
Scholar Publishing Group 

Kinetic Mechanical Engineering 

https://doi.org/10.38007/KME.2020.010204 

ISSN 2790-2676 Vol. 1, Issue 2: 27-35 

 
 

 

Copyright: © 2020 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited 
(https://creativecommons.org/licenses/by/4.0/). 

 
27 

Improvement of Diesel Engine Cooling System Based on 

Deep Learning Algorithm 

Marquez Julius
*
 

Karlsruhe Inst Technol, Inst Appl Mat, Kaiserstr 12, D-76131 Karlsruhe, Germany 

*
corresponding author 

Keywords: Deep Learning, Diesel Engine, Cooling System, Improvement Plan 

Abstract: The core idea of deep learning is to process input vectors and take their outputs 

as training samples, and then use classifiers to predict and modify these input features. 

When improving the existing diesel engine cooling system, we can use deep learning to 

solve the problem. Therefore, the purpose of this paper is to improve the design of diesel 

engine cooling system and improve the working efficiency. In this paper, the experimental 

method and comparison method are mainly used to build a diesel engine test bench. By 

setting the inlet water temperature of the diesel engine, the variation rules and influencing 

factors of the cooling water temperature and flow rate under three temperatures are 

analyzed. The experimental results show that when the inlet water temperature of the diesel 

engine is 90 ℃, the cooling water flow always takes the first place, which indicates that the 

diesel engine has good performance under this condition. 

1. Introduction 

With the development of industry, the performance of diesel engine has been continuously 

improved and higher and more stringent requirements have been put forward for the cooling system. 

Traditional methods are not accurate enough to adapt to the complex and changeable environment, 

so this paper starts to study the deep learning in the diesel engine cooling system and proposes an 

improved algorithm to improve the heat dissipation efficiency. The improvement of diesel engine 

cooling system is of great significance in improving diesel engine operation performance, reducing 

emissions, extending life cycle and optimizing energy consumption. 

There are many theoretical researches on deep learning algorithm, and there are also many 

design and improvement of diesel engine cooling system. For example, some scholars have 

proposed a new method to diagnose the faults of the cooling system of the ship's main diesel engine 

by using an improved BP neural network [1-2]. Some scholars also believe that deep confidence 

networks (DBNs) are increasingly used in the engineering field [3-4]. Some scholars also said that 

the insufficient heat dissipation capacity of the water radiator and the small cooling water flow were 
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the main reasons for the high heat load of the heavy diesel engine [5-6]. Therefore, the deep 

learning algorithm can play a great role in the diesel engine cooling system, and its improvement is 

also worth further exploring. 

In this paper, the cooling system of diesel engine is first studied, and its principle and 

composition are described. Secondly, the deep network improvement of deep learning is studied in 

depth, and the way of improvement is proposed. Then the three-dimensional computational fluid 

dynamics calculation of cooling water jacket is described. After that, the diesel engine cooling 

system was designed, and relevant experiments were carried out by building an experimental 

platform. Finally, through the analysis of experimental data, relevant conclusions are drawn. 

2. Improvement of Diesel Engine Cooling System Based on Deep Learning Algorithm 

2.1. Diesel Engine Cooling System 

Generally, there are two types of cooling water systems for locomotive diesel engines: open type 

and closed type. Both systems have their own advantages and disadvantages in practical application. 

The open cooling system has the advantages of simple pipeline and equipment structure, convenient 

maintenance at ordinary times, low configuration costs, etc., but the cooling water in the open 

system will evaporate and needs to be constantly replenished. Because of its high cooling water 

temperature, the closed cooling reduces the temperature difference with the cooled parts, and the 

diesel engine has good economy. In addition, when the cooling water dissipates heat, the 

temperature difference between it and the air is large. When the heat dissipation is the same, the 

radiator area of the closed system is smaller than that of the open system, occupying less space. The 

cooling water used for diesel engines is required not only to have anti scaling and anti-corrosion 

properties, but also to have low toxicity or non-toxic additives, scale prevention, corrosion 

inhibition, no heat transfer hindrance and other properties [7-8]. 

The cooling water system shall meet the requirements for performance development test, 

mechanical development test, certification test and routine test of diesel engine. The design, 

function and performance of the cooling water system shall meet the technical requirements for 

diesel engine test. 

The water jacket structure inside the diesel engine cylinder liner is relatively simple, while the 

cylinder head water jacket is more complex. Because the heat load of different areas is different 

when the diesel engine is running normally, it is unnecessary to reach a high flow rate in all areas, 

which will result in greater temperature difference and greater thermal stress. Therefore, different 

flow rates should be designed for different areas, such as areas with high heat load. Due to the 

complex internal structure, the coolant flow mode is also complex, mainly including longitudinal, 

transverse, mixed flow, etc. The coolant is divided into two parts at the water outlet of the water 

pump and flows to the cylinder liner and cylinder head respectively. This allows better cooling of 

the cylinder head and reduces the time that the coolant circulates inside the water jacket. In addition, 

when the engine is started, the coolant can be controlled to circulate in the water jacket, which can 

shorten the warm-up time [9-10]. 

2.2. Deep Network Improvement 

Convolution neural network is the basis of many network frameworks for deep learning, so 

convolution is also one of the most important concepts in the field of deep learning. The 

convolution layer of deep learning is not equivalent to simple convolution calculation. Due to the 
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complexity of diesel engine cooling system, a large number of empirical formulas and estimated 

values need to be used in the design and calculation of intercooler and fresh water cooler, resulting 

in certain errors in the calculation results. Therefore, it is necessary to use existing technologies to 

improve computing power. With the in-depth learning training, the convolution kernel will extract 

more useful information from the image or feature map through autonomous adjustment, which is 

called feature learning [11-12]. 

The process of convolution calculation is a process of constantly extracting the edge information 

of samples, and also a process of continuously abstracting and expressing the features of samples. 

From the perspective of physical meaning, convolution computation is also a feature representation 

learning. With the increase of the depth of convolution layer, the edge information of samples is 

expressed more clearly layer by layer. From this analysis, it can be seen that the feature expression 

learning and convolution algorithm of clustering algorithm are the extraction of sample edge 

information. In the process of deep learning network optimization, loss function E (x) plays an 

important role. The goal of deep network training is to maximize (or minimize) E (x) through 

effective training mode. The accuracy of training mainly includes the design of E (x) and 

initialization of internal parameters of the model [13-14]. The function of gradient descent is to find 

the minimum value, control the variance, update the model parameters, and finally make the model 

converge: 
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Among them, 9/10 is set by 1  and 99/100 is set by 2 . Its convergence speed is faster and the 

learning effect is more effective. 

The results obtained by clustering algorithm can assist depth learning in algorithm optimization. 

By learning the feature expression of clustering algorithm, we can get the convolution parameter 

setting of convolution neural network and the feature expression of clustering algorithm. By 

combining the feature expression of clustering algorithm with the convolution result, the starting 

point of random optimization can be closer to the local optimal solution in the process of deep 

network training [15-16]. 

2.3. Three Dimensional Computational Fluid Dynamics Calculation of Cooling Water Jacket 

In the three-dimensional simulation analysis of the engine cooling water chamber, it is 

considered that the cooling water is an incompressible continuous medium. When solving, the flow 

and heat transfer are governed by the three conservation laws of physics. The flow uniformity of the 

cooling water chamber of the diesel engine has an important impact on the working uniformity of 

each cylinder of the diesel engine. Therefore, it is very necessary to improve the flow uniformity of 

the body water chamber, improve the cooling effect of the cylinder liner, and make its heat transfer 

uniform [17-18]. 
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The cooling water jacket model is extracted from the three-dimensional engine model by 

Hypermesh software. As 3D CFD calculation focuses on the heat dissipation capacity of engine 

cooling water jacket, the cooling water jacket model used for calculation does not include radiator 

and water pump. 

The fluid solid coupling method has great advantages for this problem of solid fluid interaction. 

In addition to calculating the two as a whole, it can also directly map the temperature boundary of 

the fluid part to the solid domain as the boundary condition of the solid part. This method is more 

consistent with the actual situation and more accurate for the changing boundary. This method can 

more accurately simulate the temperature field inside the solid and is more reasonable. Single 

cylinder water jacket mainly includes three parts: cylinder jacket water jacket, fire shore water 

jacket and cylinder head water jacket. The single cylinder water jacket is meshed by ICEM. Before 

establishing the fluid structure coupling model of single cylinder, each part shall be simplified 

appropriately. Coolant is one of the main ways to reduce the heat load of diesel engine, which can 

take away a lot of heat. Because the internal surface of the cooling water is complex, in order to 

meet the cooling effect, the flow rate is different in different places, so the heat transfer coefficient 

in different places will also be very different. When setting the boundary conditions of the fluid 

domain, it mainly includes the pressure and velocity of the inlet and outlet, as well as the 

temperature boundary conditions of the coolant. The boundary conditions in the solid domain are 

relatively complex, mainly including the outer surface of the cylinder head, the fire surface, the 

intake port, the exhaust passage, the water chamber wall of the cylinder head and the cylinder liner. 

2.4. Design of Diesel Engine Cooling System 

The heat exchanger is the core of the diesel engine cooling system. The heat transfer capability 

of the heat exchanger is one of the decisive factors for the performance of the diesel engine cooling 

system. The design and calculation of the heat exchanger generally take the parameters under the 

maximum power working condition of the diesel engine as the original parameters for calculation, 

and comprehensively consider its working environment and operating requirements. Because of the 

strong scaling property of sea water, it flows in the tube side. The diesel engine coolant is relatively 

clean and flows in the shell side. 

When designing the central cooling system of the main engine, it is first required to consider that 

it can meet the basic requirements of the ship power plant for the cooling water system. That is, to 

ensure that the main engine and its auxiliary equipment can be properly and reliably cooled within 

the entire working range. On this basis, the economy of the system is evaluated to select the best 

scheme. 

To optimize the design, first convert the physical model into a mathematical model, and then 

select an appropriate solution method according to the characteristics of the mathematical model to 

calculate and solve it to obtain the optimal solution. 

3. Design of Diesel Engine Test Bench Based on Cooling Water Temperature 

3.1. Construction of Diesel Engine Test Bench 

The purpose of diesel engine thermal balance is to obtain engine parameters. The diesel engine 

test bench can measure the performance parameters of the diesel engine, such as power, torque, fuel 

consumption, emissions and smoke. The diesel engine power, fuel consumption, smoke and 

emissions are measured on the test bench. In the diesel engine test, the perfection of the bench, the 



Kinetic Mechanical Engineering 

31 
 

accuracy of the instrument and the sensitivity of the sensor are directly related to the accuracy of the 

diesel engine test results. This paper adopts EST-5000 automatic diesel engine test bench, which 

has the advantages of high precision, reliable operation, sensitive response, etc. 

3.2. Data Acquisition System and Diesel Engine Cooling Device 

The increasingly complex test content and object, and the increasingly strengthened test intensity 

put forward higher requirements for the test accuracy and speed. With the computer as the main 

core, through program control, it can automatically complete complex detection tasks. This system 

is called automatic test system. Its basic principle is shown in Figure 1: 
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Figure 1. Principles of the automatic test system 

In this experiment, an exhaust gas meter is used to measure diesel engine exhaust gas 

synchronously. The exhaust gas analyzer is sensitive and can monitor the exhaust gas emission 

status of diesel engine in real time. The diesel engine cooling water device is designed to ensure the 

normal operation of the diesel engine. SIMENS TD400C cooling water temperature regulating 

device is used for diesel engine in this test. The equipment is mainly composed of heat exchanger, 

PLC control system, expansion water tank, proportional control valve and pipeline. 

3.3. Experimental Scheme 

Different temperatures will inevitably cause changes in the pressure, temperature and flow of 

cooling water in the cooling system, which will directly affect the heat distribution of the diesel 

engine. The cooling water in this paper uses ethanol as the cooling medium, because ethanol has a 

high boiling point. Through the heat balance test of diesel engine, the change rule of temperature, 

flow and pressure of cooling water of diesel engine is studied when the inlet water temperature is 

90 ℃, 95 ℃ and 100 ℃, and the rotational speed is negative. The cooling parameters in the cooling 

system mainly include the pressure, flow and temperature of cooling water. 

4. Effect of Temperature on Cooling Water Parameters 

4.1. Effect of Load on Cooling Water Flow at Different Temperatures 

The change of cooling water flow will directly affect the performance of diesel engine cooling 

system. The increase or decrease of flow directly affects the change of cooling water temperature. 

When the speed is 1800r/min and the inlet water temperature is 90 ℃, 95 ℃ and 100 ℃, the impact 
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of load on the cooling water flow diagram is shown in Table 1: 

Table 1. Water flow of diesel engine at different temperatures 

 90℃ 95℃ 100℃ 

10% 120.5 104.6 73.4 

20% 119.1 105.0 79.7 

40% 127.2 111.3 94.2 

60% 126.9 110.6 97.1 

80% 127.1 119.1 117.4 

100% 127.2 121.6 112.7 

 

 

Figure 2. Water flow of diesel engine at different temperatures 

As shown in Figure 2, we can see that with the increase of the temperature of the diesel engine 

water inlet, the excessive water temperature in the diesel engine cooling system will cause steam 

resistance, resulting in a reduction of the flow at the diesel engine water outlet. In addition, with the 

increase of inlet water temperature, the cooling water of diesel engine has less and less heat 

dissipation. 

4.2. Effect of load On Cooling Water Temperature at Different Temperatures 

The temperature of cooling water reflects the cooling performance of the diesel engine cooling 

system, and directly reflects the heat distribution of the diesel engine. The temperature directly 

affects the fuel consumption and emission performance of the diesel engine. Set the rotation speed 

at the torsion point to 1800r/min, and increase the load from 10% to 100% by 10%. Record the 

temperature data when the inlet temperature of cooling water is 90 ℃, 95 ℃ and 100 ℃. The outlet 

water temperature of diesel engine under load characteristics is shown in Table 2: 

Table 2. Water inlet temperature of diesel engine under load characteristics 

 90℃ 95℃ 100℃ 

10% 90 95.3 100.2 

20% 90.2 95.2 99.9 

40% 89 95.2 100 

60% 90.3 95.1 100 

80% 90.4 95.1 100.7 

100% 90.4 95.3 99.8 
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Figure 3. Water outlet temperature of diesel engine under load characteristics 

As shown in Figure 3, we can find that the higher the temperature of diesel engine cooling water, 

the higher the outlet water temperature. On the contrary, the lower the cooling water temperature, 

the lower the outlet water temperature. Moreover, according to the temperature change of different 

loads, we can find that the change trend of different cooling water temperature under different loads 

is basically consistent. 

5. Conclusion 

Artificial neural network is to process data by a large number of neurons simulating human 

neural system, rather than relying on mechanical learning algorithm to extract some basic features 

and laws. Deep learning is improved on the traditional neural network. Its advantage is that it can 

combine different kinds of neurons through training sets, so that various nonlinear problems in 

complex systems can be effectively solved. This paper introduces the composition and working 

principle of the diesel engine cooling system. Then, the scheme of engine water circulator and 

cylinder temperature monitor is designed, and the diesel engine test bench is improved. Finally, it is 

found through experiments that the temperature change of the recording implementation is closely 

related to its function. 
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