Proceedings of
The Fourth National Congress on Fluids Engineering

August 23-25, 2006, Kyungju, Korea

:]
As
i
v
=
=,
(@]
I
w2
o
=3
(@]
w
ol
o
1>
Lo

% keok ek k K
X od R 'EQ“IH al

Study of the semi-segregation algorithms of the incompressible
Navier-Stokes equations using P2P1 finite element formulation
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Abstract

The conventional segregated finite element formulation produces a small and simple matrix at each step than in an integrated
formulation. And the memory and cost requirements of computations are significantly reduced because the pressure equation for the
mass conservation of the Navier-Stokes equations is constructed only once if the mesh is fixed. However, segregated finite element
formulation solves Poisson equation of elliptic type so that it always needs a pressure boundary condition along a boundary even when
physical information on pressure is not provided. On the other hand, the conventional integrated finite element formulation in which
the governing equations are simultaneously treated has an advantage over a segregated formulation in the sense that it can give a more
robust convergence behavior because all variables are implicitly combined. Further it needs a very small number of iterations to
achieve convergence. However, the saddle-point-type matrix (SPTM) in the integrated formulation is assembled and preconditioned
every time step, so that it needs a large memory and computing time. Therefore, we newly proposed the P2P1 semi-segregation
formulation. In order to utilize the fact that the pressure equation is assembled and preconditioned only once in the segregated finite
element formulation, a fixed symmetric SPTM has been obtained for the continuity constraint of the present semi-segregation finite
element formulation. The momentum equation in the semi-segregation finite element formulation will be separated from the continuity
equation so that the saddle-point-type matrix is assembled and preconditioned only once during the whole computation as long as the
mesh does not change. For a comparison of the CPU time, accuracy and condition number between the two methods, they have been
applied to the well-known benchmark problem. It is shown that the newly proposed semi-segregation finite element formulation
performs better than the conventional integrated finite element formulation in terms of the computation time.
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Fig. 1 Nonuniform grid system and the boundary conditions for the
flow behind a circular cylinder
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Fig. 2 Temporal evolution of the velocity at a point behind
a circular cylinder

Table 1 Comparison of the present results with others for
the flow past a circular cylinder

Reference Method St
Present study Semi-segregated 0.163
Present study Fully implicit integrated 0.163

Present study Semi-implicit integrated 0.163
Williamson™ Experiment 0.164
Braza et al™ FVM (13530 grid points) | 0.160

Karniadakis et al ™
Kwon and Choi"™

Spectral element method | 0.179
FDM (321X 321) 0.165
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Table 2 Condition number

Without ILU
pre-conditioning | pre-conditioning
Semi-segregation FEM | 0.47109E+07 0.87869E+02
Fully implicit
integrated FEM 0.45694E+07 0.92933E+02
Semi-implicit
integrated FEM 0.44693E+07 0.93114E+02

Table 3 CPU time for the flow past a circular cylinder

Method CPU Time (second)
Semi-segregation FEM 5200

Fully implicit integrated FEM 78600
Semi-implicit integrated FEM 18350
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