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Numerical Study on Flame Structure and NO. Formation of
Counterflow Flame Using Oxygen-Enriched Air
(Effect of Strain Rate on Reduction of NO: Formation)
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In this study, numerical simulations for the flame structure and NO: formation of counterflow
diffusion flame with oxygen-enriched air were made by using the GRI chemical reaction mechanism
(NO: included) in order to elucidate the effect of strain rate on reduction of NO: formation. The
following conclusions were reached: (1) As the strain rate increases, the maximum heat release
rate increases, and the width of high-temperature zone becomes narrow. (2) In the case where the
strain rate is small, the thermal NO mechanism is dominant of NO formation, and NO formation by
the prompt NO mechanism is negative. (3) As the strain rate increases, NO formation by the
prompt NO mechanism increases, and it becomes positive when strain rate exceeds 400 s7'. At the
same time, since the width of high-temperature zone becomes narrow, that by the thermal NO
mechanism decreases, and it becomes smaller than that by prompt NO mechanism for the case where
the strain rate exceeds 1200s!. The decrease rate of thermal NO is bigger than the increase rate
of prompt NO, so that the total NO formation is reduced by the increase in the strain rate.
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Fig.1 Analytical model of counterflow diffusion flame
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Fig.2 Distributions of temperature and major species
mass fractions with stagnation plane and flame
front
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Fig.3 Distributions of heat release rate and radical
mass fractions with stagnation plane and flame

front
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Fig. 4 Effect of strain rate on maximum temperature
and total heat release rate
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Fig.5 Effect of strain rate on the first and the second (a) K,=133.3s"
maximum heat release rates
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Fig. 6 Distributions of NO mass production rate by
various elementary reactions

ARG

N:;+0=NO+N (=R 178)
N+0,=NO+0 (R 179)
N+OH=NO+H (R 180)
HNO+M=H+NO+M (—R212)
HBE G

CH+NO=HCN+0 (R 246)
CH;+NO=HCN+H,0 (R 255)

BRAHUO— >OBMRKEREOE — 7T,
Thermal NO ## D —R 178, R179 8 & 1F R 180 3
B, HEIOROBIMNCED, KEREBEEMETL
FEIREE R E 270, EREEE L CERE — 7|
EHICWA L, KREID Prompt NO AR E — 2
MBIV DL, KREFHIED Prompt NO &, K& &
BUCREREMN V), ERE—7HIIEIRER
BRI 7% {, Thermal NO&ERENH B 720, 2D
NO %% Prompt NO OHEBIZHER S 11T 5 0O THE
E—27@NEAT 5D, NO BEIERBESEPED L,

— 148 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi

BREERE B IR D XSS & U NO: A B3 2 BB

neers

2639

EOERENBL T 270, HEZSEOEIMS X

Extinction .
0. 001 T DRKELBYT B, M6»o5bh» s k3, Prompt
,'—"E 0. 0008 ! NO BT 32 ZKIER TXTKLHEMET TR D,
L : Thermal NO ZB84 2 R 179 & R 180 13 K & Ei A1
~ [ ]
5, (00006 Total NO s T NO 4z b5 L T %. Thermal NO 0%
-
= 0.0004 : BTk, R179 &£ R180 DF S5O RH—R18 DHE 5
£ Thermal NO;
300002 ' EE LW, 202 &5, Thermal NOB £ U
g Prompt NO X80 £ 5 12 U CEsic & L 7o,
0 .............. ZUTherma[NOZZXWNO,RUS ........................... ( 7)
-0. 0002 Plrmi"ptl N0| WpromptNO = WNO — WThermal NO *7 777 "r"rrrrrrreee (8)

0 3000 6000 9000 12000 15000

Kf | ;s

Fig.7 Effect of strain rate on total NO, Prompt NO and
Thermal NO mass production rates
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Fig. 8 Effect of strain rate on emission index of NO
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Fig.9 Quantitative reaction path diagrams of NO formation
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