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Blades flutter of non-zero inter-blade phase angle based

on vibration time-delay method

DU Yunxiang, XU Zili, JIAO Yuxue, LI Kangdi

(State Key Laboratory for Strength and Vibration of Mechanical Structures,
School of Aerospace Engineering,
Xi’an Jiaotong University, Xi'an 710049, China)

Abstract: A vibration time-delay method of setting inter-blade phase angle by means of
delayed blade vibration and a fluid-structure interaction flutter analysis model for multiple
passage blade non-in-phase vibration were developed. The number of passages was twice the
passages between adjacent nodal lines; and in the different passages of the cyclic sector, the
modal displacement of each blade lagged behind that of the previous blade, and the efficient
update of the flow field and blade grids was realized using the fast dynamic mesh algorithm
based on pseudo elastic solid. Based on the multiple passage model of Rotor 37, the influ-
ences of different inter-blade phase angles on the aerodynamic stability of blades and the flow
field characteristics of passages were studied. The results showed that the calculation result
of the multiple passage method was basically consistent with the full annulus flutter analy-
sis, and the calculation time of the multiple passage method was 14. 86 % of the full annulus
analysis at 18 nodal diameter. Nodal diameter pattern had a significant influence on the aero-

dynamic damping of blades, and flutter instability occurred at 2 nodal diameter. The inter-
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blade phase angle led to the changes of the shock wave location and strength and the unstead-

y pulsation and impact out of phase in the passage, contributing a lot to the flutter.

Key words:

blade flutter; fluid-structure interaction; inter-blade phase angle;

vibration time-delay; multiple passage method
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Vibration model of multiple blade passages and

vibration-time delay between adjacent blades
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