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Figure 1- Stagnation plane and boundary conditions for counter flow diffusion flame
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1. Opposed-flow diffusion flames
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Figure 2- Validation of solver with reference experimental data [11] (lines representing data obtained from numerical simulation and
symbols represent experimental data)
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Figure 3- The effect of different CO2 injection values between fuel and oxidizer nozzles on a) The temperature distribution b) The
carbon monoxide emission index
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Figure 4- The effect of different amounts injection of water steam in oxidizer flow between fuel and oxidizer nozzles on a) The

temperature distribution b) The carbon monoxide emission index
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Figure 5- The effect of different amounts injection of Hydrogen in fuel flow between fuel and oxidizer nozzles on a) The temperature
distribution b) The carbon monoxide emission index

oo 21585 (Al ouisS dmnsT g g J3U o Lod 29595 (595 30 S guw Ly 50 (59 alisio polie @y Wil -0 JSCB
305 S gig yLiuiil (Ll (o

Shasil asli g Les (alS coge oaniSanaST iy G950 Clhlu G5 s o Lad GamS > bt &5 jshailes

55 b 33ign (S S gign L oL B8 5 T Ll el S Sl 55 b 3105 3 S S i
S eS8 2 25 51 (U S SraSsige g (EalS g Lo als addllas (l 1o Sl 5 035,008 By 5l Bam oSl
A2l )y 52,5 demnS gige odgi's Lo @395 (695 2 0atiSanST by 50 Sl 15w 52,5 b e cgaman Jo ) ccan

G dwdod
b ok 5 3l 5 el (sboosls ags jslaiedy OXYFLAML o b (slos s 5o 'IFRF oyinShcdges Sliml )68
kol Glaal .as patie gels Sl (515 g0 cou o] om0 leosls g 48,5 )13 903T 8,50 VYol gy ¢y5unnsST
sl g &yl JUEST gsladinge sdus slagsiluand plonl jslaieds 00 5 0525 Sloosls 0525 o5y cnl plil 1
asle Sl S Sl Hles i 8550 S S g 0,55 el 0uls laie b 38 Gl a1 e WS eas Yl
ol 0als ails a5 sattine sles o SIL g3l 5,k 5l Gl o ls oS

oS el iy alaiie i b oo oy ol 0,55l il el oo 00l (lis GHS IS o a5 jsbilen
PSS 50 g e goysS sl QPSS 5o sl 055 (5,0 4 05eeST 5 g 9959 Sl (o252 e U SG Gl
(S8 B 5 i )5 20 4755 b a3t plonl gl el o 00l (L5 Jae 5 0355 s o5l 530 Ll o

). International Flame Research Foundation



http://www.ifrf.net/
www.SID.ir

\Yvarg J.A.DLD P9 O)Lo..ii S JL.» ‘d|).».‘>‘ 9 u.‘>9.....» ‘;.M.Dj).» —GQJ.C d.aJ......a

o g ool gz 055 p,ler S5 0,5 samlin 35 o285 loesls I ol mlis jo 1) ol ()19 oo (295 sl &5 L aS
odalice z-F o j0 a5 job jlen .ol 428 )5 & jao (gode Dlawle > ialS jglaieds JIS ) ol onls a8 )3 s o
ool (ggmpdy aSiil S 1eiSs s el ouds coliiul b pwyp j0 S eiSG e 4l LSl plaie (gunaSl Gl gl o
GIuaSl 5l agd oo cdwlive alade prlaw s a5 Glaccend Ojglore j0 g SYL la Lol S L slacand [0 a5 Cunlonds

] 00 oolatwl 5,55,

9500

Side wall

Upper wall

Symmetry plane

Symmetry plané
¥~ Oxidizer input

¥~Fuel input

@ (@)

Figure 6- a)Methane-oxygen combustion furnace (IFRF)[13] b) Boundary conditions and numerical solution domain [13] c) Created
grid on studying furnace[13]
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Table 1- Mole percent fuels various species [13]

Species CH, C,Hs C3Hs C4H1o CO, N, 0,
Mole fraction 88.7 4.6 0.94 0.32 0.09 3.79 0.02
() PXCECRVONCL P TTE AT EC S PORRVSRIE S PRS
Table 2- Mole percent oxidizer various species [13]
Species 0, N> H,O CO; CnHm
Mole fraction 99.5 Less than 100 ppm Less than 10 ppm Less than 5 ppm Less than 20 ppm
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Table 3- Boundary conditions of fuel and oxidant inputs in the present study[13]

Flow type Variable Variable value

Input velocity 82.93 m/s

Oxidizer Temperature 298.15 K
pressure 101369.2 Pa

Input velocity 75.37 m/s

Fuel Temperature 298.15 K
pressure 101369.2 Pa
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Figure 7- a) The radial sections examined to solution presentation b) The results of radial distributions of temperature at a distance
of 5 cm for three different grid
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Table 4- Four-step kinetics modified by Yin et al[2]

cal
Reaction no. Reaction A B @ —l] Reaction orders
mo
1
JL1 CH, + 5o2 - CO + 2H, 7.82¢€l3 0 30.1e3 [CH,]°5[0,]*25
JL2 CH, + H,0 - CO + 3H, 3.00e11 0 30.1e3 [CH,]*[H,0]*

\. Partially Stirred Reactor combustion model
v. Discrete Ordinates
. Weighted-sum-of-gray-gases model
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L3 H, + %Oz 2 H,0 1.79¢13 0 34.9€3 [0,]1°5[H,]*

JL4 €O+ H,0 2 CO, + H, 2.75 e12 0 20.0 e3 [COJ*[H,0]*
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Figure 8- a) Comparison of velocity distribution with experimental results at a cross section of 5 cm b) Comparison of the
temperature distribution with experimental results at a cross section of 0.6 m
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Figure 9- a) Effect of the various mass fractions CO2 injection on fuel mole fraction b) Effect of various mass fractions CO, injection
on distribution of temperature along the furnace length
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Figure 10- Comparison of temperature distribution inside the oxy-fuel combustion furnace for two injection modes a) YCO, =0
b) YCO,=0.7
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Figure 11- a) The effect of various mole factors CO2 injection on carbon monoxide mole fraction along furnace length b)
Comparison of the average level of carbon monoxide per ppm at different sections along furnace length for various mass fraction of
CO; injection
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Table 5- Maximum temperature and mole fraction of monoxide carbon along furnace length for various mass fraction of CO,

injection
CO; @2, 5 elideo gl co 2 puS (5132 0585 Job 30 (2 )T dmS 9350 (Jg0 pusS g Lod iy polio -0 Jgoor
No Mixture oxidizer Tax X_COyax
1 YO,=1, YCO,=0 2934 0.24372
2 Y0,=0.7, YC0,=0.3 2841 0.2562
3 Y0,=0.5, YCO,=0.5 2763 0.26466
4 Y0,=0.3, YCO,=0.7 2663 0.26246
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Figure 12- Comparison of area average amount of carbon monoxide per ppm for different mass fractions CO; injection in cross
sectional of a) 2 m, b) 3m
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Figure 13- The effect of replacing part of CO, with H,O(g) on a) temperature distribution b) mole fraction of carbon monoxide
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Table 6- Maximum temperature and mole fraction of monoxide carbon along furnace length for without injection vapor stem and
with injection vapor steam

No Mixture oxidizer Thax(K) | X_COpax

Y0,=0.5, YCO,=0.5 2763 0.26466

Y0,=0.5, YCO,=0.3,YH,0=0.2 2749 0.23944
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Figure 14- The effect of injections of CO, and H,O(g) on the amount of emission carbon monoxide in the output per ppm
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Numerical study of hydrogen and steam injection in order to reduce
Carbon monoxide production due to Carbon dioxide injection
into Oxidizer in Oxy-Fuel combustion
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In this article, steam injection into oxidizer and hydrogen injection into fuel are studied in order to reduce
carbon monoxide production with COz2 injection into oxidizer in oxy-fuel combustion. For this purpose, one
dimensional simulations with a counter flow diffusion flame solver and three dimensional simulations with
openFoam software were performed. In the one dimensional simulations, the effects the injections on carbon
monoxide emission index are investigated. The results indicate that injecting steam into the oxidizer decreases

)


http://combustion.berkeley.edu/gri-mech/version30/text30.html
www.SID.ir

29958 (ol pl Juelowsl o0 e Lo yde g pallho L5005 s hel e

carbon monoxide emission index, while injecting hydrogen into the fuel acts in reverse. In the three dimensional
study, due to very high computational costs, only the effect of steam injection into oxidizer is investigated as a
suitable solution for reducing carbon monoxide emissions. The results obtained in these simulations show that
steam injection in the oxidizer reduces of carbon monoxide production in the reaction zone and also the
emissions from the furnace outlet.

Keywords: Oxy-Fuel combustion, Water steam injection, CO2 injection, Reduction of carbon monoxide
production
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