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A numerical study on the flame structure and stability of non-premixed
methane-air and methane-oxygen turbulent tubular flame
. . o
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Recently, tubular flames have been considered due to their advantages in geometry of the flame. The
Received 06 October 2016 major importance of tubular flame is its uniform temperature distribution. Therefore, it may reduce
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¢ ) thermal fluctuations along the combustion chamber. In this paper, a non-premixed tubular flame is
Available Online 25 December 2016

simulated numerically under various operational conditions. A solver is developed in openFOAM and
numerical results are validated against the experimental measurements. Also, temperature distribution

Keywords:

Tubular Flame and concentration of major species of the flame in the middle of the bumer are investigated and

Combustion compared using global, two-step and DRM22 as chemical kinetics. In addition, stability of the flame in

Non-premixed Flame air presence as oxidizer has been studied. Results show that by increasing oxygen mole fraction in

Stability oxidizer, the equivalence ratio of the steady tubular flame region decreases and the flame will be
established uniformly in equivalence ratio near the extinction limit. If pure oxygen is used as oxidizer,
flame temperature will increase considerably and tubular flame can be stable for equivalence ratio
between 0.1 and 0.2. Thereupon carbon dioxide from the flue gases is added to the oxidizer to control
the flame temperature changes. Establishment of steady tubular flame in presence of carbon dioxide is
simulated too. Results show that by decreasing oxygen mole fraction, the equivalence ratio of the steady
tubular flame region increases and the stability zone becomes wider.
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Table 2 Operating Conditions

B ) Vy (m/s)
0.4 7.29
0.5 9.11
0.21 0.9 16.41
1.0 18.23
0.2 6.94
0.3 13.89
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1.0 34.72
0.1 521
0.2 10.42
0.60 0.4 20.83
0.5 26.05
0.1 6.95
0.2 13.89
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0.4 27.78
0.1 8.68
1.00 0.2 17.36
0.3 26.04
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Fig. 5 Comparison of radial distribution of CO2 mole fraction with
different kinetics using CHy/air in the middle of combustion chamber

I o calie St (o (S oS Tles 68 slad e dwnlio 5§ JSCh
Syl alaiss Gl adaie o lga-lie 5l oslaxul

1747 b plp oads ot lod Hlade (slals 1o g0 Siitiw 5l oolazl b
Las el Jlo o cpladlce ao,09 clls ol jo s lads g 00y K
o o b o 4 Lo mje Jloges DRM22 St 5l oolatul
el 00,8 i 295 @ 1) dled gles g ails il vg> g0

Los loges 5wl oo cm i 1604 K > cpl o aleis sleo
OGSy aml 0,8 eolawl STy 4l culbrs aculrns slp ol oo
3ot b 14D sl o (1 0 2Ty ol 255 o5 el glaot
oo eleds Ol a5 lasb o eleds gliwl, jo 5l ahase o)lgo
0duel STy 4l sy yao 4 0,bgd Oy plas Sl U ogd sled
Sga 10 STy 4l Cwolbs A cunl jaseine S 4 ax g b ogd oo
Cond 50 oo a5 Cowl (asine "4 ISE" 4 arg L aslb e 4 mm
F 31 aS 0gd oo odolive o S u.:‘ 4wl ol Gl alhass (655 1o
Ded oo pll CHSG Oyae 4 alad B o L

ol 1y ghaie plos )5 (S arSliss aisS mis jloged S S
Sade gl e S St a5 Cul Lasie 1 Jloged ol jo aes o
ool o s lade 5 00,5 coo e (ox8ly Slade 1 o |y o SalSTgo
59 Saipw 5l oolatul basl e oy 8 oy ml 4 cod >
el il oo oy 4 dsum 0 028 s 4 Cud s ke glal> s
L oSSl Jlaie DRM22 S 1 oolaul b a5 cwl Jb> o
Sl ol po eals o Hlade 5 Conl atils wlie @il 8ly cJl>
Sade wiloais oyly STy 4>l 4 je oo STy olge 45 mm
plnl S p g a4l cnl 4 (08 S5 by oog jhe (n)SaenSlss
Al 0 Gl S game j0 ol Jlake g oad 0y (S oSlgs STy
oy oo Ao 4 dlxd S

Sl ghie 3 oS uSsise S qis gl 55 "6 UK
olias DRM22 ¢ slals o 90 Sictew 90 ) oolaiwl b g Gl albase
68 diin ade ldd> e g0 Siiiw 3l eolaiul Lol eads ools

Ol 28 e oS b p0 0als iy 0.04 L ply S 0S gige

12 ol 16 09 1395 suawl (oI Sulse Swiie

DRM22 g slals yo 90 (slad> o S (sldSctonw du o —2-4
TS ebie Al (28l 5 aSLS 4 g0 S (Sl pas pll Gl ey
DRM22 4 slad> 1o 50 cglad> 1o S St a3l oolainl b (go0e >
oolainl b Slowls plil lo ol ool anlie o0 sloosls b
O 50 «dge alail> 16 GB 5 3.4 GHZ ceyw b laun 8 onijls
slos g9 "4 IS jo il e el 70 525 18 (5 5 4 S
el 0y ools las Jsb jgme p dgas g dlrice Sl ahaie jo aled
JSh ) 5 oS sbislen adle 250 mm s glike 51 ki
3 i el gleo Jlade (il e SO Siitw 3l eolaiul b ccslay
Ologe 50 0l dwle gl lawgle Hlade 5 ool (i lol jlade
S St 5l ooliiul b onlds cim e slod ke canl a0 11 >
bl oo 1605 K yo0 aslllas jo aled glos Jlaie 5 1780 K (glal> 1o

2000
L e - 120000
-~ S ~ 360000
L — o~ 720000
\:\‘ ‘\\ 1200000
1500
|
%1000'—
= |
500
by
0 2 8

7 (mm)

Fig. 3 Comparison of temperature radial distribution with different
grids using CHy/air in the middle of combustion chamber

oolarul o o alises soaSiis jo goue I8 dnglie Los olad ay595 3 ST
Gl adaise  Slee alaie )0 loa- ol

2000
I — — — — Global
R —— 2Step
NN DRM22
S Oo o PN o Experimental [3]

o o "
1500 © %o N

_ |

¥ 1000 |

&~ L

500 |~
] ] ]
0
0 2 4 6 8

r (mm)

Fig. 4 Temperature radial distribution with different chemical kinetics
using CHy/air in the middle of combustion chamber

< PN bz slacsiw PERTLE )ls Ao lio slos LSCLM b’)ﬁ‘4 J&,‘;
Gl abaise Sleo adaie ;o lga- ol 5l osliiul

566


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.50.5
https://mme.modares.ac.ir/article-15-6563-en.html

[ Downloaded from mme.modares.ac.ir on 2024-03-20 ]

[ DOR: 20.1001.1.10275940.1395.16.12.50.5 ]

SISl IR 9 LS )2 s 4o

Oyl 9 aistreT iy s gl alath <K )3 O jawST - plie 9 lga-ylio BLrial 6139k 9 Bl §33s dallios

0.005

(K
1600
1400
1200
1000
200
600
400

-0.005

L 1 L
-0.005 0 0.005
r (mm)

Fig. 7 Isothermal contour for equivalence ratio 0.6 using CHu/air in the

middle of combustion chamber

alaize Sl adaie 13 I5a- Lk 0.6 (55 lee cond (sl Les ,5lS' T JSC

Al ad jee basbioe Lo mje (S516SG oamslis cpl g oog
odgaze ;0 Led o)lgnd (Suop j0 g wbige Bl g a4 Lo (1iSTy
53k JBz b a g Glajls alows 4 cond (pl 05 0 ,1E330K
alewy 4 Sl AW 5l s 5 ol 4 sl ol ool idigy oS les
031 3lyol alaiome oo glaio slp "7 JSB" 955 o0 5 xSl ol

Ll 00

lga—pbio @l ol 5o slalg) alads g5l —4-4
R S l3ged glalg) alad gl 5 JoSi Gl (Hlg s sl
ey 00T enS| 3 39750 (B) (5eS] Jgo S i (D) 55
Sgdse 48,5 Hlai )0 Sl euiiSanST (6399 Sy LIS Gl s o5t o
g (639)9 Sy S b 0S| Sl patie (Jso oS G0
pas g LSis Al e 0 Wlee Cews 4 alite 6l o
255 50 B s e sllg) alad JoSis

aled JoSis G] 9wl oolaiwl soiS oS flaicds Tea 5l ozl o
IR o 50 Shlee Sed Gl pslie o o] )b s sl
Ol 53 O5eST (Joo oS a5 oo Sl ST onal Cows @y @l Gob 285
ol e o slals) alads g ool saiiSupnS] olyieds wisl 0.21
S &5)lee Gacamd hil 4 adl 0.5 5l iy (65l S a5 ol
oo 29biges JKi5 lalad g a5 15 Lagals a4l 0 05
S eS polie 4 GiaSly 4l slos 2alS (gl (nl 5o aled (hgal>
bl o 3y dlaios o 48> plasl 5l ax 600 K

OB O3St (Jgo puS 398 d8lol lga & ()5aST (5 ke ST 1>
B (emnp 3ye0 |y alad S il (g Dl os o cnl g L
wilides g5l Glacans Gl 9 0.4 L ply o5t (Jso oS sl 0l
4 a5 358 o0 ounlie 025 0 I3 (o2 390 slalg) Al JSCas (IS
alad g b5 15 gals 45 53 0.25 51 jieS (55l slacems )]
O polie il 4 lalg) alad (s)len S Gl L ogdoed oSS
il s a3l b 09 e LS5l s 4 0.95 4 0.25

! Extinction

567

4 gl 5l oSS gige w8 Dlyss b cpl o yizmas (sl 0.03
et 5l Olyss cpl o)z addllas o a5 Jl> ys wil o 7 mm b mm
w68 aiiun ylaie DRM22 S 5l eolawl b .l 6 mm b 2 mm
Sl ol o Lol sl osd (i (225 5lie b plp 525 anS gige
6 L4mm glads 5l oSS gise aisS Olynss a5 058 o0 cdnlive o2
Sl (ateine (S 0nS gige 95 @je8 logel 4 4z g8 b aws o0 2, MM
2 aS Jo 50 00e Gro SH0F) 52l e Uas lade =6 mMm o oS
exin 30,0 75 6 aoy0 50 51 ez Jlade r=4 mm b r=2 mm osguze
Go 0 w3l by elyS 5l (AU el (e oy (pl Sle ail o
Oy awl 00 488 L 0 1 col ke atad] ol sue ol>
oS ont 435 55 0 1Ll s LSy o] e wilizs gladisS (ol
Sloo ;o S anS gige 458 Coedl due 005 s pl 4 jonie Wilg oo
obos el e ol yols LIS o aSle s sl 0 0.84 L 1,300 K
D) J5S50 5555 Jade (nlply el ond a8 )5 Jlas 1o 1L il b aigs
0.84 1 oo a5 b a4 s 0l 1 coel s jlase a5 > 4o
Los 5l (ol add (Saliod ajoSay jlade | o9 dwlys 1SS sl
S3ged 9 0091 oS 455 Ll (JgSIge S9i5 )b jladie Sl 5o aBL (o
T VNS VCSSUWEPL SECI IR PRFS VL PR IR S O R iy L G A
55, 25 A gign 5 CE s ey U155 Sl e
STy 4ol 4 a9y b ocel aine 6 IS8T 4 azg L
b o 9 Sanl i) 355 atiiin jlde 4y 5 00l g8 (S aenS gige
(iiSly 4l jl gy 3 g abhioe S50 )0 Gliol Y game 4 ad Soop
S cd ol el ol s el aly eS8 wsS onl e
o 9 g STy 4l )3 g op Sloe SladisS <> (n S 9T gige

Lo &3¢ (w2 —3-4
0d 03,51 0.6 (55 led s 10 Iyl alads gl Los ,gulS "7 JSB" yo
Lopd o] U3 axl g aled los 548 o0 sanlie a5 b ylen .ol

0.05
F — — — — 2Step
5 DRM22
o o Experimental [3]
0.04 - _
| AR
| / \
| | |
- |
8 003 .27 \\
Q I ° o
& L o0 T\
3} | o
= o0 I o \
g I o / \
o 002 ° | o o \
o r A A U
L ° / %\, !
| o / \
o 7 o
0.01 o © \
L / \
- o ®o 4 o9 \
| D Z °oX N .
I 00,2 © 9 -
(V) mer—— 1 I —
0 2 4 6 8
7 (mm)

Fig. 6 Radial distribution of CO mole fraction using CHy/air in the
middle of combustion chamber
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