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Proper Finite Difference Schemes in Generalized Coordinates
for Large Eddy Simulations of Turbulent Flow

by
Tetsuya KOGAKI"!, Nobuyuki TANIGUCHI?, Yuich MATSUO™

In order to conduct direct numerical simulations (DNS) or large eddy simulations (LES) of turbulent flow in compli-
cated flow geometry, accurate finite difference methods are needed in generalized curvilinear coordinate system. Recently, it was
shown that the analytical conservative properties of the set of basic equations are needed to be satisfied properly even in discretized
basic equations in order to obtain accurate and stable solutions in simulations of incompressible turbulent flow using finite difference
method. In this paper, it is demonstrated that the analytical conservative properties of the coordinate transformed basic equations for
incompressible viscous flows are identical with that in Cartesian coordinates. The basic equations treated here are the continuity
equation, the Navier-Stokes equation and the transport equations of the square value of velocity components and the kinetic energy.
The finite difference schemes in generalized curvilinear coordinate system that are suitable for simulation of incompressible turbu-
lent flow are constructed from relatively simple extension of the proper finite difference schemes derived in equidistant Cartesian
coordinate system. The conservative properties of finite difference schemes consutructed in this research in generalized curvilinear
system are examined by numerical tests of two-dimensional inviscid flow with periodic domains. 1t is confirmed that the modified
finite difference scheme in a colocated grid layout conserves the mass and kinetic energy properly even in nonorthogonal nonuniform
computational grid. The conservative properties of the finite difference scheme in a staggered grid layout is also proper only when
computational grids are orthogonal. In addition, direct numerical simulation of plane channel flows with fairly coarse mesh at
Re =180 are conducted using the finite difference schemes in generalized curvilinear coordinate system. It is found that the results
are improved by the modified finite difference scheme in colocated grid layout because the residual of continuity equation in regular
grid layout is reduced.
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Table 1 Analytical conservative properties of the basic equations for
incomporessible flows (extracted from Ref. (2) ).
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Fig. 1 Various grid layouts in generalized coordinates.
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Fig.2 Nonorthogonal uniform grids used for validation tests of

conservative properties of finite difference schemes in generalized
coordinate system.
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Fig. 6 Time averaged streamwise velocity and velocity fluctuations of
velocity components by the finite difference scheme in Maliska's
staggered grid layout.
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Fig.7 Time averaged streamwise velocity and velocity fluctuations of
velocity components by the modified finite difference scheme in
colocated grid layout.
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Fig. 8 Pressure-strain term in Reynolds stress budget (finite difference
scheme in staggered grid layout and modified finite difference
scheme in colocated grid layout, orthogonal grid).
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Fig. 9 Pressure-strain term in Reynolds stress budget (modified finite
difference schemes in colocated grid layout, orthogonal and
nonorthogonal grids).
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