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Cooling Lithium-ion Battery
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Sink
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Nadooshan?, Morteza Bayareh®

1. Introduction

Lithium-ion batteries are used in a variety of
industries, including electric vehicles, due to their
good heat capacity, relatively long life, and low
discharge rate compared to other types of
batteries. It is important to consider their thermal
stability or explosion due to overheating and
non-uniform heat distribution. Therefore, the
design and application of a battery cooling system
and proper thermal management are considered.
In this research, by combining microchannels and
microtubes in a wave-shaped heatsink, a new
design of cooling micro heatsink is presented for
the battery pack. Silver/water-ethylene glycol
(50:50) nanofluid is used. Modeling is performed
for different volume fractions of nanoparticles
including 0%, 0.1%, 0.5%, and 1%, and Reynolds
numbers of 300, 500, 700, 1000, and 1500.

2. Geometry and Numerical Methods

Figure 1 shows the overall geometry of a thermal
micro heatsink, which has 50 wavy channels and
microtubes between the each two microchannels.

(oAt a5t Jaite

Figure 1. The geometry and its applfcation

The waveform of the channel and tube along the
heatsink is a sine function as follows:

2mz
S(z) = ay sin—
Lw

(1)

Where ay = 138um and Ly,= 5mm. In order to
solve the equations, ANSYS FLUENT software is
used. Then, a grid with 195,000 elements is

selected as the solution grid. Figure 2 show a
schematic of the computational domain.

Figure 2. Schematic of the computational domain

3. Results and Discussion

Figure 3 shows that an increment in the
concentration of nanofluid enhances the heat
transfer coefficient and this effect is greater for
higher Reynolds numbers. Increasing the volume
fraction of nanoparticles leads to an increase in the
thermal conductivity and thus an increase in the
convective heat transfer coefficient. The effect of
increasing nanoparticles can also be investigated
based on the average storage temperature. By
increasing the concentration of nanoparticles and
improving heat transfer performance in the
system, the storage surface temperature decreases
because the need for a lower temperature gradient
for heat transfer is generated (Figure 4).

220000
200000
180000

2
htotal [W/ m.k]
=E = = 5

Re: -

—a-50 ——70 —i—1000 —-1500

0 01 02 03 04 03 06 01 08 09 1
3
Figure 3. Total heat transfer coefficient

Figure 5 shows the ratio of the temperature
range to the average temperature of the contact
surface of the lithium-ion storage and the
heatsink.

O]

_ Tbatteries,Max - Tbatteries,min

0 =

Tba\tterise,Meam

The smaller this number, the more uniform the
distribution of the storage surface temperature.
The higher the Reynolds number, the more
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uniformity of the temperature distribution due to
the stronger convection effect.
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Figure 5. Storage surface temperature uniformity

General comparison between the improvement
of thermal performance and the cost of pumping
power shows that adding nanofluid to the system
does not have the same effect in different states.
At a concentration of 0.1%, it has a maximum
performance improvement of 5%, but at a
concentration of 0.5%, it showed a maximum
improvement of 15%. Contours of Figure 6
demonstrate that at the critical operating
temperature of the batteries, the pure surface
temperature is only 9 degrees lower than the
maximum for the pure fluid. At a concentration of
1%, which is the maximum concentration of
nanofluid studied, the critical operating
temperature is approximately equal to the storage
surface temperature.
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Figure 6. Storage surface temperature counters.
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4. Conclusion

This study presented a new design of thermal
heatsink for cooling lithium-ion batteries. It was
found that the convection heat transfer coefficient
of nanofluid increases with the volume fraction of
nanofluid and Reynolds number. Moreover, using
this cooling system, the temperature of the
batteries can be kept in the best range, from 295
to 305 K. At all studied concentrations, the
maximum temperature difference at the surface is
5 and 7 K, respectively. It was also found that
increasing the nanofluid concentration provides a
more uniform temperature. At higher Reynolds
numbers, although the temperature distribution is
more uniform, increasing the nanofluid
concentration has no significant effect. For
example, at Re=300, the improvement of surface
temperature uniformity is 4.5% with increasing
the concentration from zero to 1%. On the other
hand, an increment in the Reynolds number has a
negative effect on the pumping power of the
coolant. Moreover, the rate of thermal and
frictional entropy generation decreases with the
volume fraction of nanoparticles. For instance, the
reduction of frictional entropy is 9% smaller than
that of pure fluid for a concentration of 1%.
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