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Abstract: Electric vehicles are better for the environment. Lithium-ion (Li-ion) battery cells can
be used as energy storage. Some uses of the battery are not only used as a power supply for electric
motors but are also used in supporting systems such as an additional braking system using Eddy
Current Brake (ECB). In general, ECB requires a large current when starting the braking process. At
this early stage, the heat will be generated relatively high. During operation, heat is generated, and it
will burden the battery's performance. Thus, the heat generated needs to be released into the
environment. Careless heat management can have multiple effects, such as fire and, in the worst case,
explosion. Battery Thermal Management System (BTMS) needs to be implemented in electric
vehicles. There are several methods of thermal management, such as air-cooled and liquid-cooled.
The results show that liquid-cooled BTMS is superior in uniform but more complex temperature
distribution, and liquid leakage may occur. In comparison, air-cooled BTMS has the advantage of a
more accessible system, but the temperature distribution between batteries is not good. Air Cooler

can maintain the ideal battery temperature between 20-40 °C.
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1. Introduction

There are some vital components of an electric vehicle
(EV). One of them is the energy storage system or battery.
Generally, we can use lead-acid batteries and lithium-
based batteries for EV energy storage. Recently, lithium-
ion batteries are known as one of the best energy storages
for EVs compared to the lead-acid battery. There are some
advantages from lithium battery such as energy
characteristics, long life cycle and high power density
with low self-discharge . Battery cells as energy storage
have several requirements because they are susceptible to
temperature. The optimal operating temperature range for
this type of battery is 15-35°C'>%. Besides being used as
energy storage for electric vehicles, the battery also
provides energy for other purposes such as EV accessories
or several components such as the Eddy Current Brake
(ECB) for braking assistance. On the starting of ECB’s
has a large current to start the braking process®. In general,
electric vehicles will require braking support because their

nature does not have the character of an engine brake.
Batteries for a significant enough power supply results in
high heat generation. If the battery temperature is not
maintained correctly, it will reduce battery performance
and life cycle. In other words, the battery pack needs to be
equipped with a good BTMS to maintain its performance.
Excessive heat in the cell battery can cause damage to the
battery internals, which can cause the cell battery to
explode. This damage can also be affected by the battery's
condition, which is not uniform in its heat generation.>%.

BTMS can be divided by the cooling methods: (a) using
air for the cooling system, (b) using a liquid cooling
system (oil, or coolant), (c) using phase change material
(PCM) based cooling system 7. Each method has different
characteristics that depend on the force cooling methods
interaction. The cooling effect using air cooling cannot
provide good heat dissipation and sometimes cannot
provide cooling requirements of the battery. If the battery
is used in extreme environments on the duty cycles ”%, it
will raise the battery temperature. PCM systems can
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provide effective heat management and reduce
temperature or maintain the battery temperature.
However, it has a limitation on the phase change
application. Liquid cooling systems will require laminate
and better security to prevent battery shorts. In addition,
the heavy use of the battery pack will increase the risk of
safety issues from the battery. ®. The use of air
conditioning will provide cooling that is relatively easier
to apply to vehicle with PCM added '?.

Determining the shape of the battery pack requires
various considerations. In general, battery packs will be
arranged in a relatively narrow area and cause the heat not
to be released properly!!'?. The battery's temperature will
play a significant enough role in the battery's
durability'>!¥. Cell battery operation will be optimized by
increasing the efficiency and cycles that can be achieved.
All require good temperature management and can
increase the ability to dissipate heatt'>!?), In the use of
electric motorcycle design the dimensions of the battery
compartment will be minimal '¥. With these limitations,
cooling methods such as liquid-cooled and PCM are not
suitable. Using air cooling on 2-wheeled vehicle batteries
will become easier 1.

Adding air cooling takes some preparation. Adding a
fan is the simplest way to applicate an air cooling
system??. The cooling process can be adjusted according
to the inlet and outlet 3. by adding a fan. The number of
outlets and the arrangement method of the battery pack
will also affect the cooling capacity of the battery pack 2*-
22, Apart from being cooler, air cooling also reduces the
risk of harmful gases trapped in the battery pack®? In this
paper, research on the battery cooling setup and the
characteristics of the heat generated will be discussed
further. This paper will discuss how the characteristics of
incubating using ECB result in high heat generation.
When the heat that arises is large enough, it is necessary
to cool it to maintain the battery's condition.

2. Equipment and methods

2.1 Equipment

This research applied the finite element method (FEM)
analysis. Tests were carried out by simulation on the heat
transfer on three discharge rates (1C, 2C, and 3C it will
make a different heat flux and affect the different
temperatures on the battery's working condition.
Commonly we can see that the battery is just used to take
1-2C discharge for electric motorcycle, but in an extreme
situation such as fast charging or high-performance bike
can be 3C rate 2. The higher the C rate will have an effect
when the internal resistance used is high enough. The
higher C rate will result in an increase in heat that arises.
The battery arrangement can be found in Fig. 1. The
condition used is to use a load on the battery using a
current load following the use of Electromagnets on the
ECB. The condition faced is at the beginning of braking
with maximum current, so the character of the heat release

when first used will affect the performance of the
subsequent braking. When braking is done repeatedly, the
battery capacity will decrease, which affects the discharge
capability of the battery used.

Velocity
inlet

Fig 1. Battery layout

2.2 Methodology

In this research, the model used was the lithium-ion
battery typel8650 LFP. The cooling process was carried
out using an air-cooling system by blowing air into the
battery surface. The airflow was varied into four speeds
during the simulation process, i.e., 0.5, 1, 1.5, 2 m/s. The
use of the reference speed is adjusted to the estimated
airflow speed of the cooling fan to be installed. Various
battery discharge rates produced heat flux, i.e., the
discharge rate was 1C, 2C, and 3C. The heat transfer
model of 6 battery cells represents the state and
interactions in battery ¥. Generated heat by batteries was
removed by cooling air, as depicted Fig. 2.

 — |
) (0) U)x
o *Pressure
*Velocity
e Tctl y /~ Heat outlet
inle ' J souree

Fig 2. Battery model on FEM

Batteries will generate heat flux due to the discharge
process. The battery's temperature will increase when the
heat flux is more significant than the air-cooling capacity.
A reversible process will appear if the discharge is less
than 1C. If the discharge process is more than 1C, the heat
generated can be assumed to be an irreversible process 2%,
The heat generation process can be seen from equation (1),

Qr = Q. +Q, (1)

With Qr is the total heat generated when the battery is
used, Q.is the heat in the battery environment, @, Does
the battery absorb the heat or not by adjusting the
Q. Value by adding cooling like air or oil will maintain the
temperature. The battery pack's first row can be assumed

- 452 -



Heat Management on LiFePo4 Battery Pack for Eddy Current Brake Energy Storage on Rapid Braking Processes

using a single pipe characteristic, while in the next row, it
can be analyzed using more complex airflow conditions
due to the emergence of vortexes. For the value of Re<103,
the vortex generated can be ignored because the effect is
relatively small due to the viscous source 2.

Table 1. Simulation parameter

Simulation parameter
Battery type Cylindrieal 18630
Fluid Air
Thermal 205
Turbulent models Eelalizable k-2
Viscositas fluid 1.8E-03 [kg/ms]
Pressure outlet 0
Wall No slip, smooth walls
Gravitation 9.81 [m' 5]

The convective heat transfer is applied in the simulation
process using the k-e¢ model, including the continuity
equation (2), momentum equation (3), and energy
equation (4).

L0 Uy
ot 5 (V) = 0 @)
DV; 1 9(P=Py) 0%v;

pt po  Oxj +]9axkxk (3)
DT a%T v

T T Yo * EQ)V @

3. Result and Discussion

After the modeling process, the location of the heat
source will be known. The heat distribution when the
discharge processes will indicates that the heat generation
dominated in the center of the pack. The part of the pack
with excessive heat is caused by heat that accumulates
from various battery sides. In general, apart from the
battery arrangement, heat accumulation is caused by the
heat dissipation ability of the pack used.

The addition of a cooling system will be required during
the discharge process, and it is known that the heat
generated needs to be dissipated more quickly to the
environment. The easiest way to increase capacity is to
add a fluid flow in the air to help the heat release process

Fig. 3 shows a cooling capability between different
discharge rates. The use of an air-cooling system cannot
provide good efficiency. Heat absorption capabilities
cause it is low than any cooling methods 7. The difference
between the C rate will give an additional heat-released
capacity. The heat flux value is strongly influenced by the
C rate used. The higher the C rate will affect the heat flux
generated. The heat absorption capacity is not much
affected by the current air velocity changes. Although
there is an increase in the number of contacts between the

hot area and the air, the ability to absorb heat by the air is
still not good.

Cooling Performance
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Fig 3. Effect of the cooling system against the discharge rate

Fig. 3 shows that the addition of coolant in the form of
air can reduce up to 1.1°C, but it can be seen that the heat
release ability is only practical until the 2C rate. The
greater the discharge rate, the higher the heat value
generated. The use of air as a coolant is the air temperature
conditioning, where the air used is at a temperature of
10°C, so the cooling capacity is limited. When the 1C
discharge rate, the use of air can still maintain a
temperature of 33-34 °C, but when it is more than 2C, the
heat is already above 40 °C. Fig 4. shows that when given
a flow of air, the heat that occurs on the surface of the
battery will be carried away by the air.

Fig 4. Temperature distribution during the cooling process

The given air velocity will also affect the heat release,
which is caused by the flowing air flow having different
interactions. In addition to the use of air velocity, the
layout of the battery and the distance between the batteries
will affect the heat generation and the cooling process
from the battery. When the airflow leads to the surface of
the battery, it will make contact with the battery. Due to
the conservation of mass, the air velocity that passes
around the battery will increases. The use of a smaller
cross-sectional area will result in the influence of air
which will increase the speed of air flow through the
battery. The velocity contour has the same flow pattern on
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both sides because the battery arrangement is carried out
on the same line. Air passing on the other side will form
the same pattern.
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Fig 5. Air dispersion at different speed; (a) 0.5, (b) 1, (c) 1.5,
and (d) 2 m/s

Fig. 5 shows the process of fluid flow during the
cooling process. Fig. 5(a) shows that the use of 0.5 m/s air
velocity provides sufficient interaction with the battery
surface, and there is no vortex in the airflow for pictures
(b), (c), and (d) high air velocity. The use of high speed
will affect the cooling performance. After the first row, the
airflow increases the velocity and becomes a vortex. The
use of air causes not all surfaces of battery contact with
the air to release heat. The heat cannot pass to the air, so
the battery's temperature will increase due to cooling
capacity being less than the heat generated. The greater
the air contact, the greater the heat released to the
environment. This condition will facilitate the cooling
process needed when the battery will be used to distribute
power to the braking system and other systems. The
resulting air profile shows almost the same pattern for
both sides. The process of air contact with the surface of
the battery causes heat to be absorbed by the air flow
which causes the air temperature to increase. In the middle
between two or more batteries will have a higher air
temperature, this is due to the absorption of heat from both
sides of the battery. To increase the effectiveness of heat
dissipation, it can be done by changing the distance
between the batteries to increase contact with the air,
besides the addition of the air velocity used will help
lower the temperature because high-speed air produces
better heat transfer in the battery.

4. Further Projection

Before modifying the cooling system, it is necessary to
analyze the heat distribution of the battery module used.
In addition, this paper has shown that air conditioning in
battery packs can still be optimized. Using the most
straightforward setup has maintained the temperature
generated in the battery pack as long as it is still below the
discharge rate of 1C. The use of air cooling can also be
increased by composing the layout of the battery pack
used and setting the direction of the inlet and outlet air
holes used. With performance considerations, the battery
can also be cooled by using a cooler in the storage
compartment area

5. Conclusion

From the modeling and analysis process, it is known
that an air-cooled battery was only suitable for some cases.
There are differences between using a 1C-3C rate of
discharge. In the future, research on BTMS can be
improved on several parameters, such as using liquid-
cooled or improving air cooling capacity by maintaining
inlet air temperature at low temperatures. The use of an
air-cooling system suits the 1C rate. Above 1C rate, the air
could not provide a good battery cooling performance.
However, the use of a battery cooler shall keep the battery
in the ideal temperature range.
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Nomenclature

Qr total heat generated when the battery is used

Generation of  per unit volume per unit time

Q. Heat on environment

Q. Heat absorbed

p Amount of quantity q per unit volume
J The flux of q

t Time

g

T

Static temperature

xk Molar factor
14 velocity
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