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Abstract. Engines are very important for human-beings and it is necessary for people to find a
perfect kind of engines since they are used in many vehicles. In this paper, it will mainly focus
the traditional engines and the hybrid engines, and compare there main performances including
economical performance and environmental performance. For economical performance,
researches have found that hybrid engine has higher thermal efficiency and lower thermal
efficiency loss compared with traditional engine because hybrid engine does not have the
inherent defect of crankshaft linkage mechanism as traditional engine. Also, since hybrid
engine is consist of both electric motor and internal combustion engine, consequently it will
have lower fuel cost. For environmental performance, hybrid engine not only reduce the
consumption of non-renewable fuel but also more environmental since using electric to give
vehicles power is relative environmental than using fuels only like traditional engine. This
paper also find that both traditional engine and hybrid engine have development prospects in
the transportation industry.
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1. Introduction

With the development of economy and the technology, vehicles have become one necessary part of
humans’ daily lives. It is universally known that engines are the conditions to move the car so that
choosing a suitable engine for one car is important. Consequently, whether the performance indicators
of the engines are reasonable will influence the power performance, fuel economy and the
manufacturing cost of the cars and the related service life of the parts. As a result, it is important to
choose the performance indicators of engines reasonably [1].

In the world there exist three main engines: the first one is traditional engine, which is one kind of
Internal Combustion Engine (ICE); the second one is pure electric engine which is also called electric
motors (EMs); the third one is hybrid engine, which has a system named hybrid-electric propulsion
system (HEPS). HEPS can take advantage of the synergy between the two technologies by using both
internal combustion engines (ICEs) and electric motors (EMs), each operating under its own optimal
conditions [2]. According to researches, because the driving range of existing power batteries of pure
electric vehicles is short and the cost is high, so its application areas are mainly limited to small
vehicles and its market promotion process is very slow. As for fuel cell vehicles, they have not broken
through the fuel cell technology and the resulting cost problems and it takes a long time for them to
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get market in a large quantities. Consequently, in the above context, the hybrid vehicle becomes the
most industrialized and market-oriented models of electric vehicles since it uses the traditional engine
and the electric motor [3]. As a result, hybrid engine is highly used in vehicles nowadays.

The performance indicators of the engine are used to characterize the performance characteristics
of the engine and serve as the basis for evaluating the performance of various types of engines. At the
same time, the establishment of engine performance indicators has also promoted the continuous
improvement and innovation of the engine structure [4]. In order to find out the reasons why hybrid
engines are better than traditional engines overall, this paper will discuss this question according to
performances of these two engines. Firstly, it will introduce their two performances that are
economical performance and environmental performance, then it will compare them in these two
aspects and finally give a brief discussion and a conclusion which one is better for human-beings to
utilize. Also, it will give a future look on the engines.

2. Performances of traditional engines

2.1. Economical performance

For traditional engines, the economical performance will focus on the efficiency.

In the past hundred years, the biggest defect of the traditional engine is the inherent defect of its
crankshaft linkage mechanism, which makes the traditional engine produce a large mechanical loss, as
a result the thermal efficiency is also greatly reduced. The thermal efficiency loss caused by the
crankshaft linkage mechanism consists of four parts, which are the maximum combustion pressure
loss, combustion duration loss, the mechanical conversion loss in the mechanical process and friction
loss during combustion. Figure 1 is the maximum combustion pressure loss in the combustion process,
Figure 2 is the combustion duration loss, Figure 3 and Figure 4 is the mechanical conversion loss in
the mechanical process [5].

The thermal efficiency of an engine is the product of the indicated thermal efficiency and the
mechanical efficiency. For the indicated thermal efficiency, it depends on the indicator work, which
depends on the combustion pressure in the cylinder; and the mechanical efficiency depends on the
mechanical loss. This paper will talk about these two efficiency individually.

For indicating thermal efficiency, it is known that traditional engines require a maximum
combustion pressure located between the 12 and 15 crankshaft angle of the stop point on the piston[6].
From Figure 1, if the maximum combustion pressure is located near the upper stop point, when the
piston obtains the maximum expansion work, then the maximum piston force F1 at the O crankshaft
angle is greater than the maximum piston force F at the 13.5 crankshaft angle. Secondly, the
combustion duration of fuel combustion requires 50 or 60 crankshaft angle [6]. As shown in Figure 2,
the yellow line is the piston pressure with long combustion duration, and the blue line is the piston
pressure with short combustion duration. The shorter the combustion duration is, the greater the
maximum combustion pressure will be. Since the combustion pressure drops quickly after the 15
crankshaft Angle, with the expansion work reduced together, some fuel has not been fully utilized,
consequently it causes the loss of indicated thermal efficiency.

For the mechanical efficiency, traditional engines have two mechanical loss, one is the friction loss,
another one is the mechanical conversion loss which is the sum of friction losses and the mechanical
losses.

As shown from Figure 3, the force acting on the piston is decomposed into two through the rod,
one is the tangential force Ft perpendicular to and pushes the crank, and the other is the radial force Fn
that presses the crank and points to the crankshaft. The known moment = tangential force > arm
radius, when the radius is constant, if the tangential force decreases, the moment decreases, the power
also decreases, and the mechanical efficiency decreases. Because the radial force acts on the
crankshaft through the compression of the crank, it produces small deformation and its high-frequency
fibrillation to produce useless deformation energy, and finally causes the loss of mechanical
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conversion. This is the inherent defect of converting piston linear motion to crankshaft rotation
motion.

In Figure 4, the crankshaft tangential force Ft forms a yellow line, and the freight forwarder force
forms a blue line. It can be seen from the figure that the area formed by the blue line and the horizontal
axis (i.e., the conversion or non-curve indication work) is significantly smaller than the area composed
by the yellow line and the horizontal axis (i.e., the indication work of conversion), and the difference
between the two areas is the mechanical conversion loss. The mechanical conversion loss is much
greater than the friction loss, which is 75% of the effective thermal efficiency. Compared with the
non-crankshaft linkage engine, the friction friction loss of the traditional engine is 20%, and the final
non-crankshaft linkage engine is only 5% of the effective thermal efficiency [5]. Therefore, the
mechanical loss caused by the crankshaft linkage mechanism engine is very huge.
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Figure 1. Maximum combustion pressure loss[5].
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Figure 2. Combustion duration of time loss[5].
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Figure 3. Mechanical conversion loss (a) [5].
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Figure 4. Mechanical conversion loss (b) [5].

2.2. Environmental performance

Traditional engines, namely internal combustion engines, still occupy the mainstream of the market
and a large market share, so its energy conservation and emission reduction has also become the focus
of world attention. Experts point out that if the traditional internal combustion engine reduces its fuel
consumption rate by one gram, it can save millions of tons of fuel a year, based solely on China's
existing car ownership [7].
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It is known that traditional engines have caused a lot of environmental problems. The study found
that pollution emissions are closely related to deflagration or rough, so that the engine is always
subject to deflagration or rough restraint, which is the inherent defect of the crankshaft linkage
mechanism. The direct cause of the known bad emission is mainly the long combustion duration and
the uneven mixing gases, however, in order to avoid deflagration or rough, the combustion duration
has to be extended and the uneven mixing gases have to be used [6]. The compression of gasoline
engine is relatively low, mainly to avoid the combustion speed; diesel engine compression is relatively
high, but to avoid rough. Consequently, producing the uneven mixing gases is the inevitable result.
Also, long combustion time and uneven mixing gases and the local combustion temperature of high,
low fluctuation and mixture thick, rare. These conditions will make it difficult to sufficient
combustion, so that they provide a suitable breeding environment for pollution emissions [6], then
resulting in high pollution emissions of traditional engines.

The fundamental cause of the bad emission of traditional engine is entirely in the deflagration or
rough binding restriction, and deflagration or rough is the inherent defect of the crankshaft connecting
rod mechanism. Because this structure is difficult to meet the necessary and sufficient conditions of
combustion, so it is difficult for the traditional engine to fully burn. If there is no crankshaft linkage
mechanism, then there is no pollution emissions from the crankshaft linkage mechanism, as a result
the non-crankshaft linkage mechanism engine will have a very good exhaust performance [8].

3. Performances of hybrid engines
3.1. Economical performance

3.1.1. The impact of parking idling. Idle speed condition refers to a state in which the engine does not
stall when the car is forced to stop temporarily, and only injects a small amount of oil to maintain the
engine itself running at a low speed and does not do external work. Therefore, under the idle speed
conditions, all the energy of the engine is consumed on the mechanical loss. With the increase of
parking idle times and the extension of time, the consumption will be more.

According to statistics, a large diesel engine consumes 3.785L of fuel in 1h of idle, since the idling
time is about 30% to 40% of the entire cycle time. Consequently if a bus runs for 8 hours a day, then
there is about 9 to 12 liters of idle fuel consumption. At the same time, about 30% of the fuel
consumption is used at idle speeds, where the CO and HC emissions usually account for about 70% of
the total emissions [9]. Therefore, for parking idle speed, high idle speed will increase the fuel
consumption and cause unnecessary consumption; low idle speed will cause engine operation
instability and even stall.

Hybrid engine in the parking idle this problem gives the perfect solution, it can separate energy and
power management, when parking it can still let the engine work in the field of economy, not output
but can convert energy into energy storage, in the future if necessary, or let the car shutdown and
previously saved energy to drive the car. It can be seen that the hybrid engine can reward the idle
speed as much as possible while maintaining the stability of the idle speed, and with the increase of
idle times and idle time, the hybrid engine-type cars have more obvious advantages in economic
performance.

3.1.2. The impact of working efficiency. The power sources of hybrid electric vehicles are engine and
motor, and the smaller power engines are selected through the control strategy, so that most of the
working points can fall in the efficient range of the engine. At low speed and low load, if the motor
can meet the required power, then the motor is driven alone to achieve pure electric mode; if the motor
can not meet the required power, then start the engine and control the engine in the efficient working
area, the remaining power for the battery, to improve fuel utilization. When the car accelerates and
climbs sharply, and the engine can not meet the needs of the whole vehicle, the motor will participate
in the work, so as to realize the motor power combined drive mode. Controlling the engine works in
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the efficient spare time, while controlling the engine works in the efficient area can improve the
economy by 5% to 10%[9].

3.2. Environmental performance

As the environmental pollution is growing and the oil resources are falling dramatically, scientists are
thinking about using other engines to replace traditional engines. As a result, the hybrid engine
consisting of an internal combustion engine and an electric motor is proposed.

For the traditional hybrid vehicle, it has two sets of power sources, that are the thermal power
generated by the traditional internal combustion engine and the electric power generated by non-
rechargeable batteries. Taking the series hybrid electric vehicle as an example, the traditional hybrid
engine is equivalent to directly adding a motor on the traditional engine, which allows the car to
realize the following three power modes: the first kind is that the motor drives the battery to charge
with the battery; the second kind is that the internal combustion engine directly provides the power
needed by the car; the third kind is that the internal combustion engine and the battery pack provide
the power together. The power output mode can be controlled according to different situations,
consequently the engine has always been working in the area with the best comprehensive
performance, which is the area with the lowest fuel consumption and the least pollution, so that it can
achieve energy saving and emission reduction [10-12].

Although such hybrid vehicles are more energy-efficient and environmentally friendly than
traditional internal combustion engines, their batteries are only an auxiliary power system, requiring
internal combustion engines to charge it, so they cannot be separated from their dependence on oil
resources.

On this basis, there is another kind of improved hybrid vehicles, called Plug-in Hybrid Electric
Vehicles (PHEV). This vehicle can both refuel and charge hybrid cars, it will firstly choose the battery
to power the car, if the battery power reaches the specified lower limit, then the vehicle will open the
internal combustion engine to supply power. As a result, it needs a large battery to supply the power.
Plug-in hybrid electric vehicles can save more energy and reduce more emissions than traditional
hybrid electric vehicles. Also, plug-in hybrid electric vehicles can use the external power grid to
charge the vehicle power battery at night, which can not only improve the efficiency of the plant-
electric engine set, but also reduce the use and dependence of fuel resources. Meanwhile, since the
cost of electricity is lower than the cost of oil combustion, so that it also reduces the use cost of cars.
At the same time, the plug-in hybrid electric vehicle is powered between the traditional hybrid and
pure electric vehicles, which means in a shorter driving journey vehicles can only depend on pure
electric to be driven; in a longer driving journey, vehicles can maintain a normal driving over long
distances by mainly using internal combustion engine and auxiliary using motor to drive. Finally, the
plug-in hybrid electric vehicles have the advantages of low noise and low emission of the pure electric
vehicles, and also have the characteristics of high power of the traditional engine vehicles[10,13].

4. Comparison and discussion

In order to find out whether traditional engines or hybrid engines are better to be used in transportation
industry, it is necessary to compare their corresponding performances. Besides, after finding a better
one of the two engines, this paper will discuss what the problems still need to be faced and where the
engines can still be improved in the future.

4.1. Economical performances comparison

First of all, the basic reason why the efficiency of traditional engine is not high is the defects of its
crankshaft linkage mechanism. In reality, the efficiency of traditional engine could be high, however it
has the crankshaft linkage mechanism structure. As a result, if this structure does not exist, then it will
does not have the thermal efficiency loss. Consequently, if one engine does not have the crankshaft
linkage mechanism structure, then it will have a chance to possess giant high efficiency potential.
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In terms of parking idle, idle condition is one of the main working conditions of the engine, because
the hybrid engine type car can separate energy and power management, and the traditional engine car
can idle only through fuel to produce many consumption, so the hybrid cars can surpass the traditional
internal combustion locomotive in terms of economic performance.

In terms of working efficiency, it is known that the engine has high average efficiency at high load
rate and medium and high rotational speed. However, the power source of the traditional car is only
the traditional engine, and the car runs at low load in most cases, so the economy and emission of the
engine are poor. In contrast, hybrid cars, because it chose a smaller power engine, even at low speed
and low load, if the motor to meet the demand of power, then can pure electric mode, if the motor to
meet the demand of power, it can in some engines cannot meet the demand of motor power joint drive
mode, thus fuel-saving, makes the economy increased.

According to these aspects, the economical performance of hybrid electric engine is better than the
economical performance of traditional engine. However, there also exist some additional loss of
hybrid engine. Since hybrid engine is consist of engine and electric motor, it is powered by the engine,
and the process of driving the generator working is actually a process of secondary energy
conversion. It is transformed from thermal energy into mechanical energy and then stored into electric
energy from the battery to the motor and finally converted into mechanical energy. Therefore, it has
the loss of power generation efficiency, battery charge and discharge efficiency and motor drive
efficiency.

4.2. Environmental performances comparison

From the above content, for traditional engine, it only have internal combustion engine so that it will
use more fuels to drive the vehicle, and then it will release more harmful emissions. Besides, both
gasoline engine and diesel engine, in order to avoid deflagration or rough, they need to inhibit the
combustion speed, which caused the gas being uneven mixed. Then, slow combustion speed will lead
to long combustion time. After that, long combustion duration and uneven mixing gas will promote
high local combustion temperature, low fluctuation and let the mixture become both thick and thin. At
this time, it is difficult for fuels to burn completely, which provides suitable growth of breeding
environment for pollution emissions, resulting in high traditional engine pollution emissions.

For hybrid engine, because it has two sets of power sources, so it can control the power output
mode according to different situations. The result is that the engine has always been working in the
area with the best comprehensive performance, which is the area with the lowest fuel consumption and
the least pollution, so that it can achieve energy saving and emission reduction. Besides, except the
traditional hybrid engine, the plug-in hybrid electric engine can both refuel and charge hybrid cars,
Also, plug-in hybrid electric vehicles and it can use the external power grid to charge the vehicle
power battery at night. Also, it reduces the use cost of cars since the cost of electricity is lower than
the cost of oil combustion. At the same time, the plug-in hybrid electric vehicle is powered between
the traditional hybrid and pure electric vehicles, which means vehicles can only depend on pure
electric to be driven in a short term driving journey or maintain a normal driving over long distances
by mainly using internal combustion engine and auxiliary using motor to drive. Finally, the plug-in
hybrid electric vehicles have the advantages of low noise and low emission of the pure electric
vehicles, and also have the characteristics of high power of the traditional engine vehicles.

It is obviously that hybrid engines are more environmental friendly than traditional engines from
the above comparison. However, restricted by the lack of core technology, the lack of infrastructure
construction and the cost pressure,though new energy engines such as hybrid engines have great
potential in energy conservation and emission reduction, the dominant position of traditional engines
in the market cannot be changed in a certain period of time. Therefore, it is very necessary and
important to discuss the environmental protection of traditional engines (which are also named internal
combustion engines) and enhance the environmental protection of their energy conservation and
emission reduction. While the development of new energy vehicles is in full swing, the traditional
engines have also begun to become more environmentally friendly and more energy-saving. As early
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as the end of 2009, Guangxi Yuchai and Tianjin University jointly launched two low-carbon, energy-
saving and efficient engines that have achieved two-stage supercharging. One of them has been
successfully installed and put into trial operation, realizing low-carbon emission, energy saving and
motivation application miniaturization. Each car reduces at least 5 tons of carbon dioxide emissions
per year. According to the authority statistics, at the end of 2009, the national number of trucks is
nearly 13.7 million, if all installed this energy-efficient engine, it can reduce the annual carbon dioxide
emissions by 68.5 million tons[7]. Therefore, the environmental protection performance of traditional
engines has a huge space for development.

5. Conclusion

In order to find a good kind of engines in vehicles that can be used in transportation industry, this
paper gives the comparison between traditional engines hybrid engines. It mainly compares their
economic and environmental performances of these two kind of engines.

As for economical performances, due to the inherent defects of crankshaft linkage, the thermal
efficiency loss of traditional engine is large and the mechanical efficiency is lower than that of hybrid
engine. At the same time, in the aspect of parking idle speed, the hybrid engine cars can separate
energy and power management, while the traditional engine cars can idle only through fuel to produce
many consumption. Also, the hybrid vehicle fuel consumption is small, and the cost of electricity drive
is lower than the fuel combustion drive. In terms of work efficiency, the power source of the
traditional car is only the traditional engine, and the car is running at a low load in most cases, so the
engine economy and emissions are poor. On the contrary, even if the hybrid vehicles operate at low
speed and low load, if the motor meets the power demand, then it can be driven in pure electric mode.
If the motor meets the power demand, hybrid engine can be driven by both the motor and the internal
combustion engine, thus it saves fuels and increases the economy. As a result, the economical
performance of hybrid electric engine is better than the economical performance of traditional engine.

As for environmental performances, for traditional engine, because it only have internal
combustion engine so it will use more fuels to drive the vehicle and release much more harmful
emissions. Besides, in order to avoid deflagration or rough, it needs to inhibit the combustion speed,
which causes the gas being uneven mixed. Finally, long combustion duration and uneven mixing gas
will make fuels become difficult to burn completely, which provides suitable growth of breeding
environment for pollution emissions, resulting in high traditional engine pollution emissions. For
hybrid engine, because it has two sets of power sources, so it can always work in the area with the best
comprehensive performance, which is the area with the lowest fuel consumption and the least
pollution, so that it can achieve energy saving and emission reduction.

Consequently, it is obvious that hybrid engine is better than traditional engine according to these
two performances. In the future, vehicles can be improved by using more environmentally friendly
engine. As a result, refining hybrid engines is important. At the same time, restricted by the lack of
core technology, the lack of infrastructure construction and the cost pressure,though hybrid engines
have great potential in energy conservation and emission reduction, the dominant position of
traditional engines in the market cannot be changed in a certain period of time. Therefore, it is very
important to improve traditional engines and enhance the environmental protection of their energy
conservation and emission reduction.
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