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Computational Fluid Analysis of Lithium-lon
Battery Using ANSYS Fluent
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Abstract— This paper presents the thermal management of lithium-ion battery is the most important parameter towards battery life and
state of charge and discharge. Li-lon battery is the major source among the Electric Vehicles and Hybrid Electric Vehicles. TO improve the
thermal efficiency and to increase the battery life, the recently introduced orthosilicate compound Li2MSiO4 is used as cathode material. It
is the cheapest material with high initial charge profile and improved ionic conductivity and has better temperature with stand capacity. The
computational fluid flow analysis is done using ANSYS FLUENT V6.3.2.6 software to analysis thermal system of battery and to investigate

the thermal flow in battery during state of charge and discharge.

Index Terms— Lithium-lon battery, ANSYS FLUENT, Electric Vehicle, Hybrid Electric Vehicle.

1 INTRODUCTION

HE Hybrid Electrical Vehicles (HEV) and Electrical Vehi-

cles (EV) become more popular in recent days due to vari-

ous factors like greenhouse gases and exhausting fossil
fuels. The battery becomes the most important source for En-
ergy Storage System (ESS) in Hybrid Electrical Vehicles (HEV)
and Electrical Vehicles (EV). Among the battery Energy stor-
age system lithium based battery have high voltage, good en-
ergy density, low self discharge rate of good stability as be-
come the major source for Electric Vehicle (EV) and Hybrid
Electric Vehicle (HEV) [1]. In conventionally HEV and EV uses
Nickel Metal Hydride (N-MH) and Lead acid batteries has
storage system which has minimum energy density and rea-
sonable price. However Lithium battery has high calendar life
and high energy density is preferred for HEV and EV vehicle
which is readily available in the market [2]. Although Lithium
Ion battery have very high performance sensitive towards the
thermal problem like continuous charging, discharging work-
ing under high temperature become the major impact lead to
cell degradation affect Lithium battery life and performance of
the battery. The battery management system investigates the
important parameters like state of charge, state of health of
battery.
An Effective thermal management system must to maintain in
battery pack of HEV and EV system that could maintain the
operating temperature in the lithium battery for batter State of
charge (SOC) and improved calendar life of Lithium-Ion bat-
teries [3]. Various thermal management systems for battery
pack are their like air and liquid are used as cooling medium.
Finite element analysis of lithium ion battery for Electric vehi-
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cle application [4] propose a new material for cathode of Lith-
ium-

Ion battery a recently introduced Orthosilicate Compound
Li2MSiO4 is used as cathode material. It is the cheapest mate-
rial with high initial charge profile and improved ionic con-
ductivity and has better temperature withstand capacity [5].
The main purpose of the study is carried out the thermal flow
analysis to investigate the temperature distribution at the state
of charge and discharge condition of the Lithium Ion battery
module used for an EV.

2 STRUCTURE AND OPERATION

The Lithium Ion battery consists of negative electrode (or an-
ode), positive electrode (or cathode), electrolyte, separator, the
negative and positive electrode are separated by the separator,
and the electrodes are filled with electrolyte are shown in Fig-
urel. The electrolyte act as good ionic conductor, it acts as a
transport medium for lithium ions to travel between two elec-
trodes. The exothermic reaction taken place inside the batter-
ies, the chemical energy is converted into electric energy [6]. It
based on the second law of thermodynamics, the energy loss
occurs inside the battery because of conversion between two
forms of energy
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Figl: Schematic Diagram of Li-lon Battery
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2.1 Selection of nano material

The choice of advanced material for cathode is preferred to
reduce the thermal issue problem in Li battery. The cathode
materials are developed with high energy density, safety, du-
rability, less cost, and high calendar life. In the study of cath-
ode material in recently developed materials are Olivine struc-
ture (LiMPo4) (LiFePo4), Orthosilicate structure (Li2MSiO4)
are the advanced developed nano materials [7]. In this analy-
sis Orthosilicate structure (Li2MSiO4) has been used as the
cathode material for the optimization of thermal issue prob-
lem in Li batteries.

Orthosilicates Li2MSiO4 (M = Fe, Mn, Co) has been selected as
the novel Cathode material for Lithium Ion battery. Li2MSiO4
The reversible capacity of Orthosilicate cathode material great-
ly benefited from the improved conductivity and was able to
achieve 150 mAh/g at 25 8C and 200 mAh/g at 55 8C [8]. To
improve the ionic conduction and chemical performance the
carbon coating is done and Li2MSiO4 to 209 mAh/ g reversible
capacity on the first charge Tablel.

. Specific

: Potential versus TR

Material Structure i ; " capacity

Li/Li+, average V
mAh/g
LiCoO2 Layered 39 140

LiNi0.8C00.15A10.0 5

502 (NCA) Layered 38 180-200
LiMn204 and .

4 12

variants (LMO) Spinel 4.1 100-120

LiFePO4 (LFP) Olivine 3.45 150-170

Li2MSi104 Orthosilicates 4.8 150-200

Tablel: Characteristics of Li lon Cathode material

3 COMPUTATION AND FLUID MODEL

A 12v 20ah Lithium battery measuring of 10 mm thickness
and 305 mm in height is shown in Figure2, in closed plastic
casing with small amount of air gap in the side of casing.
Therefore a three-dimensional model has been developed. The
dimensions of different domains (Electrodes domain, Separa-
tor and Electrolyte) of the battery are described. The each do-
main is made of different materials. A thermal flow analysis of
conduction equation is sufficient to describe the thermal is-
sued in the battery and the convective term inside the battery
(electrode-electrolyte) can be neglected [9]. The model of ge-
ometry of battery was developed in the AutoCadll and im-
ported in ANSYS Fluent Fig2.

The boundary condition and the energy balance equation of
the lithium ion battery model enable to predict the transient
response and the temperature distribution for the 3D fluent
flow analysis modeling is formulated as:
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Fig2: Schematic Model and dimension of Li lon Battery
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p(Kgm™),C (J.Kg.K™),and kW.m™K™)are the

average density, the average specific heat and the average
thermal conductivity along the x-direction y-direction and z-
direction. The density of heat flux from battery surface to the
surrounding is given by both the radiation and the convection
heat contributions:

0, :h(T _Ta)+€O-(T4_Ta4) @)

h(W.m K ™) is the heat transfer coefficient, ¢ the emissivi-

ty of the battery cell surface, o the Stefan-Boltzmann constant,
T the battery surface temperature and Ta is the ambient tem-
perature. The battery is painted black, and then the emissivity
is taken equal to 0.95. In this case the battery is cooling by nat-
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ural convection. In natural convection, the Rayleigh number
controls the flow system [10]. The Rayleigh number is defined
as:

0fu T ~T,)"
Ra — air gir a
v ©
Where:
g: The acceleration of gravity (m/s2)
L: The length of the battery (m)

Table 1: Thermal Properties of Material model

Densi- | Specifi Themal ) Thermal Ex-
Viscos- .
. ty Heat Conduc- | . pansion
Material . ity (kg/ .
(kg/m (J/kgK tivity ms) Coefficient
3) ) (W/mK) (1/K)
Battery 2617 952 3.0 - -
. 1050e
Fluid 03 140.8 1.9 78.9 0.00353
Plastic 1401 1051 0.17 - -

To know the heat generation value and the temperature distri-
bution the battery pack is stimulated using the ANSYS Fluent
Software with the thermal parameters. Table 2 shows the radi-

Material Emissivity
Graphite 0.95
Orthosilicate 0.90
Separator ( Polyethylene) 0.80
Fluid (LiPF6) 0.75
Plastic 0.84

ation of material properties

Table 2: Radiation of material Properties

4 COMPUTATION AND FLUID DYNAMICS
RESULTS

The temperature distribution of the Lithium ion battery using
orthosilicate cathode material under steady state condition is
shown in the Fig 3. The battery initialized starting from mini-
mum of 26 degree Celsius and increased to maximum 59 de-
gree Celsius. The temperature distribution of the Lithium ion
battery using orthosilicate cathode material under steady state
condition is shown in the Fig 4. The battery initialized starting
from minimum of 26 degree Celsius and increased to maxi-
mum 49 degree Celsius.
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Fig3: Temperature distribution using conventional material LiCoO4 under
steady state condition after 5p discharge rate

The temperature distribution under transient condition after
250sec, 1500sec and 3600sec under 5p discharge rate of battery
is analyzed. The temperature rise in the battery after 250sec
under 5p discharge rate in shown in the Fig 5 the temperature
starts from the minimum of 24 degree Celsius and increased to
maximum of 36 degree Celsius.
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Fig 4: Temperature distribution using proposed material Li2MSiO4 under
steady state condition after 5p discharge rate

The temperature start increased when the operating time of
the battery increased the temperature distribution in the bat-
tery after 1500sec and 3600sec is also shown in the Fig 6 and
Fig 7. Under 5p discharge rate the temperature after 1500sec
are 24 degree Celsius to 45 degree Celsius, temperature after

3600sec are 24 degree Celsius to 48 degree Celsius.
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Fig5: Temperature distribution after 250sec under 5p discharge rate
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Fig8: Velocity magnitude of the Fluid inside the battery

5 GRAPH RESULTS OF TRANSIENT
THERMAL CONDITIONS

The transient thermal result of Lithium lon Battery under 5p

discharge rate at different discharging time 250sec, 1500sec

and 3600sec. This graph result shows the temperature rise in

the battery during different discharging time.
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Fig 7: Temperature distribution after 3600sec under 5p discharge rate
- 50
The fig 8 shows the velocity magnitude and velocity vector of the 3 —
fluid inside the battery. The batteries during discharge time have & =
reversible reaction. The fluid and ions flows at certain velocity % =
rate at the time charge and discharge. The velocity of fluid de- * w
pends on the temperature rise in the battery. N —
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6 COMPARISON OF CHARGING TIME

i) Charging time of the Lithium lon Battery using Orthosilicate
cathode material (Li2MSiO4):
12 V 20Ah, 20,000mAh, charge density 20Ah, current rate 20A.
The current density 5.0614e5 A/m2 as per the software result
taken. The loss percentage of actual current density value is 40
percentages.
Charge density = actual charge density + loss percentage
Charge density =20+8 =28
Time of charging = charge density/current rate

=28/20=14
Time of charging = 1hr 40min.
ii) Charging time of the Lithium lon Battery using Orthosili-
cate cathode material (LiXCoO4):
12 V 20Ah, 20,000mAh, charge density 20Ah, current rate 20A.
The current density 4.0491e5 A/m?2 as per the software result
taken. The loss percentage of actual current density value is 60
percentages.
Charge density = actual charge density + loss percentage
Charge density = 20+12 =32
Time of charging = charge density/current rate

=32/20=1.6
Time of charging = 2hours.

7 CONCLUSION

The simulation was done to determine the thermal run away
problems in the battery pack and to find the better solution for
battery management system. The CFD simulation model had
done to 12v 20ah Lithium battery pack under worst case load-
ing condition to find maximum temperature rise at transient
condition. This analysis reveals that conventional battery
reaches maximum temperature of 59 degree Celsius at peak
usage of power. In this case the battery heated more and leads
to thermal runaway problem, the air convection cooled not
protected the battery properly, the model was adapted to
stimulate a cooling system by changing the cathode material
in the battery. The Orthosilicate cathode material used the
maximum temperature reduction 10 degree Celsius, a 16.5%
reduction in the temperature rise. The maximum battery tem-
perature was reduced to 49 degree Celsius for the maximum
power drawn in electrical vehicle operating condition.
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