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ABSTRACT: Due to the advantages of high energy density, no memory effect, and long cycle life, Li-ion
batteries are being widely studied and proverbially used as power sources for electric vehicles. Further, along
with a few other parameters, the operating temperature of the battery of an electric vehicle plays a vital role in
its performance. The operating temperature range of an electric vehicle lithium-ion battery ranges from 15°C to
35°C and this is being achieved by a battery thermal management system (BTMS). In the present study,
computational analysis for Lithium-ion (LiFePO4 18650) pack to evaluate the maximum temperature.
Furthermore, a BTMS is designed for the same using a serpentine flow channel which is indirect contact with
the cell surfaces. Water is used as coolant and analysis is carried out for 0.05 m/s velocity rate. The maximum
temperatures attained by the cells with and without BTMS are found to be is 304.23 K, 302.68 K, 301.37 K and
316.84 K, 311.11 K, 302.68 K at discharge rates of 1.5 C, 1.0 C and 0.5C, respectively. Therefore, with BTMS
the maximum cell temperature attained is 27%, 23% and 3% less compared to the bare cell, which indicates
that the BTMS adopted in the present work is significantly effective in controlling rise in cell temperature
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I. INTRODUCTION

By virtue of high volumetric and gravimetric energy densities along with no memory effect and long
cycle life, Li-ion batteries are being intensively studied and extensively used as power sources for electric
vehicle (EV) applications [1]. However, the Li-ion battery performance is highly sensitive to the operational
temperature [1], [2]. For example, Li-ion batteries often suffer severe power loss under temperatures below zero
degrees Celsius, and face the increased risk of thermal runaway at extremely high temperatures [3]-[5]. Thus, a
thermal management system is necessarily required to control the system temperature within a permitted range,
and maintain the temperature uniformity throughout the overall system.

Currently, commonly used BTMS are mainly based on air-cooled, liquid-cooled, and phase-change
materials. Liquid-cooled BTMS has a higher heat transfer coefficient, and its cooling efficiency is higher.
However, liquid-cooled systems are also usually more complex and can have leakage problems. In addition,
liquid-cooled systems also tend to be accompanied by higher power consumption. The PCM based approach is a
new type of battery thermal management solution. It can effectively control the battery pack temperature in the
optimal operating temperature range and ensure excellent temperature uniformity. However, it also has the
problems of poor structural strength, leakage of melting material, and low thermal conductivity [6]. The liquid
cooling method is the most widely used BTMS method nowadays. Depending on whether the battery pack is in
direct contact with the coolant or not, the liquid cooling systems can be divided into two modes: direct contact
and indirect contact. Compared with indirect contact BTMS, the cooling performance of direct contact BTMS is
slightly better, but indirect contact BTMS is more suitable for practical applications [7]. The cold plate is the
most common form of indirect liquid cooling, and the structure and arrangement of the liquid cooling plate are
important factors affecting the performance of indirect liquid cooling BTMS [8]. Many related studies have
been conducted to improve the cooling performance of the whole system by optimizing the flow channel and
structural design of the liquid-cooled plate [9]. Qian et al. [10] proposed an indirect liquid cooling method based
on minichannel liquid cooling plate for a prismatic lithium-ion battery pack and explored the effects of the
number of channels, inlet mass flow rate, flow direction, and channel width on the thermal performance of this
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lithium-ion battery pack using numerical simulation method. Their results showed that the minichannel cold
plate thermal management system could control the temperature of the battery pack well under 5C discharge
conditions. Zhao et al. [11] simulated and investigated the thermal behavior of a battery module consisting of 71
18650 lithium-ion battery cells under indirect liquid cooling based on channels.
Il. MODELING METHOD

2.1 Geometry models of the battery pack

The lithium battery studied in this paper is a cylindrical LiFePO4 battery, the battery model is 18650
which the diameter and height of a single battery are 18 mm and 65 mm, respectively. The rated voltage of each
single battery is 4.2 V and the capacity is 1.35Ah. The material of the cooling plate is aluminum. Table 1 shows
the thermal physical parameters of the materials of the cooling and heat dissipation system of the lithium
battery pack. In Table 1, p denotes density, C is heat capacity, k means thermal conductivity, | represents
dynamic viscosity.

Table 1 :Thermal physical parameters of materials for cooling and heat dissipation system

Material p(Kg/m3) C(J/KgK) k(W/(mK)) w(Kg/(ms))
Water 998.2 4128 0.6 1.003 x 10-3
Aluminum 2719 891 202.4 -
Battery 2018 1282 2.7 -
P
Negative tab $2 Ty ——
a) b) c)

Fig.1. Lithium-ion cell details a) Cell components b) Cell dimesions c) Single cell model

For formulation, the cell is divided into three main components i.e., anode as negative tab, cathode as
positive tab and the middle component as cell zone, the detailed structure is illustrated in Fig.1. In order to
simplify the calculation, this paper selects 48 lithium batteries for this design. This kind of cooling and heat
dissipation is a serpentine cooling channel which is shown in Fig.2a) and Fig.2 b) shows the 3D models of the
lithium battery pack . Coolant (water) flows in from its inlet, passes through the lithium battery pack and then
flows out from the outlet to achieve the purpose of cooling and heat dissipation. In the serpentine cooling
channel, the thickness of the cooling plate is 3.0 mm and the thickness of the cooling wall is 0.5 mm.

cell

Serpentine chanel

outlet

R

inlet

a) 3D model of lithium battery pack b) Serpentine cooling chanel

Fig.2. The structure of the serpentine cooling channel and heat dissipation system

2.2 Numerical Model.
The Reynolds number (Re) of the coolant in the micro channels needs to be determined to determine the flow

pattern of the fluid. It is calculated as follows:
pwuwdH (1)
Hy

Re=
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where py indicates the density of water, kg/m® ;uw indicates the velocity of water, m/s; du indicates the
equivalent diameter of the channel, m; pw indicates the dynamic viscosity of water, kg/(m-s).

After calculation, it is found that the Reynolds number in the channel is less than 2300, which is a laminar flow.
In the simulation, water is assumed to be an incompressible fluid. Its continuity equation is expressed as:

aVx 6Vy 8\/1 (2)
—X4+—+—==0
oXx oy oz
Its momentum equation is shown as: [12] 0 N )+ VoV ) =~V o VA
8t wow N wowow W w
@)
where vy, denotes the velocity vector of the water; where p denotes the static pressure of water,Pa
Its energy equation is shown in equation 5 r (5) [13]:
P (L.CouT) +V.(p,C, TV,) = V(K VT,)
(4)

where Cp is the specific heat capacity of water under constant pressure, J/(kg'K); kw is the effective thermal
conductivity, W/(m'K).

For the cold plate and the contact thermal resistance layer, the heat transfer process is controlled by the heat
transfer differential equation:
o, L _v.kvT) ©)
ot
where p, Cp, and k denote the density of the corresponding material, kg/m?® , the constant pressure specific heat
capacity, J/(kg'K), and the thermal conductivity, W/(m'K), respectively.

For the cell domain, the heat transfer process is controlled by [14]
ar o, eT) af,ar) af,eT
(6) pbcp'bE:&(lxa)+@{ﬂya]+a(lzE}—Q

where pp denotes the density of the cell domain, kg/m?; Cppdenotes the constant pressure specific heat capacity
of the cell, J/(kg-K); Ax, Ay, and A, denote the thermal conductivity of the cell domain in the X, y, and z directions,
respectively, W/(m-K); Q denotes the heat generated by the cell during discharge[14] W/m?.

All inlet boundary conditions in the research are velocity inlet, with constant inlet velocity and inlet
temperature of 298K. All outlet boundary conditions are pressure-outlet, with atmospheric pressure at outlet.
The fluid walls, as shown in Fig 2, are set as a no-slip wall boundary. All of the outer walls of the model are set
as an insulation boundary. The simulations are performed on the ANSYS FLUENT platform. The spatial
discretization methods of pressure, momentum, energy, and potential are second order, second order upwind,
second order upwind, and first order upwind, respectively. In the simulation, the convergence criteria of velocity,
energy, and potential are 10,

. RESULTS AND DISCUSSION
3.1 The influence of discharging rate on the performance of a single battery.
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Fig.3.Temperature contour of the cell at different discharge rates.

The cell behaviour when being discharged at different rates is computed by equation and ECM model.
Fig 3 shows the temperature contour of single cell for three different discharge rates 0.5 C, 1.0 Cand 1.5 C. The
figure demonstrates a symmetric pattern in temperature in the whole cell; however, the discrepancy between
temperatures in positive and negative tabs is small.
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The maximum temperature for discharge rates 0.5 C, 1.0 C and 1.5 C are 302.23 K, 311.18 K and
316.95 K respectively. The temperature tends to increase over time is represented in Fig 4. The maximum
temperature attained by the cell is found to be highest for 1.5 C discharge rate. A comparison of voltage drop at
three different discharge modules is shown in Fig 5. It is clear from the graph that as discharge rate increases,
temperature as well as voltage drop increase. It is observed that 316.95 K is the maximum temperature attained
by the cell at 1.5 C discharge rate due to high internal resistance and the charge is completely drained within
2500 seconds at same discharge rate. At a discharge rate of 1.5 C the cell attains maximum temperature of

316.95 K which exceeds the optimum temperature. Hence, it is important to reduce this temperature by adopting
BTMS.
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Fig.4.Temperature variation at different discharge rates
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Fig.5. Battery cell voltage variation at different discharge rates

3.2. Battery pack with BTMS.
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Fig.6.Internal temperature of battery pack at the end of 1.5C
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Fig.7.Internal temperature of battery pack at the end of 1.0C
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Fig.8.Internal temperature of battery pack at the end of 0.5C

Fig.6-8 show the temperature contour of battery pack with cooled by serpentine flow channel for three
different discharge rates 1.5 C, 1.0 C and 0.5 C, the maximum temperature of battery pack with cooling plate for
discharge rates 1.5 C, 1.0 C and 0.5 C are 304.23 K, 302.68 K, 301.37K respectively. It can be observed that
contact part of the cells with cooling plate is cooler compared to the non-contact part and the temperature
difference between these parts is considerably less.

V. CONCLUSIONS

In the present work CFD analysis has been carried out on battery pack 18650 LiFePO4 for electric
vehicle application. The variation of cell temperature with time without cooling has been evaluated at different
discharge rates of 0.5 C, 1.0 C and 1.5 C. Furthermore, a BTMS by serpentine flow channel with water as
coolant has been used to regulate the maximum temperature attained by the cell. Maximum temperature
attained by the cell with and without cooling has been simulated at various constant current discharge rates.
The outcome of the simulation study is summarized below:

- Battery pack without cooling attains maximum temperature of 316.95 K, 311.18 K, 302.23 K at
discharge rates of 1.5 C, 1.0 C and 0.5 C respectively.

- Battery pack with BTMS it is observed that the maximum temperature attained by the cell is 304.23 K,
302.68 K, 301.37 K at discharge rate of 1.5 C, 1.0 C and 0.5 C respectively.

- Compared to bare cell, the cell with BTMS reduces temperature reached by 27%, 23% and 3% at
discharge rates of 1.5 C, 1.0 C and 0.5 C respectively thus implying that the BTMS adopted in the
present study is effective.
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