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Theoretical  model  ((a)one-
dimensional premixed flame,
(b)counterflow diffusion flame,

(¢)counterflow double flame)
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Table 1 Elementary reactions directly
related to formation and de-

struction of NO

C+NOZ2CN+O (156)
CH+NOZ2HCN+O (157)
CH,+ NO 2 HCNO +H (158)
CH, + NO 2 HCN + H,0 (159)
CH,+ NO & H,CN + OH (160)
HCCOC + NO 2 HCNO + CO (161)
CH,S) + NO Z HCN + OH (162)
CC,+N 2 NO +CO (166)
CN + NG, NCC + NO (184)
HO, + NO 2 NO, + OH (188)
NO,+H 2 NG + OH (189)
NO,+0 2 N3 +0, (190)
NG, +M ZNC+0+M (191)
NCO + 02 NO + CO (193)
NCO+OEZ2NO+CO+H (195)
NCGC + NO 2 N,0 + CO (197)
NH + O, 2 NO +CH (201)
NiE+NC 2 N,O+E (202)
NG + G 2 2NO @e7)
NH, + NO 2 NNH + OH (216)
NH, +NO 2 N, + H,0 217)
NNH + NO & N, + HNO 222)
HNO+MZHE+NG+M (228)
HNO + OH 2 NO + K,O0 (229)
HNO+H 2 i, + NO (230)
HNO + NX, 2 NH, + NO 231)
N+NOZN,+0 (232)
N+0,2NCG+0 (233)
N+OHZ2NO+H (234)




Table 2 Nine main elementary reactions
directly related to formation

and destruction of NO

Formation
N+OH— NO+H (234)
N+0O,— NC+0O (233)
N,+O— N+NO (-232)
HNO + OH — NO + H,0 (229)
NO,+H — NO + OH (189)
Destruction
E+NO+M— ONO+M {-228)
CH+NC—~ HCN+ O (157)
HCCO + NO — HCKNC + CO (161)
HO,+NC — NO,+ OE (188)
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Figure 2 (a) Flame structure and (b)
reaction rate distributions of
main reactions directly related
to NO formation and destruc-
tion of one-dimensional pre-

mixed flame (¢ =0.7)
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Figure 3 (a) Flame structure and (b)
reaction rate distributions of
main reactions directly related
to NO formation and destruc-
tion of one-dimensional pre-

mixed flamme (¢ = 1.0)
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Figure4  (a) Flame structure and (b)

reaction rate distributions of
main reactions directly related
to NO formation and destruc-
tion of one-dimensional pre-

mixed flame (¢ =1.3)
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(a) Flame structure and (b)

reaction rate distributions of
main reactions directly related
to NO formation and destruc-
tion of counterflow diffusion

flame (up = ug = 5cm/s)
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Figure 6 (a) Flame structure and (b)

reaction rate distributions of
main rcactions directly related
to NO formation and destruc-
tion of counterfllow diffusion

flame (up =up = 180cm/s)
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Figure 8  (a) Flame structure and (b) re-

action rate distributions of main
reactions directly related to NO
formation and destruction of
counterflow double flame (up =
ugp = 180cm/s)
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Premixed Flame (4 =0.7)
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Figure 9 Quantitative reaction path dia-
gram of NO formation of one-
dimensional

(¢=0.7)

premixed flame
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Roles of Respective Elementary Reactions
and Dominant Reaction Pathways
for NC Formation in Methane—Air Flames

Makihito Nishioka, Atsushi Kurita*, Yukimi Kondoh and Tadao Takeno

Department of Mechanical Engineering, Nagoya University

* Mitsubishi Corporation

Dominant reaction pathways for NO formation in methane-air one-dimensional premixed
flame, counterflow diffusion flame and counterflow double flame were studied numerically
by using NO kinetics and C,-chemistry compiled by Miller and Bowman. The spatial
distributions of the reaction rates of 9 main elementary reactions directly related to NO
formation and destruction were calculated. Integration of the rates of all reactions in the
NO formation mechanism across the flamne yields the quantitative reaction path diagram,
which shows clearly the relative importance of each reaction path in NO formation and
how it changes with the type and parameters of the flame. The results show that the
thermal and the Fenimore mechanisms are dominant respectively for lean and rich pre-
mixed flames, and the latter is dominant for diffusion flames and a double flame of high
velocity gradient, while the two mechanisms are comparable for a double flame of low ve-
locity gradient. These correspond well with the previous results obtained by the authors
[Nishioka, M. et al., Combust. Flame 98:127-138 (1994)]. In addition, it was found that
the IICN recycle route is important for diffusion flaines and double flames, and that the
routes of mutual transformation between NO and NO,, and between NO and HNO do

not contribute to the net NO formation.
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