
 

University of Wales 

Trinity Saint David 
School of Engineering 

Combustion and Emission Study: 

Modeling Fuels and NOx 

Xiaotong Jiang 

1904747 

Level 6 

05/01/2020 

Powertrain and Sustainability 

M6X01206 
 

  



Content 

1.Introduction ............................................................................................................... 3 

2.Calculations and Explanations for the combustion of the fuel blend .................. 4 

2.1 Calculations of the mass fraction of methanol and isooctane .................................... 4 

2.2 Calculate the Air/Fuel Ratio (AFR) for the stoichiometric air fuel ........................... 5 

2.3 The lower heating value ................................................................................................. 6 

2.4 Explain enthalpy of formation ...................................................................................... 8 

2.5 Explain the difference between higher and lower heating values.............................. 9 

2.6 Calculation of the mass of CO2 produced per kg of fuel burned ............................ 10 

2.7 Describe the properties of an “Ideal” fuel ................................................................. 11 

3.𝑵𝑶𝒙 Model for Isooctane ...................................................................................... 12 

3.1 Calculate flame temperature and plot a graph of 𝑵𝑶𝒙 PPM ................................ 12 

3.2 The effect on PPM when EGR is applied ................................................................... 20 

4.Conclusion ............................................................................................................... 24 

Reference .................................................................................................................... 25 

 

 

 

 

  



1.Introduction 

The report includes the calculations, explanation，analysis and modelling of the fuels and 𝑁𝑂&. 

The author can obtain deeper knowledge of combustion and emission mechanism and cultivate 

the skill of tackling with large quantities of data. In this report, lots of data need to be worked 

on and throughout analysis this enable the author to study the combustion chemistry and engine 

performance. 

For the first part, a blended fuel which was given by task consists of 50% methanol and 

isooctane, and the calculations in the first part includes comprehensive knowledge from easy 

question of mass percentage to every critical knowledge points, such as Air/Fuel mass ratio 

(AFR), lower heating value, mass of 𝐶𝑂(,etc. The explanations provide author more energy 

with more concentration on the definition and deep understanding of the combustion and 

emissions.  

For the second part, a 𝑁𝑂& model need to be developed for isooctane with the changes of fuels 

equivalence ratio (φ), and the 𝑁𝑂& PPM can be demonstrated as a graph by coping with many 

relative data in excel in order to understand how the effect of φ on the production of 𝑁𝑂&. In 

addition, the author calculated and plot the graph of 𝑁𝑂& PPM when adding EGR level (0%-

20%) to compare the value at different EGR level to find how EGR exerts the influence on the 

procedure of combustion.  

  



2.Calculations and Explanations for the combustion of the 

fuel blend 

From the known conditions in the task description, isooctane and methanol both have molar 

composition of 50%. 

 

2.1 Calculations of the mass fraction of methanol and isooctane 

Assuming the molar of the blended mixture is a mol, then the molar of the methanol and 

isooctane are both 0.5*a kmol. 

Mixed fuel composition and mass: 

 Atomic No Atomic Weight 

H 1 1 

C 6 12 

O 8 16 

Table 2.1 Atomic number and weight of H, C and O 

0.5a kmol methanol(C𝐻,𝑂𝐻) = (12+3+16+1) *0.5a= (0.5a*32) kg 

0.5a kmol isooctane(𝐶-𝐻.-) = (12*8+18) *0.5a= (0.5a*114) kg 

∴ mass percentage of methanol = ,(∗0.23
0.23∗(,(5..6)

 = 0.219 = 21.9% 

mass percentage of isooctane = ..6∗0.23
0.23∗(,(5..6)

 = 0.781 = 78.1% 

Methanol(C𝐻,𝑂𝐻) 21.9% 

Isooctane(𝐶-𝐻.-) 78.1% 

Table 2.2 Mass percentage of methanol & isooctane 

 

 



2.2 Calculate the Air/Fuel Ratio (AFR) for the stoichiometric air fuel 

𝐴𝐹𝑅	𝑏𝑦	𝑚𝑎𝑠𝑠 =
𝐴𝑖𝑟	𝑀𝑎𝑠𝑠
𝐹𝑢𝑒𝑙	𝑀𝑎𝑠𝑠

 

For methanol, 

𝐶𝐻,𝑂𝐻 + 𝑥 𝑂( + 3.76𝑁( → 𝑛.𝐶𝑂( + 𝑛(𝐻(𝑂 + 𝑛,𝑁( 

Table 2.3 The balance of equation for methanol in excel 

Hence the stoichiometric equation: 

𝐶𝐻,𝑂𝐻 + 1.5 𝑂( + 3.76𝑁( → 𝐶𝑂( + 2𝐻(𝑂 + 5.64𝑁( 

Air mass for methanol = 1.5(16 x 2+3.76 x 28)*0.5a = 205.92*0.5a kg 

Fuel mass = (12+3+16+1) *0.5a = 32*0.5a kg 

For isooctane, 

𝐶-𝐻.- + 𝑥 𝑂( + 3.76𝑁( → 𝑛.𝐶𝑂( + 𝑛(𝐻(𝑂 + 𝑛,𝑁( 

Table 2.3 The balance of equation for isooctane in excel 

𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 8𝐶𝑂( + 9𝐻(𝑂 + 47𝑁( 

Air mass for isooctane = 12.5(16 x 2+3.76 x 28) *0.5a = 1716*0.5a kg 

Fuel mass = (12 x 8+18) *0.5a = 114*0.5a kg 

Hence, total air mass = (1716+205.92) *0.5a = 1921.92*0.5a kg 



        Total fuel mass = (32+114) *0.5a = 146*0.5a kg 

        AFR by mass = .U(..U(∗0.2V
.62∗0.23

 = 13.1638 

2.3 The lower heating value 

The standard table shown below details the ∆ℎY0 for these two fuels in the blend. 

 

Table 2.5 The fuel database 

From the table ∆ℎY0, (𝐶𝐻,𝑂𝐻) = -259.2 kJ/mol, ∆ℎY0 (𝐶-𝐻.-) = -201.5 kJ/mol. 

Also, ∆ℎY0	(𝐶𝑂() = -393.5 kJ/mol. Because 𝑂( and 𝑁( are pure substances in their standard 

state, ∆ℎY0	(𝑂() = 0 kJ/mol, ∆ℎY0	(𝑁() = 0 kJ/mol. 

In order to get lower heating value in the blend, the formation of the water should be gas, 

because 𝐻(𝑂 is ∆H = 	−241.8	𝑘𝐽/𝑚𝑜𝑙 as a gas(g) and ∆ℎY0 = 285.8	𝑘𝐽/𝑚𝑜𝑙 as a liquid (l), 

and the lower heating value is the term used when 𝐻(𝑂 is a gas (LHV) (Williams, 2019, pp.6-

7). 

For methanol 

𝐶𝐻,𝑂𝐻 + 1.5 𝑂( + 3.76𝑁( → 𝐶𝑂( + 2𝐻(𝑂 + 5.64𝑁( 



Enthalpy needed for products = 201.5*0.5a MJ ① 

Enthalpy released from reaction = (393.5+2 x 241.8+0)*0.5a = 877.1*0.5a MJ ② 

Net enthalpy = product enthalpy – reactant enthalpy = ②-①	= 675.5*0.5a MJ 

Since the unit of the heating value is MJ/kg, the mass of methanol in the blend is 0.5a*32 kmol,  

The heating value of 1kg of the methanol = `a2.2∗0.23
0.23∗,(

= 21.11𝑀𝐽/kg 

For isooctane 

𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 8𝐶𝑂( + 9𝐻(𝑂 + 47𝑁( 

Enthalpy needed for products = 259.2*0.5a MJ ③ 

Enthalpy released from reaction = (393.5 x 8+9 x 241.8+0)*0.5a = 5324.2*0.5a MJ ④ 

Net enthalpy = product enthalpy – reactant enthalpy = ④-③	= 5065*0.5a MJ 

The mass of isooctane in the blend is 0.5a*114 kmol,  

The heating value of 1kg of the isooctane = 20`2∗0.23
0.23∗..6

= 44.43𝑀𝐽/kg 

Since the blend consists of methanol and isooctane, and the unit of the calculation is relative to 

the mass, the mass percentages of these two fuels can be used to solve the heating value of the 

mixed fuel. 

So 1kg blended fuel releases the lower heating value = 21.11*21.9% + 44.43*78.1% = 39.32 

MJ/kg 

  



2.4 Explain enthalpy of formation 

The enthalpy of formation (∆ℎY0 ) is the enthalpy change for the formation of 1mol of a 

compound from its component elements (Williams, 2019, pp.3). 

At a certain temperature and pressure, the thermal effect of generating 1 mole of pure substance 

from the most stable elementary substance is called enthalpy of formation. 

The value of ∆H for a reaction is relative to the physical states of reactants and products, the 

pressure of gases and the temperature (Williams, 2019). 

When the pressure where all gases appear is 1 atmosphere (atm) and the concentration of all 

species in solution (1 mol/L) is 1 M, these conditions are standard. 

When a reaction happens and the component elements are at their standard condition, the 

enthalpies of formation under standard state are called standard enthalpies of formation. 

The standard enthalpy of formation of each pure substance is zero, and pure substances must 

be in the standard state (Williams, 2019). 

 

  



2.5 Explain the difference between higher and lower heating values 

The ‘Lower Heating Value ’ is the term used when 𝐻(𝑂 is a gas (LHV), and the ‘Higher 

Heating Value ’ is the state when 𝐻(𝑂 is a liquid (LHV). Since the formation of liquid (𝐻(𝑂(𝑙)) 

from gaseous water (𝐻(𝑂(𝑔)) needs to release heat, the enthalpy change in this formation can 

be calculated as followed: 

𝐻(𝑂(𝑔) → 𝐻(𝑂(𝑙) 

The enthalpy released from liquefaction= -285.8 - (-241.8) = -44 KJ/mol 

When 𝐻(𝑂 is a liquid in the reaction above, the ‘Higher Heating Value’ is: 

HHV=a`,.`
,(

∗ 0.219 + 26`.
..6

∗ 0.781	= 42.64 MJ/kg 

LHV = 39.32 MJ/kg 

HHV = 42.64 MJ/kg 

The higher heating value include the releasing heat during a reaction from gaseous water to 

liquid except the heat released by fuels. Hence, HHV shows the releasing heat of the fuel during 

the combustion. 

  



2.6 Calculation of the mass of CO2 produced per kg of fuel burned 

𝐶𝐻,𝑂𝐻 + 1.5 𝑂( + 3.76𝑁( → 𝐶𝑂( + 2𝐻(𝑂 + 5.64𝑁( 

𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 8𝐶𝑂( + 9𝐻(𝑂 + 47𝑁( 

For methanol, 

0.5a kmol methanol (𝐶𝐻,𝑂𝐻) → 0.5a kmol 𝐶𝑂( 

0.5a kmol methanol (𝐶𝐻,𝑂𝐻) = (12+3+15+1)*0.5a = 32*0.5a kg 

Mass of 0.5a kmol CO2=(12+16x2)*0.5a=44*0.5a kg 

So if 1kg of methanol is burned,  

                               Mass of CO2 = 44/32 = 1.375kg 

For isooctane,  

mass of CO2 produced per kg of isooctane burned, 

                               Mass of CO2 = 44x8/114 = 3.088kg 

Since 1kg blend has 0.219 kg methanol and 0.781 kg isooctane,  

Total mass of CO2 per kg fuel burned= 1.375*0.219+3.088*0.781= 2.713kg  

 

  



2.7 Describe the properties of an “Ideal” fuel 

An ‘Ideal’ fuel 

An ideal fuel needs to have strong anti-knock performance. 

An ideal fuel should absorb more heat to vaporise and then it can cool things down (Williams, 

2019, pp.9). 

Lighter fuel can lead to faster moving of the molecules, thus it can increase the speed of flame 

and lose less heat considering the faster combustion. (Williams, 2019, pp.9). 

The value of octane rating is an indicator of the anti-knock performance of gasoline (Yan, 2017). 

Higher octane rating for engine means it has a stronger anti-knock performance and it has small 

possibility to split considering the molecule is smaller and more stable (Williams, 2019, pp.9). 

An ideal fuel need to have a good oxidation stability, copper corrosion resistance and also need 

to be clear and bright (Williams,2019, pp.19). 

For diesel, it needs to have a low octane rating for igniting without a spark. (Williams, 2019, 

pp.18). 

 

 

  



3.𝑵𝑶𝒙 Model for Isooctane 

From the task description, three assumptions can be shown below: 

(1) The increase about cylinder pressure after combustion start is linear, and there is a 2 bar per 

degree from pressure at start of combustion (10 bar) up to the peak pressure (40 bar). 

(2) It is a naturally aspirated engine which is 1600 cc four-cylinder. 

(3) 1800 RPM engine speed.  

(3) 40% volumetric efficiency and polytropic index for burned zone up to peak pressure is 1.17 

(Williams, 2019) 

3.1 Calculate flame temperature and plot a graph of 𝑵𝑶𝒙 PPM 

𝜑𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 8𝜑𝐶𝑂( + 9𝜑𝐻(𝑂 + 𝑛,𝑂( + 47𝑁( 

𝑛, = (25-16𝜑-9𝜑)/2 = 12.5(1-𝜑) 

𝜑=0.6 → 1.0 (𝜑: equivalence ratio) means 40% → 0% lean. 

For the flame temperature, the net enthalpy needs to be calculated through the ‘standard 

enthalpy of formation’ and the flame temperature can be solved because the temperature of the 

products may increase to the flame front temperature through the reaction and enthalpy 

releasing. 

The author used excel to calculate the net heat released per 𝜑 kmol of 𝐶-𝐻.- when 𝜑 grows 

from 0.6 to 1.0. 



 

Table 3.1 Net enthalpy at different 𝜑 in excel 

(1) When 𝝋=0.6 

0.6𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 4.8𝐶𝑂( + 5.4𝐻(𝑂 + 5𝑂( + 47𝑁( 

The net enthalpy released per 0.6 kmol of 𝐶-𝐻.- = ∆H = 3039 MJ 

From the fuel database table, the data for 𝐶𝑂(, 𝐻(𝑂, 𝑂( and 𝑁( can be found. 

At 1600K,  

enthalpy needed:𝐻Y= (4.8*67.54+5.4*52.94+5*44.25+47*41.9) = 2800.6 MJ 

At 1700K,  

enthalpy needed:𝐻Y= (4.8*73.44+5.4*57.78+5*47.94+47*45.42) =3038.964 MJ 

At 1750K, 

enthalpy needed:𝐻Y= (4.8*76.41+5.4*60.24+5*49.8+47*47.19) =3158.994 MJ 

Since the net heat (3039 MJ) is between 3038.964MJ(at 1700K) and 3158.994MJ(at 1750K), 

the flame front temperature can be solved as follows: 

𝑇 − 1700
1750 − 1700

= 	
3039 − 3038.964

3158.994 − 3038.964
 

𝑇 − 1700
50

= 	
0.036
120.03

 



	T = 1700.015K 

(2) When 𝝋=1.0 

𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( → 8𝐶𝑂( + 9𝐻(𝑂 + 47𝑁( 

The net enthalpy released per 0.6 kmol of 𝐶-𝐻.- = ∆H = 5065 MJ 

At 2500K, enthalpy needed:𝐻Y= (8*121.94+9*99.11+47*70.64) =5187.59 MJ 

At 2400K, enthalpy needed:𝐻Y= (8*115.79+9*93.74+47*70.64) =5090.06 MJ 

At 2300K, enthalpy needed:𝐻Y= (8*109.66+9*88.42+47*66.99) =4821.59 MJ 

The flame front temperature: 

𝑇 − 2300
2400 − 2300

= 	
5065 − 4821.59

5090.06 − 4821.59
 

T = 2390.67K 

(3) Flame front temperature (𝝋=0.6 → 1.0) 

Through calculating the two special points (𝜑=0.6 and 1.0), the interval of the flame font 

temperature can be got (from 1600K to 2400K). Using excel to calculate the specific 

temperature at every different value of 𝜑	(𝜑 grows in 0.05 steps from 0.6 to 0.95 and 0.01 

steps from 0.95 to 1.0), which is shown as followed. 

 

Table 3.2 The flame temperature at different	𝜑 in excel 

 



(3) Burn zone temperature 

Burn zone temperature is not the same as flame front temperature, and the burn zone 

temperature increases as the cylinder pressure rises (Williams, 2019, pp.12). Hence the burn 

zone temperature can be calculated through using the ideal gas law. 

n =
𝐶j
𝐶k

 

𝑇(l

𝑇.l
=
𝑃(ln.

𝑃.ln.
 

From the assumption in the task description, n=1.17. 

The cylinder pressure increases in a value of 2 bar per degree from 10 bar up to a peak value of 

40 bar, and the crankshaft angle start at 1° with 1° intervals, thus the crankshaft angle ranges 

from 1° to 15° with θ	increasing from 10 bar to 40 bar. 

Using excel to calculate the burn zone temperature as followed: 

 

Table 3.3 The burn zone temperature at different cylinder pressure in excel 

(3) The Zeldovich model for 𝑵𝑶𝒙 PPM 

𝛼(𝜑𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( ) → 𝛼(8𝜑𝐶𝑂( + 9𝜑𝐻(𝑂 + 𝑛,𝑂( + 47𝑁() 

From the task description, the engine is assumed as a 1600cc naturally-aspirated four-cylinder 

engine, each cylinder must have a displacement of 400cc.(Williams) 



The ideal gas law, 

PV = nRT 

When the cylinder is at 1 bar and 20℃, and 

n =
𝑃𝑉
𝑅𝑇

 

n =
102𝑥 400x0.4 · 10n`

8314𝑥293
 

n = 6.57x	10n`kmols 

From the balanced chemical equation, the intake of combustion blend consists of fuel and air 

(Williams,2019), so the value of n which was calculated above can be used. 

𝛼(𝜑𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( ) =	6.57x	10n`kmols 

𝛼(𝜑 + 12.5 1 + 3.76 ) =6.57x	10n`kmols 

∴	𝛼 = `.2a|	.0}~

�5.(.2(.5,.a`)
	

Using excel to calculate the value of the 𝛼 at different fuel equivalence ratio (𝜑). 

 

Table 3.4 The alpha at different	𝜑 in excel 

The combustion chamber volume of 40cc considering the engine speed is 1800RPM, 

𝑂( = 	
𝑛, ∗ 𝑎

40	x	10n`
 



𝑁( = 	
47 ∗ 𝑎

40	x	10n`
 

 

Table 3.5 The calculations of [O2] & [N2] at different	𝜑 in excel 

𝜕[𝑁𝑂]
𝜕𝑡

= 4.7x	10.,x	 𝑁( 𝑂(
.
( · exp

−𝐸�
𝑅𝑇

𝑘𝑚𝑜𝑙𝑠/𝑚,/𝑠𝑒𝑐 

Since the engine speed is assumed to be at a constant 1800 RPM, 

1800 ∗
360
60

= °/sec 

∴
4.7x	10.,x	 𝑁( 𝑂(

.
( · exp −𝐸�

𝑅𝑇
1800	x	6

=
𝑘𝑚𝑜𝑙𝑠
𝑚,

°
 

The combustion chamber volume is 40ccs, 

4.7x	10.,x	 𝑁( 𝑂(
.
( · exp −𝐸�

𝑅𝑇
1800	x	6

· 40 ∗ 10n` =
𝑘𝑚𝑜𝑙𝑠
°

 

Using the equation written by Günter P. Merker from the book ‘Simulating Combustion’ 

4.7x	10.,x	 𝑁( 𝑂(
.
( · exp −67837

𝑇
1800	x	6

×40 ∗ 10n` =
𝑘𝑚𝑜𝑙𝑠
°

 

Using excel to solve the 𝑁𝑂&/degree with ranges of fuel equivalence ratio. 



 

 

Table 3.7 The calculations of 𝑁𝑂&/degree at different	𝜑 in excel 

The value of 𝑁𝑂& for every cycle can be worked out by the summation of 𝑁𝑂& over x degrees 

of combustion. 

4.7x	10.,x	 𝑁( 𝑂(
.
( · exp −𝐸�

𝑅𝑇
1800	x	6

×40 ∗ 10n` = 𝑘𝑚𝑜𝑙𝑠/𝑐𝑦𝑐𝑙𝑒
&���

&���

 

PPM means 𝑁𝑂& parts per million, and it is the ratio of 𝑁𝑂&/cycle as a percentage of one 

million exhaust gas particles. (Williams,2019, pp 6). 

PPM =
𝑁𝑂&	𝑘𝑚𝑜𝑙𝑠/𝑐𝑦𝑐𝑙𝑒

𝑡𝑜𝑡𝑎𝑙	𝑒𝑥ℎ𝑎𝑢𝑠𝑡	𝑘𝑚𝑜𝑙𝑠
	×10` 

𝑇𝑜𝑡𝑎𝑙	𝑒𝑥ℎ𝑎𝑢𝑠𝑡	𝑘𝑚𝑜𝑙𝑠 = 	𝛼(8𝜑 + 9𝜑 + 𝑛, + 47) 



Also, using excel to calculate the PPM at different 𝜑. 

 

 

 

Table 3.8 The calculations of 𝑁𝑂& PPM at different	𝜑 in excel 

When reaction at 𝜑 = 0.97, PPM has the largest value of 26351.3797 which means at this state 

the rate of 𝑁𝑂& produced is highest. 

The author used excel to plot the graph of	𝑁𝑂& PPM as followed: 

From the graph below, when 𝜑 is at lower value, although it has more and higher concentration 

of 𝑁( and 𝑂( for producing 𝑁𝑂&, the N and O molecules dissociate slowly considering the 

low burn and flame temperature. And the curve shows that PPM has an increasing trend up to 

26351.3797(at 𝜑 = 0.97) and then drops down to 0(at 𝜑 = 1). 

 

Figure 3.1 𝑁𝑂& PPM @fuel equivelance ratio 
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3.2 The effect on PPM when EGR is applied 

For the EGR valve, the recirculated gas adds extra mass to the combustion mixture and also 

decreases the burn zone temperature considering the ideal gas law, thus the production of NOx 

reduced (Williams,2019, pp 8). 

𝜕[𝑁𝑂]
𝜕𝑡

= 4.7x	10.,x	 𝑁( 𝑂(
.
( · exp

−67837
𝑇

𝑘𝑚𝑜𝑙𝑠/𝑚,/𝑠𝑒𝑐 

For	𝜑 = 0.97,  

𝛼(𝜑𝐶-𝐻.- + 12.5 𝑂( + 3.76𝑁( ) → 𝛼(7.76𝐶𝑂( + 8.73𝐻(𝑂 + 0.375𝑂( + 47𝑁() 

Since EGR levels are assumed up to 20%, the author choosed the level of 10%, 15%, 20% to 

calculate the effect. 

Recalculating isooctane equation after adding EGR, the modulus of the products can be worked 

out: 

 

Table 3.9 The modulus of the products at different EGR level in excel 

The net enthalpy does not change because of the balance among the equation. 

The volumetric efficiency is still assumed as 40%, hence, the value of n does not change. And 

the value of [N] & [O] will change as the modulus of products changes. 

 

Table 3.10 The value of [O2]&[N2] at 𝜑 = 0.97 in excel 



And the flame temperature may change, 

 

Table 3.11 The flame temperature at different EGR level in excel 

Also, using the same method by excel to get the burn zone Temperature at different bar from 

10bar to 40bar. 

 

Table 3.12 The burn zone temperature at different EGR level in excel 

PPM =
𝑁𝑂&	𝑘𝑚𝑜𝑙𝑠/𝑐𝑦𝑐𝑙𝑒

𝑡𝑜𝑡𝑎𝑙	𝑒𝑥ℎ𝑎𝑢𝑠𝑡	𝑘𝑚𝑜𝑙𝑠
	×10` 

For 𝑁𝑂&	𝑘𝑚𝑜𝑙𝑠/𝑐𝑦𝑐𝑙𝑒, the author calculated it by adding the kmols/° from 0° to 15°. 

 



Table 3.13 The NOx/degree at different EGR level in excel 

Hence, the values of 𝑁𝑂& PPM with adding EGR level from 0 to 20% are shown in the table 

below: 

 

Table 3.14 The NOx PPM at different EGR level in excel 

The author plots a graph of 𝑁𝑂& PPM at 𝜑 = 0.97 against EGR level from 0% to 20% of the 

air + fuel contents. As the graph shown below, it shows a decreasing trend when EGR level 

grows. 

For adding 5% EGR, 

𝑃𝑃𝑀@0𝐸𝐺𝑅 − 𝑃𝑃𝑀@5%	𝐸𝐺𝑅
𝑃𝑃𝑀@0𝐸𝐺𝑅

=
26351.33486 − 10458.16916

26351.33486
×100% = 60.31% 

For adding 20% EGR, 

𝑃𝑃𝑀@0𝐸𝐺𝑅 − 𝑃𝑃𝑀@20%	𝐸𝐺𝑅
𝑃𝑃𝑀@0𝐸𝐺𝑅

=
26351.33486 − 716.814

26351.33486
×100% = 97.28% 

 

Figure 3.2 The NOx PPM (𝜑 = 0.97) against EGR level 
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Hence, when adding 5% EGR level it can reduce 60% 𝑁𝑂& parts per million and when adding 

20% EGR, the percentage can reach 97.28% which means adding EGR can efficiently lead to 

lower 𝑁𝑂& PPM produced. 

  



4.Conclusion 

In this report, the author calculated and set a 𝑁𝑂& model for a blended mixture which 

consists of 50% molar of methanol and isooctane. For the calculations, the author worked out 

the mass percentage, air/fuel mass ratio for combustion, lower heating value of the blend, mass 

of 𝐶𝑂( and relative calculations of 𝑁𝑂& PPM by using Fuel Database and EXCEL. For the 

explanations on some terms, the author read some contexts in class and searched some articles 

online to solve these questions. Furthermore, when plotting the graphs of the 𝑁𝑂& PPM at 

different 𝜑 and at different EGR levels, conclusions can be drawn that the graph of 𝑁𝑂& PPM 

at different 𝜑 has a turning point at 𝜑 = 0.97 which has the largest number. And when adding 

5% EGR level, the 𝑁𝑂& PPM can reduce by 60%. 
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