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The Flame Structure of Freely Porpagating CH4/O2/N, Premixed
Flames on the O, Enrichment
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Abstract

Numerical simulations of freely propagating flames burning stoichiometric CH4/O/N; mixtures are
performed at atmospheric pressure in order to understand the effect of the O, enrichment level on
CH4/Air flame. A chemical kinetic mechanism is employed, the adopted scheme involving 54 gas-phase
species and 632 forward reactions. The calculated flame speeds are compared with the experiments for
the flames established at several O, enrichment level, the results of which is in excellent agreement.
As a result of the increased O: enrichment level from 0.21 to 1, the mole fraction of CO in the
burned gas is increased. The flame speed and the temperature in the burned gas are also increased, but
the thickness of the flame is severely shrunken in the preheat region. The maximum of the calculated
EINO is obtained around 0.6 and 0.7 of the O, enrichment level in cases of flames for fuel-lean

mixtures.
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Fig. 1 A comparison of flame speeds for stoichio-
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2% stdol sk GRI-3.0 &N H)
% e ¢ ot 1 oY @ 3

&3 el ol WAUEE HR3tE A
P4 ko whebA me &*Tﬁ}é’r%
of B FAME FYstr] 948 A

& ks WA Fo aEh

ol & 93l % ATl M E AaKs diel A
geikg WAUESS MEskla
& 17%14%—% AMg-ate] ThFRE Ab
8 §}°“‘:Et Fig. 1ol A

Fu R Fl° Flf

2
=
r>~
rH‘l

ufg- & Ax gk gA AaRsgo]l A9 19l
ZA(CHJ/O, 3Hehelld Qo FAaiy Ad}=
Ay Ao Aolg vehdh o 4Y -8

ol AR S b of EE FAANA A
89 712 WEAd EAdE AfEe 2%
4, neoz A% dd 5o A%+ Ak

vy FE v 1l vRAR A i}%’oﬂﬂ G2
M A3 AFe] 3¢ £E Aol 35 emisE,
o] @& AFoM dojx g &% 393 em/sY
10% ol A Ex43tc}. 4= gy 1o]a 4bAR
g0l 021%E 1744 Wash= shdolA s
&5 3 A dys 48 dye F o
] ghct,
Fig. 23 387} 108k A4 xdodA Ak
B3lg g o2 IddEEE ebdrh Fig 2
of &= YL Aa FEihgo] 0212 HEE
7] kol il Ref 13 (¥ ZAiphRE Lol

Afstd AR FA dHste=

CHy/ON; il E3s g9 gd+= 557

400
Q=100 A _A
A —— 5
£ 3004 Q=080 o o — — — <
g o —
(]
b5 A Data from Ref. 18 Q=0.50
g .
2 200 —g-—————- H
i - s
g Q=035
™ 100 | v v i
v Q=021
0?______9,/@—’—?
0.7 0.8 09 10

Equivalence Ratio, ¢

Fig. 2 Flame speeds for flames with the different
O, enrichment level with respect to equiv-

alence ratio
A& E vehzn, FX4E T AL
Axbe= o] g 2 AxFeh 74zre] dEkn|o A
M R Sk dEERY TUHE VHA L
i, w3 FaE7t 0.758H 1.07kA F7hE o
g A& nn Zohskoh 2| 7b 134 0990
Baka@=1) g9 AS Ao zRE dojr
gdE&Er= 7hz} 358 cm/s9t 360 cm/selth & @

Zu)7F 099 e AFEE7F TR F 19
99 £x8 oF 2 em/s A UERTTH
CHJ/O/N; <l&3F 3] st vhg AAYUSE
of o3t AhE wAE EH(relative sensitivity
analysis) 23, 32 23 go] WIsiqdE 3
Zxo 71 Avd &S v H= V2 g
H

o thee) %

KPS
0_10

H+ 0, =0+ OH
CO + OH = CO: + H

.E

pad

3 W&+ chain branching ¥H-Aojx, F ¥lAl=
2o g@stFa AsddA dEEe cot 44
Ji= 523 whsHojn) AFARSEo] %2 3
AAFE 39 2xEE Folx|7] wEe CO, 3
g9 gl Sdigith wabr wiE/abik FHE
729 2EH 0994 s SE7F FEFH] 1eA
39 &5 B} ek 2 s e AL &g
A wEolh
T

8] 7} 19] CHJYO/N, <lEF 3ol disty
Az & s 28-S e 3559 34 o
g &% EIE Fig 30 uEhith AAaRsge]
0.21, 0.5, 18l 12 Z71gel wet g T



558 o] 714 - e ¥

Temperature, K
=
f=1
i=2

300
0.0010 0.0015 0.0020 0.0025 0.003(

Position, m
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O; enrichment level
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