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Abstract: Aiming at approaching the fracture failure of blades induced by non-synchronous vibration
(NSV) in aeroengine, a fluid—structure interaction model of the whole domain of the compressor was established
based on the time domain propulsion method. The purpose is to describe the circumferential unsteady turbulence
and blade aeroelastic characteristics reasonably. Through this model, the mechanism of NSV was revealed, and
the aerodynamic force on the blade surface and vibration amplitude were optimized by certain aerodynamic layout.
Results show that the channel separation vortex formed by the mixing of tip leakage flow and mainstream is the
fundamental reason for the NSV, but the significant separation vortex only occurs when the circumferential propa-

gation intensity of mixed flow is moderate. In addition, the normalized circumferential momentum (W, ) in front

mix

of the channel is taken as the basis to judge the strength of the channel vortex and vibration amplitude. With the

increase of guide vane deflection angle or blade spacing mistuning degree, the W, will also increase to a certain

*WEREEA: 2022-05-18; EITHE: 2022-06-28.

HEEWE: EEFHEERET (2017-11-0009-0023; 2019-V-0017-0112).

EEREN: WEM, B, RO iiE sl shsidt.

BIEE . 2T, WL, AIEER, WISy Il i 2 . AL IR BTt B [R5 R
E-mail: hou_anping@sina.com

SIAR: mEMK, BF, RO, & R R ARRRZP IR SRR AR RO eI ], HEER, 2023, 44(5):
2205064. (HUANG Yu-wei, HOU An—ping, WU Jie, et al. Non—Synchronous Vibration Mechanism and Aerodynamic
Layout Optimization of Compressor Blades[J]. Journal of Propulsion Technology, 2023, 44(5) :2205064.)

2205064-1



a4k S

FEAMLI 7 AE T8 25 41 s LB K S8 A R AR TF 5

2023 4

extent, which makes the channel vortex intensity and the NSV amplitude increase to a peak and then decrease.

Key words: Compressor; Non—synchronous vibration; Aerodynamic layout optimization; Two—way flu-

id—structure interaction; Deflection angle of guide vane; Blade spacing mistuning
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Fig. 1 Fluid-structure interaction scheme
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Fig.3 Mesh and time step independence verification
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Table 1 Modes and frequencies of the blade

Order Mode Steady frequency/Hz Dynamic frequency/Hz

1 Ist bending 671.9 775.2
2 Ist torsion 1616.1 1650.7
3 2nd bending 2769.7 2868.7
4 3rd bending 3981.0 4033.6
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Table 2 Comparison between cases with different guide
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Case m/% /% n/% Amplitude/%

2° -1.05 -0.099 -0.46 -98
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5° 0 0 0 0
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Table 3 Comparison between equally dividing cases

Order Name(N,N,) apl% m/% /% /% Amplitude/%
0 Baseline 0 0 0 0 0
1 11,9 17.39 -0.489 -0.090 -0.400 116
2 12,8 32 -0.406 0.009 -0.207 35
3 13,7 44.44 -0.871 -0.018 -0.552 =55
4 14,6 55.17 -1.344 -0.279 -0.411 -94
Table 4 Comparison between non-uniform dividing cases
Order Name(angle of @) apl% ml% /% nl% Amplitude/%
5 P85° 10.53 -0.100 -0.027 0.239 71
6 @80° 20.00 -0.514 -0.099 -0.595 194
7 »75° 28.57 -0.058 0.099 -0.424 165
8 »70° 36.36 -0.738 -0.027 -0.421 -39
9 P65° 43.48 -0.887 0 -0.625 =77
10 »60° 50 -1.344 -0.054 -0.794 -87
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