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Introduction
The purpose of this evaluation is to analyze the performance characteristics of actual engines and to be able to create models with predicted engine cycle thermodynamic characteristics.
  Firstly, I should understand the real engine data given by the Ford 1.6L engine (Figure 1), then I need to create a simulation model to obtain essential data. The data between the two are then compared to find the feasibility and limitations of the model.













Task 1
 Thermodynamic principles 
	The equation for ideal gas law is:
                                                            
Assuming that:
P= pressure   V= volume   n= n expression  T= Temperature 
R= 286.5 Joules for simulating engine data   
The equation for Boyles law is:


The law itself can be stated as follows: For a fixed amount of an ideal gas kept at a fixed temperature, pressure and volume are inversely proportional. ( Levine, Ira. N. (1978), p. 12 gives the original definition)
This happened at the time because both valves were closed before burning in the cylinder. For Boyle's law, the condition used is that the temperature remains constant.



Simulation Results:

Crank angle VS pressure
[image: ]
[bookmark: _Hlk30426600]Picture 2.  6000RPM
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Picture 3.  3000RPM
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Picture 4.  1000RPM
By looking at the picture above, I found that when the crank angle is rotated to about 30 degrees, the piston travels the maximum distance to the top dead center, at which time the valve is closed, and the volume in the cavity is the smallest. At this time, after the compressed air is ignited, the pressure rises sharply, and a large amount of thermal energy is generated. Thermal energy is converted into downward pressure, which pushes the piston down and rotates the crank. As the crank angle increases, the volume in the cylinder increases and the pressure decreases. The tension in the chamber increases as the RPM increases, which will cause a more gigantic explosion and a greater force on the piston.



Crank angle VS change in pressure

[image: ]
            Picture 5.  6000RPM
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Picture 6.  3000RPM

 [image: ]
                       Picture 7. 1000rpm

The figure above shows the volume change curve when the spark plug starts to burn. When the valve is open and the cylinder is at its maximum volume, the engine draws the mixed gas to fill the amount of exhausted air. According to Boyle's law, as the piston moves upwards, the total amount of gas gradually increases. Stress increases as the RPM increases, while more subsantial RPMs indicate that compression and work processes occur faster.





Pressure VS volume
[image: ]
Picture 8. 6000rpm
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Picture9. 3000rpm
[image: ]

                    Picture 10. 1000rpm
These figures show the relationship between pressure in the cylinder as a function of volume and crankshaft angle. Boyle's law is also used in these calculations. In the image, I found that the maximum pressure increases as the RPM increases, but when the maximum pressure occurs, the required volume decreases.







Mass fraction burnt
[image: ]
Picture 11. 6000rpm


[bookmark: _Hlk30397538]Picture 12. 3000rpm
[image: ]
Picture 13. 1000rpm

Combustion mass fraction is the ratio of fuel burned by combustion


Polytropic index (n)
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[bookmark: _Hlk30397390]Picture 14. 6000rpm
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Picture 15. 3000rpm
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Picture 16. 1000rpm

Equations:         Polytropic index =  

 Assuming:      p=Pressure                 n=Polytropic process
V=volume                    C=constant

[bookmark: _GoBack]The function of a variable process is roughly characterized by a variable index, In contrast in a multivariate method, the heat transfer during combustion is described by the equation of an ideal gas. Through the value of the variable index, we can determine the start and end of burning in the engine.
It can be seen from these graphs that an engine with a speed of 3000 RPM has the highest efficiency, because the fuel and air entering the combustion chamber are the least, and the waste is exhausted from the exhaust. At 6000 rpm, a large amount of mixed gasoline and air enter the combustion chamber. Certain fuels in the combustion chamber do not burn or burn inadequately, resulting in exhaust gas. The hot air then circulates to the exhaust, which cannot be regenerated back to the engine and causes waste.




Log V VS Log P
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Figure 17. 6000rpm
[image: ]
Picture 18. 3000rpm
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[bookmark: _Hlk30395900]                     Figure 19. 1000rpm
The top two parallel lines of the log P vs log V graph show the "n" compression ratio and expression. Obviously, the value of "n" is the gradient of two parallel lines. The formula used to calculate the gradient is y = mx + c
Therefore, the gradient of "n" in the equation is "m". In the RPM range, the value of n is very similar, with a difference of about 0.02, so I think the length of the trend line may affect the calculation of the value.
Because "n" indicates that the value includes heat transfer, "n" can be used to calculate the relationship between combustion pressure and crank angle




Combustion VS non-combustion pressure

[image: ]
[bookmark: _Hlk30400728]Picture 20.  at 6000 rpm
   Equation       P2= +
The relationship between combustion pressure and non-combustion shows that the combustion process ranges from -5 degrees crank angle to 20 degrees crank angle, which is caused by the sharp increase in combustion pressure during the explosion process and far exceeding non-combustion pressure.

                 



[image: ]  Wiebe function
Picture 21  6000rpm
[bookmark: _Hlk30397576]Equation         MFB =
The Wiebe function is approximately the mass fraction of combustion as the crankshaft rotates. The figure above shows that the -5-degree crank rotation is the time when the fuel mass starts to burn. It is related to the combustion temperature and crank angle, because at the beginning of combustion, the temperature will reach a maximum at -20-degrees crank. Throughout the combustion process, the mass fraction of combustion increases steadily. The more fuel injected into the combustion chamber at a higher RPM, the higher the combustion quality, because the more fuel in the combustion chamber, the more combustion is produced, and the less time it takes to explode.


 Combustion temperature
[image: ]
Picture 22. 6000rpm
[image: ]
Picture 23. 3000rpm
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Picture 24. 1000rpm

Equation              
  As can be seen from the figure, the combustion temperature rises around the crank angle of -10 degrees at the start of combustion. What happens is that the intake and exhaust valves are closed, the piston is raised to top dead center, and fuel is injected into the chamber. The spark plug ignited around a 5-degree crank angle and caused a significant increase in temperature. When the RPM is large, the crank angle becomes earlier and the temperature drops more slowly.



WD-PDV 
[image: ]
 Picture 25 6000rpm
[image: ]
 Picture 26 3000rpm
[image: ]
Picture 27 1000rpm
Work pressure difference * volume
It shows the energy dissipated in the combustion chamber due to the combustion process. Because the difference in pressure * volume will show the work done in terms of area and pressure each time the crank rotates, my graphics can be more accurate as a result
These figures show that the energy starts to increase at a crank angle of 5 degrees and ends at a crank angle of 30 degrees. Then, because the explosion applied all the energy to the piston head, there was no longer fuel and compressed air in the system, and the explosion began to decrease because of the lack of fuel and air to support the explosion. At higher speeds, the maximum working load of the engine will increase.


Task 2
[bookmark: _Hlk30414057]The engine I chose for personal simulation was the Chang An JL486ZQ4 2.0-liter L4 engine used in the Chang An CS95 since 2018, naturally aspirated. The engine has 193bph at 5500rpm and 300 N * m at 1500-3500rpm. There are four cylinders and four valves per cylinder. I chose 3500rpm to complete the simulation.
I chose this engine for the following reasons. The Chang An CS95 is a family car that I expect to buy in the future. It was independently designed, and mass produced by the Chinese company Chang An. This car contains a lot of Chinese culture and has a special meaning.
             
 Results of simulation:
Crank angle VS pressure
[image: ]
              Picture 28

 Volume
Pressure from -180 to 0 crank angle =
Pressure from 0 to 180 crank angle = 
From the graph of the relationship between the crank angle and the pressure, it can be seen that at the beginning of the crank angle of -17 degrees, a pressure peak appears in the combustion. Chang an CS95 also has 4 cylinders, the structure is similar to Ford's 1.6l sigma. Therefore, the starting point of combustion and the maximum pressure should be similar


Crank angle VS change in pressure
[image: ] Picture. 30


Compared with the Ford engine, the Chang An engine has a slightly larger volume, so its pressure change is smaller, and it takes more time to complete the intake volume. I think this means that the Chang An CS95 will take more time to improve the RPM, because the longer the piston travels, this will make the engine more fuel efficient. The engine's stroke was shortened by 0.01 millimeters, and the time for pressure fluctuations was reduced due to Boyle's law.

Pressure VS volume

[image: ]
Picture 31
The figure shows that as the volume decreases, the pressure in the engine cavity decreases. This indicates that the indoor explosion occurred almost simultaneously with the Ford Sigma engine. The figure also shows that the explosion of the Chang An engine is more powerful than the Ford Sigma engine. This means that the engine may run in sport mode. Because the combustion time is less than the 1.6l sigma engine. The figure shows that the power of the Chang An engine is greater because it can be learned that a shorter combustion time can handle more fuel.

Combustion and non-combustion pressure

[image: ]
Picture. 32
As can be seen from the figure, compared to the 1.6 sigma of Ford's combustion pressure, Chang AN's growth rate is faster. This means that its explosion process is faster and more powerful than Ford's 1.6 sigma. However, because the engine pressure is less than Ford 1.6L sigma. The pressure in the Chang an cavity may be lower, which may be due to the larger volume of each cylinder of the engine than the Ford 1.6 engine according to Boyle's law.        	        
                         MFB 
[image: ] Picture. 33


The engine's Wiebe function shows that the fuel burns faster in the combustion chamber than the Ford 1.6 sigma engine, which may indicate that my model is accurate in applying the Wiebe function.
The invention of this technology is to improve fuel efficiency while requiring less fuel and longer combustion processes. Due to the high fuel efficiency of the 1.6 Sigma engine, the minimum amount of fuel injected during the combustion process will last longer.
From the fuel quality of the Changan engine, it can be seen that the Ford sigma burns the mixture at about 5 degrees.
Crank angle VS combustion temperature
[image: ]
Picture. 34
The figure shows combustion, when the crankshaft angle is -17-degrees, the temperature starts to rise. I think this data is accurate because even if an explosion occurs, the temperature cannot be accurately melted.
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Picture. 35
The law of conservation of energy states that the total energy of an isolated system is constant; energy can be transformed from one form to another, but can be neither created nor destroyed. For a thermodynamic process without transfer of matter, the first law is often formulated (Mandl, F. (1988) [1971]. Statistical Physics (2nd ed.). Chichester·New)

When the intake and exhaust valves are closed, the cylinder will become a closed system, and the heat generated during the combustion process must be transferred to the working position and converted into the work of the piston. When we look at the above data, we find that the work increases at the beginning of combustion. This is due to the force pushing the piston down during the explosion. If more fuel and air are injected into the cavity, a larger explosion may be caused and the piston can do more work. The first law of thermodynamics can only be applied when the combustion chamber is a closed system, so it can only be applied during the combustion process.
Task 3.
Effectiveness
After testing tasks 1 and 2, we can conclude that the model is universal. Compared with the shape of the curve given by the teacher, the curve for each parameter calculated using this model in task 1 is almost the same.
In task 2, this model was used to analyze data measured at 3500 RPM by the Chang An JL486ZQ4 2.0-liter L4 engine and compare the results with those obtained by the Ford Sigma 1.6L. It was found that the original parameters of the two engines were almost the same, so the model was practical.

Limitation.
However, this model still has many shortcomings and deficiencies. For example, the inaccuracy of some raw data will lead to deviations in the calculated data, but it has only a small effect on the trend of the curve. Another assumption is that some calculations require their initial data as the initial values for calculations and iterations. However, because some raw data of the engine is not provided in the table, some assumptions can only be made in the calculation process, which causes the accuracy of the calculation to be affected to varying degrees.

Assumptions.
equation =  

       p=Pressure                     n=Polytropic process
V=volume                       C=constant
The equation for ideal gas Law is:

P= pressure       V= volume            n= n expression
R= 286.5 Joules for simulating engine data   T= Temperature
The equation for Boyles law is:

And to calculate non-combustion temperature:

equation = P2= +
MFB =


Volume
Pressure from -180 to 0 crank angle =
Pressure from 0 to 180 crank angle = 





Mass fraction burnt
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Combustion and Non Combustion Pressure
200

180
160

140
120

Pressure (bar)
38

-100 50 0 50 100
Crank angle (degrees)

Pressure

Combustion pressure.




image21.png
Mass fraction burnt (%)

-10

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%

10.00%

Wiebe function

10 20
Crank angle (degrees)

30

40




image22.png
E

g

H

2

g

g

E

§

Lol I B
a0 0

Combustion Temperature
3000

2500

2000

1500

1000

4 2 o0 20 4

Crank angle (degrees)

60

20

100




image23.png
Combustion Temperature
3000

2500

2000

1500

1000

100 80 60 40 20 0 20 40 60 8 100
Crank angle (degrees)




image24.png
Combustion Temperature

2500

= 2000

3

2

e 1500

¢

2

4 1000

g

£

g -

" ™
o

100 80 60 40 20 0 20 4 60 8 100

Crank angle (degrees)




image25.png
Joules

Work Done
250

200

150

100
Crank angle (degrees)

100

150




image26.png
Joules

Work Done
300
250
200

150

-150
Crank angle (degrees)

=

=3

100





image27.png
Joules

Work Done
250

200

150

100
Crank angle (degrees)

150




image28.png
Pressure (bar)

Crank Angle VS Pressure
0
7
0
50 \
w0
30

10
B o
a0 S0 o 0
Crank angle (degrees)

100

150

200




image29.png
Changein pressure (bar)

Crank Angle VS Change in Pressure

00 150 200

3
Crank angle (degrees)




image30.png
Pressure (bar)
o5 88588838

Pressure VS Volume

100 200 300
Volume (m"3)

500




image31.png
Combustion and Non Combustion Pressure

200
150
160
- 190
z 0
% 100 |
s
) o
o
o
100 50 0 50 100

Crank angle (degrees)

Pressure

Combustion pressure.




image32.png
Mass Fraction Burnt

100.00%
50.00%

8000%
7000%
60.00%
50.00%
40.00%
3000%

Mass fraction burnt (%)

20.00%
10.00%

-10 0 10 2 20
Crank angle (degrees)

a0




image33.png
Temperature (kelvin)

Combustion Temperature

20

3000

2500

2000

1500

1000

0 20 40 6 s 100

Crank angle (degrees)




image34.png
Joules

150

Work Done
300
250

200
150

-100 100

-150
Crank angle (degrees)

150




image1.png
PRIFYSGOL CYMRU
Y Drindod Dewi Sant
UNIVERSITY OF WALES

Trinity Saint David

SWANSEA - ABERTAWE





image2.png




image3.png
Pressure (bar)

Crank Angle VS Pressure
7

&
50
o
20

0
10

— o

a0 S0 o 0
Crank angle (degrees)

100

150

200




