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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
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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

Yy



WWAY [l eJol oyl el Jlo (3l il 5 G gus (oidghy — sole a4y i

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 itproperties
: CH, CoHs CsHg C4Hio CsHy CGo N2 0O,
0,

Mole Fraction(%) 86 5.4 1.87 0.58 0.14 1.79 4.01 0.21

Fuel Molecular Weight Density in Standard Pressure and Temperatu Low Heating Value

18.661kg/kmol 0.8335kg/m? 44.454MJ/kg
-2
Table 2- Mole fraction of different species in oxidizer
. 0O, N, HO CGo, CiHm
0,
Mole Fraction(%) 99.5 100ppm CF 9 10ppm CF S5ppm CF 0| 20ppm CF 3
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Figure 3- Governing boundary condition on the oxyfuel furnace
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Table 3- Governing condition on the fuel and oxidizer inlets in oxyfuel simulation
Flow Variable Variable Value
Type
° Flow Rate 224.5 kg/h
= 2 Velocity in Inlet 118.53 m/s
S Temperature 298.15 K
O Pressure 101369.2 Pa
Flow Rate 63 kg/h
E 2 Velocity in Inlet 114.19 m/s
[T Temperature 298.15 K
Pressure 101369.2 Pa
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Table 4- Flamelet characteristics
50 Number of Flamelet Tables
10°-500 Scalar DissipatiorRate Limit
0.22019 Stoichiometric Mixture Fraction
294K 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

PasSR ) -4
PaSR

Az Lol cwyy (Jobo TV oo g eVeree BV aSh aw lp mli 5l Plasl ol adlae o

aS VL Lol 5 L >le weadoloul gooe 4l o3l 0,5 5SS sl alite slaganasil )l odel Casods s

Comnd) Joko o3l aly 755 50 o5 b goue o oogumme slacend plo 4 Cond 0ad oo alad LSS oo Jolss

Gode a5l o o mls 6y Gl oo jo cuiy cpas U edd 5y o laceend I iy (6 ks

l)w‘ aliseo L;LQASW L;‘)" 0)55 6)5).9 s S9y Loo 9 oLy s_:‘).».».’.: DMQULM.J I\ J&w \.\45....4 ‘_}i&w& o\.\.w..\.».ly

aalsl jo a8 cewl Ce w5 Lo w98 (gl p Al Jas ol Slo Ve Ve e v e oSl 3l ol il a5 caS lei e
el 00l &1l Al cpl 4y gy e gl

3000 140
—-—-=570000 Cell - — - — = 570000 Call
SN e 1070000 Cel 120 - N e 1070000 C2ll
2500 1 RN 2200000 Cell @ \ 2200000 C=ll
. = .

— <100 -
<2000 4 3
8 =1

= ‘S 80 4
S 1500 g

o = 60
g 2
— 1000 - ‘S

% 40 A
>

500 4 20 4

0 T T T 0 . . T |
0.00 1.00 2.00 3.00 4.00 0 1 2 3 4
Z(m) Z(m)
@ (b)
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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_Lindstedt kinetic in PaSR 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 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 9- Comparison of velocityvariation in different cross sections of furnace by using of C1_C3, DRM22 and GRI3.0 kinetics in
flamelet model and Jones_Lindstedt kinetic in PaSR combustion model, a) 22cm from beginning of furnace, b) 82cm from begignin
of furnace, a) 142cm from begining 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
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Figure 11- Comparison between temperature contours of different kinetics in flamelet combustion model with temperature contour
gained with Jones_Lindstedt 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 fractiomariation in 82cm distance from furnace for PaSR and
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PaSR 22

-12

GRI3.0 DRM22 C1_C3

Y



olas ;o Slaal o5l 5 (5 0lhe & pegaS ¢ £99,8 condlpl Lclowl

Eaoge pl o)l ol Caeal (it Ol > Jlasl lpsl sl el slasE oYL sles deay (Bl slaasl s e
oS5 izt 5 oaiiS S| 55 Al 058 3y 4 51 36 (slos il oty siemS g i 5o
ot Slegn | Sy el o552 6L a3 o Bl s Lol oSy Syl 5 ()5 aanSTiso
iadS e 93 Cenl anlin (rtandS oo (s Bl 0l s (iSO B Gl e St 50
b mints Jue 33 (o) & bogpye gl i P13 DO sla Jas sismbints &) JUl iy sskiiets 05
Joe 3l Jol> slaosls g o5 sloosls b ool axlllas jo C1_C3 St g o lusbisl k-U alazil Jas 5l ool
Gl o il S 5l oolaul g cliad Jow b alive siinis glo Jow 5 St 3l ooliiul L PaSR 3l x>l
plxl WSGGM a5l eolaiwl b JowS g Cdz ol s dulre by gjluancd colod j0 .l oad dslin cccwand- 559>
odnlive a5 b lan .ol ouls ools lid Sk ands S8 Glsl > aieis Jleel 306 Y JSS o cal oul
Clea )5 (9,0 2l Sy 5 (S aSlge YL polie Geizen 5 Bliol Gl YL sled 4z b wsd o
G e adald Jlasl (( Slsl dsS g0l YL JouS 5 i ulpo g caiSanST o alls H5uST Sl eslal

g0 0)95 JBIS (Slod @5 drmslone ;0 (0)95 S5 )0 Lawgio jsbds (nglS o v 290) oz langlis

Without Radiation

With Radiation

800 1000 1200 1400 1600 1800 2000 2100 2200 2300 2400
Figure 13- Temperature contours in applying radiation heat transfer and without radiation heat transfer
-13

a5 jabyles s co lis 0,5 Al ooy ablas 0 1, DO g Pl rinid Jow 90 4 bgype o VF S
3 po Cood o alad LS o) Yhles slocand 1o PL Jow 4 b o guls B>l Jow 50 2 50 g o0 conlin
ISt ety 3d9m cal 55 o it 7S DO Jas & Cand |y Lod (05lS Y0+ 5505) (5 B ol & (055
085 oylged 4 SGoy lckend jo wYlles lg jo eieid O B o3l 5l iy aule 0 P1 Juw
29 sl 80 riaid Jow 90 o b pl 0 S ol sles Cdeay (jloges okl Ceond U (g5 1Y alsld)
Joe 3l eslaiul plie DO g P1 sieis sbdJow lee OS] aims oo &)l 5550 sosls b gillas ol 5 ails
Fomb sl Gles cleds gab90 ] 4 058 oo ooliinl PASR Gl pol Jow 5l a8 el Sl 5l eS cdod Sl ol
(Ogd 0 Jolis I o jloges Jgl jio /) a5 alads |5 4l jo olS Foe sgu) cdadd Blisl Jow jo ool com i
Al oo pials Yhles (>lgi 0 PL Jow dliwgay oo cim i (55,1, AW 51 Lol glas 2dlg jo .ol
Syl Jae 5leslatwl L PL g DO siwis Jaw jl oolaiwl cdl> g0y Lo (slo,silS L annlin VO S
Jowe ookl b eadploel (goae o 0,65 olall slaccond ;0 4d oo odaline a5 jabjlen ano oo lias 1) cledd
St Oliee @ PL riels oo b g3luaned Sl )0 £9d90 (nl 45 ol alad )0 phaite glacwonsd sbml 4 20 DO
L >y ;0 DO Jaw jloslital b o j0 Q3 (Sassly 5 Gise slas 3929 Clets 9090 (nl )18 0925 65220
ool i by elaieds [YF] gz je a4 azgi b i, gonaSid 5l esliial 0439 b a5 eVl Jlws oles (LolS

Al



VYAV Sl eJsl ojles cuaosl Jlo (3l gl g S g gl — sode 4y i

Joe 5l onliial b (3l 5 (CaslS YY o 51 i 6lod) Yhloo amls b o,k 51 o Jols golice gl o ISt
s ools Lis A JSs 45 a8 PaSR _liml Jow b o 5l el Cewsts gl & azgi b a5 0353 DO Jus 51 j30liss P1
ol el 5385 s 65V Bs 51 DO Jowe 5l oolizl b o gl e yz asdllae 4o sud by aled Jsb uiomen g ol

Sl grinis Oyl B oIl ) i e 5o PL Jae ISk cleay 5540

3000 - 2800
i *_ Experimonta * Expermenta)
200 |4 00000 ----- DO-Flamelet 2600 ggillamellett
............. P1-PaSR 2400 ameiles
—.—.-DO-PaSR P1-PaSR
2000 < 2200 — . —.DO-PaSR
2 T
3 3 2000 o
$1500 &
g 2 1800 1=
; ; -
21000 2 1600 -
1400 )
500 o
1200
L]
0 01 02 %.3 04 05 0 01 02 %.3 04 05
y(m y(m
@ b)
3000 -
e  Experimental
2800 |- P1-Flamelet
2600 ™ - - - - DO-Flamelet
\ ............. P1-PaSR
g 2400 deees S —-—--DO-PaSR
© 2200 [ "0
£ .
S 2000
g
E 1800
F~ 1600
1400
1200
1000
0 01 02 03 04 05
y(m)
©

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, b82cm from beginning of furnace, a) 142cm from beginning of furnace
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English Abstract

Numerical Study ofthe Effects ofChemical Kinetics and Radiation Model
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The aim of this studis to investigate the effegbf chemical kinetics and radiation model on deenbustion

of naturatgasoxygen mixture using flamelet combustion model. For this purpose, C1_C3, DRM22 and
GRI3.0 chemical kineticenechanisms are combined wifO and PIradiation modedin the simulations. In
addition resultswith and without modellingadiative heat transfer are comparedhel results of flamelet
combustion modeare alsocompared with the experimental data and PaSR combustion model. The most
important advantage of using flamelet combustion model over the PaSR model is significant reduction in the
cost of calculation. Accordg tothe obtained results, C1_C3 chemical mechanism prediettemperature
distribution inthe furnace with highest accuracy atite predictedlame shapés agood match withthat
obtained using?aSR modelThe flame length obtained usingRM22 and GR3.0 chemical mechanisms
however, isvery small In addition, usg P1 radiation model in comparisomnith DO leads to more
computational errors in calculating the temperature distribaiatihe length of the high temperature region

in thefurnace due tooverpredictirg theradiation losses.

Keywords: Naturalgas oxygen combustigrFlameletcombustion modelRadiationmode| Chemicakinetic
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