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Analysis of Fully Coupled Flow-Induced Vibration of
Structure Under Small Deformation With GMRES

ZHANG Li-xiang', GUO Ya-kun’, ZHANG Hong-ming'
(1. Department of Engineering Mechanics, Kunming University of Science and Technology
Kunming 650051, P. R. China;
2. School of Engineering, University of Aberdeen, Aberdeen AB24 3UE, UK)

Abstract: Lagrangian-Eulerian formulations, based on a generalized variational principle of
coupling fluid and solid dynamics,was established to describe flow-induced vibration of a struc-
ture under small deformation in incompressible viscous fluid flow. The spatial discretization of
the formulations was on multi-linear interpolating functions using the finite element method for
both the fluid and solid structure. The generalized trapezoidal rule was used to obtain apparent-
ly nonsymmetric linear equations in incremental form for the variables of the flow and vibra-
tion. The nonlinear convective term and time factors were contained in nonsymmetric coeffi-
cient matrix of the equations. Generalized minimum residual method ( GMRES) was used to
solve the incremental equations. A new stable algorithm of GMRES-Hughes-Newmark was de-
veloped to deal with flow-induced vibration with dynamical fluid-structure interaction in com-
plex geometry. Good agreement between the simulations and laboratory measurements of the
pressure and blade vibration accelerations in a hydro turbine passage was obtained, indicating
that the GMRES-Hughes-Newmark algorithm presented was suitable for dealing with the flow-

induced vibration of structures under small deformation.

Key words: flow-induced vibration; fluid-structure interaction; generalized variational princi-

ple; numerical methods; GMRES



