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Abstract: Firstly, through the reading and summarization of domestic and foreign literatures, this paper studies and analyzes the
cooling methods of battery packs and motors, and finds the solutions for the cooperative thermal management of electric vehicle power
systems and their existing problems. Secondly, the structure of the electric vehicle parallel cooling system was studied and analyzed,
and the parallel liquid cooling scheme was confirmed. The model of the parallel cooling system was established by using GT-SUITE
simulation software. The parallel cooling system model motor is located on the main branch road. When the system starts running, the
coolant will flow through the motor to cool it, and the battery is located in the secondary branch. On the road, an event controller
controls the battery temperature to be in the range of 25 ° C to 30 ° C. When the battery temperature is not within this range, the event
controller will cause the coolant to flow through the battery, so that the battery temperature returns to 25-30 ° C.
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1. RESEARCH ON THERMAL
MANAGEMENT OF ELECTRIC
VEHICLES

The function of the cooling system of the electric vehicle is to
ensure that the temperature of the battery pack and the power
motor of the electric vehicle can be kept within the normal
temperature range under any working conditions™. The
cooling system should not only ensure that the temperature of
battery and power motor of electric vehicle can be reduced to
the normal working temperature of battery pack and power
motor in high temperature environment, but also ensure that
the temperature of battery pack and power motor is too low in
external low temperature environment. The multi-thermal
system of electric vehicle includes motor thermal
management system, battery thermal management system and
electric air conditioning system, and the three systems are
closely related and interrelated when running. Aiming at the
thermal management of battery pack and power motor, in
recent years, major electric vehicle brands and related
research institutes have carried out a lot of research work and
achieved many research resultsf,

In the battery thermal management system, considering the
relationship between the heat dissipation mode of the battery
and the external environment, the battery thermal
management system can be divided into active cooling system
and passive cooling system. The working condition of the
active cooling system is not affected by the external
environment, and the working state is adjusted in time
according to the detected calorific value of the battery to
ensure that the battery runs in the normal working
environment. Passive cooling system can be affected by the
external environment, and the detection of battery temperature
is not very accurate, so it can not accurately manage the
thermal of the battery pack, and is generally used for low-
power electric vehicles.
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2. THERMAL
THEORY AND
ESTABLISHMENT  OF
VEHICLE POWER SYSTEM

2.1 Overview Of Power Motor

Motor is an important part of the power output of electric
vehicle. If the motor temperature is too high or too low, it will
affect the work of the power motor and reduce the service life
of the power motor, thus affecting the use of electric vehicles.
With the continuous development of electric vehicle
technology, the power requirements of electric vehicles are
gradually improved, so the power of the motor is constantly
increasing, and the temperature of the motor will also increase
with the increase of power, so better cooling system and
cooling method are needed for the motor cooling. At present,
according to the different cooling media at home and abroad,
the motor thermal management system is divided into two
cooling modes: airflow cooling and liquid coolingt®!.

2.2 Design And Establishment Of Parallel
Thermal Management System

MANAGEMENT
MODEL
ELECTRIC

2.2.1 Software introduction

GT-SUITE is a highly integrated engine+powertrain+vehicle
simulation platform developed by GAMMA Company, and all
its modules share the same pre-and post-processing interface.
Its operation is simple, the interface is friendly and easy to use,
multi-level model management, and the real machine
assembly modeling concept[4]. Its own template library is
very rich, covering: fluid, mechanical, electrical, magnetic,
thermal and control components. For the same physical
phenomenon, GT-SUITE usually provides different levels of
physical models, and users can build models with different
complexity according to their needs [5].
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2.2.2 Model design and establishment

Select parallel automobile thermal management model to
establish, and the schematic diagram of the model is shown in
Figurel.

Through the analysis of the structure of Figure 1, Figure 2-1 is
improved, and the parallel thermal cycle model of electric
vehicle thermal management is made by GT-SUITE software,
as shown in Figure 2.
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Figure. 1 General structure of parallel model

Figure. 2 Parallel model established by GT-SUITE

2.2.3 Functions and parameters of main components of
the model

Compressor: The "ComPosDispRefrig" template is used for
modeling, because the input of this template is relatively small,
and the compressor can be modeled quickly. In the simulation
process, the pid controller on the compressor will keep the
outlet temperature of the evaporator at 3°C, which is also the
reason why the battery cooling branch is opened and closed.
In this model, the reference speed of the compressor is set to
1000RPM. The compressor model and its parameters are
shown in Figure3 and Figure 4.
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Figure.3 Compressor Model
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Figure.4 Compressor parameter setting

Expansion valve: The expansion valve changes the mass flow
of the refrigerant by expanding or contracting the refrigerant,
S0 as to adjust the superheat of the evaporator outlet and make
the  superheat  within the normal range. The
TXVSimpleTargetSH template is used to represent the
thermal expansion valve of the cabin evaporator with the
drive valve opening. The expansion valve model is shown in
Figure 5.
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Figure.5 Expansion valve model

Condenser: The condenser is a kind of heat exchanger, which
is used to discharge the heat of the air conditioning system to
the outdoor air. In this structure, the refrigerant enters in the
form of hot steam and is discharged in the form of cold liquid.
Set the reference air flow rate to 0.7 kg/s. The condenser
model and its parameters are shown in Figures 6 and 7.
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Figure.6 Condenser model
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Figure.7 Condenser parameter setting

Battery: The battery cooler is modeled by a simple method, in
which the thermal mass represents the total mass of the
battery. It is connected to a heat pipe representing a heat
exchanger. In this case, the direct evaporation of refrigerant is
modeled. This allows rapid system simulation to evaluate the
influence of battery cooling on the refrigerant system and its
response. The heat loss of the battery is modeled by the
battery template, which releases heat to the thermal mass
according to the transient distribution of the required battery
power. The feedback of thermal mass to the battery is given,
so that the battery temperature can be known and the
influence on the battery can be analyzed. In this parallel

71


http://www.ijsea.com/

International Journal of Science and Engineering Applications
Volume 14-Issue 04, 70 — 73, 2025, ISSN:- 2319 - 7560
DOI: 10.7753/1JSEA1404.1011

model, the reference output power of the battery is set to
300w and the initial temperature is 25°C. The battery model
and its parameter settings are shown in Figure 8 .
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Figure8. Battery Structure

Event manager: The battery temperature can be controlled
between 25°C and 30°C. If the battery temperature is not
within  this range, the event manager can open
ToBatteryBranch-1 and ToBatteryBranch-2 to let the cooling
liquid flow through the battery, thus completing the thermal
management of the battery. The event manager model and its
parameter settings are shown in Figures 9 and 10.
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Figure.13Influence of outdoor temperature on battery heat dissipation

i3 Motor (Figure. 14):Stabilizes at 22°C (25°C outdoor), 16°C
4} (0°C), or 28°C (45°C). Temporary temp. spikes occur when
coolant diverts to battery.
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Figure.10. Event Manager Parameter Settings i RV i

Motor: The motor is the power output component of electric
vehicle energy. In this model, the motor power is set at 3800w
W.The motor model and its parameters are shown in Figures
11 and 12.

Figure. 11. Motor model
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Figurel2. Motor parameter setting
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Figure.14 Influence of outdoor temperature on heat dissipation of
motor

Battery (Figure.15):** Airflow (0.4-0.9 kg/s) shows negligible
effect on battery temp. (25-30°C) or cooling rate due to
event-controlled coolant flow.
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Figure.15 Influence of air flow on battery heat dissipation

Motor (Figure.16):Temp. stabilizes similarly across airflow
rates, as coolant continuously cools the motor.
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3000W/25°C; motor: 3800W; compressor: 1000rpm; airflow:
0.7kg/s; ambient: 25°C). Parametric tests varying outdoor
temp. (0°C/45°C), airflow (0.4/0.9kg/s), compressor speed
(700/1500rpm), battery power (5000/7000W), and initial temp.
(10°C/40°C). Results show minimal impact of ambient temp.,
airflow, and compressor speed on battery temp. (stabilized at
25-30°C via event controller). High battery power (5000W)
challenges long-term thermal stability.
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Figure.17 Influence of compressor speed on battery heat dissipation

Motor (Figure.18):Excessive RPM (1500) over-cools the
motor, reducing efficiency. Optimal speed balances cooling
and energy use.
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Figure.18. Influence of compressor speed on heat dissipation of motor

KeyMechanism:Event manager triggers coolant flow to
battery only when temp. exceeds 25-30°C, ensuring stability.
Motor cooling remains uninterrupted, explaining its steady-
state behavior.

4. CONCLUSION

With rapid EV industry growth, optimal thermal management
for batteries and motors is critical. Literature review of EV
thermal systems, analyzing structures, components, and
benchmarks.Parallel thermal management system design,
including component parameters and control logic. GT-
SUITE model wunder reference conditions (battery:
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