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Abstract. Four-stroke engines a type of internal combustion engine (IC engine) that can turn the 

heat provided from the fuel to work, and they are mainly classified as two groups, which are 

gasoline engines and diesel engines. Four-stroke engines can be applied to high power machines 

because of its high thermal efficiency. In four-stroke engines, the piston reaches the dead center 

four times in the cylinder to complete a cycle. This cycle includes the taking in of gas, the 

compression, the ignition, the expansion and the exhaustion of gas. In gasoline engine, this cycle 

is called the Otto cycle, and in diesel engine, this cycle is called the Diesel cycle. The greatest 

difference between these two engines is that they burn different types of fuel. In that way, the 

procedure of converting the heat to work is different. To help this cycle performs better 

economically and more efficiently, additional attachments such as hybrid engine and computer 

assistance are used. This research summarizes and analyses the application of four-stroke engines 

in land transportation, in aviation and in marine transportation, and this article gives a possible 

prediction to the future trend of the technology advancements of engines in transportation based 

on the analyses. 
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1.  Introduction 

From the first car was invented, people are always getting new ideas of giving power to them. As the 

relationship between the energy of heat and the energy of work had been discovered, thermodynamics 

became an important factor in the development of heat engines. As researches are made, four laws of 

thermodynamics are given by scholars. The zeroth law of thermodynamics tells that if two bodies A and 

B are in thermal equilibrium with third body C, then body A and B are also in thermal equilibrium with 

each other [1]. As this law is the foundation law for the other three laws to exist, this law is called the 

zeroth law. The first law of thermodynamics says that the net change in total energy of a system is equal 

to the heat added to the system minus work done by the system [1]. This law can be expressed in a 

formula ∆E = Q−W. The second law of thermodynamics points that in all the spontaneous processes, 

the entropy of the universe increases. Then, the third law of thermodynamics says that the value of 

entropy of a completely pure crystalline substance is zero at absolute zero temperature [1]. According 

to these laws, the fact that no engine can have an efficiency higher than Carnot cycle, which is 100%, 

because of friction and errors. The first type of engine invented is steam engine, which is a type of 

external engine. Steam engine is defined as the machine that uses steam to covert heat into work [2]. In 

1606, de Ayanz invented a machine that used steam power to propel water from mines [3]. Later in the 
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16th century and 17th century, Europeans are enhancing the steam engine. However, this type of external 

combustion engine has an extremely low efficiency while powered by steam, internal combustion heat 

engines are invented and used. “In the 12th century, China invented gun powder and sold to Europe. As 

the cannon invented by Europe used the explosion of gun powder, cannon are said to be the first heat 

engine [4]. Until nowadays, internal combustion engines powered by the explosion of fuel are still 

widely used. 

In recent years, a number of researches on four-stroke engines are made. This includes the advanced 

version of four-stroke engines such as performance simulation of a four-stroke engine with variable 

stroke-length and compression ratio [5], which research on the difference on the power and the 

efficiency using different stroke-lengths and compression ratios, and others point out a possible factor 

that might help the efficiency of four-stroke engine to increase [6]. The motivation of this article is to 

provide the result of the researches on the application of four-stroke engines in transportation, in order 

to help the audience to have a further understanding of combining four-stroke engines with other type 

of engines so that the system of a transportation can have a higher efficiency. This article will introduce 

the principle of engines, four-stroke engines in specific, the most advance devices at present stage, the 

scenes that four-stroke engines are used, the use results of these four-stroke engines and the limitation 

and prospects for the future developments of four-stroke engine. 

2.  Descriptions of engines 

Heat engines are defined as machines that converts heat to work. In most of the heat engines, a heat 

source is involved. For example, using a hot steam or burning fuel could be used for supplying heat to 

the system. In heat engines, the heat source causes an expansion inside the cylinder, and a compression 

will happen after it. The energy produced by the repetition of expansion and compression from the heat 

exchange is transferred to the piston then to the shaft. Heat engines can be classified into internal 

combustion engines and external combustion engines [7]. Fig. 1 shows the structure of an external 

combustion engine. An external combustion engine contains a cylinder, a piston, a flywheel, connecting 

rods, shafts and a heat source [8]. Fig. 2 shows the structure of an internal combustion engine. An 

internal combustion contains a cylinder, a piston, valves, connecting rods, shafts, flywheels, a crank and 

a plug [7]. 

 

Figure 1. Diagram-of-two-stroke-external-combustion-engine [8]. 
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The piston connected to the shaft moves inside the cylinder to provide a turning effect to the crank. 

The heat source causes the volume inside the cylinder to expand in order to move the piston outwards, 

and the decrease in the temperature cause the piston to move inwards. Four-stroke engine is a type of 

internal combustion engine with four strokes, which means that the piston reaches the dead-end center 

four times, in total to complete a cycle. Four-stroke engines generally include spark ignition and 

compression ignition. The difference in the ignition methods is related to the ignition point of the fuel 

the engine used. In four-stroke engines, gasoline and diesel fuels are used. 

 

Figure 2. Parts of External Combustion Engine [7]. 

3.  Principle of four-stroke engines 

In this study, the topic is mainly focused on four-stroke engines in heat engines. In four-stroke engines, 

the piston reaches the top dead center (TDC) and the bottom dead center (BDC) two times each in a 

cycle [8]. A cycle includes the taking in of gas, the compression, the ignition, the expansion and the 

exhaustion of gas. Four-stroke engines can be mainly classified as spark ignition and compression 

ignition. This can also be distinguished by the type of fuel used. Gasoline engine is using spark ignition 

and diesel engine is using compression ignition. As gasoline has a higher ignition point than diesel, only 

gas is intake and compressed by the diesel engine while a mixture of gas and gasoline is intake, 

compressed and lighted in gasoline engine. As this procedure is transformed into a pressure volume 

diagram, these two types of engines complete two cycles, i.e., Otto cycle and Diesel cycle. According 

to the integral work formula, w = pdv , which w represents work done, p represents pressure, v 

represents volume, the work done by the cycle can be calculated using the area surrounded by the graph. 

By making the graph and calculating, the result can show that a positive work is produced from both of 

the cycle. However, the processes are not entirely the same. 

 

Figure 3. Otto Cycle: Processes [9]. 
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Seen from Fig. 3, the cycle a gasoline engine experiences can be approximate to an Otto cycle by 

ignoring the in-taking and exhausting. In Otto cycle, the engine experiences the processes of isentropic 

compression, heat addition at constant volume, isentropic expansion and Heat rejection at constant 

volume [9]. During isentropic progresses, no heat is involved, and during isochoric progresses, the 

volume stays constant. Seen from Fig. 4, the cycle a diesel engine experiences can be approximate to an 

Diesel cycle by ignoring the in-taking and exhausting. In Diesel cycle, the processes are similar to the 

Otto cycle. However, diesel engine goes through Heat rejection at constant pressure, instead of an Heat 

rejection at constant volume [10]. Diesel engines are commonly considered a machine with higher 

thermal efficiency than gasoline engines [11]. Although when using the same ignition volume, gasoline 

engines give out more work as it has a bigger area on the graph, it is not fair to compare the thermal 

efficiency without comparing the compression ratio. Compression ratio is the efficiency of compressing 

air [12]. This means that as the fuel is ignited, the higher the compression ratio there is, the more 

powerful the ignition is with the same amount of fuel and gas. As diesel engines have a higher 

compression ratio, they can provide a larger torque to the shaft. In that way, diesel engines have a higher 

thermal efficiency. 

 

Figure 4. Diesel cycle PV diagram [10]. 

4.  State-of-art facilities 

In recent years, gasoline engines and diesel engines are the most widely used four-stroke engines. The 

Fig. 5 shows the structure of a gasoline engine. The gasoline engine is made up of spark plug, manifolds, 

valves, piston, cylinder, piston rings, connecting rods, crank and shafts [13]. The gas mixture flows 

inside the manifolds. The valves open and close to control the flow. The piston moves inside the cylinder 

to move the connecting rods and shafts. The Fig. 6 is the structure of a diesel engine. The only difference 

between the structure of gasoline engine and diesel engine is the method of ignition. In that way, diesel 

engine has a fuel injector instead of a spark plug. Most of the modern four-stroke engines using gasoline 

or diesel are combining a number of these products together in order to get a larger power and torque 

from the engine as they turn the shaft in the same direction. As developing, the rate of opening valves 

is controlled precisely using belts or gears with the rotating speed of the shaft to increase the thermal 

efficiency. Fig. 7 is an example of a gasoline engine. It has four cylinders in total. This engine can reach 

the maximum torque of 150/4000 N.M/Rpm and has a displacement of 1.590L [14]. 

Proceedings of  the 2nd International  Conference on Functional  Materials  and Civil  Engineering 
DOI:  10.54254/2755-2721/98/2024FMCEAU0113 

64 



 

 

 

Figure 5. Four-stroke petrol engine [13]. 

 

Figure 6. Four-stroke diesel engine [13] 

 

Figure 7. Four Strokes 6000rpm Car Engine [14]. 

5.  Applications 

Transportation can be sorted into three sections, which are road transportation, aviation and marine 

transportation. Road transportation is the vehicles on land, aviation is the vehicles in the air, and marine 

transportation is the vehicles that contact with water. Vehicles on land are made up of private cars, 

special vehicles and railways. Railways and special vehicles require high power and efficiency, so they 

mostly use diesel engine. However, some trains starts to use hybrid engine to save the cost of fuel, and 

“some tanks add gas turbine to the engine in order to advance the property [15]. The most commonly 

used vehicles would be private cars. Private cars that burns fuel mainly use gasoline engine as it needs 

a smaller size [16]. Private cars include sedans, motorbikes, bicycles, etc. Among these powered 

vehicles, some use hybrid engines and some use IC engines. The research from Dwyer M., the cars that 

use internal combustion occupy a large proportion of the total cars sold continuously from 2014 to 2023 

shown in Fig. 8 [17]. The lowest percentage of the internal combustion still has 84 percent of the total. 

In an article written by Moyer M. says that almost all the car manufacturers are investing more money 
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to increase the efficiency of four-stroke engines [18]. Therefore, four-stroke engine has an irreplaceable 

role in road transportation. 

Nowadays, as technologies are developing, jet engines are becoming popular increasingly in aviation, 

and planes with turbine engines are replacing the planes using four-stroke engines in the past. Four-

stroke engines are largely used in aircraft that uses a propeller, including some helicopters [19]. In the 

past, as planes have been just invented, a large number of planes use four-stroke engines. In modern 

time, still only the planes with propellers use four-stroke engines. The four-stroke turns heat to work by 

the form of rotation, and this rotation gives to the propeller provides a thrust to the plane, which is also 

called the propulsion [20]. However, as new types of engines (e.g., reciprocation engines, turbine 

engines, in-line engines, rotary engines, opposed-piston engines, radial engines and electric engines [19]) 

are invented, less four-stroke engines are being applied to aviation. Marine transportation can be divided 

into ships above water and submarines under water. As submarines generally use steam engines, which 

is a type of external combustion engine (EC engine), only ships and boats are using internal combustion 

engines. Similar to aviation the engines provide power to the propellers of the ships. In ships, basically 

two types of engines are used. They are two-stroke engines and four-stroke engines. 

The Fig. 9 a two-stroke engine [21] and the Fig. 10 is a four-stroke engine [22]. Because of the 

difference in structure, they have different advantages while applying to ships. For two-stroke engines, 

they have a large range of fuel selection, they can be started and reversed easily, they do not need extra 

reduction attachments such as reduction gear, and they are easier to maintain because of their simple 

structure. However, four-stroke engines have higher power and efficiency while moving for a long 

period of time [23]. In that way, people combine these two types of engines to have a higher efficiency 

while starting, reversing and moving constantly on water. 

 

Figure 8. Electric vehicles and hybrids surpass 16% of total 2023 U.S. light-duty vehicle sales [17]. 

 

Figure 9. A Very Basic 2 Stroke Engine [21]. 
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Figure 10. 4 stroke engine parts [22] 

6.  Limitations and prospects 

While the requirements on the efficiency of transportation increases, improved heat engines with higher 

thermal efficiency are manufactured. In the process of transforming the energy of heat to work, the 

factor friction causes the waste heat to be produced [24]. It causes the energy wasted from the heat 

source while moving and thus decrease the thermal efficiency of the engine. The decreasing of the 

quality of the performance of a four-stroke engine would possibly cause by the abrasion between the 

piston and the cylinder, the abrasion of the gears and the belts controlling the valves, etc. as these are all 

reducing the air tightness inside the cylinder while burning. Moreover, the abrasion between the piston 

and the cylinder would also increase the friction on the movement. This makes the engine produces 

more waste heat than the new engines with smoother cylinder walls. 

As technologies are advancing, more decisions on saving costs and increasing efficiency of IC 

engines are made. One change made is to use less fuel. To achieve that, more hybrid cars are used. In 

hybrid cars, some uses electricity and some uses hydrogen to replace part of the gasoline or the diesel. 

In electric hybrid cars, cars choose to use fossil fuel or electricity orderly to reach a state that cause least 

carbon footprint. In hydrogen cars, the battery converts hydrogen and oxygen into water to produce 

electricity. Both of these cars reduce the running costs caused by the fuel [25]. Another trend of 

developing engine is to allow computer to participate the combustion. Computers can assist the valves 

in the engine to open and close at the right time when the pistons reach the dead centers. This led to the 

torque produced increase, the efficiency higher and less emission [26]. This technology helps drivers 

save the cost of fuel as the engines can burn the fuel more completely. Moreover, because of the increase 

in torque, four-stroke engines will be able to work in machines that need high power after adding this 

assistance from the computer. 

7.  Conclusion 

To sum up, four-stroke engines are widely used in land vehicles, aviation that use propellers and parts 

of the marine transportation nowadays because of its high power and efficiency. For road transportation, 

the vehicles that require high power mostly use diesel engines, and the smaller size vehicles use gasoline 

engines. For aviation, only the planes with propellers use four-stroke engine to provide propulsion as 

new types of engines are invented. For marine transportation, four-stroke engines and two-stroke 

engines are widely used in ships and boats. Combining these two types of engines can give a higher 

efficiency at starting and constant speed moving. To reach for less pollution and higher efficiency, other 

types of engines such as hybrid engines, hydrogen engines and gas turbines are replacing and combining 

with fours-stroke engine. Additionally, computer assistance on the valves will possibly be involved in 

the engines. The particular significance of this study lies in providing valuable analyses and gives some 

possible future trend of the application of four-stroke engines in transportation. 
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