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[bookmark: _Toc503448740]Introduction 
The main outcome of this assignment was to create a NOx model for the lean side of stoichiometric when running on Isooctane. Equivalence ratios from 0.6 to 0.99 were calculated at a pressure range of 10 bar to 50 bar. 
Also carried out were calculations on an EGR (Exhaust Gas Recirculation) system, with values from 10% to 20%. 
[bookmark: _Toc503448741]NOx model
This NOx model is based on a 1600cc four cylinder engine. This engine was naturally aspirated (N/A). 
This model looks only at the lean side of stoichiometric burn. This means less fuel will put into the system, yet the same amount of air will be used. 
It can then been seen in equation 1 that when an equivalence ratio of 0.9 is used, the reactants and products alter accordingly.  Equation 1


[bookmark: _Toc503448742]Enthalpy 
Enthalpy for an equivalence ratio of 0.9 can be calculated by using an enthalpy of formations table and the pervious equation (1). Both Nitrogen and Oxygen are already at zero level, and therefor have no effect on the enthalpy. 
	Enthalpy required 
	Enthalpy released 


	Isooctane = 0.9 x -224.1 = 201.69
Oxygen = 0
Nitrogen = 0
	Carbon dioxide = 
Water = 
Oxygen = 0
Nitrogen = 0

	Total =-201.69 MJ/Kmol
	Total = 4791.8 MJ/k.mol


This results in a net enthalpy of Equation 2


[bookmark: _Toc503448743]Temperature 
To get an accurate temperature for the equivalence ration 0.9 the enthalpy for the closest temperatures needed to be calculated. These were calculated to be 2200k and 2300k. Using the enthalpy of formation for the given elements at said temperatures the net enthalpy was calculated. 
	Molecule
	No. of molecules
	T1
	H1

	C20
	7.2
	2200k
	103.56

	H20
	8.1
	
	83.16

	O2
	1.25
	
	66.77

	N2
	47
	
	63.36

	
	
	Total enthalpy
	4480.6



	Molecule
	No of molecules 
	T2
	H2

	C20
	7.2
	2300k
	109.67

	H20
	8.1
	
	88.42

	O2
	1.25
	
	70.61

	N2
	47
	
	66.99

	
	
	Total enthalpy
	4743



Using equation 3, and rearranging for actual temperature (Ta), the desired temperature can be found. 
Equation 5
Equation 4
Equation 3




[bookmark: _Toc503448744]NOx PPM
A major aim for this assignment is to calculate the gas concentration for the NOx output. To do this, first the amount of k.mol input had to be calculated. This is expressed as N in the following formula. In this formula, Pressure is 1bar, volume is per cylinder and multiplied by volumetric efficiency and the temperature 293k. Equation 7
Equation 6



Equation 10
Equation 9
Equation 8

[bookmark: _Toc471998381]	
[bookmark: _Toc471998382]
[bookmark: _Toc471998383]
Using the pervious equation, concentrations for Nitrogen and Oxygen can be found,  Equation 12
Equation 11




[bookmark: _Toc471998387]With this information, and using the Zel’dovich model, the kmol/s can be calculated. Equation 13


Equation 14


With this calculated the results per degree can be created. The RPM of 1800 was given to use. Equation 18
Equation 17
Equation 16
Equation 15

[bookmark: _Toc471998389]



This is then limited by the cylinder volume; Equation 19


Finally the NOx PPM can be calculated.  Equation 20

[bookmark: _Toc471998396]NOx ppm = 

[bookmark: _Toc503448745]Excel model
The excel model formed the main bulk of the assignment, with following consisting of the essential components. 
In table 1 it can be seen how the molecule amounts change depending on the equivalence ratio. 
[image: ]Table 1





In table 2 the empathly values corresponding to temperature can be seen. These values could be put into a graph with a polynomeal created from the trend line. This polynomial could then be used to get an excact temperature relating to empaly.
[image: ]Table 2

Table 3 shows the net emthaply for corresponding temperature and equivalence ratio. The flame temperature is also shown. 
[image: ]Table 3

Table 4 shows how this temperature is altered due to pressure, as directed by the assignment brief. 
[image: ]Table 4


Table 5 shows the raw numbers for the NOx PPM. 
[image: ]Table 5

Graph 1 for flame temperature vs equivalence ration (ER) shows how the flame temperature is effected by pressure. It also shows how the temperature drops when the mixture is made lean. 
Graph 1

From graph 2 it can be seen how the NOx levels increase with the equivalence ratio up to around  0.97. 
[image: ]Graph 2



[bookmark: _Toc503448746]EGR system
EGR is widely used to combat high NOx production. In this example it was calculated between 10% to 20%.   
[image: ]Graph 3

[bookmark: _Toc503448747]Assumptions 
Some assumptions are made for the duration of the assignment. This will result in some errors. Some of those could be mitigated with a more complex model, while others can be more difficult to predict. A big assumption is the constant pressure and volume factors. The calculations are based on this assumption, but as the combustion cycle occurs over a constantly changing pressure and volume system this will result in error. However this would be difficult to solve in an excel format. 
The polytrophic index, given as 1.2, may also give an error. This is as the constant pressure is again not the real world case. A variable index may solve this issue. 
Another assumption made is for the volumetric efficiency to remain at 40% during the EGR calculation. In reality the efficiency would be increased inline with the amount of EGR used. This could be included in a future version of the model, and would help to improve it’s accuracy.  
 
[bookmark: _Toc503448748]Conclusion
In conclusion, the model produced does show the NO2 levels produced from a lean mixture, however the model can be improved with more inclusive and complex calculations. Many factors cannot however to simulated in excel, thus ultimately a 100% accurate model wont be made. Fuel atomisation for intense could not be accurately replicated, which could have an input on soot production and overall emissions.     
[bookmark: _GoBack]The subject of emissions will be high on the agendas of the major manufactures for a number of years to come, in particular NOx levels. Diesel car sales in the UK have already fallen due to public concerns and confusion, with some studies showing the tread will continue. 
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