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[bookmark: _Toc497261314][bookmark: _Toc497997980]1.0 Introduction 

In this report a demonstration of an understanding of chemistry reactions has been carried out, by calculating combustion principles using equations such as; Air:Fuel Mass, Mass Percentages of fuel, Enthalpy of formation. These calculations allow optimization of fuel and ideal fuel for best combustion. 

[bookmark: _Toc497261315][bookmark: _Toc497997981]2.0 Methodology 

Tables have been provided to retrieve values for enthalpy and formulas of the fuel. The atomic weights have been taken from Figure 1. Calculations have been completed using equations that have been retrieved from lecture notes (Mcdonald, 2017). Various research has been carried out to gain a greater understanding of the calculations and derivations carried out.  
[bookmark: _Ref497997003][bookmark: _Toc497997994]Figure 1 Periodic Table (DAYAH, 2017)



[bookmark: _Toc497997996]Table 1 Formulas for Fuel (Handout T. D., 2017)
	Species
	Formulas

	Isoocatne
	C8H18

	Ethanol
	C5H18OH

	Oxygen
	O2

	Nitrogen
	N2

	Carbon Dioxide
	CO2





[bookmark: _Toc497997982][bookmark: _Toc497261319]3.0 Mass Percentages of Ethanol and Isooctane Blend

[bookmark: _Toc497997997]Table 2 Molecular Weight
	Gas
	Molecular Weight (g/mole)

	Carbon
	12

	Hydrogen
	1

	Nitrogen
	14

	Oxygen
	16



By multiplying the electrons by their molecular weight gives the amount of Kg of fuel is used.

[bookmark: _Toc497997983]3.1 Ethanol

[bookmark: _Toc497997998]Table 3 Ethanol Mass
	Reactants
	
	Products

	[bookmark: _Hlk497667420]C2H5OH + x (O2 + 3.76N2)    
	=> => =>
	a CO2 + b H2O + c N2

	No of Carbon Atoms = 2
	
	No of Carbon Atoms = a, a = 2

	No of Hydrogen Atoms = 6
	
	Number of Hydrogen Atoms = 2b, b=3

	Number of Oxygen = 
2x +1 
x = 3
3 x 3.76 = 11.28
	
	Number of Oxygen Atoms =
2a + b = 2x2+3 = 7
2x = 6
x= 3

	C2H5OH + 3(O2 + 3.76N2)    
	=> => =>
	2 CO2 + 3 H2O + 11.28N2

	C2H5OH 

	    














[bookmark: _Toc497997984]3.2 Isooctane 

[bookmark: _Toc497997999]Table 4 Isooctane Mass
	Reactants
	
	Products 

	C8H18 + x (O2 + 3.76N2)    
	=> => =>
	a CO2 + b H2O + c N2

	No of Carbon Atoms = 8
	
	No of Carbon Atoms = a, a = 8

	No of Hydrogen Atoms = 18
	
	Number of Hydrogen Atoms = 2b, b=9

	Number of Oxygen = 
2x +1 
x = 12.5
12.5 x 3.76 = 47
	
	Number of Oxygen Atoms =
2a + b = 2x8+9 = 25
2x = 25
x= 12.5

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

	C8H18 

	



The mass percentage for ethanol and isooctane in this blend are as follows: 
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[bookmark: _Toc497997985]4.0 Air:Fuel mass ratio for Stoichiometric Combustion in Air 


[bookmark: _Toc497998000]Table 5 Air:Fuel Mass Ratio Calculations
	Reactants
	
	Products 

	C8H18 + C2H5OH + x(O2 + 3.76N2)
	===>
	a CO2 + b H2O + c N2

	No of Carbon Atoms = 10
	No of Carbon Atoms = a, a = 10

	No of Hydrogen Atoms = 24
	Number of Hydrogen Atoms = 2b, b=12

	Number of Oxygen = 
2x +1 
x = 15.5
15.5 x 3.76 = 58.85
	Number of Oxygen Atoms =
2a + b = 2x10+12 = 32
2x = 31
x= 15.5

	C8H18 + C2H5OH + 15.5(O2 + 3.76N2) 
	===>
	10CO2 + 12H2O + 58N2

	C8H18 + C2H5OH
	=> => =>
	

	15.5(O2 + 3.76N2)
	=> => =>
	

	


[bookmark: _Toc497998005]Equation 1 Air:Fuel Mass Ratio











[bookmark: _Toc497997986]5.0 Enthalpy of Formation 

Enthalpy of formation of a compound is the enthalpy required to make 1 kmol of compound from its constituent building blocks at a constant pressure of 1 bar and constant temperature of298.15K (Mcdonald, 2017).  For a gas, a useful extra variable is enthalpy which is defined as the sum of internal energy, plus the pressure and volume (Hall, 2015). In simple terms and for this example, enthalpy is the heat energy at a constant pressure. 
[bookmark: _Toc497998001]Table 6 Enthalpy Values (Handout, 2017)
	Species – Formula 
	Enthalpy, MJ/kmole. Liquid/Lower heating Values 

	Isoocatne - C8H18
	-224.1

	Ethanol – C5H18OH
	-234.6

	Oxygen – O2
	0

	Nitrogen – N2
	0

	Carbon Dioxide – CO2
	-393.5

	Water – H2O
	-241.8



From the enthalpy of formation of the fuel blend and products the lower heating value has been calculated. 
The lower heating value is the net heat released per kg of fuel when the product water is in the form of a gas. 
Higher heating values are calculated using mega joules per kmole in a liquid state, lower heating values are calculated from a kmole in gas state so there is less energy out.  

[bookmark: _Toc497998002]Table 7 Enthalpy Calculations
	Reactants
	
	Products 

	C8H18 + C2H5OH + 15.5(O2 + 3.76N2) 

	===>
	10CO2 + 12H2O + 58N2


	Reactants
	Products

	
	

	

	Lower Heating Value/Lower Calorific Value. 1 Kmole of C8H18 + C2H5OH Releases:

	


[bookmark: _Toc497998006]Equation 2 Calorific Value

	C8H18:
	

	

	C2H5OH
	

	


[bookmark: _Toc497997987]
 6.0 Properties of an Ideal Fuel 


[bookmark: _Toc497998007]Equation 3 Work Done
	Where: 

	Qin: Heat in 

	Qout = Heat out 





The work done in the cycle is the difference between how much heat goes into a cycle and how much is released out. The cycle efficiency can also be calculated by using the work done. 




[bookmark: _Ref497992544][bookmark: _Toc497998008]Equation 4 Cycle Efficiency Derivation
	Where: 

	CR: Compression Ratio 

	ɣ (Gamma) : 1.2 -1.4. Ratio of Specific Heats  





Gamma is a number that is dependable on the state of a gas. Gamma appears in many fluid equations including the equation relating to pressure, temperature and column during a simple compression and expansion process. The value of gamma just depends on the state of the gas (Hall, 2015). Gamma is related to specific heat. 

[bookmark: _Ref497991102][bookmark: _Toc497998009]Equation 5 Gamma


	Where: 

	CV: Specific Heat at Constant Volume  

	R : Gas Constant
Cp: Specific Heat at Constant Pressure   


[bookmark: _Toc497998010]Equation 6 Constant Pressure
Cp is the heat required to raise the temperature of 1kg of gas to 1Kelvin at a constant pressure





[bookmark: _Toc497998011]Equation 7 Gas Constant
To get 1Kg of gas 1Kelvin hotter at a constant pressure the extra work done is R. 

From Equation 5 gamma is a product, constant volume and constant pressure. The gas constant has been derived from the universal gas constant, however every gas will have a unique value (Hall, 2015). 
Ideal fuel will have the best efficiency. 
To gain the best efficiency a higher gamma and a higher CR ratio will need to be used, the table below showing the changes by using Equation 4: 

[bookmark: _Toc497998003]Table 8 Cycle Efficiency Calculations
	CR (Compression Ratio) :12 
Gamma (ɣ) : 1.2 (Fuel) (engineeringtoolbox, N/A)
	39%

	CR: 14
ɣ: 1.2
	41%

	CR: 12
ɣ: 1.66 (Ideal Monoatomic Gas) (Nave, N/A)
	80%

	CR: 12
ɣ : 1.4 (Air) (engineeringtoolbox, N/A)
	62%









[bookmark: _Ref497993847][bookmark: _Toc497997995]Figure 2 PV Diagram, With Annotations. Gray, B













The gamma used at 1 -2 is during compression therefore it will be different to the gamma used between 3-4 which is exhaust. 








To improve the efficiency, need to make CRɣ-1 as large as possible: 
The following bullet points is how this can be possible:  
· Higher compression ratios 
· Higher expansion from 3-4, Figure 2, the exhaust gases are able to cool faster due to the increase of space.   
· Higher expansion means colder exhaust to reduce Qout 
· Lean mixture, if burning lean use all fuel, more hydrogen higher specific heat  
· Hydrogen, cooler in exhaust
· Double the air, Table 9
· Higher Gamma for Unburned (expansion) and Burned (compression)
 Stoichiometric combustion gives a high proportion of CO2 and H2O, when you add fuel to air you add a complicated molecule with vibration moles, that vibrate in directions x,y,z. They take energy in order for molecules to move faster. The vibration takes the energy from the heat put in. the fuel vibration increases the specific heat, therefore it gives a low gamma value (Mcdonald, 2017). 

[bookmark: _Ref497997411][bookmark: _Toc497998004]Table 9 Stoichiometric, Double the Air
	Reactants
	
	Products 

	C8H18 + C2H5OH + 15.5(O2 + 3.76N2)
	===>
	10CO2 + 12H2O + 58N2

	C8H18 + C2H5OH + (2 X 15.5(O2 + 3.76N2)
  ^      +       ^      + 31(O2 + 3.76N2)

	===>
	10CO2 + 12H2O + 116.56N2



Normally lean with a higher gamma burns slow because the flame speed slows if too much air is in between the molecules (Mcdonald, 2017). 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    



[bookmark: _Toc497997988]7.0 Mass of CO2 in Ethanol and Isooctane 

[bookmark: _Toc497997989]7.1 Ethanol 

	[bookmark: _Hlk497854677]1 Molecule of Ethanol    =
	2 Molecules of CO2

	So, by calculating molecular mass of Ethanol: 
 
(No of Molecules X Atomic Weight) 
	Calculating CO2 in Ethanol: 

(No of Molecules X Atomic Weight) 

	

[bookmark: _Toc497998012]Equation 8 Mass of CO2



[bookmark: _Toc497997990]7.2 Isooctane 

	1 Molecule of Isooctane    =
	8 Molecules of CO2

	So, by calculating molecular mass of Isooctane: 
 
(No of Molecules X Atomic Weight) 
	Calculating CO2 in Isooctane: 

(No of Molecules X Atomic Weight) 

	



[bookmark: _Toc497997991]7.3 Isooctane and Ethanol


[bookmark: _Toc497998013]Equation 9 Total Mass Of CO2
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