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Technical Objectives:

· Perform detailed premixed laminar flame calculations using CHEMKIN.
Governing Equations for Detailed Laminar Flame Calculations
Over the past several decades, much work has been done to develop numerical models to study laminar flames with detailed chemical kinetics and multi-component molecular transport.   Developed over the last several decades, the CHEMKIN software package is the leading software for these calculations.  

For 1-D, premixed laminar flames, CHEMKIN solves the following system of equations:

Conservation of Mass

(7.4a)
Species Conservation
(8.22)
Energy Conservation

(8.23)
Equation of State

(2.2)

For multi-component mixtures with detailed chemistry and molecular transport, the diffusion velocity, vi,diff , for each species is calculated using either a mixture average approach or using the full blown multicomponent diffusion approach.  
For the mixture average approach, binary diffusion coefficients are first calculated for every species with respect to each other using the following equation:
(n12.1)                     
where kB is the Boltzmann constant, mjk is the reduced mass, jk the collision cross section and (1,1)* is the “collision integral”.  
The collision integral is based on what happens when two molecules come within close proximity of each other.  As they first approach each other, they attract because of Van der waal’s forces.  As they come closer in contact, they repel:
The value of the collision integral is based on the Lennard-Jones potential well depth, k for each molecule and its dipole moment, k.

For the mixture average formulation, the diffusion coefficient of species k, with respect to the mixture is calculated as follows:
(n12.2)                   

Where Djk is the binary diffusion coefficient for each species pair as calculated by (n12.1):

The diffusion velocity in equations (8.22) and (8.23) are then calculated from:
(n12.3)                   
Where DTk is the thermal diffusion coefficient, which arises from an effect called thermophoresis.
What is Thermophoresis?

Input Files for CHEMKIN

Thus far, to run chemkin for 0-Dimensional chemical kinetic problems, the following input files were needed:

In order to run CHEMKIN for a laminar flame calculation (or any other calculation with molecular transport), an additional input file is needed:

The tran.dat file contains the following for each species:

Species
   Geometry
   /kB

 (Ǻ)
        

    

Zrot
CO                 1    98.100     3.650     0.000     1.950     1.800

H2O                2   572.400     2.605     1.844     0.000     4.000

H2                 1    38.000     2.920     0.000     0.790   280.000
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1.  Hydrogen/Air premixed laminar flame speed.  Use CHEMKIN to calculate laminar flame speed vs. equivalence ratio for hydrogen/air.   Use the Dryer and Co-workers mechanism with mixture-averaged transport.
a. Make plots of velocity, temperature, heat release rate and all species vs. distance in the flame zone for =1.

b. Vary equivalence ratio (0.5 <  < 5) and calculate laminar flame speed as a function of equivalence ratio and compare to experimental results shown above.  Make a plot with the calculated and measured flame speeds as a function of equivalence ratio. 

c. Re-do calculations from part b with multi-component transport and thermal diffusion.  Make a plot of flame speed vs. equivalence ratio for mixture-averaged transport, multi-component transport and multi-component transport with thermal diffusion, along with the experimental data.  Comment on the results.  What is the effect of thermal diffusion and why does it have this effect?

2.  Methane-Air Flame Structure.  Use CHEMKIN to perform a premixed laminar flame calculation for stoichiometric methane-air.  

a. Make plots of temperature, major species and NO as a function of distance in the flame zone.  Comment on NO production.  Is it what you would expect from the Zeldovich NOx mechanism or is there something else going on?
b. Calculate flame speed for H2/air using GRI Mech 3.0 and compare to the results using the Dryer and Coworkers mechanism.  Make a plot of predicted laminar flame speed vs. equivalence ratio for both mechanisms, along with the experimental data.

Sample Input File for CHEMKIN Laminar Flame Calculations (H2/O2 Stoichiometric)
ENRG   ! Solve Gas Energy Equation

FREE   ! Freely Propagating Flame

MIX   ! Use Mixture-averaged Transport

VCOR   ! Use Correction Velocity Formalism

FLRT 1.5   ! Mass Flow Rate (g/cm2-sec)

PRES 1.0   ! Pressure (atm)

TFIX 400.0   ! Fixed Temperature to Constrain Flame Position (K)

TPRO 0.0 298.0   ! Temperature (K)

TPRO 0.03 300.0   ! Temperature (K)

TPRO 0.04 542.85714286   ! Temperature (K)

TPRO 0.05 785.71428571   ! Temperature (K)

TPRO 0.06 1028.57142857   ! Temperature (K)

TPRO 0.07 1271.42857143   ! Temperature (K)

TPRO 0.08 1514.28571429   ! Temperature (K)

TPRO 0.09 1757.14285714   ! Temperature (K)

TPRO 0.1 2000.0   ! Temperature (K)

TPRO 0.2 2100.0   ! Temperature (K)

TPRO 0.3 2200.0   ! Temperature (K)

TPRO 10.0 2200.0   ! Temperature (K)

CURV 0.9   ! Adaptive Grid Control Based On Solution Curvature

GRAD 0.9   ! Adaptive Grid Control Based On Solution Gradient

NADP 50   ! Number of Adaptive Grid Points

NPTS 20   ! Number of Grid Points

WDIF   ! Windward Differencing

WMIX 1.0   ! Estimated Zone Width (cm)

XCEN 0.1   ! Estimated Center Position (cm)

XEND 0.3   ! Ending Axial Position (cm)

MOLE   ! Print Mole Fractions

REAC H2 0.29585799   ! Reactant Fraction (mole fraction)

REAC N2 0.55621302   ! Reactant Fraction (mole fraction)

REAC O2 0.14792899   ! Reactant Fraction (mole fraction)

ATIM 1.0E-5   ! Absolute Tolerance for Pseudo Timestepping

ATOL 1.0E-9   ! Absolute Tolerance

RTIM 1.0E-5   ! Relative Tolerance for Pseudo Timestepping

RTOL 0.0001   ! Relative Tolerance

TIM1 100.0 5.0E-7   ! Pseudo Time Steps (Fixed Temperature) (none, sec)

TIM2 200.0 1.0E-6   ! Pseudo Time Steps (Energy Equation) (none, sec)

! Number of Continuation 0   ! Continuation Count

END









