


	[image: ]

	Powertrain&Control Assignment

	Module: Powertrain&Control

	Module Number: M5X00404

	Category: School of Engineering:

	Name: Zhendu Fang

	Student Number: 1904716

	Supervisor:Owen Williams









目录
1. Abstract	1
2. Introduction	1
3. Task 1 Analysis of A Real Engine	2
3.1 Pressure and crank angle	2
3.1.1 data analysis and basic theory	2
3.1.2 Generation of MFB function	4
3.2 Pressure and volume	5
3.2.1 data analysis and basic theory	5
3.2.2 Determination of the polytropic indexes of compression and expansion	6
3.2.3 determination of work done, power and temperature	7
3.4.4 determination of the clearance volume and mass of fuel.	8
3.3 The study of engine speed	9
4. Task 2 Engine simulation model	11
4.1 introduction	11
4.2 simulation of volume.	11
4.3 simulation of the non-combustion pressure	12
4.4 simulation of the released heat	13
4.5 simulation of combustion pressure	14
4.6 simulation of temperature	17
4.7 simulation of work done.	18
5. Conclusion	18




[bookmark: _Toc30401072][bookmark: _Toc30398626]1. Abstract
The report aims to analyse a 4-stroke gasoline internal combustion engine. This report consists of two parts. In the first part, the parameters of the engine are determined with the provided data. In addition, some graphs are drawn with Matlab to analyse the performance of the engine. Since much data in different engine speed are provided, I only choose the speed of 6500rpm for the main analysis. Then three groups data of different engine speed are selected to study the influence of engine speed on the performance of the engine. In the second part, I build up a simulation model in Excel with the parameters gained in task 1. Then I compare the output data of the model with the real data of the engine and verify its validation and find the limitation of the model. 

[bookmark: _Toc30398627][bookmark: _Toc30401073]2. Introduction
Before we start, let us have a basic understanding of the four strokes of the engine.
Intake Stroke
The intake valve is already open just before TDC and the piston moves from TDC towards BDC and a mixture of air and fuel is introduced into the cylinder. The volume constantly increases as the piston travels the stroke length. The maximum volume is reached when the piston is at BDC. The pressure is below atmospheric pressure and does not change a lot, during the whole stroke, because the piston movement is creating volume and the air is drawn inside the cylinder due to the vacuum effect.
Compression Stroke
After the piston has passed BDC, the compression stroke begins. In this phase, the volume starts to decrease and the pressure increases. The intake valve keeps opening until the pressure exceeds the ambient pressure. As the piston goes towards TDC, the pressure increases gradually. At some certain point before TDC, the ignition is triggered, and combustion occurs. Since combustion processes fast, it proceeds at almost constant volume with a large rise in pressure and temperature.
Power Stroke
With the high pressure produced during combustion, the piston is forced towards the BDC with both valves closed. Therefore a decrease in pressure and temperature occurs. The exhaust valve opens before BDC to assist exhaust. This is the only stroke which produces power in four strokes.
Exhaust Stroke
After the power stroke, the piston moves from BDC to TDC again pushing the burnt gases out of the cylinder. With exhaust valve opening and decreasing volume, the pressure remains constant nearly and is slightly higher than ambient pressure

[bookmark: _Toc30398628][bookmark: _Toc30401074][bookmark: _Toc30398629]3. Task 1 Analysis of A Real Engine
[bookmark: _Toc30401075]3.1 Pressure and crank angle
[bookmark: _Toc30398630][bookmark: _Toc30401076]3.1.1 data analysis and basic theory
First, let us focus on the pressure and crank angle data of the engine.
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Figure 1
As figure 1 shows, the change of pressure conforms to the theoretical trend of pressure: remaining an almost constant and near-ambient value during intake and exhaust stroke(-360→-180,180→0), increasing during compression stroke(-0→180) and decreasing during the power stroke(180→360). To have a better understanding of the pressure change, we need to analyse the change rate of pressure.

[image: ]
Figure 2
As figure 2 shows, the change of rate pressure remains flat in most areas but increase and decrease rapidly in a short period. In other words, there are a crest and trough in the graph. It is definitely related to the combustion. Therefore, let us take a look at the combustion process in the spark-ignition engine.
Ideally, the compression ends at 0 degree of crank angle and expansion begins simultaneously and combustion occurs instantaneously at TDC. During combustion the volume remains constant with a sudden rise of pressure. However, actually the combustion does not take place instantaneously and consists of three stages instead.
The first stage begins where the spark is produced, i.e. the start of the combustion and ends where a sudden increase of pressure (which is easy to observe when compared with motoring pressure curve) is observed. During the first stage, the flame grows and develops until the mixture gas burns completely. Since the fraction of mass burned within the stage is quite little and grows slowly, the change rate of pressure quite grows as well. The angle the crank rotates within this stage is called spark delayed.
The second stage begins where a sudden rise of pressure is observed and ends where the maximum pressure is observed. During this stage, flame propagates through the whole combustion chamber and most of the fuel is burned and massive energy is produced. As a result, the pressure and temperature are increasing rapidly.
The third stage begins with the point of maximum pressure and ends at the point after which the combustion is assumed to be frozen. During this stage, the flame speed slows and the piston already moved from TDC, so the pressure decreases.
[bookmark: _Toc30398631][bookmark: _Toc30401077]3.1.2 Generation of MFB function




According to what mentioned above, we can conclude that the angle corresponding to the crest of figure 2 is where complete combustion occurs. It is readily generated by Matlab that the angle . Besides, the provided data also includes the MFB(mass fraction burned) and we know that MFB02=-7.39° (the angel of crank is -7.39° when 2% of the fuel is burned) and MFB90=23.348°. Therefore, I assume that the combustion starts at -8°, i.e. the spark point  and spark delayed . Then I assume that the end of the combustion occurs at the angle corresponding to the lowest change rate of pressure, i.e. the trough of figure 2, which is 29°. As a result, the combustion duration .
Now with the provide data and above assumptions, we can generate the function of MFB in the form of Wiebe’s Function

	



where:  a and m are constants,   is crank angle,   is the start of combustion,   is the combustion duration.
The provided MFB data shows as table 1 below.
	MFB
	0.02
	0.05
	0.1
	0.5
	0.9

	Crank Angle
	-7.39
	-4.405
	-1.59
	10.922
	23.348


Table 1
With the Matlab curve fitting tools we can generate that a=2.954, m=1.063. The R-squire=0.9954, which explains the strength of relationship between crank angle and MFB. The nearer to 1 the value is, the more dependent of the two variables. Hence the curve fitting result is convincing.  And the curve of MFB function shows as figure 3 below.
[image: ]
Figure 3

[bookmark: _Toc30398632][bookmark: _Toc30401078]3.2 Pressure and volume
[bookmark: _Toc30398633][bookmark: _Toc30401079]3.2.1 data analysis and basic theory
The relation of pressure and volume shows as figure 4 below.
[image: ]
Figure 4

	
It conforms to the trend of pressure in four strokes of the engine:
· Intake(a→b):pressure is slightly under ambient pressure and changes a little with increasing volume.
· 
Compression(b→c): pressure gradually grows with the decreasing volume. The equation  applies in this stroke.
· 
Power(c→e): c→d presents the process of main combustion. Pressure increases rapidly with almost constant volume. d→e presents the main expansion process of power stroke. applies in this process.
· Exhaust(e→a): pressure changes a little with decreasing volume.

[bookmark: _Toc30398634][bookmark: _Toc30401080]3.2.2 Determination of the polytropic indexes of compression and expansion

Since , let us take the log of both sides, then we have:

	
Obviously, n equals the opposite number of the rate of the curve logP against logV, which shows as figure 5 below.
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Figure 5
The linear equations are fitted with the smoothest segment of data. Both of the values of R-squire are over 0.99. The fitting results are convincing.


Therefore, we can draw the conclusion that the polytropic index of expansion , the polytropic index of compression .

[bookmark: _Toc30398635][bookmark: _Toc30401081]3.2.3 determination of work done, power and temperature

The work done . Then I calculate the work done in four strokes with Matlab. The result shows as table 2 below.
	Stroke
	Intake
	Compression
	Power
	Exhaust
	Total

	Work/J
	23.891
	-198.8685
	733.1520
	-68.8170
	489.4486


Table 2
It conforms to the operation of the engine.
· Intake: the volume increases with almost constant pressure which is below ambient pressure. 
I am unable to explain what happened.
Question: I am kind of confused that why the engine does work to the surroundings.
· Compression: The volume decreases with increasing pressure. In this stroke the flywheel provides the needed energy to compress the air.
· Power: The engine converts the chemical energy in the fuel to mechanical energy and do large amount work to the surroundings.
· Exhaust: The engine need energy to push exhausted gas out of the cylinder.
    The total energy produced in a cycle is 1957.8J since there are 4 cylinders. And the engine speed is 6500rpm so the time consumed in a cycle t=60/6500*2=0.0185s.

    Hence the power of the engine 
	To calculate the temperature, we can use the ideal gas state equation 

	
Then we draw the temperature graph shown as figure 6 below
[image: ]
Figure 6
It is consistent to the former analysis that the temperature increases rapidly during combustion.

[bookmark: _Toc30398636][bookmark: _Toc30401082]3.4.4 determination of the clearance volume and mass of fuel.
The data has provided that the bore is 0.079m, the conrod length is 0.137m, the stroke is 0.0814m and the compression ratio is 11.16. Then by analysing the geometry feature of the cylinder we can get the equation:

	


Where: CR is compression ratio,  is the displacement volume,  is the clearance volume, B is the bore, S is the stroke length .


Hence, we generate that the = 39.3cc, =399cc.


There the mass of air , where  is the volume efficiency which is 0.9.
And the ideal air fuel ratio is 14.7


Hence               

[bookmark: _Toc30401083]3.3 The study of engine speed
To study the influence of the engine rotation speed on the performance of the engine, firstly I choose three different speeds which are 6500rpm, 4500rpm and 2500 rpm. Then to simplify the process, I just draw the graphs of Pressure Vs crank angle and Pressure Vs volume. Because these two graphs determine everything else derived from them. The two graphs show as below
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Figure 7
  [image: ]
Figure 8

The two indicates two obvious conclusions:
· there is almost no difference between the 6500rpm engine and 4500rpm engine in their pressure and the change rate and trend of pressure.
· The top pressure and the change rate of pressure of 2500rpm during combustion is slightly lower than 6500rpm and 4500rpm.
Then let us take a look at the temperature which shows as below.
[image: ]
Figure 9

Similarly, there are not apparent distinction in temperature between different speeds.
There the conclusion is reached that the rotation of the speed has no relation with the pressure and temperature performance of the engine.
then we focus on the influence of speed on the power of the engine. Adopting the same calculation method, we generated the power of different speed shown as table 3 below.
	Speed/rpm
	2500
	4500
	6500

	Power/kw
	42.43
	80.57
	106.05


  It is evident that the power increases with an increasing speed. And it is consistent with the theory result.
  There is an equation describing the relation of speed and power,

	
Where: T is the torque(N·m), n is the speed(rpm) and P is the power(kw).
When the torque is constant, higher speed means more power. In reality, Torque will increase until the maximum torque with the increasing of speed. Then the torque will decrease with the rising of speed but the power is still increasing until the maximum power is reached
[bookmark: _Toc30401084]4. Task 2 Engine simulation model
[bookmark: _Toc30398637][bookmark: _Toc30401085]4.1 introduction
With the generated parameters in task 1. I build an engine simulation model with Excel to simulate the performance of the engine which operates with the speed of 6500rpm. With the parameters and the only input of crank angle, the model needs to output the volume, non-combustion pressure, combustion pressure, work done, temperature and heat released. Then validate the precision of the model by comparing the output with the actual data. Since the intake and exhaust have little change in pressure and almost does do produce or consume energy, we only model the engine performance of the compression and power stroke. In other words, the input crank angle varies from -180° to 179°/
[bookmark: _Toc30398638][bookmark: _Toc30401086]4.2 simulation of volume.
With the geometric derivation, we can generate the relation between the volume and the crank angle.

	

Where: V is the total volume, B is the bore, a is the radius of the crank which is half of the stroke, l is the concord length.  is the crank angle. All the parameters are known except the two variables. As a result, we can readily generate the theoretical volume. Then we compare the output and real volume in one figure shown as figure 10 below.
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Figure 10
 As figure 10 indicates, we can only see one curve in the graph which proves that the calculation of model is completely consistent with the reality.

[bookmark: _Toc30398639][bookmark: _Toc30401087]4.3 simulation of the non-combustion pressure



When there is no combustion, we can reasonably assume that the polytropic index in the equation  remains constant respectively within the compression and expansion process. In other words, when crank angle varies from -180°  to -1°,  is validate while  is validate in another phase. Besides, for the crank angle is the only input, we need to assume that the pressure in the cylinder equals ambient pressure when crank angle is -180°. At this moment, the piston is at the BDC and the inlet valve is opening. 
As a result, the graph of the non-combustion pressure shows as figure 11 below.

Figure 11

[bookmark: _Toc30398640][bookmark: _Toc30401088]4.4 simulation of the released heat
The released heat Q can be calculated by the following equation:

	


Where: M is the total mass of fuel and air which is generated in task 1,  is the burn rate, LHV is the calorific value of the fuel which is 4.3*10^7 J/kg*K ,  is the combustion efficiency which is assumed to 0.9.
When it comes to the burn rate, it means how much fuel is burned during the cycle. As we have got the MFB function and assumed the end of combustion occurs when the crank angle is 29° in task 1, we can calculate the local burn rate by


Now we can gain the value of the heat released and its graph shows as figure 12 below.

Figure 12

[bookmark: _Toc30398641][bookmark: _Toc30401089]4.5 simulation of combustion pressure 
The combustion pressure can be calculated by following equation:

	



Where:  is the local non-combustion pressure ,  is the heat released up to the local crank angle.  is the ratio of specific heats which is 1.25.
Therefore, we can generate the combustion pressure during the cycle. The comparison of combustion pressure and non-combustion pressure graph shows as figure 13 below.

Figure 13
It is in accordance with the combustion theory mentioned in task 1. 
Then let us compare the combustion pressure against the crank angle with the actual pressure against the crank angle. The graph shows as figure 14 below.
[image: ]
Figure 14
As figure 14 indicates, the output pressure has similar shape with the real pressure and almost identical value at the beginning of the compression. But some differences occur while the combustion. The maximum pressure and the rate of increasing of the output are lower than the real pressure. Besides, in the third stage of combustion the output is higher than the real data. As a result, we can conclude that the mass fraction burned in the second combustion stage we predicted is less the reality. However, even if I tried to reassume that the end of combustion occurs later than I assumed before, and then I got new MFB function where a=4.028, m=1.063, it makes no difference.
Then let us compare the two pressures against volume, the graph shows as figure 15 below.
[image: ]
Figure 15
As figure 15 indicates, the most apparent distinction is the differecne of the maximum pressure.
Another reason may cause the problem is the assumption of ambient pressure at the beginning of the compression. In fact, the pressure at that moment is slightly higher than ambient pressure. Therefore, I reassume it the real value 1.143bar, and the new results show as figure 16 and figure 17 below.
[image: ]
Figure 16
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Figure 17

It is slightly better than the initial result. But finally I am unable to improve it more though I am sure that the problem lies in the MFB function.

[bookmark: _Toc30398642][bookmark: _Toc30401090]4.6 simulation of temperature
Since the temperature is calculated by pressure and volume, the precision of temperature output totally depends on the precision of pressure. The calculation of the temperature is the same with the calculation in task 1. The comparison of output temperature and real data shows as figure 18 below.
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[bookmark: _GoBack]Figure 18
As the discussion about pressure before, the output is similar with real data until the second stage of combustion. Since the output burns less fuel than the reality, there is a distinct divergence after that.
[bookmark: _Toc30398643][bookmark: _Toc30401091]4.7 simulation of work done.
With the same method used in task 1, the output of work done during compression is -182.15J, which is slightly lower than real data, and the error is 8.4%. The output of work done during expansion is 825.18J, which is higher than real data, and the error is 12.5%. considering the apparent difference of pressure within and after combustion, it is not strange that the error during expansion is higher than compression.

[bookmark: _Toc30398644][bookmark: _Toc30401092]5. Conclusion
In task 1, by analysing the data of a real engine, we can draw many conclusions and they are highly consistent with the theory. In task 2, the model functions well and can produce all the designed results. The results are overall in accordance with the real data. The only problem is the imperfect generation of MFB function, which I still can not find reason for, have an influence on the output pressure. And the influence becomes stronger and stronger when calculating the following quantities.
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