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Abstract: With the emphasis on renewable energy and environmental protection, new
energy vehicles are gradually entering the social space and electric vehicles are once again
moving to new heights. The aim of this paper is to investigate the design of a cooling
system for a purely electric bus incorporating computational fluid dynamics. This paper
follows the principle of "determine the heat source distribution of the prototype - calculate
the temperature rise of the prototype - design an optimised cooling structure - analyse the
cooling effect - propose the design of the prototype cooling structure™. This paper studies
the temperature rise and cooling of the prototype, focusing on the effect of different cooling
structures on the temperature rise of the prototype. Based on the heat transfer, a finite
element model of the engine is established and the losses and heat source distribution of the
prototype are calculated by combining empirical equations and MAP diagrams of the
engine losses. The heat transfer process of the engine is investigated, including the heat
transfer process within and between the components of the prototype in contact with each
other, and the convective heat transfer process between the prototype and the fluid contact
surface. Based on the CFD (Computational Fluid Dynamics) method, the flow and
temperature fields of the physical air-cooled prototype are calculated using the existing
CFD mathematical model, and the influence of the flow field of the prototype heat
exchanger ventilation duct on the engine temperature rise is analysed. A forced air cooling
solution for the prototype was proposed to determine the structure of the vents, the location
of the ventilation holes and the size of the cooling fan. The effect of forced air cooling on
the temperature rise of the prototype is compared with the effect of natural air cooling. A
parallel water jacket should be designed and its structure optimised in order to compare the
effect of the water jacket on the temperature rise of the prototype before and after
optimisation. Finally, all studies are combined to provide reference recommendations for
the design of the prototype cooling structure.
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1. Introduction

It is well known that after the development of the automobile, the first real motor vehicle in the
world was the electric car. However, the internal combustion engine vehicle came later and with the
rapid development of fuel technology, its superior overall performance and high cost, beat the
electric vehicle in the automotive market. Initially, electric vehicles were mainly used in
applications where the overall performance of the vehicle was not required and these applications
showed the advantages of electric vehicles, such as quiet operation and zero emissions. In recent
years, with the increasing environmental pollution problems and the transformation of traditional
industries, electric vehicles have gradually become an advantage for the automotive industry, but
due to technical problems in the development of power batteries, the development of electric
vehicles was very slow in the early stages of development. In recent years, with the development of
battery technology, a large number of pure electric vehicles have emerged [1-2].

In the study of the design of pure electric bus cooling system incorporating computational fluid
dynamics, many scholars have studied it with good results, e.g. Bhowmik P K The design method
should be validated by comparing experimental results with computational results. The design
method should be validated by comparing experimental results with computational results [3].
Habashi W G compared the conventional flat fin and the new hybrid fin cooler by numerical
calculations and experimental validation and found that the fin cooler dissipated heat better than the
flat fin cooler under the same operating conditions [4].

This paper follows the principle of "determine the heat source distribution of the prototype -
calculate the temperature rise of the prototype - design an optimised cooling structure - analyse the
cooling effect - propose the design of the prototype cooling structure”. This paper studies the
temperature rise and cooling of the prototype, focusing on the effect of different cooling structures
on the temperature rise of the prototype. Based on the heat transfer, a finite element model of the
engine is established and the losses and heat source distribution of the prototype are calculated by
combining empirical equations and MAP diagrams of the engine losses. The heat transfer process of
the engine is investigated, including the heat transfer process within and between the components of
the prototype in contact with each other, and the convective heat transfer process between the
prototype and the fluid contact surface. Based on the CFD (Computational Fluid Dynamics) method,
the flow and temperature fields of the physical air-cooled prototype are calculated using the existing
CFD mathematical model, and the influence of the flow field of the prototype heat exchanger
ventilation duct on the engine temperature rise is analysed. A forced air cooling solution for the
prototype was proposed to determine the structure of the vents, the location of the ventilation holes
and the size of the cooling fan. The effect of forced air cooling on the temperature rise of the
prototype is compared with the effect of natural air cooling. A parallel water jacket should be
designed and its structure optimised in order to compare the effect of the water jacket on the
temperature rise of the prototype before and after optimisation. Finally, all studies are combined to
provide reference recommendations for the design of the prototype cooling structure.

2. Research on the Design of a Cooling System for Pure Electric Buses Incorporating
Computational Fluid Dynamics

2.1. Viscosity of the Fluid

Viscosity is the property of a fluid to resist the shear forces acting on it. There are two ways of
expressing viscosity: the kinetic (absolute) viscosity p and the kinematic viscosity v, which are
related as follows [5-6].
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p 1)

Where: # - dynamic viscosity coefficient in Pa-s;V - kinematic viscosity coefficient in m2/s; ¥
- fluid density in kg/m3.

The force generated by viscosity is internal friction, also known as viscous drag. Newton's law of
internal friction defines the expression for the tangential stress between two layers of fluid as

_ %
ay (2)
du
Where: 7 - shear stress in N; dy . velocity gradient in 1/s perpendicular to the contact surface

of the two fluid layers.
2.2. The Solution Process of the CFD

The CFD solving process generally consists of three main parts: pre-processing, solving and
post-processing, of which the STAR-CCM+ solving process can be represented by the following
flow chart [7-8]. As shown in figure 1.
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Figure 1. Solving the flow chart

30



Kinetic Mechanical Engineering

2.3. Heat Transfer within the Controller

The heat during the operation of the motor controller is mainly generated by the high-power
power electronics, and the heat of the subject of this paper mainly originates from the IGBT. for the
purpose of heat dissipation in engineering, the high-power power electronics are generally installed
directly on the heat sink, and the heat is transferred from the substrate and the heat-conducting
silicone grease to the heat sink and then taken away by the cooling medium. the influence of
radiation on heat dissipation in this process can be ignored, and thus the main heat dissipation
methods are Heat conduction and thermal convection [9-10].

The heat transfer process consists of two main parts: one in which heat is transferred from a
higher temperature part to a lower temperature part within the same component, and the other in
which heat is transferred from a higher temperature part to a lower temperature part between the
contact surfaces of different components. The convective heat exchange process also consists of
two parts: one part is the heat exchange process between the radiator and the cooling medium; the
other part is the natural convective heat exchange between the housing and the outside air. If the
cooling method is forced water cooling, the forced convection heat transfer effect of the water is
much stronger than the natural convection effect of the air outside the housing, so most of the heat
generated by the chip inside the IGBT will be carried away by the convection heat exchange of the
cooling medium after it has been transferred to the heat sink by heat conduction [11-12].

3. Research and Design Experiments on the Design of Cooling Systems for Pure Electric Buses
Incorporating Computational Fluid Dynamics

3.1. Principle of the Experimental System

The motor-to-trailer test stand is used to test the performance of the drive motor and its
controller. The test stand is equipped with measuring instruments and equipment such as vibration
analysers, noise analysers and power analysers to analyse the temperature, vibration, voltage and
efficiency of the motor and controller. The system consists of seven subsystems: the main circuit
system, the system under test, the accompanying test system, the control system, the test system, the
cooling system and the auxiliary system. The accompanying test system, also known as the
dynamometer system, is an important part of the motor to tractor test rig [13-14]. It is used to
simulate the resistance and inertial load of the vehicle during the driving process after the motor has
been loaded, and to determine the performance of the system under test. The motor under test and
the accompanying motor are connected via specific half-shaft adapters to form a motor-to-drag
system with a torque flange mounted on the shaft and equipped with a speed-torque detection unit
for real-time detection and feedback of speed and torque signals. The rectifier, the motor controller
and the motor and the accompanying motor controller and the accompanying motor are electrically
connected to each other. The signal acquisition and control during the test is carried out via the host
computer and CAN communication. The platform is equipped with a test switching power supply to
power the system under test and the accompanying system, and to recover the electrical energy
generated during the operation of the motor [15-16]. The cooling system consists of an industrial
thermostatic cooler, which provides a circulating coolant of a certain temperature and flow rate for
the motor controller, the motor under test, the accompanying motor controller and the
accompanying motor during the experiment. The dynamometer used in this experiment is an AC
power dynamometer, which consists of a load mechanism, a test mechanism, a control mechanism,
an operation and safety mechanism, a simulation mechanism and related accessories.
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3.2. Experimental Procedure

The experiment was carried out according to the following steps.

(1) Testing of the insulation impedance of the motor and controller to ensure that the motor can
complete the experiment successfully.

(2) Complete the installation and construction of the motor and controller and the test stand: all
mechanical parts should be installed and fixed tightly, firmly and without looseness, to ensure that
the prototype and instruments are placed smoothly and neatly, and the two sets of motors need to
ensure sufficient concentricity; the connection of high-voltage cables and low-voltage harnesses
should be tight and without looseness, and the connection should be well insulated, and the wiring
should be checked for correct connection after completion; the connection of water pipes should be
tight and without looseness, and the wiring should be checked for correct connection after
completion. The connection of water pipes should be tight and free from looseness, and the wiring
should be checked for correct line connection after completion, and the water should be run for a
test run to check for leaks [17-18].

(3) Turn on the cooling circulation equipment (industrial thermostat cooler), set the flow rate and
temperature according to the test requirements and make sure there are no leakage points in the
whole water circuit. Set the initial coolant temperature to 60 <C and the coolant flow rate to 15L/min
to ensure consistency with the actual working conditions.

(4) Turn on the voltage supply and confirm that the low voltage current is normal when the
controller is not driven.

(5) Open the upper computer of the pair of towers, select the corresponding device type, baud
rate and CAN channel, check whether the motor information fed back in the motor information area
is normal, then start the high-voltage DC power supply, set the voltage to the voltage required for
the test, and observe whether the voltage value collected by the controller is normal through the
upper computer. After the high voltage power-up is complete, select the test voltage condition to be
performed, measure the temperature near the IGBT heat source using the thermistor measurement
points on the controller itself, measure and record the data.

(6) After the test is started, observe whether the towing system operates normally, whether the
motor feedback information is normal, whether any faults are reported, whether the data is saved
normally, and monitor normal operation for at least 30 minutes.

(7) When the operation is completed and stopped, click the stop operation confirmation button,
and when the torque and speed have completely stopped, turn off the low voltage power supply,
turn off the high voltage DC power supply, turn off the upper computer and turn off the cooling
circulation equipment.

(8) Complete the experiment and organize the laboratory equipment.

4. Experimental Analysis of the Design of a Pure Electric Bus Cooling System Incorporating
Computational Fluid Dynamics

4.1. Data Analysis

The electric drive system under test was operated at rated power and peak speed conditions, and
some data on the temperature of the controller IGBT module was recorded as a function of time,
with the temperature of the motor and controller rising and reaching equilibrium during bench
operation. The motor and controller temperatures are plotted against running time as shown in
Figures 2 and 3.
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Figure 2. Motor temperature change diagram
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Figure 3. Temperature change map of the controller
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As can be seen from the graph, the temperature rise of the motor rises continuously to 161<C
during operation and the controller temperature soon stabilises at around 71<C.

4.2. Comparison of Results and Error Analysis

The temperature measured by the sensor in the test is located near the chip, the temperature
measured is not the temperature of the chip itself, according to experience can be increased by 10 C
for the chip temperature, then the test measured temperature is 81 “C. In the simulation process, the
temperature value near the temperature sensor measurement point is taken, which is similar to the
temperature measured under the actual test. By comparing the experimental results of the
temperature rise with the simulation results, it can be seen that the simulation values are higher than
the actual measured values. The experimental data is shown in Table 1.

Table 1. Comparison of theory, simulation and experiment

Chip temperature Chip temperature NTC temperature NTC temperature
error rate error rate
Verify the 81 0 71 0
measured data
theoretical 85.6 5.7 75.1 5.9
arithmetic
numerical 85 4.9 73 2.8
simulation
Verify the measured data B theoretical arithmetic B numerical simulation
20
80
a &0
5
E 50
£ 4
: Chip temperature NTC temperature
Modular

Figure 4. Comparison of errors between simulation and calculation and measured temperature
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Figure 4 shows that the theoretical calculated chip temperature is 4.6<C higher than the
experimental value with an error of 5.7%, and the simulated temperature of 85<C is 4<C higher than
the experimental value with an error of 4.9%, so the theoretical and simulated results of thermal
resistance can be considered reliable.

The error is absolutely present and will not be eliminated, so we need to analyse the error of the
experiment. The simulation values are higher than the experimental values and the errors arise from
both experimental and simulation errors.

(1) The error in the experimental process mainly stems from the systematic error of the
experimental equipment, some control errors in the process and the environment.

1) Systematic errors in experimental equipment mainly arise from measurement errors, such as
errors in the accuracy of thermistor measurements and rounding errors in computers.

2) The speed of operation during the process and the control of the industrial thermostatic
cooling system in ensuring constant temperature and flow rate may cause the actual value to
fluctuate back and forth around the expected setting value, affecting the experimental results.

3) In addition, the ambient temperature of the outside world can also have an impact on the
experiment.

(2) The errors in the accuracy of the simulation results are mainly due to the errors in the
calculation of the heat loss of the module, the errors in the calculation of the equivalent thermal
conductivity and the equivalent physical properties of the DBC plate when it is simplified, and the
errors caused by the quality of the mesh division in the software during the calculation process.

1) Loss calculation errors: Since it is difficult to calculate the losses of IGBTS in actual operating
conditions accurately, there are undoubtedly errors in the resulting heat loss power.

2) Simplification and equivalence errors: Due to the many layers of DBC plate structure and
complex materials, in order to save calculation time and make the simulation go smoothly, the
corresponding simplification and equivalence of DBC may be different from the actual situation,
resulting in errors in the calculation results.

3) Software accuracy errors: When the finite element software is used for simulation calculations,
the mesh quality varies due to different mesh settings, as well as the choice of convergence settings
and calculation methods can bring about differences in calculation results.

5. Conclusion

This paper focuses on the temperature field problem of a high-power motor controller for a pure
electric bus, and the cooling system design by investigating the heat source, thermal field and heat
dissipation structure. On top of this, the temperature and fluid fields are studied visually and
visually using professional CFD software, and the accuracy of the theory and simulation is verified
through experiments. The main work and conclusions of this paper are summarised as follows: (1)
Review the relevant literature on the current state of research in controller cooling systems at home
and abroad, study and briefly introduce the ways of heat transfer and the control equations of
computational fluid dynamics, so as to lay a good foundation for the successful completion of the
thesis. (2) To analyze the heat transfer mode of the controller cooling system, establish a thermal
resistance model, and use experiments to determine the magnitude of the thermal resistance value,
so as to facilitate rapid estimation of the operating temperature of the IGBT chip and save a lot of
test and labor costs. (3) Selecting the cooling scheme and system arrangement based on losses, and
studying the effects of materials, cooling media and different water channel structures and rib
structures on the heat dissipation effect. The optimisation of the radiator size selection is completed
by orthogonal tests to reduce the motor controller operating temperature, improve the controller
operating performance and ensure efficient, stable and reliable operation of the controller. (4) The
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design of the heat sink system for the IGBT high power module is based on CAD/CAE software.
The controller and the main components of its cooling system are modelled using the 3D software
Pro/E, and the simulation of the fluid and temperature fields is completed using the professional
CFD software STAR-CCM+ to ensure the rationality of the design. (5) Conduct a motor-to-motor
test to test the temperature rise of the motor controller during actual operation to verify the accuracy
and reliability of the simulation calculations.
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