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Study on Unsteady NO. Formation Characteristics in Diffusion Flame and
Verification of Combination Method Predicting NO. Emission of
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(Extension to Diluted Fuel and Preheated Oxidizer Conditions)
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In order to predict accurately the NO. 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. We examined whether this method could be extended to diluted fuel
and preheated oxidizer conditions. With the aim to find out the recombination parameters and to
prove the validity of them for these conditions, 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: It is necessary for extending this
method to change the definition of the mixture fraction Z in consideration of fuel dilution. The
production/consumption rates of major stable species are mostly determined by the scalar dissipa-
tion rate at flame surface SDR4, 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 for diluted fuel and
preheated oxidizer conditions.

Key Words: Diffusion Combustion, Turbulent Flame, Numerical Analysis, NO Formation,
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Fig.1 Theoretical model of counterflow diffusion flame
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Fig.2 Effects of fuel dilution on instantaneous distributions of various physical quantities, (a) Velocity in x-direc-
tion, (b) Heat release rate, (¢) SDR, (d) Temperature, (e) Mass fraction of NO, ( f ) Mass production rate
of NO

— 153 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

2644

K RICBYT 5 NO. DIEER ERFHEDMEEA L &R TRIFHEOKRIE

BEENKEL RO XY VOHEBDE Your I/INEL
5 E, BRMEMRICIES T, REEENER LR LK
RENIE B EFIED 5 X EASDIF S BT 5,
Eie, RISBREDB/NS S B 570, REEREDOY —
ZEEBAL, HEARBELET TS, KRBRED
ETICED, NOOEEEREE IR L, ZOEE
LIETT 5.

iz, EEEBUELARL 2 0IC, HELEHOIRE
¥} /=100Hz OBEzOWT, BB, AVH DO E
ur, BOIKREEEDH 72D ORFEERE Qum, KKRE
TDA D TEEEE SDR,, Em KKEE Thax, CO,
BEUNODEEAREE weossum B & U wnosum
DO—REc b7 2RMELER 3(a)~ () IZRT
EFEOBEE, EEISEIRE k2 L, BEs
FUBMEARIOBEZ SBEPKELS 25700, KIGHEN
DFENSDMIGENE L B DEDTHRIBEENKRE L
3, —AT, BEIIBLKE 2D IREE Ebké
{2780, BRKIGEEDOMENEHNS L 5 L

i, KRBEMET T2 I EHonTW5, IO
_kz%éTé&-#Eﬁw%A i, A
EOIEZIRENI L T, RS2 R TEBRIIMMEN
BRESTEBEZRLTWA I ENb® S, ZHICN
L, BEEE Qum 3 & U weosoum & SDR DZL O

RGBSR 5N b, £72, weosum 135K
RIBE Toax DFEALE R REEN TR L TW5 Z LW
bbb, TOXDREEIIEIHRS THOS MR L
FERTHY, SDRe B & U Toax EHHEE /ST A =%
LT, MEEREECH U CTIELTHWS Z &8
TEBLIELERELTWS,

42 BEBIFHIZL 2 KEBE~DEE
T, BAtH 2 FRAL B O XRS5 2 58
IDVTHRETY 5,

9, BEMEIH O W ur=1.0m/s, BMEID X 5 >
DERDSE Yo, r=1.0, BILF  AVHOEE To=
300, 600, 900K B &£ U 1200K DEHE LEFWCE T 5
BT u, BEGEE Q, A7) 7 HORHEE SDR, &
BT, NOODEEDR Yo B VEEAEE wo
DOEMSHEK 4(a)~(£)IZRT, ZhdDEHD
BECEBREAROBEENPASZSERT 0T, R
REDPRI U2 & 5 B OHORE 2R L
fo. L7edoT, S EAAMEBRENRL L, &8,
B LRI I RS (b, MEZ SBITAE L
H, E, BREBREED SR WO TKEEAE T
WBEAEERLEZY, TDX31E, /ANVHOTOE
T 2%E W, EE OB TR A EERK

SEKREEE TR T 2 Z L ICHEBETALELRD

20
2.0 @ 0.7 (b /N\ (c)
1 \ 1 e
1.5 KTN < 06 - N S \\
€ 1o ) S o5l 4 N 2 /i *k
\:’- ! ‘ : = ,// \ E 84+ AR ]
0.5 Ao\ £ S 0. 4r by % L
0 : 0.3 0
0 025 05 075 1 0 025 05 075 1 0 02 05 075 1
50
2500 7 25 @ ()
2400 70— : \
¢ B V/fﬂﬁx E // \\ g //fl\
% 2300 Sl P S 2 15 4 N z N7
€ -.,,"'““ '”“.,.~ . ' - -~ - O\
~ ‘~. R I N RN e i Sl
2200 ~ . g 10 2 N T e A
] 2 2
5+ 20
21000 0.25 0.5 0.75 1 0 025 05 075 1 0 025 05 075 1
FARIOQ)] Sel) ()
Yenor=1.0 ----- Yon p=0.8 oevee Yenor=0.6 -~ Yeu,r=0.4
orur=0.641 kg/ (m?+s), To=900K, f=100 Hz
Fig.3 Effects of fuel dilution on periodic variations of various physical quantities, (a) Spout velocity of fuel, (b)

Total heat release rate, (c) SDR,, (d) Maximum temperature,

Total mass production rate of NO

(e) Total mass production rate of CO,, (f)

— 1564 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

TERK R BT 5 NO: DIEEFER OB LSS FRIFEOBIE 2645
1 : 2.0 80
(a) (b) [“\ (c)
B 18 60 A
, 2 40
= p PR <2 0.5 E )
-1 \ ‘ oY) ) B2 ) .
3] 0 . 0 ] \
-2 -0.5 M 0 e
3 5 7 9 3 5 ] 9 3 5 7 9
2500 0. 0005 0.8
7T © l© y ®
2000 T aral 0. 0004 : _ 0.6 ;
AR ! : !
o 1500 A WA 2 0.0003 - 5 o A
z / \ Rt H €02 i
= 4 e B L 3 0 G
1000 Vi > 0.0002 S 2 ey
J \' /it g O X
500 r4 X 0. 0001 ~ ’ 7 \\ = 0.2 \"~,‘u
0 [ s -0.4 /
3 5 7 9 3 5 7 9 73 5 7 9
x(mm) x(mm) x(mm)
To=300K ----- To=600K -+ To=900K ----—T0=1200K

ur=1.0m/s, Yen,r=1.0, steady state

Fig.4 Effects of oxidizer preheat on instantaneous distributions of various physical quantities, (a) Velocity in x-
direction, (b) Heat release rate, (c¢) SDR, (d) Temperature, (e) Mass fraction of NO, ( f ) Mass production
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