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An Experimental Study on the Noise Generation Mechanisms
of Propane Premixed Flames

*t
Wonnam Lce

, Dong Soo Park™

ABSTRACT

The Noise generation mechanisms of propane laminar premixed flames on a slot

burner have been studied experimentally.

The sound levels and frequencies were

measured for various mixture flow rates (velocities) and equivalence ratios. The primary

frequency of self~induced noise increases with the mean velocity of mixture as
44 - . . .

f oo UMM and the measured noise level increases with the mixture flow rate and

) . 1.7 g .2
equivalence ratio as P & Ul £

The nature of flame oscillation and the noise

generation mechanisms are also investigated using a high speed CCD camera and a
DSRL camera. The repetition of sudden extinction at the tip of flame is evident and the
repetition rates are identical to the primary frequencies obtained from the FFT analysis
of sound pressure signals. CH chemiluminescence intensities of the oscillating flames

were also measured by PMT with a 431
to the pressure signals.

nm{10 FWHM) band pass filter and compared
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Table 1 Experimental condition 1.
Case Fuel Air EQ Uy
(sccm) (slpm) ratio (m/s)
1 400 12.27 0.775 1.065
2 450 13.41 0.798 1.155
3 500 14.34 0.829 1.236
4 550 1551 0.843 1.388
5 600 16.71 0.854 1.443
6 650 17.49 0.884 1.512
7 700 18.84 0.884 1.628

*Q) RE el Fuel(200 scem), Air(5.17 slpm)
EQ ratio(0.92), Ur (0.895 m/s)
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Table 2 Experimental condition 2.

Case Fuel Air EQ U flame and {b) noise generating flame.

(scem) (slpm) ratio (m/s)

1 600 15 0.952 1.30

2 600 16 0.892 1.38

3 600 16.35 0.873 1.413

4 600 16.71 0.854 1.443

5 600 18 0.793 1.55

6 600 20.25 0.705 1738 |

*2] 2319 Fuel(200 scem), Air(5.17 slpm)

EQ ratio(0.92), U, (0.895 m/s) s BB EE 3

ocuter flame  inner flame outer flame
% (a)
3. 4% 4 &

o5stds nAT FHly Wrsdel $3
He 3719 diAvie A A dAd 4 g
of Al stde) 2Fa Agol WA Fig. 29t &
3& &Y AAE Ao WSt i & L
A8 P gl HAEE WFEe #gle

—-];f_j,‘/\]-ﬂi :;1_57:%‘__ E.O%?ﬁ:ﬂ 9)\‘3} leéfd P2 outer flame Inner flame outer flame
# F 600 scem)ell A, F2l-F#E 160 sipm
(FiH2% 1383 m/s, el 0892)2 Tt ald (b)
HAE 2 Ao FFRIL BAE b v 4
z&slolo] AEQoh 1y v §a9  Fig. 3 Structures of (a) stable and (b) noise
1671 slpm(FH 4 1443 m/s, G 08508 generaling flames.
2 Z7AIR RS e o o4 2 AR i
A FHse guE §A8H 2w 1 e 9

Fohe ot Yo g WEHen 2gel wy
gach el old Fig. 4 9 ol axdluix
29 g stdel Y Rl sty Wiy
Aol 2gEAT webAd 2 ddelA iy
W3 agol wAS: sae, FAE Aol
A AAERYE 2 JHe s ef, widel] Farsii
F4% 3rheh G gz BohgAe) Fr)a
shdzke] HEAEOR Ayt BAPY oz
2

cuter flame tnner flame outer flame

Fig. 4 Oscillating flame is re-stabilized with a
center plate.



30 A1283) KOSCO SYMPOSIUM =83 (2004d % =4
Figure 59 62 T g5+ i f3o g f U m
£go] washe Yol HHFfse ddg B
olFa gtk AR Fdel Fokel wek hgel gy Fig. 804 ehdl A3 el shgiol
WAEl e HufEol Hrbsla, day] ®97 W AlEb e Sqbe) 17y HirRESnr Jaknle) B
Folrt Ag & F dth 28l WASE W g9 uy gge wi 2o veuth 899
Fol e Z23 K7 450 scem AM WY e s Uy 2 2k, F oo BAZse oo
F 700 scem 7HA %i }.%*—’_‘] %7 _L}EP&‘:}. T g ygAoz A8 = glgitt
Agel s sxuy T2 9 EgHA
& walogode  uvrakd]  (0523-0915 HIEFS p o ULTpse
1.028-2.13 m/s Abololl 4 i}EbyLTh !
ol ZyEl sdolA BAsE £ge) Farr o
A gEgel H53 QW WA AAT &S
Uty o Arle f%3 Y wERY Y& v
1| =28 24 a0 god a9 9% Fs
s = = = = =™ FE5Fd A BA S ool g Frlo uel
oo W ] AQGE AR, JFe] A7]E g HeuA %
2 5 A a 4 g0 g2k 2¥A0n 49 $ sl
[l o <
5 A A A
w
04 | 4 &0
T T T . —
02 | 800 - B
750 [- L . ]
00 L ' . L 1 1 L 700 | 4
400 450 500 550 600 650 700 50 | ]
Propane(sccm) E - | i ] R
= 600+ n 4
Fig. 5 Noise generating conditions of EQ 2 w0l = ]
ratio. Yool ] ]
a0l ]
25 by ]
| ™ Noise start point 300 L . L L L
A Noise end point A A 08 1.0 12 14 16 18 20
20 F A A - U’nu
. u .
g - L] - Fig. 7 The effect of mean flow rate on
g ™
3 10 g - ] frequency.
=
8
= ost 1 6 T . : . T T T
u
00 L L ! " . L " sk u i
400 450 500 550 600 650 700
Propane(scem) ol . - .I |
2
Fig. 6 Noise generating conditions of Mean gs- N 1
flow rate. B
08;2' - i
Figure 72} 8& Ztzte]l F ozl AFRK3olA i = -
g0l v aA wAste 2@ & AHSL, o
Z7@AA FAHE 259 Fas 4 247 HE %z oe o8 os o 1z 14 e
T4 2 Jgdle BAE BoF1n ok Fig. 7 uE
& ol M B 289 Fis, f £ FF
Mo s weod @A REEs U A F ow rate and EQ
shol weh Frbete Ag moejgch ol Bl  Fio- 8 The effect of mean flow rate an
e e AgAg A8 2 9ot ratio on sound pressure level.



2831 KOSCO SYMPOSIUM =33 (20049 % Z&7) 31

#2400 scem®] AS 39
A

2) &% W4 AAUZ o FFol S dehte 2 2 % 3l

o, ow g%l wa, agel A Ao

vl Egsielold € W CO: AW 4 ad ZR@ fge) 2rlad Hdel Rl

Nt CH Aol wistel s #feni ¥ Asxn ¥asE shedel AXA HuiFg. 10

Agel A= CH #E1(430 nm, 10 nm FWHN):: 9] Q2% uhek) ol f&o0] 2w 489 47
ARgEtel ol olulAst MARS Hitate] b AAE A E F gk

st Yzl Aolrt A9 fleS #eld 3 &
S oAv) glslo]l CH #He & AlAsha
=5 1740002 9] stop-action AF#ELEE 4,000

fps l FEA S dhed sl
R O RE BT S oA e R
9 & ol $Eo] g o)
zZtodet AHAAE BoyFal givh 9
23 600 scem, F7) 1671 slpmol, (a) (b)

Fubgis oF 647 Hz o2 5409
Qowye sele) shirel o3 Wit
B2 571 A9 HelsE & A4S 9

T A %o gelo] HEE D Al7ho]
gtqdol Bt “]‘7‘“1 ek CH #
29§ 288 A%ew WA 3

YR L (©) (d)
o] o;} T T8 oo Fig. 10 Stop-action photos with various fuel

= AE A vk flow rates.

L
=
=
b
!
glo
>

e
L
. >
Ol -~
N
l__z

=

Ol

[
i

32

ol S
d
o

2
i)
=

Z 2

a2k
O

0 o

't"‘—r-‘o

w
i)
o
o
£
o
o
¥
o

-
M
32
—‘1.1:;
—
B
H
@ﬁ.ﬁ:;&

i
p
{

-0

2,
o o
e
!
T o
o
2
o
ol

[x3
=
o

&oz.":i
g
N

ﬂ

, X,
{G"’—'

o5
oo
:’“:_\3
O{Eor:‘
L
=
mhl
e

]

A 7I7P ’7}6}‘3 A 5]

= 2% A7t Fo skl

s

Table 3 Experimental conditions for Fig. 10.

Fuel Air EQ Uf SPL
(scem) | (slpm) | ratio | (m/s) | (dB)
a 400 | 1227 1 0775 | 1.05 48
b 500 | 143410829 | 1.23 67
c 600 | 1671 1 0854 | 1.44 72
d 700 | 1884 1 0884 | 162 77
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flow rates.

Table 4. Experimental conditions for Fig. 11.

Fuel Air EQ Uf SPL
(sccm) | (slpm) | ratio | (m/s) | (dB)
a 600 16 0.892 | 1.38
600 | 16.71 | 0854 | 1.44 72
600 18 0793 | 155 72
600 | 2025 | 0.706 | 1.73 65
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Fig. 12. Measured data of (a) sound pressure
level, (b) CH signal, (c) di/dt.
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