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[bookmark: _Toc28608170]Introduction
This Paper will outline a designed simulation, capable of predicting and modelling both fuel mixtures and NOx formations from the combustion of a naturally aspirated 1600cc Engine, running at 1800 RPM. The investigation will look at the properties of a fuel mixture of equal parts Methanol and Isooctane, and then predict a lean-burn NOx model for and engine running on solely isooctane.
[bookmark: _Toc28608171]Aims
To investigate the properties of a fuel, containing a 50/50 molar blend of Isooctane and Methanol.
To investigate the effect that adding EGR to a vehicle running on the lean side of stoichiometric has on the formation of NOx.

[bookmark: _Toc28608172]Methodology
For Both parts of this paper, a separate code was written using MATLAB to successfully predict the required information necessary for the completion of the brief.
[bookmark: _Toc28608173]Question 1 – 50/50 Blend
The First lines of code are generated to read the table of fuels. The table is read from Excel, and then subsequently each column is given its own defining variable.
[image: ]
The Following lines define both the molecular weights of each element used in the product and components. Alongside this, the enthalpy of formation of the product elements are also defined.
[image: ]
From here, the code allows the user to define how many fuels are going to be used in the mixture, as well as what fuel, and what percentage of each fuel will be included in the mixture. If the percentage of fuel does not equal 100%, then the code displays and error message, and asks for the inputs again. If 100% is defined, the code continues calculations.
[image: ]
The subsequent lines of code then start to calculate towards the results. The first section calculates the required output values for the product components, as well as calculates to mass of air, and mass of each fuel used in the system. The (y) function allows the code to recalculate and save each calculation for as many times as the amount of selected fuels used.
Following on from those calculations, the mass percentage for each fuel in the mixture is calculated, thus answering part (A).
[image: ]
From here the code recalculates the values above, but this time for 1Kmole of each fuel in the chosen mixture. These calculations can then be summed together for each line, to give the overall total amounts for the mixture. From here, the stoichiometric Air Fuel ratio can be determined.
[image: ]
From there, the code calculates the LHV of the fuel mixture, as well as the mass of CO2 produced.
[image: ]
And finally, the code generates a dialogue box, defining the required information for part 1.
[image: ]
[bookmark: _Toc28608174]Question 1 – Running the Code
When the user runs the code, they will be prompted with a dialogue box that asks for an input number of fuels, in this case 2.
[image: ]
Following this, the user is then asked to input the first fuel required in the mixture, the first chosen fuel was Iso-Octane.
[image: ]
Then the percentage amount that this fuel would contribute to the mixture is asked, the investigated blend would be a 50/50 mixture. When okay is applied, the last two boxes are run for as many times as the amount of fuels required in the mixture. 
[image: ]
If, when all fuels are inputted and a percentage allocated to them, the total amount of fuel doesn’t equal to 100%, then an error box is given, and the user must return to the beginning to re-input the required fuels. If completed correctly, the code continues to calculate.
[image: ]
Finally, once all the calculations are completed, a message box appears giving the values that are being investigated.
[image: ]
[bookmark: _Toc28608175]Question 2 – Isooctane NOx Model
Much like Q1, the code reads the excel file first, however this time, it includes the enthalpy released by each component element at varying levels of temperature. Once again, the code reads each of the excel sheets, and saves them as their own variable.
[image: ]
Once again, the values for enthalpy of formation and the atomic weights are defined within the code. However, this time the code only asks for a single fuel to input to gain the required outputs.
[image: ]
From here, the code sets up the first designated Equivalence ratio range at the start of the loop, including defining the component elements. From there, the code calculates the same required values from part 1, however this time for the varying Air:Fuel Ratios. 
[image: ]
After the loop closes, a second one automatically opens that then calculates the second designated range of Equivalence ratios.
[image: ]
From here, the code generates a polynomial curve fit for Flame Temperature against Enthalpy for each of the component values. This is followed by a question box that asks the user to either check flame temp every 1K or every 0.1K. From this, the code then calculates each individual value for enthalpy at every temperature interval, depending on the chosen value.
[image: ]
From here, using the Flame temp and the given Polytropic Index value, the Burnt Zone temperature is calculated, using pressures from 10bar up to 40bar. Then, assuming the inlet pressure being 1bar, and inlet temp being 293K, the number of Kmols in the cylinder per cycle can be calculated. From here alpha can be calculated which is dependent on Equivalence ratio.
Continuing from this, alpha is then used to calculate the total amount of oxygen and nitrogen is drawn into the cylinder. With these values, the amount of NOx can be calculated in Kmols/m3/degree. Using the given value of 40cc as the combustion chamber volume, the value for NOx can be converted to Kmols/Degree. The sum of all 16 degrees gives the total value for NOx output for the whole cycle, in Kmols. Total Exhaust emission are then calculated, thus allowing for NOx to be calculated in PPM.
[image: ]
The Calculations are then re-run through, from start to finish, with the engine using an equivalence ratio of 0.97 only. However, this time with the addition of a for loop, that adds EGR in increments from 1% up to 20%. With the addition of the EGR, all values are then recalculated, including the component elements and new flame and burn-zone temperatures.
[image: ]
From there, the value for alpha is recalculated, as well as the values for Nitrogen, Oxygen, and eventually NOx. This value is again converted into PPM, to allow for comparison to the original value calculated.
[image: ]
From here, the values for the percentage reduction of NOx created by the addition of EGR is calculated, and three graphs are plotted showing the calculated information.
[image: ]

[bookmark: _Toc28608176]Results & Analysis
[bookmark: _Toc28608177]Q1 – 50/50 Blend
[bookmark: _Toc28608178](a) Mass Percentages
The Mass percentages of Methanol and Isooctane in the mixture, were found to be 21.92%, and 78.08% respectively.
[bookmark: _Toc28608179](b) Stoichiometric Ratio
For stoichiometric combustion, the Air:Fuel ratio was found to be 10.6725:1, compared to that of 14.95:1 for pure isooctane, showing that the addition of methanol means that there needs to be an increase in fuel injected into the cylinder in order to maximise necessary outputs towards stoichiometric conditions.
[bookmark: _Toc28608180](c) Lower Heating Value
The LHV of the blend was found to be 32.1938 MJ/kg, compared to that of 44.43 MJ/kg for pure isooctane. This shows us that the blend has a reduction in its calorific value of around 25%.
[bookmark: _Toc28608181](d) Enthalpy of Formation
The enthalpy of formation is the enthalpy required to form 1 mole of a product element from its component elements. In the case of an IC Engine, it is the required enthalpy change to convert (or combust) 1 mole of fuel, into the exhaust products. 
[bookmark: _Toc28608182](e) Difference Between HHV and LHV
Outlined and explained by (LPELC, 2019); In Hydrogen rich fuels, the act of combustion causes some of the reactant fuel to be converted into water within the combustion chamber, this water is then evaporated, and through the process, some of the available heat released in combustion is absorbed. This heat loss is known as the ‘latent heat of vaporisation’. When this vaporised water is released out of the exhaust, then that energy is lost. The Difference between the value of HHV and that of LHV, is roughly the same as the latent heat of vaporisation, and therefore LHV is considered to be the more accurate value for the engine output, whereas HHV is the total energy released by the fuel, but doesn’t take into account the vaporisation of water.
[bookmark: _Toc28608183](f) mass of CO2 produced
The Mass of CO2 Produced per KG of fuel burned equates to 2.2314, compared to a value of 3.08 for isooctane. This shows us that while the fuel may not contain as much energy, the fuel produces 26% less CO2 than pure isooctane alone.
[bookmark: _Toc28608184](g) “ideal” fuels
The Term ideal fuel is used to outline a type of fuel that has near perfect qualities across a broad array of specification points. These points outlined by (Chennu, 2017) include that the fuel must have a “High calorific value, Moderate ignition temperature and Low moisture content”, as these combined allow for easy ignition, with high energy reactions, and a low latent heat of vaporisation, allowing more of the released energy to be used effectively.
As well as this, the fuel must have Low “NO combustible matter, Moderate velocity of combustion, Products of combustion not harmful and Should burn in air with efficiency” allowing for a quicker burn, means that cylinder temperatures are reduced, and in turn, produces lower exhaust emissions, and less NOx.
From a Logistical standpoint, the fuel should be “Low cost, Easy to transport and have a Low storage cost” allowing for easy distribution and in turn, lower cost to both companies and consumers.
Finally, “Combustion should be controllable and there should be No spontaneous combustion”, these points refer to the safety of combusting the fuel, as such in IC Engines, where ignition should be controlled by spark, and pre-detonation can be harmful to both the mechanical components and user safety. 





[bookmark: _Toc28608185]Q2 – NOx Formation
[image: ]
[bookmark: _Toc28606902]Figure 1: Zeldovich Model for NOx formation
The graph clearly shows the expected trajectory of NOx formation, when following the Zeldovich Model. It shows that as we get closer to stoichiometric conditions, the is an increase in NOx formation, due to the increase in available Nitrogen and oxygen allowed into the mixture, as well as the increase in temperatures. The peak is at 0.97Φ, with a fast drop off towards 1. This is where the problem with the Zeldovich Model becomes apparent, as it is unable to calculate NOx formations at an Equivalence ratio of 1 or above, being subject to ‘lean burn’ only. The graphs ad results show similar trends to that of (Sorde, 2000).
[image: ]
[bookmark: _Toc28606903]Figure 2: The Effect on NOx of Adding varying levels of EGR
The graph shows that the effect of adding EGR, is a rapid decrease in NOx formation, as it reduced the concentration of available oxygen within the cylinder. Alongside this, it reduces the amount of combustible substances within the cylinder, reducing the overall heat release and temperatures within the cylinder.
[image: ]
[bookmark: _Toc28606904]Figure 3: Percentage Reduction of NOx with varying levels of EGR
The Graph above shows the overall percentage reduction in NOx that the addition of EGR has. At 20% EGR, the engine can reduce NOx output to less than 100PPM, bringing a huge reduction of 94% over that of the standard engine. However, the graph trend clearly shows that an addition of anything more than 20% would incur negatable  advantages, as the reduction would only be minor past this point, and penalties to the combustion process itself may occur as too much oxygen is starved from the cylinder.

[bookmark: _Toc28608186]Conclusions
Overall the investigation in fuels and blends, and their properties was a success. The created codes generated expected results, and successfully plotted the necessary graphs required.
[bookmark: _Toc28608187]Aim 1
The blend showed that, due to the weights of each substance, the overall mixture would be 75% Isooctane, and 25% Methanol, even though at a molar level, they were a 50/50 blend.
The 50/50 fuel blend showed that the fuel required would need to be run at a richer stoichiometric ratio than that of pure isooctane and produced comparatively lower energy outputs than that of the pure fuel. However, the production of CO2 also decreased by around 26%.
Therefore the 25% weight addition of methanol, also created roughly a 25% increase in fuel required for stoichiometry, 25% less energy output, and a 25% reduction in CO2 emissions.
[bookmark: _Toc28608188]Aim 2
From the Investigation, it is concluded that the addition of EGR has a great effect on the formation of NOx. When using an EQ ratio of 0.97, where NOx formation was found to be highest, the effect of adding 20% EGR was found to reduced formations by 94%, to fall at just under 100PPM, showing similar results to tests conducted by (Abd-Alla, 2002) and (kumara & Saravanan, 2015). However, if the results were extrapolated, any further addition would create more negative effects than positive, and thus, it can be concluded that 20% EGR is the optimum operating point for the engine in question.

Bibliography
Abd-Alla, G. H., 2002. Using exhaust gas recirculation in internal combustion engines: a review. Energy Conservation and Management, 43(8), pp. 1027-1042.
Chennu, V. R., 2017. Characteristics and Properties of Fuels. [Online] 
Available at: https://me-mechanicalengineering.com/characteristics-and-properties-of-fuels/
[Accessed 27 12 2019].
kumara, B. R. & Saravanan, S., 2015. Effect of exhaust gas recirculation (EGR) on performance and emissions of a constant speed DI diesel engine fueled with pentanol/diesel blends. Fuel, 160(1), pp. 217-226.
LPELC, 2019. What is the difference between the “higher heating value” (HHV) and “lower heating value” (LHV) of a biomass fuel, and why is the difference important?. [Online] 
Available at: https://lpelc.org/what-is-the-difference-between-the-higher-heating-value-hhv-and-lower-heating-value-lhv-of-a-biomass-fuel-and-why-is-the-difference-important/
[Accessed 27 12 2019].
Sorde, J. R., 2000. Modelling NOx emissions from Spark Ignition engines. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 214(8), pp. 929-934.

[bookmark: _GoBack]
image1.png
4\ MATLAB R2019b - academic use

T ko T

g o [ T < ret@B BT F] B B eanseon

8 - - % 5% #
(Ll compare A GoTo Comment % % %3 oo Run  Runand ) Advance  Runand

New Open Save

v v v Epintv Q Find v Indent [F] 3 [ v v Advance Time
FLE NAVIGATE EDIT BREAKPOINTS RUN =
@ EHalE | » D> finalyear » Powertrain -
Workspace ®
Name ~ Value Powertrain_Matlabm | Powertrain Matlab_2.m +|
- cle e
- clear
3= — ~ —-----Read Table--
- DatasetFuel = readtable('Table-Of-Fuels.xlsx');
- valid = 0;
- FuelType = DatasetFuel{1:19, 'Fuel'};
| C = DatasetFuel{1:19,'C"};
| H = DatasetFuel{1:19, 'H'}; |
- Ox = DatasetFuel{1:19,'0'}; =
10 - RON = DatasetFuel{1:19, 'RON'}; —
11 - MON = DatasetFuel{1:19, 'MON'};
12 - h =DatasetFuel{1:19,'h'}; =|
13- aR = 78.09/20.95;
14 —-Read Table--
15 —|
16 ---Molecular Weights-—-— —]
17-  carbon = 12; —
18-  Oxygen = 16;
19—  Hydrogen = 1; _
20 - Nitrogen = 14; m
21— air = (Oxygen*2)+(Nitrogen*2*aR);
22 -Molecular Weights—
23
24 —-Enthalpy—
25— hco2 = 393.5; v
Command Window ®
S>>
Ready [ [tn 1 col 1
1437

L Type here to search

[’]
)
»
B
&
o]
&

NGOz ®Y) Py

8]




image2.png
4\ MATLAB R2019b - academic use

T o T

# =] E [QFindFiles <@

New Open Save
v v v S Print v { Find ¥

FILE NAVIGATE

toert B3, £ il ~ = b E [ Run Section

(£l compare v @ GoTov Comment % % %3

Breakpoints  Run  Runand [} agvance  Runand

Indent [F] 3 [ v v Advance Time

EDIT BREAKPOINTS RUN

@& E @l E > D finalyear » Powertrain

Workspace ®

Name + Value

Ready

L Type here to search

Powertrain_Matlabm | Powertrain Matlab_2.m + |
710 | RON = DatasetFuel{1:19, 'RON'}; g
11 - MON = DatasetFuel{1:19, 'MON'};
12 - h =DatasetFuel{1:19,'h'};
13- 78.09/20.95;
14 —-Read Table--
15
16 ---Molecular Weights-—-—
17 -  carbon = 12; _
18-  Oxygen = 16; =
19 -  Hydrogen = 1; -
20 - Nitrogen = 14;
21— air = (Oxygen*2)+(Nitrogen*2*aR); =
22 ---Molecular Weights-—-—
23
24 —|
25-  hco2 = 393.5; -
26~  hH201 = 285.8; -
27 - hH20g = 241.83;
28 —|
29 7
30
31— while Valid == (0);
B2l x=1;
33 - X = inputdlg('How many fuels will be used?');
34 — k = str2double (k) ; hd
Command Window ®
S>>

[’]
)
»
B
&
o]
&

A 7 & m 0)

&

[tn 1 col 1

1439
29/12/2019

8]




image3.png
4\ MATLAB R2019b - academic use -

= : 5. 500 r
gp o | @ < men B AEY FY B B amseon

- - % 5% #
e @ Gre MEmER Y Clene @men T DR g Gm poe ) Advance  Runand
v v v Epintv Q Find v Indent [F] 3 [ v v Advance Time

FILE NAVIGATE EDIT BREAKPOINTS RUN x
*» $ > D:» finalyear » Powertrain -
Workspace n

Name + Value

31— Clwhile Valid = (0)7
=1;

33 - k inputdlg('How many fuels will be used?');
34— X = str2double (k) ;

= SFT(x) = menu('Choose Fuel',FuelType);
38 - M(x) = inputdlg('% of fuel used');
39— - end

for x =

41 - Percentage = str2double (M) ;
42 - Percentage = Percentage/100;
43 - TotalFuel = sum(Percentage);

45 - if TotalFuel == (1); -
46 — Valid =
47 - else —|
a8 — e = errordlg('Fuel Mixture must Equal 100%, Please check values','wrong fuelling');

49 — uiwait (e);
50 — end =l

Command Window ®
S>>

Ready [tn 1 col 1

1444
N 7S ®m ) P 29/12/2019 %

L Type here to search (o)

[’]
)
»
B
&
o]
&
N




image4.png
4\ MATLAB R2019b - academic use

« S » D:» finalyear » Powertrain v
Workspace Command Window @
S>>
59
60 - [for y = 1:k
61— i = Fuel(y);
62 — co2(y) = c(i);
€3 — H20(y) = H(i)/2;
64 — 0(y) = ((CO2(y)*2)+H20(y)-(0x(i)))/2;
65— Mair(y) = (O(y)*air);
66 — ME (y) ((C (i) *Carbon) + (H (i) *Hydrogen) + (Ox (i) *Oxygen) ) ; |
67 — n(y) = (1/MF(y))*Percentage(y); -
68 — “end =
69— [for y = 1:k
70 — PercentageMassFuel(y) = (MF(y)/sum(MF))*100;
71— lend 7
72 - nt = sum(n);
73~ [for q = 1:k =
74 — mf (q) = n(qg)/nt;
75 - i = Fuel(q);
76 — C02(g) = CO2(q)*mf(q);
il H20(g) = H20(q)*mf(q);
78 - 0(qg) = ((CO2(q)*2)+H20(q) - (0x (1) *mf(q)))/2; =]
79 - N2(g) = aR*0(q); -]
80 — MF (q) MF(q) *mf (q) ; |
81 — “end
82 — €02 = sum(C02);
83 — H20 = sum(H20) ;
84- 0= sum(0); =
85 — N2 = sum(N2);
86 — Mair O*air;
87 — MF = sum(MF);
88 — StoichR = Mair/MF;
89
90 - Elfor y = 1:k;
91 - T i = Fuel(y); .
Ready [tn 1 col 1
- 1447
L Type here to search A 7 & = Q) P TR %





image5.png
4\ MATLAB R2019b - academic use

Workspace

S>>

Ready

L Type here to search

EDITOR

Powertrain_Matlab.m

PUBLISH

Powertrain_Stuff2m

T o OO .

74 - mf(q) = n(q)/nt;

75 - i = Fuel(q);

76 — C02(g) = CO2(q)*mf(q);

il H20(g) = H20(q)*mf(q);

78 - 0(q) = ((CO2(q)*2) +H20 (q) - (O (1) *mf (@) ) ) /27

79 - N2(g) = aR*0(q);

80 — MF(q) = MF(q)*mf(q);

81 — end

82 — €02 = sum(C02);

83— H20 = sum(H20); =

84 — o sum(0) ;.

85 — N2 sum(N2) ; =|

86 — Mair = O*air;

87 — MF = sum(MF); —|

88 — StoichR = Mair/MF;

89

90 - [ifory ; =

91— i = Fuel(y);

92 - hi(y) = (h()*mf(y));

93 — end

94—  hf = sum(hf);

95 — hfnetg = ((CO2*hCO2)+ (H20%hH20g))-hf; 7

96 — hfnetl = ((CO2*hCO2)+(H20*hH201))-hf; B

97 — LHV = hfnetg/ME; |

98 — mCo2 = CO2* (Carbon+ (Oxygen*2)) ;

99 — CO2kg = mCO2/ME;

100 --calculation- |

101 -

102 -ANSWers:

103 — PercentageMassFuel;

104 - StoichR;

105 — LHV;

106 — Co2kg;

107 - —Answers-- - -

108 - h = msgbox ({['Fuel Mass Percentage = ',num2str (PercentageMassFuel)]... v

script [tn 93 col 4

Oﬁwé@.%ﬁﬂ‘ Aﬁa@q’))"’l'zw?;:ow%





image6.png
4\ MATLAB R2019b - academic use

EDITOR

PUBLISH

T o OO .

Workspace

S>>

100
101
102
103 -
104 -
105 -
106 -
107
108 -
109
110
111

ertrain! b
Powertrain_Matlab_2.m

Powertrain_Stuff2m

H20(g) = H20(q)*mf(q);
0(qg) = ((CO2(q)*2)+H20(q) - (0x (1) *mf(q)))/2;
N2(q) = ar*0(a);
MF(q) = MF(q)*mf(q);
end
02 = sum(C02) ;
H20 = sum(H20);
0 = sum(0) ;
N2 = sum(N2);
Mair = O*air;
MF = sum(MF) ;
StoichR = Mair/MF;

for y .|
i = Fuel(y);
nf(y) = (h(i)*nf(y));

end

hf = sum(hf);
hfnetg = ((CO2*hC02)+(H20*hH20g) ) -hf;
hfnetl = ((CO2*hCO2)+ (H20*hH201))-hf;

LHV = hfnetg/MF;

mCO2 = CO2* (Carbon+ (Oxygen*2));

CO2kg = mCO2/MF;

—-Calculation

~Answers—

PercentageMassFuel;

StoichRr;

LHV;

CO2kg;

5 - - ~Answers— -

h = msgbox ({['Fuel Mass Percentage = ',num2str(PercentageMassFuel)]...
['stoichiometric Ratio = ',num2str(StoichR)]...
['Lower Heating Value = ',num2str(LHV)]...

['CO2 Produced per Kg = ',num2str(CO2kg)1}):

v

Ready

L Type here to search

o
o

NEETY-E XY

script [tn 93 col 4

1507
N 7S ® ) P 29/12/2019 %





image7.png
4\ MATLAB R2019b - academic use

@ EHBIFE | » D » finalyear » Powertrain

Current Folder @ | [Z Editor - D:final year\Powertrain\Powertrain_Matlab.m ® x
Name ~ | Powertrain Matlabm | Powertrain Matiab 2m | + |
@ powertraindocx 1-  cle
#) Powertrain_Matlabm 2-  clear
%) Powertrain Matlab_2m 3 5.
Table-Of-Fuelsxisx 4-  DatasetFuel = readtable('Table-Of-Fuels.xlsx');
Triumph Base Dataxisk 5—  valid = 0;
6 — FuelType = DatasetFuel{1:19, 'Fuel'};
7-  C = DatasetFuel{1:19,'C'}; @ - x
8 - H = DatasetFuel{1:19, 'H'};
9 - Ox = DatasetFuel{1:19,'0"'}; How many fuels will be used?
10~  RON = DatasetFuel{1:19, 'RON'}; | =
11-  MON = DatasetFuel{1:19, 'MON'}; oK Cancel |
12|=] h =DatasetFuel{1:19, 'h'}; |
Details v 13- aR = 78.09/20.95;
14 u
15
16 =
Select a ile to view details b C3Toon = 12
18-  Oxygen = 16;
19—  Hydrogen = 1;
20 - Nitrogen = 14;
21-  air = (Oxygen*2)+(Nitrogen*2*aR); —|
WorkSpacel I Molecular Weights-—- —
Value 23 |
0.6000 Al 24 —-Enthalpy-—
1363685 25— hcoz = 393.5;
37274 26—  hH201 = 285.8;
0.0500 27—  hH20g = 241.83; =
09500 28 —-Enthalpy-—
19x1 double
12 29
68x2 table 30 Fuel Selection---——
x1 cell 31— while Valid == (0);
Dfinal year\Pow: | 32 — x=1;
FuelData 19x10 table 33— k = inputdlg('How many fuels will be used?');
79T cell 34— k = str2double (k) ; v
[l fullFileName  ‘Dafinal year\Pow: v
5 | Command Window ®
[tn 1 col 1
e 1249
O Type here to search cC & 2 0 » % E o 4 oz eEmE ) A 30/12/2019 % ‘





image8.png
Draw Design Layout References Mailings Review View Help O Search & Share T Comments
i o o 2 o LOFind - .
Calibri (Body) ~|11 ~| A" A" Aa~ Ao 20 9| aaBbceDd AaBbCcDd 1 AaB 1.1 AaBl 1.1.1 Aat 1.1.1.1 Ac Aa B AaBbCcD  AaBbCcDd & Replace g
- C
BIU-&xx A-2-A- TNormal | TNoSpac.. Heading1 Heading2 Heading3 Headingd  Title Subtitle  Subtle Em... 5| | N gee. | DI
Font n paragraph n Styles [ Editing Voice ~
8 - 2
Ethane ol
Propane.
n-Butane
iso-Butane
n-Pentane
iso-Pentane ,‘_,.';,,__,,
i
n-Hexane
iso-Hexane =
n-Heptane
n-Octane. .
3.2 Question 2 — Isooctane NOx Model
b e Much like Q1, the code reads the excel file first, however this time, it includes the enthalpy released
n-Nonane. by each component element at varying levels of temperature. Once again, the code reads each of
the excel sheets, and saves them as their own variable.
n-Decane
P
iso-Decane clear
folder = tilepares (uhich(*Table-o
fu11PiLoName = fulifile (foder, '
Methanol [status, sheetNames) = xlsfinfo(fullFileName);
numsneets = lengeh (sheectanes)
Fueldata = readtable (faliFilenane, © S
Ethanol COZh= readtable (fullFileName, '
Hydrogen

Page6of 14 1504 words LI%

L Type here to search

[Jrocs S E———

e 0 mesOdm 4 NI SN

-

o
o




image9.png
Fle  Home Insert Draw Design Layout References Mailings Review View Help O Search & Share T3 Comments

cut o & = OFind ~
E)é Calibri (Body) ~<[11 ~ A" A" Aa- Ao B - AaBbCcDd AaBbceDd 1 AQB 1.1 AaBl 1.1.1 Aat 1.1.1.1 Ao AaB AaBbCcD  AaBbCcDd & Replace l!}
Copy. - %
Paste 2 . Dictate
Rl - BIU-a&xxX A-2-A- T Normal | TNo Spac.. Heading1 Heading2 Heading3 Heading 4 Title. Subtitle  Subtle Em... 5| | N elect &
Clipboard ~ Font n paragraph n Styles ~ Editing Voice ~
= - X
% of fuel used

HH’HEHHHHHH#;

3.2 Question 2 —Isooctane NOx Model

Much like Q1, the code reads the excel file first, however this time, it includes the enthalpy released

bv each comnonent element at varving levels of temnerature. Once again. the code reads each of
Page6of 14 1504words L4 [Jrocus B B -1+ 130%

@ O Type here to search @ [Eh e e - % E ﬂ ‘ A 7 & = Q) P 30/1122:/5:019 %)‘





image10.png
File  Home Insert Draw Design layout References Mailings Review View Help O Search & Share T Comments
Cut o & o OFind ~
E)é Calibri (Body) ~<[11 ~ A" A" Aa- Ao 20 9| aaBbceDd AaBbCcDd 1 AaB 1.1 AaBl 1.1.1 Aat 1.1.1.1 Ac Aa B AaBbCcD  AaBbCcDd & Replace l!}
Copy. - %
b= S 2 -0 A- 1TNormal | TNo Spac.. Heading1 Heading2 Heading3 Heading 4 Title Subtitle  Subtle Em... |5 Bragiz
~° Sromatpainter | B L U x, X|A- LA P 9 9 9 9 = | I select~ -+
Clipboard ~ Font n paragraph n Styles ~ Editing Voice
o
|4 wrong fuelling - X
o Fuel Mixture must Equal 100%, Please check values
OK
e x T
s
3.2 Question 2 — Isooctane NOx Model
Much like Q1, the code reads the excel file first, however this time, it includes the enthalpy released
by each component element at varying levels of temperature. Once again, the code reads each of
the excel sheets, and saves them as their own variable.
P
20 e
folder = tilepares (dhich(*Table-of-fuels xisx'))
£UL1PiLeName = fullfile(folder, ‘Table-of-Puels.xiex');
(status, sheetames) = 1sfinto(fullfilevane)
6= numsheets = lengeh(shecthanes)
7= Puelbata = resdtable (tuliFilenane, o
8- cComne reattable (fullFileNane, ©
5° naone readtable (fuiFileNane,
10- e eadable(tullrilensne,
11- o readtable (tuleilevane,
12 vadia -
13- necoz - com
- wo - mon
15— noz - o
6= ntoz « oo
1o reecomi:,
18- Puels - Puelbata(1s1s, Fuel);
195 ce rueaat:
20- 8- mewstaliig, W)
Page6of 14 1504words L4 [Jrocus B B -1+ 130%
1251
- L Type here to search (©) A 7 & = Q) P

30/12/2019

o
)
»
B
»
o]
&
£





image11.png
4\ MATLAB R2019b - academic use

T o T

@ EHBIFE | » D » finalyear » Powertrain

Current Folder ® | [ Editor - Dfinal year\Powertrain\Powertrain_Matiab.m
Name ~ | Powertrain Matlabm | Powertrain Matiab 2m | + |
©F Powertrain.docx 1-  cle
#) Powertrain_Matlabm 2-  clear
%) Powertrain Matlab_2m 3 5.
Table-Of-Fuelsxisx 4-  DatasetFuel = readtable('Table-Of-Fuels.xlsx');
Triumph Base Dataxisx S—  valid = 0;
6 — FuelType = DatasetFuel{1:19, 'Fuel'};
7-  C = DatasetFuel{1:19,'C'}; 0 - x
8 - H = DatasetFuel{1:19, 'H'};
9— 0Ox = DatasetFuel{1:19,'0'}; Fuel Mass Percentage = 78.0822  21.9178
‘Stoichiometric Rati 10.6725
10 — RON = DatasetFuel{1:19, 'RON'}; Lower Heating Value = 32.1938
il (=] MON = DatasetFuel{1:19, 'MON'}; CO2 Produced per Kg =2.2314
12 -  h =DatasetFuel{1:19,'h'}; oK
Details v | 13- &R = 78.09/20.95;
14
15
16
Select a fle to view details b C3Toon = 12
18-  Oxygen = 16;
19—  Hydrogen = 1;
20 - Nitrogen = 14;
21— air = (Oxygen*2)+(Nitrogen*2*aR);
Workspace 22 ] Molecular Weights-—
Name ~ Value 23
air 1363685 Al 24 —-Enthalpy-—
R 37274 25— hco2 = 393.5;
c 191 double 26-  hH201 = 285.8;
Carbon 12 27—  hH20g = 241.83;
co2 25342 . Enthalpy—
CO2kg 22314
Datasetfuel  19x70 table 29 )
Fuel 13,17) 30 Fuel Selection----
FuelType 19x1 cell 31— [lwhile Valid == (0);
h Ix1 Figure 32 - x=1;
H 19x1 double 33 - k = inputdlg('How many fuels will be used?2');
H20 35342 2l o ereAAAIA 1
HH hco2 393.5000 v | Command Window
< > Jx >>

L Type here to search

O i

e e w0 @ 4

AN 7O =m

&

1252
30/12/2019

o @

85




image12.png
IATLAB R2019b - academic use

o oo P RRISETEIEION :

Workspace Command Window @
S>>
1- ke
2 - clear
E fileparts (which('Table-Of-Fuels.xlsx')); '
4-  fullFileName = fullfile(folder, 'Table-Of-Fuels.xlsx');
5-  [status, sheetNames] = xlsfinfo(fullFileName);
6-  numsheets = length(sheetNames);
7-  FuelData = readtable(fullFileName, 'sheet', 'Fuels');
8-  CO2n= readtable(fullFileName, 'sheet', 'CO2');
9~  H2Oh= readtable(fullFileName, 'sheet', 'H20');
10 - readtable (fullFileName, 'shest’, 'N2');
11 - readtable (fullFileName, 'shest’, '02');
12~ valid = 0;
13 - HfCO2 = CO2h 'h'};
14 - HfH20 = H20h{:, 'h'};
15—  HfN2 = N2h{:,'h'}; =
16 — HfO2 = 02h{:,'h'};
17 - Tt= CO2h{:,'T"}; |
18 — Fuels = FuelData{1l:19,'Fuel'}; -
19 - C = FuelData{1:19,'C'};
20 - H = FuelData{1:19,'H'};
21~ Of = FuelData(1:19,'0'};
22 - tRON = FuelData{l:19,'RON'};
23 - tMON = FuelData{1l:19, 'MON'};
24~  h = Fuelbata(l:19,'h'};
25~ aR = 78.09/20.95;
26 % aR = 3.76 B
27 - y=1;
28 %
29— oxygen = 16; _
30~  Carbon = 12; =
31~  Hydrogen = 1;
32 -  Nitrogen = 14;
33—  Air = (Oxygen*2)+(Nitrogen*2*aR);
34
35 v
Ready [tn 1 col 1
A 1529
O Type here to search cC - 2 06 v % E o 4 NG DD 29/12/2019 %





image13.png
# =] E [QFindFiles <@

New Open Save
v v v & Print v ( Find v

FILE NAVIGATE

Compare ¥ & GoTov Comment % % %J

insert (51 f ] ~

= b ﬁ [ Run Section

Breakpoints  Run  Runand [} agvance  Runand
Indent [F] 3 [ v v Advance Time

EDIT BREAKPOINTS RUN

P S0 > D: ¥ final year » Powertrain

Workspace ® | Command Window
Name ~ Value
Hic 19¢7 double ~
H carbon 12
Her 8
L] Check 01K
Hco2 1x13 double
co2n 68x2 table
H cozkg 1x13 double
e 1x24 double
EGR 1x20 double
EGRCO2 1x20 double
EGReKmole  7x20 double
EGRFlame 16x20 double
EGRH20 1x20 double
EGRN2 1x20 double
EGRN_2 1x20 double
EGRNOX 16x20 double
EGRNOxcyl  7x20 double
EGRO2 1x20 double
EGRO_2 1x20 double
EGRPPM 1x20 double
EGRT 1x20 double
ekmole 1x13 double
F Ix7 cell
Flame 16x13 double
|F] folder ‘Di\final year\Powertrain’
[EH FuelData 19¢70 table
0] Fuels 197 cell
[l fullFileName  'D:\final year\Powertrain\T...
Hh 19¢7 double
HH 19¢7 double
HHo 1x13 double
Ha0n 682 table
Hhco2 393.5000
H nf 259.2000 v

C = Fuelbata{1:19,'C'};
20-  H = FuelData{1:19,'H'};
21-  Of = FuelData{1:19,'0'};
22 -~  tRON = FuelData{1:19, 'RON'};
23—  tMON = FuelData{1:19, 'MON'};
24 -  h = FuelData{1:19,'h'};
25-  aR = 78.09/20.95;
26 % aR = 3.76
27|=
28
29— Oxygen
30-  carbon
31-  Hydrogen = 1;
32 -  Nitrogen = 14;
33 -  Air = (Oxygen*2)+(Nitrogen*2*aR);
34 -- weights -
35
36 -- Enthalpy of combustion —-
=
38 -
39 -
40 - Enthalpy of combustion
41
42 -- Fuel Selection -
43
44 - F{1} = menu('Choose Fuel',Fuels);
45
16 - Fuel Selection —-
47
48

v

L Type here to search

o
o
o
e
&
L
o]
3
s

script

[tn 87 col 35

1535
N 7S ® ) P 29/12/2019 %





image14.png
4\ MATLAB R2019b - academic use

Current Folder
Name =

@ powertraindocx

#) Powertrain_Matlabm

) Powertrain_Matlab_2.asv

#) Powertrain_Matlab_2.m
Table-Of-Fuelsxisx
Triumph Base Dataxisk

Details v

Select a file to view details

Workspace ®

Name ~ Value
q 1x24 double ~
R IxT struct
res Ix1 Line
res2 Ix1 Line
res3 Ix1 Line
s I struct
sheetNames x5 cell
status “Microsoft Excel S
StoichR 1x13 double
T 1x13 double
temp 0
MON 191 double
RON 191 double

L Type here to search

U o T

49

50 a=0.6;

51 b = 0.05;

52 c=0.95;

53 X=F{1};

54 co2(y) = C(X);

55 H20(y) = H(X)/2;

56 0ff=0f (X) ;

57 0 = (((C02*2)+H20)-0ff) /2;

58 mAir = (O*Air);

59 N2(y) = aR*0;

60 for z = 1:2

61 E for x = azb:c B

62 hf = h(X)*x; -

= Cf = C(X) *x; -

64 HE = H(X)*x;

65 Off = Of (X) *x;

66 co2(y) = cf; =|

67 H20(y) = HE/2; =

68 02(y) = (0% (1-x)); -

€9

70

71 mFuel(y) = ((Cf*Carbon)+ (HE*Hydrogen)+ (Off*Oxygen)); B

72 StoichR(y) =mAir/mFuel(y);

73 hfNet_g(y) = ((CO2(y)*hCO2)+(H20(y) *hH20_g)) -hf; =

74 hfNet_fL(y) = ((COZ(y)*hcO2)+(H20 (y) *hH20_1)) ~hf; -

75 LHV(y) = hfNet_g(y)/mFuel(y); =

76 mco2 (y) = CO2(y)* (Carbon+ (Oxygen*2));

77 CO2kg (y) = mCO2(y) /mFuel(y);

78 phi(y) = x;

79 y=y+1;

80 - end e

Command Window ®

script [tn 74 col 15
P 15:58

og‘é@‘%ﬁﬂ‘ Aﬁamq’))"’l'zwu/zow%‘




image15.png
4\ MATLAB R2019b - academic use

Current Folder
Name =

@ powertraindocx

#) Powertrain_Matlabm

) Powertrain_Matlab_2.asv

#) Powertrain_Matlab_2.m
Table-Of-Fuelsxisx
Triumph Base Dataxisk

Details

Select a file to view details

Workspace

Name ~ Value
q 1x24 double
R IxT struct
res Ix1 Line
res2 Ix1 Line
res3 Ix1 Line
s I struct
sheetNames x5 cell

status

StoichR 1x13 double
T 1x13 double
temp 0

tMON 19¢7 double

RON 19x1 double

“Microsoft Excel S

~

L Type here to search

U o T

59— N2(y) = aR*O.

60~ [for z = 1:2

61— E for x = abic

62 — hf = h(X)*x;

63— CEf = C(X)*x;

64— HE = H(X)*x;

65— Off = OF (X) *x;

66— co2(y) = CE;

€7 — H20(y) HE/2;

68 — 02(y) = (0%(1-x));

69

70

71 - mFuel (y) = ((Cf*Carbon)+ (Hf*Hydrogen)+ (Off*Oxygen));

2l StoichR(y) =mAir/mFuel(y);

73| hfNet_g(y) = ((CO2(y)*hCO2)+(H20(y) *hH20_g)) -hf; m

74 - hfNet_1(y) = ((CO2(y)*hCO2)+(H20(y) *hH20_1))-hf; -

75 — LHV(y) = hfNet_g(y)/mFuel(y); —|

76 — mCo2 (y) = CO2(y) * (Carbon+ (Oxygen*2)) ;

7| C02kg (y) = mCO2(y) /mFuel(y);

78 — phi(y) = =|

79 - y=y+1; =

80— -

81 — 0.96;

82 — 0.01;

83 - c=1; -

84— lend

85 - K=200; =

86 — [p, S, mu] = polyfit(Tt,HfCO2,23); _

87 — [e, L, mu] = polyfit(Tt,HfH20,23); ]

88 — [a, R, mu] polyfit(Tt,HN2,23);

89 — [u, J, mu] polyfit(Tt,Hf02,23);

90 -  temp = 0;

91 % polyval (u, T, J,mu)

92 -~  check = questdlg(['Check flame temp every'l, 'Fuel','l1K','0.1K','1K'); v

Command Window ®

script [tn 74 col 15

oM @ @ wesO @ 4 NI S




image16.png
4\ MATLAB R2019b - academic use

T s o CETTEES

Current Folder

Name ~

©F Powertrain.docx

85

#) powertrain_Matiab.m 26 1 = polyfit(Tt,HECP2,23) ;
_) Powertrain_Matlab_2.asv 87 ] = polyfit (Tt,HEH20,23); |
#) Powertrain_Matlab_2m 88 1 = polyfit(Tt,HfN2,23);
Table-Of-Fuelsxlsx 89 — [u, J, mu] = polyfit(Tt,Hf02,23);
Triumph Base Dataxisx 90— temp = 0;
91—  Check = questdlg(['Check flame temp every'l, 'Fuel','lK','0.1K','1K');
92 — switch Check
93 — case 'lK'
94 — Ki
95
96 — case '0.1K'
Details v || 97~ Ki = 0.1;
98 — end
99— [for x = 1:13
100 — E while temp == 0
Select a file to view details 101 - hhf(x) = (CO2(x)*polyval (p,K,S,mu))+ (K20 (x) *polyval (e, K, L,mu)) + ((O* (1-phi (x) ) ) *polyval (u, K, J,mu) ) + (N2*polyval (q, K, R,mu) ) ; :
102 - hfC = hiNet_g(x) - hhf(x);
103 - if hfC < 0.01
104 — temp = 1;
105 — else
Workspace ® 106 — K=K+Ki; m
Name ~ Value 107 - end =
hf 2592000 alfroe= F  end
HF 18 109 — T (x)=K; -
hic -00663 110 - K=200;
HiCO2 68x1 double 111 - temp = 0;
HiH20 68x1 double |- [ =
HiN2 68x1 double ol e
hiNet.g 1x13 double =
hNet I 1x13 double =
Hi02 681 double sd
hH20_g 2418300 116- [for x = 1:13
hH20_| 2858000 117 - y=1;
hhf 1x20 double 118 - [—E for P = 10:2:38 .
Hydrogen 1 v
Command Window ®
script [tn 86 col 28
o 16116
O Type here to search cC & 2 0 » % E o 4 o cEeEE ) A 29/12/2019 % ‘





image17.png
4\ MATLAB R2019b - academic use

Current Folder
Name =

@ powertraindocx

#) Powertrain_Matlabm

) Powertrain_Matlab_2.asv

#) Powertrain_Matlab_2.m
Table-Of-Fuelsxisx
Triumph Base Dataxisk

Details

Select a file to view details

Workspace

Name ~ Value
Hydrogen 1
J IxT struct
3 1
K 200
Ki 1
L IxT struct
LHY 1x13 double
mAir 1.7046e+03
mco2 1x13 double
mFuel 1x13 double
mu [1.8272e+03,985.1
n 65681e-06

11700

Powertrain_Matlab_2.m

U o T

113 - Flame=T
114~ nl1=1.17;

115

116 - [for x = 1:13

il | v=1;

118 - for P = 10:2:38

119 - y=y+1;

120 - Flame (y,%) = nthroot (((P+2)*(nl-1)/P~(nl-1))* (Flame ((y-1),x)*nl),nl);
121 - end

122

123~ lend

124 - n=(le5*(400e-6%0.4))/(8314%203);

125 - [for x = 1:13

126 — Alpha (x)=n/ (phi(x) +(0* (1+aR)));

1127 | N_2(x)=(N2*Alpha (x)) /40e-6;

128 — 0_2(x)=(02(x) *Alpha (x) ) /40e-6;

129 - for y = 1:16

130 - NOx(y, (x)) = ((4.7e13)*N_2(x)*0_2(x)~0.5*exp(-67837/Flame (y,x)))/ (1800%6) *40e-6;
131- end

132~ lend

133 - Noxcyl = sum(NOx,1);

134 = [J for x = 1:13

135 - eKmole(x) = Alpha(x)* (CO2(x)+H20(x) +02 (x) +N2) ;
136 — PEM(x) = (NOxcyl(x)/eKmole(x))*leé;
137- - end

138

139 - y=0;

140 - [ for x = 0.01:0.01:0.2

141 - y=y+1;

142 - EGRCO2 (y) = CO2(10)*(1+x);

143 - EGRH20(y) = H20(10)*(1+x);

142 - EGRO2 (y) =02(10)* (1+x) ;

145 - EGRN2 (y) =N2* (1+x);

146~ - end

v

L Type here to search

Command Window

e e wessO @ 4

®

script [tn 123 col 4
1618

N ES B O P %‘




image18.png
4\ MATLAB R2019b - academic use -

U o T

Current Folder

Name ~ Powertrain_Matlab_2.m

138

@ powertraindocx
%) powertrain_Matiab.m 139 - y=0;

_) Powertrain_Matlab_2.asv 140 - [ for x = 0.01:0.01:0.2
#) Powertrain_Matlab_2m 141 — y=y+l;

Table-Of-Fuelsxisx 142 — EGRCO2(y) = CO2(10)* (1+x);
Triumph Base Dataxlsx 143 — EGRH20(y) = H20(10)* (1+x);
144 - EGRO2 (y) =02(10) * (1+x) ;
145 — EGRN2 (y) =N2* (1+x);
146 — - end
147 - k=1;

148 - E for x = 1:20

149 - while temp == 0
e o] FELES hhf (x) = (EGRCO2 (x) *polyval (p, K, S,mu) )+ (EGRH20 (x) *polyval (e, K, L,mu) ) + (EGRO2 (x) *polyval (u, K, J,mu) ) + (EGRNZ (x) *polyval (q, K, R,mu)) ;
151 - hfC = hiNet_g(10) - hhf(x);
152 - if hfC < 0.01 =
153 - temp = 1;
154 - else -
Select a ile to view details e P ]
156 — end
157- - end
158 — EGRT (x) =K;

Workspace ®@|l159 - K=200;

Name ~ Value A50)= temp = 0;
Hico2 68¢7 double G =
HfH20 68x1 double 162 — EGRFlame=EGRT; -
HIN2 68x1 double 163
hiNet g 1x13 double 164 - [for x = 1:20
hiNet ! 1x13 double 15— y=1;
Hio2 68x1 double 166 - for P = 10:2:38
hH20_g 2418300 e i
hH20_1 2858000
it o0 double 168 — EGRFlame (y,x) = nthroot (((B+2)*(nl-1)/P*(nl-1))* (EGRFlane ( (y-1),x) “nl),nl) ;
Hydrogen 1 169 - - end
J Ix1 struct 170
k 1 171 — “end .
200
Command Window ®
script [tn 135 col 48

L Type here to search

o
o

AEETY-E XY

17:08
N 7S DY) P 29/12/2019 %‘




image19.png
4\ MATLAB R2019b - academic use -

U o T

Current Folder

Name ~ Powertrain_Matlab_2.m
B° Powertrain.docx i3
#) Powertrain_Matlabm 164 = [for x = 1:20
) Powertrain_Matlab_2.asv 165 — y=1;
#) Powertrain_Matlab_2m 166 — for P = 10:2:38
Table-Of-Fuelsxisx 167 - yey+ls
Triumph Base Dataxlsx 168 — EGRFlame (y,X) = nthroot (((P+2)*(nl-1)/P~(nl-1))* (EGRFlame ((y-1),x)*nl),nl);
169 — r end
170
171 — “end
172 — Alpha=n/ (phi (10) + (0* (1+aR)) ) ;
173 - [for x = 1:20
174 — EGRN_2 (x)=(EGRN2 (x) *Alpha) /40e-6;
Details _ ~ |175-— EGRO_2 (x)=(EGRO2 (x) *Alpha) /40e-6;
176 - for y = 1:16
177 - EGRNOX (y, (x)) = ((4.7e13) *EGRN_2 (x) *EGRO_2 (x) ~0.5*exp (-67837/EGRFlame (y,x)))/ (1800%€) *40e-6; —|
178 — r end ]
179 — “end
Select a file to view details -
180 — EGRNOxcyl = sum(EGRNOx,1);
181 - [ for x = 1:20
182 - EGR(x) =
183 - EGReKmole (x) = Alpha* (EGRCO2 (x) +EGRH20 (x) +EGRO2 (x) +EGRN2 (x) ) ;
Workspace ® |184 - EGRPEM(x) = (EGRNOxcyl (x)/EGReKmole (x))*1e6;
Name Value 185- - end
Hico2 68x1 double ~|[re6 - B for x =1:20
HfH20 68x1 double 187 - PercentageReduce (x) = ((PPM(10)-EGRPEM(x))/PEM(10))*100; ]
HIN2 68x1 double 188~ - end
hiNet.g 1x13 double 189 - figure (1)
hiNet | 1x13 double 190
Hfo2 68x1 double 191 — resl = plot (phi, PEM) ;
::;gf Z;% 192 - x1im([0.5 1.11)
hhf 1x20 double 193 — title('NOx Produced as a result of altering AFR')
Hydrogen 1 194 - xlabel ('Equivilence Ratio(\phi)')
J IxT struct 195 - ylabel ('NOx Produced (ppm) ')
3 1 196 — grid minor v
200
Command Window ®

script [tn 135 col 48

R0 w esOd 4 NI SR

o

L Type here to search (o)





image20.png
4\ MATLAB R2019b - academic use

Current Folder
Name =

@ powertraindocx

#) Powertrain_Matlabm

) Powertrain_Matlab_2.asv

#) Powertrain_Matlab_2.m
Table-Of-Fuelsxisx
Triumph Base Dataxisk

Details v

Select a file to view details

Workspace

Name ~ Value
HiCO2 68x1 double ~
HiH20 68x1 double
HiN2 68x1 double
hiNet.g 1x13 double
hiNet | 1x13 double
Hf02 68x1 double
hH20_g 2418300
hH20_| 2858000
hht 1x20 double
Hydrogen 1
J IxT struct
3 1

200

L Type here to search

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

Powertrain_Matlab_2.m

U o T

t end
end

EGRNOxcyl = sum(EGRNOx,1);

for x = 1:20
EGR(x) = x;

EGReKmole (x) = Alpha* (EGRCO2 (x) +EGRH20 (x) +EGRO2 (%) +EGRN2 (%)) ;

EGRPEM(x) = (EGRNOxcyl (x) /EGReKmole (x))*1e6;

end

for x = 1:20
PercentageReduce (x) =

end

((PPM(10) -EGRPEM (%)) /PEM(10)) *100;

figure (1)

resl = plot(phi,PEM) ;
x1im([0.5 1.1]1)
title('NOx Produced as a result of altering AFR')
xlabel ("Equivilence Ratio(\phi)')
ylabel ('NOx Produced (ppm) ')
grid minor
figure (2)
res2 = plot (EGR,EGRPEM) ;
title('NOx Formation at 0.97phi, with the addition of EGR')
xlabel ('EGR used (%) ')
ylabel ('NOx Produced (ppm) ')
grid minor
figure (3)
res3 = plot (EGR, PercentageReduce) ;
title('Percentage Reduction of NOx with EGR')
xlabel ('EGR used (%) ')
ylabel (' Percentage of NOx Reduced(%)')
grid minor
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