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Study on Unsteady NOx Formation Characteristics in Diffusion Flame and

Verification of Combination Method Predicting NOx Emission
of Turbulent Flame
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In order to predict accurately the NOx emission of turbulent diffusion flame, we proposed the
combination method based on the laminar flamelet model. In this method, the detailed kinetics
calculation is separated from the turbulent flow calculation, and then they are recombined in terms
of recombination parameters to yield the NOx emission of the whole flame. The recombination
parameters have to be defined in common for both calculations. With the aim to find out the
recombination parameters and to prove the validity of them, we carried out the numerical calculation
for the unsteady combustion characteristics of counterflow diffusion flame, in which the spout
velocities of counterflow varied in a cyclic. The obtained results are as follows: The production/
consumption rates of major stable species are mostly determined by the scalar dissipation rate at
flame surface SDR,, and the production rates of intermediate products and nitric oxides are mostly
determined by SDR, and the maximum flame temperature Tmax. Consequently, it is verified that
SDR, and Tmax are appropriate as the recombination parameters of the combination method.

Key Words: Diffusion Combustion, Turbulent Flame, Numerical Analysis, NO - Formation,
Counterflow, Laminar Flamelet Model, Combination Method
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Fig.l Theoretical model of counterflow diffusion flame

%2 Simplified Transport Model ¥ #5538 L THEH L /=
EEHTIE, MREOHBILICIE—RE £, B
BIARIZ DWW TIE Euler OEERMEEREAL, K%
AldAr=5ps & L7z, BREHEIZ T v 12BN T SOR &I
KOO BRLEEZIT /2. x HRIOENME TFITLERIRE
BT &L, #TIE0.075mm D 201 & L7z,
FEFTIE, BEAE 213, BROBBRI/RETEH
ELRATERL 2.
7 = YNz - YNZ,O (5)
YNZ,F - YNz,o
iz, B ARAEBEDZ 0 ORFBEEEB I MEE
BOHBREREEIIRRNTHELE.

Oun = [ 0 ©)

Wisum = J: w,  dx )

3. HEBRELUER

31. FEEAERRRY

FEHTE, /XVHEOEEZ2EL ORSKB L OE
ETEXRE S BB E OMARLEBRAL DT ER
BERAMIC DWW TR 5.

¥T, EEEAXROBEKKEEEZFANS. / XHED
VEIEE up=15m/s & u,=2.0m/s DRHETIE, Amp=1.0
DHPEITHNT, EFRBREICK > THENHELBRZE
—RICRESEBAZIZHMNDS T, BNREHKS
HTIE, HRIZESRMoE. —F, u,=1.5mis DBPE
WFHIREIEAY SOHz AT, u,=20m/s DB A IZIREIKM
100Hz LAFIZ72 5 &, HRICER I E2HAL:-. 0D
£OIT, FEEREB T, HAREN—BHICHEL
BAZEATH, REENPAZIVESITITARBEN
REETFLRENIBIZ, RAEENBWNELS S
DT, KRBHEFFEINSE. LHLL, BEHEINNI NG

— 206 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BHKRICB T 2 NOx DFEER LRFHE DM & 5 ¥ FRIFEORIE

455

PaN

&, HARREZBIDREVES TS IELKIRDZLD,
KRPBFTERL B2 EDBDEEZILND. ZDX
SR KRBT S EMIZIENOFEMO L —-FT S
M, EAETIEBERERZTTRL, 32 fiTRR5 &
I, TRTOFEEEBRICBITDAKOREZH —
BICETZEDOTEHMY MR (BREENTA—
%) 2RHTIELEEMNELLTNS.

KIZ, HEEKRDOAKBEERTHROEMAM
ZOWTKERHT 2. LHHE u,=1.0ms, Amp=1.0,
f=100Hz DHFETDONT, M f+ =0 BLL f+1=051T
B DG EEE o, BREEE Q9 AN T —HEREE
SDR, HE T, NO DEEDE Yo BXLU NO DEBRAERL
HE wyo DEMAHZER 2 @)~OITRT. 2B, b
DOAFTIE / VI DERE up=uo=1.0m/s &735. HL#k
DI up=uo=1.0m/s DEHEMOMER B TR,
KMh6an5E51, FHEARNEL THAEEED
Bizn, BEOEEARZET TIIAREBEIIRESR
NWZENHLNTHS.

O, REFKROMBRMEZANDLDIC,
un=1.0m/s, f=100Hz, Amp=0.8 BEL Amp= 1.0 DFEIT
CDNT, BB VIO EE up, BALKREEED
20 DBFELERE Qun KRETOD SDR,, EEARKE
B Towe CO,BLU NO D2HEEEREE woopam PX
T wo.sum D — AR DTz BEERINZLZ K 3@)~(ITT
. HBOEDIC, EHEM Ump=0 DBFEITHY) O

BEHWRTRUE., —REICEEKROBEICE, &
EARBAZEVFERARBERENREL D, KLR
ENMEL 25, M3 ITRULEFREEAROREITN, /
ZIVHOEE u OEBNREIC L 2EEAROEN
WU T, KERBEEERT T Que PRUVTEE(LFHE
D w;, on 12 EBAYKICREIL TV, MHENENS
ZEMbMB. £z, SDR,IZINS OMEERHEEERT
HBROINE ERRBEHERLTVS. ZOZER,
SDR, 73/ RV IHE up TERSINDEELE, 72
bEAkLBERL XDH, EEEBRICBITDARK
HITHE T3, KDBYRBRBEHEAENIA-FITHDZC
EERBLTWS., LML, FHATEHEEL TSR
FRELHI D wo, um & SDR, IZIZ B2 B BIRASR 51
T, OULABREKKBE T EFREREHZRLTH
50T, BEBRIYAERBOTRAOLDITE, 5K
T ZOFHER/NTA—Y ELTEATILENHD L
ZZ5N5%.

FEEEUET TRIBOBNARBZHNCEZ HEE
EERTS. M3ITRTLIIE, KREERORFBLERE
Oum DM R D IEREIRBNC N U T AEN 2 EWIER
HICIREI L, SDR, DRI SHEL TND T &A%
N5, 72B, RIB Amp=1.0 DHFETIL, Qunid f* =03
L0753 BT DOMKAMEEES. S f+ =03 {HAD
BAEOBRIZDOVTIE, EEARRICERT 2B
BALF OIBIHROMEMIC X ORRBAEEENHAT S

100

1 2+

: (a) ] (b) v {c)
. ] A 1.5+ 75-
Zz : § 1 %
= ) S 05 g
-1 Vot () : < . :
2 . — -0.5- . — 0- —
0 5 10 15 ) 0 5 10 15 0 10 15
2500
,; . @ 0000207 & 0.3 : 0
< / \ 2 0.00010 ; 3 \
7 1 : ; g "
ook 0.00005 A £ .
500- J U E o) = -0.1“*'-
04— 0 AN W 0.2t
0 5 10 15 0 5 10 15 5 6 7 8 9
x(mm) x(mm) x(mm)
- - um=1.0MV/$ steady state - tm=1.010/s £=100Hz Amp=1.0 Ft=00 —— um=1.0nVs ~100Hz Amp=1.0 £=0.5

Fig.2 Instantaneous distributions of various physical quantities, (a) Velocity in x-direction, (b) Heat
release rate, (¢) SDR, (d) Temperature, (e) Mass traction of NO, (f) Mass production rate of NO
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Fig.5-1 Instantaneous distributions of various physical quantities for SORg - 12.0s-1 and 7max=2064K
(a) Velocity in x-direction, (b) Heat relcase rate, (c) SDR, (d) Temperature, {¢) Mass fraction of NO,

(f) Mass production rate of NO
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Fig.5-2 Instantaneous distributions of various physical quantities for SDRg=7.0s7! and Timax=2211K,

(a) Velocity in x-dircction, (b) Heat release rate, (¢) SDR, (d) Temperature, (¢) Mass [raction of NO,
(1) Mass production rate of NO
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