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Abstract: The paper here studies about the behavior of Li-lon Battery cell or battery pack under various fluctuating and
combined loads. The thermal model of a unit cell is designed and they are assembled to form a battery pack. The software
tool Ansys 13.0 is used for analysis. The study is done on a single cell and various thermal properties are calculated under
the simulated environment. Now the entities like heat generation and dissipation is found out for a cell. The cells are aligned
in an orderly manner and the result obtained from individual cell can be used to find out the cumulative battery pack heat
generation as a multiple of electrode location and the rate of duration. The rate of charge flow and voltage characteristics
are depicted in the 1V curve and various important parameters are calculated. The Sporadic dispersal of heat generation
during charge and discharge was studied in a systematic way and robust battery pack design is suggested in the paper which
can be used in the electric vehicle as well as hybrid electric vehicles.
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I INTRODUCTION
The importance of renewable energies and electric energy has been increasing on a rapid rate considering the decline of fossil
fuel resources and increase in global warming causing erratic behavior of nature and climate. Lithium ion battery is considered
as one of the best source of power to run automotives with electrical energy, a cleaner and safe energy. The Li-lon batteries
have prolonged life, low rate of discharge, and other various performance characteristics. A lot of research has been done on the
behavior of Li-lon Battery analytically and experimentally. The significance of this analysis is that when there is an intermittent
distribution of heat in the system and it affects the electrical stability and causes under performance. So it is evident from above
that a robust thermal management is necessary to take the performance to optimality. In this work, a 3D thermal model is made
with battery pack containing eight unit cells and thorough analysis is made with accurate mesh generation using Ansys software.

1. LITHIUM ION POWER PACK WORKING

The lithium-ion battery is the power source for modern electric Vehicles these days everyone's heard of lithium-ion batteries but
what makes them so special first to follow each battery is made up of many smaller batteries called cells old let's take a closer
look at want to see how it works the electrical current reaches the cells by a conductive surfaces in this case aluminum on one
side and copper on the other then just as in every other battery there's a positive and negative electrode called the cathode and
the anode the cathode or positive electrode is made it a very pure lithium metal oxide the more uniform its chemical
composition the better the performance and the longer the battery life is as you'd expect the an old or negative electrode is
located on the other side it's made of graphite a form of carbon with the layered structured . The battery is filled with the
transport medium the electrolyte so that the lithium ions carrying the battery's charge can flow freely, this electrolyte must be
extremely pure and is free of water as possible in order to ensure efficient charging and discharging for to prevent a short circuit
there's a layer placed between the two electrodes the separator to the tiny lithium ions and the separators are actually permeable.
When a battery is charged the positively charged lithium ions pass from the cathode through the separator into the layered
graphite structure of the anode where they're stored. Now the battery is charged. when the battery discharges that is when
energy is removed from the cell the lithium ions travel by the electrolyte from the anode through the separator back to the
cathode , then the motor converts the electrical energy into mechanical energy making the cargo the amount of energy available
and how long the batteries last is closely related to the quality of the materials used them to sum it all up higher quality pure
materials along with customized formulations lead to longer battery life and better battery performance.
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Figure 1. Discharge current vs. Battery temperature
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1. MATHEMATICAL MODEL AND THERMAL MODELLING
The battery pack is a pouch-type Lithium unit cells used as a model in the present analysis. The Lithium unit cell Contains Li,
Mn, Co, Ni as anodes and graphite as cathode electrodes. There is a porous membrane type separator which is a plasticized
polymer electrolyte. . There are many types of connections for a battery pack and one among such is two unit cells are aligned
in parallel. This forms a unit big length. Then the four fragments are arranged in parallel).

Figure 2 Q=a [VO —Veell — TdVo] + Aa HVVaZ]] + Ac Hm]]

ar ra rc

Q=heat generation J= current density Vo=open circuit voltage VVcell= Voltage of unit cell ra=resistance of anode rc= resistance
of cathode Va= voltage of anode VVc= Voltage of cathode

Figure 3.Properties of materials used for various departments in the Lithium lon Cell

Thermal Property (unit) Battery  Aluminum Air Plastic

p (kg'm™) 2765 2705 1225 1360
C, (T-kgt-°C™) 1394 900 1006 1500
ke (W-m™-°C™) 25.7 231 0.0242 035
k (W-m™-°C™) 25:7 231 0.0242 035
k. (W-m™-°C™) 0.794 231 0.0242 035

A Mathematical equation is deduced in terms of rate of charge flow and the voltage parameters and using this heat distribution
rate is found out as function of location of the electrode and this information is fed as input for making a thermal model. The
various parameters like velocity, pressure, temperature are found out at various operational loads. For CFD Analysis turbulence
model was used. The boundary analysis conditions at the entrance for the fluid flow analysis are set to 0.006589, 0.01235,
0.01985, and 0.03514 kg/s for the different volume rates of 15, 26, 35, and 45 ft3/min.

Figure 4. Battery temperature and the corresponding radiation heat.
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The boundary conditions at the exit for the fluidic flow field are to be fixed at an appropriate pressure and this is set to be 1.2
atm. So the pressure parameter is decided for the analysis but the entrance and exit temperatures are maintained at ambient
temperature i.e. 25 degree centigrade. For thermal analysis we know that the heat transfer coefficient is necessary and we
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assume that the surface exposed to the atmosphere has an h= 7 W/m2-°C1. The meshing should be thorough and improper
meshing leads to absurd results completely deviate from the real analysis and the analysis has been started with 2,929,250 cells.

Figure 5. Thermal model of Lithium ion battery
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The following reactions lead to discharge due to complex interaction of multiple reactions.

HCOOCH: — HCOOLi + alkanes
HCOOCH; — CH3COLi + CO» + H»

EC — (CH,OCO-Li), + CH>,=CH>
ROCO:Li + H>O — ROH + CO> + Li>COs
H,O — LiOH + H, — Li,O —+ H>
HCOOCH: + LiOH — HCOOLi + CH;OH
CH;OH — CH:OLi + H,

LiPF; — 3LiF + PF;

PF; — Li,PF, + LiF

But the discharge is not completely attributed to these reactions only.

V. RESULTS

We initially obtain the voltage and rate of charge flow values and using this the temperature distribution is found using the
mathematical equation mentioned above Figure 2 . Initially the temperature dissemination in the modelling at discharge rate
durations of 450 followed by 1800 is studied. All the temperature variations are at 3C rate. Following this same temperature
variation is studied for discharge rate time of 300,600,1200seconds with 2C rate is studied. From the temperature dispersion in
software it is clearly evident that the temperature value close to the charge accumulation point of the anode is greater than the
temperature at the cathode .The significant reason for this situation is that the thermal conductivity value of the active anode is
greater than that of the cathode. As a result it can be seen that though the same amount of charge flows near both the electrodes
the temperature varies a bit.

Figure 6. Temperature Distribution within cell various locations

Temperature

400 405 41.1 41.6 422 427 43.3 43.8 44.4 449 45.5 46.0
P4

A. Discharge Rate Representation

Charge and Discharge rate are expressed in terms of C —rate. 1C means 1Ah capacity battery can deliver 1amp of current for
1hr when it is 100% charged. 1C is here the rated capacity of a battery. If the same capacity battery discussed above has 2C
discharge rate, it means that it can output 2amp of current for 30 minutes and if it is 3C discharge rate 3amp of current for 20
minutes, 0.5C means it can give 0.5A for 120 minutes or 2 hrs.
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Figure 7. Temperature distribution of unit cells within the module with various volume flow rates of air
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The unit cell temperature distributions are calculated from thermal modeling in Figure 5.The results are calculated for discharge
rate of 2C and 3C. We choose here the process of natural convective cooling first and then we go to forced convection. So
initially for the case of natural cooling, the unit cells present at the lower and upper portion of the battery pack has very less
temperature and the other unit cells have very high temperatures. These values are collected from the analysis and these almost
match the real time data too. Initially from the Figure 1 we said that the temperature values goes on increasing with the
discharge increase and here with our thermal modelling too we see that the behavior is same and is shown in figure 6. But the
unit cells at the lower part behave abnormally due to the factor that the thermal environment created by setting up the terminal
conditions does not match with the real time conditions. The surface exposed to atmosphere is the convective layer and the
transfer of heat achieved with the given conditions for thermal analysis did not create an equivalent of actual ambient layer.
Also the temperatures behave intermittently at the corners of the cell. The surface of the left corner is cooler than the right
surface corner due to the fact that the ambient air has to travel less distance to come in contact with the surface layer at left than
the right. More the air is contact, more heat transfer take place according to heat convection law.

q = hA(Ts —Ta)

Now we are done with the natural convection. We now study the behavior of unit cells with high volume flow rate of air in to
the battery pack. This is what we say as forced convection, i.e. we allow more amount of air to flow into the system and allows
for cooling. When this happens we noticed that there is a significant drop in the average temperatures across the battery module
where a temperature difference of up to 10 degree is observed. From the above data in case of natural convection where there is
very less flow of air through the system we observed that the temperature values of the first and last cell is relatively high but
here the values are normal and close to the real time behavior. This is due to the fact that there is high gradient of air flowing
into the module and the convective boundary layer conditions don’t play a significant role in the case of forced convection.

Figure 8. VVolume fraction distribution vs temperature of cells ( discharge rate -3C and discharge duration-600s) different
volumetric flow of air
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To show it in form of graph two figures 9 and 8 the volume fraction of unit cells in the battery pack is given in terms of
temperature dependent with discharge rate of 2C and 3C for 1200s and 600s. From the graphs we can see that the mean
temperatures of the unit cells comparatively decreases in case of forced convection and distribution of cell temperatures also
attains uniformity in case of high volumetric flow of coolant air. The present analysis focused on optimal design of battery
module for effective thermal management system which can be used in electric vehicles as the performance, life Cycle of the
battery depends on various loads that act on the cells and how effectively these loads are distributed to maintain less and
uniform temperatures across the battery pack.

Figure 9. . Volume fraction distribution vs. temperature of cells (discharge rate -2C and discharge duration-1200s) different
volumetric flow of air
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V. CONCLUSION

An analytical approach was supported with model designed in Ansys. First the voltage and charge carrier capacity dispersion
are studied as a dependent of discharge rate. Erratic Heat dispersion rate is observed. This heat generation rate is given as
dependent on location of the electrode and a mathematical model is derived. Using this mathematical model velocity, pressure
and temperature distributions as function of discharge rate duration are studied. Thermal modeling is done and using this we
came to know that the forced convection and the case where there is high volume rate of cooling air i.e. forced convection, there
is uniform temperature distribution and also the mean temperatures of the unit cell is comparatively less when compared to the
case where there is less volume rate of coolant air i.e. natural convection. This analysis is very significant because the life cycle
and performance, safety of the battery pack is dependent on how effectively the temperature is distributed in the unit cells and
battery pack.
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