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A Study on Combustion Field with Intermittent Fuel Injection
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In this study, (the % HIIB%) combustion field with intermittent fuel jet has been investigated. A
combustor consists of inner central fuel nozzle and surrounding air nozzle. To reveal an effect of
fuel injection, (the % HIF%) ratio of fuel injection time to (the % Hl|F%) total period (R) is
changed. When (the % HIE®) fuel supply rate is kept constant, (the % HIB®) fuel injection
velocity is increased at larger R. In experiments, NOx concentration was measured. The fuel is
propane. To discuss (the % HIF%) flame structure and flame characteristics in detail, numerical
simulation was conducted. The fuel injection time and velocity were changed to in the range of
R =0.14, 0.20, 0.33, and 1.0. A flame index was obtained to examine (the % H!/F%) premixed and
non-premixed combustion regions. The so-called jet diffusion flame is formed at R = 1.0.
Experimental results show that, the combustion area is very fluctuating by intermittent fuel
injection. As R is decreased, EINOx is reduced. Based on numerical simulation, by decreasing
R, the flame region is detached at the burner port. In this case, some of the fuel is re-ignited in
burned gas area of high temperature. At this condition, it is found that fuel and air are mixed to
form (the % HIIF%) premixed combustion zone, with lower flame temperature. Hence, the low
level of NOx emission by intermittent fuel injection is explained by this partial premixing effect
of fuel and air.
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Fig.l Experimental apparatus
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Fig.2 Fuel injection and OH emission (R=0.5)

WIZ, KROBEHARGE AT T2, SRS E Lz
KRRITEBDIFFITRE WD, BHBIEE TSk
PIROZEF 2 RIS D Z LR TERN. 22
T, ETANATICEVEREEIT o7, t3=40ms,
R=0.125D 855 T4 S AL B RIRBE DA% (X4l
AT R SR K AUE, Wb BIERAR
D X ITREPEHERI AR E T D 5G b H D03,
& BN KRR T CTHAKT DML T
WD,

ta
(KT t2
5v -
Injec. | L il
LI
gl Lot LI L
0.5mA
0 50ms

Fig.3 Fuel injection and OH emission (R=0.14)

Fig4 Flame images by video camera (R=0.125)
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Fig.5 Variations of EINOx with fuel injection time
t ,at different injection period t;
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Fig.6 Variations of EINOx with fuel injection ratio
of R at different injection period t;

3. BNETILELURIERESE

ARG TN TET VA T IR SR 2
DOCBIFROMIEIEER & LTe. #REE, ZVHula s,
S L, AN rh, ST z e s D, G
(S 7] [ N < A 1 ) N 01 S RS i e



ZRV = HEREEG T r J5Tan 285mm, z TanTERER
ZERD ) AN 308mm & L7z

BT EOZEMZ DU T, oo sekO®© L [T
HHOTI ZTIXEMT 575, @, EERRT
A, =R B L OO T L BAEAUAR
OWREFFERZE D, LURD 4-S0AGE R FiV =

) PRSI FRE L, SMNEEBRE L

@ RAKITFMERIAL TS

() ik IR TS5

@) X —EITR CREMEGSR, HiES, Dufour
P R A%

IS DOEGEZE W TR R A TR AEREIC &
D EEIET 5. Aeds, 177 & BRI OMRRIZ X SIMPLE
EOZMM Uiz, sHREICIE—RE 285505,
FEMIE— UG LR fiik 28 U7z, eI 0%
At=1.0x107°s & L, SOR LI & 2#k 0 iz LEHE
w{To7=.

WG THIT 5. T 7 DOFRAGS
THHN, FEMIFRE LTRE ) v L 2ek ) Xv
DBV, HUININLET HNEE 2mm D ) 2L BEREL
LT a R E, EOIMADOWNEE 5STmm D AL
DHEBEAIE L CTELRERASES., ZoLE,
J ZNEOY) AL 0.3mm & L7-. EHEOY IR
TIIKEER S LTI S —F BN S A R X,
FOBEKFETT Uiz, 72, KON Tl R
FeU, AlmdsrEEEsE R, OB R
L7

PRE} & R 2 RO B TR SA TSR & FE R E
L7-. Zeiitidily, SOt Q=20l/min |Z
Y45 U,=0134mis —E & Lz, —77, Bgiiis
FHT &0 FHAN L 7= RS SRR 301 23 ORpE R
FRZRBE DTS A=, 7277 U EER & RS,
WESTEE R 28 2 72355 C b, BRI & Qr=130 mi/min
—EL L7, R723014, 020, 033, 1.0 D& X, &
BIE SRR U 1322 4.82mis, 3.45m/s, 2.07ms,
0.69m/s T 5. F7REIOMESEW] t;=70ms & T 5
&, EHEHIMITE NN, t=10ms (R =0.14), 14ms (R
=0.20), 23.3ms(R=0.33), 70ms (R=1.0) &£72%. b
TR, R=1 D& X%, B E e Ik & Hi9E
BIRBECH D, Tz, WITILHIREE ZEROAR
1% 300K & L7=.

BN & OWPEELE, JANAF table®@ iz 24|
BED A RSTEATR T 2 72, R L <

13, Smooke 5> Simplified Transport Model™ 23 L 7-.
F7o, AWFRUSHEE S LT Westbrook 07 U225k
DT BRI 2 Fi V.

ZA Exit
Center i .
Axis £ | Side
s | | Fuel _ :
[Tl 0811
Rim$ $4414:
' e
0] %E ! r
L,
P 0.3mm o
28.5mm |

Fig. 7 Analytical model and coordinate

4. BHRRBIUER

4.1 RE¥EE =T, kEHEEOWTHREIL
2. [X 8 | THESEI t;=70ms , MESTEE R=0.14 DEE
\AEBIVHERE, 7 a0 OB RS L ORGSR
FEOSEZNErurd. KUY, MIKREREE) R
H72 RSB 70 5 TR CO— BN BT 808
DOWEFBIAEN D 3dms R L7- & T DR TH 5.
el D728, K912 R = 1.0 DIEHGREE DR B b o~ d.
IHNBITEFRED L DERL TS, £ R=10
DOFGHABE TIL, BREIR X H Lz = 0 mm)iZf5k
RSN TEY, Wb DHETIER AR O
MBI, —T5, BREFEFIRES S5 &, [X8()
DIRFEARD O B iR DEEHRTEDA L 0 180K
LIRS D 2 Evbotz. E£72, K 8 mEsE:

FEOMARIC K D & RRENIFI 3% < 700, Sesft
ITCT—ERDKRDGIHEL TND Z & D35,

WIZ, KROIEEFZFENZOWTIHRD 7280, X 8
& RIS TR DN B kA AT
10 LX) 1112, EERB IO v R OB BRI
(DR LA T, FEEERANT 70ms TH D,
Xl(@)~(C)I FRELONE S BRLED > ORGERERI A3 E 2
At=10, 34, 60ms DFERTHDH. ZhHDOKED,



MIRVES L7-REHE,  E9VERERIC AU O T
KL, ZO%EEZ t=30ms RiiZIZBWT, FiOHA 2
JVCEAE LT PR SRR A a5z L CH
JEEK LTS Z EDbinoT-.

300
250
200

150

-

100

50 50
0 Oh
0 510152025 0 510152025 0 510152025
 — [ — [ —
300 2500 0 0.2 ) 0.4
@T (b) Yeare ©Q

Fig.8 Distributions in intermittent combustion (R=0.14)
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Fig.9 Distributions in continuous combustion (R=1)
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Fig.10 Distributions in temperature (R=0.14)
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Fig.11 Distributions in propane mass fraction (R=0.14)
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Fig.12 Distributions in flame index (R=0.14)

4-3 TESLEOFE KIS, BREIOWESE AL
(LS 7z & ZOKBEEDOENEFH~T-. K 13 120
StEE R=0.14, 020, 0.33 |[Z8IT DiE i AT
FEZT t=34ms TH 5. Z OIRENAIC LA,
R=0.14 OMFEIX NI CTHAEKT S Z LGRS
7273, R=0.20, 0.33 DIGFEIIFFE KOS & TR0,
ARIOFEFETIE, REIOWEEZ —EIC L CEf s
IEZTNDIZ, MEREAKE U NE SR 2t L
TWAKRHITE < 720, Bt/ NS < 72
5. LIzido T, BRERR#HD/NS VW R = 020, 0.33
DOBFEVIMERRIIEER S, RERS TR OBER A
BT HRNTRBEL = b L bns. —7,
PREF DR K Z U R=0.14 DAL, / AVH
AAH 720 CIIRBEA 58 T8, BB TR E
ELTHBEALEZEEZOND.

KBDIEEFFINONTEBITHETT D720, K
R EORRZA LA F8~7-. R=0.14,0.20,0.33, 1.0

300 300f

\

250 250

200 200

150 150

150

100

50

o
0 510152025

100 100

50

50
0

0 510152025

0

0 510152025

[ — | [ — | [ — ]
300 2500 300 2500 300 2500
(@) R=0.14 (b) R=0.20 (c)R=0.33

Fig.13 Distribution in temperature (t=34ms)
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