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Abstract:

This paper presents lithium-ion battery thermal management is difficult to achieving the better performance and
extended life of batteries and state of charge in electrical vehicles. Li-lon battery is the major source among the
Electric Vehicles and Hybrid Electrical Vehicle. To get better the thermal effectiveness and to raise the calendar life
of battery, appropriate newly introduced orthosilicate complex Li2MSiO4 is use as a cathode substance to improve
the thermal behaviors of batteries. It is the cheap substance with high early allege profile and enhanced ionic
conductivity and has better temperature withstand capacity. The Computational fluid flow analysis is done using
ANSYS FLUENT v6.3.2.6 software to analysis thermal system of battery and investigates the thermal flow in battery

during state of charge and discharge.
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I.INTRODUCTION

The Hybrid Electrical Vehicles (HEV) and Electrical
Vehicles (EV) become more popular in recent days due to
various factors like greenhouse gases and exhausting fossil
fuels. The battery becomes the most important source for
Energy Storage System (ESS) in Hybrid Electrical Vehicles
(HEV) and Electrical Vehicles (EV). Among the battery
Energy storage system lithium based battery have high
voltage, good energy density, low self discharge rate of good
stability as become the major source for Electric Vehicle
(EV) and Hybrid Electric Vehicle (HEV) [1]. In
conventionally HEV and EV use Nickel Metal Hydride (N-
MH) and Lead acid batteries has storage system which has
minimum energy density and reasonable 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 lon battery
have very high performance sensitive towards the thermal
problem like continuous charging, discharging working 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-lon batteries [3,4]. Various thermal management
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systems for battery pack are their like air and liquid are used
as cooling medium. Finite Element Analysis of Lithium —lon
battery for Electric vehicle application [5] propose a new
material for cathode of Lithium-lon battery a 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 withstand capacity [6]. 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 lon battery module used
foran EV.

I.STRUCTURE OF LITHIUBAM AND OPERATION
BATTERY

Structure And Operation
The Lithium lon battery consists of negative electrode (or

anode), 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 Figl. The electrolyte act as good ionic conductor, it
acts as a transport medium for lithium ions to travel between
two electrodes. The exothermic reaction taken place inside
the batteries, the chemical energy is converted into electric
energy [7]. 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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Selection of Nano Material for Cathode Tablel: Characteristics of Li lon Cathode material
The choice of advanced material for cathode is preferred o~ .COMPUTATIONAL FLUID DYNAMICS MODEL

A 12v 20ah Lithium battery measuring of 10 mm
thickness and 305 mm in height is shown in Fig2, in
closed plastic casing with small amount of air gap in the
side of casing [15]. Therefore a three-dimensional model
has been developed. The dimensions of different domains

reduce the thermal issue problem in Li battery. The cathode
materials are developed with high energy density, safety,
durability, less cost, and high calendar life.

M Cathode (Electrodes domain, Separator and Electrolyte) of the
> battery are described. The each domain is made of
— — L Anode different materials. A thermal flow analysis of conduction
OO OO equation is sufficient to describe the thermal issued in the
OO battery and the convective term inside the battery
00 » Separato (electrode-electrolyte) can be neglected [11]. The model
OO OO of geometry of battery was developed in the AutoCad11
0 0 and imported in ANSY'S Fluent Fig2.
ol [0
0 OO > Electrolyt
OO 0 20 40 50 40 20
olJ 0 >
A
Figl: Schematic Diagram of Li-lon Battery + - 0
In the study of cathode material in recently developed
materials are Olivine structure (LiMPo4) (LiFePo4), 45
Orthosilicate structure (Li2MSiO4) are the advanced ] — |
developed nano materials [8]. In this analysis 4
Orthosilicate structure (Li2MSiO4) has been used as the
cathode material for the optimization of thermal issue p  Electrolyte
problem in Li batteries. 240

Orthosilicates Li2MSiO4 (M = Fe, Mn, Co) has been
selected as the novel Cathode material for Lithium lon » Separator
battery. Li2MSiO4 The reversible capacity of
Orthosilicate cathode material greatly benefited from the
improved conductivity and was able to achieve 150 10= Casing
mAh/g at 25 8C and 200 mAh/g at 55 8C [9,10]. 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.

Potential v Speclic | |
Material Structure | - orenua VERSUS | capacity < >
Li/Li+, average V mAR/
= 10 150 10
LiCo02 Layered 3.9 140
LiNi0.8Co0.15A100 | [ g 38 180-200 Fig 2: Schematic Model and dimension of Li lon Battery.
502 (NCA)
TE04 and ot » 10120 The boundary condition and the energy balance equation
= 1ne. . - L - -
variants (LMO) R of the lithium ion battery model enable to predict the
LiFePO4 (LFP) e 345 150-170 transient response and the temperature distribution for the
3D fluent flow analysis modeling is formulated as [12]:
Li2MSi104 Orthostlicates 48 150-200 L. . .
- In the Positive and Negative Electrodes domain
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k[azT + 82T]+q p.C or Th I
— t—— =pC, — e erma
ox* o’ ’ "ot @ Density Specific Conductivit
Material heat y Viscosity
g, = [RI* + (L1 I ket | iy
VAR dT @)
) ) Fluid LiPF6 1050e3 | 140.8 1.9 0.789
In the terminal domain
Plastic 1402 1052 0.18 -
k[azT . o°T . oT
ox: ezt TP ot (3) Anode 2460 | 830 1.2 .
(Graphite)
Where A Kgm‘3),Cp (J.Kg TK _l)’ and Cathode
Ayt (Lizmsiod) | 2400 7z 22 )
K(W.m™K ™) are the average density, the average
specific heat and the average thermal conductivity along Separator
the x-direction y-direction and z-direction. The density of (Polyethylene) 960 180 0.12 )
heat flux from battery surface to the surrounding is given
by both the radiation and the convection heat Table 1: Thermal Properties of Material model

contributions.
To know the heat generation value and the temperature

q, = h(T —Ta)+EO'(T4 _Ta4) Where (4) distribution the battery pac.k is stimulated using the
ANSYS Fluent Software with the thermal parameters.

2 - Table 2 sh h iation of ial ies [14].
h(W.m 2K 1) is the heat transfer coefficient, ¢ the able 2 shows the radiation of material properties [14]

1H1.MATHEMATICAL MODELING

Material Emissivity Heat transfer on the solid material in the mode of
Graphite 0.96 conduction

Orthosilicate 0.89

Separator ( Polyethylene) | 0.81 q=KAAT (6)

Fluid (LiPF6) 0.76

Plastic 0.85 Unit of heat transfer W/m?°c where K is thermal
emissivity of the battery cell surface, ¢ the Stefan— conductivity, A is the area, AT is the temperature

q

Table 2: Radiation of material PropertiesBoltzmann difference. Heat transfer coefficient — =hAT
A

constant, T the battery surface temperature and Ta is the
ambient temperature. The battery is painted black, and (7) Unit of heat transfer w/ m2°c where K is thermal
then the emissivity is taken equal to 0.95. In this case the
battery is cooling by natural convection. In natural
convection, the Rayleigh number controls the flow system

conductivity, A is the area, AT is the temperature
difference. Heat transfer on the fluid is based on

. . . ) A
[13]. The Rayleigh number is defined as: convection mode of heat transfer L = b Where A is the
Ra— 9B (T _Ta)L3 area, P is the perimeter Rayleigh number
V gir (5) 3
gL (T, -T,)
Where: g: The acceleration of gravity (m/s2) L: The R, = 9—; (M

length of the battery (m) .The thermal parameters used in

this work are listed in Tablel 9 .
R,. <10° Heat Transfer on the vertical plate
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Nusslet Number

N, =0.59R, "*forl0* <R, <10° ®)

= N,k

ht = & 9)Unit
- (9)Uni

of heat transfer W/ m?k , where N, is the Nusslet number,

K is the thermal conductivity, and L is the length in the
vertical plane.Rate of heat transfer

Q=hL(T,-T,) (10)

Unit of rate of heat transfer is watts, Q is the rate of heat

transfer, N is the heat transfer rate, L is the length, T, is the
temperature Overall heat transfer

Ta_Tb
1.1 1 L
Il _n
alh 1 an]

Where h, the heat is transfer coefficient of solid and hy is the

Q= (11)

heat transfer coefficient of the liquid.

IV.ESTIMATING CHARGING AND DISCHARGING
CHARACTERISTICS OF BATTERY

The estimation of SOC and DOC in the power battery of
electric vehicles is important parameter. The SOC means
ratio of reaming power under the rated condition of the
capacity. When battery under discharge ratio condition. The
mathematical expression of SOC [16].

x t
SOC = Pa > tees (12)
0

[PM®)dt+p, xt,
0

The state of charge and depth of discharge of battery depends
on the internal resistance Ri ohm. The internal resistance of
the conventional lithium battery pack is 0.9ohm it leads to
slower charging and increases in temperature and affects the
calendar life of battery pack. To reduce the internal resistance
of the battery and to make the battery quick charging and
increasing discharging time. The thermal management is
important by using the high thermal resistivity cathode
material Li2MSiO4.
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_ [Cbat + Ccell] X I.Tz _Tl]

f (1(t))dt

(13)

From the equation 13 we can estimate the internal resistance
of the battery. Ccell is the cell voltage and T is the

temperature of the battery. C,, is the heat capacity from the

above equation the internal resistance of the proposed battery
is calculated 0.041ohm. With the reduced internal resistance
of the battery we can state that battery have maximum
conductivity and reduced charging time. SOC is 100% at
fully charged condition. The charging current rate 10A C-
rated 0.5C. The charging time of battery calculated using the
formula. SOC =current capacity/ nominal capacity. The
battery charging time can be estimated using the C-rated and
charging time of battery. With the minimum C-rated the
battery can be charged in 2 hours [17]. The discharge current
rate can calculated using the Perukerts law

C .\«
T=H(— 14
(IH) (14)

Where H rated discharge, C is the rated capacity, | is the
actual discharge current, K is the Perukerts constant. From
the above equation discharge amp of battery is 1A and C-rate
of discharge is 0.05C the battery discharged in 20hours. The
discharge time of battery is increased compared to the
conventional battery pack. Fig3 shows the discharge
characteristics of conventional LicoO4 battery discharging
time 6.66hours.

—Discharge curve
Nominal area

| [ — Exponential area

Time {hours)
E0 =12.8808, R = 0.0041, K= 0.0020027, A = 2.0993, B = 3.0531

Voltage

i P
Time (hours)

Fig 3: Discharge Characteristics of Conventional battery
using LiCoO4 cathode material
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Fig4: Discharging characteristics of proposed battery using
LiMSiO4 cathode material.

V.COMPUTATIONAL FLUID DYNAMICS RESULTS
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 maximum 59
degree Celsius.
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Contours of Static Temperature (c) Mar 08, 2015

ANSYS FLUENT 14.0 (3d, dp, pbns, lam)

Fig 5: Temperature distribution using conventional material
LiCoO4 under steady state condition after 5p discharge rate.
The temperature distribution of the Lithium ion battery using
orthosilicate cathode material under steady state condition is
shown in the Fig 5. The battery initialized starting from
minimum of 26 degree Celsius and increased to maximum 49
degree Celsius. The temperature distribution under transient
condition after 750sec, 1800sec and 5500sec under 5p
discharge rate of battery is analyzed. The temperature rise in
the battery after 750sec under 5p discharge rate in shown in
the Fig 6 the temperature starts from the minimum of 24
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degree Celsius and increased to maximum of 39 degree
Celsius.
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ANSYS FLUENT 14.0 (3d, dp, pbns, lam)

Contours of Static Temperature (c)

Fig6: 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 battery after 1800sec and 5500sec is also shown in the Fig
7 and Fig 8. Under 5p discharge rate the temperature after
1800sec are 24 degree Celsius to 46.5 degree Celsius,
temperature after 5500sec are 24 degree Celsius to 49.5

degree Celsius.
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Fig 7: Temperature distribution after 750sec under 5p
discharge rate
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Fig 10: Velocity magnitude of the Fluid inside the battery

Fig 8: Temperature distribution after 1800sec under 5p  The fig 9 shows the velocity magnitude and velocity vector of

discharge rate the 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 depends on the temperature rise in the battery.

yrad ' VI. GRAPH RESULTS OF TRANSIENT THERMAL

bt CONDITION

Sl The transient thermal result of Lithium lon Battery under 5p

S discharge rate at different discharging time 750sec, 1800sec
j Foens and 5500sec. This graph result shows the temperature rise in

mi b the battery during different discharging time.
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VII.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 loading 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 temperature was reduced to 49
degree Celsius for the maximum power drawn in electrical
vehicle operating condition.

VIII.REFERENCES

S. J. Gerssen-Gondelach, A. P.C. Faaij, “Performance of
batteries for electric vehicles on short and longer term”, J.
Power Sources 212 (2012) 111e129.

S.Al-Hallaj and J. R. Selman, \Thermal modeling of
secondary lithium batteries for electric vehicle/hybrid
electric vehicle applications,” Journal of Power Sources 110
(2002): 341-348.

Omar, N.; Daowd, M.; Mulder, G.; Timmermans, J.M.; Van
Mierlo, J.; Pauwels, S. Assessment of Performance of
Lithium ion Phosphate Oxide, Nickel Manganese Cobalt
Oxide and Nickel Cobalt Aluminum Oxide Based Cells for
Using in Plug-in Battery Electric Vehicle Applications.
International Conference Vehicle Power and Propulsion
Conference. September 6-9, 2011, Chicago, USA.

R.Arunkumar and S.Anbumlar, “Finite Element Analysis of
Lithium Ion Battery for Electric Vehicle Application”, in
IEEE- International conference on Electrical, Electronics,
Signals, Communication and Optimization (EESCO 2015),
ISBN: 978-1-4799-7676-8 Jan 24" 2015.

August 2016

(5]

(6]

(7]

(8]

(9]

Huang, H.; Yin, S.-C.; Nazar, L.F. Approaching theoretical
capacity of LiFePO4 at room temperature at high rates.
Electrochem. Solid-State Lett. 2001, 4, A170-A172.

W. Fang, O.J. Kwon, C. Y. Wang, Y. Ishikawa, “Modeling
of Li-ion Battery Performance in Hybrid Electric Vehicles,”
SAE International Journal of Passenger Cars- Electronic
and Electrical Systems October 2009, 2, pp. 418-423, 2009.

Chen, J. A review of nanostructured lithium ion battery

materials via low temperature synthesis. Recent Pat.
Nanotechnol. 2013, 7, 2-12.
Armand, M.; Goodenough, J.B.; Padhi, AK,;

Nanjundaswamy, K.S.; Masquelier, C. Cathode Materials
for Secondary (Rechargeable) Lithium Batteries. U.S.
Patent 6,514,640, 4 February 2003.

D. Bernardi, et al., A general energy balance for battery
systems, Journal of the Electrochemical Society, vol. 132,
pp. 5-12, 1985.

[10] Kim Gi-Heon, Pesaran Ahmad, Spotnitz Robert, A three-

dimensional thermal abuse model for lithium-ion cells,
Journal of Power Sources 170 (2007) 476-489.

Volume 2 ¢ Special Issue


http://www.iirjet.org/

