Bl g S g sdmghy - sole 4y i

YWAA 50l cpgm o ey e 3lge Jlo A g
Ol @l yia! cpaasil

5° SV gamo S 5 g Slpol plane 5 53lw@ad;y ol 9 )5 ey slod 56
P ol dladxo S 40 OXY-MILD oS 35 3l yi |

f . Y. R Y . . ) P
@‘é).ofnwls ud:l.o: é.gb doba ¢ gs"OL.‘.) A9 ¢ (WD g S0
mh.moghadasi@ut.ac.ir ;|5 «)l 5 oKiils Ladlgn cwiige (5,558 ahaie (s9oeiils -)
ro_riazi@ut.ac.ir <)l e5 ¢l 05 olKiils Ladlen owaige o )lutils =¥

sadegh@aut.ac.ir « )| 45 « S el siriio oRKisls Ladlga  owdige liwl -V
Amardani@sharif.edu « .l 45 iy o ciaio oKiils Ladlss waige Lisls -F
bl ot g %

QANID =553y AYNYIVY waldol o 3T bl jo AV/AY Yzl ,s & ,k)

b olyon 2lKalefl )55 S 53 MILD 3yl 5 (501 3yl 55355 30 5 (oS5 03ui (0] 0ty
& ropdle MILD 03; SoSey c0ngh o () 50 Canl a3 )5 13 dalllas 0590 00 )50 (S3lse locr
HoO jlSiie bass (3l Y gase g ool Bi> 29,5 )15 cuS 5 51 NOy ¢ S5unST (3ol oMt 5
30 el 00l oy WSR Lot 5 (g00e Slawlors Il 50 SaSay Bl o]l ioghs cpl 5o .aiiws CO, 4
oot 5 Sz (KAET I 5jltent 10 EDC Jao 5 RNG k- & Juo s RANS s 5l gtms s (g0 Jelos
795 Sl S5 g Gl e 2 €Oz SeoSay (53Lu@d 5 il S Gt 13U Sonl oad oolital ol 2|
IR LS 0 Lo qjg5 (SIS0 dgute o] Az 50 9 4l Ll Bl Cor S 0 S iy sled (I Lok (o
sealS 1y aicins sled ((g9g,9 <ol byl i ;0 COp SaSay gilw@ad, Siulidl oiran .0l oanline CO Luil
e 3 CH30 JIGol) 32 )b 51 CO S e Cosi5 0ai 0L CO; j9a> (lord o3l (om0 a0 o0
JSsoly 25 5 s b1 Coans 51CO adgi yoane cbogline 15 COy ygiam (al3il b el wmalle b 5 b 51 Lol

g0 5598 CHa(S) (e

oue ol €Oy L (55l 38, MILD 3l s o S5nST 31 2o ulf)‘,..\.ds

Ao dio
S 5 e (ribel plysar plzmen wanl o az g 0o U (pySs e Gl g s9dce Siiin
S5k 5 YL Gleaily b (Blat slaptanns dxwss (o) Glale)S Gazen (plooady (o & az i L) ool 5l asiley
Oy ShamS| 3l ol aie) jo Oladod a5 Gl oals Cge 3V 98 gd ygzmen mlio ;o JYL slales 4 LS
Lg)L.uo)»}o 9 6)9160 6)5bé Q—AB)A-M.&-’ L: ‘)Lu Q"‘ )..»03)"& .)9.“:‘504 pervee ‘9.@ )‘ oolaiwl Ls ‘Slsw d‘)"‘ ) ).c‘ U"‘ ..bl.»
BRSNS FEoW I [ PP D) N JC PV VINPY SO PRTIPCR R U PN SO 1 I JCP IS JET IR StV 4 P
3 0ires B S5 Bas by ol po a1l aisle Bshars 095 4 |y g b loazg S la Sl o
5 Fomb GpddyssS Jb ol b wgd oo JoSis HO 4 CO;, [EROVS &zl 5l Jols ol (lgr) susuSans

1. CCS (Carbon Capture and Sequestration)
2. Oxy-fuel combustion
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1. Air Separation Unit

2. NOx (Nitrogen Oxides)

3. MILD (Moderate or Intense Low-oxygen Dilution)
4. Enhanced Oil Recovery

5. Coal Bed Methane production

6. Desulfurization

7. Denitrification
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1. Internation Flame Research Foundation
2. Eddy-Dissipation Concept

3. Soot

4. Molecular diffusion

5. Well Stirred Reactor

6. Jet-in-hot-Coflow

7. Stoichiometric ratio
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Figure 1- Schematic view of MILD Combustion Furnace (MCF) [24] (mm in unit)
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1. Firing rate

2. MILD Combustion Furnace
3. Fluent

4. GAMBIT
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1. Piecewise polynomial

2. Reynold’s Averaged Navier-Stokes
3. Re-Normalized Group

4. Swirl flows

5. Recirculating flows

6. Eddy Dissipation

7. Arrhenius Finite Rate
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Table 1- Different operating conditions of the combustor studied in the current research

Case Oxidizer Inlet Oxidizer CO2 Volumetric Fraction in Equivalence Oxidizer Nozzle Firing Rate
Temperature (K) Composition Oxidizer X¢o, (%) Ratio () Diameter (mm) (kW)
1 723 Air 0 0.8 26.6 15
2 298 CO,/0, 0-63 1 7.2 13
3 298 CO,/0, 0 1 7.2 13
4 298 CO,/0, 15 1 7.2 13
5 298 C0,/0, 30 1 7.2 13
6 298 CO,/0, 50 1 7.2 13
7 423 C0,/0, 30 1 7.2 13
8 723 C0,/0, 30 1 7.2 13
9 298 CO,/0, 30 0.9 7.2 13
10 423 C0,/0, 30 0.9 7.2 13
11 723 C0O,/0, 30 0.9 7.2 13
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Table 2- Absorption coefficients for different O,/CO, volumetric ratios

X
Wavelength intervals (um) X& = 50%/50% | 70%/30% | 85%/15%
co,
0-2.5 0 0 0
2.5-3.0 0.43 0.26 0.13
3-4.0 0 0 0
4-5.0 0.44 0.27 0.13
5-9.0 0 0 0
9.0-20 0.41 0.24 0.12
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Figure 3- Predicted axial velocity profiles against measurements by [28] for case 1 in table 1 at Z = 65.5 mm X = 0 (left),
Z=176/5mm, X = —10 mm (middle) and Z = 176/5 mm X = 0 (right), with three different grid resolutions
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Figure 4- Temperature distribution for case 1 at Z = 42.5 mm , X = 0 (left) and Z = 542.5 mm , X = 0 (right)
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Table 3- Predicted and measured exhaust emissions at the outlet for case 1 in table 1

@3% O, Unburned Hydrocarbons (ppm) CO; [%] 0, [%]
Experiment <100 9 4.2
CFD 0.9 9.2 4.3
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Figure 5- Temperature contours in YZ plane, X = 0, at X¢o, = 30% @ = 1 for different oxidizer inlet temperature
(cases 5,7,8 in table 1)
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Figure 6- Variations of maximum, mean and exhaust temperatures with oxidizer inlet temperature for @ = 1, X¢, = 30% and
@ =0.9,X¢p, = 30% (cases 5 and 7-10 in table 1)
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Figure 7- Variation of CO and CO, exhaust emissions with oxidizer inlet temperature at @ = 1, X, = 30% and
@ =0.9, X9, = 30% (cases 5 and 7-10 in table 1)
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Figure 8- Temperature contours in XY planes at three different heights at @ = 1, T, = 298 K for different inlet mass fraction of
CO; in oxidizer mixture (cases 9,10,3,11 in table 1)
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Figure 9- maximum, mean and exhaust temperatures and exhaust emissions of CO and CO; for different inlet oxygen volume
fractionsat @ = 1, P = 13 kKW. (cases. 3-6 in table 1)
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Figure 10- Methane oxidation pathways in a WSR analysis at Tysg = 1540 K, tz = 15, p= 1 atm (up) for X¢,, = 15% and
(down) X¢o, = 50% (cases 4 and 6 in table 1)
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English Abstract

The effect of pre-heating and dilution level on the combustion field and flue
gas composition of an oxy-MILD combustion system in a laboratory-scale

furnace
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In this study, oxy-combustion is numerically investigated under MILD conditions. This novel combination is
simulated in a laboratory-scale furnace with parallel fuel and oxidant jets and a recirculating flow. With
nitrogen removal from the oxidant stream, zero NOx emission for gaseous fuel systems is expected.
Combustion field is modelled using a well-stirred reactor and computational fluid dynamics. In the CFD
modelling, RANS equations are solved using the RNG k-¢ and EDC model is employed to model the
turbulence-chemistry interaction. The effect of oxidizer preheating and CO, dilution on the combustion field
as well as flue gas composition is investigated. The results indicate that the maximum flame temperature does
not experience a significant increase when the preheat temperature rises, positively affecting the temperature
distribution at the cost of CO emission which is a direct consequence of higher recirculation and mixing rate.
Also, a kinetic study on the chemical effect of CO, presence reveals that CO production path through CH;0
radical is more strengthened compared to the main path through formaldehyde when increasing the dilution
level. When diluting the oxidant, methylene’s role becomes more influential in CO formation than when pure
oxygen is used, contributing to higher CO emission. CO, defeats CH, and O, to absorb the free H radicals,
causing higher levels of CO production.

Keywords: Oxy-combustion, MILD combustion, CO, dilution, Numerical analysis
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