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An Incompressible Flow Computation

a Hierarchical Iterative and a Modified Residual Method

J. W. Kim

The incompressible Navier-Stokes equations in two dimensions are stabilized by a modified
residual method, and then discretized by hierarchical elements. The stabilization is necessary to escape

from the Ladyzhenskaya-Babuska-Brezzi(LBB)

constraint and hence to achieve an equal order

formulation. To expedite a standard iterative method such as the conjugate gradient squared(CGS)
method, a preconditioning technique called the Hierarchical Iterative Procedure(HIP) has been applied. In
this paper, we increased the order of interpolation within an element up to cubic. The hierarchical
elements have been used to achieve a higher order accuracy in fluid flow analyses, but a proper efficient

iterative procedure for higher order finite element formulation has not

been available so far. The

numerical results by the present HIP for the lid driven cavity flow and others showed the present

procedure to be
elements.

stable, very efficient and useful in flow analyses in conjunction with hierarchical
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Fig.1 Element node numbering

Table 1 Dof Number of Element Node in 2-D

Element Node No.
Deg.

Vertex Edge Interior
1 1~4 - -
2 - 5~8 9
3 - 10~13 14~16
4 - 17~20 21 ~25
5 - 26 ~29 30 ~ 36
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