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Flame Structure and NO. Formation of Counterflow Flame Using
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In this study, numerical simulations of the counterflow diffusion flame and the counterflow double
flame with oxygen-enriched air were made by using the GRI chemical reaction mechanism (NO:
included) in order to elucidate the effects of oxygen concentration and equivalence ratio of mixture
on the flame structure and NO: formation. The following conclusions were reached: (1) In the case
of counterflow diffusion flame, as the oxygen concentration increases, the width of high-temperature
zone becomes larger, so that NO formation by the thermal NO mechanism increases, but that by the
prompt NO mechanism decreases and becomes negative. (2) In the case of counterflow double flame,
as the equivalence ratio becomes large, the NO formation by the prompt NO mechanism at the
position of the fuel-rich premixed flame decreases, and that by the thermal NO mechanism at the
position of the diffusion flame keeps approximately constant. (3) In the both flames, NO formation
has a maximum at about Yo2=0.8, and it decreases steeply above Y0.=0.8, because the nitrogen
concentration decreases.

Key Words: Counterflow Flame, Numerical Analysis, Oxygen-Enriched Air, NO: Formation,

High-Temperature Combustion

1. # B

EHRELETRERR L 0 YD HT S ABMDEL >
BIEFIIBWRESNINLE LR TIRAINTWS
MO, GEE, MERBIERSOBLAEESLANT, FO
BENLZEBIXNF P, CO,DHIEBLUVERINOES
STIZEEVEDSNTWS. LML, KZROBERILIZH
SNOLERR DMK 2 MGIE R OBFENRAI R TH
5.

INETOMETIE, BHABEI~0DEFESILE
SRBEC DV TIEEFRIZE D KRBERLCTRILFE—%)
BOFEICEKD TRIINF—HRNEFE NI &, FHERS
Bz EE L TREAXRORBEHEICLD, FREEX
ROYUBHEOSUTH LIS LTS BB E,
NO, 2 Z100ppmEA T ICHIHIG 2 Z &N TE 5 2 &A%
SN, LMhLANS, EBROBRBEF T, EXK
EREI OB R L EIEIEEICR S HENH BT
DIZ, LEEDOL I BBREFEH D WTBBRLEROER
FEARICB T ANODHIH B IEEICEE TH S Z EANHE
FENTNZP0, /-, SEERIRE TOMEES, EB
DB CTHERRESOBEBSINREOH HitEE

* FERERAT 20004 8A7H.
¥ HERRFERFE.

¥ ER, AHBR¥FRFREIFIIRAI (D 464-8603 £HETT

TRXAEHD).

E-mail : yamashita@mech.nagoya-u.ac.jp

LRI EAERIN TN,

TIT, FPARTHE, FHBRICHEIBEEZEL, BFE
BEZEKZAWHMRIEBARBEIVO B L ORE
RITEITY, BRIBEE&URIEMNKEHED XUNO,
HERIZEZADEBIIDVTRE L. 2 S OFERS
DB SIEBROBER BRI M OBRICHEALR
HMAZEE5AXBHEEXS.

2. BAETINBIUHRERNSE

AR THW-FEE Koo miEmiEBk B L
VUZEXLEOBHFET N EKIBIUATRTOS, —>
D ) ZIVISEEEEL=15mm/S N E L TW D SRET
5.

MEGILEBA R DB E, £/ XM EAY B HE
Uger RET . BEY, (T, A/ XD SEEELE
K[UNHE B, BET,,. BEY,,  THFENS. Z0HE
12, BB ) INVFEDICE EHTEMNEEL, LEH
HOBEALRANTIL ARSI R ENS. 5tELRHFIERUT
DEDITUT72. ugg=u=1.0m/s, Ty =T,;=300KET 5.
RENIBIRRIZA S &L, BACRI OB R DA RS BY 0p 01
%#021~0.99E kS, BODRMNITRTEFREL
7=.

AR _—EAROBE, EM/l ) ZIh S5 A DR
FTRAEGE R,y BET,,, BEY . (3&8oé=

— 262 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

/

CIT, ol3FE, TRHIRE, o, ZEELR, AR
ig%‘}; },"; I/,"x, h,', w; }i%n%nﬁzﬁ i UDEE&}&, X

BRRELERE AR ARAROKKRMES & U NO- £/ 1579
Stagnation plane aT aT aT
= —_ A==
y ' P e TP T\
1
A ! Diffusion flame X dT ¥
: +‘le),tcp11/l,xz+i2|hiwl -0
' L\
1 ~ NY
| - Pt
v /‘ \é x p=pRTY oy

o
\

O.-Enriched Air

Uairy Tlin Ylm!

Fuel
Usuets Ttuet, Yiuel

Fig.1 Theoretical model of counterflow diffusion flame

Stagnation plane

]
y ]
A Premixed flame

|

Fuel+ Oz-Enriched Air
Unmix, Tmixy Yi.mix

Fig.2 Theoretical model of counterflow double flame

Diffusion flame

I\

N

./,

O,-Enriched Air

air, Loy Yiaie

(Yeuamix / Yormix) / (Yeuamix / Yormn)s) T»- BRI XV
SERELCEINERHINS. OB, BETESKX
REFEBARNSBRENTZZEARNEREINS. 3
BERAEBUTOEIICUR. upp=ttays Toap=Ta;=300K &
T 5. BEENLEQDERDERS EY,,.:130.30, 0.80,
095&£9%. AV VHBRBTEAKOBERELTRID
BRELEIEAL, YR 6=15, 1.7, 2.0, 2.5, 3.0,
A0ITRET 2. MPEEEVBERBEIILVEDZDT,
KEHT ) XINOBICEREND LS ICEHEEL 0.5,
2.5, 3.0n/sEFR L. b, RI—DEERIBE CHERT

BEEROUBLELADHAICIIEFNEEEZ—EE LIz

FHETRFENBE2FET -RTRT o vilfi& L,
RESSIVBEBICBOVTHUANERATEZ LD
RETS. REFERICTHNOT Soret T (BEHD
FENEHBIZERT S, TRNF—RERITB T, Dufour
PR, B, MEBEB X CEH LB Dp/D & ERT 5.
XEFERIIRRELS.

aY, ay, d .
Pa—t’+ P“;'*f P;(PY.K;)‘"# =0 i=1-N

HEHEHGERE, I )Y, BREREESRT.

NS OXEAER ZHEFERICBOCHRERMEE
AOWTHEEBILL, BREIZIDWLWTIZ—RE LEZ, B
HEIIDNWTIE Euler DFELBMMEZFALRLOO, &
BIZA T 7IZBNT SOREICK B 0BRLEEZT
W, BRI 0.1 B E, PERHIEMEIZ1.0X10%& Lz,
ZEHETFIISHIET 201 X, HEOMMRME Sus &
L.

{EZEREGEBHBIT NO, DERKIEZEE GRI-mech
21192 AV, 49 MO EIE-¥ 279 HOERIEEE
Bl BAZEEHEIZDWTIZ CHEMKIN F—4& X—
2DV, BE RO EIZIZ Smooke S D Simplified
Transport Model® % fV 7=,

PREERE q, BREREE w, ZZBMNICRNT S/
DIT x HEEME, 37205 B AKER YD ORFE
HHEE qum HBREREE w(n EUATOLIITEHET
5.

Qum = [oGdX W, = [y widx

Eio, BAKRERMU-DDOAY VIEBRICHT S
NOA LB % & I NODEmission Index ElnoZ A FDED
IZEET DO,

w NO,sum

L
JoWnodx
Elg =— -t
CHy -sum "'fo WCH4dx

3. HAKRELURNH

31 kKB :

311 BRBEORE (NMiki#tkR) At
BALDRERFIE LT, BRBEY,..=03B8LU%080D
RUTORET, ERS DB RS RY, D534 % K 3(a),(b),
BREEE, REEPITHRE NS5 HIH, O, OH,
CH,D'E B 4 sl B w, D ZE ] 53 711 % [ 4(a),(b)ITRT .
FPORBRIL EHTOMEEZERT.

BESIME, Yoru=03DHE, x=65mmTHHY—7
ZLDBN, Yoru=08NF A ITI1Ex=5.5~Tmm TH iR
DENEL 7S LBEE—&23. BREFEEIL, £
S5OHETHBTDODE—DV E2RFE, EMIDYq=Yo=0&72

— 263 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1580

BFECES AN FIFK L DKEREES & U NO: £

2HDC— I BEAKREEERIEICTS.
H34RENACFEMAIFICE > T, KREOE—
IMEICAY > ORE - BHERIGICK D EREN, 5
— DD — I NEICKLBETEREINALH, O, OHF Y
ANDEACRRNCIAE L, 0, & RIGT 2HFRIRITXK D
BREND. Yo,,=030H AT, BEARBEDIIEE
KAEALE EDIFIFR U TH DY, Yo,,=0.8DHHITIZ
Y— 7 BOEEARN, oMM ERAERBEE S Ko
TWs. ZOBMEL T, Yoru=0.8DBREITIIELRIR
E@%Mt;@%ﬁ&ﬁﬁﬁ%mtb,a(maaw
FOANEADTEMUBLLS 2HTD &, £io, KR
EAS B & & AEITEWFATICER E N, BIROHES
M2 18D T EIT X D IRBER BT TR AR5 DS AL B
AEHLRTL B I ENEXOND. I5IT, #BR4E
FWEICDWTIE, BRBEMNMATSE, —DHOE—
7 DREHI TR BRISICEDADE— 7K ELSIZD
EOY—2%§EH57d, “DEOE—7 DEKDOESG
M—DOBEDOEY—2&L0DHKRE<KLD.
312 YBRHEOEE MRAK_EXR, Yor.=0.8)
St E AR DRER E LT, BERIBEY,,.=0.8, i
A Eu=2.5m/s, BEBTFRESRDUERILO=155LTV20
DOLBETORET, TROYDERDPRY, DM EIKS, B
S, H, O, OHDE R4 pREEw, D5 7 & K61

(@Y p,4=0-30

3000

2000
3
] -
1000
0
0.
T 3
T 1 3000
(o) 4
08 : 2y
CH, | ]
_osf | y 2000—
;‘_ r I co ] X
04 | [ H,0 ] =
| co < 1000
0.2 2
(] . 0
4 5 6 7 8
x [mm]

Fig.3 Distributions of major species mass fractions and

temperature with stagnation plane (Diffusion flame)
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Fig.4 Distributions of major species mass fractions and heat

release rate (Diffusion flame)
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Fig.5 Distributions of major species mass fractions and
temperature with stagnation plane (Double flame,
Y02,2=0.8)
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Fig.7 Effect of oxygen concentration on flame temperature

and summation of heat release rates (Diffusion ﬂémc)
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Fig.9 Distributions of NO mass production rates by various
elementary reactions (Diffusion flame)
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(a) Summation of NO mass production rates
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(b) Emission Index of NO
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Fig.13 Effect of equivalence ratio on summation of NO mass

production rates and Emission Index of NO
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