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Combustion Control and Symptom Detection on
Self-excited Combustion Oscillation

Young-Joon Yang¥

Abstract : An idea to suppress the self-excited combustion oscillation was applied to the
flames. The characteristics of unsteady combustion were examined and the unsteady
combustion was driven by forced pulsating mixture supply that can modulate its
amplitude and frequency. The self-excited combustion oscillation having weaker flow
velocity fluctuation intensity than that of the forced pulsating supply can be suppressed
by this method. The effects of the forced pulsation amplitude and frequency on
controlling self-excited combustion oscillations were also investigated comparing with
the steady mixture supply. The unsteady combustion used in this experiment plays an
important role in controlling self-excited combustion oscillation. Symptoms of
self-excited combustion oscillation were also studied in order to predict the onset of
combustion oscillation before it proceeded to a catastrophic failure. For the purpose, the
unique measures to observe the onset of self-excited combustion oscillations based on
the careful statistics of fluctuating properties in flames, such as pressure or emission of
OH radicals, have been proposed.
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Fig. 1 Experimental apparatus
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Fig. 2 Set-up of instrumentation
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49474 (Imaging stereoscope, Lavision
Co. Ltd.)& ol&3t%ct 394 F7H4i=EH
(OH iz A& : 493 308.5 nm, 4
A% 18 nm, CH vz A#Fe @ =493
vl A2 (Image intensifier)olX IE ZZ x| o]
G444 % (Frame rate) 4500 fpsZ d< 1024
7 #o5olAn. AL FFHARE JEF
719l WERE AL 29 47 730 mme] $14
o ZFA %A (Soken., LFE-200LM)E A4 x5}
o 11 Ao A aghdastrlel os) AN
2 W3se A/DEE7](NEC Sanei Co. Ltd.,
DL2300, #&% £% : 50 kHz)E AY 7155
Atk AFFE, A4, w7|9E R 4
Y AFoe YZolHE (Cooling adaptor) s}
Fag  d=A ¥ E7] (Semi-conductor
pressure transducer, Toyoda, Type PMS-5,
Ad-eEFue:10 kHz) S ol &3t a3
o} st AlAote] HEMN gyl WY W
Ag 2He}E HEHAES Zol 40 mm, 37 9
mme 95#eE Y@ Az 29 5
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Table 1. Experimental conditions of

pulsating flows.
#1  #2 #3 #4 #5 #6

Nondimensional {0.30 0.22 0.19 0.20 0.20 0.19
Fluctuation Intensity FI

Frequency Hz 30 30 30 35 40 45

I&= CCD7tHEet A/DWE]e] F7]d=
B4 A9 #AAA(Pulse Delay Generator,
Stanford Research Systems, WC Model
DG535) & ol&3uth 944 FAZRHE OH
¢t CH #dz a3 A3E A3 A 3
goly] AAFE ol&3vt. dihd FAZREH
o 23 e £AF ol (Mitsubishi
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Densen Co. Ltd., STU1000H, NA= 0.2, ¥
AAZ = 1 mm)ol o3 AL 7] Eo9
gavole A=(Collimating lens)ol <& I
gFoer  Ho golmz¢ vl (Dichroic
mirror), #2H4 SEAAN g EEHAR F,
B S HEA HARFHNERE HWSFHo AT v

I/VAHE & ZZ2Ho 2 9x
ZH (Jow-pass filter)dl o8] 1ZFd Lol=2E
A A8t A/DEEFZI(NEC, DL2300, 4ZHE:
50 kHz)oll 93 12 bit® vxgN3zE 7
oz},

2 ASAE"FAAE &= CCDAH ] ¢
3 FEozHEI OHS CH oz Abdaad
FojolHE o] g%t AX 2559 OH%
CH =tz A3 715 A5, oEFre] ¥E
3, Q2 239 o=, S £ 284 5418
£ FA AAEEAN AF M5 EE Hojdr.

Table 12 Fd3= £§7) ZAMES 715
259 AhzAE veid Aotk AdL 133
718 24719 %o #FAE 147 L/min
(Mean Reynolds number, Rem=5,030) €%
O = 3t I HES vlESEZN FF WHELE
{(Nondimensional fluctuation intensity,
FI=Qims/Qmean) & W& AlZH T ES FANE
AR 2 15 HzWH 45 Hz7bA), 5 Hz 7432
E T3ANA ZAHFY Fa4g WA =
A #1, #2, #30M< ZAEEY FA5rE 30
HzZ dAsiAR 3o Weid=rt wakst 3l
ok S 27 #3, #4, #5, #691M = HEe HE
27 A9 4% (Error estimate @ 2 %) 3}
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Fig. 3 Variations of RMS value of pressure
fluctuations with respect to equivalence ratio
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Fig. 4 Time series signals and flame images in
the case of self-excited combustion oscillation
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Fig. 5 Effects of forced pulsating mixture supply on combustion oscillation.
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(a) Case of fluctuating equivalence ratio.

Fig. 7 Influences of forced pulsating supply(#1) on self-excited combustion oscillations

(b) Case of constant equivalence ratio.

with respect to equivalence ratio.
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(a) Case of fluctuating equivalence ratio.

(b) Case of constant equivalence ratio.
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Fig. 8 Influences of forced pulsating supply(#1)on self-excited combustion with
respect to equivalence ration.
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Fig. 10 Phase and coherence between pressure
and OH in FFT with fine base frequency.
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and OH in FFT with coarse base frequency.
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