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Li-ion batteries are widely used in electric vehicles for their superior perfor-
mance. To investigate a simple and efficient method for the Li-ion power batter-
ies, the cold plate with four types of structures A, B, C, and D were established,
respectively. Subsequently, the effects of micro-channel thickness and width on
the cooling performance of battery thermal management systems were analyzed
by using a numerical simulation method. The results show that with the increases
of the micro-channel thickness, the maximum temperature, Tnax, Of the cold plate
is gradually increased under structures A, B, and C, while it is gradually de-
creased under structure D. The standard deviation of temperature, T, of the cold
plate of structure A was less affected by the change of the micro-channel thick-
ness. Under structures B, C, and D, the temperature uniformity of the cold plate
can be well maintained when the micro-channel thickness was 1.0 mm. With the
increase of the micro-channel width, the Trnax and T, of the cold plate are gradu-
ally increased in all cases, while the 4P from the inlet to outlet is gradually de-
creased. The temperature uniformity of the cold plate is well maintained by struc-
ture C. The decreasing amount and changing range of AP caused by the change
of micro-channel width is smaller than caused by the change of the thickness.

Key words: micro-channel, cold plate, temperature, thickness, width

Introduction

In recent years, the energy crisis and global warming have become more and more se-
rious [1]. Therefore, the development and utilization of clean energy in various industry depart-
ments are becoming mainstream [2]. Among them, conventional internal combustion vehicle is
regarded as the major cause for the growing issue of energy crisis and environmental pollution.
To alleviate global energy and environmental problems, countries around the world are develop-
ing clean energy vehicles actively to replace traditional internal combustion vehicles [3].

Nowadays, clean energy vehicles mainly include pure electric vehicles (EV), hybrid
electric vehicles (HEV), and plug-in hybrid electric vehicles (PHEV) which have advantages
of environmentally friendly and energy-saving compared with traditional internal combustion
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vehicles [4]. Among the aforementioned clean energy vehicles, the EV will be developed rap-
idly in the future due to their advantages of simple structure, low production cost, and no ex-
haust emissions. The battery is one of the core components of EV, the safety and stability of
EV will be directly affected by their quality. Li-ion batteries are widely used in the field of
EV due to their advantages of high energy density, high power density, long life, environmen-
tal friendliness, and fast charging rate [5, 6].

However, Li-ion batteries generate a large amount of heat during operation, which
can accelerate the battery's aging process, causes uneven temperature distribution, even caus-
es an explosion if the heat of batteries cannot be dissipated in time [7]. Studies showed that
the optimal temperature range of Li-ion batteries is 15~35 °C, and the temperature difference
of the battery cells cannot exceed 5 °C. Therefore, to ensure the best performance of Li-ion
batteries, the battery thermal management system (BTMS) will be installed in EV [8].

Nowadays, the BTMS mainly includes forced convection with air cooling, liquid
cooling, and phase change cooling [9-11]. Among these types, forced air cooling is the most
commonly used due to its simple structure and high security for the battery packs [12]. How-
ever, air cooling also has the disadvantage of low heat transfer coefficient, which can cause
the non-uniform distribution, especially for the high-rate discharge process of the battery [13].
In addition, the phase change cooling technology is not yet mature and the cooling effect can-
not be controlled well [14]. Compared with air cooling and phase change cooling, liquid cool-
ing is the best one among the mainstream cooling methods, due to it has advantages of high
cooling efficiency and uniform cooling effect. To prevent the battery from short-circuiting in
the liquid, the battery's cells are usually not in direct contact with the cooling liquid when us-
ing liquid cooling. Therefore, the use of micro-channels cooling plates in liquid cooling is a
batter cooling method [15]. In recent years, more and more people paying attention to the re-
search of micro-channels plates.

Tang et al. [16] proposed a cooling strategy for Li-ion battery packs by using the
micro-channels cooling plate and designed three types of the mini-channels cold plate. The
feasibility of this strategy is verified by a combination of experiments and numerical simula-
tion. Lee et al. [17] designed a U-shaped micro-channel cold plate and the effects of discharge
rate, inlet mass-flow rate, and operating temperature on the cooling performance of Li-ion
batteries were studied respectively. Deng et al. [18] designed a cold plate of serpentine-
channel configuration to study the effects of the number of channels, the layout channels, and
coolant inlet flow on the cooling performance of the battery. The results showed that the best
cooling performance of the cold plate was obtained when the number of channels was 5. Lan
et al. [19] designed a micro-channel cold plate on a prismatic Lin-ion battery cell. They figure
out the effects of discharge rate, velocity distribution, and operating temperature on battery
thermal management performance. Therefore, an effective BTMS to cool down the prismatic
Li-ion batteries by cold plate is still needed to be further developed, and the efficient and safer
BTMS safe is highly desired.

The layout of micro-channels in the cold plate has a great influence on the perfor-
mance of BTMS, and the temperature rise of the clod fluid in the working process will cause
the reduction of its heat exchange capacity, which leads to the uneven temperature distribu-
tion on the battery. Hence, in this paper, a dual-channel layout is proposed, and the existing
two cold plates models are improved, and the cooling performance of the clod plate before
and after the improvement is compared by numerical simulation software (ANASYS FLU-
ENT). The main aim of the present work is to guide the design of a thermal management sys-
tem for large-capacity rectangular batteries.
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Model establishment

Geometric models

In this paper, the micro-channels cold plate is mainly used for rectangular Li-ion
batteries. The cold plate is mainly installed between two adjacent battery cells and the outer-
most of the battery cells, as shown in fig. 1. Large heats are generated in the Lin-ion battery
during charging and discharging, which is conducted into the cold plate, and then the heat is
transmitted by the cooling liquid, hence the battery cells are cooled.

As shown in fig. 1, the length and height of LR atery
the micro-channel cold plate are the same as the
battery cells. Aluminum was chosen to be the ma-
terial of the cold plate, and water was used as the
cooling liquid. The A, B, C, and D, four types of
cold plate structures are designed as shown in figs.
2(a)-2(d). The single flowing channel is adopted by
the structures A and C, and double flowing chan-
nels, the double channels have opposite liquid flow
directions, are adopted by the structures B and D. Figure 1. The schematic diagram of
As the cold plate between two adjacent batteries is ™cro-channel cold plate installation
symmetrical in the thickness direction, hence, a half cold plate can be studied to shorten com-
puting time, and the symmetry plane is set at the center of the cold plate.
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Figure 2. The schematic diagram of the central cross-sectional structure of the cold plate

The length, height, and thickness of the cold plate are set to 115, 180, and 2 mm, re-
spectively, and the total lengths of the micro-channel are set to 1185 mm in all structures. The
thicknesses of the cold plate are reduced to 1 mm after the symmetry planes on the geometric
model are applied. To study the effects of width and thickness of micro-channel on the cool-
ing performance, the widths of the micro-channels are set to 4, 5, 6, and 7 mm when the
thickness of the micro-channel is 0.6 mm, respectively, and the thicknesses of micro-channels
are set to 0.6, 0.8, 1.0, and 1.2 mm when the width of micro-channel is 0.6 mm, respectively.
After the symmetry condition was applied, the thicknesses of micro-channels are reduced to
0.3, 0.4, 0.5, and 0.6 mm, respectively. The cross-sectional area of the liquid flow channel
will be changed when the width and thickness of the micro-channel were changed. Therefore,
to maintain the heat balance between the inlet and outlet of the cooling liquid, the constant
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mass inlet is set at the cooling liquid inlet. The inlet flow of the structures A and C are set to
2-10°3 kg/m, and each inlet flow of the structures B and D are set to 1-10-% kg/m. Note that the
inlet flow has been reduced to half of the original after the symmetry condition was applied.
The pressure outlets of all cases are applied at the cooling liquid outlet.

The maximum Reynolds number during the cooling liquid flow is calculated to be
1702.5, and the Reynolds number below 2300. Hence, the laminar model is selected in nu-
merical simulation.

In this paper, the Li-ion battery has a capacity of 12.9 Ah and a nominal voltage of
3.2 V, and the discharge power is 41.28 W. To study the effects of the micro-channel structure
on the battery at a 1C discharge rate, the uniform heat flux of 1000 W/m? is applied through
the surface of the cold plate, as shown in fig. 2. The cold plates are assumed to be homogenous
and isotropic for numerical simplicity. The natural convection heat transfer coefficients of the
four outer walls of the cold plate are set to 2 W/m2K, and all operating temperatures are set as
25 °C. The detailed analysis parameters of numerical simulation are given in tab. 1.

Tablel. Detailed analysis parameters of numerical simulation

Material properties Value Unit
Cooling liquid Liquid water -
Liquid density 998.2 [kgm2]

Liquid specific heat 0.4182 [Jkg*k™]

Liquid viscosity 0.001003 [kgms?]
Cold plat material Aluminum -
Cold plate density 2719 [kgm2]

Cold plate specific heat 871 [Jkg*k™]
Cold plate conductivity 202.4 [Wm-k1]
Dimensions

Cold plate thickness 2 [mm]

Cold plate height 180 [mm]
Cold plate length 115 [mm]

Channel thickness 0.6,08,1.0,1.2 [mm]
Channel width 4,5,6,7 [mm]

Channel total length 1185 [mm]

Boundary conditions — —

Inlet mass flow rate 2-10°8 [kgs™]

Operating temperature 25 [°C]
Heat flux 1000 [Wm2]
Wall convection heat transfer coefficient 2 [Wm—2K1)
Flow model Laminar -

To better evaluate the cooling performance of micro-channel cold plate, the maxi-
mum temperature, Tmax, temperature difference, Tqirr, the standard deviation of temperature,
T,, of the cold plate surface, and the total pressure drop between inlet and outlet, AP, were
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monitored during the simulation. The Tmax and Tairr can reflect the most severe working condi-
tion of batteries, the Tqirr is defined as the difference between the maximum and minimum sur-
face temperatures. The AP can reflect the pressure difference between the inlet and outlet
cooling liquid, and the larger the AP is, the higher the energy consumed by the pump to main-
tain the flow of the liquid. The T, implies the uniformity of temperature distribution for bat-
tery cells. The smaller T, means more uniform distribution of temperature on batteries.

Mesh generation

The FLUENT meshing was used to mesh the models, and polyhedral grids were
used in both fluid and solid regions. Structure A was used to verify the mesh independence of
the model when the thickness and width of the micro-channel were 0.6 mm and 4 mm, respec-
tively. The number of 304633 cells, 408256 cells, 508964 cells, 623215 cells, and 732562
cells volume mesh is divided respectively by changing the mesh size. The Tmax Of the cold
plate is monitored during the simulation. The Tmax variations curve under different volume
numbers is shown in fig. 3.

As can be seen in fig. 3, with the increase of the number of volume mesh, the Tmax
showed a trend of gradual decrease. However, the Tmax is decreased slightly when the volume
mesh number exceeds 508964 cells, hence, it can be considered that when the number of vol-
ume mesh is 508964 cells, the temperature variation performance of the cold plate can be bet-
ter simulated. Therefore, the meshing method is adopted during the simulation.
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Figure 3. Independence checking of Figure 4. The comparison results between
the volume mesh simulation and literature
Method validation

The model in literature [20] was simulated using the explained method, and the results of
T, under different micro-channels widths were compared with those in the literature, the com-
parison results are shown in fig. 4. As can be seen in fig. 4, the simulation values are in good
agreement with those in the literature, which shows that the method adopted in this paper can
well simulate the temperature distribution of the cold plate.

Results and discussion

The analysis of thermal management perforrnance of
micro-channel cold plates with different structures

To study the thermal management performance under different cold plate structures,
the A, B, C, and D four structures cold plates were simulated, respectively. The width and
thickness of the micro-channel are set to 4 mm and 0.6 mm, respectively. The temperature
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distributions of the contact surface between the cold plates and the battery cells are shown in
figs. 5(a)-5(d).
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Figure 5. Temperature distributions of the contact surface between the cold plates and the battery cells
(for color image see journal web site)

It can be seen from fig. 5 that the temperature distributions have great differences
under the four structures. The temperature distribution of structure A shows a gradually in-
creasing trend from top to bottom. The inlet and outlet of cooling liquid under structure A are
located at the upper and lower parts of the cold plate, respectively. As the cooling liquid flows
from the inlet to the outlet, the heat is absorbed by the cooling liquid, which the temperature
of the cooling liquid is increased. Meanwhile, the temperature difference between the cooling
liquid and the cold plate is decreased gradually, which leads to the cooling capacity of the
cooling liquid is decreased. Hence, the temperature distribution of structure A shows a trend
of gradual increase from top to bottom.

The temperature distribution under structure B shows a trend that the upper and low-
er parts of the cold plate are lower and the middle parts of the cold plate are higher, and the
distribution of the high temperature area is S-shaped. Compared with structure A, structure B
has a larger high temperature area, and the temperature gradient at the inlet of the cooling lig-
uid is increased significantly.

The high temperature area of structure C is mainly distributed at the left edge and
the bottom edge region of the cold plate, and the high temperature area is smaller than the
other three structures. Because the left edge and the bottom edge region of the cold plate are
close to the outlet of the micro-channel, and the cooling capacity of the liquid at this position
is reduced, hence the high temperature areas are formed at these parts.

The high temperature area of structure D is mainly concentrated in the center region
of the cold plate. It can demonstrate that the central region of the cold plate cannot be well
cooled under structure D.

Figures 6(a)-6(c) show the change curves of Tmax, Taifr, and T,, respectively, under
different cold plate structures. Figures 6(a) and 6(b) can be seen that both Tmax and Taifs in
structure B are the lowest. It can demonstrate that the most severe working condition of bat-
teries can be well controlled by structure B. It is worth noting that the Tmax in structure A is
only higher than that the structure B, but the Taitr is the largest in all cases. It shows that struc-
ture A can better control the maximum temperature of batteries, but the performance of con-
trolling the temperature difference of batteries is poor. The Tmax Of the structure C and D are
close to each other, both of which are about 30.9 °C, but the Tgir of the structure D is about
0.05 °C lower than that of the structure C. It is indicating that the performance of temperature
control of structure D is better than that of structure C.
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According to fig. 6(c), it can be seen that the T, in structure A is the largest in all
cases, it indicated that structure A has the worst performance of maintaining temperature uni-
formity of battery cell. The T, in the structures
B, C, and D are only slightly different, it indi-
cated that the temperature uniformity of battery
cells can be well maintained by the structures 3510 1
B, C,and D. 3.01106 |

The AP variations curves under different

40108 |

AP [Pa]

106 F
structures are shown in fig. 7. It is worth noting =0

that the AP of structures A and C are close to e g

each other, and the AP of the structures B and 15108 . ) )
D are also close to each other, and the AP value A B c D

Micro-channel width [mm]

of the structures A and C are much higher than
those of the structures B and D. This can ex- Figure 7. The AP variations curve under the
plain that the pressure loss of cooling liquid can different structure
be effectively reduced by the dual-inlet method
under the same total mass flow, which the energy consumption to maintain the stable flow of
the cooling plate are reduced.

The pressure loss of the fluid is mainly caused by the linear loss, Py, and local loss,
Pm, in the flow process. The linear loss is mainly affected by the length of the flow channel, I,
the equivalent diameter of the flow channel, Dy, the fluid velocity, v, the fluid density, o, and
the linear loss coefficient, A. The linear loss can be expressed:
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The P is mainly caused by local resistance. The local loss of micro-channel de-
signed in this paper mainly occurs at the corner of the flow channel. The local loss is mainly
affected by fluid velocity, v, the fluid density, p, and the local loss coefficient, £. The local
loss can be expressed:

pv?
Pm > )
It can be seen that although the total micro-channel length of dual-inlet is the same
as that of the single-inlet, while the flow rate of the cooling liquid is reduced to one half of
that of the single inlet, hence, theoretically, the pressure drop under the same condition is re-
duced to 1/4 of that the single-inlet. Therefore, leads to the AP of structures A and C is higher
than that of structures B and D.
However, it can be known from the simulation results that the AP value of structures
A and C are about 2/5 of the structures B and D, which is larger than the theoretical value.
The reason for this phenomenon is that structures A and C have more parts that cause the
cooling liquid direction to be changed than the structures B and D, which caused the local loss
of the structures A and C are greater.

The analysis of thermal management performance of
cold plates with different micro-channel thicknesses

The temperature distributions of the structures A, B, C, and D, under different thick-
nesses of micro-channel are shown in figs. 8(a)-8(d), respectively, (the micro-channels widths
are maintained constant at 4 mm).

According to fig. 8, it is seen that the high temperature area of the cold plate under
the structures A, B, and C gradually expands with the increase of the thickness of micro-
channels, and the lower temperature areas are decreased gradually at the same time. This may
be because the cross-sectional areas of the micro-channel are increased with the gradual in-
crease of the thickness of the micro-channel, which the flow velocity of cooling liquid is de-
creased gradually under the condition of constant mass-flow, hence, the temperature of the
cooling liquid will be raised for the same distance. As the temperature of the cooling liquid
increases, the cooling capacity of the cooling liquid is gradually decreased. Therefore, the
high temperature area of the cold plates under the structure A, B, and C gradually expands
with the increase of the thickness of micro-channels. However, as shown in fig. 8(d), the high
temperature areas in the center region of the structure of D are gradually decreased with the
increase of thickness of micro-channels. The reason for this phenomenon is that the distance
from the inlet of the cooling liquid to the center part of the cold plate is short under the struc-
ture D and the total volume of the micro-channel is increased when the increase of micro-
channel thickness. Hence, as the thickness of the increases of micro-channels, the cooling lig-
uid in the cold plate is increased, the more heat of the center of parts of the cold plate is ab-
sorbed by the cooling liquid. Therefore, results in the high temperature areas in the center of
the cold plate of the structure D are decreased.
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Figure 8. The temperature distributions under different thicknesses
of micro-channel (for color image see journal web site)

The variation curves of Tmax, Taifr, and T, with the thickness of micro-channels are
shown in figs. 9(a)-9(c), respectively. As shown in fig. 9(a), with the increases of the thick-
ness of micro-channels, the Tmax is gradually increased under the structures A, B, and C, while
it shows a trend of gradual decrease under structure D. As discussed previously, the variations
trends of the Tmax are similar to that of the high temperature area of the cold plate. With the
increase of the high temperature area, the heat transfer in the center of the high temperature
area is inhibited, which causes the maximum temperature of the region to be raised. On the
contrary, the heat transfer capacity in the center of the high temperature area is increased
when the decrease of the high temperature area, which the maximum temperature of the re-
gion is reduced. As shown in fig. 9(b), with the increases of the thickness of the micro-
channel, the Tairr under structure A shows a trend of gradual increase, while it shows a trend
of gradually decreasing first and then stabilizing under the structures B, C, and D. In structure
A, the cross-sectional area of the micro-channel is increased due to the increase of the thick-
ness of micro-channels, which the flow velocity of the cooling liquid is decreased. Afterward,
the temperature at the bottom of the cold plate is increased, and meanwhile, the temperature at
the inlet of the cooling liquid is kept essentially constant, hence, the Tqirr has shown a trend of
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gradually increasing. Based on the above analysis, it can be concluded that structure A has a
poor ability to maintain the temperature difference of the cold plate compared with the other
three structures.
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As shown in fig. 9(c), in structure A, the T, values of the cold plates are greater than
1.35 in all cases and it is significantly higher than the other three structures, and a slight in-
crease in T, value can be observed as the thickness of the micro-channel increases. The result
demonstrates that the temperature uniformity of the cold plate cannot be well maintained un-
der structure A, and it is less affected by the change of thickness of the micro-channels. Com-
pared to structure A, the T, values of the cold plate under structures B, C, and D are decreased
obviously with the increase of thickness of the micro-channels. Under structures B, C, and D,
the decrease of T, of the cold plate are significantly when the thickness of micro-channels is
increased from 0.6 mm to 1.0 mm, while it is relatively slower when the thickness of micro-
channels is increased to 1.2 mm. Hence, it can be concluded that the temperature uniformity
of the cold plate can be well maintained when the thickness of the micro-channel is 1.0 [mm]
under structures B, C, and D.

Figure 10 shows the variations curves of AP with the thickness of the micro-
channel. It is clearly seen that the AP of structures A and C is higher than that of structures B
and D under the same thickness of micro-channels. Hence, it can be concluded that the pres-
sure loss of cooling liquid from inlet to outlet of the micro-channel can be effectively reduced
by using the dual-inlet structure. As shown in fig. 10, the AP of the four structures are all de-
creased with the increase of thickness of the micro-channel, moreover, it is worth noting that
with the thickness of the micro-channel increase, the decreases of the AP become smaller
when the micro-channel increases the same thickness. There are two main reasons for this
phenomenon. On the hand, the flow velocity of the cooling liquid in the micro-channel is de-
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creased, while the equivalent diameter of the 40106 F
micro-channel is increased. According to eq.

(1), both the decrease of flow velocity and the 50106 | =2
increase of equivalent diameter can reduce the 2506 | —D
linear loss. On the other hand, the thickness of

.106

the micro-channel is set as an independent vari- f;gs [ \\‘_ﬂ
able due to only the thickness of the micro- 10106 |
channel makes the change in all cases of this 50105 L ) . ;
section, afterward, the quadratic differentiation ' R e
of eq. (1) shows that the result is always greater
than 0, which eq. (1) is a concave function Figure 10. The variations curve of AP with the
when the thickness is an independent variable. thickness of micro-channel under four
Hence, the decrease of AP is gradually reduced, StTUCtUres

The difference of the AP between the structures A, C, and B, D is gradually reduced
with the increase of thickness. For example, when the thickness is 0.6 mm, the difference of
the AP between the structures A, C, and B, D reaches 2250710 Pa, while it is only 374005 Pa
if the thickness of the micro-channel is increased to 1.2 mm. Hence, it can be concluded that
when the micro-channel adopts a single inlet mode, considering the pressure drop from the in-
let to the outlet of the cooling plate, the thickness of the micro-channel should be increased as
much as possible.

3.5-106 [ ——A

AP [Pa]

The analysis of cooling performance of cold plates
with different micro-channel width

The temperature distributions of the structures A, B, C, and D with different widths
of micro-channel are shown in figs. 11(a)-11(d) respectively. Note that the thicknesses of mi-
cro-channels are maintained constant at 0.6 mm in all cases.

As shown in fig. 11, with the increase of the width of the micro-channel, the high
temperature regions of the cold plate under the structures B, C, and D are gradually expanded,
and the increasing regions are mainly concentrated in the middle of the cold plates, while the
high temperature area of structure A is slightly reduced, and the reducing regions are mainly
concentrated in the bottom of the cold plate. Meanwhile, as the increase of the width of the
micro-channel, the low temperature regions at the inlet of the cooling liquid are gradually in-
creased in all cases. On the hand, with the increase of the width of the micro-channel, the flow
velocity of the cooling liquid is decreased, which leads to the total heat transfer efficiency of
the cooling liquid is reduced, hence, the high temperature area in the middle of the cold plate
is expanded. On the other hand, with the increase of the width of the micro-channel, the total
fluid areas are expanded and the distances between adjacent the micro-channels are reduced at
the same time, which the heat transfer areas of the cooling liquid are increased, hence, the low
temperature regions at the inlet of the cooling liquid are expanded.

The variation curves of Tmax, Taifr, and T, with the thickness of micro-channels are
shown in figs. 12(a)-12(c) respectively. As shown in figs. 12(a) and 12(b), both Tmax and Taisr
are increased in all cases with the increase of the width, indicating that the most severe operat-
ing conditions of batteries are further aggravated. It is worth noting that the variations of the
Tmax and Tagire OF structure A with the increase of the width are relatively slower than those oth-
er three structures.

When the width of the clod plate is less than 6 [mm], the Tmax Of structure A is all
the highest, while the Tmax OF structure A is exceeded by structure C if the width is increased
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to 7 mm. This indicates that structure C is more likely to be affected by the change of the
width of micro-channel than the structure A.
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Figure 11. The temperature distributions under different widths of
micro-channel (for color image see journal web site)

As shown in fig. 12(c), with the increase of the width of the micro-channel, the T, in
all cases are gradually increased, similarly, the increment of the structure A is the slowest than
the structures B, C, and D. The T, of the structure A are the highest in all cases, which indicat-
ing that structure A has poor performance in maintaining temperature uniform of the cold
plate. However, for the same width, the T, of structure C is the lowest in all cases, which indi-
cating that structure C can maintain the temperature uniformity of the cold plate well.

The variation curves of AP with the width of the micro-channels under the four structures as
shown in fig. 13. It can be found that the AP in all cases is gradually decreased as the increas-
es of width. This phenomenon is caused by the change of cooling liquid velocity and the
equivalent diameter of the micro-channel with the increases of the width. It should be noted
that the decreasing amount and changing range of AP caused by the change of width is small-
er than caused by the change of the thickness. This phenomenon can be explained that the
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Figure 12. The variation curves of (a) Tmax, (b) Taif,
and (c) Te with the width of the micro-channels

change of the equivalent diameter of the micro-
channel is more influenced by the change of the
thickness.

By comparing the change curve of AP of
structures A and C, it should be noted that the
AP of structure A is higher when the width is
less than 6 mm, which is mainly caused by the
fact that structure A has more parts that cause
the cooling liquid direction to be changed,
hence the local loss caused by it is greater.
However, the AP of structure A is lower than
that of structure C if the width exceeds 6 mm,
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Figure 13. The variation curves of AP with the
width of the micro-channels

which indicates that structure A is more affected by the width of the micro-channel.

Conclusions

In this paper, structures A, B, C, and D four types of the micro-channel cold plates
are designed, and the effects of the changes of the thickness and width of micro-channel on
the thermal management performance are studied by numerical simulation. The major conclu-

sions are as follows.

e The temperature distribution of structure A shows a gradually rising trend from top to
bottom, while that of structure B shows a characteristic that the upper and lower parts of
the cold plate are lower and the middle parts of the cold plate are higher. The high tem-
perature areas of structure C are mainly distributed at the left edge and the bottom edge
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regions of the cold plate, while these of structure D are mainly concentrated in the center
regions of the cold plate.

e With the increase of the thickness of the micro-channel, the Tmax 0f cold plate is gradually
increased under the structures A, B, and C, while it is gradually decreased under the
structure D. The T, of the structure A is less affected by the change of the thickness of the
micro-channel. The temperature uniformity of the cold plate can be well maintained when
the thickness of the micro-channel is 1.0 mm under the structures B, C, and D. When the
micro-channel adopts single inlet mode, considering the pressure drop from the inlet to
the outlet of the cooling plate, the thickness of the micro-channel should be increased as
much as possible.

e With the increase of the width of the micro-channel, the high temperature areas of the
cold plate are gradually expanded under structures B, C, and D, while it is slightly re-
duced under structure A. The Tmax, Taitr, and T, are gradually increased in all cases, while
the AP from the inlet to the outlet is gradually decreased. The temperature uniformity of
the cold plate is well maintained by structure A. The decreasing amount and changing
range of AP caused by the change of micro-channel width is smaller than caused by the
change of the thickness.

The results of this study will be useful for the design of a micro-channel cold plate
for a large-capacity rectangular battery.
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