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Suppression of Combustion Oscillations in a Lean Premixed Gas
Turbine Combustor by Active Control
By

Shigeru TACHIBANA*!, Laurent ZIMMER*!, Yoji KUROSAWA*? Kazuo SUZUKI*3

Abstract: An active control of combustion driven oscillations occurring in a lean-premixed model combustor is
demonstrated by means of a secondary fuel injection. An unstable condition, which leads to self-excited pressure
oscillations beyond 170 dB, is chosen as control target. Keeping the inlet air temperature, the air mass flow rate
and the overall equivalence ratio, respectively, at 700K, 78g/s and 0.50, different secondary fuel injection
strategies are examined. First, a series of experiments of steady secondary fuel injection is performed using five
types of injectors, with secondary fuel percentage (SFP) varying from 2 to 10 %. Effects of the angle, location and
amount of injection on pressure levels are investigated. A favorable injector is selected from a point of view of
control effectiveness, which is evaluated by the reduction in the peak pressure. The degree of phase-coupling
between pressure and heat-release rate is visualized by a phase-locked chemiluminescence imaging technique.
This information is used to detect local sources of instability. To further improve control effectiveness, a
feedback control, which was designed by the mixed H? /H® control algorithm, is applied with the selected
injector. The feedback control with 2.5% SFP performs peak pressure reduction of 27.7 dB, which is almost 10 dB
larger than that of the steady injection method. On the other hand, little difference exists between the NOx
emissions of the steady injection and the feedback control. An obvious effectiveness of the feedback control is

confirmed without losing the low NOx capability.

Keywords: Active control of combustion, Combustion instabilities, Chemiluminescense, Low NOx, Lean

premixed combustor
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T=700K, V=90m/s, vane angle=45deg, no secondary injection
x: 50mm upstream from chamber exit. Averaged over 7 points.
(y.2)=(0,0).(5.5).(10,10),(15,15),(20,20),(25,25).(30,30).
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P M B
0.5 0.55 06
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0" -
0.45
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}£:0.43 — 0.60.
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WRAZEICBI2EHIMETTH Y, BBER BT %M
EEHRTEZLVRVPBELLIELS L. ZRICHH
bo$, ¥y 777 78 —HF—H L Tw5b I LT,
PT1 OfEHF L ARVIIAZI VW00, K — 7 lifhEo
ANRY PGSR DOTERIE, BIED AT I VoA & A
PZLTWEIEZERLTWE, T &L, i
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Bedn 7 A F—BEM QLA RN, 2 — O A
R HE R 7 & ORI S W P5E T, RN EH O
HHREZEMOFTHTF—5 2FIHTEL L, FEH
Eoxy v VERKELTWS., K9 hoiifix, ¥o¥
YTT T = DT NS =fp—fn & ¢=0.48 DEIZIE
EL, TRORLHEBOAZESEZ3D0TH 5.
Ho&ERLE, $=050DMEHZDHIML?S5KE Hh
Twh. Bl LzL 912, ¢=050 DEMIE, ZRE—
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NOx #ii & COHEt e DD ML — N4+ 7%, H¥
IRERBEIF N 2 BN TH 5. HBEI 0.50 2.l
55 CO HEL DR G #PRAS, HWIEIRBOFEA T
LHPEELR > TS, KT I v ¥ a v HERLAEDND
BRVIRBIRBEDTEAE T B 5L LT, H=H 050 D5
HrEHEOTgHRE L.

11 (BB 2R L20E, Zof#Retics
F5PI2MEDHFEEARZ MV THAE. ZORPDH,
ZO&MTIE, Bk 248Hz , FEL NV 171dB DY
— 7 %50, FEFITHCEIIRBREICH 5 2 L 2%b
%. ZORMEBE— FORIEL XD WT, FHIME
DEZRD 3 rFTOMZK 1L (TR R, S D546
5, MABERE A% EEs, MIOIEZRRmE 35, # (v
HENZDWTO 1/4 ERHEBLBE— FOPEBRL TV
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Reprinted from Int. J. Vehicle Des. Vol. 43, Nos. 1-4, “Active
control of combustion oscillations in a lean premixed gas-turbine
combustor”, pp.306-321. Tachibana et al.,Copyright (2007), with
permission from Inderscience Enterprises Ltd.

“Reprinted from Proc. Combust. Inst. Vol. 31, Tachibana et al.,
“Active Control of Combustion Oscillations in a Lean Premixed
Combustor by Secondary Fuel Injection Coupling with
Chemiluminescence Imaging Technique” pp.3225-3233, Copyright
(2007), with permission from Elsevier
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12 EEEHFEICE T 2027 1 74 RRUEHES
ICEBEEREBDBROEY. [142 AOEE:700K, ZRHE
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4 TEHEESHIE

TRBR AN TS L, REMEDSEILL, BRBERE
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WU OR, A, MEICEIKET S [4,5] 2o, v
b —F OFEEAT) FHERET, TNOOERKENRT
A= L LeERET->T, SRWRA D7 5 BIK
RRETDHIEDVIIEFICHETHS. 22 TiE, K2(0D)
WORLZ25HEOIERDA vV 27 ¥ 2T T 728
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) BRCHNSL, ZOLRVRLEDL SVE =7 )
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&, ZO L) YRR TIE, HATELVWIEE2HE
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FRF in Amplitude. T,=700K, V_,=90m/s, ¢,,,=0.50.
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17 DBE 2 /HY HIEROTOY 71T IS5 L

. WMi)WXEEHEABREBT, ZOYE, NV FAL
v 77 4 )% (50-1000Hz, 8th order But-terworth) & 72
S>TW5., ZORBEMFTRIZEINT, whban f
TOH® ) VAIZOWTORBFEDOD LT, whd
22 T TOH? 7 VA% ER/MET 5 X 95 ISR DG S
n7:.

53 74—=—FNNyIHBEORRRVEER

DR, JEME Em et 7 4 — Foxy 2
WEWV) ZFHORBESFICBE 205, HHKEOE
BEAT.

B 18 IZ/R L 72D, SFP=2.5% 41235 1F % il s 5
Thb. 74— FNy 7RO ZRBEESHE, =
ENVTIZE T, MEEHPGEZON TS, ZC
THWTW3 SFP X, 3D RBET A ~ITHLA
AFN-EF (Mass flow meter) DFE/RIEIZE 5 D
»DT, SFP ORFFHMETH 5. FEdIHEE (HIH, HRE)
PREEFEAEIE) 12 171dB ThH o7 E—27 LV, =K
LD EHIEHC X > TR 18dB i T 5. ZOIRET
REW/H a2 ba—F28ATHILICE-T, &
FHHEFOE =27 L h 5, BIZH 9dB O RN E AT
BONDZ ENDRL. KD Z SFP=3.0, 3.5, 4.0%
DEMETHIT -7z, SFP=2.0% b &7z 4 DD SFP 4AF
I22oWT, HEY—27 LV OEHE L BIOH A5
X% NOxHEI L RV OB EIT o 72 b D% K 19 1R
. WTFROEFIZBWTE, 74—y Z7Hl#Ho)
AEHRFHEE D b, XD IREIPHIRRATT AT &3
bbb, 72721, SFP OMNIIE- T, WHEOELIN
5 ELFKIZH,S. —F, NOxHFHLNVIZH%Z
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fJmicH b 2 edbrs. T, EHEFHIHE 7 1 —

170 F ] ]
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DiEds, K74 —F8y ZH1#NG, &% HE s [
U NOx HEHi LNV EMERE L 22555, [EJIRBO A %K)
BRICHIHIL TV A Z b 5.

RIZK LD ERIIREE & BRI R E OBREE 2 5.
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FEBUE, U A KREOZRE) L IRBERR OIE T IRE R & O [
WCHBERH A EZRBELTWS, JAKREE, ¥ 7
A SR S N B HEER &R T AR, ZoM- Xk
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Figura et al.[17] bIEMTH LA TH Y, 5%, LD
MRS EENLHNTHA.

WNT, 74— FNy ZHlflEOa Y ba—F~0A
HHETOEEEZ AT, Y A7 ARIEERIZBITS
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LANJLORB[141% 1 SR © FEHIERE, AR | EEEa I
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) 2BV T, 0EOMMHEEZRLTEY, NEERD
fiklz (180 ) L MfiMIC¥ —22idb b L) a~y
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(ZOEKRT, unNX MEPHERSIN TS 2 L) b
"5h.

6 FL&H
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(©) 7 4 — F23w 7 il

X 20 : FEHIE,/ HIHEEORROBETF. (a) FEHIHEHEF (ZXMH
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It 0.50.
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Sl FERELT, K7 14— Ny 2 {85, &5
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