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1 Introduction 

In order to deepen the understanding and mastery of the knowledge learned in the course, the author 

tried his best to finished this report. A huge of calculations through formula and excel have been 

done related to the combustion and emission of engine. Several analysis from the author has been 

included as well. All of the calculations have been divided into two main parts. (Williams, 

Assignment Specification, 2020). The other one asks the author demonstrates subject specific skills 

of the combustion and emissions mechanism for conventional and bio-fuels used in SI and CI 

automotive applications. (Williams, Assignment Specification, 2020) 

For the first part, all the calculations are based on a blended mixture of isooctane and methanol 

which is 50% :50%. The analysis of mass percentages, AFR, lower heating value, enthalpy, mass of 

CO2 have been included. 

For the second part, a NOx model for Isooctane running on the lean side of stoichiometric has to be 

established and the effects of the equivalence ratio (Ф) and E.G.R on the NOx PPM have to be 

analysised. 

All these calculations are carried out based on EXCEL, hence the excel data will also be submit to 

demonstrate author’s work. 
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2 Task One-Mixture of Isooctane and 

Methanol 

For this task, the author has to carry out a study of a blended mixture of isooctane and methanol– 

which has a molar composition as follows:  

  METHANOL - 50%    ISOOCTANE - 50% 



3 

 

2.1 Task One (a) – Mass Percentages 

To calculate the mass percentages of methanol and isooctane in this blend, the mixture been assumed 

as 1mol. The methanol (CH3OH ) and isooctane（C8H18）are both 0.5mol as the rate of them is 

50% : 50%. 

   

CH3OH No. Weight 

H 1 1 

C 6 12 

O 8 16 

0.5mol x methanol (CH3OH ) = (4x1+1x12+1x16) = 32g 

C8H18 No. Weight 

H 1 1 

C 6 12 

O 8 16 

0.5mol x isooctane（C8H18）= (18x1+8x12) = 114g 

The mass percentage are as follows: 

Mass Percentage of methanol = 32/ (32+114) = 21.92% 

Mass Percentage of isooctane = 114/ (32+114) = 78.08% 

Mass Percentage (%) 

Methanol (CH3OH ) 21.92 

Isooctane（C8H18） 78.08 
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2.2 Task One (b) – Air: Fuel Mass Ratio 

The Air/Fuel Ratio (AFR) by mass is the ratio of the air mass to the fuel mass (Williams, Combustion, 

2020): 

 

 

Air Mass
AFR

Fuel Mass
  

The stoichiometric burning of methanol and isooctane are as follows: 

Methanol = CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2 

Isooctane = C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2 

With the table as follows： 

 No. Weight 

H 1 1 

C 6 12 

O 8 16 

N 7 14 

AFR could be obtained. 

AFR of methanol = 
1.5 + 205.92

= =6.435
12 1+1 4+16 1 32

   

  

（16 2 3.76 14 2）
 

AFR of isooctane = 
12.5 + 1716

= =15.053
12 8+1 18 114

  

 

（16 3.76 14 2）
 

AFR of blend =  
205.92 1716   

13.1638
32 114(   )

mass of air

mass of fuel






（ ）
 

Otherwise the AFR of blend could also be achieved through the formula as follows since the mass 

percentages have been calculated. 

AFR of blend = 6.435*21.92%+15.053*78.08%=13.1637 

As been shown above, these two results are quite similar which means the calculations for both of 

the percentage and the AFR are correct. 
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2.3 Task One (c) – Lower Heating Value 

As to the lower heating value, The ‘Lower Heating Value’ is the term used when H2O is a gas (LHV) 

(Williams, Enthalpy and Fuels, 2020). 

The enthalpy of pure elements when it in its standard state is zero and enthalpy of other substance 

could be found from the Properties of Fuels (Appendix, 2020) as follows. 

 

 0

fh  

CH3OH -201.5 

C8H18 -259.2 

CO2 -393.5 

H2O(gas) -241.8 

O2 0 

N2 0 

 

CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2 

C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2 

Enthalpy needed: 

methanol = 201.5+0+0 MJ=201.5MJ 
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isooctane = 259.2+0+0 MJ=259.2MJ 

Enthalpy released:  

methanol = 393.5+2x241.8+5.64x0=877.1MJ 

isooctane = 8x393.5+9x241.8+47x0=5324.2MJ 

The net enthalpy:  

methanol = 877.1-201.5= 675.6MJ 

isooctane = 5324.2-259.2= 5065MJ 

Enthalpy releases per kg: 

methanol =
675.6

21.113 /
32

MJ kg  (LHV) 

isooctane =
5065

44.430 /
114

MJ kg  (LHV) 

For the blend of methanol and isooctane: 

LHV = 21.92%*21.113+78.08%*44.430 = 39.319 MJ/kg 
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2.4 Task One (d) – Enthalpy of Formation 

First of all, Enthalpy of formation (
0

fh ) is the enthalpy change for the formation of 1 mol of a 

compound from its component elements. But the magnitude of ΔH for a reaction depends on the 

physical states of the reactants and the products (gas, liquid, solid, or solution), the pressure of any 

gases present, and the temperature at which the reaction is carried out. So another standard 

enthalpies of formation have been proposed 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 and the standard conditions for which most thermochemical data are tabulated are a 

pressure of 1 atmosphere (atm) for all gases and a concentration of 1 M for all species in solution 

(1 mol/L). 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. We assume a temperature of 25°C (298 

K) for all enthalpy changes given in this module, unless otherwise indicated. The standard enthalpy 

of formation of any element in its most stable form is zero by definition. (Williams, Enthalpy and 

Fuels, 2020). 

However, most compounds cannot be prepared by the chemical equations that define their standard 

enthalpies of formation. Instead, values of are obtained using Hess’s law and standard enthalpy 

changes that have been measured for other reactions, such as combustion reactions. (Williams, 

Enthalpy and Fuels, 2020) 
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2.5 Task One (e) – Difference Between Higher and Lower 

Heating Value 

First of all, whatever higher or lower heating value, they all indicate there is heat released in the 

process of combustion. But the 
0

fh  of H2O is different, the higher value could be used when 

H2O is liquid and the lower value only to be used when the H2O is gas.  

H2O(g) → H2O(l)    H =-44kJ/mol 

From the above, higher value is larger than lower value obviously so the lower heating value means 

all of the heat which could be released of a fuel. 
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2.6 Task One (f) – Mass of CO2 Produced 

CH3OH + 1.5 (O2+3.76N2) → CO2 +2H2O + 5.64N2 (a) 

                               C8H18 + 12.5 (O2+3.76N2) → 8 CO2+9H2O + 47N2 (b) 

From above, mass of CO2 produced per kg: 

Methanol = 44/32 = 1.375kg 

Isooctane = 44x8/114 = 3.088kg 

Hence for the blend of methanol and isooctane: 

Blend = 1.375*21.92%+3.088*78.08%= 2.712kg 
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2.7 Task One (g) – Properties of ‘Ideal ‘ Fuel 

First of all, the ideal fuel should have high heat efficiency so that the engine could keep working 

steadily. After that, AFR of the ideal fuel should be suitable and the molecule should be stable 

enough which could withstand higher compression and pressure. 
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3 Task Two – NOx Model for Isooctane 

Running on the Lean Side of 

Stochometric 

For task two, three assumptions are the base of the whole task as follows: 

1. The rise in pressure after start of combustion (S.O.C.) is linear and of a value 2 bar per degree 

from a cylinder pressure of 10 bar at S.O.C, to a peak value of 40 bar. 

2. The engine is a 1600 cc four-cylinder, naturally aspirated. 

3. The engine speed is 1800 RPM. (Williams, Assignment Specification, 2020) 
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3.1 Task Two (a) - Graph of NOx PPM  

The equation of combustion as follows: 

8 18 2 2 1 2 2 2 3 2 4 212.5( 3.76 )C H O N n CO n H O n O n N         

5065 /H MJ kmol    

The fuel equivalence ratio ranges from 0.6 to 1.0. 

1 2 3 1 2 48 ;  9 ; (25 2 ) / 2; 47n n n n n n        

With all of these, 1 4n n  and H  can be obtained through Excel: 

 

As we all know, the change in heat is equal to the change in energy when the pressure is constant 

and the net enthalpy released can be calculated from the ‘enthalpy of formation’ (Hf) at 298K. 

(Willimas, 2020)The temperature of the products raises from 298K to fuel flame front temperature 

on account of the enthalpy released, so the author chooses to find the approximate range of the 

temperature firstly. 

All the results come from Excel are as follows: 
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For the process of calculation, 

When =0.6 , H  = -3039MJ/kmol 

With the help of the fuel database, for: 

4.8 CO2+5.4 H2O+5 O2+47 N2 

When the temperature is 1700K, it needs 4.8x73.44+5.4x57.78+5x47.94+47x45.42=3038.964MJ  

When the temperature is 1800K, it needs 4.8x79.4+5.4x62.71+5x51.66+47x48.97=3279.644MJ  

Hence the accurate temperature can be obtained as follows: 

1700 3039 3038.964

1800 1700 3279.644 3038.964

                 1700.015

T

T

 


 



 

When =1.0 , H  = -5065MJ/kmol 

With the help of the fuel database, for: 

8 CO2+9 H2O+47 N2 

When the temperature is 2300K, it needs 8x109.66+9x88.42+47x66.99=4821.59MJ 

When the temperature is 2400K, it needs 8x115.79+9x93.74+47x70.64=5090.06MJ 

Hence the accurate temperature can be obtained as follows: 

2300 5065 4821.59

2400 2300 5090.06 4821.59

                 2390.666

T

T

 


 



 

Hence the rise in temperature of burned gas up to peak pressure is  

T = 2390.666-1700.015 = 690.651 

As for the burn zone temperature, it will rise when the pressure increases like the equation below. 

1

2
2 1

1

( )
n

n
p

T T
p



  

Which comes from  
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   tan

p

v

n

n

pv cons t

C
C



 . 

The range of T can be obtained as follows with n = 1.17 which shows in the fuel database. 

 

The pressure of each crankshaft intervals can be seen as follows since the increase of the pressure 

is linear. 

 

Each cylinder has a displacement of 400cc since the engine is a naturally-aspirated four-cylinder 

engine. The number of mixture get into each cylinder can be calculated from the ideal gas low when 

the volumetric efficiency is assumed as 50%. 

When =0.6 , the number of mixture get inside each cylinder can be obtained as the pressure is 

assumed as 1 Bar and at 20°C. 

5 6

6

                  

1 10 (400 0.5) 10

8314 293

8.21 10

PV nRT

n

n kmols







  
 



  
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For the calculation of the rate of NOx production using the Zeldovich model, the author determines 

the concentrations of nitrogen and oxygen in combustion firstly. This requires a new variable, alpha 

(𝛼), representing the actual number of kmols in the mixture. Multiplying the previous balanced 

chemical equation by alpha gives the correct number of kmols for one cycle of combustion. 

(Williams, Zeldovich Model, 2020) 

8 18 2 2 1 2 2 2 3 2 4 212.5( 3.76 )C H O N n CO n H O n O n N       （ ） （ ） 

-6

8 18 2 2

-6

6

7

12.5( 3.76 ) =8.21 10

0.6 12.5 1 3.76

8.21 10

0.6 12.5(1 3.76)

1.37 10

C H O N kmols

kmols

kmols

kmols

 











  

   


 

 

  

（ ）

（ （ ）)=8.21 10

 

It is obviously that alpha will change when the fuel equivalence ratio changes on account of the 

higher ratio means more fuel in the mixture and the concentrations of oxygen and nitrogen changes 

as well. 

When the displacement is 400cc: 

 and  

After that, with the equation below, 

 

 

The equation can be obtained as follows, 

 

And the sum of NOx over intervals can be achieved from: 

1

13 2
2 2

6

67837
4.7 10 [ ][ ] exp( )

( 40 10 ) /
1800 6

eoc

soc

N Ox
T kmols cycle

x






 


  
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X takes from 0° to 15°. 

NOx=9.75x10-11 kmols/cycle 

As to the PPM, 

6

1 2 3 4

6

11
6

6

 /
10

  

  ( )

=0.6  8.5 10

9.75 10
10 11.4709

8.5 10

xNO kmols cycle
PPM

total exhaust kmols

and total exhaust n n n n

total exhaust kmols

PPM



 





 

   

  

   

 

All the PPM have been calculated through Excel. 

 

And the graph is as follows: 

 

From this graph, PPM increases as the FER rises before 0.97 on account of the temperature is 

becomes higher and higher to make it easier to split. The curve achieved highest of 29457.56 when 

φ=0.97. After that PPM keeps going down on account of the N and O are not enough. 
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3.2 Task Two (b) – Effect of Adding EGR 

When φ=0.97, using the Zeldovich model as follows: 

1

13 32
2 2

[ ] -67837
4.7 10 [ ][ ] exp( ) / / sec

NO
N O kmols m

t T


  


 

There are several assumptions below as the base of the calculation: 

1. Volumetric efficiency of 40% 

2. EGR levels up to 20% of the air +fuel contents 

3. The pressure in the cylinder at inlet valve closing is 1 bar (1 x 105 N/m2) and that the 

temperature of the air fuel is 20°C. 

4. Universal gas constant is 8314 J KMOL-1 K-1. 

5. Polytropic index for burned zone up to peak pressure is 1.17. 

6. The volume of the air/fuel during combustion is the head volume of 40 ccs and that [N2] & [O2] 

concentrations can be considered constant during combustion. 

With the equation below, the influence of 0%, 5%, 10%, 15%, 20% EGR can be calculated and the 

results are as follows: 

8 18 2 2 1 2 2 2 3 2 4 212.5( 3.76 )x C H O N n CO n H O n O n N      （（0.97 ）） （ ） 

When compared with n without EGR which is 6.56814x10-6kmols, xn is also in the results on 

above which comes with x from 1 to 1.2. 

But for α: 

-6

8 18 2 2

-6

6

-7

12.5( 3.76 ) = 6.56814 10

0.97 12.5 1 3.76

6.56814 10

(0.97 12.5(1 3.76))

1.08618 10

x C H O N x kmols

x x kmols

kmols











  

   


 

 

  

（0.97 ）

（ （ ）)= 6.56814 10
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It seems there is no difference from the α from the previous calculation which means x has no 

effect on α. 

For [O2] and [N2]: 

          

Results of these two with x from 1 to 1.2 as follows: 

 

Even the net enthalpy has not changed, the flame temperature drops with the EGR rises on 

account of the n1-n4 has changed. 

 

The temperature of burn zone should be calculated again as well and from the results below it is 

obviously that the temperature of burn zone drops because of the EGR. 

 

For the NOx per cycle: 

1

13 32
2 2

[ ] -67837
4.7 10 [ ][ ] exp( ) / / sec

NO
N O kmols m

t T


  


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1

13 2
2 2

6

67837
4.7 10 [ ][ ] exp( )

( 40 10 ) /
1800 6

eoc

soc

N Ox
T kmols cycle

x






 


  

Results shown with the x from 1 to 1.2. 

 

For the NOx PPM: 

6

1 2 3 4

 /
10

  

  ( )

xNO kmols cycle
PPM

total exhaust kmols

and total exhaust n n n n

 

     

The results of exhaust and PPM with x from 1 to 1.2 are as follows: 

 

 

As the results shows, PPM drops quickly with the EGR Level increases and nearly gone when the 

EGR achieved 20%. Since the EGR is a quite useful method to reduce the NOx, the EGR system 

should be applied on the car in order to achieve the Euro VI emission regulations. 
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