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Effects of Combustion Atmosphere Pressure on Non-premixed Counterflow Flame

Kee-Man Leet

Abstract : The present study is numerically investigated the flame structure of
non-premixed counterflow jet flames using the laminar flamelet model. Detailed flame
structures with the fuel composition of 40% CO, 30% Hs 30% N2 and an oxidizer
composition of 79% Ny and 21% Oz in a non-premixed counterflow flame are studied
numerically. This study is aimed to investigate the effects of axial velocity gradient and
combustion atmosphere pressure on flame structure. The results show that the role of
axial velocity gradient on combustion processes is globally opposite to that of
combustion atmosphere pressure. That is, chemical nonequilibrium effects become
dominant with increasing axial velocity gradient, but are suppressed with increasing
ambient pressure. Also, the flame strength is globally weakened by the increase of axial
velocity gradient but is augmented by the increase of ambient pressure. However, flame
extinction is described better on the basis of only chemical reaction and in this study
axial velocity gradient and ambient pressure play a similar role conceptually such that
the increase of axial velocity gradient and ambient pressure cause flame not to be
extinguished and extend the extinction limit, respectively. Consequently, it is suggested
that a combustion process like flame extinction is mainly influenced by the competition
between the radical formation reaction and the third-body recombination reaction.
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Table 1 Chemical reactions and rate in the form k; = AT"exp(— E,/RT)
Reactions A n E. Reactions A n E,
() H+ 0, =0 + OH 51E+16 8816  16507.0| (17) CO, + O = CO + O, 2.8E+12 0.0 43830.0
(2) OH+ H; =H,0 + H 1.2E+9 1.3 3630| (18) HCO + M" = H +CO + M" 7.1E+14 0.0 16800.0
(3) H+O=H+ OH 1.8E+10 1.0 8920.0( (19) HCO + H=CO + H; 2.0E+14 0.0 0.0
(4 OH + OH =H0 + O 1.5E+9 1.14 0.0} (20) HCO + OH = CO + H,0 5.0E+13 0.0 0.0
(5) H+ HO; = OH + OH 1.5E+14 0.0 1000.0{ (21) HCO + O = CO + HO, 5.0E+13 05 835.0
(6) H+HO; = H, + O, 2.5E+13 0.0 6900| 22 H+H+M =H, + M 90F+16 06 00
() H+HO, =H0 + 0 1L.OE+13 0.0 1073.0{ (23) H + OH + M = H0 + M* 22E+22 2.0 0.0
(8) HO; + OH = H,0 + O, 1.5E+13 0.0 00| 24 O+ H+M" =0H + M" 6.2E+16 0.6 0.0
9 HO, +0=0,+ OH 20E+13 0.0 00} 25)CO+0+M=00, +M 5.8E:+13 0.0 0.0
(10) H:0; + OH = H,0 + HO; L.OE+13 0.0 1800| (26) HCO + O = CO + OH 3.0E+13 0.0 0.0
(11) HO; +HO; = HO; + O» 2.0E+12 0.0 00| @7 HCO + 0 = CO, + H 3.0E+13 0.0 0.0
(12) O, + H = HO+ H, L7E+12 0.0 37500 (28) O + Ny = N + NO 1.9E+14 0.0 76250.0
(13) H+ O, + M = HO+ M 23E+H18 .08 00| (29) NO + H =N + OH 1.3E+14 0.0 49200.0
(14) H,0; +M= OH + OH + M 1.2E+17 00 455000{ 30) O+ NO=N+0O, 2AE9 1.0 38640.0
(15) CO + OH = CO, +H 1.5E+7 13 2770.0| (31) NO + HO, = NO, + OH 3.02E+H2 05 2400.0
(16) CO + HO; = CO; + OH 1.5E+14 00  236500| (32) NO + OH = NO, + H 586E+12 0.0 30950.0

Note : K; is a specific reaction rate constant and A, T, Ea, R are frequency factor, temperature, activation energy
and gas constant, respectively. Unit are mole/cm s and cal/mol. Temperature in Kelvin. M means collision
efficiencies equall.0 for all species. M’ implies the following collision efficiecies: H.0(6.0), COx(1.5), CO(0.4),
02(04) and N»(0.4). M’’ implies the following collision efficiecies: HO(6.5), COx(1.5), CO(0.75), 02(0.4) and
Na(0.4). M’ implies the following collision efficiecies: HaO(5.0), CO»(1.5), CO(0.4), 0s(0.4) and Nz(0.4).
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Fig. 2 Flame temperature profile with distance from
nozzle exit of fuel
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Fig. 3 (a) Mole fraction of major species with axial
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Fig. 3 (b) Mole fraction of major radical species with
axial distance from nozzle exit : P = 1.0atm and
3.0atm at a = 36.0s”
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Fig. 5 (b) Variation of CO, and H,O mole fraction
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Fig. 9 (a) Vanation of mole production rate of H
with mixture fraction at a = 36.0s’ and P = 1.0atm
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Fig. 9 (b) Variation of mole production rate of H
with mixture fraction at a = 36.0s" and P = 3.0atm

860 / fFIvla ARl stE] A 30 8%, 2006. 11

Hepa olsh 2L ARER Ash, HEH 2
EHQ go] FAYNE 18T 79 dHol F
eHE A%, B9 A9 N

o
2
N
B M
32,
o
v
_(')‘_A’

B
Ll
9
i
S
pe
a1
©
box
e e
hul
N

Bl A9 A S e A8 & E5
et SHE7E A ol 545 jigoz A A"
23 43 g¥o] o]FolAA oGS wf BAsE A
o2 mysy Yo wrer o)) Ans
A+ Aol Agse] AUgE, RE S5

2.5x102 T T T T

2=5164.0(s™)
2.0x10° —— Net production rate of H, P=1.0(atm)

OH+H,<=>H,0+H."""""| ---- H+ 0, <=> O + OH, P=1.0(atm)
B S I OH + H, <=>H,0 +H, P=1.0(atm)
1.5x10" | \ ~==-H,+ 0 <=>H + OH, P=1.0(atm)
N - H +0, + M <=> HO, + M, P=1.0(atm)
- CO + OH <=> CO, + H, P=1,0(atm)

1.0x10% | g
ICO+OH<=5C0,+H

: . H,+0<=>H+OH

-5.0x10°

. e’ H+0,<=>0+0H
-1.0x107 |- H+0,*M<=>HO,+M g

Mole production rate of H (mole/cm’s)

-1.5x107 L . 1
0.0 02 z, 04 0.6 0 8 1.0
(oxidizer side) z (fuel side)

Fig. 10 (a) Variation of mole production rate of H
with mixture fraction at a=5164.0s” and P = 1.0atm
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