1735 1508 1435 1343 186 0977 0873 0.739
0433 0674 0325 03587 02453 02584 034 1733 1538 146 1361 1187 0331 0832 0.812
0616  O6GT 0.32 0382 0244 0231 0333 1733 1553 14a82 1.38 1z02 1002 0902 0.8613
0.7 0.661 0314 0.378 0241 0278 0337 1734 158 1504 1.333 1217 1.014 05mn 0826
0037 0865 0323 0331 0251 0237 0343 1.734 1435 1443 1.345 1176 0982 0835  0.506
0263 0858 0324 0386 0247 02833 034 1733 1516 1465 1365 113 0333 0834 0.813
0.433 0.851 03 0381 0244 0231 0338 1733 1537 1486 1.354 1205 1005 0804 0.813
0615 0845 033 0377 0241 0277 0335 1733 1556 1508 1.404 1zz 1.017 0312 0827
073 0vss 0308 037 0237 02vd 0333 1733 1573 1481 1422 1234 1028 0322 0833

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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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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