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ABSTRACT 

The basic idea of the domain-free discretization (DFD) method is the extension of 

PDE(s) solution, and is inspired from the analytical method [1-2]. In this paper, the 

local DFD method is presented to solve the incompressible Navier-Stokes equations. 

Being different from classical numerical methods, the discrete form of governing 

equations at an interior point may involve some points outside the solution domain. The 

functional values at the exterior dependent points are updated at each time step to 

impose the wall boundary condition by the approximate form of solution in the normal 

direction to the wall boundary. Some points inside the solution domain are constructed 

for the approximate form of solution, and the flow variables at the constructed points 

are evaluated by linear interpolation over triangles. The method of artificial 

compressibility in [3] is used to solve the flow equations. The numerical schemes used 

in DFD are the finite-element Galerkin approximation for spatial discretization and the 

dual-time scheme for temporal discretization.  

In this local DFD method, wall boundaries can be superimposed upon computational 

meshes. The mesh can stay fixed while the body is moving, and there is no need to 

generate a new mesh or deform the previous mesh at each time step. In principle, mesh 

generation for complex geometry problems becomes quite easy.  

The simulation of flows past a fixed cylinder at different Reynolds numbers 

(85<Re<190) is included as a basis of comparison with other numerical results and 

experimental data for a complete validation of the DFD method. 

Two phenomena are investigated in the simulation of flows around moving boundaries. 

In both cases, the cylinder oscillation is forced. The first is the flow induced by the 

harmonic in-line oscillation of cylinder in fluid at rest. The Reynolds number is equal to 

100 and the Keulegan-Carpenter number is equal to 5. The second is the flow induced 

by the transverse oscillation of a cylinder in uniform flow at fixed Reynolds number 

equal to 185. The cylinder oscillation frequency ranges from 0.8 and 1.20 of the natural 

vortex shedding frequency, and the oscillation amplitude is 20% of the cylinder 
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diameter. Again for validation of the DFD method, comparisons with measurements and 

predictions are made in both cases. Some of  results for case 2 are presented below. 

 

 

 

 

 

 

 

(a) 0.0/ =eff                                       (b) 9.0/ =eff  

 

 

 

 

 

 

 

(c) 0.1/ =eff                                       (d) 2.1/ =eff  

Lift and drag coefficients versus time Re=185 
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