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[bookmark: _Toc29083319]Introduction
In this report, author calculate lots of parameters about the combustion and emission of engine, which makes use of several formulates and tables. In addition, analysis process of the author is also included in the report except the simple calculation to demonstrate the understanding of author, and the calculation is divided into two parts. Part A demonstrates and comprehensives and thorough knowledge of alternative power providers to enable specification of a system capable of fulfilling the vehicle’s performance and emissions requirements. Part A and B demonstrate subject specific skills of the combustion and emissions mechanism for conventional and bio-fuels used in SI and CI automotive applications.
For the combustion part, the calculation is based on the compounds of 50% molar methanol and 50% molar isooctane, which is carried out to analysis the mass percentages, AFR, lower heating value, enthalpy, mass of CO2, and other analysis about other factors.
For the other part, author is asked to create a NOx model for Isooctane running on the lean side of stoichiometric based on 3 assumptions about the combustion and engine, which is developed to analysis the influence of equivalence ratio (Ф) and E.G.R on the NOx PPM.
The calculation is carried out step by step, and every step is shown in the paper, all calculations are with help of EXCEL, hence the excel data will also be submit to demonstrate author’s work.












[bookmark: _Toc29083320]Calculations about Blended Mixture
This study is carried out of a molar composition as follows:
      METHANOL    -50%
      ISOOCATANE -50%
[bookmark: _Toc29083321]Calculate the mass percentages 
Assume there is 2 mol mixture, hence there are 1 mol methanol and 1 mol isooctane.
	
	Atomic No
	Atomic Weight

	H
	1
	1

	C
	6
	12

	O
	8
	16


Hence mass of 1 mol methanol (CH3OH) and isooctane (C8H18) are:
0.5 mol methanol = (12x1+1x4+16x1) = 32g
                                        0.5 mol isooctane = (12x8+1x18) = 114g
Hence the mass percentages of methanol and isooctane are
Mass Percentage of methanol = 32/ (32+114) = 21.92%
                               Mass Percentage of isooctane = 114/ (32+114) = 78.08%
Hence
	Percentage of methanol
	21.92%

	Percentage of isooctane
	78.08%











[bookmark: _Toc29083322]Calculate the Air: Fuel mass ratio 
Hence Air/Fuel Ratio (AFR) by mass:


  
And Stoichiometric burning of methanol and isooctane (Williams, combustion):
Methanol = CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2
                        Isooctane = C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2
Hence 
	
	Atomic No
	Atomic Weight

	H
	1
	1

	C
	6
	12

	O
	8
	16

	N
	7
	14




AFR of methanol = 

                    AFR of isooctane =  
Hence for the blend:


                    AFR of blend = 
Or blend is consisting of methanol and isooctane, hence the AFR of blend can be calculated by the summation of fuel’s AFR plus its mass percentage.
                  AFR of blend = 6.435*21.92%+15.053*78.08%=13.1637
Two calculating results are very close, which demonstrates that the analysis above is correct, hence in next calculations, results of blend can be got by using the mass percentage if the calculation is based on the mass. 




[bookmark: _Toc29083323]Calculate the lower heating value of the blend in MJ/kg.
The ‘Lower Heating Value’ is the term used when H2O is a gas (LHV) (Williams, Enthalpy and Fuels)
[image: ]The enthalpy of pure elements is zero in its standard state, and the enthalpy of other substance can be got from the table (S.Mcallister):












[bookmark: _Hlk28904605]And the  CO2 is -393.5kJ/mol, H2O is -241.8kJ/mol when H2O is gas,  of O2  and N2 are zero because they are pure elements.
For methanol:
CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2
Enthalpy needed for reactants: = 201.5+0+0 MJ=201.5MJ
Enthalpy released from products: = 393.5+2x241.8+5.64x0=877.1MJ
Hence the net enthalpy: = 877.1-201.5= 675.6MJ
And the mass of 1 mol methanol = 32kg

Hence 1kg of methanol releases  (LHV)  
For isooctane:
C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2
Enthalpy needed for reactants: = 259.2+0+0 MJ=259.2MJ
Enthalpy released from products: = 8x393.5+9x241.8+47x0=5324.2MJ
Hence the net enthalpy: = 5324.2-259.2= 5065MJ
And the mass of 1 mol isooctane = 114kg


Hence 1kg of isooctane releases  (LHV)  
Hence for the blend:
LHV = 21.92%*21.113+78.08%*44.430
LHV =39.319 MJ/kg (This calculation is based on mass, hence use the mass percentage to get the result directly)
















[bookmark: _Toc29083324]Give an explanation of enthalpy of formation.

[bookmark: _Hlk28905107]Enthalpy of formation is the enthalpy change for the formation of 1 mol of a compound from its component elements, 
The value of ΔH for a reaction depends on the physical states of the reactants and the products, the pressure of any gases present, and the temperature at which the reaction is carried out.  
The standard states for which most thermochemical data are tabulated are a pressure of 1 atmosphere (atm) for all gases and a concentration of 1 M(1 mol/L) for all species. In addition, each pure substance must be in its standard state, which is usually its most stable form at a pressure of 1 atm at a specified temperature. Temperature is assumed at 25°C (298 K) for all enthalpy changes given in this module, unless otherwise indicated (Dorofeeva & Suchkova, 2018).  

Enthalpies of formation measured under these conditions are called standard enthalpies of formation which is the enthalpy change for the formation of 1 mol of a compound from its component elements when the component elements are each in their standard states. The standard enthalpy of formation of any element in its most stable form is zero, such as N2, O2 (Williams, Enthalpy and Fuels). 












[bookmark: _Toc29083325]Explain the difference between higher and lower heating values.
Higher heating value and lower heating value both represent the heat released through the combustion of fuel, the difference is that higher heating value means the product H2O is liquid in the combustion, but the lower heating value means the product H2O is gas. Hence higher value is bigger that lower heating value because the reaction


H2O(g) → H2O(l)    =-44kJ/mol
can release heat. In addition, lower heating value represents the whole heat the fuel can release (Lin, Wang, & Chi, 2015).



















[bookmark: _Toc29083326]Calculate the mass of CO2 produced per kg of fuel burned.
For the combustion reaction of fuel:
CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2 (a)
                               C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2 (b)
For methanol, mass of CO2 produced per kg of methanol burned
(mass of 1 kmol CO2=12+16x2=44kg):
                               Mass of CO2 = 44/32 = 1.375kg
For methanol, mass of CO2 produced per kg of methanol burned:
                               Mass of CO2 = 44x8/114 = 3.088kg
Hence for the blend, mass of CO2 produced per kg of methanol burned:
Mass of CO2 = 1.375*21.92%+3.088*78.08%= 2.712kg (This calculation is based on mass, hence use the mass percentage to get the result directly)














[bookmark: _Toc29083327]Describe the properties of an “Ideal” fuel.
For the ideal fuel:
The combustion of the fuel can’t produce poisonous emissions, or the fuel will pollute the environment and influence people’s daily life. It will also cost too much if they choose to eliminate the toxic substances. What’s more, it can’t produce too much carbon dioxide because it will influence the climate like greenhouse and heat island effect (Bourzac, 2016). 
The production process of the fuel can’t be too complex and the price can’t be too high to meet huge social needs, which should can be widely used and adopted.
The fuel should have high heat efficiency like LHV, which enables the machine to work steadily (Williams, Enthalpy and Fuels). 
The fuel can’t take up too much volume of the total volume, or it will decrease the energy unit volume can produce. In addition, the air fuel ratio by mass can’t be too high.
The fuel needs more heat to vaporise and thus cool things down.
The fuel molecule should be stable enough to reduce the likelihood to split, which allows higher compression or boost pressures that can increase the performance of the machine (Williams, Flame Temperatures).











[bookmark: _Toc29083328]NOx Model for Isooctane
Assumption 1: The rise in pressure is linear and a value 2 bar per degree from 10 bar to a peak value of 40bar.
Assumption 2: The engine is a 1600 cc four-cylinder, naturally aspirated.
Assumption 3: The engine speed is 1800RPM.
[bookmark: _Toc29083329]Plot a graph of NOx PPM as Ф from 0.6 to 1.0
①
Combustion equation:


    

 

 


 and  can be calculated in Excel:
[image: ]
Hence the flame temperature can be calculated in Excel:
At constant pressure the change in heat is equal to the change in energy, hence the calculation should be carried out in every interval to maintain the constant pressure. The net enthalpy released can be calculated from the ‘enthalpy of formation’ (Hf) at 298K, this enthalpy release raises the temperature of the products from 298K to fuel flame front temperature, and find the range of temperature first (Williams, Flame Temperatures).


 :  =-3039MJ/kmol
Using the fuel database for CO2, H2O, O2, N2.
At 1700K →                                         4.8 CO2+5.4 H2O+5 O2+47 N2
                            (4.8x73.44+5.4x57.78+5x47.94+47x45.42=3038.964MJ)
Hence it needs 3038.964MJ to get to 1700K
At 1800K →                                        4.8 CO2+5.4 H2O+5 O2+47 N2
                            (4.8x79.4+5.4x62.71+5x51.66+47x48.97=3279.644MJ)
At 1800K, the enthalpy needed is more than it has available, so determine the correct temperature.




:  =-5065MJ/kmol
At 2300K→                                         8 CO2+9 H2O+47 N2
            (8x109.66+9x88.42+47x66.99=4821.59MJ)
Hence it needs 4821.59MJ to get to 1700K
At 2400K→                                         8 CO2+9 H2O+47 N2
            (8x115.79+9x93.74+47x70.64=5090.06MJ)

At 2400K, the enthalpy needed is more than it has available, so determine the correct temperature. 


Hence, the temperature ranges from 1700.015K to 2390.666K, rest results is shown in picture below:
[image: ]
②
For the burn zone temperatures, the temperatures in  the cylinder will increase with the pressure rise, and the temperature can be calculated by the equation below:



 
From the fuel data, n=1.17, hence the range of T can be calculated.
[image: ]
③
From the assumption, the crankshaft intervals range from 0° to 15°, and the pressure at every interval is shown in table below.
	Int
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	P
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28
	30
	32
	34
	36
	38
	40



④
For the NOx PPM (Williams, Zeldovich Williams):
Using the zeldovich model for the further calculation, hence the equation is shown below:


⑤
From assumption2, for a 1600cc naturally-aspirated four-cylinder engine, each cylinder must have a displacement of 300cc. The volumetric efficiency at part load can be assumed to be 50%, thus enabling the calculation of the number of kmols of mixture drawn into the cylinder, n, by using the ideal gas law.




 , It is assumed that the mixture drawn into the cylinder is at 1 Bar atmospheric pressure and at 20°C. Thus, the number of kmols of mixture drawn in per cycle:   
⑥
From the balanced chemical equation, it is known that the intake of combustion mixture is made up of components of fuel and air, thus using the value just calculated for the number of kmols drawn in:



Alpha changes with fuel equivalence ratio as at lower ratios there is less fuel in the mixture, thus changing the concentrations of oxygen and nitrogen.
⑦
From the assumption2 author gets, and assume volume of combustion chamber is 40cc:




⑧
From the Zeldovich model:


We use the estimation equation described by Günter P:


And from assumption3: 1800RPM and assume the volume of combustion chamber is 40ccs, hence:


And the sum of NOx over x degrees of intervals that:


From 0° to 15°:
NOx=9.75x10-11 kmols/cycle
⑨
PPM (NOx parts per million):


Hence all the PPM can be calculated like this (by excel):
[image: ]
[image: ]
Graph (by Excel):

From the curve, author finds that the PPM is highest when φ=0.97, PPM=29457.56214. Looking at the trend of the curve that is close to the reality, when φ is very small, though there is enough O2 for NOx production, but the temperature is too low to split, hence the NOx PPM is of a low level. And with the φ increase, more and more NOx produced, and get its peak value at 0.97, then goes down because there is not enough N and O molecules for the reaction.

[bookmark: _Toc29083330]Effect of adding 20% E.G.R. on NOx PPM
φ=0.97,  calculate the effect of adding E.G.R. on NOx PPM levels. Use the Zeldovich model estimation equation:


Assumption1: Volumetric efficiency of 40%
Assumption2: EGR levels up to 20% of the air +fuel contents
Assumption3: The mixture drawn in cylinder at 1bar and 293K

Assumption4: Universal gas constant is 8314J / (KMOL K)
Assumption5: Polytropic index (n) for burned zone up to peak pressure is 1.17 
Assumption6: Combustion chamber volume is 40ccs and the [N2] & [O2] concentrations can           be considered constant during combustion. 
①

With  EGR, the combustion equation, calculate the influence of 0%, 5%, 10%, 15%, 20% EGR:


The results are shown in the picture below:

[image: ] 
②
Without EGR, according to the ideal gas law:


And adding the EGR, the whole number of kmols of mixture drawn in again is:



Hence the number is                            
The results are shown in the picture below from x=1 to x=1.2:
[image: ]
③
And for α:


From the result, it can be found that the value of the alpha remain the same as the previous calculation, value of x have no influence on the alpha.
④
Hence the [O2] and [N2]:




The results are shown in the picture below from x=1 to x=1.2:
[image: ]
⑤
Though the net enthalpy doesn’t change, but the flame temperature has changed because the n1-n4 has changed. Hence calculate the flame temperature again. The result is shown in the picture below from x=1 to x=1.2: 
[image: ]
The flame temperature drops with the EGR level goes up.
And for the temperature of burn zone should also be calculated again and take use of the polytropic index of 1.17, the results are shown in the picture below:
[image: ]
From the table, it can be found that the burn zone temperature drops very quickly because of the influence of EGR.
⑥
Calculate the NOx per cycle:




Results are shown in the picture below from x=1 to x=1.2:
[image: ]

⑦
Hence the NOx PPM:


The total exhaust at different EGR level is shown in the picture below from x=1 to x=1.2:
[image: ]
And the PPM:
[image: ]
Plot:

From the table and plot, it can be found that the PPM drops rapidly with the EGR goes up, with EGR level up to 20%, the PPM level drops 97.3%, or there is nearly no NOx in engine’s exhaust. Hence it demonstrates that the EGR is an efficient method to reduce the production of NOx, this is why many car manufacturers include an EGR system in order to comply with Euro VI emission regulations.  
 With the EGR level rise, the burn zone temperature goes down quickly, peak temperature drops from 2865K to 2487K adding 20% EGR, low temperature is not good for molecules to split, hence there is not enough N and O radical atoms to produce the NOx.























[bookmark: _Toc29083331]Conclusion
The whole study is carried out about the fuel combustion (methanol and isooctane), paper consist of two parts. First part calculates some basic parameters about a blend molar composition half and half, calculate the mass percentage, Air Fuel ratio, lower heating value, CO2 mass produced and explain the meaning of enthalpy of formation and lower heating value. Second part talks about the NOx produced through isooctane combustion, using the Zeldovich model that is just suitable for lean combustion, and the calculation is based on several assumptions to make the model easier. In this part, author calculate the temperature, equation index, many factors, and NOx PPM under different fuel equivalence ratio and EGR level. When φ=0.97, get the maximum NOx PPM=29457.56214, and EGR make the PPM drop 97.3% when φ=0.97.
 Based on the calculation results, author describe the change of the data with the help of plot and tables create in EXCEL (Excel , 2016), and analysis the reason cause the change then get the conclusions about the calculations.
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