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ABSTRACT

Lithium-ion batteries are widely used in electric vehicles due to their more energy
viscosity and long life. Lithium-ion battery performance and service life are very
accurate to temperature, so maintaining the correct temperature range is
important. Thermal management of the battery is essential for effective utilization in
hot environmental conditions and for best life cycle. Improper maintenance and
over-heating leads to thermal runaway which causes battery explosion. So, as to
effectively improve the heat scattering performance of the battery cell is possible to
obtain with the help of different cooling chambers in order to control its heavy
temperature and temperature difference. In this paper, the closed chamber model
of copper will surround the each battery cell to obtain maximum cooling. Taking
temperature measurements with a temperature sensing elements and measuring
the different flow rates of coolant with which the heating of the battery becomes

normal and helps to extend the battery's longevity.

Keywords:Cylindrical Lithium-ion battery, Thermal management, Liquid cooling,

Copper sheath.
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CHAPTER-1
INTRODUCTION

Today, Lithium-ion batteries are the most widely utilized in electric vehicles.
Battery technology has advanced dramatically in this decade and many high-
performance batteries have been developed. High-performance batteries and
appropriate battery management systems (BMS) are necessary for the reliable
and safe operation of electric vehicles (EVs).For the battery systems of electric
vehicles to maintain their energy storage potential, span, cell daily life, and
security of the system, thermal management is critical. The battery cooling system
is the most important thing in the electric vehicle industry today. However, this
poses a major challenge to battery safety due to the increasing performance
requirements of electric vehicles, such as long range and fast acceleration. This is
because the temperature of the battery will continue to rise with the limits of space
and time. accumulate during charging and discharging. When the safe
temperature range (-20 to 60°C) is exceeded, heat escape may occur and

consequent fire[ 1].

A battery cooling system is required to correct this battery fire problem. So in this
article, we propose a new method of battery cooling system by which we can solve
problems occurring in EV batteries. We need to monitor the battery and its

temperature environment and their capacity [2].

From a long time the vehicles which are using combustion engine have stand for
the most of the vehicles travelling on road. But how ever in recent years there is lot
of changes and more development occurred by the new technology for batteries of
EVs and the price of EVs decreased, while the percentage of EVs on the road
greatly increased. while the last decade Globally, the amount of electric motor
vehicles on the road developed greatly over 2010 and 2020, rising from less than
0.5 million to over ten million. Due to the environmental changes like green house
gases, air pollution and climate changes which are occurring from pollutant
coming from the IC engines may leads to severe environmental damages and
reduces the air quality are the main reasons for the Increase of electric vehicles[3].
So according to a 2020 poll conducted in the U.S. describes that there is a serious
decrease in the green house gases(GHG) pollution. Even they use fossil fuel

powered power stations to generate electricity.In this study it shows that the
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decrease of integrity The average number of deaths from air pollution has
decreased from 65 deaths per 10,000 miles to 26 deaths per 10,000 miles. when
ICEVs are phased out in order to support EVs. By knowing the safety of EVs it
become a widely discussed topic due the increase interest because of its
safety.The safety and performance can differ greatly as there is a lot of variety of
options for the components are using in batteries.One such commonly used

battery is the lithium ion battery [4].

In lithium-ion batteries it consists of some components like an cathode, anode,
electrolyte and a separator. see Fig 1.1. While discharging the oxidized electrode
which can remove the electrons to the external circuit is called anode.
Correspondingly, an oxidizing electrode is a cathode that accepts electrons from
an external circuit. The electrolyte will work as a medium between the electrodes
to transfer the ions inside the separator and the cell to isolating electrodes[5].A
thin passive layer was created by the solid electrolyte interface(SEI) on the carbon
anode's surface during the first charge. When the reaction rate slows down and it
will decrease the current. Secondly, a Li-ion battery is a rechargeable battery
which means electrochemical reactions in it are reversible. When charging Li-ion
batteries disperse prom positive to negative and when discharging it goes opposite
negative to positive. Lithium-ion battery uses Interpolate lithium compound as the

electrode in place of lithium [6].

Electrolyte
Lithium Sakt
Dissolved in
Organic, Solvent
Anode Current Collector Y Cathode Current Collector
Copper ; Aluminium
'\\
Anode ri . Cathode
Carbon / Separator | ihiym Metal Oxide

SEI
Passivatng Layer

Fig 1.1: Lithium-ion battery physical structure

From what we know so far, there are several viable battery types in the EV
sector,but in the market everyone will prefer Li-ion batteries as the mostly choice.
Because of it high power density,energy and long lasting battery life lithium-ion
batteries out perform many other batteries.There are several batteries that will

2



function with various materials.Each battery cell itself can be manufactured in a
three kinds of different ways which are more commonly used in many automotive
industries are Cylindrical cells, prismatic cells, pouch cells One of the main
differences in the geometry style as it suggests a name[7]. Each can hold a key
parameters by the help of that can vary between different styles.Some Other
differences such as the style sketches and the toughness are shown in the figure

below.

Table 1.1: Battery cells cells in some different Styles.

Cylindrical cell Prismatic cell Pouch cell
a=r
1 [

*  Small size * Hard casing * Soft casing

(e.g. 18650 type (@ 18 mm, * largesize * Large size

height 650 mm)) * High individual cell capacity * High individual cell capacity
* Hard casing *  Geometrical deformation
* Low individual cell capacity during (dis-)charging
+ Build in safety features
* Comparably cheap

Different electric car manufacturers use different styles.There are so many EV
vehicles which are using lithium-ion batteries. Some examples are cylindrical cells
used by the Tesla Model S , the prismatic cells are used by BMW i3, and pouch
cells is used by Nissan Leaf. A pack of battery is a common term when thinking of
electric vehicles. All the individual cells combinely form a battery pack. Note that
cells can be connected in parallel or in series, but the combination of the
connections that can be combined. The connection of a series is created when
more power is needed, and a parallel connection will created when more capacity
and current is needed[8]. A module is created when a certain number of cells are
connected. The module is then connected to other modules to create the battery

pack shown in Fig 1.2.



(a)

(b)

Fig 1.2: Battery cell, section, and set variations
1.1 TEMPERATURE ISSUES OF LI-ION BATTERY

A lithium ion battery's performance is affected by temperature and operating
voltage.When the cell operated between limited voltage and within the
temperature range. Otherwise, some irreversible damages will occur to the cells.
In an over-voltage condition, the charge exceeds the voltage and the allowable
voltage cell and an excessive flow of current, creating two problems in the same
time. At excessive current, the lithium ions deposit faster than intercalate in the
anode layer, and the lithium ions deposit as metallic lithium on the surface of the
anode as a metallic lithium an this is called as lithium coating [9]. An irreversible
loss of capacity, and the decrease in the free lithium-ions occurs due by it.
Metallic lithium plating are of two types those are heterogeneous lithium plating
and homogeneous lithium plating. Lithium plating has a dendritic shape.
Eventually, a short circuit can occur between the electrodes. Considering
overheating and cold temperatures, The operating temperature is so important for
the life of lithium-ion batteries[10]. An acceptable temperature usual range is from
-20 to 60 degrees Celsius. On the other hand, the optimum temperature range is
usually from 15°C to 35°C. Using it from the outside of the allowable temperature
can damage the battery and cause permanent problems. Performance is

degraded when used at low temperatures. Among other things, the colder the
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charging resistance, the longer the charging time. The risk of lithium plating
increases when the plating penetrates the separator, reducing battery capacity or
causing an internal short circuit. Aging will proceed if the temperature becomes too
high. The estimated battery life will get reduced and reduces performance [11].
Higher operating temperatures also increase the risk of thermal runaway. Batteries
themselves generate heat, so if too much heat builds up, an exothermic reaction

will occur, further increasing the temperature.
1.2 THERMAL RUNAWAY

In relation to thermal runaway and other safety issues with lithium-ion batteries,
where the various causes of that phenomenon. Thermal runaway is when a cell
reaches a critical temperature and then the temperature rises spontaneously. In a
lithium-ion battery,the solid electrode interface layer (SEI) begins to break down
and an exothermic process releases heat when the cell reaches a temperature of
about 80 °C. The anode's SEI layer serves as a protective layer that is created
mostly during the initial charge-discharge cycles and is made of diverse materials
such as Li ions[12]. As the temperature rises from 100°C to 120°C, another
exothermic reaction begins in which the electrolyte decomposes and, depending
on the cell chemistry, begins to produce gases such as carbon dioxide or
methane.When the cathode and anode make contact at 120 to 130 °C, the barrier
in the electrodes melts, leading to a short circuit within the device and more
heating. The electrolyte and cathode continue to break down after the temperature
hits 130°C to 150°C [13]. During this highly exothermic reaction, oxygen escapes.
the lithium generates a great deal carbonate electrolyte and oxygen productions
what ultimately causes the cell to ignite. The final highly exothermic reaction can
reach temperatures of 150°C to 180°C, making the reaction autonomous. When a
reaction becomes It is categorized as a thermal runaway since it is self-
sufficient.While this is occurring in one cell, nearby cells are being heated up by
the newly created heat. As a result, the identical series of events take place in
more cells, spreading the production of heat. When cells within a module generate
enough heat, it can spread throughout other modules and packages. It's important
to remember that if a fire breaks out, putting it out doesn't solve the problem[14]. In

fact, chemical reactions can take place inside that can generate heat again,



eventually leading to the process of re-ignitionl. A general timetable for the
progression of thermal runaway is shown in Fig. 1.3, along with the duration of

each phase of the reaction.

5 Minutes _ 1~3 Hours A Few Hours
Warning Escape Extinguish fire Re-ignition
s ~
i S‘;-—- a Sa yZ
: " o S {
Cells TR&TRP Modules TRP _ Put out fire Re-ignition
°
>
') -
-l "
=}
© P
o
CellTR  Cells TRP _ Heat accumulation by residual Cells re-TRP
chemical reactions
°
B (1110 (017D
3 (0111 () Q07T

TR: Thermal runaway TRP: Thermal runaway propagation
Fig 1.3: Thermal runaway propagation.

If thermal runaway is happening or has already started, there are ways to prevent
it from spreading. Fig 1.4 shows an example of how the propagation velocity can
be stopped and reduced to allow It's time to let the passengers out of the car [15].
The primary safety technology focuses on cooling by the battery thermal
management system (BTMS) of the vehicle and insulation between cells and

modules.

Assume the TR released energy is 1. Assume the electrochemical abuse released energy is 0.1.

N: The number of cells in the module. M: The number of the affected modules. O: The energy released of other affected parts.

& B W Yy

- -

Electrochemical

Normal cell abice Cell TR Cells TRP Modules TRP Pack catch on fire Vehicle catch on fire Passengers
Normalized
©) Ox® | OxOx® | (0)x@x® [()xOx@+E
energy
Ia- B @ @ i §2 <
Examples of MIE ‘ . -
battery ‘, ) \ . —_———
safety - «@ il T
technolo YN w‘
2 Li plating Heat isolation Heat isolation Ei 4 N
Self-poisoned between cells e Fireproof layer
Clzentcontiol & Enhance cooling & Enhance cooling system
Normalized

bt ©70) COR(0x(n) (omjonlm)x(1)x () (omo)on(o-0) x(x(u4o)

TR: Thermal runaway TRP: Thermal runaway propagation

Fig 1.4: How to stop the effects thermal runaway propagation.
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1.3 BTMS

Therefore, today the main topic and it is very crucial thing for many of the
researchers and companies is all about developing an effective and impact-full
cooling system for controlling the temperature of the batteries with in a specific
intervals in temperature.To develop an effective battery thermal management
system.It needs a considerable and more efforts have been committed towards
that[16].The BTMS battery thermal management system, it can be broken down
into a number of smaller groups, each with its own benefits and drawbacks, such
as passive and active cooling, internal and external, series and parallel, air, liquid,
and phase change material (PCM), vapour compression and the heat pipe. Fig 1.5
is classified about different types of the BTMS excluding the vapour compression

solution .

Active BTMs

Heat pipe cooling

Fig 1.5: BTMS can be classified into different types.

1.4 COOLING SYSTEMS
1.4.1 Cooling with liquid

Liquid cooling is a procedure that provides a more effective way to control

temperature. The goal is to locate a cooling system, as the name suggests that



can control both consistent temperature decline and heat transmission. Since the
liquid-cooled kind has the temperature distribution of the battery pack is better
than the air-cooled type in both terms of thermal conductivity and heat capacity.. It
functions by removing heat from radiating components utilised in places where
heat is required (or dissipated into the environment). Direct cooling and indirect
cooling are two categories of liquid cooling technologies. Battery immersion is the
procedure we use to cool the entire battery surface. Direct cooling. The original
version of the idea involved encircling the cell with a flat aluminium tube. Each
tube has a number of tiny liquid flow channels, which increases the effectiveness
of heat transfer[17].Due to the stringent waterproofing requirements of the battery
system, this type of system is less frequent in automotive battery cooling systems.
Otherwise, an electrochemical reaction or electrical short circuit might happen.
Moreover, it only functions when there is power. Thermal management prohibits
the integration of heaters below 0 degrees. Since then, there has been
documentation of them. Systems like tube cooling and cold plate cooling fall under
the indirect cooling category. This kind of system is more simpler to set up and has
higher cooling capacity, average energy efficiency, and safety usage.A metal plate
having tubes or channels inside is termed a cold plate and is used for indirect
cooling[18].Then, position the cold plate and battery cell so that parts of their
surfaces are in contact with one another. 50 10 Ah pouch cells made up the
battery pack in one experiment. These heat transfer was made easier and the
temperatures of the cells kept constant by enclosing them between two heat

spreaders.
1.4.2 Air Cooling

Air-cooling fig 1.7 qualities include simple attachments that are inexpensive and
lightweight, as well as ease of maintenance. In commercial Evs the most popularly
used technology for battery cooling is Air cooling because of its benefits. Toyota
Prius Prime, Honda Fit EV, Hyundai IONIQ, Nissan Leaf, and others are a few
examples. There are two types of categories present in air-cooling system that
involves forced and natural convection. The natural convection type will work by
cooling the battery pack using the outdoors and interior natural air.Forced
convection is typically used in conjunction using the HVAC system's evaporator or

condenser to circulate air into the battery container[19]. Natural convection is more



effective than both heated air and natural convection. without any opening of vents
when it comes to the waterproof department.The downside,for the battery heat
dissipation however by the natural convection cooling is invalid.The forced
convection cooling will be used in various models,including the Hyundai IONIQ
and Honda Fit EV.

Airin the
Atmosphere

Vehicle Evaporator
Heater  Cores

a. Passive air cooling

A 'n_i"!\‘

e -
3 ;‘.\'-“‘ i

b g
Battery cells

Batte?fcelis
@©®
[OJORO!

Outlet

A4 44
!

Heater  Cores

The exhausted air could be recycled according to its own temperature :
and the required temperature from the battery pack H

Fig 1.6: Symbolic diagram of the air cooling system
1.4.3 Phase Change Material (PCM)

The main thing is the heat absorbed by the battery pack and change the phase of
it is done by special material which is used in the PCM. There are two different
ways are present in storing the energy for this specific method. At starting the
material will only store the sensible heat by absorbing the heat purely then
temperature in it will increase by its own to determined that by this process and it
will be limited by its heat capacity and it can be stored in it. For choosing a
material the sensible heat is nor primary reason or critical allot as it will be noted.
Latent heat is the most important aspect and the another way of PCM for storing
the energy[20].If a stored latent heat is changing then the material will
automatically change its phase. From the environment the heat that can be kept or
released in a sustainable manner by this phase changing material by the case of
lithium ion batteries in electric vehicles. Material temperature change is negligible
when the phase change is occurred. Latent heat is a greater storage capacity of
heat energy ,the more important aspect for a material is all about controllability of
temperatures during the phase change materials. It is stated that the PCM is a

passive battery thermal management system, both more parts and additional



energy are not needed for it to function such as electricity. The change of the
materials will happens between solid- liquid or it may from liquid-solid are the two
main categories in the phase change materials. Heat pipe is another type of BTMS
which is used as well as preferred as phase change liquid (PCL) with relation to

the liquid to gas phase shift [21].

The phase transition of solid and liquid case it is arranged as seen in Fig. 1.7, the
area where the batteries and the components are in direct touch with one
another.Due to the materials' direct contact, when the thermal load increases
quickly, PCM must keep the desired temperature. One further significant result
that can be obtained is a temperature that is uniform.. Heat from the environment
is absorbed by the material as it will melt as absorbing the heat of the batteries
too. Phase change method is mainly used in warmer climates in a long period of
time.Instead of the cooling battery pack from the environmental temperature the
materials will get a risk of melting.PCMs can be sub divided into 3 major

categories are organic , Inorganic and eutectic PCMs [22].

Fig 1.7: The image of PCM inside the battery pack

The fact that both organic and inorganic materials have similar phase change
temperatures, latent heats of fusion, and thermal conductivities.PCMs are set for a
particular material is a disadvantage. In this situation, eutectic PCMs may be used.
Eutectic PCMs can be made particularly for desired qualities by combining several
organic and/or inorganic PCMs. In this manner, the material can have the ideal
latent heat of fusion and phase transition temperature for its application. These
materials have some drawbacks, including the fact that they are more expensive
and not always readily available compared to more prevalent materials like
paraffin wax [23]. Be aware that many metallic PCMs, which also have improved

thermal stability, make up of modern PCMs.
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1.5 LIQUID COOLING PROFILES

The heat pipe system was gradually assessed as the full system was put together.
The system level (whole system), module level (HPCP, RHE-HP), and component
level (heat pipes) evaluations are included in this. The thermal qualification of each
heat pipe is the first stage at the component level in order to meet the overall
target maximum cell temperature of 80 °C at the casing for 50W heat load per cell,
as per thermal modelling in Fig. 1.8. Heat pipes with the ideal water charge and
shape were tested in locations corresponding to those predicted in the actual
system, as needed by the overall design. to confirm that the heat pipes' thermal
resistance complies with design requirements and to determine the maximum heat
transfer the heat pipe qualifying capability, to outline operating constraints, and to
remedy any unforeseen design defects [24]. This arrangement for cooling plate
heat pipes uses three evenly spaced cartridge heaters enclosed in a copper block
and a heat load simulator to uniformly heat the evaporator. The condenser is
cooled by natural convection using a metal heat sink. Thermocouples were
installed on the heat pipe's surface to measure its thermal resistance and
thermodynamic behaviour. When tested in the assembly orientation for which they
were designed, RHE-heat pipes performed flawlessly.A heat load simulator with
thermal load was used to provide heat to one leg of a U-shaped heat pipe in place
of an aluminium heat sink with two axial flow fans acting as the heat sink. It should
be emphasized that in order to certify heat pipes, either forced or natural

convection using a fan was used, depending on the test heat load.

Fig 1.8: Cooling fins

It was discussed the thermal behaviour of battery modules with various circular,
hexagonal, and rectangular battery cell arrangements. When all costs are taken
into account, the 5 x 5 cubic construction has the best cooling capacity, and when

space utilization is taken into account, the 19 batteries arranged in a hexagonal
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arrangement have the best cooling capacity. Fan built the battery pack shown in
Fig. 1.9 using 32 high-energy-density cylindrical lithium-ion batteries that were
arranged precisely, staggered, and crossed. Using a set of evaluation criteria, the
effectiveness of air cooling and energy efficiency of various battery pack arrays at
varied intake velocities were compared[25].The results show that the optimum
cooling performance and temperature uniformity are achieved by a battery pack
that is neatly placed, followed by a battery pack that is staggered and then cross-
arranged. When items are carefully organised, the least amount of power is
used—23% less than when things are stacked horizontally. It was found that the
cooling performance of the thermal management system may be improved by
optimising the geometric size of the airflow route. To test the battery box's air-
cooling capacity at various air volumes and flow rates, forced air cooled a high-
density battery box.It has been discovered that while the maximum temperature
steadily fell with an increase in cooling route size, The level of cooling steadily
dropped.Chen optimized the breadth of the airflow inlet and outlet to considerably
increase the effectiveness of a BTMS with parallel U-flow air cooling [26]. When
the optimized battery pack is discharged at a 5C pace, the temperature difference
between the battery cells is reduced by 70% and the power consumption is
reduced by 32%. The outcome of using this method is more obvious than it would
be if the battery spacing were changed. The volume averaged temperatures of the
flat-plate battery stacks remained largely constant when changed the cooling
channel size and the quantity of cooling channels for stacks with the same channel
size and cell volume ratio. Additionally, it was found that expanding the cooling
channels could improve cooling performance but would cause an uneven
distribution of temperature inside the battery unit. Consequently, it's crucial to

determine the size of the cooling channel.
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Fig 1.9: (a) An illustration of battery packs placed crosswise, staggered,

and in alignment.
(b) Three battery packs are stacked in a structure.

Cold plates and rectangular channels were used in proposed BTMS. As illustrated
in Fig 1.10, position the next pair of cooling path on the other side of the cooling
plate, with the battery sandwiched between two cooling plates and the circulating
liquid passage set up as a rectangle. The experiment revealed that the refrigerant
flow and channel count were the two main factors affecting heat dissipation.Height
and channel width are supporting elements [27].The cooling plate's average
temperature and temperature differential are at their lowest when the channels
have dimensions of 45 mm in width, 5 mm in height, 4 in number, and 0.07 m/s in
coolant flow rate.The examination of the cooling performance of liquid-cooled
BTMS has advanced thanks to the use of the flow route shape and fluid flow
distribution.Suggested a cylindrical battery cooling solution based on micro
channel liquid cooling. The maximum temperature of the battery module can be
kept below 40 °C if there are more than four microchannels and the inlet mass flow

rate is adjusted to 1103 kg/s.

Although maximum temperature steadily drops as the number of microchannels in

the LCC rises, the channels' total number shouldn't surpass 8.K. Li created a

13



powerful micro channel cooling system and refined it to achieve four goals:
reducing temperature difference, Standard battery pack size, pressure drop across
cold plates, and temperature difference. According to the trial results, the pressure
drop was decreased by 44.53%, the ideal battery pack temperature difference was
lowered by 5.07%, and the standard temperature difference was reduced by
0.82%.[28] As part of his investigation into liquid cooling methods, he used
different cooling plate devices that included integrated ice trays and cold
plates.The integrated ice tray's cooling capacity was found to be superior when the
two cooling capabilities were compared. With the integrated cold plate, which is
less expensive and easier to use, the coolant circulation rate is higher. Cao claims
that adjusting a coolant channel manifold allows for an optimal flow distribution,
which in turn affects the temperature homogeneity across battery modules[29].
They compared it to the battery pack for the original channel manifold and
suggested a way to modify the manifold using a T-joint. When the battery pack
was discharged at 1C while receiving an 18 L/min coolant flow, the three-
dimensional temperature distribution of the battery pack is depicted in Fig. 1.7.
With a 2C discharge and flow of 36 L/min, the working temperature and thermal

homogeneity could be kept within the appropriate temperature range.

Cooling channel

.
> §
rdule /
; = Cooling plate
| -
] _ Battery cell
= )
A single group e )
\, ~
// Cooling plate

Cooling channel

Fig 1.10: Model for liquid-cooled batteries with cold plates and rectangular

flow channels.
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CHAPTER-2
LITERATURE REVIEW

2.1 THERMODYNAMIC MODEL AND PROBLEMS

The most crucial component of EVs is the battery, which performs numerous
cycles of charging and discharging in the course of its lifespan. Understanding
how heat is generated inside the battery is essential because Li-ion batteries'
efficiency is closely tied to temperature. Li-ion battery heat generation is a
challenging process that necessitates understanding of both the electrochemical
reaction's time and temperature dependence as well as the current flow through
the battery [30]. Li-ion batteries are known to generate heat via chemical
processes, resistive dissipation, relaxation of the cell's concentration gradient, and

reversible entropy.

When charging and discharging, Li-ion batteries typically produce three types of
heat: activation irreversible heat caused by the electrochemical reaction
polarisation, joule heating resulting in ohmic losses, and reversible reaction heat
brought on by entropy change. Therefore, the battery's temperature may increase
as a result of heat accumulation if the heat generated by the battery during
charging and discharging is improperly disipated,which could negatively impact
battery performance, life, and safety. Loss of capacity and power can be used to

describe a decline in Li-ion battery performance [31].

The battery's capacity decreases as a result of the active material's transition into
an inactive phase and the subsequent rise in impedance.However, it is clear that
the performance of Li-ion batteries is influenced by the operating temperature. It is
difficult and challenging to specify the precise and specific capacity/power
reduction mechanism. In contrast to capacity fade, power fade is a strong function
of DOD, and these losses are temperature independent of minute DOD changes,
claims the research [32]. Another important problem is the thermal runaway that
develops as a result of the heat from the Li-ion batteries. When the rate of
temperature rise is sped up, thermal runaway happens, and it can have disastrous

effects like rapid temperature rise, gas production, and even battery explosion.
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This phenomenon has a significant impact on the safety of vehicles and
passengers. To reduce the possibility of thermal runaway, Li-ion batteries have a
number of safety measures, such as safety vents, thermal fuses, automated reset
devices,shutdown separators, chemical shuttles, coatings, and electrodes and
electrolytes that can withstand heat. The fundamental cause of thermal runaway,
battery cell temperature inconsistency, must be avoided in addition to these safety

measures.

The battery cell may have an uneven temperature distribution as a result of its
thermal resistance and internal heat-producing region, which may be significant for
issues with performance, safety, and ageing. Therefore, when designing and
refining BTMS, it is crucial to consider both reducing temperature disparity and
avoiding an excessive temperature rise.The specific thermal runaway process of
Li-ion batteries has been reviewed [33]. In addition to the problem of temperature
non-uniformity and rapid rise, the energy and power capabilities of Li-ion batteries

significantly fall when operating at low temperatures.

The common causes of Li-ion batteries' performance decline at low temperatures
include solid electrolyte interface film, surface charge transfer impedance, and
lithium solid diffusion in electrodes. There are numerous methods, such as
preheating, heating plates, and air conditioning (AC) heating, to lessen harmful
effects at low temperatures. In order to considerably enhance low temperature
performance and it is examined the performance of a 35Ah high-power Li-ion
battery in a low-temperature setting and offered a broad line metal film heating
technique for battery heating [34]. When the charge/discharge performance of the
cell was evaluated at various constant currents and temperature ranges between
20 °C and -40 °C, the discharge capacity of the cell declined as the temperature

increased.

When under 0 °C, the charge did not work adequately.The suggested heating
procedure, however, could be able to improve these performance declines. For
EVs, the BTMS that maintains the battery's proper temperature range and
temperature uniformity is necessary to avoid the thermal issues with Li-ion
batteries that were previously described. The importance of BTMS has increased

due to the tendency of packing more battery cells with higher energy densities
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than before into the pack and charging the battery more quickly by applying a

higher current because it causes the battery to heat up more [35].
2.2 BATTERY COOLING SYSTEMS ARE CATEGORIZED

The fundamental responsibility of the BTMS is to keep the battery cells, modules,
and pack within an ideal operating temperature range and with a uniform
temperature distribution even under rapid charge/discharge rates and harsh
weather conditions.The BTMS should perform the following four crucial tasks,
according to Psaran (2001): Cooling is used to remove heat from the battery,
heating is used to increase the temperature of the battery when it is too low,
insulating is used to avoid an abrupt shift in battery temperature, and venting is
used to release any potentially toxic gases from the battery. In order to be applied
to EVs [36].Moreover, BTMS should be small, light, affordable, highly reliable,
simple to maintain, consume little parasitic power, and be simple to pack.With the
exception of an EV's initial operation in a cold ambient environment, this study
concentrates on the battery cooling system due to the large temperature rise

caused by battery heat generation.

Several categories have been used to categorise battery cooling technologies. Fig
2.1. Secondly, there are many types of battery cooling systems, such as liquid
cooling, air cooling, and PCM cooling. Another aspect to take into account is
power consumption [37]. While passive cooling only makes use of the surrounding
environment, active cooling uses an energy source. The medium's direct or
indirect contact with the battery serves as the deciding factor between direct and
indirect cooling. The vapour compression cycle (VCC) is used by some BTMS, but
it is not used by others. Three technologies make use of the VCC: direct

refrigerant two-phase cooling, secondary loop liquid cooling, and cabin air cooling.

PCM cooling, thermoelectric element cooling, and heat pipe cooling are among the
cooling technologies not utilizing the VCC. All types of vehicles are equipped with
the functionality of a car's air conditioning system.In order to maintain a
comfortable environment for passengers while running the vehicle in a variety of
weather situations, it regulates the air temperature via heating and cooling. BTMS
and VCC integration is used in many EVs because it can be integrated into
existing systems [38]. A number of cooling system structures are shown in Figure
2.1.
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CHAPTER - 3
AIM AND SCOPE

3.1 AIM

The goal of this project is to design a battery cooling system that provide an
efficient and cost-effective solution for maintaining the optimal temperature range
of batteries during charge and discharge cycles. The primary goal of this project is
to design, develop, and evaluate the effectiveness of the battery cooling system in
maintaining the optimal temperature range of the battery when used with both
water and ethylene glycol as coolants [39].

3.2 SCOPE

The scope of the project includes the design, development, and testing of a newly
designed battery cooling system that can be used with both water and ethylene
glycol as coolants. The project will involve researching and selecting the most
suitable components, such as sensors and controllers, to integrate the
management system with the battery pack. The report will also cover the testing
and validation process, including the collection and analysis of data to evaluate the
system's effectiveness in maintaining the battery's optimal temperature range with
both coolants [40]. The project will also investigate the cost-effectiveness and
energy efficiency of the management system with both coolants, including their
environmental impact. The report will include recommendations for improving the
system's performance and reliability while minimizing its maintenance
requirements.

The newly designed battery management system has the potential for further
development and improvements to enhance its functionality, efficiency, and
usability. Some of the potential future scope for the system include using dielectric
fluids to minimize the risk of short circuit, Integration with advanced sensors and
machine learning algorithms to enable real-time monitoring and prediction of
battery performance and health and development of an advanced user interface
that can provide the user with real-time feedback on battery performance,

charging/discharging status, and temperature management [41].
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CHAPTER -4
EXPERIMENTAL SETUP AND METHODOLOGY

4.1 EXPERIMENTAL SETUP

Fig 4.1: Experimental setup

- Copper chamber

- Batteries

- Tube

- Four temperature sensors
Heating Coll

- Arduino

- One kill switch
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9 - 21V 15amps power supply
10 - Battery Management System
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12 - Flow sensor

13 - Battery Eliminator
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20



4.2 METHODOLOGY

Tank

Flow Rate

Arduino Temperature sensor

Bulb
21v Power Supply

Fig 4.2: Block diagram

Mostly, now a days Li-ion batteries are used in electric vehicles but they are
getting exploded due to thermal overloading. So in this experiment we are
proposing a new innovative method of battery cooling system which helps in
reducing the thermal over loading [42].

First, we performed an experiment on the cooling system of a Li-ion battery to
reduce thermal overload. In this experiment, we use materials such as Li-ion
batteries with configurations of 3.7 V and 2000 mAh rechargeable batteries. We
used the copper tubes with the diameter of 0.7mm and 1cm. with the help of this
copper tube we made a cooling system. Like at both the top and bottom for inlet
and outlet we used 2 copper tubes with the diameter of 1cm.

In the setup shown above in that we placed a Li-ion batteries which we are going
to cool down with the help of coolant and we inserted the batteries according to
the correct fitted size . According to the size and width and height of the batteries
we prepared a copper chamber for placing batteries into it. We must to check the
leakages of the system with any fail. After placing the batteries we applied some
lubricant gum Adelaide to rescue from the leaks in it so places the batteries in a
series order like top of the battery is in upside and bottom is in downside for every

cell before performing the experiment.
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Then we heat the batteries using heating coils, and we measure the temperatures
of the batteries using temperature sensors. We utilized Arduino to provide the
code to verify the temperature and flow of the cooling system. The 12v dc motor
pump is operated by a battery eliminator with the aid of a power source. To make
the charging and discharging process continuous, a 21v 16Amp power source is
utilized to charge the batteries, and a Dc motor is used to discharge the batteries
[43].The usage of a battery management system helps to lower the risk of the
battery when this process is taking place by providing an equal and controlled
supply of charge and discharge as well as controlling overheating. Since that the
ambient temperature can reach up to 30-35 degrees Celsius, we employ external
heat by using a heating coil to warm the battery up to 60 degrees Celsius. The
sensor measures the battery temperature values. Lm-35 temperature variable.
Four temperature sensors have been used in the test because the first sensor is at
the copper tube's opening where the coolant first enters, the second sensor is in
the second battery, the third sensor is in the fourth battery, and the final sensor is
on the fifth battery. last sensor is located at the exit of a tube. We used a 21v
1600amp power source for charging and discharging, which allowed us to use a
60W light to charge and discharge the battery.

The Arduino Uno controller has a request code that can be used to measure the
flow and temperature readings related to the battery management system. Coolant
enters the experimental setup through the flow sensor, travels to the inlet, and
exits through the outlet. This procedure is repeated until the batteries reach their
usual state at 60 degrees Celsius. As we experimented at a range of flow rates,
including 12v, 9v, 7.5v, and 6v, with corresponding 60° and 30° constant ambient
temperature. When the battery is in a normal state, we take the corresponding
reading after cooling it and examine the cooling conditions of the battery by
varying the flow. Calculate the amount of time needed to transition from the
heating position to the normal condition so that the normal inlet coolant

temperature and outlet coolant temperature are equal.

4.3 MATERIALS AND COMPONENTS
4.3.1 Lm-35 Temperature sensor
The LM35 is a temperature sensor that converts temperature into an analog

voltage output, with a linear output voltage that changes by 10mV per degree

22



Celsius. It has a temperature range of -55°C to +150°C and high accuracy of
10.5°C at room temperature. It is easy to use and requires minimal external
components. It is commonly used in temperature control and monitoring
applications.

The LM35 is a versatile and accurate temperature sensor that is widely used in
various applications. Its linear output voltage, wide temperature range, and high
accuracy make it suitable for both hobbyist and industrial applications. The LM35
is easy to use and requires minimal external components, making it an ideal

choice for temperature control and monitoring applications.

Fig 4.3: Lm-35 Temperature sensor

4.3.2 Flow sensor

A flow sensor is a type of electronic instrument which measures or governs the
flow rate of liquids and gases through pipelines and tubes.

A wide range of flow sensors are available to meet specific needs and uses. The
following are the most prevalent factors that will influence the sort of flow sensor

you require:

Fig 4.4: Flow sensor

23



4.3.3 Power Supply

21V 15amps power supply used for charging of the battery.An electrical device
that supplies electricity to a load is referred to as a power source. The main job of
a power supply is to convert the source's electric current into the right voltage,
current, and frequency for the application. Power sources are hence sometimes
referred to as electric power converters. While some power sources are

independent devices, others are built into the loads they power.

Fig 4.5: 21V 15amps power supply

4.3.4 12v dc water pump

Pump motor that can be powered by a 12V power source is used to move fluids
through it at specified pressure levels.Smaller direct current (DC) motors are
frequently used in the manufacture of appliances, tools, toys, and automotive
devices such as electric car seats, whereas bigger direct current (DC) motors are
used in hoists, lifts, and electric vehicles. A 12v DC motor with a highest capacity
of 1.5A can produce 18W of power. A 12v DC motor with a highest capacity of 3A
can produce 36W of power. Brushed and brush less direct current motors can both

be used as generators.

Fig 4.6: 12v dc water pump
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4.3.5 Battery Management System

A Battery Management System (BMS) is an electronic system that monitors and
controls the charging and discharging of rechargeable batteries. It manages the
battery's state of charge, state of health, and state of function to ensure safe
operation, prolong its lifespan, and provide real-time information about its
performance. BMSs are commonly used in electric vehicles, portable electronic
devices, renewable energy systems, and many other applications where batteries
are used.

The BMS also manages the discharging process to prevent the battery from being
discharged too deeply, which can reduce its lifespan. It monitors the temperature
of the battery and ensures that it does not overheat, which can be a safety hazard.
In addition, the BMS can provide real-time information about the battery's
performance, such as voltage, current, temperature, and SoC. This information
can be used to optimize the battery's performance and to detect any problems that
may arise. BMSs are commonly used in electric vehicles, portable electronic
devices, renewable energy systems, and many other applications where batteries

are used.

Fig 4.7: Battery Management System

4.3.6 Battery Eliminator

A battery eliminator is an electrical device that is powered by a source other than a
battery and then transforms the source to an appropriate DC voltage. Battery
eliminators are used in lieu of standard dry batteries to power electronics such as

radio receivers AM/FM, tape recorders, computers, and other low power powered
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devices. The result of a battery eliminator is a direct current voltage that typically
ranges from 1.5V /3 V to 12 Volts / up to 500 mA.

The Battery Eliminator is designed to provide a constant and stable supply of
power to the device, eliminating the need for battery replacements and reducing
the cost of maintenance. It typically comes with a range of output voltages and
currents to match the requirements of different electronic devices.Battery
Eliminators can come in various forms, such as wall-mounted or desktop models,
and can be customized to fit specific needs. They are typically easy to install and
use, requiring only a simple connection to an AC power source and the device

being powered.

Fig 4.8: Battery Eliminator

4.3.7 Arduino

The Arduino UNO is a low-cost, versatile, and simple-to-use programmable open-
source micro controller device that can be incorporated into a wide range of
electrical applications. Users can build dynamic electronic items using this open-
source electronic prototyping tool. As an output, this board can operate switches,
LEDs, servos, and actuators and can be interfaced with other Arduino boards,
Arduino shields, and Raspberry Pi boards. The term "uno" means "one" in Italian
and was selected to represent a significant redesign of the Arduino hardware and
software.The Uno board was the 9th iteration in a line of USB-based Arduino
boards and was the successor to the Duemilanove release. The Arduino IDE for
the Arduino Uno device,version 1.0,has now developed to later versions.The

boards ATmega328 is pre-programmed with a boot loader that enables new coder.
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Fig 4.9: Arduino

4.3.8 Tank

Is used as the storage unit of the coolant.Storage tanks are containers designed to
store and hold various types of liquids, such as water, petroleum, chemicals, and
liquefied gases. They come in various sizes and shapes, including cylindrical,
rectangular, and spherical, and can be made from different materials such as steel,

concrete, and plastic.

Fig 4.10: Tank
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4.3.9 Heating Coil

The coil in the heater conducts the electric current that turns electrical energy into
thermal energy.A coil is a heating device that is connected to the heating
appliance. The heater produces an electric current that flows through the coil,
converting electric energy into thermal energy. It can either be immediately
immersed in the material or radiate heat through an open area to heat it. A heating
device uses Joule heating to turn electrical energy into heat. Electric current
passing through the element meets resistance, causing the element to heat up.
Unlike the Peltier effect, this mechanism is not affected by current motion. A
heating coil has two primary characteristics: (1) high melting and (2) high
resistance. (i) It should have a high resistance so that a large portion of the
electromagnetic energy is transformed to thermal energy. (ii) It should not easily
oxidise up to a temperature of 1000°C. (iii) It should have a high melting point and

a low thermal expansion so that when heated, it does not become relaxed.
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Fig 4.11: Heating Coil

4.3.10 Coolant

A liquid that is typically used to decrease or control the temperature of a
system.An ideal coolant has a high thermal capacity, low viscosity, is low in cost,
non-toxic, chemically neutral, and neither causes nor encourages cooling system
to corrosion. In certain circumstances, the refrigerant must also be an electrical
insulator. While the word "coolant" is widely used in car and HVAC applications,
heat-transfer fluid is a technical name that is used in both high and low-

temperature manufacturing applications. Cutting fluids are also included in the
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definition. Water-soluble coolant and clear cutting fluid are the two main categories
of industrial cutting fluid. An oil-in-water mixture is a water-soluble lubricant. It
contains different amounts of oil, ranging from zero to 100%. (synthetic coolant).
This coolant can either maintain its phase, remaining liquid or gaseous, or it can
go through a phase change, increasing the chilling effectiveness as the latent heat
is released. The latter is more frequently referred to as refrigerant when it is used

to attain temperatures below ambient.

Fig 4.12: Coolant

4.3.11 One kill switch

In the context of IT, a kill switch is a method for turning off or deactivating a gadget
or programme. In the context of IT, a kill switch is a method for turning off or
deactivating a gadget or programme. A kill switch's main function is typically to
stop data or machine theft or, in an emergency, to close down equipment.The
output, process, or programme that a kill switch is meant to safeguard will
determine how much it restricts, modifies, or stops a given action or activity. When
it comes to the kinds of technology, programs, and tools used to develop and

support it, the word "kill switch" is broad.

A kill switch, also known as a large red button, may be used in production facilities
to close down equipment if a worker is in dangerous circumstances. On the other
hand, kill switch software occasionally contains kill switches that are software-

encoded, like anti-piracy devices. Kill switches have a wide variety of uses

29



because of how broadly the term is used; these uses significantly vary depending
on the medium and goal. Here are some of the kill switch's more typical uses and

sectors, including those related to hacking.

Fig 4.13: One kill switch

4.3.12 Battery Male Female Connector Plug

Male connectors, also known as plugs, have a solid point for the centre wire. A
centre wire with a hole characterizes a female connection, also known as a
jack.The female connection is always used to attach batteries. For electricity
sources, this is always the accepted practise. Take into account putting a
paperclip or tiny penny on the connection. That could readily short-circuit the male
connection. A power cable on an appliance ends in a (male) plug; it attaches to a

(female) socket in a wall or on an extension line.

Fig 4.14: Battery Male Female Connector Plug
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4.3.13 Copper Sheet

Copper sheet is a highly malleable and usable metal that has excellent electrical
and heat transmission.Copper and copper alloys are commonly joined using
soldering, brazing, welding, fastening, riveting, crimping, and glue bonding.
Plumbing connections and components are examples of typical soldering and
brazing uses. Copper and copper nickel welded tubes are widely used in water
supply systems, heat ex-changers, and air conditioners, and welding techniques
are widely used.Copper's softness, malleability, and good formability make it
suitable for building use. Other metals and copper alloys, such as brasses,
phosphor bronzes, and copper nickels, are used to reinforce copper. Copper
alloys with tensile properties beat some aluminium alloys, equal stainless steels,
and have a broad variety of applications.Copper metals have the potential to help
with the miniaturisation of electrical components. Copper is a durable material that
can last for decades without losing its structural integrity or performance. It is also
resistant to rust and corrosion, which makes it a popular choice for outdoor and
marine applications.Copper conduit is commonly used in plumbing, whereas
copper tube is used in heating and ventilation systems in homes, businesses, and
industries. When compared to aluminum, copper has superior anti-corrosive

qualities

Fig 4.15: Copper Sheet

4.3.14 Lithium-ion (Li-ion) battery

Lithium-ion (Li-ion) batteries are rechargeable batteries commonly used in portable
electronic devices, electric vehicles, and renewable energy systems. They are

popular due to their high energy density, low self-discharge rate, and relatively
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long lifespan. Li-ion batteries are made up of multiple cells, each containing a
positive electrode (cathode), a negative electrode (anode), and an electrolyte that
separates the electrodes. When the battery is charged, lithium ions move from the
cathode to the anode, and during discharge, the ions move in the opposite

direction, producing an electrical current.
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Fig 4.16: Lithium-ion battery

When the gadget is plugged in, the cathode releases lithium ions, which are
absorbed by the anode.lt is the most common form of battery used in portable
consumer devices and electric vehicles. It is also widely used in grid-scale energy
storage, as well as military and aircraft uses. Anode and cathode materials, which
are both composed of compounds having lithium atoms, are the reactants in the
electrochemical processes in a lithium-ion cell. An oxidation half-reaction at the
electrode generates positively charged lithium ions and negatively charged
electrons during discharge. In a reduction half-reaction, lithium ions move through
the electrolyte.electrons move through the exterior circuit, and they reunite at the
cathode (along with the cathode substance). Lithium compounds such as LiPF6,
LiBF4, or LiCIO4 in an organic fluid such as ethylene carbonate, dimethyl
carbonate, or diethyl carbonate make up the liquid electrolytes in lithium-ion
batteries.During discharge, a liquid electrolyte serves as a conductive conduit for
cations to travel from the negative to positive electrodes. Typical liquid electrolyte
conductivities at room temperature (20 °C (68 °F))are in the 10ms/cm range, rising
by roughly 30-40% at 40 °C (104 °F), and dropping marginally at 0 °C(32 °F).
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CHAPTER -5
RESULTS AND DISCUSSION

5.1 HEAT FLOW SIMULATION

Thermal management is a critical aspect of battery design in electric vehicles, and
the cooling system plays a vital role in maintaining the battery's performance and
safety. The use of liquid coolants, such as water and ethylene glycol, can be an
effective solution for battery cooling. In this report, we will discuss the simulation of
a battery cooling system in Solid-works using water and ethylene glycol as

coolants.

The battery cooling system was modeled in Solid-works, including the battery
module, cooling plate, and coolant channels. The system was designed to
circulate water and ethylene glycol, which absorbs heat from the battery module
and dissipates it through the cooling plate. The simulation was performed using

Solid-works Flow Simulation, a computational fluid dynamics (CFD) software [44].

5.1.1 Heat flow simulation with water as coolant
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Fig 5.1: 1.32 Liter per Min inlet flow rate with 197 iteration

In this Figure it shows that the simulation for the battery cooling system with a

given flow rate of 1.32 Liter per Min through the inlet with an iteration of 197. It
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shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

Iteratian = 243

35.00
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20,00 Inlet Yolurme Flow
Temperature (Fluid) [°C] 1.95e-05 m"3/s

Cut Plot 3: contours
Flow Trajectories 1

Fig 5.2: 1.17 Liter per Min inlet flow rate with 243 iteration

In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 1.17 Liter per Min through the inlet with an iteration of 243. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

Iteration = 201
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Temperature (Fluid) [°C) 1.58333e-05 m*3/s

Cut Plot 3: contours
Fi Trajector

Fig 5.3: 0.95 Liter per Min inlet flow rate with 201 iteration
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In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 0.95 Liter per Min through the inlet with an iteration of 201. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

lteration = 214

35.00

3429

3357

3288

3214
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3071
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Cut Plot 1: contours
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30.00 Inlet Volume Flow:
Termnperature (Fluid) [°C) 1.3833e-05 m'3/s

CutPlot 3: contaurs
Flav ajectorigs

Fig 5.4: 0.83 Liter per Min inlet flow rate with 214 iteration

In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 0.83 Liter per Min through the inlet with an iteration of 214. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

5.1.2 Heat flow simulation with ethylene glycol as coolant
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Cut Plot 1: contours:
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2.2e-05 m'Uis

Cut Plot 3: contours

Fig 5.5: 1.32 Liter per Min inlet flow rate with 265 iteration
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In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 1.32 Liter per Min through the inlet with an iteration of 265. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

Iteration = 232
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Fig 5.6: 1.17 Liter per Min inlet flow rate with 232 iteration

In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 1.17 Liter per Min through the inlet with an iteration of 232. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

lteration = 204
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Fig 5.7: 0.95 Liter per Min inlet flow rate with 204 iteration

36



In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 0.95 Liter per Min through the inlet with an iteration of 204. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

Iteration = 202

35.00
3429
33.87
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32.14
3143
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Fig 5.8: 0.83 Liter per Min inlet flow rate with 202 iteration

In this figure it shows that the simulation for the battery cooling system with a
given flow rate of 0.83 Liter per Min through the inlet with an iteration of 202. It
shows the simulation given above which happens in that cooling system with in the

given range of flow rate.

The simulation results showed that the cooling system using water and ethylene
glycol was effective in maintaining the battery module at a stable operating
temperature. The coolant temperature remained within a safe range, and the heat
transfer coefficient between the coolant and the cooling plate was sufficient to
remove the heat generated by the battery module. Additionally, the use of ethylene
glycol as a coolant increased the boiling point of the mixture, reducing the risk of

coolant vaporization [45].
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5.2 EXPERIMENTAL RESULTS AND DISCUSSION
5.2.1 Experimental readings with water as coolant

Table 5.1: Readings for Water

Temperature
X,c;ltage I;:t‘g ?ensor- §2ensor :?»3ensor iensor (TSIZ:S
mrl;; (S1 (82 (53 §S4
in °C) in °C) in °C) in °C)
33.67 60.51 60.51 36.11 0
33.18 53.68 55.14 36.11 10.54
12V 1.32 32.21 49.29 50.75 36.11 19.94
31.72 44 .41 45.38 35.14 27.38
31.72 39.53 40.02 35.14 32.73
30.26 34.65 35.14 34.16 75.95
33.67 60.02 60.51 35.14 0
33.18 55.14 55.63 35.14 17.21
Vv 1.17 32.70 49.29 50.26 34.16 34.83
32.70 44.90 45.38 34.16 49.94
32.21 39.53 40.02 34.16 82.01
31.72 34.65 35.14 33.18 132.08
33.67 60.02 60.51 36.11 0
32.21 55.14 55.53 36.11 20.67
7.5V 0.95 32.21 49.29 50.26 37.09 48.95
31.72 44.90 45.38 37.09 56.19
31.72 39.04 40.02 36.11 104.24
31.72 34.65 35.14 34.16 156.18
32.70 60.02 60.02 36.11 0
32.70 54.66 55.14 35.14 2268
6V 0.83 32.21 48.80 50.26 34.16 52.91
31.72 4343 45.38 34.16 65.77
31.72 39.04 40.02 33.18 118.74
30.26 34.65 35.14 33.18 172.94

In this table we can easily understand the flow & thermal readings and calculations
of batteries.
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Fig 5.9: Flow rate vs Temperature for water

In this graph it shows the relation between flow rate and temperature of water.
As we are passing the coolant water into the Battery cooling system with
respective temperature of 12v, 9v, 7.5v and 6v it describing “Flow rate

increases temperature of coolant and battery decreases”
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Fig 5.10: Flow rate vs Time for water
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In this graph it shows the relation between flow rate and time of water. As we

are passing the coolant water into the Battery cooling system with respective

temperature of 12v, 9v, 7.5v and 6v it describing “ Flow rate increases time also

decreases” as it gets the cooling more faster.
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Fig 5.11: Flow rate vs Time and Temperature for water

In this experiment it shows the flow rate vs temperature of water with respective

temperatures of 12v, 9v, 7.5v and 6v it describing time taken by the coolant at

respective flowrates to makes the battery cool to reduce the temperature. As a

“Flow rate increases the temperature decreases and time also decreases”.
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Fig 5.12: Graphical reading of temperature and time measurements with
water

In this graph it shows the exact reading between the temperature and time of

using Water and the cooling state of the battery as a function of time.
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5.2.2 Experimental readings with ethylene glycol as coolant

Table 5.2: Readings for ethylene glycol

Temperature
Volta Flow Time
ge(V) Rate Sensor Sensor Sensor Sensor (sec)
( mL -1 -2 -3 -4
/Min ($1 (S2 (S3 (S4
) in °C) in °C) in °C) in °C)
32.21 60.02 60.51 34.16 0
32.21 54.66 55.63 33.67 7.24
12V 1.32
31.72 49.29 50.26 33.67 14.23
31.72 44 41 45.87 33.67 21 71
31.72 39.04 40.02 32.21 328
32.21 35.14 35.14 32.21 76.79
32.21 60.51 60.51 35.14 0
32.21 54.17 55.14 34.16 10.54
Y 1.17 32.21 49.78 50.75 34.16 16.97
32.21 43.92 45.38 33.67 24 61
31.72 38.06 40.02 33.67 36.18
32.21 35.14 35.14 33.18 78.72
33.18 60.02 60.02 35.14 0
33.18 54 .17 55.14 35.14 9.67
7.5V 0.95
33.67 48.31 50.26 35.14 16.11
33.18 44.90 45.38 35.62 23.1
33.18 38.06 40.02 35.14 3523
32.70 34.65 35.14 33.67 9155
33.18 60.51 60.51 34.65 0
33.18 51.73 55.14 33.67 11.88
\Y, .
6 0.83 33.18 45.38 50.26 33.67 19.59
33.67 41.97 45.87 34.65 27.35
32.70 38.55 40.02 33.67 39.66
32.70 35.14 35.14 33.18 133.79

In this table we can easily understand the flow & thermal readings and calculations
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Fig 5.13: Flow rate vs Time for Ethylene glycol

In this graph it describes about the flow rate of the Ethylene glycol coolant in
the respective temperatures of 12v, 9v, 7.5v and 6v it describing time taken by

the coolant at respective flowrates to makes the battery cool
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Fig 5.14: Flow rate vs Temperature for Ethylene glycol
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.
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In this experiment it shows the flow rate and temperature of the Ethylene glycol
coolant with respective temperatures of 12v, 9v, 7.5v and 6v it describing time
taken by the coolant at respective flow rates to makes the battery cool to

reduce the temperature. As a flow rate increases the temperature decreases.
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Fig 5.15: Flow rate vs Time and Temperature for Ethylene glycol

In this experiment it shows the flow rate vs time taken and temperature of the
ethylene glycol coolant with respective temperatures of 12v, 9v, 7.5v and 6v it
describing time taken by the coolant at respective flow rates to makes the
battery cool to reduce the temperature.As a flow rate increases the temperature

decreases and time also decrease.
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Fig 5.16: Graphical reading of temperature and time measurements with

ethylene glycol

In this graph it shows the exact reading between the temperature and time of
using Ethylene Glycol and the cooling state of the battery as a function of time.

Now the tables below show the temperature and flow readings of the battery. The
temperature of 4 sensors placed in the experiment with the time required to return
to the normal state. With two coolants Water and Ethylene Glycol as in the tables
below with voltages 12v, 9v, 7.5v and 6v. with the help of this we can determine

the cooling state of the battery.
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CHAPTER -6
SUMMARY AND CONCLUSION

This method is used to fix problems that arise in the Li-ion batteries of electric
vehicles. Through this method, we can cool Li-ion batteries and help them improve
their life cycle. This is very useful for electric vehicles because we can reduce the risk
of death which are occurring due to the explosion of batteries. Ultimately, we expect
the battery cooling system to make electric vehicles safer and risk-free. So in this
experiment we realized a battery cooling system by which we can control the battery
from thermal overload and prevent the battery from exploding due to overheating.
This experience helps to control the overheating process to keep the battery stable
by the continuous flow of coolant and we can bring the battery temperature to normal
room temperature in a short time. We got the expected output of cooling technology
of the battery to rescue from overheating [46]. The efficiency of the battery increases
in this process. Compared with other methods, this method gives accurate results and
low cost, we can control the battery from exploding due to overheating. This is the
biggest and most common problem that occurs frequently in daily life. This
configuration is very useful and helps to know about the life cycles of the batteries. In
this experiment, the advantage is inexpensive, frequent and accurate readings
occurred. Compared to other works this work makes more impact on the battery

cooling technology [47].

The following details are also fascinating in addition to the two issues mentioned

above:

The battery behaviour before and after driving, along with the accompanying thermal
treatment, or pre- and post-condition, should be further researched as a possible
source of energy savings, according to BTMS. According to various conditions,
several control strategies can be established. Energy use for cooling and heating will

change and maybe be reduced [48].

More stricter thermal requirements are needed because the battery pack will produce
a lot of heat when it is charging. To achieve both safety and a high charging rate, it is
strongly advised that a proper control strategy for BTMS charging be developed.
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In general, this thesis has examined how the battery, which is charged by a control
unit, is using more energy while its intended temperature is dropping. However, there
are other elements that have an impact on BTMS's energy usage, such as the

switching differential of the control relays for the air conditioner and radiator [49].

This thesis viewed the battery as a single, homogeneous body. Despite the fact that
battery cells actually have a varied distribution of temperature, each place on the
battery had the same temperature at all times. This is interesting to measure.

Redesigning the BTMS to smooth out the unevenness is also intriguing.

Assessment of BTMS energy consumption is dependent on a variety of
circumstances rather than just one specific circumstance. For a thorough review, for
instance, both the frigid winter and the hot summer weather should be considered
[50]. It seems sense to create these simulation circumstances with variable factors,
such as the average city temperature throughout the year, charging behaviour, and
BTMS ageing. This comprehensive analysis would show BTMS's performance in a

more usable way.
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