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With respect to limitations of fossil energy resources, different types of
electric vehicles (EVs) are developed as suitable alternatives. Lithium-
ion (Li-ion) battery cells play an extremely prominent role in EVs due to
their unique features. But they require a suitable thermal management
system (TMS) to maintain their surface temperature uniformity and avoid
battery thermal runaways. In the current study a phase change material
(PCM) based TMS is applied to a battery case in order to provide a
uniform temperature distribution on a Li-ion battery cell surface. This

PCM based TMS declines the final maximum temperature difference to

Li-ion battery

Thermal management system
Phase change material (PCM)

(1/5) and (2/3) at 1 C and 2 C discharge rates respectively.

Introduction

Despite the fact that global fossil energy resources
are coming to an end, fossil fuels still play an
extremely important role in the transportation
industry [1], which can result in some
environmental problems such as global warming
and air pollution [2, 3]. With respect to mentioned
crises of fossil fuels ,which are caused by
conventional vehicles, different types of EVs,
such as hybrid electric vehicles (HEVS), plug-in
HEVs, and fuel cell EVs are developed as suitable
alternatives [4].

The Li-ion battery cells are very important part in
EVs due to their high operating voltage, high
power density, and long cycle life [5, 6]. The
main drawback of mentioned batteries is that they
generate a huge amount of heat during discharge
because of ohmic and entropic heating [7].
Therefore, a TMS is necessary to provide adjusted
temperature through a Li-ion battery system [8].
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In the recent years, many researchers have
experimentally and numerically investigated the
methods of heat generation of Li-ion batteries [9]
and also they have applied different kinds of
TMSs to control the generated heat in this kind of
batteries.

Li et al. [10] investigated the thermal performance
of water cooling based TMS for lithium ion
batteries in dynamic charging-discharging cycles.
Wei and Agelin-Chaab [11] designed a simple air-
cooling duct that utilizes enhanced water
vaporization by convection to achieve an effective
cooling.

Lu et al. [12] developed a three-dimensional
model of a stagger-arranged battery pack to
investigate the effects of cooling channel size and
air supply strategy on the thermal behavior of
battery pack. Xie et al. [13] researched the
influences of three factors (the air-inlet angle, the
air-outlet angle and the width of the air flow
channel between battery cells) on the heat



dissipation of a Lithium-ion battery pack in a
forced air cooling battery TMS.

Feng et al. [14] used non-destructive temperature
equipment and strain gauges to monitor the
temperature of a lithium-ion battery pack with a
heat pipe cooling device (HPCD). Mondal et al.
[15] Examined the effects of vortex generators on
the heat transfer performance of typical battery
thermal management solutions.

One new technique in battery passive TMSs is
using phase change materials (PCMs) as a heat
absorber [16], However, PCMs have low thermal
conductivities, which can restrict their application
in the battery systems of EVs.

Adding carbon based additives, such as carbon
fibers, carbon nanotubes, graphene, and graphite
flakes to the pure PCM is a way to boost the
thermal conductivity of PCM and increase the
cooling performance of a passive TMS in creating
a more uniform temperature distribution on a
battery cell surface [17, 18].

Babapoor et al. [19] studied the effects of carbon
fiber size and weight percent within the PCM on
thermal performance. Experimental results have
indicated that a mixture of PCM with 2-mm-long
carbon fibers and mass percentage of 0.46%
showed the best thermal performance for which
the maximum temperature rise in the battery
simulator can be reduced by up to 45%. Zou et al.
[20] designed multi-walled carbon nanotubes
(MWCNT)-based, graphene-based and
MWCNT/graphene-based composite PCM to
improve the performance of lithium-ion power
battery thermal management system.

Mills and Al-Hallaj [21] designed and simulated
a passive TMS for a Li-ion laptop battery pack.
The problem of low thermal conductivity of the
PCM was significantly improved by impregnating
expanded graphite (EG) matrix with the PCM.

In the current research, in order to reach a uniform
temperature distribution on the battery cell surface
a composite is made by an organic PCM and
graphite flakes.

Experimental

In this study, vegetable oil is used as an organic
PCM, and to enhance the thermal conductivity of
this organic PCM, graphite flakes are added and a
vegetable oil / graphite flake composite is made.
Thermo-physical properties of vegetable oil
(PCM) and graphite flake (additives) are
presented in Table.1 [22].

A LiFePO4 prismatic lithium battery cell with
1.05 Ah capacity is used as Li-ion battery in this
experiment and four thermometers are placed on
the surface of battery cell to record the surface
temperatures, shown schematically in Figure. 1,
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then the battery cell is put in a plastic box and the
gap between the cell and the plastic box is filled
with the molten composite. Finally the plastic box
is placed in a glass jar and the space between
these two containers is filled with glass wool to
achieve a well insulation. KimiaStat 126 battery
analyzer device, shown in Figure. 2, is used to
charge and discharge battery cell at 1 C and 2 C
discharge rates.

Table 1: Thermo-physics properties of PCM and
graphite flakes

Specification Value

Heat capacity 1860 J/kg K

CM

Thermal conductivity | 0.17 W/m K

P

Melting temperature 30-35°C

range

Molecular Weight 12.01 g/mol

Graphite

Particle size <150 n

-Thermometer
Sensor

Data
Logger

Figure 1. Schematic of battery cell and thermometers’

positions
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Figure 2. Battery setup and battery analyzer device

Results and discussion

As mentioned previously, surface temperatures
are measured by four thermometers. The
thermometers are placed on the vertical symmetry
line of prismatic cell at four different elevations
and data are saved in each two second.

3.1 Results at 1 C discharge rate

At first, in order to measure the temperature of the
cell surface without applying any cooling system,
no PCM is placed around the battery cell. Figure.
3 illustrates the maximum and minimum of
temperatures on the battery cell surface in each
moment. At the last moment of the experiment
maximum and minimum temperatures of battery
cell surface are 37.7 °C and 37.2 °C respectively.

In the next step, pure PCM is placed around the
battery cell in the battery TMS case to reduce the
temperature rise. From Figure. 4 it can be
conducted that at the last moment of the
experiment maximum and minimum temperatures
of battery cell are 331 °C and 328 °C
respectively.

Finally, the vegetable oil / graphite flake
composite is replaced with pure PCM in the
battery TMS case and the test carries out again.
Figure. 5 shows how maximum and minimum

temperatures of battery cell surface change during
the discharging at 1 C discharge rate. At the last
moment of the experiment, the maximum and
minimum temperatures of battery cell surface are
31.1 °C and 31°C respectively.

This shows that maximum temperature difference
at the last moment of experiment become one fifth
in comparison with no TMS condition. And also
the maximum temperature see a dramatically
decrease and fall to 31.1 °C (in composite case)
from 37.7 °C (in no TMS case).
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Figure 3. Temperature distribution at 1 C discharge rate
without TMS
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Figure 4. Temperature distribution at 1 C discharge rate after

applying pure PCM

2850 International Journal of Automotive Engineering (IJAE)



38

N T max_with 0% PCM and 10% graphite flakes
sk ———e—— T min_with 90% PCM and 10% graphite flakal

34

32

Temperature(°C)

Melting range

22|

207| L

[ IR TR
2000 3000
Time(s)

Figure 5. Temperature distribution at 1 C discharge rate after

applying composite

In order to demonstrate temperature
distribution on the battery cell surface at the last
moment of the experiment, experimental data
achieved from four thermometers are exported to
COMSOL software and a schematic figure,
Figure. 6, is obtained.
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Figure 6. Final temperature distribution at 1 C discharge rate

3.2 Results at 2 C discharge rate

All pervious experiments which were

discussed in last part at 1 C discharge rate, are
carried out at 2 C discharge rate, and the results
are presented in Figures. 7-10.
From Figure. 7 it can be conducted that when no
PCM-based TMS is applied, at the last moment of
the experiment, the maximum and minimum
temperatures of battery cell are 48.1 °C and
46.3°C respectively.
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Figure 7. Temperature distribution at 2 C discharge rate
without TMS

By adding pure PCM to the battery TMS case
maximum and minimum temperatures of battery
cell decrease to 38.2 °C and 36.6 °C respectively
(Figure. 8).
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Figure 8. Temperature distribution at 2 C discharge rate after

applying pure PCM

Maximum and minimum temperatures of
battery cell surface after the presence of
composite in the battery TMS declines to 36.2 °C
and 35 °C respectively (Figure. 9). Again it is
approved that using vegetable oil / graphite flake
composite has a great effect on both temperature
decrease and temperature uniformity of battery
cell surface.
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Figure 9. Temperature distribution at 2 C discharge rate after

applying composite

Again, due to a better illustration of final
temperature distribution on the battery cell
surface,  experimental data  from  four
thermometers are exported to COMSOL software
and a schematic figure, Figure. 10, is obtained. A
considerable decrease in the temperature of
battery cell surface and also a great increment in
temperature uniformity from left battery cell
(when no TMS is used) to the right one (applying
introduced composite) is so clear in Figure. 10.

A 481

50
48
46
44
42
40
38
With 90% PCM and B *°

Without PCM With PCM

10% graphite flakes w35

Figure 10. Final temperature distribution at 2 C

discharge rate

4 Conclusion

In the current study, with the aim of achieving an
acceptable temperature uniformity on a Li-ion
battery cell surface, a completely passive PCM-
based TMS is analyzed experimentally. In order
to enhance the thermal effectiveness of the pure

PCM (vegetable oil), graphite flakes are added
and an effective composite is made. The
following results can be concluded.

*At 1 C discharge rate, when no battery TMS is
applied, the maximum and minimum temperatures
at the last moment of the experiment rise to 37.7
°C and 37.2 °C respectively. These figures after
placing pure PCM around the battery cell drop to
33.1 °C and 32.8 °C. Applying introduced
composite make a greater reduction in the battery
cell surface temperature, and the final battery cell
temperatures increase to 31.1°C and 31°C in its
maximum and minimum amounts. Also maximum
final temperature difference after using introduced
composite drops to one fifth in comparison with
the condition which no TMS is applied.

*At 2 C discharge rate, generated heat increases,
and when no battery TMS is used the final
maximum and minimum temperatures reach
48.1°C and 46.3 °C respectively. The presence of
pure PCM around the battery cell declines these
amounts to 38.2 °C and 36.6 °C. The effectiveness
of composite leads to a stronger reduction in the
battery temperature rise and the final battery cell
temperatures hit 36.2°C and 35°C in its maximum
and minimum amounts. In this discharge rate, the
maximum final temperature difference after
applying introduced composite declines to two
thirds in comparison with the condition when no
TMS is used.
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