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Table 1 Comparison of parameters for flow-induced vibration of a circular

cylinder with two degrees of freedom at Re = 100

St Ymax” D E—ey X mean” D Ci Cp s Cp mean
present 0.164 9 0.532 0.005 15 0.1109 0.194 0 0.258 1 1.89
ref. [13] 0.164 2 0.510 0.004 94 0.110 5 0.1950 0.248 4 1.89

(a) x [0 5 (2% (b) JFE 1%Lk
(a) x -component velocity contour (b) Pressure contour
B3 Re = 100 A, HiIaMiabss
Fig.3 Numerical results for flow field at Re = 100
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Fig.4 Time histories of drag, lift coefficients and displacement at Re = 200
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Fig.5 Instantaneous vorticity field at Re = 200
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A Four-Step Fractional Finite Element Method
for Fluid-Structure Interaction

WANG Hua-kun', HONG Guo-jun'?, YANG Wen-yu', YU Guo-liang'
(1. School of Naval Architecture, Ocean and Civil Engineering,
Shanghai Jiao Tong University, Shanghai 200240, P. R. China;

2. Shanghai Waterway Engineering Design and Consulting Co Ltd
Shanghai 200120, P. R. China)

Abstract: A loosely-coupled algorithm for fluid-structure interaction based on arbitrary La-
grangian Eulerian( ALE) finite element method was proposed. The semi-implicit four-step frac-
tional finite element method was extended to solve Navier-Stokes equations of ALE description,
where the streamline upwind/Petrov-Galerkin (SUPG) stabilization term was added to the mo-
mentum equation to eliminate numerical oscillations of the velocity field. The temporal integra-
tion of the equation of motion for the structure was done with a Newmark-8 algorithm while the
mesh updating was performed based on the modified Laplace equation solved by a standard
Galerkin FEM. The entire deformation was imposed at each time step in order to avoid deterio-
ration in mesh quality with long-term and large amplitude oscillations or deformations. The pro-
posed method was applied to the numerical simulations on flow-induced vibrations of an elastic-
ally mounted circular cylinder with one and two degrees of freedom. Numerical results show
good agreement with the existing solutions and suggest that the present method is competitive

in terms of accuracy and efficiency.

Key words: ALE finite element method; fluid-structure interaction; semi-implicit four-step

fraction; modified Laplace equation; mesh updating



