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FINITE DIFFERENCE METHOD/ 2D FLOW/ NAVIER-STOKES EQUA-

TIONS.

The current work deals with a numerical simulation of 2D incompressible
viscous flow governed by the Navier-Stokes equations. This study can be divided
into two parts. The first part is the investigation and comparison of the perfor-
mance of three finite-difference schemes to find the approximate solution of 2D
incompressible Navier-Stokes equations in form of the stream function. The sec-
ond part is the development and study of a finite-difference scheme to simulate
the 2D incompressible flow in a new form proposed by Aristov and Pukhnachev
(see Doklady Physics, 49(2), 2004).

The benchmark problem of 2D cavity flow is used to compare three finite-
difference schemes for the approximate solution of the Navier-Stokes equations
in form of the bi-harmonic equation for the stream function. The schemes are
different for the approximation of nonlinear terms, that is, the explicit approxima-
tion, the internal iteration techniques, and the operator splitting approach. Three
techniques are compared in terms of their stability, accuracy, and convergence
rate. It is shown that the theoretically stable operator splitting scheme fails at
large Reynolds number while the method of internal iteration gives the reasonable

approximate solution and has the faster convergence rate.



The new form of the Navier-Stokes equations for the 2D viscous incom-
pressible fluid flow proposed by Aristov and Pukhnachev (2004) who introduced
a new function related to the pressure and succeed to derive a coupled system
of two transport equations for the stream function and azimuthal component ve-
locity and one elliptic equation for the new function. The algorithm treats the
equations as an inextricably coupled system which allows to satisfy two conditions
for the stream function without condition on the auxiliary function. The issue of
singularity of the matrix is tackled by adding a small parameter in the boundary
conditions. This new numerical tool is applied to the Taylor-Couette flow between
the concentric rotating cylinders where the upper and lower lids are allowed to ro-
tate independently from the inner cylinder, while the outer cylinder is held at rest.
This flow is utilized as a benchmark test in 2D case. The schemes are thoroughly
validated on grids with different resolutions.

The numerical methods developed in this research work based on Aristov
and Pukhnachev formulation of the Navier-Stokes equations can be used in the

future for in-depth investigations of the new phenomena in rotating and plane 2D

flows.
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