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1. Introduction: Based on the Taylor expansion theory, a three-step finite element method
has been proposed by the auther’s groupl!l. This method remains the advantages of the Taylor-
Galerkin method, such as the good accuracy and the uniform CFL condition. In contrast
with the Taylor-Galerkin method, the three-step finite element method does not contain any
new higher-order spatial derivatives, which can be applied to solve the multi-dimensional flow
problems with ease.

2. Mathematical Model: The three-step finite element method is applied to solve the
incompressible flows. The time discretized formulations are
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The spatial discretizations of equations (1) can be performed by using the standard Galerkin
method. By taking the divergence on both sides of the last formulations of equation (1) and
introducing the incompressible constraint u"Jr1 = 0, the pressure can be solved from a derived
Poisson’s equation

3.The Unsteady Density Flow: A fluid of density p; = 1.0 occupies the left-hand two-thirds
of the tank and a heavier fluid, with density p» = 1.2, occupies the right-hand one-third of the
tank. The flow is started at t=0 due to the density difference. The positions of the fluids are
described by the markers. The distribution of the markers at t=6 sec. is shown in Fig.1. The
front position versus time is shown in Fig.2. The present calculation is in agreement with the
experiment [l the accuracy is better than the Lumping finite element method Fl.

4. The Flow Past A Flat Plate : The calculated time history of the stagnation point, as
shown in Fig.3, is compared with the experimental datal*! and the other numerical results®l. The
present calculations are in excellent agreement with those reported in the reference results.

5. Conclusions: The three-step finite element method has been extended to solve the unsteady
incompressible flows. It has third-order accuracy and uniform CFL property. The present method
can be efficiently applied to solve the convection dominated incompressible flows. The obtained
numerical results are in good agreement with the literatures.
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Fig.1 The density flow, t
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Fig.2 The front versus time (density flow)
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Fig.3 The time history of the stagnat
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