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2. Introduction
The purpose of this report is to examine the combustion chemistry of a blended bio-ethanol and using the chemical equation to look at what the output of this fuel is, doing this for multiple fuel blends would show some of the pros and cons of each and show which is the best fuel. 
This fuel is 50% Isooctane and 50% ethanol by molar composition.  A balanced reaction equation must first be calculated using what is known about each of the product components. This report will show the mass percentages of this blend and the Air:Fuel ratio for  stochiometric combustion to take place. The amount of CO2 produced per kg of fuel burnt in a stochiometric ratio has been calculated  The Lower and higher heating values will be used during this report and an explanation showing the difference between each given. The end of this report will look at what properties an ideal fuel should have and what makes a bad fuel. The report will also look at the effects of a good and bad fuel on an engine. 
3. Mass Percentages 
This is calculated by adding up the total molar mass of each element of the individual fuels. The calculated masses can then be given percentage value.
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[bookmark: _Toc498009718]Mass of one mole of Ethanol = g   Equation 3
[bookmark: _Toc498009719]Mass of one mole of Isooctane = g  Equation 4
Total weight = 160g
[bookmark: _Toc498009720]Ethane =  Equation 5
[bookmark: _Toc498009721]Isooctane = 71.25 % Equation 6















4. Air Fuel Ratio 
The air Fuel ratio required to burn this fuel stoichiometrically is:
This requires the calculation of a balance chemical equation, with reactants on the left and products on the right.  The base equation for products is - , the amount of CO2 H20 and N2 in the product needs to be the same as what is in the reactants.  Calculating values for a and b will give the number of O in the product, dividing this by 2 gives the value for x and the number of 02 in the reactants. X gives the number of parts of air needed per single part of fuel.
Blended Bio-Ethanol 
[bookmark: _Toc498009722]Reactants -   Equation 7
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[bookmark: _Toc498009724]  Equation 9
[bookmark: _Toc498009725]  Equation 10
[bookmark: _Toc498009726]   Equation 11
This Gives the equation 
[bookmark: _Hlk497923194][bookmark: _Toc498009727]   Equation 12
15.5:1 air fuel ratio 
[bookmark: _Toc498009728]Air fuel ratio by mass    Equation 13







5. Lower Heating Value 
The enthalpy of formation of Isooctane as a gas is 224.1 MJ/Kmol
The enthalpy of formation for ethanol as a gas is 234.6 MJ/Kmol
Enthalpy of formation for oxygen & nitrogen = 0
[bookmark: _Toc498009729]Total for the combined fuel reactants =  Equation 14
Product = Carbon dioxide + water+ nitrogen 
[bookmark: _Toc498009730]For the burned product = 6836.6  Equation 15
The lower heating value for ethanol/isooctane 
= enthalpy of formation of the reactants – enthalpy of formation of the products.

6377.9 MJ
[bookmark: _Toc498009731]Per gram of fuel   Equation 16
 MJ/g













6. Enthalpy of Formation 
“Enthalpy of formation is the enthalpy of a substance at a specific state due to its composition. The reference state for enthalpy of formation is Temperature = 298k and pressure = 1 bar.”  (Colin R. Ferguson, 2001) it is the energy required to make 1kmol of a compound in this state.
The enthalpy of formation is the enthalpy required to form a compound from its elements. Hence the enthalpy of formation of elements in their standard states are given a value of zero.  
The base elements don’t have a zero-enthalpy value but there is no change in enthalpy, so enthalpy of formation therefore is zero. This is where they are most energetically stable. The values for enthalpy are negative because it takes energy to create the molecules. 

7. Difference Between Higher and Lower Heating Values 
This equation shows that the lower heating value is equal to the higher heating value minus the heat vaporisation of the moisture in the fuel. 
Higher heating value is the heat released per kg of fuel burned when the product water is condensed and is a liquid. 
Lower heating value is calculated by subtracting the heat of vaporisation of water in the products. 
 (Borman, 1998)

8. Co2 Produced per Kg of Fuel Burned
Using the formula below the amount of carbon produced per kg of fuel can be calculated

[bookmark: _Toc498009732]  Equation 17
Adding up the molecular weight of the product and then the reactant gives 
(12*8) +18(12*2)+6+16                                                           =                        (10*(12+2*16)
=160kg                                                                                            =                            440 kg
[bookmark: _Toc498009733]Equation 18

9. Ideal Fuel 
· Fuels have different laminar flame speeds. Gasoline at 1bar at a temperature of 298k has a flame speed of 2.5 m/s. 
· Laminar flame speed depends on the mass of the molecule, a lighter molecule will move faster.
· Flame speed also depends on the air fuel density, the closer the molecules the more likely they are to interact with each other, split and recombine.
· activation energy required to split the molecules into radicals. 
· A slow burning fuel is bad because the longer the unburnt zone waits for the flame the more likely autoignition is to occur. 
· Flame speed increase with rpm, = laminar speed +turbulent air velocity 
· Turbulent air velocity= K*Rpm 
· A slower burning fuel requires the spark to be advanced, this creates negative work. If a slow burning fuel isn’t advanced, it’ll burn too far beyond TDC meaning a loss in useful pressure on the down stroke. 
· A good fast burning fuel reduces negative work as the spark can be retarded without burning to far beyond TDC and reducing the loss of the useful pressure in the down stroke. 
· Bad fuels take longer to burn, a longer combustion time means more time for heat transferee. The more energy lost to heat transferee the worse the efficiency of the engine.  
· RON research octane number indicates the tendency for the fuel burnt to cause knock.
It is a comparison of performance against mixtures of n-heptane and isooctane in a standard spark ignition engine. Issoctane is set to 100 and n-heptane set to o, the number represents the tendency to knock. The octane number is a percentage of isooctane in the fuel which most accurately matches the performance of the test fuel . There a test which gives a motor octane number. (Borman, 1998)
[image: Computer drawing of Otto cycle with p-V plot.]Ron values can surpass 100 and in race fuel generally do. Figure 2 NASA

The ideal otto cycle shows a straight rise at combustion, an instantaneous combustion. Iin reality all fuels take time to burn however the closer to this cycle a fuel is the better. 
[bookmark: _Toc498009734]Work done in a cycle, W= Qin-Qout Equation 19
Cycle efficiency =  
= 
 

[bookmark: _Toc498009735]Equation 20
To improve efficiency, it can be seen that  needs to be as large as possible. Either by increasing compression ratio (CR) or by increasing δ. 


10. Conclusion

It’s possible to determine the reactants of a fuel during combustion, examining these enable us to determine if this is an ideal fuel. A fuel with that produces low amounts of co2, which with todays environmental concerned is a good thing will have a lower calorific value so its required to burn more to obtain the same amount of work done. There seems to be no winning formula there. A fuel that enable higher compression without auto ignition would in my opinion by the best choice. It would improve the efficiency of the engine, by burning quicker and reducing heat loss. Less wasted work means less fuel burned to produce useful work, movement of a vehicle. 
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Molecule   Symbol Molecular weight 

Carbon C 12

Hydrogen H 1

Oxygen O 16

Nitrogen N 14
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