” ? Z / El. Scopus Iz
. Scopus
B B RERET

Chinese Journal of Theoretical and Applied Mechanics

EHT W ERE KRS TH R RSI AT

EAR, BER, R OEZ, F OB, XBER, K %

ANALYSIS ON NON-SYNCHRONOUS VIBRATION OF COMPRESSOR ROTOR BLADES BASED ON FLUID-
STRUCTURE INTERACTION

Wang Songbai, Huo Jiaxin, Zhao Xing, Chen Yong, Wu Yadong, and Zhang Jun

TELR %15 View online: https://doi.org/10.6052/0459—-1879-23-435

LT ARG H A SCEE

Articles you may be interested in

FT ALEA FROGEE AL AT £ 50 A0 5 R A AR
A PARTITIONED STRONG COUPLING ALGORITH FOR FLUID-STRUCTURE INTERACTION USING ARBITRARY
LAGRANGIAN-EULERIAN FINITE ELEENT FORULATION

J12F2E4. 2018, 50(2): 395-404

K RS S 5 PR AR RS S R E R

FLUID-STRUCTURE INTERACTION BETWEEN A HIGH-PRESSURE PULSATING BUBBLE AND A FLOATING STRUCTURE
J1%E. 2021, 53(4): 944-961

W AR AT LA/LSHE [B] 25 P It [T B R0,
EFFECT OF FLUID-STRUCTURE INTERACTION OF 14/L5 INTERVERTEBRAL DISC UNDER TRANSIENT LOADS
J122A4R . 2021, 53(7): 2058-2068

RV IS T VAL B A5 M it R 5 iR sh R M Ao
ANALYSIS OF FLEXURAL VIBRATION OF V-SHAPED BEAMS IMMERSED IN VISCOUS FLUIDS
F12E2E4H. 2018, 50(3): 643-653

I Jk A A A I SRR Ry S 17 7 14 [ R 5 0BT B AR SN B = T L] A

FLUID-STRUCTURE INTERACTION ANALYSIS OF LOCAL STRESSES IN ATHEROSCLEROTIC PLAUQE AND THE
INTERVENTION OF ENHANCED EXTERNAL COUNTERPULSATION TREATMENT

J12f2E4R. 2018, 50(1): 138-146

2018 MG 1A e A5 R TR BTRE IR T O BB T U 2 50R ERT “AAR LRI
REVIEW OF THE 2018 SYMPOSIUM ON APPLICATION OF FLUID-STRUCTURE INTERACTION IN NAVAL
ARCHITECTURE AND OFFSHORE RENEWABLE ENERGY

F12E2E4. 2019, 51(1): 292-297

EMEART, PFREZEIRER

gdn


https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-23-435
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-17-197
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-20-357
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-21-084
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-18-028
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-17-150
https://lxxb.cstam.org.cn//article/doi/10.6052/0459-1879-18-445

56 %5 5 3 W o F F R Vol. 56, No. 3
2024 4£ 3 A Chinese Journal of Theoretical and Applied Mechanics Mar., 2024

REBENFEETH

ETRERENESNEFH RIER SRS 77

AT EEmmT OB BT KOFEY RTEARr ok E'
* (RSB 5 3 1 TRESEBE, i 200240)
(R PO )1 S Ee I 72 B, BER 610500)

WE IS TR AR R RS R SR A B — R B B ), R B R RS AR AN ) 2
HRATBURIL G, /™ R W 22 R LI AT SEPEANIEAT % 4, H AT H WL AN Se i 2. 8 TIRABIE AL
BN AR E LSl 5 R AR R 2 IR Bl 8 FROARR S LR, 2 I RV E ) D7 357 1 2 G UL i 4
P R [ R A R, BB W TE T W R SRR RSN A AR T RS AR R 4G i
RERFAE, #7517 LU 7 AR [F) P RSN U B A L. 45 SRR E: IR T 00, B 1 SRR g T A2 17 73
T e P S G ¥ L B R A S B AR I 0 R R e B ) R, B 3 A B R S R — i s i
AP, SR TR AR FE RS AU SRR, R AR R AR AC RN, LS Wi By S R A AR
PRIRAFAE, PR3 LA— B 2 i A2 32, A1) 43 B0 A1 K AR B A R Ul e I HLA S B 24 B e i
— i i [ A A, AE R IR SN 32 B0 38 A1 A A A IR JA [ T — 2 B TR R KOt R R D R
B AR S AL AR R S AR E T sl i A B RS R B T R A 2 2%

KR LT, AR RS, WA G, BRI, FEE H s

FESZES: V2313 XERERIRAG: A doi: 10.6052/0459-1879-23-435

ANALYSIS ON NON-SYNCHRONOUS VIBRATION OF COMPRESSOR ROTOR
BLADES BASED ON FLUID-STRUCTURE INTERACTION?

Wang Songbai * ¥ Huo Jiaxin T Zhao Xing T Chen Yong *? Wu Yadong * Zhang Jun
: (School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)
i (AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract The non-synchronous vibration (NSV) of compressor rotor blades is a new type of aeroelastic problem
discovered in recent years, the characteristics is manifested as the non synchronization between the vibration frequency
and the rotating frequency and exhibiting frequency locking phenomena, which seriously affects the reliability and
operation safety of acroengine. Currently, the mechanism is not fully understood. In order to deeply investigate the
interaction mechanism between the unstable flow and non-synchronous vibration of blades, a time domain fluid-structure
interaction method of multistage compressor full-annulus rotor blades was established, the unsteady flow field,
aerodynamic excitation frequency and structural response characteristics of rigid and flexible blades were numerically
studied to reveal the fluid-structure interaction mechanism of NSV. The results indicate that the periodic shedding and
reattachment process of radial separation vortices on the tip suction surface causes the severe pressure fluctuation under
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near stall conditions. Its three times harmonic aerodynamic excitation frequency is close to the first-order bending natural
frequency and provides the initial aerodynamic excitation for the NSV. During the NSV, the displacement response of
rotor blade exhibits equal amplitude limit cycle oscillation, and dominated by the first-order bending model. The non-
integer multiple aerodynamic excitation and its harmonic frequencies generated by radial separation vortex are ultimately
locked-in the first-order bending natural frequency. The motion stress of NSV causes the circumferential flow field of
adjacent channels to become consistent. This present result and the mechanism understanding of fluid-structure

interaction of NSV can provide useful references for the analysis of blade vibration failure induced by unstable flow in

compressor.
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unsteady flow
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