[image: C:\Users\Almut-idea\Desktop\BENG MOTORCYCLE ENGINEERING\wales_logo_PNG.png]




Combustion Chemistry Calculations
for
Malcolm McDonald



09/11/2017



Alexander Thaddaeus Przibylla (P144999)			        Module: M3X8824
Table of Content
1. Introduction & Objectives	3
2. Results	3
a) Mass percentages of ethanol and isooctane in a fuel blend of even molar composition (50% ethanol and 50% isooctane)	3
b) Air/fuel mass ratio for stoichiometric combustion in air	3
c) Lower heating value of the fuel blend	4
f) Mass of  produced per kg of fuel burned	5
3. Analysis	6
d) Definition of enthalpy of formation	6
e) Explanation of higher and lower heating values	6
g) Description of an “ideal” fuel	6
4. Conclusion	7
5. Bibliography	8











[bookmark: _Toc497992533]1. Introduction & Objectives
 
This assignment is based around the very fundamentals of combustion chemistry and analysing the essential properties of fuels from first principle with the aim being to allow for a better understanding of combustion principles and analysis required to build up competence in the field of fuel engineering.

[bookmark: _Toc497992534]2. Results

[bookmark: _Toc497992535]a) Mass percentages of ethanol and isooctane in a fuel blend of even molar composition (50% ethanol and 50% isooctane)

The following calculations are based on the molecular weight of each atom of the fuel blend, which can be found in the periodic table (Royal Society of Chemistry, 2017) and where each element is given a letter, whilst the number in the subscript represents the amount of atoms of each element that the given molecule consists of.

Mass of one  molecule 
Mass of one  molecule 
Total mass 

Mass percentage of  
Mass percentage of 


[bookmark: _Toc497992536]b) Air/fuel mass ratio for stoichiometric combustion in air

Air consists of  and , with the proportion of oxygen in air being 21%, which equals , so the formula for air can be written as:
 (McDonald, 2017)
Since a stoichiometric reaction makes ,  and  molecules, the number of each produced molecule from the reaction can be found using the stoichiometric equation, in which air and fuel are reacting together and the amount of atoms of each element has to remain the same throughout the process (McDonald, 2017). Therefore, the essential variables ,  and  can be calculated as follows:

Reactants						Products
		→	 

							
				
			
								
			
		
		


	→	 

This now allows for the air / fuel mass ratio of the fuel blend under consideration to be calculated, using the molecular weights of each atom:




[bookmark: _Toc497992537]c) Lower heating value of the fuel blend

Using the stoichiometric equation and values of enthalpy of formation from (Goodger, n.d.), the heating value of the fuel blend can be calculated as follows:
Reactants						Products
	→	 








Using molecular weights to determine the weight of the fuel:






[bookmark: _Toc497992538]f) Mass of  produced per kg of fuel burned

Based on the stoichiometric equation and molecular weights involved:

						→     
 	→      
					  	→     
					       	→     


[bookmark: _Toc497992539]3. Analysis

[bookmark: _Toc497992540]d) Definition of enthalpy of formation

Where the precise composition of a fuel or chemical compound is known, the enthalpy of formation allows for the internal energies of the elements forming the reactants and products of a chemical reaction to be related, because it is the increase in enthalpy of one (kilo) mole of a given compound when it is formed from its elements at their thermodynamic standard or reference state, which is most commonly measured at constant atmospheric pressure of 1 bar and a temperature of 298,15 K (Haywood, 1988).


[bookmark: _Toc497992541]e) Explanation of higher and lower heating values

The heating value of a fuel, also referred to as the calorific value, is the magnitude of heat energy released during a reaction of complete combustion of a particular mass of fuel at constant pressure or constant volume, where complete combustion means that all fuel is burned and therefore all carbon converted to  and all hydrogen to  (Haywood, 1988). The heating value of fuels that are containing hydrogen differs with the state of the  product and is therefore distinguished by reactions where the formed  is in a fully condensed, liquid phase and reactions where all of the yielded  is in vapour form, resulting in either a higher heating value or a lower heating value respectively (Haywood, 1988).


[bookmark: _Toc497992542]g) Description of an “ideal” fuel

[bookmark: _GoBack]Whether a particular fuel can be considered as “ideal” for the use in a combustion engine is dependent on several factors and inherent properties. Most importantly for performance, the fuel should have a high calorific value, i.e. a high internal and therefore potential energy per kg of fuel mass, and the combustion process, which is highly affected by the fuel used, should achieve an efficiency closest to the efficiency of a perfect cycle, also knows as a Carnot Cycle (McDonald, 2017). Whenever heat transfer occurs, i.e. energy gets transferred from a hot reservoir to a cold reservoir, work is being put out and its percentage increases with the difference in temperature of the two reservoirs. This means that, in the case of the cycle efficiency of a combustion engine, the aim is to increase the temperature of the gas mixture as much as possible during the combustion process and to allow the temperature to drop as much as possible towards the end of the cycle. However, there is a limit to how much heat the gas mixture of air and a particular fuel can take before uncontrolled autoignition and detonation occurs, which is measured in the octane rating of a fuel. If the temperature cannot be increased any further, increasing the compression ratio allows for a cooler end temperature, as the cylinder volume and therefore the expansion is bigger. In order to avoid this so-called effect of knock, the “ideal” fuel should have a high octane rating and its chemical composition should allow for a high flame speed to minimize the time that it is waiting to be burned and the heat loss, i.e. heat transfer away from the gas mixture before combustion. Otherwise, the ignition timing would need to be altered and advanced away from the desired MBT timing (Maximum Break Torque Timing), which then results in more negative work, as the piston might still be coming up, and less net torque output (McDonald, 2017). The speed at which the flame travels during combustion is dependent on the structure and the density of the air and fuel molecules in the gas mixture, with lighter fuel molecules burning faster due to a higher random velocity than that of molecules with more mass, because they have less vibration degrees of freedom, and the denser the mixture, the more likely the molecules are to interact, split up and recombine, depending on the required activation energy (McDonald, 2017). In addition, the turbulent air velocity in front of the flame, which is introduced by the moving piston, encourages the flame movement further, because it feeds the flame with unburned molecules, and its effect increases with engine speed. As a result of the equipartition of energy however, with an increase in cylinder pressure the fuel molecules must increase their vibration as well as move faster, which takes up energy and increases their value of , which is the internal energy required to make 1 kg of mass 1 K hotter, and decreases their value of , which is the ratio of the specific heats. The concept of an “Ideal Otto Cycle”, which assumes adiabatic, in other words instantaneous, compression and expansion, proves that both is lowering the efficiency of the cycle and it can be seen that the best efficiency is obtained by burning lean to ensure that all of the fuel mass is burned and none of it left unburned, resulting in a bigger  but slower flame speed, and increasing the compression ratio as much as possible within the limiting boundaries mentioned previously.

From the “Ideal Otto Cycle”: 

Where:  and 


[bookmark: _Toc497992543]4. Conclusion

This assignment has shown that the chemical composition and molecular structure of fuels are very important factors when it comes to the performance and emissions of an engine. In addition, the design and calibration of an engine has to account for the fuel used and achieving the best performance and efficiency from a particular fuel goes hand in hand with ensuring the right engine setup, for example by tailoring the compression ratio and ignition timing, as well as air/fuel mass ratio to the chemical needs of the gas mixture that is to be burned.
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