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Theoretical Model and Numerical Simulation of Three-Dimensional
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(National Engineering Research Center of Fluid Machinery and Compressor, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: A theoretical and numerical model for three-dimensional flow induced vibration was
proposed. The theoretical model consists of three-dimensional unsteady Navier-Stokes equations
under arbitrary lLLagrange-Euler frame for fluid flow, and wave equations for structural vibration.
The numerical method is finite volume method on unstructured moving mesh for fluid flow and fi-
nite difference method for structural vibration. The proposed method is applied to rigid stationa-
ry, constrained vibrating and freely vibrating circular cylinders, respectively. For the rigid case,
the present results fit the available data well. For the flexible case, the cylinder vibrates freely as
Strouhal-type mode in which each cylinder section is in motion along “8” shaped trajectory. The
limiting cycle vibration mode was interpreted for the first time using flow induced vibration mod-
el. At the midspan region, the fluid force plays a damper role in the cylinder vibration mainly due
to the third harmonic component, while at the near wall region, the relative stable phase differ-
ence between the fluid force and the vibration displacement plays an actuator role in the vibration.
Keywords: flow induced vibration; circular cylinder; limiting cycle; Navier-Stokes equations;

wave equations; unstructured moving mesh
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