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Direct Liquid Cooling, Jacket Cooling, and Fin Cooling [2].
Feifei Liu et al. studied thermal behavior and cooling
performance using Ultra-thin Micro Heat Pipe Battery Pack
[3]. Choi, Yong Seok et al. developed a heat model structure
for determining the battery cooling capacity appropriate for
air-cooling hybrid vehicles [4]. Yeow, K et al. studied the
advantages of air cooling method over liquid cooling method
in removing the heat at the end of the fin in a fin cooling
system [5]. Shahabeddin K. Mohammadian at al. studied three
dimensional transient thermal analysis of an air-cooled module
that contains prismatic Li-ion cells [6]. Park, Heesung
conducted theoretical analysis by changing the arrangement of
the previous battery design for forced air cooling [7]. Tao
Wang et al. investigated lithium-ion battery module with
different cell arrangement structures and forced air-cooling
strategies [8]. Tao Wang et al. Developed of efficient aircooling strategies for lithium-ion battery module based on
empirical heat source model [9].
While many studies were conducted, there was no previous
studies analyzed cooling effects by installing guide fins at
cooling channel in the battery module with air cooling method.
This studied use CFX, a computational fluid dynamics
software used for flow analysis, to quantitatively verify the
flow of fluid inside the battery module that includes air guide
fin, the air flow regarding the number of air guide fins, and the
cooling effect of battery cell.

Abstract
This paper applied air guide fin on battery module with air
cooling system that is used on electric vehicle and used forced
convection in order to study the consequent of air flow and
cooling effect. The number of air guide fins was increased
from 5 to 120 in order to conduct comparative analysis on the
relationship between average temperature and average flow
velocity of the entire battery cell according to number of air
guide fins. The result analyzed the line of air flow in battery
cooling channel, compared average temperature of the entire
battery cell by the number of air guide fins, and compared the
standard deviation of average temperature of each battery cell
by the number of air guide fin. The result of the analysis
showed that appropriate number of air guide fin lowers vortex
production in cooling channel and that the flow velocity of
cooling channel and the average temperature of battery cell are
close to having an inverse relationship.
Keywords: Cooling Channel, Electric vehicle, Lithium ion
Battery, Battery cooling system, Air guide fin
INTRODUCTION
As regulations on exhaust emission became stricter, a need on
the technology for reducing exhaust emission and the
technology for replacing internal combustion engine has risen.
In order to comply with such exhaust regulations, device for
reducing exhaust, which brings about increased production
cost and reduced mileage, is critical for automobiles with
internal combustion engines. Therefore, automobile
manufacturers have been making full investments in
developing fuel cell vehicles and electric vehicles which
satisfy higher mileage and exhaust regulations compared to
internal combustion engines. Since an electric vehicle
produces power from electricity unlike a vehicle with internal
combustion engine, high-capacity battery is critical. As a highcapacity battery is discharged upon use, the temperature of the
battery rises. If this battery goes out of an appropriate range of
temperature, it causes reduced battery performances, risk of
explosion, and reduction of battery life. Various cooling
methods have been suggested and studied in order to change
the heat produced from the battery cell to an appropriate
operation temperature. According to cooling solvent, cooling
method is divided into liquid cooling method and air cooling
method. Regarding researches on battery cooling that had been
conducted so far, Lip Huat Saw et al. used simulation to
analyze the cooling performance of battery pack at its normal
condition according to various mass flux of coolant air [1].
Dafen Chen et al. compared and analyzed the cooling of a
single lithium ion battery cell using 4 methods of Air Cooling,

Figure 1. Configuration of Battery Pack System.
ANALYSIS MODEL AND CONDITIONS
Analysis subject and assumptions
According to the type of flow upon cooling using forced
convection in a battery cooling system, turbulent flow occurs
at the battery cooling inlet and outlet, the speed at the axial
direction decreases on the boundary when passing the narrow
cooling passage between batteries, and the speed gradually
accelerates at the center of the passage to go through a
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transition to laminar flow. In order to simulate this using a
computational fluid dynamics program, each of the analysis
area needs to be separated and the grid of cooling passage
between batteries need to be created very closely, but such
tasks require sharp increase in analysis time. Since this paper
focuses on cooling effect of battery module, it used SST
turbulence model, one of the turbulence models with high
accuracy of analysis on wall heat transmission.
A few assumptions are required in analyzing cooling effect.
Battery module and the outside are all insulated except the
outlet, and the wall is assumed to be no-slip.

Grid generation
Grid needs to be generated in order to perform computational
fluid dynamics. ICEM CFD was used to generate the grid for
flow analysis. The model of the grid used Tetrahedron and
Hexa Dominant. The number of guide fins for the battery
model is different by analysis model, leading to slight
differences in the number of factors and nodes. Dense grids
were generated in the parts where cooling passage and battery
cell meet. Also, due to high number of guide fins, the model
with 120 fins, where the gap between fins is smaller than 1mm,
generated denser grids near the guide fins. Grids generated in
the analysis model are shown in Figure 3.

Modeling
The form of the battery module subject to analysis is a stack of
5 pouch-type lithium ion battery cells. The dimension of each
cell is 130*240*6.5mm3 (Width*Height*Thickness), and each
cell is covered with aluminum heat sink. The gap between
battery cells is 2mm. The gap of air guide fin is different by
the number of fins, and the length of the gaps is all the same.
To reduce analysis time, only half of the battery module was
modeled with symmetric conditions. The form of the modeling
is shown on Figure 2.

Figure 3. Finite Volume Model of Battery Module
(Guide Fins 40).
Governing equation
Navier-Stokes equation was used as the governing equation
for heat conduction and flow of convection current and fluid.
It is a nonlinear partial differential equation which describes
the movement of a fluid with viscosity. Navier-Stokes
equation is used in various forms, and the following utilizes
Einstein convention.

(1)
Figure 2(a). Configuration of Battery Module Analysis Model.

Figure 2(b). Configuration of Battery Module Analysis Model.
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Analysis condition
This study copied the situation where the air in battery module
is discharged from the inlet of the cooling passage, where
cooling fan is operated, through cooling passage to the outlet.
The initial temperature of each battery cell that composes the
battery module was set as 298.15K, which is equal to the
outdoor temperature, and the caloric value per unit volume
was set as 100,000W/m3. The heat transmission coefficient
forced convection was set as 10W/m2K. The temperature of
cooling passage was also set as 298.15K. Fluid analysis at
abnormal condition from 0~600 seconds was conducted by
setting the pressure inside and outside as the air pressure (1atm)
and the wall as no-slip condition. Flow velocity at inlet was set
as 2m/s, and relative pressure condition at outlet was set as
0Pa.
ANALYSIS RESULT
Air flow of air guide fin
In order to show the influence on air flow by battery cooling
guide fin installed inside the cooling passage of battery
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module, the Stream Lines of the model without air guide fin
and the model with guide fin (10 fins, 40 fins, 120 fins) were
compared as shown in Figure 4.
Figure 4(a) shows the result of Stream Line for the model
without air guide fins. Vortex was created near the inlet at the
bottom. The average velocity through the entire passage is
1.026m/s.
Figure 4(b) shows the result of Stream Line for the model
with 10 air guide fins. Many vortexes were formed near the air
guide, and the average velocity through the entire passage,
with flow direction opposite from the outlet, is 0.547m/s.
Figure 4(c) shows the result of Stream Line for the model
with 40 air guide fins. Overall, it is similar to the model
without guide line, but there is no vortex near the inlet. The
average velocity through the entire passage is 1.089m/s, which
is faster than that of the model without air guide fin.
Figure 4(d) shows the result of Stream Line for the model
with 120 air guide fins. There is a sharp decrease in flow
velocity while passing near the guide fin. The average velocity
through the entire passage is 0.600m/s.
Figure 5 shows comparison of average air flow velocity
through the entire cooling passage by number of guide fins in
the entire cooling passage. In the model with 30 guide fins,
maximum average velocity is 1.09134m/s. While the models
with 20~100 guide fins show similar appearance of flow
velocity, the model with 10 guide fins and that with 120 guide
fins show sharp drop by 53.3% and 58.4%, respectively,
compared to the model without any air guide fin.

Figure 4(c). Stream Line of Battery Module (Guide Fins 40).

Figure 4(d). Stream Line of Battery Module
(Guide Fins 120).

Figure 4(a). Stream Line of Battery Module (Guide Fins non).

Figure 5. Comparison of Average Velocity by Number of
Guide Fins in All Cooling Channels
Cooling effect according to the number of air guide fins
If the number of air guide fins is high, air flow may become
uniform, but the guide fin itself may impede the air flow,
rather reducing the cooling effect. On the other hand, small
number of air guide fins leads to occurrence of vortex, making
it difficult to distribute air flow uniformly. Therefore,
appropriate number of guide fins must be installed by battery
module in order to obtain uniform temperature distribution and
uniform air flow in battery cells.

Figure 3(b). Stream Line of Battery Module (Guide Fins 10).
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Figure 6 shows average temperature of all battery cells by the
number of air guide fins. The model with 40 guide fins
showed the lowest average temperature of battery cell, with
316.16K.
Figure 7 shows standard deviation between each average
temperature of battery cell by the number of air guide fins.
The model with 5 air guide fins showed the smallest standard
deviation of temperature between battery cells, with 0.399.
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Figure 6. Battery cell average Temperature by Number of
Guide fins

Figure 7. Standard Deviation of Battery Cell Temperature by
number of Guide Fins
CONCLUSION
This study used computerized flow dynamics program to
quantitatively verify the cooling effect of battery cell
regarding fluid flow inside the battery module, which includes
air guide fin, and the number of air guide fins. Following
conclusions were derived as a result.
(1) Air guide fins of battery module with air cooling method
brings about the rise in average flow velocity of the
entire cooling passage in a certain range of fin numbers.
If the number goes out of the certain range, the flow
velocity slows down due to vortex generation and
decreased pressure due to guide fins.
(2) Appropriate number of air guide fin (20~60 in this study)
lowers generation of vortex that occurs by forced
convection.
(3) The flow velocity of the entire cooling channel and the
average temperature of battery cell are close to having an
inverse relationship.
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