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Abstract: New energy vehicles have better clean and environmental protection characteristics than traditional fuel vehicles. The new energy engine cooling technology is critical in the design of new energy vehicles. This paper used one-and three-way joint simulation methods to simulate the refrigeration system of new energy vehicles. Firstly, a k-ε turbulent flow model for the cooling pump flow field is established based on the principle of computational fluid dynamics. Then, the CFD commercial fluid analysis software FLUENT is used to simulate the flow field of the cooling pump under different inlet flow conditions. This paper proposes an optimization scheme for new energy vehicle engines’ “boiling” phenomenon under high temperatures and long-time climbing conditions. The simulation results show that changing the radiator’s structure and adjusting the thermostat’s parameters can solve the problem of a “boiling pot.” The optimized new energy vehicle engine can maintain a better operating temperature range. The algorithm model can reference each cryogenic system component hardware selection and control strategy in the new energy vehicle’s engine.
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1  Introduction

New energy vehicles have developed rapidly due to their safety, convenience, high efficiency, and environmental protection. Although there are essential differences between modern and traditional vehicles in power, the fundamental nature of new vehicles is still derived from the upgrading and transformation of conventional cars. The high-speed rotation of the motor and air-conditioning condensers are still the two significant cooling needs of new energy vehicles. In addition, the cooling part of the battery is also increased, so the new energy vehicle contains four discrete, independent cooling systems: power supply, motor, electric control, and air conditioning. The four parts are separate and do not interfere with each other. This brings many consumables, occupies space, causes energy consumption, and causes other problems. Limited by the current technology, the battery life, driving capacity, and vehicle performance of new energy vehicles must be improved by various means. Theoretically, the four cooling systems also have the optimization potential of saving material, energy, and space. Vehicle coordination, system integration, and humanized experience will be the future development direction of new energy vehicles.

Due to the limited space inside the new energy vehicle, the heat generated in the battery work accumulates. In this way, the temperature will be uneven, affecting the consistency of battery cells and reducing the efficiency of the battery charging and discharging cycle. In severe cases, it will also lead to thermal runaway, affecting the system’s safety and reliability. The battery’s charging performance and discharge power will be significantly reduced. Charge and discharge work cannot be carried out generally in severe cases. New energy vehicles must manage thermal engines and control the engine temperature within a reasonable range. At present, most thermal management systems are open-loop control. There is no pressure, flow, or temperature sensor to provide real-time feedback on specific working conditions. This method cannot effectively manage the system according to the actual working state of real-time control. The heat generated by the driving motor and controller in operating new energy vehicles has not been fully utilized. This causes energy waste and is not conducive to energy conservation and environmental protection.

The thermal management of new energy vehicle motors and its driver has been studied at home and abroad. Akal et al. [1] described the non-cooling mode of the motor. At the same time, how to choose the appropriate cooling mode and analysis method for different engines are described. Čekerevac et al. [2] described the composition and importance of thermal management for electric vehicles. Tongji University and the Technology Center of Shanghai Automotive Group Co., Ltd. (China), cooperated to study the cooling module of a pure electric car from the perspective of conceptual design. Through single-unit tests and one-dimensional simulations, it is quantitatively confirmed whether the cooling system can meet the requirements of the power drive unit for cooling temperatures below 65°C. Alshwawra et al. [3] quantitatively ensured whether the coolant flow rate met the needs of the power drive unit. Wang et al. [4] proposed the “motor and motor driver integration system” concept. The purpose is to improve the cooling effect of the motor and driver cooling system. Paula et al. [5] designed the cooling system of electric vehicles and proposed the control strategy of the optimal cooling temperature of the motor. Abdalla Elian et al. [6] used Fluent software to simulate a tank power compartment’s flow field and temperature field and analyzed the temperature distribution in a particular tank power compartment. Walter [7] also used Fluent to numerically simulate and analyze the airflow field in the engine compartment under different fan flow rates. He studied the influence of the position of the air inlet and the presence or absence of partitions on the temperature field inside the engine compartment. Falbo et al. [8] introduced a different cooling method for electric motors. At the same time, how to choose the appropriate cooling and analysis methods for different motors is described. Sharma et al. [9] explained the composition and importance of electric vehicle thermal management. For the same model, Guo et al. [10] first used CFD (computational fluid dynamics) to obtain the pressure loss curves of the power cabin under nine working conditions. Then they used KULI software to obtain the pressure loss curves of the power cabin under nine working conditions. Torregrosa et al. [11] used the wind tunnel to simulate the actual use of the car. The test was carried out at three different thermal function points, and each thermal function point was characterized by four quantities: wheel speed, wind speed, transmission ratio, and engine speed. Yildiz et al. [12] used thermocouples to measure the wall temperature of the outer surface of the engine, the wall temperature of the components’ outer surface, and the air temperature. A heat flow meter is used for heat flow measurements on small curved surfaces. Stanivuk et al. [13] proposed a method to predict the maximum temperature and time constant inside different power cabins. Hoang et al. [14] quantitatively confirmed whether the cooling system could meet the requirements of the power drive unit for the cooling temperature to be lower than 65°C through unit tests and one-dimensional simulation. Quantitatively confirm whether the coolant flow rate meets the requirements of the power drive unit. To improve the cooling effect of the motor and driver cooling system, Shinde et al. [15] proposed the concept of a “motor and motor driver integrated system”.

The series cooling circuit is designed according to the temperature characteristics of the engine and controller, and the simulation model is built in AMESim. The optimal cooling temperature of the cooling system is found according to the minimum total power standard, and the optimal cooling temperature control is developed. Compared with the brake pump’s fixed displacement control, the former’s system efficiency is significantly improved.

For the research on the cooling system of pure electric vehicle motors and drive, this paper will carry out the following work: (1) Build a radiator performance test bench and study the heat dissipation performance of the radiator. (2) Establish a three-dimensional calculation model of the new energy vehicle power cabin and conduct a three-dimensional numerical analysis of the airflow and temperature fields. (3) Establish a one-dimensional calculation model of the motor and drive cooling system to analyze the cooling capacity of the cooling system. The CFD commercial fluid analysis software FLUENT was used to simulate the flow field of the cooling water pump under different inlet flow conditions. (4) This paper proposes an optimization scheme for the “boiling” new energy vehicle engines under high temperatures and long-term climbing conditions.

2  Thermal Cycle Mode of New Energy Vehicle Engine

This paper adopts an ideal simplified model based on the adiabatic model. This paper proposes the following assumptions: 1) The new energy vehicle engine is a stable cycle. 2) The working medium is an ideal gas with no leakage and constant total mass. 3) The engine operates at a fixed frequency. 4) Both the compression chamber and the expansion chamber are insulated. 5) The instantaneous pressure in the compression and expansion chamber is the same. 6) The temperature of the working liquid of the heating device and cooling devices’ working liquid is constant. 7) Assume that the temperature of the heater and cooler is linear. The operating temperature of the regenerator is this. Fig. 1 shows a schematic diagram of the five construction connections for the entire engine.
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Figure 1: Structure diagram of five components of the engine of a new energy vehicle

The size values of the engine parts (piston and piston rod) of the new energy vehicle engine are replaced by dimensionless numbers (Eq. (1)).

δ=Y2X2(1)

In the formula, δ represents the stroke ratio of the cylinder diameter. Y is the diameter of the cylinder. X represents the diameter of the crankshaft. The volume V1 of the engine expansion chamber is shown in Eq. (2):

V1=π4⋅Y2S1=πδ2X3[−(1λ−1)−ε−sin⁡ϕ+cos⁡βλ](2)

λ indicates the relative length of the connector. ϕ indicates the handle Angle. ε represents the diamond mechanism of relative eccentricity. S1 represents the stroke of the cylinder. The ratio of the diameter Y2 of the piston rod to the stroke S2 is shown in Eq. (3):

δ2=Y22X2(3)

The volume V2 of the engine compression chamber is shown in Eq. (4):

V2=π4⋅(Y2−Y22)S1=2π(δ2−δ22)X3[1λ−1−ε1λ−cos⁡ϕ−ε](4)

The total volume V of the circulatory system is shown in Eq. (5):

V=V1+V2+V3(5)

Eq. (6) expresses the pressure changes in the regenerator, cooler and heater due to temperature changes (Eq. (6)).

mi=pViRTi,i=1,2,3(6)

Assuming that the pressure is constant in each device of the new energy vehicle engine, the above equation becomes the related Eq. (7):

p=V1T1+V2T2+V3T3+V4T4+V5T5(7)

V1,V2,V3,V4,V5 represent the volume of cooler, regenerator, heater, compression chamber and expansion chamber. T1,T2,T3,T4,T5 is for cooler, regenerator, heater, compression chamber and expansion chamber. p is for pressure. The flow loss P1 of the regenerator is is shown in Eq. (8):

P1=2⋅Δp1⋅m1⋅F1/ρ1(8)

The resistance loss power P2 of the heater is is shown in Eq. (9):

P2=Δp2⋅m2⋅2F2/ρ2(9)

The drag loss P3 of the cooler is is shown in Eq. (10):

P3=Δp3⋅m3⋅2F3/ρ3(10)

Use the following formula to calculate the actual output power (Eq. (11)):

Pout′=P1−P2−P3−P4(11)

Equation: Δp1 represents the pressure difference of the regenerator made of stacked stainless steel sieve plates. Δp2 represent the pressure difference of the heater. Δp3 is the pressure difference of the refrigerator. ρ1,ρ2,ρ3 represent the concentration of the working substance in the regenerator, heater, cooler. F1,F2,F3 represent the proportion of working medium passing through regenerator, heater and cooler in a certain direction. m1,m2,m3 stands for mass flow through regenerator, heater, cooler. P1 stands for basic power. P2 stands for drag loss of circulating cooler. P3 represents resistance loss of heater. P4 represents the drag loss of the cooler. Pout represents the actual output power.

3  Basic Structure and Working Principle of the Refrigeration Device

The closed forced circulation water cooling system is usually used in the refrigeration system of new energy vehicle engines, and its basic structure is shown in Fig. 2. Its main components include a new energy vehicle engine body, thermostat, radiator, cooling fan, water jacket, water pump, compensation bucket, etc.
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Figure 2: Basic structure of engine cooling system for new energy vehicles

When the cooling water passes through the pump, the pressure rises and then flows into the engine jacket of the new energy vehicle through the branch pipe. The cooling water absorbs heat from the engine in the cylinder and flows through the cylinder head to the thermostat. The thermostat will flow into the refrigerator through the radiator’s core to exchange heat with the outside air. The final coolant returns to the inlet of the pump through the radiator. This completes a cooling. At the same time, the cooling fan can start and stop according to the temperature displayed by the temperature sensor. So repeatedly to ensure that the new energy vehicle engine outlet cooling water temperature in a suitable range.

4  Simulation Modeling of the Cooling System

4.1 Simulation of Engine Refrigeration System for New Energy Vehicles

Therefore, it is necessary to optimize the design of its key components. This paper has modeled the cooling system of the new energy vehicle engine. MATLAB is an engineering application software with extensive simulation functions developed by IMAGINE Company. It can realize multi-disciplinary and multi-domain modeling and simulation. In this paper, strict experiments must be carried out on each component, and corresponding parameters must be set to ensure simulation accuracy. MATLAB software includes a thermal hydraulic library, mechanical library, signal library, air conditioning library, heat library, and cooling system library. This paper uses MATLAB software to design and establish the new energy engine cooling system simulation model for the thermal-hydraulic library, signal library, cooling system library, heat library, and other components. The content includes sketches, submodules, parameters, and simulation models. Fig. 3 shows the engine body of the new energy vehicle, thermostat, radiator, cooling fan, water jacket, water pump, compensation bucket, cooling pipeline, etc.
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Figure 3: Engine cooling simulation model

4.2 Model Predictive Control Logic

The powertrain cooling system of the sample vehicle adopts the on-off threshold control logic to control the electronic water pump and the electronic fan in the two circulating waterways. The principle of the on-off threshold control logic is that when the temperature of the radiator inlet is detected to be higher than the specified threshold temperature, the electronic water pump and the electronic fan open to increase the heat transfer of the coolant. As the electronic water pump and the electronic fan start to run at maximum power, it inevitably leads to the energy consumption of electric vehicles. This study proposes Model Predictive Control (MPC) logic to optimize the powertrain cooling system controller. Fig. 4 shows the basic schematic diagram of MPC control.
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Figure 4: Mpc-based powertrain cooling system controller

The linear model, objective function, and system constraints in the dotted box in Fig. 4 are the prominent members of the MPC controller. The linear equation calculates the thermal balance of the closed-loop cold side in the dynamic cooling system. The system constraint mainly controls the opening of the electronic pump and the external fan. The objective function is the optimal control mode to keep the heating parts of the power module in the best temperature range.

4.3 Linear Calculation Model of the Heat Balance of the Cooling System

Before building the MPC-based powertrain cooling system, it is necessary to establish the thermal balance model of the cooling system. The model is shown in Eq. (12). Taking the power battery PACK cooling system as an illustration is shown in Eq. (13). The drive motor and the motor controller cooling system use the same control logic (Eqs. (12) and (13)).

CbatMbatdToutdt=Qbat−ρc×Cc×qc×(Tout−Tin)(12)

CrMrdTindt=ρc×Cc×qc×Tout−1R(Tin+Tout2−Tamb)−qf×ρamb×Camb×Δtamb(13)

Cbat,Cr and Camb are the specific heat capacities of power battery PACK, radiator and air, respectively. Mbat and Mr are the masses of power battery PACK and radiator, respectively. Tin and Tout are respectively the inlet and outlet water temperatures of power battery PACK. Qbat is the calorific value of power battery PACK. pc,pamb is the density of coolant and air, respectively. qc,qf refers to the coolant flow rate and the air inlet volume of the air side of the radiator, respectively. Δtamb is the temperature difference between inlet and outlet air on the air side of the radiator.

In the cooling system, coolant flow rate qc and radiator air intake rate qf are the two inputs of the system. The system state quantity is Tin and Tout,Qbat is the system reference quantity [16]. Let’s say at some point Tout is Tout,0. The first order Taylor is used to transform the strong coupling term qc×Tout at this time to obtain the approximate linear model of Eq. (14).

qc×Tout=q0Tk+q0(Tout−Tout,0)+Tout,0(qc−q0)(14)

Tout(k+1)=(1−ρcCcTSq0CbatMbat)Tout(k)+ρcCcTSq0CbatMbatTin(k)−Tout,0ρcCcTSq0CbatMbatqc+TSQbatCbatMbat−q0(Tout,0−Tin,0)(15)

Tin(k+1)=(ρcCcTSq0CbatMbat−TS2RCrMr)Tin(k)+(ρcCcTSTout,0CrMr)qc−(ρcCcTSq0CrMr)Tout,0+TambTsRCrMr−(ρambCambΔtambTsCrMr)(16)

Eqs. (15) and (16) are obtained by discretization using Euler’s formula. Tin is selected as the system output to obtain the discrete linear space equation of Eq. (17).

{Xm(k)=AMXm(k−1)+BMu(k−1)_Bdvy(k)=CMXm(k)(17)

Among them

AM=[1−ρcCcq0TsCbatMbatρcCcq0TsCbatMbatρcCcq0TsCrMr−Ts2RCrMr1−Ts2RCrMr],

BM=[−Te,0ρcCcq0TsCbatMbat0Te,0ρcCcTsCbatMbat−qamdCamdΔtaTsCrMr],

Bd=[TSCbatMbat−q0(Te,0−Tr,0)0TambTsRCrMr−ρcCcTe,0Tsq0CrM8],

Cbat=[0,1],u=[qcqf]T,X=[TinTout]T,V=[Qbat1]

4.4 Design of Objective Function

The purpose is to keep the power battery in the best temperature range possible to reduce the deviation between the output and target values [17]. Use the control increment as the state quantity (Eq. (18)).

Jmin=(RP−Y)T(RP−Y)+ΔUTεΔU(18)

The following formula conditions must be met to minimize the deviation between the output and target values (Eq. (19)).

dJ(k)dΔUm(k)(19)

where Rp is the reference of Tout. Y is the prediction vector. ε is the closed-loop cold side weight coefficient.

5  Simulation Calculation and Analysis

5.1 Simulation Results of Engine Inlet and Outlet Coolant Temperature and Radiator Inlet and Outlet Temperature

We should fully understand the cooling effect of the engine cooling system of new energy vehicles. In particular, it is necessary to ensure that the appropriate temperature of the outlet cooling water of the engine of the new energy vehicle is maintained under the worst working conditions. This paper mainly analyzes four different working states [18]. The contents are working state 1, working state 2, working state 3, and working state 3. Working state 4 is the maximum power condition. The parameter Settings of each simulation condition are shown in Table 1. Working condition 1 is the general working condition. Condition 2 is the maximum torque condition. Working condition 3 is high temperature and longtime climbing condition. Working condition 4 is the top power working condition. The ambient pressure under the four working conditions is 1.013 bar. The simulation time is 600 s. This integrator type selects the standard integrator [19]. The communication interval is 0.1 s. The engine operating parameters are expressed as follows: the clearance volume of the expansion chamber is 30.52 cm3. The clearance volume of the compression cavity is 28.68 cm3. The scavenging volume of the expansion chamber is 120.82 cm3. The scavenging volume of the compression chamber is 114.13 cm3. The mechanical efficiency was 0.90. The average pressure is 4.13 MPa. The cooling temperature is288 K. The temperature of the heat source is 977 K. The operating frequency is 41.72 Hz [20].
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The simulation results use the output coolant temperature at the inlet and outlet of the new energy vehicle engine and the temperature at the inlet and outlet of the radiator as the basis for evaluating the performance of the engine cooling system of the new energy vehicle. The content of working conditions is shown in Figs. 5 and 6. Fig. 5 shows the temperature change of the cooling liquid in operatingstate 1. Fig. 6 shows the temperature distribution program of the radiator section. Most of the cooling air passes through the heat exchanger belt of the radiator. The high-temperature air movesto the engine compartment’s rear under the cooling fan’s high-speed suction. Due to the small space in the windshield, hot air builds up heat buildup at the outer ends of the cooling fan’s blades [21]. In the area between the lower air intake grille and the windward side of the radiator, the air temperature is equal to the ambient temperature. The fresh charge entering from the lower air intake grill passes directly through the radiator’s heat transfer belt. This part of the air does not absorb other heat before reaching the radiator. No high-temperature air returns to this area. Hence, the air temperature equals the ambient temperature.
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Figure 5: Temperature variation of cooling liquid in working state 1
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Figure 6: The temperature distribution cloud diagram of the radiator section under working state 1

The cooling liquid’s temperature change and the radiator’s cross-sectional velocity vector in working state two are shown in Figs. 7 and 8. When the cooling water temperature at the outlet of the new energy vehicle engine reaches 107 degrees Celsius. The new energy vehicle engine will “boil.” Because it cannot meet the cooling system’s needs, we must adjust the parameters of each part. The radiator continuously radiates heat to this part of the air, so the temperature is the highest. The air temperature at the upper air intake grille is equivalent to the ambient temperature because the cooling air entering this part is not hindered during the movement process, and the air entering is relatively large. Hence, the nearby air temperature is equivalent to the ambient temperature. The air temperature at the lower air intake grill is comparable to the ambient temperature because the radiator does not heat this part of the air, and no high-temperature air is returning to this area. The air temperature distribution at the rear of the power cabin is also related to the airflow [22].
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Figure 7: Temperature variation of cooling liquid in operating state 2
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Figure 8: The temperature distribution cloud diagram of the radiator section under working state 2

The temperature change of the cooling liquid and the cross-sectional velocity vector of the radiator in working state three are shown in Figs. 9 and 10. The temperature of the cooling water at the engine outlet of the new energy vehicle will reach a stable value. This shows that the cooling system can generally work under the above conditions. The temperature of the coolant at the outlet of the new energy vehicle engine is kept within the optimum operating temperature range of the new engine. The radiator continuously radiates heat to this part of the air, so the temperature of this part of the air is the highest. The air temperature between the upper and lower air intake grills is slightly higher than the ambient temperature. The air temperature between the lower grille and the bumper is also slightly higher than the ambient temperature due to the backflow in these two areas. Some of the air above the ambient temperature returns to this area.
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Figure 9: Temperature variation of cooling liquid in operating state 3
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Figure 10: The temperature distribution cloud diagram of the radiator section under working state 3

The temperature change of the cooling liquid and the cross-sectional velocity vector of the radiator in working state four are shown in Figs. 11 and 12. The cooling water temperature at the engine outlet of the new energy vehicle will continue to increase with time. In contrast, the radiator outlet temperature will remain at a fixed value. At this time, the thermostat is closed. The thermostat only does a cycle, and the radiator does not work. At about 67 s, the temperature of the cooling water at the engine outlet of the new energy vehicle reached the highest. At this time, the thermostat opens, and the radiator starts to work. The action of the water pump causes the cooling water stored in the radiator to flow into the engine. This leads to a reduction in the temperature of the cooling system of the new energy vehicle engine. After several iterations of the thermostat, a stable value is finally reached. The paraffin core in the thermostat and the cooling water has a low heat transfer coefficient. This increases the temperature of the paraffin core at a slower rate than the cooling medium. The air temperature near the radiator is relatively high, and the air temperature is relatively low in places far away from the radiator and with a small flow velocity. This is because the radiator is the only heat source in the power cabin, and the air flowing through this part will be heated due to the heat generated by the radiator.
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Figure 11: Temperature change of coolant in operating condition 4
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Figure 12: The temperature distribution cloud diagram of the radiator section under working state 4

The temperature of the cooling water at the engine outlet of the new energy vehicle is the highest in vehicle operating state 3 (Table 2). Because the speed of the new energy vehicle engine is high, it generates a lot of heat energy. Because the vehicle’s speed is prolonged, and the air intake is minimal, there is very little heat exchange between the radiator and the air. In addition, due to the relatively high outdoor temperature, there is less heat exchange with the outside world. At this time, the heat of the new energy vehicle engine cannot be cooled in time, causing the heat of the new engine to accumulate on the surface of the engine. At this time, the temperature of the cooling water of the new energy vehicle engine is the highest. The results show that the exhaust gas cooling temperature of the new energy vehicle engine is higher than 11°C in the operating state 3. This shows that the change in ambient temperature will significantly impact the exhaust temperature of the new energy vehicle engine. In the four cases, the engine speed of the new energy vehicle is the highest, and the heat is the most. The greater the air intake of the radiator, the greater the heat exchange with the air and the greater its value. The new energy vehicle engine can be kept in a suitable temperature range.

[image: images]

The temperature of the engine outlet coolant is the highest when the vehicle is running under condition 3. Compared with working condition 2, the engine outlet coolant temperature in working condition 3 is 11°C higher. However, in working condition 4, although the number of revolutions of the engine is the largest and the heat generated is the most, the engine’s speed is also the largest, and the air intake of the radiator is relatively large. The heat exchange with the air in the radiator becomes more extensive, and its value is greater than the heat generated due to the high number of revolutions. Therefore, the engine can be maintained within a reasonable temperature range. This paper proposes a scheme to improve the cooling effect of the cooling system. That is to say, it is a solution to increase the width of the heat dissipation core of the radiator. The width of the original cooling core is 547 cm. At this time, this paper tentatively increases the width by 14 cm. This value is that of reference [2]. At this time, reduce the opening temperature of the thermostat and set it to 82°C, and set the temperature to 93°C when fully open. This value is also the data of reference [2]. This enables the thermostat to meet the cooling effect requirements of the engine cooling system. In this paper, the engine cooling system of new energy vehicles is optimized, and the simulation results are obtained.

It can be seen from Fig. 13 that the temperature of the cooling water at the inlet and outlet of the new energy vehicle engine and the cooling water at the outlet of the radiator reached a stable value within about 250 s of operating time after the parameters were optimized. During the high temperature and long-term climbing process, the temperature of the cooling water at the engine outlet of the new energy vehicle reached 103°C. Even in the other three working states, the engine cooling system of the new energy vehicle can still be cooled well. The established model agrees with the engineering practice. It has a particular guiding significance for future optimization design research.

[image: images]

Figure 13: Variation of optimal process parameters under working condition 3

5.2 Numerical Simulation of Refrigeration System

5.2.1 Temperature Comparative Analysis

Fig. 14 shows the temperature comparison diagram of the power battery PACK and the electronically controlled cooling system of the motor under MPC-based and switch-type control.
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Figure 14: Comparison of temperature between power battery PACK and motor electronically controlled cooling system under MPC and switch control

It can be seen from Fig. 14 that, under MPC’s control, the battery PACK and the electric motor cooling system reach the desired temperature in 1199 s. Under the control of the switching threshold, the battery PACK and the motor electronic control cooling system reached the expected value in 1469 s. Under the control of MPC, the power battery’s temperature and the electric motor’s electronic control will approach the desired temperature more quickly than under the control of the switching threshold. Table 3 is the statistical percentage of the time when the power battery PACK temperature and the motor’s electronic control exceed the expected value. The time ratios of the MPC-based power battery PACK and motor electronic control cooling system exceeding the expected value are 29.84% and 15.96%, respectively, under the entire cycle conditions (Table 3). The power battery PACK and electronic motor control based on switch control, the time ratios of the cooling system exceeding the expected value are 34.05% and 18.73%, respectively. By comparison, it is found that the powertrain cooling system based on MPC control has a more vital ability to control the temperature and can better meet the design requirements.
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5.2.2 Analysis and Comparison of Energy Consumption

The energy consumption of the cooling system is shown in Fig. 15. It can be seen from Fig. 15 that before the cooling system reaches the expected temperature, the consumption curve of the entire cooling system based on switch control has a faster upward curvature than the energy consumption curve of the entire cooling system under MPC control. When the desired temperature is reached, the energy consumption curve of the cooling system under MPC control is slightly flatter than that of the cooling system under switch control. In the whole cycle condition, the cooling system’s energy consumption based on MPC control is 1.82 kW, while the cooling system’s energy consumption based on switch control is 4.01 kW. Using MPC control saves 54.61% compared to switching controlled cooling systems.

[image: images]

Figure 15: Cooling system energy consumption diagram

6  Conclusion

This paper uses MATLAB software to simulate the engine cooling system of new energy vehicles under four working conditions. The study found that the new energy vehicle engine will “boil” during the high temperature and long climbing process. The system can maintain an ideal working temperature in the other three cases. This method can keep the optimized solution in the best working temperature range by selecting a low-performance radiator and a low-performance cooling fan. The “boiling” phenomenon can be solved by changing the radiator’s structure and adjusting the thermostat’s parameters. The calculation of KULI shows that the heat dissipation capacity of the original radiator has a margin of 30%. The heat dissipation capacity of the original cooling fan has a margin of 60%. This provides a direction for the OEM to improve the cooling system. The research in this paper is helpful to the rational design of the cooling system.
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Table 3: Time ratio of heat-generating parts exceeding expected value

Name MPC control switch control

Battery pack 29.84 34.05
Electric motor control 15.96 18.73
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Table 1: Working state parameters

Operating condition number 1 2 3 4
Ambient temperature/°C 20 20 39 20
Ambient pressure/bar 1.013 1.013 1.013 1.013
Speed/(km/h) 45 20 20 100
Speed/(r/min) 2500 3500 3500 6000
Slope/Y% 0 7 7 0
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Table 2: Temperature comparison under four operating conditions

Operating condition number 1 2 3 4

Engine inlet cooling water temperature/°C 92.07 100.87 116.27 91.08
Engine exhaust cooling water temperature/°C 96.69 10593 118.03 96.91
Heat sink inlet coolant temperature/°C 96.69 10593 118.03 96.91
Heat sink outlet coolant temperature/°C 78.1 92.62 110.11 75.02
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