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1) [bookmark: _Toc28875310]Introduction

An experiment consisting of two parts was undertaken to understand how certain attributes relating to fuel emissions and engines are affected. The first task consisted of blending a 50:50 mixture of Iso-Octane and Methanol and understanding what would happen to several key fuel characteristics, such as calorific value, fuel mass, CO2 production and air/fuel mass ratio.

The second part comprised of NOx modelling within a theoretical 1600 CC naturally aspirated engine in two parts: 

1, A varying fuel equivalence ratio (Phi Φ) from 0.6 to stoichiometric (1) to determine the how NOx particle production was affected by decreasing the amount of fuel within the products.

2. Implementation of Exhaust Gas Recirculation (EGR) up to 30% of the products content with a fixed fuel equivalence ratio of 0.97 and calculate the effect this has on NOx emissions.

Using a database of fuels provided by “Fundamentals of Combustion Processes” by Sara McAllister et al (Appendix B), detailed useful properties about twenty carbon-based fuels, such as Methane, Propane, Butane and Octane, as well as Hydrogen. The only properties that would be required for this experiment are the chemical formulas and enthalpies of formation, the other valuable properties within the table, would be calculated within this experiment.

Numerous assumptions were made throughout the experiments to ensure that even though the situation was theoretical, it was consistent. The smallest changes to any variable will throw the end calculations out by a significant amount, nullifying the possibility of any correlation between the results. This includes temperature, to which formation of NOx particles are extremely sensitive. 

These assumptions include:

1. Complete Combustion every cycle
2. Constant Engine Velocity
3. Constant Enthalpies of Chemicals
4. Constant Phi (not minutely changing each cycle) 
5. Constant Volumetric Efficiency
6. Constant EGR percentage (not minutely changing each cycle)
7. Constant Polynomial used for Temperature increases
8. Constant Ambient Pressure
9. Constant Ambient Temperature
10. Constant Gas Constant
11. Constant linear Cylinder Pressure incremental increase
12. Constant number of Moles drawn in per cycle
13. Assumed all cylinders are identical
14. Assumed Clearance Volume is identical for all cylinders
15. No cyclic variations (Temperatures, Pressure, EGR, Phi)






2) [bookmark: _Toc28875312]Task 1 – Combustion Study

An initial investigation was conducted into a blended mixture of two different fuel components: Iso-Octane (C8H18) and Methanol (CH4O). When these fuels are blended in a 50:50 mixture (1:1 ratio of one kilomole of each fuel), several key characteristics change compared to when just one fuel is used.

The first action that needs to be taken is fuel balancing. By separating the molecules from both fuels into each chemical atom; Carbon, Hydrogen and Oxygen, and adding the separate fuels’ molecules together so that you have a total number of molecules. These can be used to calculate the relevant number of the combustion gases that each chemical changes formation into, e.g. Carbon reacts with Oxygen from the air to form Carbon Dioxide.

Balancing the fuel mixture depends entirely on the fuel equivalence ratio (Phi Φ), which for task 1, is presumed to be stoichiometric (Fuel Equivalence Ratio = 1). On the left side of the equation is called the products, what is put into the system to be combusted, and on the right is the reaction, what the products combust into.


[bookmark: _Toc28869297]Equation 1 – Stoichiometric Combustion Equation

This is the easiest equation to use as the number of Carbon molecules in the fuel, directly correlates to the number of Carbon Dioxide Molecules in the reaction, assuming complete combustion.


[bookmark: _Toc28869298]Equation 2 – Number of Carbon Dioxide Molecules Equation

The number of Dihydrogen Monoxide (Water) molecules within the reaction, equals the name of Hydrogen molecules within the fuel, divided by 2. This is due to Hydrogen being a single molecule within the fuel but when reacting with the Oxygen from the air, two Hydrogens bond to a single Oxygen molecule so the overall number of separate molecules is halved.


[bookmark: _Toc28869299]Equation 3 – Number of Water Molecules Equation

The next equation depends entirely on whether the fuels in the products side of the stoichiometric combustion equation contain Oxygen molecules or not. If the fuels, e.g. Methanol, contains Oxygen molecules, this number needs to be subtracted within the equation below to balance out the formula for the ratio of air within the products calculated above (n1 for CO2 and n2 for H2O).


[bookmark: _Toc28869300]Equation 4 – Air Products Ratio Equation


Once the air ratio has been determined, the final number of molecules can be evaluated. ‘x’ is multiplied by the ratio of Nitrogen to Oxygen within the atmosphere, 3.76, this will return the number of Nitrogen molecules within the combustion reaction.


[bookmark: _Toc28869301]Equation 5 –  Number of Nitrogen Molecules Equation

Once all the ‘n’ values have been equated, the mass of the air on the products side of the stoichiometric equation can be determined.


[bookmark: _Toc28869302]Equation 6 – Air Mass Equation

The mass of each fuel can be calculated by taking the number of molecules within each fuel and multiplying it by the molecular weight of each chemical.


[bookmark: _Toc28869303]Equation 7 – Iso-Octane Fuel Mass Equation


[bookmark: _Toc28869304]Equation 8 – Methanol Fuel Mass Equation

When there is a blend of two or more different fuels, these are added together to determine the total fuel mass for the mixture.


[bookmark: _Toc28869305]Equation 9 – Total Fuel Mass Equation

Using the results from the previous two equations, the mass percentages of each fuel can be calculated from the total fuel mass. To validate these answers, when both percentages are added together, they should equal 100%.


[bookmark: _Toc28869306]Equation 10 – Mass Percentage of Iso-Octane Equation


[bookmark: _Toc28869307]Equation 11 – Mass Percentage of Methanol Equation

To work out the Air/Fuel mass ratio, the mass of the air is divided by the total mass of the fuel. This result is the required ratio for stoichiometric combustion within an engine regarding the assumptions previously made.


[bookmark: _Toc28869308]Equation 12 – Air/Fuel Mass Ratio Equation

Enthalpy of formation can be described as the reaction enthalpy from the formation of 1 mole of a compound or substance from its individual component elements at 298.15 Kelvin and at 1 Bar of pressure (100 KPa). (Rosenholm, 2017)

Using the enthalpies of formation for the chemicals and products (Appendix A & B), it was possible to calculate the upper and lower heating values for the fuel blend using the tabulated values of enthalpies for all the products and reactant chemicals, provided within the book “Fundamentals of Combustion Processes” (McAllister, Chen, & Fernandez-Pello, 2011) 

By first totalling the products (fuels) that are being combusted to find the total enthalpy on the left side of the stoichiometric equation, the resultant net enthalpy can be found.


[bookmark: _Toc28869309]Equation 13 – Total Products Enthalpy Equation

The enthalpy of the reaction can be equated by multiplying the number of carbon molecules (n1) by the enthalpy of carbon at room temperature, then adding the number of water molecules (n2) multiplied by the enthalpy of water. The difference here is that the lower heating value is calculated when water is in a gaseous/vapour state, whereas, the higher heating value is used when water is in a liquid state, depending on whether the water is allowed to condense into a liquid. Both states have different enthalpies of formation, resulting in different reaction enthalpies. All enthalpies can be found in the table provided in Appendix A & B.


[bookmark: _Toc28869310]Equation 14 – Lower Heating Reaction Enthalpy Equation


[bookmark: _Toc28869311]Equation 15 – Higher Heating Reaction Enthalpy Equation

The resultant net enthalpy of the equation can be calculated by subtracting the products enthalpy away from the enthalpy of reaction. This provides a figure relative to the value of overall enthalpy/heat gained from the combustion process, which is equal to the internal energy of the system. From now on, only the lower heating value will be considered throughout the equations, as this is the number that is generally used throughout the industry as a minimum expected (benchmark) number. This is because during the combustion process of a typical engine within a vehicle produces water vapour, which is not utilised, and therefore, its heat content is wasted.


[bookmark: _Toc28869312]Equation 16 – Net Enthalpy Equation

By dividing the net enthalpy by the total fuel mass, the calorific value of the products can be calculated to determine the total released by combusting 1kg of fuel, this value can be used to equate how efficient a fuel is at producing energy, and therefore, power, assuming a complete combustion.


[bookmark: _Toc28869313]Equation 17 – Calorific Value of Products Equation


The last part of task one was to equate the amount of Carbon Dioxide produced when burning one kilogram of fuel. Initially the amount of CO2 produced when burning one Kilomole (Kmol) of fuel can be calculated by multiplying the amount of Carbon within the products by the molecular weight of CO2. 


[bookmark: _Toc28869314]Equation 18 – CO2 Produce Per Kmol Of Fuel Combusted Equation

Then dividing the CO2 produced per Kmol of fuel by the total mass of the fuel, give the result of how much CO2 is produced per one kilogram of fuel.


[bookmark: _Toc28869315]Equation 19 – CO2 Produced Per 1 kg of Fuel Combusted Equation


An ‘Ideal’ fuel should have many characteristics that makes it the most efficient, stable, and a readily available choice out of all other possible fuel that would be used in its place. Below is a list of attributes that would make an ‘ideal’ fuel: (Iyer, 2009)

· A high calorific value by producing more heat energy per kg when combusted.

· Combust without emitting harmful or polluting gases into the atmosphere.

· Ignite at a reasonable temperature to burn easily and effectively, without being too high or low to incite instability.

· It should not have a higher purpose than to be used to create heat energy, i.e. it should not have a purpose that is more important than to use as a fuel, e.g. money.

· The fuel should be readily available and not expensive to produce or refine.

· It should be stable and safe to handle, store and transport from one place to another and not create any risks during this process by being volatile.

· Soot/ash produced by combusting the fuel, should be kept to a minimum to reduce residual waste.

· A smooth rate of combustion at a steady pace, avoiding the fuel burning at too high or too low rate.

All these together would make the ‘perfect’ fuel. Unfortunately, no known fuel ticks every box, with some being better than others in a majority of aspects, but significantly worse in others.








3) [bookmark: _Toc28875313]Task 2 – NOx Modelling
i. [bookmark: _Toc28875314]Part A – Fuel Equivalence Ratio Investigation

For the initial part of this task, an investigation into various fuel equivalence ratio (Phi) was conducted to determine the effect this had on the production of Nitrogen Oxide (NOx) molecules, responsible for pollution of the atmosphere. Using a range of equivalence ratio from 0.6, in steps of 0.05 up to 0.95, to then increase in increments of 0.01 up to stoichiometric (1). 

Throughout this first part of the NOx modelling experiment, volumetric efficiency was disregarded during the equations and was assumed to be 100%, this determined the maximum NOx PPM trend line that could occur within this engine and operating conditions.

Equations to predict emissions were provided within three instrumental books:

‘‘Combustion Engines Development’’ by Günter Merker (Merker, Schwarz, & Teichmann, 2009), ‘‘Internal Combustion Engine Fundamentals’’ by John Heywood (Heywood, 1988) and ‘‘Fundamentals of Combustion Processes’’ by Sara McAllister et. al (McAllister, Chen, & Fernandez-Pello, 2011)

These were then used to predict values of NOx within set parameters of a theoretical engine.



[bookmark: _Toc28869316]Equation 20 – Merker’s NOx Emissions Equation (Merker, Schwarz, & Teichmann, 2009)
       

[bookmark: _Toc28869317]Equation 21 – Heywood's NOx Emissions Equation (Heywood, 1988)


[bookmark: _Toc28869318]Equation 22 – McAllister's NOx Emissions Equation (McAllister, Chen, & Fernandez-Pello, 2011)

The equations above provided results in kilomoles/m3/second, by dividing the result of this equation by the RPM multiplied by  resulted with kilomoles/m3/degree, this could then be multiplied by the clearance volume of the cylinder in m3 providing an answer in kilomoles/degree. When this answer is summed, the kilomoles/cycle are obtained.

It is obvious to see above that within these equations, temperature is a major factor in the prediction of NOx concentrations as it is the only variable within the equation that changes due to the linear increase in pressure, since the O2 & N2 concentrations are relative to the molecules drawn in during the induction phase of the engine cycle.


After calculating the concentrations of O2 and N2 for every Phi, a trend emerged resulting in a linear decrease in both concentrations as the fuel equivalence ratio increased towards a stoichiometric value. 

Oxygen decreases down to 0, due to the theoretical reduction in spare molecules available, whereas, at a Phi value of 0.6, because there is less fuel for the same air ratio (12.5), there are less Carbon and Hydrogen molecules in the products for the Oxygen to bond to, to be able to form Carbon Dioxide and Dihydrogen Monoxide within the reactants.
[image: ]



[bookmark: _Toc28875326]Figure 1 – O2 and N2 Concentrations vs Fuel Equivalence Ratio

Using Günter P. Merker’s variation of the Zeldovich equation (Merker, Schwarz, & Teichmann, 2009) it was possible to predict the amount of NOx produced per degree of crank rotation and increase in pressure, which increased the flame front temperature.
[image: ]As seen on the graph below, the most NOx produced at any point is at a Phi of 0.97, at a cylinder pressure for 40 bar. The concentrations for both O2 and N2 must be at the best ratio, along the temperature being within the perfect range for NOx production within the engine. Up until a Phi of 0.76, the values are barely registering on the scale, but from a Phi of 0.8 these numbers increase rapidly until 0.97, but then drop just as quick as Phi increases up to stoichiometric, where the values equal 0.



[bookmark: _Toc28875327]Figure 2 – Zeldovich Values vs Cylinder Pressure and Fuel Equivalence Ratio






By using the alternative Zeldovich model equations from the three authors (John B. Heywood, Sara McAllister, and Günter P. Merker) it was possible to calculate three different variations of NOx production throughout the fuel equivalence ratio range.

Heywood’s equation gave the highest value of 65903 PPM, McAllister predicting the lowest with 15036 PPM, and Merker providing the middle ground of 42736 PPM. The only thing they had in common was the trend that they all peaked at a fuel equivalence ratio of 0.97.

Each equation gave significantly different results in NOx parts per million (PPM) molecules. This would imply that further research would need to be conducted to ascertain which method is the more accurate representation of actual pollution produced from the engine. Because we know these equations grossly over predict the amount of NOx produced, but they are a start with understanding how much of a pollutant the engine is to the environment. 



[bookmark: _Toc28875328]Figure 3 - NOx Parts Per Million vs Fuel Equivalence Ratio



[image: ]



Using the net enthalpy of the reaction, it was necessary to calculate the flame front temperature. Using the tables of enthalpies for each chemical as a specific temperature as a reference, MATLAB was able to curve fit these results, with temperature on the X axis and enthalpy on the Y axis, using a polynomial fit to the 9th order for accuracy, a fit result was generated and implemented into the code. This meant the code was able to calculate a desired enthalpy for a given temperature, the curve fit for each chemical was multiplied by the corresponding ‘n’ value e.g. n1 for CO2, each chemicals enthalpy was added together to form a total net enthalpy necessary for the next part. The upper and lower temperatures and enthalpies were required from these curve fit results to calculate the exact flame front temperature. The temperature of the flame front changes based on the increase in cylinder pressure and change in fuel equivalence ratio (Phi Φ). Using the equation below it was possible to calculate these temperatures precisely.


[bookmark: _Toc28869319]Equation 23 – Flame Front Temperature Equation

With the given initial flame front temperatures, it was possible to calculate the increase in temperature due to the linear pressure increase, by means of the following equation.


[bookmark: _Toc28869320]Equation 24 - Temperature Increase with Linear Pressure Increase Equation

It is obvious to see that the closer Phi is to stoichiometric, the higher the temperature is initially at the start of combustion and through the increase in pressure at the end of combustion. The lowest temperature recorded was 1696 Kelvin (K) and the highest was 2926 K.

It is also clear that as Phi reaches closer to stoichiometric, the rate of increase in temperature during the pressure’s linear increase, is also slightly greater.
[image: ]




[bookmark: _Toc28875329]Figure 4 - Flame Temperature Increase vs Cylinder Pressure and Fuel Equivalence Ratio

ii. [bookmark: _Toc28875315]Part B – EGR Implementation Investigation

This part of the experiment involved an investigation into how the NOx particles produced by the engine are affected when Exhaust Gas Recirculation (EGR) is added into the products before combustion. The fuel equivalence ratio is locked at 0.97 (the most NOx producing Phi) as well as including a volumetric efficiency of 40%, but everything else was kept the same as in part A, for a direct comparison.

EGR was added in 5% increments up to 30%, to determine how the flame front temperatures decreased, which in turn depleted the NOx production.

The same three equations from Heywood, McAllister and Merker from the previous section, were used to calculate NOx production throughout each addition of EGR. All three followed the same trend and significantly decrease with more exhaust gases added into the products. 

As seen below the highest values using the Merker variation of the Zeldovich model appear at 0% EGR, labelled below as ‘1’, this relates to 100% of products entering the cylinder, with this increasing in 5% increments up to a total of 30%, seen as 1.3.
[bookmark: _Toc28875330]Figure 5 - Zeldovich Values vs Cylinder Pressure and EGR Percentage


[image: ]



The same pattern emerged as in the previous section where Heywood predicted the most NOx throughout the EGR implementation with 41681 PPM at 0% EGR decreasing to 169 PPM at 30%. McAllister still provided the lowest values throughout with 9509 PPM decreasing to 39 PPM at 0%.

All three equations rendered NOx nearly non-existent at 30% EGR as the cylinder temperatures were low enough to disrupt the disassociation of the Nitrogen and Oxygen Molecules in the reactants.

The introduction of EGR, even at 5%, shows a dramatic reduction in NOx molecules within the reaction, then between 15% and 30%, the rate of production reduces, but the values of NOx are already low within the parts per million calculations, so further research into whether the extra 15% is realistically viable or necessary, but for a further study, real data would be required to determine its accuracy.


[image: ]
[bookmark: _Toc28875331]Figure 6 - NOx Parts Per Million vs EGR Percentage

As noticed with the NOx production, the more EGR% that is added into the products before combustion, the higher the decrease in flame front temperature throughout the cylinder pressure increase. 

This is the reverse trend of what happened during the fuel equivalence ratio investigation which is what was to be expected as the main principle of adding in EGR is to lower the cylinder temperatures, therefore decreasing the NOx produced due to it being extremely sensitive to temperature.

The highest recorded temperature was 2869 K at 0% EGR, with the lowest of 1911 K at 30%.
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[bookmark: _Toc28875332]Figure 7 - Flame Temperatures vs Cylinder Pressure and EGR










4) [bookmark: _Toc28875316]Conclusion
i. [bookmark: _Toc28875317]Task 1

After using the basic 50:50 ratio mixture of Iso-Octane and Methanol, it is clear to see how much the characteristics of the products and reactants are affected by the addition of alcoholic Methanol. The standard stated air/fuel mass ratio for Iso-Octane is 15.01 :1, but by adding Methanol, this drops to 13.15 :1, this is due to the lower density that alcoholic fuels exhibit, so more mass is required for it to combust due to the ideal gas law ) and they then require more heat to vaporise so the fuel is able to initially ignite. This means that the alcoholic content of the fuel raises the Research Octane Number (RON), the RON value relates to how easily a fuel will ignite, the higher the number, the harder it is to ignite. (JCT 600, 2019)

This trend followed through every equation by calculating the fuel as if it contained purely Iso-Octane, every value was higher than if the products were a mixture of an alcoholic fuel, 
except those involving enthalpy. By adding in a 50:50 ratio of different fuels, their enthalpies are added together as if they were a whole part rather than halved, this means that the resulting net enthalpy is lower than if the products only contained purely one fuel.

Although NOx were not calculated for task 1, it can be assumed that as alcohol is added into the mix, flame temperatures are lowered within the combustion chamber, directly and drastically reducing the impact of harmful and atmospherically polluting emissions (Turner, Xu, Cracknell, Natarajan, & Chen, 2010).


ii. [bookmark: _Toc28875318]Task 2
A. [bookmark: _Toc28875319]Part A

When calculating a purely Iso-Octane fuel over a lean range of fuel equivalence ratios (Phi Φ), the value of harmful NOx emissions drastically changes based purely on how much fuel is being combusted. Considering this is all theoretical, without real world data and numerous assumptions made that do not reflect real world conditions. 

It was noticed that at a stoichiometric ratio, the concentration of Oxygen was zero, so therefore, there was no ability to produce NOx emissions, as no spare O2 molecules exist within the reactants to bond to Nitrogen molecules. On the other hand, at a Phi of 0.6, there is an abundance of spare O2 molecules that would form NOx particles, but because the flame front temperatures dropped significantly, the temperature is nowhere near high enough for either the O2 or N2 molecules to influence disassociation.

It appears that at a Phi of 0.97, there is a perfect balance of ample supply of both Oxygen and Nitrogen molecules, as well as a temperature high enough to prompt the disassociation of the molecules from their natural O2 or N2 bonded states into single O and N states, which when separated, it is easier for the molecules to connect to the other, than to itself, leading to the formation of NOx particles and using the Thermal NOx Model to predict these numbers.
[bookmark: _GoBack]







B. [bookmark: _Toc28875320]Part B

By using pure Iso-Octane, the same method of calculating NOx particles from part A is used, but with a fixed fuel equivalence ratio of 0.97, previously determined as the highest NOx producing ratio. With the implementation of Exhaust Gas Recirculation (EGR) into the products, pre combustion, the mass of molecules within the combustion chamber that have not yet reacted decreases. 

This leads to less ignitable gases and vapour in the products, relating to the ideal gas law discussed previously), significantly reducing the flame front temperature and, therefore, the likelihood of dissociation of both Oxygen and Nitrogen molecules. As seen in the relevant graphs within the previous section, the more EGR is added into the products, the lower the temperatures exhibited by the flame front, and therefore, the lower the NOx emissions are shown from each form of Zeldovich variation and within the parts per million values where at 15% EGR and onwards, NOx particles are nearly non-existent.
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5) [bookmark: _Toc28875322] Appendix


i. [bookmark: _Toc28875323][image: ]Appendix A – Enthalpy of Formations For Chemicals Table[bookmark: _Toc28875333]Figure 8 - Enthalpy of Formation For Chemicals Table (Williams, 2019)



[image: ]
iii. [bookmark: _Toc28875324]Appendix B – Fuels Database Table
[bookmark: _Toc28875334]Figure 9 -  Fuels Database Table (McAllister, Chen, & Fernandez-Pello, 2011)










iii. [bookmark: _Toc28875325]Appendix C – Script Instructions

Please Ensure that the ‘FuelInfo.mat’ file is in the current folder that MATLAB is referencing.

Using the script is pretty self-explanatory, but for clarification, instructions on its use will be detailed here.

After pressing ‘Run’ in MATLAB, the script will load the ‘FuelInfo.mat’ file containing curve fitting results and various tables detailing numerous information about every chemical.

Task 1 will begin by asking the user to choose from a list of fuel to create a mixture. The user can decide from 21 different fuels to be used, choosing either one or two different fuels for the mixture. If the user decides to choose only one fuel, they can either select the same fuel again, or select “none” from the list, this will nullify the second selection and use purely one fuel for task 1. Once task 1 has been completed, a message will display to confirm its completion, the script will wait until the user has pressed the ‘OK’ button to acknowledge this and continue.

Task 2 will work out its respective calculations without any inputs, but as with the completion of task 1, a message will appear on completion of parts A and B and wait until the user confirms this. The user can then view any of the numerous graphs that were created. On completion of part B, the user will be posed a question on whether they would like to continue into the extra work section or stop after the assignment work has been completed.

If the user chooses to progress with the extra work section, the script will begin the same as task 1, asking the user to input which fuel(s) they would like to create a mixture one. The script will then pose a request from the user, whether they would like to run the calculations with a single fuel equivalence ratio, or a range of ratios the same way as task 2. This will decide which dialog box appears, allowing the user to select either only one percentage from the list, or multiple, where each percentage value correlates directly to its matching Phi, e.g. 12% lean means Phi = 0.88. The script will then continue to run until the basic calculations that were part of task 1 are completed, the user will then be prompted if they would like to calculate NOx particle emissions for the fuel blend and fuel equivalence ratio. 

If the user chooses to pursue with predicting NOx emissions, they will then be asked if they would care to use the 12 default specifications detailed within the assignment brief, both about the engine and the surrounding ambient environment. If a quick comparison is all the user is after then they should choose ‘Yes’, but if they would like to run an emissions experiment for a different engine, with different parameters, ambient pressure and temperature, gas constant and volumetric efficiency then ‘No’ should be selected. If the user is using a stoichiometric equivalence ratio, everything will be calculated including flame front temperature but since the O2 concentration is zero, so will all the NOx equations results, because of this a message is given to the user to confirm this and end the experiment. Otherwise, NOx PPM results will be displayed to the user along with various graphs produced, which only when a Phi range is used, will display visual results for the user to digest.
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4 constituent elements
C+0; >C0;
This is 1 kmol of C, 1 kmol of O, which becomes 1 kmol of CO,

Enthalpy out from the reaction is the same as the heat out at constant pressure = 393.5MJ

Example values of Enthalpies of Combustion’ can be seen in the table below.

Comtustin Resctin
R0+ 10,0 —HoD
T
50400 — 0.0

o+ 10,0 — 00

U+ 20, — O + 2000

e 30,0 — 2000 100
O 30,0 — 001D
anoun+ Jow— o eton

a0+ B0 — 10049100

Let's look at iso-octane...

CsHis +12.5 (02 +3.76 N2) - 8 COz + 9 H:0 + 47 N2

Using standard tables and fuels data we should be able to do some calculations for some of
the more complex fuels.
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