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[bookmark: _Toc498001596]Introduction

This assignment will look at the characteristics and properties of a blend of fuel which has a molar composition of 50% Ethanol and 50% Isooctane. The mass percentages of this fuel blend will be calculated along with the stoichiometric air fuel ratio, the amount of CO2 the fuel produces per Kg and its lower heating value. These are all important properties to determine the viability of a fuel for use in an internal combustion engine. The properties of an ideal fuel will also be discussed along with explanations of enthalpy of formation and the different heating values. 
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To calculate the mass percentage of both parts of the fuel, the overall mass of the fuel blend needs to be calculated. This can be done by multiplying the atoms by their atomic weights.


	Atom
	Atomic Weight

	H
	1

	C
	12

	N
	14

	O
	16






Table 1 Atomic Weights








Although the molar composition of this fuel is a 50/50 blend it can be seen that the Isooctane is a much heavier fuel than the Ethanol. This is because it is a more complex fuel with a larger number of carbon and hydrogen atoms.
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A stoichiometric reaction can be defined as when the fuel has burned completely leaving only  and  as the products. As the molecular bonds break and release energy, the atoms then recombine with other atoms based on their bonds needed to become stable.
To calculate the Stoichiometric air fuel ratio for this blend of fuel begins with balancing the Stoichiometric equation.



The number of carbons and hydrogens on the left of the equation must equal the number on the right because the atoms are conserved (Ferguson & Kirkpatrick, 2001), 

Therefore, . 
Now the number of oxygen’s on the right can be calculated to get the value of x.
 , the -1 is due to the oxygen in the fuel. 
 but due to the 2 oxygens in the air .
 
Now c can be found by multiplying  by.




Now all the number of molecules have been found, multiplying the atoms by their atomic weights (Table 1) to give their mass and therefore a mass ratio can be calculated.




From (Ferguson & Kirkpatrick, 2001) the stoichiometric air fuel ratio for isooctane is stated as 15.03 and 8.94 for ethanol, so the air fuel ratio calculated for this fuel blend falls in between the two as expected.
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[bookmark: _Toc498001600]Lower heating Value of Fuel Blend

The heating value of fuel is the net heat release per kg.



	Enthalpies of formation
	MJ/Kmol

	
	0

	
	0

	
	0

	
	0

	
	-393.5

	
	-241.8

	
	-224.1

	
	-234.6


Table 2 Enthalpies of Formation



 



From (Heywood, 1988) the lower heating value of isooctane is 44.3MJ/kg and ethanol is 26.9MJ/Kg, as the fuel blends mass is 71.25% isooctane it is understandable that this lower heating value of 39.86 MJ/Kg is closer to isooctane than ethanol.  
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The heating value is the energy released per unit mass when the fuel reacts completely with oxygen at an initial temperature of 25°C and when the products are returned to 25°C at 1 atmosphere pressure. (Borman & Ragland, 1998)
The lower heating value is when the product  is in a gas state and the higher heating value is when it is in liquid state. Due to high combustions temperatures of an internal combustion engine the  is always in a Gas state
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Enthalpy of formation is the enthalpy required or increase to create the compound from its elements in their standard state. The standard state of these elements are when they are most stable, for carbon it is in its graphite form, hydrogen is , oxygen is  and nitrogen is . These are given an enthalpy of formation of 0. When the compounds are created there is an initial energy increase due to activation energy, but as the reaction gives out heat this means that the internal energy of the system has now reduced therefore the enthalpy of formation for common compounds are a negative number.
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From the stoichiometric equation the masses of the fuel and  molecules can be calculated to see how much  has been produced.



1 molecule of fuel creates 10 molecules of .

Mass of 1 Kmole of fuel = 160kg
Mass of 10 Kmoles of = 440kg

1kg of fuel = 2.75kg of .
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Properties of an ideal fuel:
· High calorific value, the more energy that the fuel gives out means that you can potentially use less fuel therefore reducing emissions.

· Low CO2 production, ever increasing emission regulations that focus on CO2 production means that it is essential that the fuel does not produce high levels of CO2.


· Fast burning, if the fuel burns quickly there is less time for heat transfer, therefore thermal is efficiency is increased. The fuel can also burn in a smaller average volume which will result in an increase in pressure and gas force. The earlier the end of combustion due to a fast burn the bigger the pressure drop will be when the exhaust valve opens, this will reduce the temperature of the gas and increase efficiency due to efficiency equation  where . If the fuel burns quickly there is less need to start combustion a long time before TDC which will result in negative work if done so.

· High Octane Rating, the higher the octane rating of the fuel the better its resistance to detonation. This is important because it means a higher compression can be used which increases efficiency due to a higher expansion ratio without causing knock, the unburnt zone exploding causing potential damage to the engine.

· Low specific heat capacity, the specific heat capacity of a fuel is the energy needed to increase the temperature of 1kg of the fuel by 1K at either constant pressure  or constant volume  , where   , R is the universal gas constant per Kg, this is the extra energy needed to keep the gas at constant pressure.  is the ratio of these specific heats .  can be found in the efficiency equation  where CR is the compression ratio. It can be seen that the higher value  is the better the efficiency. To get a higher value of  the lower  needs to be. The larger and more complex the molecule is the higher its  is going to be, this is because energy goes into rotating and vibration modes as well as directional movement therefore more energy is needed to speed up the molecule to increase the temperature.
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If the fuel blend is compared to just isooctane which is used to model gasoline, the effects of adding ethanol can be seen. 1kg of isooctane produces around 3kg if , initially this seems that adding Ethanol is an improvement. However isooctane has a higher calorific value therefore more of the fuel blend will need to be burned to produce the equivalent power therefore the reduction in  will not be as significant or even a reduction at all. The air/fuel ratio is also lower than that of isooctane therefore more fuel is needed for a stoichiometric combustion. 
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Atoms with either 2 electrons in first outer shell or 8 electrons in its outer shell are considered stable this means that their outer most shell is stable.  The fuel and air atoms are Hydrogens, Carbons, oxygens and nitrogens. From their atomic numbers it can be seen that they do not have a full outer shell. Hydrogen has one electron in outer shell and needs one electron, carbon has 4 electrons in outer shell needs 4 electrons, oxygen has 6 electrons in outer shell and needs 2 electrons and nitrogen has 5 electrons in outer shell and needs 3 electrons. During combustion the fuel molecules are split so in order to become stable again they make bonds. As carbon has 4 electrons in outer shell and oxygen needs 2, 2 oxygen atoms combine with the carbon atom to share electrons in the outer shell to become stable, known as a double covalent bond to create. Two Hydrogen atoms and oxygen atom form bonds to create water this is because the oxygen has needs 2 electrons and each hydrogen atom wants to give up one electron, therefore the hydrogens become positively charged and the oxygen becomes negatively charges, this is a polar bond.
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Figure 1 Example of Excel Spreadsheet used for calculations
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