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ABSTRACT 

The aim of this assignment has been to create a carry out a study on fuels, producing a fuel 

calculator able to determine mass percentages of blend mixtures and AFR values moreover 

it’ll explained how a NOX model was created using Microsoft Excel. 

Exhaust gas recirculation (E.G.R.) is well known in the automotive industry as a system used 

to reduce emissions of vehicles, in this technical report it will be explained and demonstrated 

in a chemical and physical way how the emissions are reduced using this mechanical valve.  
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1 TASK1: STUDY OF A BLENDED MIXTURE OF 

ISOOCTANE AND METHANOL 

1.1 MASS PERCENTAGES CALCULATION THEORY 

In order to determine the specific masses of air and fuel from a reaction is fundamental to 

start looking at the chemical formulas of the elements (air and fuel) which combined form the 

combustion process. 

 

 

Figure 1 Generic hydrocarbon plus air formula 

The above picture is a representation of a generic hydrocarbon combined with air on the left 

side, what’s produced with after the reaction on the right side. The picture below represents 

the chemical formula of Isooctane which consist in 8 atoms of carbon and 18 atoms of 

hydrogen. 

 

Figure 2 Isooctane’s chemical formula 

On the left-hand side there’s the also the “air term” that represents the composition of air that 

is made up of 79% of Nitrogen and 21% of Oxygen. On the left right-hand side there are the 

substances produced with the reaction, Carbon Dioxide, water and Nitrogen. In front of each 

substance there are the specific coefficients that make the reaction correctly balanced. 
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1.2 MASS PERCENTAGES CALCULATION METHODOLOGY  

Before the start of any calculation, the chemical reaction has to be in equilibrium to avoid 

numerical mistakes, one equation is balanced when the mass of the products (stuff 

produced with the reaction) is equal to the mass of the reactants (Caligaris, 2012). 

Practically the number of atoms of each component on the left side of the equation has to be 

equal to the number of atoms, considering also the relative coefficients, which have to be 

multiplied by the number of atoms,(n1,n2…) to the right side of the reaction. Below the 

balanced equation for Isooctane. 

 

 

In order to calculate the mass percentages of air and fuel it’s necessary to use the periodic 

table which contains the average Atomic Mass of each chemical element in [Kg/Kmol] or 

[g/mol],once the Atomic Mass is found it has to be multiplied by the number of atoms of the 

respective chemical element. Here an example for Isooctane  

          Isooctane chemical formula. 

 (Lenntech, 2019) 

𝑚(𝑓𝑢𝑒𝑙) = (12.0107 ∗ 8 + 1.00797 ∗ 18) = 114.22 𝐾𝑔 

  𝑚(𝑎𝑖𝑟) = (12.5 ∗ (2 ∗ 15.994 + 3.76 ∗ 2 ∗ 14.0067) = 1716.6148 𝐾𝑔 

 

 

 

 

 

𝐶8𝐻18 

𝑐8𝐻18+12,5(𝑂2 + 3,76𝑁2) − −→ 8𝐶𝑂2+9H2O+47N2 
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1.3 MASS PERCENTAGES CALCULATION WITH EXCEL 

 

Figure 3 Isooctane calculator 
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Figure 4 Methanol calculator 

After the calculation of Isooctane and Methanol separately, the blend mixture was calculated 

as follows. 
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Figure 5 Blend calculator 

The blend mixture chemical equation was balanced, then an extra “Tot element balance” row 

was calculated to check and visualize that the number of atoms were correct in both sides. 

The total mass of air and fuel were calculated as explained in the previous section, knowing 

the Isooctane (114Kg) and Methanol(32Kg) specific masses, it was possible to determine 

the mass percentage of the two fuels in the blend dividing the specific mass of one fuel by 

the total fuel mass (21.90% Methanol, 78%.09% Isooctane). 

1.4 AIR: FUEL MASS RATIO FOR STOCHIOMETRIC COMBUSTION 

IN AIR 

Once calculated the fuel masses involved, it was possible to see what value of AFR 

corresponds to this blend. 

AFR by mass value represents the ratio between mass of air and mass of fuel, AFRs 

(stochiometric) is the ratio for a complete combustion which means that all the Carbon atoms 

are burnt and transformed into Carbon Dioxide without producing any Carbon Monoxide 
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(CO), analysing from the “Oxygen” side, combustion is stochiometric when there are the 

exact number of Oxygen atoms to burn all the fuel used. (Blair, 1999).  

Each fuel has its own AFRs, the Isooctane and Methanol value were calculated and then 

compared to the official ones given from the Fuel tables. 

FUEL AFRs EXCEL CALCULATOR OFFICIAL VALUE  

ISOOCTANE 15.027 15.1 

METHANOL  6.0428 6.5 

(Williams, 2019) 

The values calculated are quite close to the nominal values, which means that the process 

used is quite reliable. It’s visible that Methanol has a lower AFRs than Isooctane, that’s due 

to the fact that Methanol already contains one atom in its own formula so, it needs less 

Oxygen for a complete combustion (𝐶𝐻4𝑂). 

Interesting fact is that the blended mixture has a AFR value of 13.14 which is a value 

between 6.5 and 15.1 which totally makes sense. 

1.5 EXPLANATION OF ENTHALPY OF FORMATION 

The Enthalpy of formation corresponds to the amount of heat created by the combustion, of 

one mole of substance with presence of Oxygen, at standard condition of pressure and 

temperature (1 atm and 298 K). This statement can be expressed mathematically as follows: 

If we imagine an “Ideal Engine” where friction between piston rings and cylinder wall and any 

leakages are not taken in consideration the work done by the piston motion is (Blair, 1999): 

𝛿𝑊 = 𝐹 ∗ 𝑑𝑥=𝑃 ⋅ 𝐴 𝑑𝑥=𝑃 ⋅ 𝑑𝑉 (1) 

 

According to the First law of Thermodynamics  

𝑑𝑈 = 𝑑𝑄 − 𝑑𝑊 (2) 

thus  

𝑑𝑄 = 𝑑𝑈 + 𝑃 ⋅ 𝑑𝑉 (3) 

Enthalpy can be Expressed as: 

dH = dU + PdV  

𝐻 = ⋃ + 𝑃𝑉 
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𝑑𝐻 = 𝑑𝑈 + 𝑃 𝑑𝑉 (4) 

So, at constant pressure it’s possible to write: 

ⅆ𝑯 = ⅆ𝑼 + 𝑷 ⅆ𝑽 = ⅆ𝑸 (5) 

The value of Enthalpy of Formation of a reaction can be calculated using Hess’s law. 

(Halpern, 2016) 

ΔH=∑ΔH of (products)−∑ΔH of (reactants) (6) 

1.6 ENTHALPY OF FORMATION AND HEATING VALUES RESULTS 

 

Figure 6 Enthalpy and heating values results 
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Figure 7 Enthalpy calculation explanation 

 

Figure 8 HHV calculation explanation 

The Enthalpy values from the technical tables were copied in the Excel file and from Figure 7 

and Figure 8 it’s visible the process used. 

1.6.1 DIFFERENCES BETWEEN HIGHER AND LOWER HEATING VALUES 

For the Isooctane-Methanol fuel mixture analysed, two different values of Hf, (Enthalpy of 

formation) were used, the “liquid” and the “gas” value to determine Higher and Lower heating 

value respectively. The heating value of any substances represents the total quantity of heat 

(energy) generated by the complete combustion of that substance with O2. 

HHV (higher) is higher because it considers also the “unproduced” (latent) heat of the 

vaporization of water, it basically assumes that all the water produced is liquid at the end of 

combustion.  
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LHV (lower) value is lower as it assumes that the water produced by the combustion is a gas 

and the energy (heat) is not restored.  

1.7 MASS OF CO2, H20 AND N2 PRODUCED 

 

Figure 9 Mass of CO2 H2O and N2 produced 

In order to calculate the mass of CO2 produced by the burning of the fuel can be calculated 

in two ways, either calculate the mass of CO2 of Isooctane and Methanol separately first 

then add them together or calculate it from the blend balance equation, to check coefficients 

the calculation was done in both ways, showing the exact same result. 

Example: 

𝑚 𝑜𝑓 𝐶𝑜2 = 𝑛1 ∗ 𝐶𝑎𝑟𝑏𝑜𝑛(𝑚𝑜𝑙𝑎𝑟 𝑤ℎ𝑒𝑖𝑔ℎ𝑡) ∗ 1 + 𝑛1 ∗ 𝑂𝑥𝑦𝑔𝑒𝑛(𝑚𝑜𝑙. 𝑤ℎ𝑒𝑖𝑔ℎ𝑡) ∗ 2

= 9 ∗ (12.0107) + 9 ∗ (15.9994) ∗ 2 = 396.086 𝐾𝑔 

 

1.8 PROPERTIES OF AN “IDEAL” FUEL 

An ideal fuel should definitely have an hight calorific value which means that when it burns it 

produces a lot of heat releasing a lot of energy. Analysing the environmental point of view, it 

shouldn’t produce any dangerous and toxic gasses, causing minimum air pollution. 

It should have an ideal ignition temperature, not low and not high. (Bishm, 2019) 

The price of an Ideal fuel should be low it also should be easy to transport (R.K., 2018) 
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2 TASK2: ISOOCTANE NOX MODEL 

2.1 WORK METHODOLOGY 

Developing a NOX MODEL requires a very clear understanding of subject thus study and 

researches were done before start using Microsoft Excel, the following diagram was created 

to have a clear view of the correct process that has to be undertaken. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A first table containing all the engine characteristics and boundary conditions was created as 

follows: 

NOX PPM 

FUNCTION OF Φ 

TOT EXHAUST 

MOLECULES, 

FUNCTION OF Φ 

NUMBER OF 

KMOLES 

SUCKED IN THE 

CYLINDER 

ENGINE 

SPECIFICATION AND 

BOUNDARY 

CONDITIONS 

INITIAL FLAME 

TEMPERAURE  
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2.2 ENGINE SPECIFICATIONS AND NUMBER OF KMOLS DRAWN IN 

 

 

Figure 10 Engine specifications and ambient conditions 

Using the ideal gas Law, it was possible to achieve the second milestone of the process 

“Number of Kmoles sucked in the cylinder”. The “n” value is strictly directly proportional to 

the volumetric efficiency value, an increase of V.eff will determine and increase of the 

number of Kmoles drawn inside the cylinder. Here the mathematic relation: 

𝑛 =
𝑃⋅𝑉⋅ 𝜂

𝑅⋅𝑇
 (7) 

Where: 

n: Number of Kmoles drawn inside the cylinder [Kmoles] 

P: is the pressure at inlet section [Pa] 

V: is the engine cylinder volume [m^3] 

η: Volumetric efficiency 

R: Gas constant 8314 [J/\(Kmol*K)] 

T: Temperature at inlet section [K] 

The second building step consisted on creating a table containing all the values of the 

coefficients (n1, n2..) and number of atoms related to PHI, representing 16 different 

balanced equations laid down horizontally as follows. 
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Figure 11 PHI dependent table 

The Figure 11 table was then updated calculating actual number of Kmols (α), the 

concentration of N2 and O2 in the mixture and the total amount of exhaust Kmols. 

 

𝛼 =
𝑛

φ + 12.5 ∗ (1 + 3.76)
 (8) 

[𝑂2] =
𝑛3 ∗ (𝛼)

𝐶. 𝑣𝑜𝑙
(9) 

[𝑁2] =
𝑛4 ∗ (𝛼)

𝐶. 𝑣𝑜𝑙
(10) 

TOT. Ex. (kmols) = 𝛼 ∗ (𝑛1 + 𝑛2 + 𝑛3 + 𝑛4) (11) 

 

Where: 

n3, n4: balance coefficient relative to Oxygen and Nitrogen respectively.  

C.Vol: Clearence volume [m^3]. 

α: actual number of Kmolel drawn in. 

n: theroretical number of Kmolel drawn in. 
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Figure 12 Alpha, N2 and O2 concentration and Tot exhaust Kmols data 

2.3 ENTHALPHY AND FLAME TEMPERATURE 

The NOx production is strictly dependent on the combustion temperature inside the 

combustion chamber, thus it was necessary to find a mathematical relation able to predict 

the flame temperature and heat produced with combustion, knowing that the Enthalpy 

released with the reaction is equal to the amount of Heat produced (equation 5,Page 9) it 

was able to calculate the exact value of enthalpy for all the PHIs value studied. The enthalpy 

calculation was done in the same way used for task 1 obeying equation 6 (Page 10) 

considering water as a gas, here an example of the calculation: 

 

 

Once the enthalpy reference was found two different calculation ways were tried to find the 

correct value of flame temperature, both two methods are correct however just one was 

used at the end as it was quicker and more effective. 
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First method: 

The first method tried consisted in copying in the Excel file the enthalpy tables values of 

CO2, O2, N2 and H20 then a table called “SUM OF ENTHALPIES OF ALL COMPONENTS” 

was created. 

 

Figure 13 Sum enthalpies of all components table 

 

Figure 14 Enthalpy range example 

Using the enthalpy reference values calculated previously the following function was used to 

determine first the range values in between the reference one. For example, for φ=1 

ENTHALPY REFERENCE: 5065.0 MJ 

VALUE ABOVE: 5089.92 MJ 

VALUE BELOW: 4952.93 MJ 

Using the following function, it was able to make the research the enthalpy range values 

automatized. 

 

 

VALUE BELOW (5065) 

=SMALL(Ent_tables!AE3:AE70;COUNTIF(Ent_tables!AE3:AE70;"<"&values_PHI_dependent!W8)+1) 
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VALUE ABOVE: 

=SMALL(Ent_tables!AE3:AE70;COUNTIF(Ent_tables!AE3:AE70;"<"&values_PHI_dependent!W8)+1) 

With the enthalpy range automatized, using a VLOOKUP function also the temperature range, 

which is related to the enthalpies values range, was obtained. 

 

Using the following linear interpolation formula, it was possible determine the temperature 

related to the enthalpy reference (5065.0 MJ) 

𝑇 − 2350

2400 − 2350
=

5065 − 4952.92

5089.92 − 4952.92
 

𝑇 =
(5065 − 4952.93)

(5089.82 − 4952.92)
∗ (2400 − 2350) + 2350 = 2390.903𝐾 

As the value of PHI changes even the enthalpy reference values change thus 13 “SUM OF 

ENTHALPIES OF ALL COMPONENTS” tables were needed, and many equations were 

required making the calculation too long. It was then necessary to find a quicker method. 
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SECOND METHOD: 

Using the standard enthalpy tables of CO2, O2, N2 and H2O, the following graph for each 

element was plotted, it represents the relation between temperature and enthalpy.

 

Figure 15 H2O Temperature-Enthalpy graph 

Using Excel, a 6th degree Polynomial function (sextic equation) was obtained for each 

element, knowing that the flame temperature is when the following relation happens, 

= 8φ ∗ (Polyeq. CO2) + 9φ ∗ (Polyeq. H2O) + F(1 − φ) ∗ (Polyeq. O2) + 47(Polyeq. N2) 

the relation was expressed in Excel as follows: 

 

Figure 16 Polynomial relation expressed in excel format 

It was then necessary to assign the values of “X” of the polynomial to a specific cell (AA11 in 

the example above), this cell represents the flame temperature. Using the “Goal Seek 

y = 6.6506859177E-19x6 - 7.8984343104E-15x5 + 3.6879849877E-11x4 - 8.6386228559E-08x3 + 
1.1074017861E-04x2 - 3.1241611608E-02x + 3.3006694533E+00
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function” it was possible to assign the enthalpy reference value finding the exact value of 

temperature related to). 

 

Figure 17 Goal seek method 

ENTHALPY REFERENCE 
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2.4 FIRST METHOD VS 2ND METHOD RESULTS 

 

Figure 18 First method vs second (goal seek) method 

It’s visible from Figure 18  that the two methods give almost the same result, however the 

Goal seek Method is the most effective one so it was used to calculate all the 13th 

temperatures. 

2.5 BURN ZONE TEMPERATURE AND NOX ZELDOVICH MODEL  

The 13th temperatures calculated represents the initial temperature of the combustion 

process, due to the increase of pressure the temperature rise it was calculated with the 

following relation: 

𝑇2 = 𝑇1 ∗ (
𝑃2

𝑃1
)

[(𝑛−1)/𝑛]

(12) 

Once calculated the burn zone temperatures the Zeldovich model was applied using the [N2] 

and [O2] concentration calculated previously. 

Zeldovich Model Formula used: 

𝑑[𝑁𝑂]

𝑑𝑡
= 4.17 ∗ 1013 ∗ [𝑁2] ∗ [𝑂2](1/2) ∗ 𝑒(−67837/𝑇)(13) 
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Figure 19 Burn zone temperature and NOX values in relation to PHI 

NOX prediction results were calculated for all the 13th cases analysed, producing then final 

results in PPM (part per million) and the following graph. 

 

Figure 20 NOX results in PPM at each phi 
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Figure 21 NOX PPM as a function to PHI 

 

 

2.6 ANALYSIS 

In order to fully understand the results obtained from Figure 21, further analysis was carried 

out, plotting the following graphs: 

 

Figure 22 O2 concentration molecules 
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Figure 23 N2 concentration molecules 

Figure 22 and Figure 23 show that the concentrations of Oxygen and Nitrogen increase as 

the fuel equivalence ratio φ decreases, which means that leaner is the mixture used(less fuel 

more air), bigger will be the O2 and N2 concentrations. 

An important analysis was done also on the trend of the burn zone temperatures in relation 

to φ and the pressure increase. 

 

Figure 24 Burn zone temperatures as function of phi and δP 
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It’s clearly visible from the above graph that leaner is the mixture lower is be the burn zone 

temperature, this due to the fact that there is less heat produced by the combustion process 

(less enthalpy released) also the biggest burn zone temperatures verifies in stochiometric 

conditions. 

Although there is a different starting temperature for each PHI all temperatures rise with the 

same gradient as they follow the same “law” explained previously (section 2.5 Pag 21). 

2.7 ZELDOVICH MATHEMATICAL ANALYSIS 

Looking to the Zeldovich model formula is visible that the rate of NOx produced is dependent on 

[N2] and [O2] concentrations but it’s also depends on the exponent of the “e^(-67837/T)” term. A 

mathematical analysis was carried out to see how the burn zone temperature value affects the 

term and obviously the value of NOx. 

Bigger the burn zone temperature, bigger will be the result of the term, smaller the temperature 

smaller will be the value of the term and lower the relative NOx result. This is due to the fact that 

being the numerator negative a bigger denominator will determine a bigger elevation number.  

Here an example: 

φ:0.6 Temperature= 2080.259 [K] @ P=40 [Bar] 

φ:0.97 Temperature= 2867.45 [K] @ P=40 [Bar] 

𝑒(−67837/2080.259) = 𝑒(−32.61) = 1.266 ∗ 10^ − 14 

𝑒(−67837/2867.45) = 𝑒(−23.65)=1.02 ∗ 10^ − 10 

At PHI 0.97 the burn zone temperature is not the highest as explained with Figure 24 but it’s 

still high with the combination of nitrogen an oxygen values it leads to the highest NOx 

production rate. 
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3 TASK 2B: EGR EFFECT ON NOX PPM 

3.1 METHODOLOGY 

 
The EGR effect model started using a very similar platform to the NOx model one, in order 

fully understand how EGR valve works and to create a model as close as possible to reality, 

different research was done. 

The EGR valve consist in recirculating some of the exhaust gases back into the engine thru 

the intake manifold, this procedure add more mass to the mixture in the chamber causing a 

drop of the burn zone temperature (Blair, 1999). 

The model was based on the following equation:  

Φ(C8H18) + 12.5 (O2 + 3.76 N2)+EGR%*(n1co2+n2H20+n3O2+n4N2)−−→ (1+EGR%)*(n1 

CO2 + n2 H2O + n3 O2 + n4 N2) 

 

The above equation represents the addition of an EGR valve that works from 0% up to 20%. 

A horizontal balance equation table was developed as follows:

 

Figure 25 EGR horizontal balance equation 

The [N2] and [O2] concentration were recalculated with the total exhaust molecules, while 

the enthalpy reference value remains constant as EGR was added in the products side and 

in the reactants side of the equation. 

To calculate the flame temperature, it was first used the polynomial equations as follows: 

= 𝑛1(𝑃𝑜𝑙. 𝑒𝑞 𝐶𝑂2) + 𝑛2(𝑃𝑜𝑙. 𝑒𝑞 𝐻2𝑂) + 𝑛3(𝑃𝑜𝑙. 𝑒𝑞 𝑂2) + 𝑛4(𝑃𝑜𝑙. 𝑒𝑞 𝑁2) 

 

The “Goal Seek” function was used again to spot the exact temperatures. 

Burn zone temperatures were calculated again for each percentage of EGR working and the 

Zeldovich model was applied again. 
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3.2 RESULTS AND ANALYSIS 

 

Figure 26 Flame temperatures table 

  

Figure 27 Flame temperature trend with EGR% 
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Figure 28 burn zone temperatures at 5%-10% EGR 

 

 

Figure 29 figure 22 burn zone temperatures at 15%-20% EGR 
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Figure 30 EGR effect results 

 

Figure 31 EGR effect on NOx PPM 
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Figure 32  EGR effect on NOx PPM 

 

 

Figure 33 Polynomial formula example 

It’s visible from Figure 33 how the polynomial equation was applied to the model, as the 

balance coefficients(n1,n2,n3,n4)varies with different EGR working percentage also the 

polynomial equation changes. 

From Figure 27 is visible that as EGR percentage increases the initial flame temperature 

decreases, this drop obliviously affect the burn zone temperatures and the NOx PPM which 

degreases drastically.  
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Figure 34 EGR results summary 

 

Figure 35 EGR effect analysis 

Analysing more in depth the results obtained using the above table and graph, it’s 

understandable that the NOx PPM, (emission) drops heavily(59.5%)  from “NO EGR” to 5% 

EGR, the decrease continues until 20% but the EGR EFFECT has a lighter impact on the 

NOx PPM (look at the EGR MAGNITUDE EFFECT). 

 

 

4 EXTRA RESEARCH 

Once the analysis was done further research on EGR effect on NOx production rate in order 

to see if the results obtained from the model created were similar to someone else job. 

The following picture represents a study carried out by the Institute of Engineering & 

Technology,Tumkur- Karnataka  on the EGR EFFECT on NOX formation. 
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Even if the engine studied has different specifications and working load it’s visible 

that even in this study EGR valve has a stronger effect from 0% EGR TO 5% EGR, 

the effect continues at 10% and 15% decreasing NOx PPM but with a lighter effect. 

 

 (Srinath, 2013) 

 

Figure 36 EGR effect study by the Institute of Engineering & Technology,Tumkur- Karnataka 

5 FURTHER WORK AND CONCLUSION 

Once finished the analysis several research was done to see how reliable and valid was the 

emission calculator done with Excel, few interesting  NOx data data were found, the problem 

was that the simulation created is very far from simulating a real engine, all the information 

found are related on a “real engine cycle” in order to compere the data calculated it would be 

necessary to convert the model  adapting the model to cylinder pressure and temperature, 

however it has been demonstrated that adding an EGR can effective reduce chamber 

temperature and the NOX emission. 
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