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Abstract

The main emphasis of this study is to conduct detailed research into alterative power providers for the internal combustion engine (I.C.E).  The hydrocarbon Iso-octane (the industry standard for octane calculations) will be used as a bassline throughout this study. First by looking at the effects blending fuel sources together in the form of a 50/50 mix of Methanol and Iso-octane. These calculations will be then be used to create a stoichiometric and energy release calculator of an array of alternative fuels.  This calculator was then used  to specify input values into a generalised nitrogen oxides emissions simulation model for an engine running on the lean side of stoichiometric with an exhaust gas recirculation (E.G.R) device in use. Finally explore its limitations, by validating it from previous conducted experiments.

Contents
Characteristics of a Blended Fuel	3
A.	Mass percentages of a 50/50 blend of methanol and isooctane.	3
B.  Air : Fuel mass ratio for stoichiometric combustion in air.	4
C,D,E. Enthalpy of formation and the LHV/HHV.	5
F.  Mass of  C produced per Kg of fuel burned.	6
Stoichiometric Calculator	7
Formation of Nitrogen Oxides	8
Zeldovich Model	8
Nitrogen and Oxygen Concentration	8
Energy  for Reaction	9
 Simulation Model	10
Equations for simulation	10
Assumptions and Their Consequences	12
Air Quality	12
Boundary of The System	12
Burn zone Temperature	12
Excel Spreadsheets	13
Graphs	14
Critical Areas of interest.	15
Conclusion	16
References	17

Figure 1.Displaying chemical information from the periodic table.	3
Figure 2 Stoichiometric Calculator	7
Figure 3 Showing an example of use of the above equation in Excel.	13
Figure 4 Showing the changes in Burn Zone temperatures.	13
Figure 5 Showing the concentrations of NOx.	13
Figure 6 Showing a 3D Graph of NOx Parts Per Million, incorporating EGR and Equivalence Ratio.	14
Figure 7 Showing Flame temperature against Fuel Equivalence Ratio	14
Figure 8 A comparison of NOx PPM calculations carried out by Wilks and Heywood.	15



Characteristics of a Blended Fuel

A. [bookmark: _Toc29153765]Mass percentages of a 50/50 blend of methanol and isooctane.
[bookmark: _Hlk25422838]Isooctane 
[bookmark: _Hlk25423287]Methanol 
[image: ][image: C:\Users\ADMIN\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.MSO\4FCBD090.tmp][image: ][image: C:\Users\ADMIN\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.MSO\543A63B4.tmp]
[bookmark: _Toc29159802][bookmark: _Toc29159837]Figure 1.Displaying chemical information from the periodic table. 
[bookmark: _Hlk25422759]The mass of these molecules has been calculated using the atomic mass number. This number refers to Avogadro’s constant . Due to atoms been incomparably small, he calculated how many hydrogen atoms it would take for you to have a gram of them ().  This quantity of atoms is known as a mol and is represented by the atomic mass number below the atomic symbol shown above, displaying the mass of one mol the element (Williams, 2019).
[bookmark: _Hlk25423769]Isooctane 
Mass of molecule = (12.001 x 8) + (1.008 x 18)
                                 = 96.088 + 18.144
[bookmark: _Hlk25423249]                                 = 114.232      or  114.232  
[bookmark: _Hlk25423972]Methanol 
Mass of molecule = (12.001 x 1) + (1.008 x 3) + (15.999 x 1) + (1.008 x 1)
                                 = 12.001 + 3.024 + 15.999 + 1.008
                                 = 32.042      or  32.042  
Combined mass of both molecules = 114.232 + 32.042 
[bookmark: _Hlk25427513]                                                               = 146.274     or  146.274  
Therefore, the mass percentages of a 50:50 blend of these two hydrocarbons are;
[bookmark: _Hlk25424272]Percentage of Isooctane  =  = 0.7809453491 78%
Percentage of Methanol    =  = 0.2190546509 22%
[bookmark: _Toc29153766]B.  Air : Fuel mass ratio for stoichiometric combustion in air.
Stoichiometric burning 
[bookmark: _Hlk25426939][bookmark: _Hlk25426257] +  + x (+  )  C + n2O + n3 
To balance the chemical reaction the four unknowns must be calculated.
Carbon   9 =  9
Hydrogen 22 = 2=22  
Oxygen 2x+1   = 2+ = 18 + 11 – 1  
Nitrogen      X 14 =56.6

[bookmark: _Hlk25437060] +  + 14(+  )  9C + 11O + 56.6 

So, for the Air : Fuel mass ratio;
 +  : 14(+  )
The mass of fuel is already known, so to calculate the mass of the air;
Air mass = 14(+  )
                = 14((15.999x2) + (  x 2 x 14.007))
                 = 1923.376     
Air : Fuel mass ratio
146.274 (Fuel) : 1923.376 (Air)
AFR by mass = 
 13.14913108 times more air would be needed for stoichiometric combustion of the fuel.





[bookmark: _Toc29153767] C,D,E. Enthalpy of formation and the LHV/HHV.

In the 19th century Russian scientist Germain Heri Hess came up a concept known a Hess’s law. Hess’s law states the enthalpy of a reaction will be the same regardless of the number of steps taken. It is used to describe the amount of energy gained or realised from a chemical reaction.



 Standard enthalpy of formation. This represents the enthalpy associated with 1mol of a compound from its respective elements in the standard and most stable states or in other words an element most common allotrope at sea level (1 atmosphere) and room temperature (298k). Pure elements in their standard states have an enthalpy of formation of zero (= 0). (Sara McAllister, 2011).

This can be used to calculate the lower and higher heating value of the fuel as follows.
[bookmark: _Hlk25437788] +  + 14(+  )  9C + 11O + 56.6 
 From various experiments undertaken tables displaying the enthalpies of different compound are easily available. 

Reactants
[bookmark: _Hlk25437888]  
   259.2

Total = 460.7 

Products
9C   393.5 x 9
[bookmark: _Hlk25438415]11O   241.8 x 11 Gas & 285.8 x 11 Liquid

[bookmark: _Hlk25438516][bookmark: _Hlk25438917]Total= 6201.3  When O  is a gas & 6685.3  When O  is a liquid.
Using Hess’s equation, the energy realised from burning 1Kmol of this fuel at constant pressure is;
5740.6 MJ When the O  product is a gas or 6224.6 MJ When O  is a liquid.
The LHV is calculated when the O product is a gas and the HHV when O product  is a liquid, by taking the energy released and dividing it by the  combined mass of the fuel (Sara McAllister, 2011).
LHV =  = 39.246 
 Calorific value for this blend is 39 x 
HHV =  = 42.554 

[bookmark: _Toc29153768]F.  Mass of  C produced per Kg of fuel burned.

Mass of molecule = 9((12.001 x 1) +  (15.999 x 2))
                                 = 396.081      or  396.081  

1 Kmol of fuel = 146.274 Kg

 The mass of  C produced per Kg of fuel =  ) 
                                                                               = 2.70 Kg
G. Ideal Fuel

 For a fuel to be considered as an ideal fuel it should be seen to have the following properties;
· Cause a low amount of air pollution when burnt.
· Have a high calorific value, with an ignition temperature above 298K.
· Relatively cheap and easy to obtain .
· Should have a controllable rate of combustion.



[bookmark: _Toc29153769]Stoichiometric Calculator
[image: ]
[bookmark: _Toc29159209][bookmark: _Toc29159803][bookmark: _Toc29159838]Figure 2 Stoichiometric Calculator
As it can be seen in the calculator above, by duplicating the calculations done previous  into an Excel format allows the user to change various fuels inputs (iso-octane,Ethanol,Propane etc.) and instantaneously gives the user a lot of useful information about the stoichiometric combustion of that molecule. For the purpose of this study the enthalpy released from the reaction was the most relevant information for further emissions modelling.  


[bookmark: _Toc29153770]Formation of Nitrogen Oxides 

[bookmark: _Hlk28975180]In recent decades the I.C.E has come under much scrutiny for its role in having detrimental effects on the earth, due to some of the products of combustion process known as emissions. In lean combustion conditions oxides of nitrogen are produced, (Williams, 2019). These compounds Nitric Oxide (and Nitrogen Dioxide ( ) collectively known as  are responsible for causing acid rain and smog (Heywood, 2018). 
[bookmark: _Hlk28978034]The formation of   is due to the high temperatures found during combustion. Typically, at temperatures above 2500 K   and   split into less stable radicals ()  (), this process is known as dissociation. So, as the flame front spreads, pressure increases, therefore the temperature of the burned gas zone increases, and so does the rate of dissociation (Williams, 2019).  In accordance with the Zeldovich mechanism, this burn gas zone is where  are formed, sometimes referred to thermal  . (Gunter P. Merker, 2006) States there are two more ways  can form called Prompt  which develops in the flame front and Fuel  which comes from nitrogen within the fuel. Due to the nature of this study the Zeldovich mechanism used by (Gunter P. Merker, 2006) was adequate for the model.
[bookmark: _Toc29153771]Zeldovich Model


The Zeldovich model can be broken up into two main parts, that describe rate of reaction. The concentration of    and  in the system and energy for a reaction to occur within the system.
[bookmark: _Toc29153772]Nitrogen and Oxygen Concentration
 
Denoted by the symbols ] and [. These are calculated by combining the ideal gas law,
 with an equation that describes the actual number of Kmols in the charge mixture that changes with equivalence ratio ( . 
Therefore;

And finally;  
[bookmark: _Toc29153773]Energy  for Reaction

At the start of Zeldovich equation the number  is a constant, describing the kinetic collision rate. To better understand this constant and the remaining parts of equation it is necessary to look at work carried out by  Svante Arrhenius,  Max Trautz and William Lewis. 
Svante Arrhenius stated .  Where  is the gas kinetic collision rate,  is the activation energy, this is the minimum energy colliding particles need for a reaction to commence,  is the universal gas constant and T is the temperature of burn gas zone.
Max Trautz and William Lewis work on Collision Theory stated, . Where is the reaction cross section,  is Boltzman’s constant and  is the reduced mass of reactants.
Combing these two concepts along with the concentrations give us;



The two constants for collision rate and activation energy implemented are from work carried out from (Gunter P. Merker, 2006) .
Josiah Willard Gibbs also based one his most well-known theories on temperature dependent reactions. Known as Gibbs Free Energy, the equation describes the relationship between enthalpy, entropy and temperature. This can be used to better understand how spontaneous a reaction will be.


Where is positive an input of energy is needed for the reaction to commence but if it is negative no external energy is needed.  If the equation was to be rearranged to make temperature the subject and  was assumed to be zero, the reaction is said to be in perfect balance. It can be then deduced that this is also the point where the slightest increase in temperature would cause the reaction to start taking place.


 Simulation Model

To better understand the formation of  during lean stoichiometric conditions, it was required to add more information to the Zeldovich Model. Thus, the conditions in which they form are more in line with the thermodynamic system found within the internal combustion engine. Along with defining the boundaries of the system so they reflect the geometry found within a 1600cc four cylinder naturally aspirated vehicle, with a 40cc combustion chamber, running at 1800 RPM, with a volumetric efficiency of 40%. In addition, peak pressure values that will be typical of a vehicle  meeting the new European drive cycle. With the charge mixture entering the cylinder at 1 bar at  Finally seeing the effect of E.G.R has on the production of .
By implementing the following equations and assumptions, it was possible to create a simulation model for  .

[bookmark: _Toc29153775]Equations for simulation 

Fuel equivalence ratio.

Stoichiometric chemical balance .
 +12.5 ++
Enthalpy of formation.

Ideal gas law.
[bookmark: _Hlk29143411]
Alpha value.
[bookmark: _Hlk29143035]
] and [] concentrations.
 



Polynomial equation for the products, to find the adiabatic flame temperature via Gold Seek function.
= ++
Polynomial equation from plotted experimental data for the products. Enthalpy of formation against temperature.
[bookmark: _Hlk29060170]= (((8.6E-19*- 1.037488E-14* + 4.968947595E-11* - 0.0000001201911805397* + 0.000156509548934808* - 0.0482393620326645* + 5.20845196264969)))

Burn zone temperatures.

  Kmols production per degree .


 production per cycle.

 parts per million.

Exhaust gas recirculation.
[bookmark: _Hlk29142467] +12.5 ++)

Once all equations have been implemented the use of a macro to recalculate the initial flame temperatures, when selecting different fuels from the stoichiometric calculator, thus speeding up calculations tenfold when dealing with many divisions of phi and EGR levels.


[bookmark: _Toc29153776]Assumptions and Their Consequences

These assumptions will need to be made from logical reasoning such as volumetric efficiency (40%) and initial pressure (1 bar), or from previously calculated data and graphs (Gold Seek). All constants such as the universal gas constant, collision rate and activation energy will need to come from accredited sources.
[bookmark: _Toc29153777]Air Quality

In real world conditions air is made up of many different elements, molecules and particles, such as Nitrogen, Oxygen, Carbon dioxide, Argon and other trace amounts of Methane, Hydrogen, Neon and water vapour. For the purpose of these calculations only the two largest quantities of gases contained with air (Nitrogen and Oxygen) were considered in a ratio of 79:21.  Meaning that energy levels within the system don’t interact in the way they normally would. With different elements dissociating at different times, reacting with each other and back and forth reactions releasing and taking energy away from the system. The obvious higher concentrations of Nitrogen and Oxygen. All these reasons resulting in more NOx been produced.

[bookmark: _Toc29153778]Boundary of The System
The area within the cylinder was considered perfectly insulated, closed, perfect surface finish and hard walled. Meaning there was no energy loss accounted for whether that be kinetic, chemical, thermal or mechanical. As above this increase in energy, increases the temperature in the system and therefore the production of NOx.

[bookmark: _Toc29153779]Burn Zone Temperature

By combining the ideal gas law ( ,R been the universal gas constant and m been the molar mass of the substance) and the equation for a polytropic process (, n been the ratio of specific heats  ). Giving the equation   that uses the increase in pressure created by the energy release (increase in temperature giving the atoms a greater degree of freedom) from the burning of the charge mixture. The value assumed for n was 1.17 but at lower temperatures and lower equivalences ratio  values (increasing the amounts of air than fuel ) this value would trend towards 1.4 (ratio of specific heats for a monatomic gas). Also, when considering leaner mixtures, the initial flame temperature is a lot lower than in slightly richer mixtures.  This is down to two main factors; one being as the flame front spreads it is more likely to encounter areas of little or no fuel contents and  the excess of unspent air absorbs some of the energy from the system. Therefore, it takes longer for the flame to spread, to the point where the exhaust valve opens, causing the cylinder to get hotter than it would at stoichiometric/rich conditions. For the purpose of this study the concentration of oxygen and nitrogen were also considered constant with equal distributions.

[bookmark: _Toc29153780]Excel Spreadsheets

[image: ]
[bookmark: _Toc29159210][bookmark: _Toc29159804][bookmark: _Toc29159839]Figure 3 Showing an example of use of the above equation in Excel.
[image: ]
[bookmark: _Toc29159211][bookmark: _Toc29159805][bookmark: _Toc29159840]Figure 4 Showing the changes in Burn Zone temperatures.

[image: ]
[bookmark: _Toc29159212][bookmark: _Toc29159806][bookmark: _Toc29159841]Figure 5 Showing the concentrations of NOx.

[bookmark: _Toc29153781]Graphs

[image: ]
[bookmark: _Toc29159213][bookmark: _Toc29159807][bookmark: _Toc29159842]Figure 6 Showing a 3D Graph of NOx Parts Per Million, incorporating EGR and Equivalence Ratio.
[image: ]
[bookmark: _Toc29159214][bookmark: _Toc29159808][bookmark: _Toc29159843]Figure 7 Showing Flame temperature against Fuel Equivalence Ratio
[bookmark: _Toc29153782]Critical Areas of interest

[image: ][image: ]
[bookmark: _Toc29159215][bookmark: _Toc29159809][bookmark: _Toc29159844]Figure 8 A comparison of NOx PPM calculations carried out by Wilks and Heywood.
· [bookmark: _Hlk29160774][bookmark: _Hlk29153255][bookmark: _Hlk29148023][bookmark: _Hlk29148180]As it can be seen around ,  production is at its highest (25342.94 PPM, 0% EGR). This complies with work carried out by (Heywood, 2018). At this point the increasing levels of , combine with the high flame and burn zone temperatures producing the highest levels of . After this point within leaner conditions as stated previously the increasing levels of  cool down the system, slowing   production.

· [bookmark: _GoBack]The use of EGR can be seen to have a highly advantageous effect on  production. Due to it adding more mass to the charge mixture, it effectively lowers the burn zone temperate, as a result of obeying the ideal gas law. Reductions in    at 5% EGR are around 61% and up to 97% for 20% EGR.

· Though the chemical balance states there is no spare  at stoichiometric, in real word conditions   are produced even in rich conditions. Due to fuel composition, cyclic variation and many other factors (Sara McAllister, 2011).

· It can be seen in work carried out by the author the graph trends the same as (Heywood, 2018). A realistic comparison is unachievable, due to assumptions made, various opinions on what are the correct constants and to what degree the various parts of a very dynamic, complex system should be taken into consideration. The use of the extended Zeldovich Model would increase the reliability of the results.




[bookmark: _Toc29153783]Conclusion

Though there have been many assumptions made in this model and the model highly over predicts due to obvious reasons such as the back and forth reactions and heat transfer been ignored (Gunter P. Merker, 2006). It does however highlight the benefit of using EGR and leaner air to fuel ratios, since it shows the temperature within the cylinder to be the main controller in  production. To have a more realistic overview of  the richer side of stoichiometric would have to be investigated along with the various other forms of emissions. Such things as real pressure data, heat transfer coefficients and correct compositions of air and fuel compiled into a two-zone model would give more realistic results (Williams, 2019). The main point being it shows why the automotive industry have been forced to use EGR and many manufactures have therefore used lean burn engines over the years and will carry on doing so into the future.
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Enthalpy Poly CO

2

Poly H

2

O Poly O

2

Poly N

2

Enthalpy Gold SeekFlame TempTot Exhaust KmolNox kmolPPM

1.00 5065.00 8.00 9.00 0.00 47.02 0 0.127628 1.08564E-07 116.11 928.86 94.58 851.24 74.47 0.00 69.86 3284.90 5065.00 2398.23 6.95E-06 0 0

0.99 5014.35 7.92 8.91 0.13 47.02 0.000339 0.127649 1.08582E-07 115.11 911.67 93.69 834.81 73.84 9.23 69.30 3258.64 5014.35 2382.52 6.95E-06 1.4E-07 20156.98

0.98 4963.70 7.84 8.82 0.25 47.02 0.000679 0.12767 1.086E-07 114.11 894.62 92.80 818.52 73.22 18.30 68.74 3232.25 4963.70 2366.76 6.94E-06 1.69E-07 24321

0.97 4913.05 7.76 8.73 0.38 47.02 0.001018 0.127691 1.08618E-07 113.11 877.71 91.91 802.39 72.59 27.22 68.17 3205.73 4913.05 2350.92 6.94E-06 1.76E-07 25342.94

0.96 4862.40 7.68 8.64 0.50 47.02 0.001358 0.127712 1.08636E-07 112.10 860.94 91.02 786.40 71.96 35.98 67.61 3179.08 4862.40 2335.02 6.94E-06 1.72E-07 24826.02

0.95 4811.75 7.60 8.55 0.63 47.02 0.001698 0.127733 1.08654E-07 111.09 844.30 90.13 770.57 71.33 44.58 67.04 3152.30 4811.75 2319.05 6.93E-06 1.63E-07 23477.55

0.94 4761.10 7.52 8.46 0.75 47.02 0.002038 0.127754 1.08672E-07 110.08 827.80 89.23 754.89 70.70 53.03 66.46 3125.38 4761.10 2303.01 6.93E-06 1.5E-07 21687.08
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0.92 4659.80 7.36 8.28 1.00 47.02 0.002718 0.127797 1.08708E-07 108.05 795.23 87.44 723.97 69.43 69.43 65.31 3071.17 4659.80 2270.71 6.92E-06 1.22E-07 17636.32

0.91 4609.15 7.28 8.19 1.13 47.02 0.003058 0.127818 1.08726E-07 107.03 779.15 86.54 708.74 68.79 77.39 64.73 3043.86 4609.15 2254.44 6.92E-06 1.08E-07 15619.58

0.90 4558.50 7.20 8.10 1.25 47.02 0.003398 0.127839 1.08744E-07 106.00 763.21 85.64 693.67 68.15 85.19 64.15 3016.43 4558.50 2238.09 6.91E-06 9.47E-08 13699.71

0.89 4507.85 7.12 8.01 1.38 47.02 0.003739 0.12786 1.08762E-07 104.97 747.42 84.74 678.74 67.51 92.83 63.56 2988.87 4507.85 2221.67 6.91E-06 8.23E-08 11912.33

0.88 4457.20 7.04 7.92 1.50 47.02 0.004079 0.127881 1.0878E-07 103.94 731.76 83.83 663.96 66.87 100.30 62.97 2961.18 4457.20 2205.15 6.91E-06 7.1E-08 10276.65

0.87 4406.55 6.96 7.83 1.63 47.02 0.00442 0.127902 1.08798E-07 102.91 716.25 82.93 649.33 66.22 107.61 62.38 2933.35 4406.55 2188.56 6.90E-06 6.07E-08 8800.501

0.86 4355.90 6.88 7.74 1.75 47.02 0.004761 0.127924 1.08816E-07 101.87 700.88 82.02 634.86 65.58 114.76 61.79 2905.40 4355.90 2171.87 6.90E-06 5.16E-08 7483.938

0.85 4305.25 6.80 7.65 1.88 47.02 0.005102 0.127945 1.08834E-07 100.83 685.65 81.12 620.54 64.93 121.74 61.19 2877.32 4305.25 2155.10 6.89E-06 4.36E-08 6321.733

0.84 4254.60 6.72 7.56 2.00 47.02 0.005443 0.127966 1.08852E-07 99.79 670.56 80.21 606.37 64.28 128.55 60.59 2849.11 4254.60 2138.23 6.89E-06 3.66E-08 5305.235

0.83 4203.95 6.64 7.47 2.13 47.02 0.005784 0.127987 1.0887E-07 98.74 655.62 79.30 592.35 63.62 135.20 59.99 2820.78 4203.95 2121.28 6.89E-06 3.05E-08 4423.704
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10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.00 2398.23 2462.611 2518.391 2567.73 2612.051 2652.346 2689.333 2723.549176 2755.409 2785.239 2813.301 2839.806 2864.932 2888.824 2911.608 2933.389

0.99 2382.52 2446.483 2501.898 2550.913 2594.945 2634.976 2671.72 2705.712453 2737.364 2766.999 2794.876 2821.208 2846.169 2869.905 2892.54 2914.178

0.98 2366.76 2430.291 2485.339 2534.03 2577.77 2617.536 2654.038 2687.804693 2719.247 2748.685 2776.378 2802.536 2827.332 2850.911 2873.395 2894.891

0.97 2350.92 2414.032 2468.712 2517.077 2560.525 2600.025 2636.282 2669.82283 2701.054 2730.296 2757.804 2783.787 2808.416 2831.838 2854.172 2875.523

0.96 2335.02 2397.704 2452.014 2500.052 2543.206 2582.439 2618.451 2651.764891 2682.785 2711.829 2739.151 2764.958 2789.421 2812.684 2834.867 2856.074

0.95 2319.05 2381.306 2435.244 2482.954 2525.812 2564.777 2600.542 2633.628575 2664.437 2693.282 2720.417 2746.047 2770.343 2793.447 2815.479 2836.54

0.94 2303.01 2364.834 2418.399 2465.779 2508.341 2547.036 2582.554 2615.411561 2646.007 2674.652 2701.6 2727.053 2751.181 2774.125 2796.004 2816.92

0.93 2286.90 2348.287 2401.477 2448.526 2490.79 2529.214 2564.484 2597.111514 2627.493 2655.938 2682.696 2707.971 2731.931 2754.714 2776.44 2797.21

0.92 2270.71 2331.663 2384.477 2431.192 2473.157 2511.31 2546.329 2578.726082 2608.892 2637.136 2663.705 2688.801 2712.591 2735.213 2756.785 2777.408

0.91 2254.44 2314.96 2367.395 2413.776 2455.44 2493.319 2528.088 2560.252909 2590.203 2618.244 2644.623 2669.54 2693.159 2715.619 2737.036 2757.511

0.90 2238.09 2298.175 2350.23 2396.275 2437.637 2475.241 2509.758 2541.689629 2571.422 2599.261 2625.448 2650.184 2673.632 2695.929 2717.191 2737.518

0.89 2221.67 2281.307 2332.98 2378.686 2419.745 2457.073 2491.337 2523.033878 2552.548 2580.182 2606.178 2630.732 2654.008 2676.141 2697.247 2717.425

0.88 2205.15 2264.353 2315.642 2361.008 2401.762 2438.813 2472.822 2504.283295 2533.578 2561.007 2586.809 2611.181 2634.284 2656.253 2677.202 2697.229
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.99 1.57E-10 3.29E-10 6.09E-10 1.03E-09 1.61E-09 2.39E-09 3.41E-09 4.69E-09 6.27E-09 8.18E-09 1.04E-08 1.31E-08 1.62E-08 1.97E-08 2.37E-08 2.82E-08

0.98 1.83E-10 3.87E-10 7.19E-10 1.21E-09 1.91E-09 2.85E-09 4.08E-09 5.62E-09 7.52E-09 9.83E-09 1.26E-08 1.58E-08 1.95E-08 2.38E-08 2.87E-08 3.42E-08

0.97 1.85E-10 3.93E-10 7.33E-10 1.24E-09 1.96E-09 2.94E-09 4.2E-09 5.81E-09 7.79E-09 1.02E-08 1.31E-08 1.64E-08 2.03E-08 2.48E-08 3E-08 3.58E-08

0.96 1.76E-10 3.75E-10 7.02E-10 1.19E-09 1.89E-09 2.84E-09 4.07E-09 5.64E-09 7.58E-09 9.94E-09 1.28E-08 1.61E-08 1.99E-08 2.44E-08 2.94E-08 3.52E-08

0.95 1.61E-10 3.45E-10 6.49E-10 1.11E-09 1.76E-09 2.65E-09 3.81E-09 5.29E-09 7.13E-09 9.36E-09 1.2E-08 1.52E-08 1.89E-08 2.31E-08 2.79E-08 3.34E-08

0.94 1.44E-10 3.1E-10 5.86E-10 1E-09 1.6E-09 2.41E-09 3.48E-09 4.84E-09 6.54E-09 8.6E-09 1.11E-08 1.4E-08 1.74E-08 2.14E-08 2.59E-08 3.1E-08

0.93 1.26E-10 2.74E-10 5.19E-10 8.93E-10 1.43E-09 2.16E-09 3.13E-09 4.36E-09 5.9E-09 7.77E-09 1E-08 1.27E-08 1.58E-08 1.94E-08 2.36E-08 2.82E-08

0.92 1.09E-10 2.38E-10 4.54E-10 7.84E-10 1.26E-09 1.91E-09 2.77E-09 3.87E-09 5.25E-09 6.93E-09 8.96E-09 1.14E-08 1.42E-08 1.74E-08 2.12E-08 2.54E-08

0.91 9.33E-11 2.05E-10 3.92E-10 6.8E-10 1.1E-09 1.67E-09 2.42E-09 3.4E-09 4.61E-09 6.11E-09 7.91E-09 1E-08 1.26E-08 1.55E-08 1.88E-08 2.26E-08

0.90 7.9E-11 1.74E-10 3.35E-10 5.84E-10 9.44E-10 1.44E-09 2.1E-09 2.95E-09 4.02E-09 5.33E-09 6.91E-09 8.8E-09 1.1E-08 1.36E-08 1.65E-08 1.99E-08

0.89 6.62E-11 1.47E-10 2.84E-10 4.97E-10 8.06E-10 1.23E-09 1.8E-09 2.54E-09 3.47E-09 4.61E-09 5.99E-09 7.64E-09 9.58E-09 1.18E-08 1.44E-08 1.74E-08

0.88 5.5E-11 1.23E-10 2.39E-10 4.19E-10 6.83E-10 1.05E-09 1.54E-09 2.17E-09 2.97E-09 3.95E-09 5.15E-09 6.58E-09 8.26E-09 1.02E-08 1.25E-08 1.51E-08
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