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1. [bookmark: _Toc30401065]Introduction. 

This powertrain and control assignment is a thermodynamic engine simulation model form real world in cylinder pressure data. 
The assignment comprises of Task One: and Task two: these can be broken down further into their constituent parts 
[bookmark: _Toc30401066]Task one: 
Use the cylinder pressure data to determine the in-cylinder parameters and the characteristics of the engine. From this determine
· Delta p vs crank angle
· Piston position
· Polytropic index (compression and expansion)
· DQr degree of heat transfer
· Gas temperature
· Work done 
· Relationship of these characteristics to the engine’s performance
[bookmark: _Toc30401067]Task Two: 
Develop a thermodynamic engine simulation model using the real engine geometry. Once the model works validate the produced data against the data and the graphs obtained in task one. this includes thermodynamic and combustion processes and the real engine performance parameters obtained in task one, the model needs to be validated against the data obtain in task one highlighting descrepincies or limitations that may be found.
2. [bookmark: _Toc30401068]Task one: Initial work break down

After analysis of the assignment brief we received lucid pressure data from a ford 1.6 sigma, this data also held some geometric engine data including bore, stroke and rod length. From this the data was broken down into an easer to read format with any data that was not needed omitted from the spreadsheet. 
To proceed with the needed calculations the data in the spread sheet had to be rearranged and some other data calculated to obtain base values and geometry needed:
Piston position can be calculated from the formula below:
		
Where a= crank radius, l = con-rod length, θ = crank angle and  = con-rod angle 
The graph of piston position can be seen in figure one:

 

[image: ]
Figure 1: cylinder position graph
The next taken step is to break down the calculation process needed in terms of poly tropic index (N), this can be further broken down into three important subprocesses.
1. [bookmark: _Toc30401069]Adiabatic process.
This occurs during expansion and is express by using the ideal gas law, 
[image: ]

 k = cp / cv  -The ratio of specific heats, the ratio of specific heat at a constant pressure, to the ratio of specific heat at a constant volume. (Engineering toolbox, 2003)
2. [bookmark: _Toc30401070]Iso-thermal process.
This occurs during the com pression phase which again can be found using the formula[image: ]
P1 v1 = initial state 
P2 v2 =final state
in the actual engine compression and expansion are not viewed as occurring at stated state internal conditions (constant volume, constant temperature), it more so happens in-between this is called a polytropic process. This is found along the straight-line portions of the LOGP LOGV graph.as seen below in figure two, 
[image: ]
Figure 2: total poly tropic index
[image: ]
Figure 3:LOGP LOGV Graph
3. [bookmark: _Toc30401071]Heat Transfer
The degree of heat transfer can be derived from the Mass- Fraction Burned formula
			

Where, a = Wiebe a, 
ϴ = Crank angle, 
ϴo = Start of combustion,
 ∆Q = Burn duration
  m = Wiebe m. 
from this to get degree of heat released  this only happens on the combustion phase (-180 to  +180 degrees of crank rotation)  as seen in figure three
[image: ]
Figure 4: Heat released 
4. [bookmark: _Toc30401072]Wiebe function.

[image: ]
Figure 5: Display of the wiebe function (Smoothed)

5. [bookmark: _Toc30401073]In cylinder gas temperature.
The calculation for temperature takes three separate gas laws into account
· Charles law, 
This describes the expansion of a given gas when heated. Charles’ law is expressed as follows:

					V/T=k
· The combined gas law
 

· Ideal Gas law

And from this temperature t is found as 
 
  The total mass of air and fuel.
[image: ]
Figure 6: IN Cylinder temperatures (kelvin vs crank angle)
Other gained data be seen in the figures shown below
[image: ]
Figure 7: Burn rate vs crank angle.
[image: ]
Figure 8: Work done vs crank angle 
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Figure 9: Pressure VS Volume
[bookmark: _Toc30401074]Task Two:
Task two required the extrapolation of the combustion pressure from the sigma data used in task one, and from this begin to create a thermodynamic model and, in the end produce simulated in cylinder pressures. Like in task one the simulated cylinder is used to calculate pressures without combustion firstly and the ten with combustion, this data is the n transfer to calculate combustion temps along with heat released, Mass fraction burned, and word done by the system.
Once all the calculations and figures are obtained, this is the validated against the figures obtained in the calculations and graphs generated in task one 
Assumptions:
· Gamma Value. The ration of gas specific heats, (Air at a constant volume to specific heat) this is over looked in this simulation which is a cause of concern with the in cylinder temps rise to an approx high of 3000k
·  Much of frictional losses have been neglected
· the wiebe Function is assumed from known empirical figures,
model validation input table:
a table of all the simulation parameters needed for the simulator is created

	N comp
	1.323
	 

	N exp
	1.2747
	 

	Wiebe A
	5
	 

	Wiebe M
	2
	 

	Burn Dur.
	43
	DEG

	Cylinder Volume
	0.000438
	m^3

	Air density
	1.167
	kg/m^3

	Air mass
	0.00046
	kg

	AFR
	13.23
	 

	Fuel Mass
	3.48E-05
	kg

	LHV
	44000000
	J/Kg.K

	Ambient Pressure
	1.095
	BAR

	Ambient temp
	298K
	 

	Combustion eff.
	0.9
	%

	Volumetric Efficiency
	0.9
	%

	Max. Work Done
	1064.01
	Joules

	Power
	82.46076
	KW

	HP
	110.5799
	HP

	RPM
	6000
	RPM

	Gamma
	1.4
	 

	Sum Q
	1377.845
	Joules

	Gas Constant R
	286.9
	J/Kg.K

	Comb Start
	-9
	DEG

	Total mass
	0.000495
	kg

	RPS
	100
	RPS

	Time per rev
	0.01
	S

	Lambda
	0.9
	 

	Stoichometric
	14.7
	 

	Frictional losses
	0.225
	0.775



And from these inputs and using the formulas described above the following graphs can be generated and therefore used in in conjunction with the results from task one in validation of the simulated calculations 
[image: ]
Figure 10:Task two simulated pressure
[image: ]
Figure 11:Task two pv validation
Figure 12:Task two temp

[image: ]


Conclusion.
To conclude, after a great effort of care to maintain accuracy, the task two simulation was unsuccessful in lining up with the given lucid data. This tool could be further improved and accuracy increased with more time. It is also very difficult to obtain alternative accurate pressure data.
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Cylinder position vs crank angle
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Cylinder pressure with and without combustion
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