537 % 4 121 M= N FEH Vol.37 No. 12
2022 4 12 H Journal of Aerospace Power Dec. 2022

X EHE: 1000-8055(2022) 12-2851-14 doi: 10.13224/j.cnki.jasp.20220082

B HURMIRER S A RE R NGBS IG5 17

KEE", B g"?
(1. W ERBE TR BRI BRI %, Eat 100190;
2. MEBERE TR BRI M AR RRIR R TEBE, B At 211135;
3. P EPBERERE TRERE2=BE, L 100049)

it B OHIRBE R A PUR R = MR R R M S5 SRR, AT T A LR . R
FH g 4 P A R T k3l . SR P it R 4 B R AR 5 PR IR Ik 2 06 &R L R R AL IF 38 43 % AR A5 KM A T 45
F o SERFE: B Y = LI, R 7 bk sh 2 8 IKHR 0 Pk sh . 18] BRAIR 355 . A% BRI 41 35 AR 0 Wk sl , Wk sh 4 6 22
JEEA 1 B 2 7 A S CRRAE AR 2 80.8 Hz) ¥l o AR &A= ¥R , Fi Pl 98 B 4k 95 AE (8 5 4  RA e i, 3 R 4
BAETAE L o ARAEIE S R 0T, W BRI AR 35, BT 2 B A (RS RE it o BL 55% LA 1) KAG4: A Vi 9N k) & A
s R I 22 B AR AL, 3% S i I TR B0, BT B[R] R B0 R 83.2 Hz 5 R ) Ik 3l % 83.3 Hz — 2 Ik 2 4
bl , RS TG A b 25 [ 2 A R s TR BRIR ¥, 2 AR O SR Bl S BB IR AR AL R 0 b, KOG AU G
P &R R ks .

* O WERPURMAEE; IERERE; ML BRREEG AEIESC MR G TS

FEISES: V2312 XHkARERS: A

Investigation of thermo-acoustic instabilities and flame structures in a

partially premixed combustor

YU Zhijian"*, YANG Yang" *

(1. Advanced Gas Turbine Laboratory, Institute of Engineering Thermophysics,
Chinese Academy of Sciences, Beijing 100190, China;
2. Nanjing Institute of Future Energy System, Institute of Engineering Thermophysics,
Chinese Academy of Sciences, Nanjing 211135, China;
3. School of Engineering Science,

University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Self-excited instability experiments were performed to investigate the thermo-acoustic
instabilities and their relationship with heat release rate fluctuations in swirled partially premixed
combustors. The reconstructed phase space was used to figure out the pressure fluctuations, and their
relationship was analyzed by using Rayleigh index. The proper orthogonal decomposition method was
employed to extract flame coherent structures. Results indicated that pressure fluctuations presented
evolutions of low-amplitude, intermittent, limit cycle and low-amplitude oscillations, with the increase of
equivalence ratio. The fluctuation frequency was controlled by the first order pure acoustic mode of the

cavity (eigenfrequency was around 80.8 Hz). The Rayleigh index was around zero value when oscillations
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occurred, while this parameter maintained positive at the thermo-acoustic instability state. The proper

orthogonal decomposition results showed that the flame distributions reflected by the first two order modes

the total energy of these two mode was above 55%) became bright and dark alternately along the
( gy ) g y g

longitudinal direction at the limit cycle, resulting from continuous vortex sheddings. The frequency of time

coefficients (83.2 Hz) was consistent with that of pressure pulsations (83.3 Hz). At the low equivalence

ratio, the mode spatial distribution had no regular pattern. When oscillations were intermittent, the

dominant mode was of an axisymmetric pattern. Only the outer edge of the flame had large-scale

longitudinal motions at a high equivalence ratio.

Keywords: swirled premixed combustor; thermo-acoustic instability; phase diagram;

Rayleigh index; proper orthogonal decomposition; flame coherent structure
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Fig. 1 Diagram of the swirled premixed combustion system (unit:mm)
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Fig. 3  Pressure fluctuations in the time domain, its frequency spectrum and the corresponding reconstructed phase diagram in the

upstream of swirler and the middle of combustion chamber (Q,;, = 500 L/min, @ = 0.55)
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Fig. 4 Pressure fluctuations in the time domain, its frequency spectrum and the corresponding reconstructed phase diagram in the

upstream of swirler and the middle of combustion chamber (Q,;,, = 500 L/min, @ = 0.60)
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Fig. 6 Pressure fluctuations in the time domain, its frequency spectrum and the corresponding reconstructed phase diagram in the

upstream of swirler and the middle of combustion chamber (Q,;, = 500 L/min, & = 0.80)
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