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Numerical Simulations for the Navier-Stokes Equations

in Incompressible Viscous Fluid Flows

BAREET ZBIREH (Nobuyoshi Tosaka)
BALETL AEE (Kazuhiko Kakuda)

SUMMARY

A coupling approach of the boundary element methqd and the finite element method
for solving the unsteddy incompressible Navier-Stokes equations is presented. A flow
field involving an obstacle is divided into two subdomains. The subdomain involving
an obstacle is assumed to be an ihcompressible viscous flow governed by the unsteady
Navier-Stokes equations, and a Petrov-Galerkin finite element method (PGFEM) using
exponential functions is applied to solve the equations. The other is assumed to be a
potential flow governed by the Laplace equation, and the boundary element method is
applied to the flow field. Numerical results derﬁonstrate the applicability and effectiveness

of the coupling approach and PGFEM using exponential functions developed in our work.
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(b) Boundary conditions after second time step

Fig.3 Boundary conditions
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(a) Numerical solutions for h/a = 3

(b) Numerical solutions for h/a = 4
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(d) FEM solutions

Fig.4 Velocity vector and pressure fields at ¢ = 10 (Re = 200,At = 0.1)
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(b) Numerical solutions for h/a = 4
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(d) FEM solutions

Fig.5 Velocity vector and pressure fields at ¢ = 50 (Re = 103,At = 0.1)
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(a) Geometry and boundary conditions (b) Finite element mesh

Fig.6 Flow in a square cavity
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Fig.7 Velocity vector and pressure fields at ¢ = 150 (Re = 10*, At = 0.005)
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