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1. [bookmark: _Toc497988697]Mass Percentages
[bookmark: _Toc497988698]Molecular Formulas
Ethanol Molecular Formula – 
Iso-Octane Molecular Formula – 
(Heywood, 1988)
[bookmark: _Toc497988699]Atomic Mass
	Element
	Symbol
	Atomic Mass

	Hydrogen
	H
	1.008

	Carbon
	C
	12.011

	Nitrogen
	N
	14.007

	Oxygen
	O
	15.999


[bookmark: _Toc497853526]Table 1: Atomic Masses
[bookmark: _Toc497988700]Molecular Mass
 = 46.069



Using a 1:1 molar composition, the total mass is:

[bookmark: _Toc497988701]Mass Percentage







[bookmark: _Toc497988702]Air:Fuel Mass Ratio
Assuming stoichiometric combustion, the quantity of molecules within the fuel blend can be calculated in table 2.
	Reactants
	Products

	C8H18+C2H5OH+X(O2+3.76*N2)
	a*CO2 + b*H2O + c*N2

	Number of Carbons [C]
	a = Number C = 10

	= 8+2 = 10
	

	Number of Hydrogen [H]
	2b = Number H = 24

	= 18+5+1 = 24
	b= 12

	Number of Oxygens [O] /(X)
	Number of O = 2a+b = 2*(10)+12

	= 2(X)+1 = 32
	= 32

	= 2(X) = 31
	

	= X = 31/2 = 15.5
	


[bookmark: _Toc497853527]Table 2:Stoichiometric Fuel Molecular Quantity Calculations
Therefore, the formula for stoichiometric combustion is:

[bookmark: _Toc497988703]Air Mass



[bookmark: _Toc497988704]Fuel Mass



[bookmark: _Toc497988705]Air/Fuel Ratio



[bookmark: _Toc497988706]Enthalpy of Formation
The Enthalpy of Formation of a compound is the energy, or the increase in enthalpy, needed to form 1 mole of the compound from its base elements at a constant pressure of 1 bar and a constant temperature of 298.15K (Heywood, 1988). This means that a material is in a stable state or energy trough until there is enough energy to raise them out of the trough and to the next level, this is shown in figure 1 (Goodger, 2000). The base elements Oxygen, Carbon, Nitrogen and Hydrogen are assigned an Enthalpy of Formation value of 0.
[image: C:\Users\Phil\AppData\Local\Microsoft\Windows\INetCache\Content.Word\20171107_215550.jpg]
[bookmark: _Toc497987294]Figure 1: Enthalpy of Formation Diagram (Goodger, 2000)


[bookmark: _Toc497988707]Calculating Lower Heating Value using Enthalpy of Formation
	Reactants
	Products

	C8H18+C2H5OH+X(O2+3.76*N2)
	10*CO2 + 12*H2O + 58.28*N2

	Enthalpy needed to reach 0 level
	Enthalpy released from 0 level

	C8H18 (Gas) = -224.1 MJ/mol
C8H18 (Liquid) = -259.28 MJ/mol
	CO2 = -393.5 MJ/mol

	C2H5OH (Gas) =  -234.6 MJ/mol C2H5OH (Liquid) = -277.0 MJ/mol
	H2O (Gas) = -241.8
H2O (Liquid) = -285.8

	O =  0
	N = 0

	N = 0
	

	Gas = (-224.1) + (-234.6)
Gas = -458.7 MJ/mol
	Gas = (10*(-393.5))+(12*(-241.8))
Gas = -6836.6 MJ/mol

	Liquid = (-259.28) + (-277.0)
Liquid = -536.28 MJ/mol
	Liquid = (10*(-393.5))+(12*(-285.8))
Liquid = -7364.6 MJ/mol

	Net Enthalpy Released (Gas) = (-458.7)+(6837.16)
Net Enthalpy Released (Gas) = 6377.9 MJ/mol

	Net Enthalpy Released (Liquid) = (-536.28)+(7365.28)
Net Enthalpy Released (Liquid) = 6828.32 MJ/mol

	1kmol Fuel (Gas) releases 6377.9 MJ/mol Heat Enthalpy
1kmol Fuel (Gas) releases = (12.011*8)+(1.008*18)+(12.011*2)+(1.008*6)+(15.999*1)
1kmol Fuel (Gas) = 160.292 Kg
1kg Fuel (Gas) releases = 6377.9/160.292 Mj
Lower Heating Value = 39.789 Mj





[bookmark: _Toc497988708]Higher and lower heating values
Heating values are used to quantify the amount of heat produced by a fuel during combustion and what happens to the water vapour that is produced. The Higher Heating Value (HHV) also known as the Gross Heating Value, considers the energy produced by the condensation of the water vapour, while the Lower Heating Value (LHV) also known as the Net Heating Value does not consider this. (Green, 2016) 

[bookmark: _Toc497988709]CO2 Mass produced
1 molecule of C8H18+C2H5OH makes 10 molecules of CO2









[bookmark: _Toc497988710]Ideal Fuel
There are many characteristics of an ideal fuel. A few are listed below;
[bookmark: _Toc497988711]High octane rating
The octane rating of a fuel is its resistance to ‘knock’ or autoignition (Exxon Mobil, 2017). The higher the value, the higher the resistance. An ideal fuel would have a high octane rating to allow for an increase in the compression ratio of the engine which would increase the power and efficiency of the engine. 
[bookmark: _Toc497988712]High laminar flame speed
An ideal fuel would have a high laminar flame speed. The laminar flame speed is the speed that the flame spreads into the region of unburned gas under adiabatic conditions (Colin R Ferguson, 2001). If the fuel has a faster rate of combustion, then there is less time there is for heat transfer/loss and therefore a higher engine efficiency. A faster rate of combustion also lowers the chance of knock.
[bookmark: _Toc497988713]Low mass
An ideal fuel should have a low mass. The lighter the particles are, the faster it moves, the faster it moves the more collisions it will have with other particles and therefore promotes a faster combustion.
[bookmark: _Toc497988714]Low pollution
Real fuels need to pass the real driving emissions tests such as the Portable Emissions Measuring System (PEMS) tests. These systems are attached to the exhaust and accurately measure the cars emissions. In 2016 the fleet CO2 average was 130 g/Km and by 2020 it is expected to reduce to 95 g/Km (Mahle Powertrain, 2017). An ideal fuel would have no CO2 emissions or other pollutants caused by incomplete combustion. It is possible to largely reduce these emissions by running the engine lean (Heywood, 1988).
[bookmark: _Toc497988715]High ratio of specific heat (ɤ)
An ideal fuel would have a high ratio of specific heat, which would improve its efficiency. The ratio of specific heat of a fuel is calculated using the following formula;

Where;
ɤ = Ratio of Specific Heat
Cp = Constant Pressure
Cv= Constant Volume


Therefore, the ratio of specific heat is higher if the fuel has a low Cv value. By having a higher specific heat ratio, the efficiency of the engine would increase as can be seen in the formula below;

Where;
CR = Compression Ratio
ɤ = Ratio of Specific Heats
To prove this, an engine with a compression ratio of 10 would give the following results with 2 different specific heat ratios;
· Using a ratio of specific heat of 1.2
 = 0.37 =37% Efficiency
· Using a higher ratio of specific heat of 1.4
·  = 0.6 =60% Efficiency

[bookmark: _Toc497988716]Conclusion
In conclusion, the ideal fuel would have a high-octane rating allowing higher pressures and an increased compression ratio within the engine. This would allow a faster combustion and therefore less time for heat loss, making the engine more efficient and more powerful. The ideal fuel would be able to have a high/fast combustion rate while the engine runs lean. This would mean that the density within the cylinder would be lower than when running rich, so a light, high energy particle with a high laminar flame speed would promote fast combustion. The fast rates of lean combustion would also mean that less waste products would be produced, making the fuel environmentally friendly.
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