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Abstract: Temperature directly affects the safety, reliability and performance of several energy systems relevant for energy
conversions. One such energy conversion device is a Li-ion cell. It’s used as an energy storage and conversion in a wide variety of
engineering applications. This research is particularly focused on studying thermal management of lithium-ion (Li-ion) battery
modules in electric vehicles by using active, passive and hybrid active-passive methods. The thermal behavior prediction of batteries
is performed by a novel electrochemical-thermal model. Different approaches such as single- and double-channel liquid cooling,
pure passive by using phase change materials (PCM), and hybrid active-passive thermal management systems are investigated.
Various cooling system configurations are examined to expand understanding of effect of each approach on the battery module
thermal responses during a standard driving cycle. It is observed that the temperature distribution of Li-ion batteries is strongly
influenced by the electrical and thermal operating conditions and simplified bulk models cannot precisely predict the thermal
behaviour of these batteries.

Among the battery thermal management systems studied, the air assisted hybrid cooling system provides the best temperature
distribution uniformity in the module while keeping the batteries temperature within the safe limits. Furthermore, this work
attempted to recognize the most influential parameters on the temperature distribution in the battery module. It is seen that the
thickness of cooling plates and PCM layers in active and hybrid systems has a significant effect on the thermal behavior of the
batteries.

Index Terms— PCM batteries, Thermal Management, Hybrid cooling for EV, Li-io.

1. Battery Thermal Management System

Recently battery thermal management system (BTMS) is used, and they are having various techniques to cool the battery

and maintain the optimum temperature. High efficiency energy conversion is one of the most significant challenges intensive
research activities are being conducted throughout the world for thermal management enhancement to meet industry needs.
There are two approaches to decrease the chance of thermal runaway and to boost thermal stability; one is affected by the electrode
characteristics, such as electrode material [19], electrolyte [20], and separator [21]. The properties of battery thermal runaway
processes vary with the battery material variation [22], and this is far away. Another solution is to apply a thermal system, called a
battery thermal management system, to the batteries for a suitable operating environment. Thus, developing an effective BTMS for
packs is the only way to avoid thermal runaway in batteries. BTMS has two main functions: To prolong battery life and improve
electrical performance by keeping batteries within an optimal temperature range, having improved safety to prevent thermal
runaway.

Moreover, two things are expected in BTMS: Battery temperature should be within the optimal range and to keep the non-
uniform temperature within the required range between the cells. BTMS has to be combined with the battery pack. Furthermore,
there are few things to consider before designing the battery pack's thermal management system; what is the proposed system's
cost? What is the optimal temperature range? Which kind of heat transfer pattern is appropriate? Which method of cooling is
suitable? Direct or Indirect? How much heat removes from the pack? The factor considered in the analysis includes ease of
operation, capital cost, energy efficiency, reliability, and maintenance requirement.
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Fig 1 Available battery thermal management system according to the medium
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2. Overview of Literature Review

One principal limitation of the performances of LiBs is their dependency on temperature. Thereby, the development of an
efficient BTMS is crucial to keep the battery system in an optimal range. This paper reviews and classifies the existing and future
BTMSs for electrified vehicles. On one hand, the traditional cooling systems are presented and discussed. Some conclusions from
the conventional BTMSs are drawn as follows:

1. The air-cooling method proposes a simple structure, lightweight design and energy saving, but the cooling efficiency is
low, and uniformity is generally not achieved. To improve the thermal performance, an enormous requirement that could
sacrifice the simplicity and the battery pack energy density would be needed.

2. The liquid-cooling method has the highest cooling/heating efficiency and proposes a good uniformity but need additional
components for the coolant circulation which adds complexity, weight, and energy consumption.

3. The refrigerant-based cooling has also a very high thermal efficiency but like the liquid-cooling, appears it requires
additional thermal elements which can have a large power consumption.

4. The PCM provides an easy-to-integrate and low-cost solution, but in order to extract all the heat, since the thermal capacity
is dependent on mass, PCM systems are usually heavy and volumetric.

5. The heat-pipe system has a very high thermal conductivity compared to other passive techniques, but the small contact
area and bulkiness of the system due to evaporator and condenser sections make it difficult to integrate.

6. The thermoelectric module is a lightweight, compact, and noiseless structure, but it has a high-cost and low-energy
efficiency.

3. CFD Simulation in GT-Suite

3D simulations depict the interaction of individual components with their environment, whereas 1D simulations depict the
overall design of a system and the interactions of its components. As a result, a 1D simulation is ideal for improving the design of
a complete system, whereas a 3D simulation is ideal for finding the optimal design features of specific components such as flow
pattern around a blade or heat transfer with internal cooling air and exterior hot gas. A 3D simulation may also be used to confirm
the results of a 1D simulation, such as pump cavitation prediction on an NPSH map (Zhang, 2020).

To cater to the requirements of this thesis, a software called GT-Suite, developed by Gamma Technologies, was used for
1D CFD simulation. It is a commonly used tool among most major vehicle manufacturers. This section explains the fluid flow in
pipes through an internal network calculated by GT-Suite.

3.1 Equations Governing GT-Suite

In GT-Suite, the solutions for the conservation equations of continuity, energy, and momentum, also known as the Navier-
Stokes equations, are calculated in one dimension (1D), yielding results that are averaged around the direction of flow (Gamma
Technologies, 2020). These equations are:
Conservation of Continuity:

dm Z .
dt m

boundaries
Conservation of Energy (Explicit Solver in GT-Suite):
d(me) av )
a - Par + Z (iH) — hAs(Trwia — Twan )
boundaries

Conservation of Enthalpy (Implicit Solver in GT-Suite):

d(pHV)  dV ,
=va+ Y @) = hAy (T — Twar)

dt dt

boundaries
Conservation of Momentum:
pulu|dxA

1
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dt dx
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3.2 Discretization in GT-Suite
To accurately model the system, the system is discretized into several volumes called computational cells where each flow

split is represented by one volume and every pipe is divided into single or more volumes. This type of discretization is known as a
"staggered grid" and a schematic shown in Figure 2. In this approach, the scalar variables like pressure, temperature, density,
enthalpy, internal energy are approximated to be uniform over each volume. The vector variables such as rate of mass flow, velocity,
etc., are calculated for each cell boundary. The larger discretization results in less accurate results, but the computational time is
significantly faster. Smaller discretization results in higher accuracy but requires a much longer computational time which increases

exponentially as the discretization is made finer.
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Fig. 2 Discretization in GT-Suite
3.3 Flow Connections
Physical components in GT-Suite are linked together by connections. These connections are considered as a plane in which
the momentum equation is solved to calculate the mass transfer and the velocity. Different connections available are Orifice, Valve,

Throttle, Pressure loss and Annular loss (Gamma Technologies, 2020).
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Fig. 3 Various reasons for pressure losses in an orifice
3.4 Pressure Loss Connection
It is easier to apply a known pressure loss as a function of mass or volumetric flow rate in certain situations. For such
instances, a pressure loss relation has been added to GT-Suite. This relation can be used to enforce a known pressure loss in complex
components such as heat exchangers, where calculating/solving for the pressure loss is not preferred. This relation, unlike the others,
does not solve the momentum equation, and the solution is merely forced. In addition to this, a time constant parameter is also

provided to avoid mass flow rate fluctuations and to keep the solution steady (Gamma Technologies, 2020).

3.5 Flow Splits

When a finite volume has multiple openings, the interactions cannot be accurately captured by conventional one-

dimensional treatment. In order to overcome this limitation and calculate the conservation of momentum, flow splits are used. To
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calculate the momentum solution, the flow split geometry is determined for each boundary by its expansion diameter (the diameter

in which the flow can spread after entering the flowsplit), characteristic length (the distance between the boundary plane and the
opposite side of the flowsplit) and by considering the angles between the flows through the volume (Gamma Technologies, 2020).
The flow split solution is similar to the pipe solution such that the scalar quantities of the pipe are calculated at the volume's centre.

The momentum equation, on the other hand, is calculated for each volume opening individually (Gamma Technologies, 2020).

4. Methodology
4.1 Case Definition

A battery cooling plate is critical parts of battery because it’s maintained battery temperature. To test effectiveness of
cooling plate with different design quickly tested with the help of 1D simulation without any experimental test. So, the main
objective was to study the flow pattern in the cooling plate tubes, in every case, the test was run four times at four different flow
rates to observe how the flow affects the filling and the creation of coolant traps in the circuit. A simplified version of a cooling

system can be seen in Figure 4 and Figure 5 presents the flowrate for every case and test run.
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Fig. 5 Flowrate readings

4.2 Coolant Mixture
To cool down the battery and other hot components the coolant is circulated around the coolant system by the pump. The

battery is cooled by coolant passing by in channels insider the cooling plate. Coolant mixture also absorbs the heat at the cooling
plate and other components that require cooling and then it releases the heat at the mixing tank or in close system in radiator part.
Figure 6 shows ethylene glycol 50-50 material properties.

The coolant usually consists of the water mixed with ethylene glycol with some additions. This is done to reduce freezing
point temperature and improve corrosion resistance. It also raises the boiling point temperature that is important for the hot day
conditions when the higher temperature difference between air and coolant is desirable as it improves the heat transfer performance
of the cooling plate.

JETIR2205A52 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ j396


http://www.jetir.org/

© 2022 JETIR May 2022, Volume 9, Issue 5 www.jetir.org (ISSN-2349-5162)

[2l Template: FluidLigCompressible

Object Usage
B0 eql-5050 Object Comment: |s Handbook, Chapter 20: Physical Properties of Secondary Coolants (Brines))
[=r Objects Help
=HJ) Coolant_Initial
. 8 Objects % Main < Density <« Enthalpy < Evaporation < Transport Properties «# Non-Newtonian < Plots
T B rubbert Attribute Unit Object Value
D InletFlow
D OutletPressure || Minimum Valid Temperature K k4 238.15
Maximum Valid Temperature K ~ 398.15
Minimum Valid Pressure bar w 0.0060
Maximum Valid Pressure bar v 2

;_l] Template: FluidLigCompressible

Object Usage
&) egl-5050 Object Comment: |s Handbook, Chapter 20: Physical Properties of Secondary Coolants (Brines))
=@ Objects Help
=HZJ Coolant_Initial
= % Main « Density < Enthalpy < Evaporation < Transport Properties < Non-Newtonian < Flots
F_ [ Rubbert Attribute Unit Object Value
B8] InletFlow
B outletPressure
Equation of State Type Polynomial w
Reference Temperature (Tref) K ~ def (=298.0)
Reference Pressure (Pref) bar w def (=1.0)
Density at (Pref, Tref) kg/m~3 -~ 1071.11
Coefficient al -0.459749
Coefficient a2 -0.002432
Coefficient a3 1.6481E-4
Coefficient a4 0.0385
Coefficient a3 0
Coefficient a6 0

Fig. 6 Ethylene glycol 50-50

4.3 Experimental Setup
Figure 7 show the experimental test setup. In every case, the test was run four times at four different flow rates to observe

Fig. 7 Cooling Plate Test setup

4.4 CAD Modeling

In the test rig, all cases included the battery cooling plates, the inlet tank and outlet tank. These components were
common to all the cases. The size of the cooling plate is designed to be 620 x 340 x 4.5 mm (excluding the height of the pipe at the
inlet and outlet). The method of cooling the bottom was chosen for this simulation, which is convenient for setting, saving space,
and easy repair. The structure of the cooling plate is shown in Figure 4.5. The area of the internal fluid is determined by the structure
of the battery and the fabrication of the cooling plate. The total size of the cell is 600 x 310 x 2.5 mm. Different cooling plate was
modelled, shown in Figure 8-10 below.
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Fig. 8 Model-1

Fig. 9 Model-2 Fig. 10 Model-3

5. Result and Discussion
5.1 Filling Times

The time taken to fill the circuit at the Scania Test Rig has been documented in Table 1.
Table 1Timetaken to fill the circuit at the Scania Test Rig

Model Test Flow Max. Max. Simulation
Run [Kg/Sec] Pressure Temperature Time [s]
[bar] [°C]
1 1 0.00558 2.52 40.1 10
2 0.01115 3.25 35 6.7
3 0.0223 6.47 44.9 2.7
4 0.0446 17 44.8 1.8
2 1 0.00558 2.48 37.9 8.9
2 0.01115 3.19 33.1 5.3
3 0.0223 5.83 445 2.3
4 0.0446 14.5 44.2 1.4
3 1 0.00558 2.09 41.9 10
2 0.01115 2.25 41.8 10
3 0.0223 2.89 41.6 10
4 0.0446 5.54 38.7 8.3

From above table it has been shown that first plate model having highest pressure 17 bar at 0.0446 kg/s flow on the other

hand, second plate design having 14.5 bar maximum pressure at same mass flow. However, this flow takes less time to flow 1.8 sec

and 1.4 sec respectively which is not carry high heat due to convection due to that temperature of battery surface and cooling plate

increasing as well as which undoubtedly greatly increases the power consumption, and it is unreasonable to adopt the cooling plate.

The % change in pressure drop and temperature with respect to flow rate shown in below Figure 11-16 for both models.
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Fig. 11 Mass flow rate vs Max Pressure Change

Fig. 12 Mass flow rate vs Max Temperature Change
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Fig. 13 Mass flow rate vs Max Pressure Change

Fig. 14 Mass flow rate vs Max Temperature Change
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Fig. 15 Mass flow rate vs Max Pressure Change

Fig. 16 Mass flow rate vs Max Temperature Change

5.2 Effect of Different Structure

The coolant flowed from the left side of these cooling plates and out of the right side. The inlet and outlet were both set in
the top of the cooling plates, which are convenient for manufacturing. As shown in Figure 17-19, the pressure loss (AP), the

maximum temperature of cooling.

The plate (Tmax), and standard deviation of the temperature (To) change with the discharge of battery under the mass flowrate
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Fig. 17 (Color) Effect of different structures: (a) pressure loss; (b) maximum temperature
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Fig. 19 (Color) Effect of different structures: (a) pressure loss; (b) maximum temperature

3. Conclusion

The work done during this paper can be used as an example of what is possible in GT-Suite and how can filling
simulations be carried out with GT-Suite. While this study provides a good initial point for validation, further study is necessary
to test additional parts of the circuit with a different setup to obtain more accurate results, as suggested. This will ensure
repeatability in the technique and build upon the previously done work to provide quick solutions to the otherwise cumbersome
task of building a new circuit.

By comparing and analyzing three liquid-cooled plates, it was found that the cooling plate with the curve structure has
the lowest pressure loss at different flow rates, and the cooling plate resistances of the U-shaped structure and ladder-shaped
structure were the largest. The heat exchange capacities of several cooling plates were basically the same, but the temperature
uniformity of the U-shaped structure was the worst, and the cooling capacity of the cooling plate was greatly affected by the flow
rate. The maximum temperature of these types of cooling plate always exists at a certain mass flow rate, which can hardly be
eliminated. To ensure the temperature difference of the cooling plate inlet and outlet (<10 K), it is necessary that the mass flow
rate of the cooling plate is no less than 0.0223 kg/s. Increasing the mass flow rate is an effective way to cool batteries in a short
time.

This paper only simulated the heating of one of the batteries, using the average heat flux, and did not change the battery
heating with time under different working conditions. Future work will start from these two aspects and be more closely related
to the real situation of EVs.
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