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Some Findings in a Finite-Difference Method

Takanori UCHIDA and Yuji OHYA

Abstract

In order to establish a proper numerical simulation code using a finite-difference method for
solving time-dependent incompressible Navier-Stokes equations, we have examined the following
problems: (1) the body shape approximated by a Cartesian coordinate system; (2) the finite-
difference form of the convective terms in the Navier-Stokes equations; (3) the outflow boundary
condition (or open boundary condition). In this paper, some findings about problems aforementioned

are described.

Kew words : Incompressible flow, Computational fluid dynamics, Finite-difference method, Direct
numerical simulation, Cartesian coordinate system, Boundary-fitted coordinate sys-
tem, Regular grid, Staggered grid, Collocated grid, Multi-directional finite-difference
method, Interpolation method, Outflow boundary condition
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Fig. 1 Flow past two-dimensional complex terrain (velocity vectors).
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Table 1 Simulation codes developed in the present study.

Dimension . Variable Coupling Discritization
Coordinate system ] FDM form ]
of cal. arrangement algorithm of advective terms
code 1 MAC usual FDM
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i i i metho
code 2 ' artesm'n uniform gri . MDFDM
(without coordinate transformation)
code 3 stagwered F-S interpolation
&8 ' method method (2nd-order)
] unif .
code 4 Cartesian non-uniform grid usual FDM
(x=x(8), y=y(n)
D MAC
code 5 regular K-K scheme
method
BFC (x=x(&, 7), y=y(&, 7))
code 6 MDFDM
de 7 Cartesian non-uniform grid stacgered
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(without coordinate transformation) &8
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F-S interpolation
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Cartesian uniform grid method method (2nd-order)
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2D (without coordinate transformation)
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Fig. 5 A schematic view of a cavity flow.
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Fig. 6 Comparison of streamlinés at a fully-developed state (Re=3200).
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symbol : Ghia et al.”
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Fig. 7 Comparison of velocity components (u, v) on the broken line shown in Fig. 5 (Re=3200).
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Fig. 8 Computational grid near the rectangular
cylinder. Note that this grid was used in all
computations.
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Fig. 10 Computational grid near the circular cylin-
der. Note that this grid was used in all
computations.
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Fig. 11 Comparison of contourlines of pressure
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Fig. 13 Comparison of time evolution of contourlines of pressure (Re=1000).
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Fig. 14 Comparison of distributions of pressure on
the center line corresponding to Fig. 13 (Re=
1000).
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Fig. 15 Comparison of iteration number of
SOR method (Re=1000).
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Fig. 16 Comparison of contourlines of pressure (SRC, Re=1000, t=100).

Table 2 Comparison of CPU ratio (Re=1000).

Combination of OBC CPU ratio
(a) velocity : eq.(18) + pressure : eq. (18) 1.1
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(d) velocity : eq.(20) + pressure : eq.(19) 1.4
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