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A Study on Positive Use of Unsteady Combustion

Young-Joon Yang™

, Bong-Hwan Kim"

ABSTRACT

The usefulness of unsteady combustion was experimentally

investigated using

confined premixed flames stabilized by a rearward-facing step. For this purpose,
apparatus of forced pulsating mixture supply, which could be modulated its amplitude
and frequency, was designed. The unsteady combustion used in this experiment plays
an important role in controlling self-excited combustion oscillations and furthermore it
exhibits desirable performance, from a practical point of view, such as high combustion
and reduction of pollutant emission like nitric oxide.
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Fig. 1

Experimental apparatus.
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Fig. 2 Set-up of instrumentation.



A 318 KOSCO SYMPOSIUM =23 (20054 % 274) 191

F 40 mm x 40 mm9 @HE = dad
FEdE] 29FH FAHAANE A&H 9
go 3go] AAHA B HAFAgME 2F
Eo] 28 mm ¢ 7A-$(high step):= of:x Ty
HYolM AejdazFo] e oy, &
9 22 mm ¢ A$(ow step)e A @y HY
AAx HE zEdLAFol HAsA e Ao
tl. High stepd] ZA$oles A d2AF59 Ao
£, low step®] AFdE d2EH NHL EF
o2 Agstgrh d4dY 4 ZWos uolE
8 (Vycor glass)7t ZatHo] 3t #Fo] 7t
s w79 EE WEdwWoe] 40 mm x 40
mmZ Ze] 150, 300, 600 mme 3FFE 233
224 gEHeE WA 4 g FH, wWF
dEYME O & A, A FFF7 04
A8/t EHoAY O F GEFIE 14 &
718 2AER7IZ UrolRY. F o] A+9
Ef7ie ZAEE] FFo FARe] Iyt
d4stn ZARETE 7tEE AfdE WEsE
AL dadd FTFHAAE &2
ol: FulEe WA ferh

Fig. 201 £ AdolA o] &3 AZFA AL
Eldtt B AFAAdME 3PgozRE
OHs} CH #ojzd g4 2 2233, dEFH7
o MERY, dad 229 A4S FAlo) AlA
424 AZ sbedid g2 R Adgy
9] &A= 14X CCD 7hvel (Kodak Co.
Ltd. Ekatapro HS Model 4540)2 o]&-3}5id).
olul Fdgdol U M2 & 2939 sgas
108 4% CCD Ftvatz TAld #4935 7)
#8340 A7 Imaging stereoscope, Lavision
Co. Ltd)E& o834t stgde F4dd¥H
(OH &z g . FAH3F 3085 nm, ¥
AZ 18 nm, CH gtz L3g : A%
4305 nm, ¥AEZ 10 nm)E Ao A4S
Z(Image intensifier)olA &= ZF o] oA
4 % (Frame rate) 4500 fps® 14 1024% &9
HolAth A4l FFHoAE EL7]
THF FHL 29 4F 730 mme] 9 A
%A (Soken, LFE-200LM)S A At 1 A
F9 AYE AGEEI ) ) AFYANEZE W
3o} A/D¥HE7](NEC Sanei Co. Ltd., DL2300,
AEY &% : 50 kH2)E AU 715 oA} A
F4, 944, W7I9E R g5 A
ot W&o HEl(Cooling adaptor)7} H2g uh
| 9+ ¥ 37 (Semi-conductor  pressure
transducer, Toyoda, Type PMS-5 HW&¢wF
o110 kHz)E ol §8ldul. d423A9 ¢HA
AMete] A& ggalse ¥y uxE nd
q[14] HE#H2 Zo] 40 mm, A% 9 mme
e5Bo g 9. 155 CCDA 9 A/DH

[e] By
R e

o (&

)

Table 1 Experimental conditions of forced
pulsating flows.

#l | #2 | #3 | #4 | #5 | #6

Nondimensional
Fluctuation
Intensity (FI)

Frequency (Hz)| 30 | 30 [ 30§ 35 | 40 | 45

0.30{0.2210.1910.20{0.20(0.19

#7198 FrlolE €229 dA %A (Pulse Delay
Generator, Stanford Research Systems, WC
Model DG535)& o] &3ttt 944 AAZHEH
9] OH¢} CH gd# g3 JAFE AZ37
Asl Ftoly AM2€S ol &t Aix4d A
AZREe wFE AP FH4y  dojy
(Mitsubishi Densen Co. Ltd., STUI000H, NA=
02, 437 = 1 mmol & AR &
o9} Zduo)l’ BWZ(collimating lens)ol) &)
HeFozg Ho thelaR vl e(dichroic
mirror), #2A "EHA A FedHoAR F
FAA SulFA AFAZE HEH NG, &
B ARAZE WVEE F FZFo 29 &

HEel(low-pass filter)ol] 2]8) 1nFa Ro|=2E
AAs A/DHEIINNEC, DL2300, HEHE:

50 kHz)el i) 12 bitZ HAEaE2 7] S5 0]
Aok & AFA2didMe 2&% CCD il
of o8 stgozREle OHet CH #dz A
B4, BaolBlE o]&3 dia4d HAMEZREY
OH% CH oz A3 ey A3, &7
o] AFf, d44d 229 48, & £ 2314
I 5AZE FAO ANAGRA AF HEIEE
= o] 9t

Table 12 FFd= EE7d ZARES 7t
g 259 A¥zAE& JUehd Aotk A¥L2 ]
g7t 228719 §%9 $AE 147 L/min
{Mean Reynolds number, Rem=5,030) 43 o &
3t O ¥ &S HEeEM H39 ¥HER=
(Nondimensional fluctuation intensity,
FI=Qrms/Qmean)& W38 AZch £ ZFAHF
SAARE 15 Hz¥E 45 Hz7HA|, 5 Hz 32
2 TEANA AARETY FasE WIAFHC
27 #1, #2, #3dM e ZFAUEY FH57E 30
Hz2 dAsR ¢ f3Fe HEAZs walsin
Ak W A #3, #4, #5, #6oE FF ¥
57257 A9 4A (Error estimate : +2 %) 3t
AR FAREY Fert Hwtetn 9ok 2 4
oA ZAWEE 718 g1 ERINE FF
g AL "RAYTE, FAREE M A
AW TEF eletn At NOxe &
HE &3d9 FHo2ZHEE 150 mm 4
SRFGAA F3AT. AEHE dastaE



192

# 318 KOSCO SYMPOSIUM =& 3 (2005 % F4)

%9 %71 AAL Aol e ALY
28 AW g @AY NOx EA7]
(BCL-611A511)° &Aoo #Ao] atezict
Aaxztze] MEHL 18709 ATFAZAH NOx
AEEE7F ppmeE A HojRoh &R
o] 2EZHoe vlolF fa dadel EHd A
& FHE 7 AHE ol &3t &7 100
um® REAH UL AHE3t4iTh

o [y

3. 23 & ¥

150| HdL0lof ojxj= &

w
2
>
o

Fig. 3¢ 33918 9484 #A%n A
& WA Al N AAWF F4AH
g ysdth o ARl Jst@ P& fol
Z7Hgd WA GHWEH 2gddel Fy
& ¢ & Atk 53 daFo] WARE A
(0=1.0)%) FHAUFS) Frhgo] ¥ Ae & F
Ach. & gl FHATE Ae Fr% A=t

A F7tste A& JEH, 3ol FUsiw
FrAle) BEol 9% ko|zJt Fulslm FA
A2BEE F7Hgd o8 ¢EeE 2euEd
o] F7ME 9ol AR AR

Fig. 45 33u]9 ¥ g dadd ¢4
W59 rms @S YEbd Reloh. ZFu|st g4t
dHozRE 1o 7Yl uet wiyIHE 4
°]7} 450 mm ¢ ZAS$-ole ZFH] 094, 600
mm9 ZA$dEs 0804, 900 mme Agfede
0.750] 30l A ¢FHFe] FH3] ZFAAL A
AEel dyr] ARgdE AE & F Utk
E3 wi7|9E Ho|rt A4E Y FAn 2R
AxFel FAE7] 4 dxFFo] A3
o s R Fide Ae & F U

Fig. 50 B& HEZolo dafl diazxlFo] 7
AHE G319, 33 diadFel 2= 7
) 1.09 F5ol A4 FHHEEF] rms 3
a7 2" AA e glojM e FRHEELE
Eldich o] o oK E E A AR
27 AN2gol M A" (rearward-facing step)
(X=0mm) <Wo] ¢HPES H(node)o]l Hx
Axdo] M E e B(anti-node), T1Z0] thA
H7|HE 7o) A F Y Ho| He A9
3/4 ARREE I AN YAPHARA =
S¥H Ad4AFo dovtn AgE & F AU
o £ daRFo] AFHE Ut Tyl
JAME g AaAFo] TAsE H9 A9
2L oo ¢E¥EY ms e FREIIL
HE 2S¢ & Utk B AP o] &3 dx
7] A2gol e folA JEd AT o] I
A A Fol 43 Aok ole} Fo] &I

3 QxdFol YD Ax A9, A&7 A

1 110
W $=07
08 ® =10 100 + /‘),’y”“
5061 combustion | % i
P oscillation 2 % "
EOA - . 7] s
no combustion
oscillation
80 -
0z ._,.i‘{-ll—rlt"
0 PO IRETUI TR S| . 70 | L | L i

0 95 120 145 170 195 220
Air flowrate L/min
(a) Pressure fluctuation

70 95 120 145 170 195 220
Air flowrate L/min
(b) Sound pressure level

Fig. 3 Variations of rms with respect to air
flow rate (Ld=600mm).

& 0.6

0506070809 1 1.11213

Fig. 4 Variations of rmms of pressure
fluctuations with respect to equivalence ratio.

approach combustion
section chamber exhaust duct
[ ] |
2 H H
Ld [mm] | X, [ 450
W 450 (¢=0.9) £00
900 o
1.5 | @ 600 ($=0.8) :
| A 900 ($=0.75)
o
& 0 450 (§=1.0)
a 110600 ($=1.0)
E | A 900 (=1.0)
05 |
0 1
600  -300 0 300 600 900 1200

X mm

Fig. 5 Spatial distribution of rms of pressure
fluctuations in total length of system.



A 313 KOSCO SYMPOSIUM =% (2006 % 27) 193

w

>

1
2
=3
P
2
£l

PikPalgaug: P{kPajgnugs P[kPajgavg: PiPajgsug: PlkPajgangs P(kPajgacys PkPajgangs
o wh o Wh o W S wh o wh o wh o

L i l i
X =530 mm
1 i 1 i
X = 680 mm
_3 [ A 1 H
0 0.1 0.2 0.3 0.4 05

Time s

Fig. 6 Pressure fluctuations with respect to
location in the system (Ld=600mm, ¢=1.0).

e

(a) Steady combustion ($=0.75}

[ —

|

(b) Combustion oscillation ($=0.8)

e

(c) Controlled combustion oscillation
(Forced pulsating supply #1, $=0.8)

Fig. 7 Comparison of flame.
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Fig. 11 Comparison of NOx concentration in
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Fig. 12 Comparison of temperature in the
case of steady supply and forced pulsating
mixture supply (#17#3, Low step, Ld=600mm).
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Fig. 13(a), (b)= low step, Ld=600mm, ¢=0.8
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Fig. 13 Comparison of CH
chemiluminescence images and  spatial
temperature distributions (Low step,

1Ld=600mm, $=0.8}
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