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1. Weighted Sum of Gray Gases Model
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1. Flamelet

2. Eddy Dissipation Concept

3. Eddy Dissipation Method

4. International Flame Research Foundation
5. Partially Stirred Reactor
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Figure 1- Geometry of oxy-fuel combustion and its dimensions
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1. Discrete Ordinate
2. Spherical Harmonic Method (PN Approximation)
3. Jet
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Figure 2- The mesh and numerical solution domain for numerical simulation
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Table 1- Mole fraction of different species of fuel and its properties

. CH4 Csz C3H3 C4H10 C5H12 COZ N2 OZ
0,
Mole Fraction (%) 86 5.4 1.87 058 0.14 1.79 401 021
Fuel Molecular Weight Density in Standard Pressure and Temperature Low Heating Value
18.661 kg/kmol 0.8335 kg/m? 44.454 MJ/kg
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Table 2- Mole fraction of different species in oxidizer

Oz Nz HZO COZ CnHm

Mole Fraction(%) 995 100 ppm 31 isS 10 ppm 31 s 5 ppm 3l S 20 ppm 3l iss
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Figure 3- Governing boundary condition on the oxy-fuel furnace
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Table 3- Governing condition on the fuel and oxidizer inlets in oxy- fuel simulation

Flow Variable Variable Value

Type

5 Flow Rate 224.5 kg/h

g 2 Velocity in Inlet 118.53 m/s

S Temperature 298.15 K

) Pressure 101369.2 Pa
Flow Rate 63 kg/h

T 3 Velocity in Inlet 114.19 m/s

il Temperature 298.15 K
Pressure 101369.2 Pa
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3. Crowcon
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Table 4- Flamelet characteristics

50 Number of Flamelet Tables
10°°-500 Scalar Dissipation Rate Limit
0.22019 Stoichiometric Mixture Fraction

294 K Fuel and Air Flow Temperature
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Figure 4- a) Display of Cross sectional of furnace in order to comparison result of flamelet model with experimental and PaSR
combustion mode, b) Considered plane in order to presented contours by using of flamelet and PaSR models
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Figure 5- Results of mesh independency of generated grid on the centerline of furnace a) temperature variation, b) velocity variation
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Figure 6- Comparison of temperature variation in different cross sections of furnace by using of C1_C3, DRM22 and GRI3.0 kinetics
in flamelet model and Jones_L indstedt kinetic in PaSR combustion model, a) 22cm from beginning of furnace, b) 82cm from
beginning of furnace, ¢) 142cm from beginning of furnace
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Figure 7- Variation of scalar dissipation in flamelet combustion model, a) 22cm from beginning of furnace, b) 82cm from beginning
of furnace, c) 142cm from beginning of furnace
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Figure 8- Mixture fraction variation contour in the symmetry plane of furnace by using of flamelet model simulation
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Figure 9- Comparison of velocity variation in different cross sections of furnace by using of C1_C3, DRM22 and GRI3.0 kinetics in
flamelet model and Jones_L indstedt kinetic in'PaSR combustion model, a) 22cm from beginning of furnace, b) 82cm from beginning
of furnace, a) 142cm from beginning of furnace
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Figure 10- Comparison between maximum combustion temperature by using of C1_C3, DRM22 and GRI3.0 kinetics in flamelet
combustion model and Jones_L indstedt kinetic in PaSR combustion model with experimental data

9 cdoodd Bl 5>l Juwo 0 GRIZ.0 g DRM22 (C1_C3 slaSiotumw 3l solaswl b Bl o (slod aiuciion (sbeo dunylio -V IS

2 el LPaSR Bl pa! Juw 50 Couwaid- Fga Sodbuw

A


www.SID.ir

eSSl 035 5 (5 llae 5058 ¢ 5295 (smnal il ol

5 ol s b easnly Sets a5 Coanls 3lml Jon gjloancs 5 ol s laygsls ) JSs s
5 e |y aled Jsb g Lo guils CL-C3 (Suiis 4S5 595 oo abamdle el o dslie PASR 312> Jove b (5 jludns
B jsbas 0)95 oy sled @9 (St )0 Egoge (nl Jdo sl 00,8 cin i GRIB.0 3 DRM-22 slaSiiw

L85 B sy g Eon 890

@)

J

NN o

800 1000 1200 1400 1600 1800 2000 2100 2200 2300 2400

Figure 11- Comparison be tempe re contours of different kinetics in flamelet combustion model with temperature contour
gained with J indstedt kinetic in PaSR combustion model, a) C1_C3 kinetic, b) DRM22 kinetic and c) GRI3.0 kinetic
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Figure 12- Carbon dioxide, carbon monoxide and hydrogen mass fraction variation in 82cm distance from furnace for PaSR and
flamelet combustion models by using wirh C1_C3, DRM22 and GRI3.0 chemical kinetics
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Figure 13- Temperature contours in applying radiation heat transfer and without radiation heat transfer
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Figure 14- P1 and DO radiation models used in order to radiation heat flux modelling for flamelet and PaSR combustion model, a)
22cm from beginning of furnace, b) 82cm from beginning of furnace, a) 142cm from beginning of furnace
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Figure 15- Temperature contour by using of P1 and DO radiation models with solution by flamelet combustion model
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Figure 16- Run time of numerical solution by using of different combustion and radiation models
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Numerical Study of the Effects of Chemical Kinetics and Radiation Model
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The aim of this study is to investigate the effects of chemical kinetics and radiation model on the combustion
of natural-gas-oxygen mixture using flamelet combustion model. For this_purpose, C1_C3, DRM22 and
GRI3.0 chemical kinetics mechanisms are combined with DO and P1 radiation models in the simulations. In
addition, results with and without modelling radiative heat transfer are compared. The results of flamelet
combustion model are also compared with the experimental data and PaSR combustion model. The most
important advantage of using flamelet combustion model aver the PaSR model is significant reduction in the
cost of calculation. According to the obtained results, C1_C3 chemical mechanism predicts the temperature
distribution in the furnace with highest accuracy and the predicted flame shape is a good match with that
obtained using PaSR model. The flame length obtained using DRM22 and GRI3.0 chemical mechanisms,
however, is very small. In addition, using P1 radiation model in comparison with DO leads to more
computational errors in calculating the temperature distribution and the length of the high temperature region
in the furnace, due to over-predicting the radiation losses.

Keywords: Natural gas- oxygen combustion, Flamelet combustion model, Radiation model, Chemical kinetic
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