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A SOLUTION PROCEDURE FOR THE FINITE ELEMENT EQUATIONS OF
TRANSIENT, INCOMPRESSIBLE, VISCOUS FLOWS
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By Yutaka YOSHIDA, Takashi NOMURA and Ryoichi KANNO

A numerical procedure is proposed for the transient analysis of incompressible,

viscous flows. The velocity and the pressure are the solution variables in the finite

element discretization, The procedure is based on the direct time integration method

developed by the authors. A system of recurrence equations representing the evolution

of the velocities and the pressures under the incompressibility constraint is derived. An

iteration process as to the convergence of the nonlinear terms is performed in every

integration step. Any artificial parameters are not introduced into the solution

procedure, The features of the proposed method are verified on two cases of numerical

analysis,

one of which is vortex shedding behind a square cylinder. The resulting

velocity distribution satisfies the continuity condition strictly.
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Fig.1 Finite element mesh and boundary conditions for
the flow past a flat plate.
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Fig.4 Comparison with the experiment by Taneda, et al. [18];

(a) movement of stagnation point ;(b) observed instan-
taneous particle motion (reproduced by the authors from
the photograph of Ref.18);(c) calculation.
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Y.y u=0,v=0 on cylinder surface
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Fig.6 Finite element mesh and boundary conditions
for the flow past a square cylinder.
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Fig.7 (a) Prescribed initial variation of inlet velocity ;

(b) perturbation of inlet velocity.

Fig.8 Time history of velocity components (locations
are indicated in Fig.6).
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Fig.9 Twin vortice and beginning of shedding (velocity

vectors and dimensionless pressure contours).
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Fig.11 Lift, Drag and surface pressures
(locations arelshown in Fig, 6)
during a shedding cycle,
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Fig. 12 Distribution of surface pressure during a half cycle
of shedding.
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Fig.10 Comparison with the experiment by Okajima, et al. [19] (the left figure

is reproduced by the authors from the photograph of Ref.19).
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Fig.14 Velocity vectors and dimensionless
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Fig.13 Velocity vectors and dimensionless pressure contours during a half cycle of shedding.
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