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[bookmark: _Toc28954976]Introduction
The aim for this study relative to modelling fuel blend mixtures is to calculate mass percentages, air/fuel mass ratio for the stoichiometric combustion in the air, lower and higher heating values in which act upon the enthalpy of formation relative to each fuel blend and finally, calculating carbon dioxide mass in kg being produced of fuel burnt. In addition to this, to develop a NOx model for fuel blends running lean in relation to stoichiometric, where NOx contains a chemical configuration of nitrogen and oxygen atoms in numerous amounts. The objective for developing a NOx model, by calculating the initial adiabatic flame temperatures and temperature increase from the start of combustion at 10bar to the end of combustion at 40bar incrementing in 2bar for each degree in relation to each fuel equivalence ratio from 0.6 to 1. In addition, phi at 0.97, the rate of NOx production is at its maximum, the aim is to calculate how the exhaust gas recirculation (EGR) effects on the NOx parts per million (PPM) using the Zeldovich model.   


[bookmark: _Toc28954977]Study of modelling fuel blend mixtures 
[bookmark: _Ref28614597]Firstly, in this study, the mass percentage of each fuel blend; iso-octane and methanol mixtures were calculated in relation to a 50/50 blend. However, as can be seen in Figure 1, this table shows each fuel blend alongside their chemical compound founded in (Mcallister, et al., 2011). In addition, this table is fixed with calculations with given values, where a VLOOKUP formula can be used in MS Excel to find the corresponding value in this table array.
[image: ]






[bookmark: _Ref28863348][bookmark: _Toc29050092]Figure 1: Table of Fuel Blends and Chemical compound
[image: ]For example, Figure 2 shows the mass fuel percentages calculated for methanol and iso-octane, giving a value of 21.91% mass fuel for methanol sand 78.09% for iso-octane. To calculate the mass fuel percentages, carry out the amount of carbons, hydrogens and oxygen’s corresponding to their chemical compound and times them by their atomic weight giving the kg/mol for each fuel. In order to calculate their percentage, divide the mass of fuel by the total mass of both fuels combined.
[bookmark: _Ref28615143][bookmark: _Toc29050093]Figure 2: Mass Percentages calculated with a 50/50 fuel blend of iso-octane and methanol
Looking back to Figure 2, the air mass was calculated using Equation 1; 
x*(O2 + (3.76*N2))
[bookmark: _Ref28951652][bookmark: _Toc29050084]Equation 1: Air Mass
Where O2 and N2 are their atomic weight. Once the mass fuel and air mass are calculated, the air to fuel mass ratio can be calculated dividing the total mass of fuel by the mass of air giving a result of 13.14. 
[image: ]In addition, by using the VLOOKUP formula in MS Excel, a biodiesel could be calculated, using a 50/50 fuel blend of ethanol and diesel shown in Figure 3. This is created with a dropdown box in the following cells B4 and B8, where this determines the values according to the VLOOKUP table for carbon, hydrogen and oxygen, where this changes each value for n1, n2, n3, x and the fuel weights which determine the fuel mass percentages, air mass and its air/fuel ratio.
[bookmark: _Ref28617394][bookmark: _Toc29050094]Figure 3: 50/50 blend of Ethanol and Diesel using the VLOOKUP table
Furthermore, from the enthalpy of formations of the fuel blends iso-octane and methanol, the lower and higher heated values were calculated in MJ/kg shown in Figure 4. Referring back to Figure 1, states according to, (Mcallister, et al., 2011), the enthalpy of formation for each fuel blend and the enthalpy of formation for each gas followed firstly by Carbon Dioxide (CO2), where CO2 property table originated from, (Bhattacharjee, 2020). Secondly, water vapour (H2O), which originated from, (Bhattacharjee, 2020), where this shows the temperature increasing by 10 degree incriments as enthalphy (kj/kmol) increases, where changing units to x10-3 achieves (MJ/kmol) allowing a polynormial curve fit to the 6th order shown in the heading below; Developing a NOx model. 
Calculate the lower heated value;
Step 1: Enthalpy needed for products (MJ), is equal to the fuel enthalpy of formations added together and enthalpy released from products (MJ), is equal to their carbons times their enthalpy of formation added by the amount of hydrogens times their enthalpy of formation. To find the net enthalpy; 
Enthalpy released from products (MJ) – Enthalpy needed for products (MJ)
[bookmark: _Ref28951410][bookmark: _Toc29050085]Equation 2: Net Enthalpy for lower heated value (MJ)
Step 2: To find the lower heated value;
Net Enthalpy (MJ) / Total mass of fuels (kg/mol)
[bookmark: _Toc29050086]Equation 3: Lower heated value (MJ/kg)
In relation to the lower heated value, the higher heated value can be calculated, to do this, simply take Equation 2, and add them together instead of subtracting and follow step 2 above.
[image: ]









[bookmark: _Ref28631320][bookmark: _Toc29050095]Figure 4: Lower and Higher heated values (MJ/kg)
The enthalpy of formation is defined as enthalpy change for the formation when one mole of a compound such as carbon dioxide, for example, the formation from its elements are carbon and oxygen. The convention of enthalpy states if, ΔHf <0 heat is released when the formations elements combine, and >0 when heat is immersed.
The difference between the lower and higher heating value of a fuel is defined by, (Hydrogen Tools, 2020), where the lower heating value, heat is released by combusting a stated quantity originally at 25°C, returning the combustion products to 150°C, where the supressed heat from the vaporisation of water in the reaction products are not recovered, where the higher heating value, heat released by a stated quantity originally at 25°C, once combusted and the products have returned back to a temperature of 25°C, which accounts the supressed heat of vaporisation of water in combustion produced.
Referring back to Figure 3, using the VLOOKUP formula in MS Excel, the following can be resulted for working out the lower and higher heated value for the two fuels used in Figure 3.
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[bookmark: _Toc29050096]Figure 5: Lower and Higher heated value using the VLOOKUP table
To calculate the mass of CO2 which is produced per kg of the corrolated fuel burnt, states the total amount of carbons is equal to the amount of molecules/kmol of CO2. Firstly, to calculate the amount of kmol of fuels; iso-octane and methanol, times the amount of compounds by their molecular weights and add them together which is shown back in Figure 2. Secondly, to calculate the amount of kmol of CO2, where the amount of carbon compounds is timesed by the weight of 1 carbon added by the weight of 2 oxygens, in relation to its chemical compound CO2. So therefore divide 1kmol of CO2 by 1kmol of the fuel blends; iso-octane and methanol, calculating a result of 2.712328767. 
[image: ]



[bookmark: _Toc29050097]Figure 6: Mass of CO2 produced per kg fuel burned
In addition, the result of using ethanol and diesel using the same process, results in a 2.847103375 kg of CO2 produced.
[image: ] 




[bookmark: _Toc29050098]Figure 7: Mass of CO2 produced per kg fuel burned from VLOOKUP table
According to the article, (Khanna, 2020), an ideal fuel replicates these characterisitic properties such as; a high calorific value, proper ignition temperature where the temperature should neither be too low or too high, not contain any poisionus products during combustion, a moderate rate of combustion, easily controllable, avaliable, handle and transport, must be cheap and low moisture content.

[bookmark: _Ref28874031][bookmark: _Toc28954978]Developing a NOx model
During this study, there are 2 available procedures; one which involves a goal seek and the other involving the VLOOKUP table with calculations matched to each cell which will simulate for each equivalence ratio (phi) ranging from 1 to 0.95 where it decreases 0.01 each time, where from 0.95 to 0.6, it decreases 0.05. In addition the exhaust gas recirculation (EGR) which ranges from a percentage of 0-50% incrementing in 5% each time.
Firstly, referring to the goal seek, constant numbers where associated according to their chemical compound. For instance, to develop a NOx model for iso-octane refer back to the study of modelling fuel blend mixtures and calculate the constants for n1, n2, x and n3, which will be considered the starting point to calculate the value for enthalpy. 
As seen in the table shown in Figure 8, to calculate the values for enthalpy; 
(CO2 * Enthalpy of Formation) + (H2O * Enthalpy of Formation) – (Phi * Fuel Enthalpy of Formation)
[bookmark: _Ref28953423][bookmark: _Toc29050087][image: ]Equation 4: Goal Seek Enthalpy  
[bookmark: _Ref28953311][bookmark: _Toc29050099]Figure 8: Goal Seek Table


In addition, from finding the net enthalpy for each equivalence ratio, the goal seek can now be used to calculate the initial flame temperatures which are shown in Figure 8.
In order to set up the goal seek in MS Excel fix two cells, one to find the initial temperature which will change according to the enthalpy set in the other. This will be used according to the polynomial equation founded from the fuel tables; CO2, (Bhattacharjee, 2020), H2O, (Bhattacharjee, 2020), N2, (Bhattacharjee, 2020) and O2, (Bhattacharjee, 2020).
The polynomial equation used to find the initial flame temperature using the goal seek was; 
(Amount of Carbons * Phi * PolyCO2) + (Amount of H2O * Phi * PolyH2O) + (Constant Value for x * (1-Phi) * PolyO2)  + (N2 * PolyN2)
[bookmark: _Ref28956085][bookmark: _Toc29050088]Equation 5: Polynomial equation used for goal seek
As shown in Figure 9, the goal seek function sets cell C4 which is the polynomial equation found above in Equation 5, which changes the value to your set enthalpy which reverse engineers the equation used to find the initial flame temperature changing in C3.
[image: ] 




[bookmark: _Ref28956047][bookmark: _Toc29050100]Figure 9: Goal seek function in MS Excel
[bookmark: _Toc28954979]

As can be seen in the graph, Figure 10, shows as the enthalpy increases the flame temperature also increases. This is because when enthalpy increases there is more heat content in the system during the combustion process. This shows as you gather more heat content in the system, the initial flame temperature will rise. 









[bookmark: _Ref28958179][bookmark: _Toc29050101]Figure 10: 6th Polynomial Order, Enthalpy (MJ) vs Flame Temperature (K)
Furthermore, after calculating the initial flame temperatures through the goal seek function shown in Figure 9, assuming the pressure increase after start of combustion (0°C) starting at 10bar, increments in 2bar per degree to a peak value of 40bar shown below in Figure 11. 
In order to calculate the flame temperature increase, as pressure increases 2bar per degree which is shown in Figure 11, using Equation 6;
Initial temperature*(P2/P1) ((Polytrophic index – 1) / (Polytrophic index))
[bookmark: _Ref28961319][bookmark: _Toc29050089]Equation 6: Temperature Increase with Pressure
In addition, NOx (kmols/ m3) is the next step in this process. This equation used for NOx (kmols/ m3) is known as the Zeldovich model created by, (Merker, et al., 2005), there are many alternatives to this equation based on different measurements and assumed rate constants, such as, Heywood’s and Mcalister’s equations, which will be discussed further on.
In Merker’s zeldovich model equation, ZAB also known as the gas kinetic collision rate is constant with a value of 4.7*1013 and –EA which is the required energy needed for a reaction, with a value of -67,837, these are the two rate constants in Merker’s zeldovich model. Furthermore, the [N2] and [O2] concentrations need to be calculated in order to find NOx (kmols/m3) shown in 
4.7*1013 * [N2] * ([O2]0.5) * exp (-67,837 / Flame Temperature (K))
[bookmark: _Ref28967046][bookmark: _Toc29050090]Equation 7: NOx (kmols/°)
To calculate [N2] and [O2], multiply their chemical compound by alpha and divide by the combustion volume. Alpha is known to change with phi the ratio lowers, there will be less fuel in the mixture, as this will change the concentration of [N2] and [O2].
Alpha (𝛼) = 6.16∙10-6 / Phi (𝜑) + 12.5(1 + 3.76)
[bookmark: _Toc29050091]Equation 8: Alpha (𝛼)
However, assuming the engine speed to be 1800rpm and volumetric efficiency to be 40%. Take Equation 7 and divide by the engine speed times by six, this change the units to °/second and then times the volumetric efficiency (*10-6) in order to get units from cc. Shown in the table below, Figure 11, using the above statement allowing units for NOx (kmols/ m3) for each degree as flame temperature increases. In order to calculate NOx parts per million, is the SUM of NOx (kmols/ m3) from 0-15 degrees (°), divided by the total exhaust kmols, which are calculated by adding the gas compounds together and times them by alpha.  
[image: ]







[bookmark: _Ref28960937][bookmark: _Toc29050102]Figure 11: NOx PPM of Equivalence ratio (Phi)
Using the goal seek function finding NOx PPM for each phi at 0% EGR gives a graph as shown in Figure 12, this graph represents NOx PPM reaching optimum increase at 0.97 phi, this is because the high flame and burn zone temperatures, including the concentrations for [N2] and [O2] lead to higher rate of NOx production at this value.









[bookmark: _Ref29043073][bookmark: _Toc29050103]Figure 12: PPM against Phi at 40% volumetric efficiency
In addition, adding the effect of E.G.R. on NOx PPM levels assuming the same volumetric efficiency of 40% and assuming EGR levels from 0-20% of the air/fuel contents.
Furthermore, add the effect of EGR to the gas compounds by multiplying the percentage, these gas compounds such as; carbon, hydrogen, oxygen and nitrogen, at each fuel equivalent ratio, which will change the initial flame temperatures according to the values inputted in the polynomial equation stated in Equation 5, and furthermore affect the concentrations, [N2] and [O2].




Referring back to Figure 9, this procedure was carried out again to find the following initial flame temperatures for the net enthalpy with the effect of EGR, as can be seen by the table in Figure 13
[image: ]






[bookmark: _Ref29045167][bookmark: _Toc29050104]Figure 13: Initial flame temperatures effected by EGR %
Following the same procedures as shown in Figure 11, a table could be carried out to show the rate of NOx production and PPM with the effect of EGR shown below in Figure 14.
[image: ]







[bookmark: _Ref29045600][bookmark: _Toc29050105]Figure 14: Table of PPM with the effect of EGR



Following from the table shown above in Figure 14, the graph below Figure 15, represents the effects EGR has on NOx PPM, where iso-octane without any effect from EGR produces high levels of NOx PPM. EGR is added in order to meet emission requirements, where EGR is recirculating burned gases back into the chamber to be burned again in the following cycle, thus reducing NOx production. 









[bookmark: _Ref29046450][bookmark: _Toc29050106]Figure 15: NOx PPM effected with EGR 0-20%
Furthermore, a VLOOKUP was created in MS Excel to compare the two procedures values for NOx PPM with the effect of EGR 0-20% to compare the accuracy between the goals seek and VLOOKUP simulation. This was firstly approached using the polynomial values given from the graphs in the Appendix; Figure 17, Figure 18, Figure 19 and Figure 20. In order to achieve the polynomial enthalpy according to temperature, times their enthalpy of formation by the gases according to their gas compound in the simulation according to EGR and fuel equivalence ratio. 
Shown below in Figure 16, is the simulation carried out using VLOOKUP and INDEX formulas to calculate NOx PPM with the effect on EGR and fuel equivalence ratio according to their fuel type using the dropdown box stating iso-octane. This simulation will carry out the following procedures and equations used for the goal seek
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[bookmark: _Ref29049644][bookmark: _Toc29050107]Figure 16: Simulation carried out using VLOOKUP and INDEX formulas[image: ]



Conclusion
To conclude, to develop a NOx model with the effect of EGR shows the rate of NOx PPM decrease significantly as the EGR circulates back into the chamber through to the next cycle. However, shown in this study at 0.97 phi reaches optimum NOx PPM, where the high flame and burn zone temperatures, including the concentrations for [N2] and [O2] lead to higher rate of NOx production at this value. 
[bookmark: _GoBack]Relative to the procedures used such as the goal seek and VLOOKUP method, they carry out similar values and shows the same trends. However, using the goal seek, it uses the value most accurate to the enthalpy inputted and uses the polynomial equation. In comparison to the VLOOKUP method, where this uses the polynomial equation to find the upper and lower enthalpy and temperatures and inputted to calculate the initial flame temperatures. 
[bookmark: _Ref29049267]Appendix











[bookmark: _Ref29049301][bookmark: _Toc29050108]Figure 17: CO2 Curve Fit Polynomial










[bookmark: _Ref29049286][bookmark: _Toc29050109]Figure 18: H2O Curve Fit Polynomial











[bookmark: _Ref29049287][bookmark: _Toc29050110]Figure 19: N2 Curve Fit Polynomial
[bookmark: _Ref29049288][bookmark: _Toc29050111]Figure 20: O2 Curve Fit Polynomial
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Enthalpy (MJ/kg)



H2O Curve Fit Polynomial

Curve Fit Polynominal	
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Enthalpy (MJ/kg)
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298	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	600	610	620	630	640	650	660	670	680	690	700	710	720	730	740	750	760	770	780	790	800	810	820	830	840	850	860	870	880	890	900	910	920	930	940	950	960	970	980	990	1000	1020	1040	1060	1080	1100	1120	1140	1160	1180	1200	1220	1240	1260	1280	1300	1320	1340	1360	1380	1400	1420	1440	1460	1480	1500	1520	1540	1560	1580	1600	1620	1640	1660	1680	1700	1720	1740	1760	1780	1800	1820	1840	1860	1880	1900	1920	1940	1960	1980	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	3000	0	5.3999999999999999E-2	0.34800000000000003	0.64300000000000002	0.93800000000000006	1.234	1.5310000000000001	1.829	2.1270000000000002	2.427	2.7269999999999999	3.0289999999999999	3.33	3.6320000000000001	3.9359999999999999	4.2409999999999997	4.5460000000000003	4.843	5.16	5.4690000000000003	5.7780000000000005	6.0880000000000001	6.4	6.7130000000000001	7.0259999999999998	7.34	7.6560000000000006	7.9720000000000004	8.2889999999999997	8.6080000000000005	8.9269999999999996	9.2469999999999999	9.5679999999999996	9.89	10.213000000000001	10.537000000000001	10.862	11.188000000000001	11.515000000000001	11.842000000000001	12.172000000000001	12.502000000000001	12.832000000000001	13.163	13.495000000000001	13.827999999999999	14.162000000000001	14.496	14.831	15.168000000000001	15.504	15.841000000000001	16.179000000000002	16.516999999999999	16.855	17.195	17.536000000000001	17.876999999999999	18.216999999999999	18.559999999999999	18.902000000000001	19.245999999999999	19.59	19.934000000000001	20.277999999999999	20.623999999999999	20.97	21.317	21.663	22.01	22.359000000000002	24.106999999999999	24.808	25.512	26.217000000000002	26.923999999999999	27.632000000000001	28.341000000000001	29.052	29.765000000000001	30.48	31.195	31.911999999999999	32.630000000000003	33.350999999999999	34.070999999999998	34.792999999999999	35.515999999999998	36.241	36.966000000000001	37.692	38.42	39.149000000000001	39.878999999999998	40.61	41.341999999999999	42.073999999999998	42.808	43.542000000000002	44.279000000000003	45.014000000000003	45.752000000000002	46.49	47.230000000000004	47.97	48.712000000000003	49.454000000000001	51.689	52.436	53.184000000000005	53.934000000000005	54.683	55.434000000000005	56.186	56.938000000000002	57.692	58.445	59.198999999999998	61.09	62.986000000000004	64.891000000000005	66.802000000000007	68.715000000000003	70.634	72.561000000000007	74.492000000000004	76.430000000000007	78.375	80.322000000000003	82.274000000000001	84.233999999999995	86.198999999999998	88.17	90.144000000000005	92.126000000000005	94.111000000000004	98.097999999999999	


image3.png
BHEERYBRENRRRERRE

] < D F 3 H
[Stoichiometry
Ethanol ~-change
Carbon ]
Hydrogen 5
Oxyeen 1
-Dodecane [<<—change
Carbon 1
Hydrogen 2|
Oxyeen o
HC Fuel Bolance: CBHIB + CHIOH + x(02 + 3.76N2) —> n1C02 + n2H20 + n3N2
[Corbon [
ydrogen 2 2na)
18] (na)
[Onyeen [an1n2-02
a2
215 +
Nitrogen sz (n3)
Weights
[Corbon 1201 kg/mot -Dodecane | 1703352 kg/mol
Hyarogen 1.0077]kg/mot Ethanol 2606922 kg/mol
[oxyeen 15 994[g/mol [Fotat 216 4082 g/mo1
itrogen 16.0067]g/mor
-Dodecane 78715 (muel)
Ethanol 21.20%(muel)
(02 - 576N2)
252 577456 kg mol
[Ain/Fuel Ratio 15.54354113)





image4.png
Enthalpies of Combustion

a1 avc)

Combustion Reaction

Enthalpy of Combustion

[ethanol CHS0 (1 +3/2.02 (g) > CO2 (g) 2020 () 726 1[}j/kmol ©25 degrees]
lso-Octane | CeH18 () + 25/2 02 (g) —>8C02 (g) +9H20 (1) | 5461 /kmol @25 degrees|
iso-Octane [coz
et 259 g/kmol [awer 5933kg/kmol
[ethanol 20
awr ~2015[ii/kmot [awer 2e18fikmol | iiquig
285.]ki/kmol g2
o1 + CH30R + (02 +3.76012) > 9602 + 11120
Enthalphy nesded for products (W) Enthalphy released from products (W)
2607 52015
et Enthaiphy ()
57208]
Ik of iso-octane and methanol | 59.2256|MI/kg_|(Lower)
Enthalphy needed fo products (W) Enthalphy released from products (W)
2607 56853
et Enthalphy ()
522
wRy | aassecolike | aassessllie
iy | soasssos[y/ke | 302456 |Mijke





image5.png
Enthalpies of Combustion

Ethanol [coz
ant -235.1[jfkmol |aner -393.5[k/kmol
n-Dodecane H20
ant -350.9]i/kmol Janer 2218]kjfkmol | _tiquid
285 8kj/kmol gas]
‘CBHLE + CH3OH + x(02 + 3.76N2) > 9C02 + 11H20
Enthalphy needed for products (W) Enthalphy released from products (V1)
585 52013
et Enthalphy (M)
56153
kg of iso-octane and methanol | 2554765 Wi/kg | (Lower)
Enthalphy needed for products (M) Enthalphy released from products (1)
585 66853

et Enthalphy (M)
50323

Hiv__ [ 28184206])jke | 2818421 Wi/ke

v | 2soareoalifke | 2594760 Mijke





image6.png
1 molecule of Iso-Octane and Methanol

9 molecules of CO2

6x10%26 molecule of Iso-Octane and Methanol

5+ 6x1026 molecule of C02

‘Lkmol of Iso-Octane and Methanol

5+ kmol of C02

‘Tkmol of Iso-Octane and Methanol

(9°12)+(22°1)+{16"1)) kg —> Lasike.

Tkmol of CO2

(9°(12+32) kg —> 396ke.

So, therefore Lk of Iso-Octane and Methanol, makes

2712308767

kg of CO2





image7.png
1 molecule o> | 14 molecules of CO2
6x10%26 molecule. > | 18 -6a0vsmolecule of 02
Tkmol S>> | 18 kmolorcoz
Tkmol > 2162084 kg
Tkmol > 6161372 kg
So, therefore 1kg, makes > 2847103375

kg of 02





image8.png
‘Goal Seek

[Temperature (19 2385.756672|<- To be Calculated

[Polynomial () 506541
[(Bo x o) + (89 x h*H20] + (125(1-9 )X n"02) + (47 xn*N2))
hi () Net Enthalpy (M) o2 H20 02 2 102) ) Atpha_| initial Flame Temp (k) | Total Exhaust kmols

1] 5065.410) 500) 000) 5.00) 000) ] o] 0:12756303|_L.0es6£.07] 2385 5948112 05|

099) 5012756 79| 0.00) 1] 013] 7] 00003332 ] 0.12758412] 1.0858E.07] 23629) 5.92437705|

[ 2962.107) 7.54] 0.00) 552 03] 7] 0.00067875] 0.12760522] 1086607 2354.0) 594063806

0.97] 2913.228] 7.75] 0.00) 73] 03] 27]_0.0010183] 0.12762632] 10862607 23380 5935838 05|

0.9g] 2852734 7.58] 0.00) 52| 050) 7] 0.00135795] 0.12764723] 10862607 23220 5.933156E.06|

05| 2812.140) 7.50) 0.00) 53] 053] 7] 000165772 012765854 1.0865E-07] 23059 5929412606

03] 2558.859) 7.20) 0.00) 510) 125] 7] 0.00339825] 0.12777223] 10872607 22045 591068305

053] 23055 550) 0.00) 7.55] Le8] 27]_0.0051016] 0.1278s008] 1.0883E.07] 21614 589192106

o] 2052328 6.40) 0.00) 7.20) 250) 7] 0.00680777] 0.12758613] 10852607 2055 6.873127E.05|

73| 739,058 5.00) 0.00) 573] 13 7] 0.00es1678[ 0.12809234 10901607 1570.4] 585430306

03] 3585787 550) 0.00) 530) 73] 7] 001022862 0.12819873] 10911607 1881.4] 583544706

053] 3252517 5.20) 0.00) 5.55] 38| 7] 0.01194331] 0.12830529] 1092607 17905] 6816550606

06 3039.226] 250] 00| 520 5.00] 47| 001366085 0.12841204] 10929-07] 1687.1] 6797641606





image9.png
Goal Seek

Temperature 2385756674« Set cell: 2

Polynomial 506541 1o value: 5065410

By changing cel: |SCs3

ok Cancel

hi () Enthaipy o2 @ H20 02 N2 initial Flame Temp

1] 5065410 5.00) 0.00) 5.00) 0.00) 27| 23858





image10.png
Phi () 097
6 | P(Ban) | Temp(9 | Nox(kmois/) oM

o 1 233803922]  1.77738£-10] 22386.09689)
1 12| a00804205]  370038E10)

2 16 | oessaea1ea]  70ss01e10)

s 16| 2503284735 1.206656.09)

7 16 | osesaseoss|  191108e09)

5 20 | asesr7ies]  aseesseos)

5 22 | as1s35955] 1030309

7 20 | 2s55.93008]  ss873009)

5 2 | 2855303  7.54199E09)

s 25 | 271s33s3s]  Looiseecs]

10 30 | 272600397  1.08e06e08

1 32 | a7eesacses]  Lsisseccs

1 32| 279s007562]  2.00667E08

5 35 | 2siesosss]  2assieog

16 38 | 2ssssacses]  2oe1o0e0s

15 20 2859.76663| _ 3.53704E-08]





image11.png
5% 10% 15% 20%
ohi () ‘Constant nital lame temp ()

1] sossosizs]  2a15.59005] 2120.527943] 2072127922

099) 226187236 2201303518 2127.341120] 2059156859

098  2265765204]  2186.099575|  2113.696452] 202612736

097]  2251660823] _ 2172617278] 2099.993106] 2033.040254]

096]  2ossseves|  21sei7ses| a0es30274] 201893565

0os| 222121503] 2163673905 2072.007064] 2006 585513

05 2122003032 2070.200296 2002.355575| 1939.721082]

85| aoesae7ass]  1s95.120137] 1os0sesisi| 1871131260

08| 1ssassiios| 1918280007 1e57.232825 1s0081190)

075 1000077205 1ssossess] 17eressaor| 172sesats

07 1e17seasie|  17ssiosss| 170sssase3 1esessiiiel

55| 1730.845076] 1675038168 1625.054758] 1578318051

06| 164182728] __ 1590.763639] _ 1543.588841] _1499.866516)





image12.png
PPM with 40% volumetric efficiency @ EGR% Goal Seek

ohi ()

0.00%]

5.00%]

10.00%]

15.00%]

2000%

o

o

o

o

099)

15993.7405|

36351

1618493

60212777

098]

22026.5143]

2017915

1684.056|

71853511]

097

22386.0969]

41845

1731.213]

0.96]

24389.9279]

201857

1672782

[

22592 765]

5761107

1560.081]

03]

152202200

2081.1]

847.0371]

053]

‘5025.20843]

503540

362.815]

o3|

2338.32234]

3367903

1313045]

03|

778.178572]

2821776

10547

2051144

03]

215.833657]

78.02455]

282235

10.52333|

053]

51.5720¢85]

17.73854]

5262117

220934

03]

7.85200331]

3228514

1.101032]

0382389





image13.png
Calculate for: iso-Octane Cerite [Carbons. 5| [nr 3]

(n3) Hydrogens 18] [n2 52)

R | i) | coz @ H20 02 [ [02] 2] “Alpha. Total Exhaust kmols [Oxygen o b 125]

000%]___os] 78] 0.00) g 500) 564 0.016353026__0.154092223] 1L09267E.07] 8157170605 [na 7]

Net Entholpy (W) _| Lower Enthaipy (MJ) | Upper Enthalpy (W) Intial Flame Temp (K) o 6.56814E-0)

039225 3023558423 308036972 1685.512495 117]

Lower Temp (K) | Upper Temp (K) 1600

1250 1500 [crearance Volume (cc) 0]

Werker's equation
& [ P(Ban [ Temp(x) | Nox (kmois/m3) T Fuel Weight (kg) A/ Ratio | kg CO2/kg fuel | Galorific Value (Mi/kg)
o 10 | 1285512008] 505219617 o0s1991028] 112.25106] 17165188 15.02751344] 508219173 2660603305

1 12| 125301341 165711 15|
2 16| 155994201] 2.6420E 1]
s 16| 1s90.50201] 102952 15|
7 18| 1617957788 212009615
5 20| 1682.017329] 2.012026-15]
5 22| 1s65.827519] 7.082815|
7 22| 1687.001735] 1181396 12]
5 25 | 1706.756565] 185059 12]
s 28| 1725.233923] 28786614
10 30 | 17e261569] 2.2611612]
1 52| 1759.033739] 51279861
1 38| 1778.59699] T
5 36| 1789.396515] 1.17859613]
16 38| 1803.509235] 1.586156.13]
15 20| 1817.000771] 20972613





image1.png
100% Blends

Chemical Compound

Enthalpy of formation (MJ)

WMethane e 724
Acetylene [ET) 57
Ethylene CaHa 52.4
Ethane CaHe 58
Propane =) 047
nButane CaH10 1466
Ts0-Butane CaH10 1535
n-Pentane C5H12 735
Tso-Pentane CsH12 1785
nHexane CoH14 1987
s Hexane CoH14 207.4
n-Heptane 716 2202
n-Octane CBr1s 2501
Ts0-Octane Car1s 2592
n-Noname CoH20 277
n-Decane 10122 3009
50 Decane C10r22 N/A
n-Dodecane C12H26 3509
Methanol cHao 2015
Ethanol C2H50 2351
Hydrogen 2 o
" 50/50 Methanol iso-Octane ‘CHA0C8H18 4516




image2.png
|Air/Fuel Ratio 13.14390796]

B
18|
Methanol
Carbon 1]
Hydrogen 4
Oxygen 1]
HC Fuel Balance: CBH18 + CH3OH + x(02 + 3.76N2) --> n1CO2 + n2H20 + n3N2
[Carbon 9] (n2)
Hydrogen 22 2(n2)
11] (n2)
Oxygen 2n1+n2-1
28] 2
14| x|
Nitrogen 5264 (n3)
Weights
[Carbon 12.011]kg/mol Methanol 32.04228]kg/mol
Hydrogen 1.00797]kg/mol Iso-Octane 1142315 kg/mol
Oxygen 15.9994]kg/mol [Total 146.2737]kg/mol
Nitrogen 14.0067]kg/mol
Meth (mfuel) 21.91%]
Is0-Octane (mfuel) 78.09%|
[Air Mass [x(02 + 3.76N2)
1922.608576|kg/mol |





