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Flame Structure of Turbulent Premixed Flames in Opposed Jet Burner

LR R

et /A OEAT - JbE BEEE? - B

FER

AHN, Chulju'*, AKAMATSU, Fumiteru!, KATSUKI, Masashi', KITAJIMA, Akio?, and NOGUCHI, Yoshiki?

U KRR FKRFBEL AR T 565-0871 IR 1LIFH F: 2-1
Osaka University, 2-1 Yamada-oka, Suita, Osaka 565-0871, Japan

FEEFARAOIFAT T 305-8569 2 S 1L Hi/NEF)I] 16-1

National Institute of Advanced Industrial and Science Technology, 16-1 Onogawa, Tsukuba 305-8569, Japan

3 BERAFEPILAEE T 520-2194 KA TR 1-5

Ryukoku University, 1-5 Yokotani, Seta Oe-cho, Otsu, Shiga 520-2194, Japan

2006 4 12 H 22 H3Z 4} ;2007 £ 4 H 11 H32Received 22 December, 2006; Accepted 11 April, 2007

Abstract : Effects of turbulent intensity on the flame structure in an opposed jet burner have been investigated for a methane/
air mixture by conducting time-series temperature fluctuation, OH-LIPF, and double-probe ion current measurements.
Combustion regime of the flames also has been discussed. With an increase of turbulent intensity under the condition of
Karlovitz number larger than unity, the results show that the preheat zone thickness of local turbulent flamelet increases,
while the reaction zone thickness keeps almost constant or gets thinner compared to that of laminar premixed flames. Flames

of Karlovitz number larger than unity are more reasonable to be classified to the thin reaction zones regime rather than the

distributed reaction zone regime.
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Fig.1 Details of opposed jet burner
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Fig.2 Direct photographs of the flames
Table 1 Experimental conditions
Lrand u' are measured at (z, r) = (0 mm, 11 mm)
Flame name| Q 4 u' L, n. Ka; Da; 7np Kap Dap
Ly/min - m/s mm um pm
OP70 70 157 140 35 1.90 6.3 101 3.50 1.6
OP110 110 217 122 26 3.30 4.0 77 6.10 1.0
OP150 150 287 121 21 5.00 3.0 62 9.30 0.8

Table 2 Flame parameters of laminar methane premixed flame

¢=0.9, Tu=300K, P =1 atm, v, = 15.89 mm?*/s, Di = 66 mm®/s
Si 0.334 m/s 5z 0.048 mm
T; 2133 K Sp 0.189 mm
T 1319 K 6,, 0.260 mm
tez 0.14 ms S 0.480 mm
tep 0.57 ms ter 1.44 ms
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Fig.5 Schematics of ion concentration in laminar flame

SRS NI A A VBRI sl & 2 DMAEMBIREZ ko,
CNDRR E 72 BAE T DR (Tecor max) & -2 DZIEED
RIDFEEE (Li2=1.4mm) D5 RD 72 (Vr = Li2/ Tecor max).

X 502 1 RIUER P IRAKRICE T 24 4 VIRE SO
a2 RS, A, BESMIEIOTERINS
K82 # (Thermal thickness) 2% L, KBHNDA A VIRE
RO KB HD 6 2 ER L, =2 %R Lk,
PPIMET T 29 %1 T. BRKEDA F VERON
EIE (Sion bw 1) B X CRATELTE KR DA & v B O LEiR
(Sion hw 1) T E—=27 A4 F VIREDE5T (Jn/2) ICEIT B A AV
WOERIHIET 2 EEHRL, ZNEERALE LR
LR KB DRIEHDIEA E Ule, FEEEDFHHIcE W TIZA
AV BROKERIN T — s BE o0, 44 VBB REE
DAEIRRR () B3R D, KBOBEBREEXFL L2 LT
SO DIE A% K Tz,

nB, A4 X VEREIFIZ 200 kHz (3> 7V~ 2T 5
us), 10 bit DFAREETA/D L, =V FLarva—
I DAL, 7Y v TG 2 E Lk,

4. KERHER

4.1. LDV IC K 2RE S KOETFRIFHEDBIE

z=0mm BT 2 EKRDOTFIHEEE L VLEHE D
BRAASHMER 6 12, A 7 —RA7 = VORI AN %
X 7 (2R T. SEETREIE TR IE I I LT % 28,
RITEZ R IR AMEIZRENS  Z-oTdHE D
ZL TR\, £, NERAKEDOL A 7 —R 77—l
ETH#EEBOMECRMERZ L o/cd &, THICH2 D
WZONTZDHEHIIKEL Bo2TWRBEHDOD, EDKEKITX
LTHZFDAA 5 —A7—)LiE, 1 mm D5 5 mm DEiH
WWEEED, NEVRAT— LOFNEBFHEL TS L
Bod, ETMTHHEE R OME TR L o TRE
EOREIOR T—NVERLIHE, THRICHD ) IZON
THIZE A DIEEDENTTND,

ABRE r=12mm) BT 3EhpalEdTm 7 R
r =X, OP70 KZKAHY35um, OP110 %26 um, OP150 %%

(38)

HABEE & 55 49 % 148 %5 (2007 4E)

18 T +-0P70U
_AA ~

16 P aa, OP110 U

A A —A—OPISO U

14 4 A, . —&—OP70u'

mm g A, ~5-oP1I0w

2 el e —A OPISOW'

Velocity m/s

9

11 13 15 17 19 21 23 25 27 29 31 33
r mm

Fig.6 Radial profiles of mean and R.M.S velocities

>
*»

A |

»
vy

> me

> e

| |
L
AA

3

N ‘V‘X‘IAA
Aakghatnt

‘:-“-".

L

Euler scale mm

2 +-0P70

ot = OP110
1 ¥

A OPI150

)

11 13 15 17 19 21 23 25 27 29 31 33
r mm

0
9

Fig.7 Radial profiles of Euler scale of turbulence

100 )
/—5/3 line

10

Power

0.1

T R R U EPEPUTI RPN R |
1E-3 0.01 0.1 1

Frequency kHz

0.01
1E4

Fig.8 Power spectrum of velocity (OP150)

21 um T, EWRKZEDEMIEA (0.48 mm) IZHARTIZ S
WINZWHE ST 5,

il & LCIX 812 OP150 KRDPfE r=8mm & r=33 mm
B ZHEEF DT — AT MLERT, ZORLD,
THICHEET 212 L 72050, X7 =27 P ILOIIRDH
WBD/NI K BB HAIHATEEIL TWE 2 ERbhr s,
COBEHE LT, MEEAN—F 02 OEE L, BERET
BB LI & B HBEREMO 7z DIV L, i
WELNHIRET 5 2 &, PBEULDESTICHE S Ktk osam
I & o> TEREOELAVUI R HIC & DIl L, (R



OB 130, NG N — FITTRR S 12 Bl PR A KR D K I

5

4 1800

3 1500
1 1200
g0 900
N3 600

3 300

-4 0

-5 ol |1 I T T T T I

8 10 12 14 16 18 20 22 24 26 28 30 32
T mm

5 (a) OP70

4 1800

3 1500
1 1200
= (11 900
”_2 600

3 300

-4 0

=5 o T T I T I

8 10 12 14 16 18 20 22 24 26 28 30 32
T mim

5 (b) OP110

4 1800

3 1500
E1 1200
EO 900
N:i 600

3 300

-4 0

-5

8 10 12 14 16 18 20 22 24 26 28 30 32

r mm
(c) OP150

Fig.9 Contour plot of mean temperatures
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Fig.18 Ideal X2 distributions with increasing half-width of ionized zone
in turbulent flame front (Gion hw T)
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