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(Measurement of soot concentration in flames

using laser-induced incandescence method)
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ABSTRACT: An experimental study on double-concentric diffusion flame has been carried out in
order to investigate the shape, the flame length, and the other characteristics of the flame. Flow
visualization of the flame by the TiO; particles and also the emission measurements are conducted.
The commercial grade LP gases are used as fuel. The inverse diffusion flames are formed at the
center when the central air flow rate is about 0.1 L/min. With a larger flow rate of the central air
jet than 0.2 L/min the flame turns to be an annular-shaped flame, which is very bright. When the
central air flow rate increases over 2.4 L/min, the flame turns to blue and the flame tips are opened
because of the lifting of the inner part of the flame. Because of this lifting and the incomplete
combustion, the CO emission increases abruptly from 25 ppm to more than 150 ppm. On the contrary,

the NOx emission is decreased.
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Figure 2. Experimental apparatus and optical setup for flow visualization
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Table 1. Experimental conditions



52

HEolLe B2 1

(a) O LAnin (b) 0.1 Lnin () 0.5 LAnin {d) 2.2 LAnin

(e) 2.6 L/min (1) 3.0L/min  (g)A.0L/min  (h) 6.0 L/min

Fig. 3 Flame shapes with varinous central air flows



Vol. 4 No. 1 1999 7HX 8 AR & o] £}

,,
rd
id

2 2 54 ggdF 53

3.1 7 7@ e std delo ws

Figure 3 & 3949 37 AEY #%E 77 0
8 60 L/min 744 d7sdA dstsle g9
FEHE A 4T ARtk o] AHoME= Y
#(annular tube)Z ¥EHE dB £FS 20
cc/min, % F7l %L 20 L/mine 2 1Ay
210 Table 1 & o] 4% =AL Y Tolr},
%9 71 AES §%& 0 ¥¥ 60 L/min 74
BASHE F£& 0 - 13 mis o ¥HYon
Reynolds & HI 80 ot}

¥H Y @ R FF 489 ¥HF $3e
025 crv/s, 1% F719 H&5L oryE
€ 006 c/s 9] WS- &L glolm, 8y T 7

Fig. 3-1 Closcup of the bottom of a double-
concentric diffusion flame

4& 71222 3 Reynolds $7F 10 o|sdlejoz
2 39 FHY 52 7[EFHoE 27 f3o0g

Y 4 o
Figure 39 (@& 4 M 37 3% 3A
¥e gAY FF #HY Hd(normal coflow
diffusion flame)& XRAFE AFo2 A 714
3tge dole o 75 mm ol %, (b)7} FZolF &
Astdeltt. o el e 2N Y WRd F
Aol o 15 mm HE Zol9 4 HAzo] ¥
Aed g9 g RES Fo¥ Fig. 3-1d
Wiel g8 o Htsde] ¥H3 BAAG, o
ZZ2M HA(AR) de Hole o 50 mmE
(@9 AY F= 3ol v 30% AE Fo. ol F
B3 392 AN FF g9 vndd gA o
& Hddl, gl WolAle A& R FA4g
o Fasigel o) g fFEe =7 A5
Folgtn AZHD, oFFHA 3G WA
At olgd dAe AT F
71 #%ol 05 L/min 744 718w wx
Bt e dolx HolAxm HAA g9
Fotdg, WRe F7] K59 2l 05
L/min 7} =¥ 229 Wiiel o] Mz wiA
Hol 299 (c) & 2& $3%(annular shape) 34
o] YA ofF wre Y W) olzF Y
39 ¥yx 2de

o2 o R
e H
do, afu
o i

lo
ji4

[
o,
rir 3

4.0
™

(d)gh 2ol ¥ 77|

- : L#/D f#el 22 L/min A
kS) normal | Reynolds number = EER WA
= e
§ 30 o dlfflf:;':n S ole 58 A% $AHD, 26
g I L/min ol dEe W
3 o £ gl =% £
% 20 + . aqnular li‘fted‘-an?lular BEA o o4 =%
k¥ o diffusion flame diffusion flam 84 $&n age
S T . © % (0 % 2e ¥
5 double o o o o 02 §Foz wWese
c | diffusion “ Bl glodo A
flame T ¥ sdel 34
00 b e e ) dn R SR
0 100 200 300 400 500 600 Hel(transition)7t o

Reynolds number of central air flo

g wWe oF o
F7 #3e 374

Figure 4 Effect of the flow ratc of the central air jet on the flame length
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