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A New Pressure-Based Finite Element Method Applicable to Viscous Flows at All
Speed Ranges

A ent, g 2

Eun-Bo Shim and Keun-Shik Chang

A finite element scheme using the concept of PISO method has been developed to solve the
viscous flow problems in all speed range. In this study, new pressure equation is proposed
such that both the hyperbolic term related with the density variations and elliptic term
reflecting the incompressibility constraint are included. Present method has been applied to
incompressible flow in two-dimensional driven cavity(Re=100, 400 and 1,000), and its computed
results are compared with other’'s. Also, Carter plate problem(M=3 and Re=1,000) is computed
and the comparison is made with Carter's results. Finally, we simulate a shock-boundary
layer interaction problem(M=2 and Re=2.96x10°) to illustrate the shock capturing capability of
the present solution algorithm.
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Fig. 1. Velocity profiles at various Re : o, Ghia et al; . present study
(a) on a vertical centerline (b) on a horizontal centerline
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(b) (c)

Fig. 2. Numerical results of 2d driven cavity flow for Re=1000
(a) Velocity vector (b) Streamlines (c) Pressure
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Fig. 3. Schematic diagram of Carter plate

(a) (b)

Fig. 4. Numerical results of Carter plate problem
{(a) Density contours (b) Pressure contours (c) Mach number contours
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Fig. 5. Variations of flow variable
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Fig. 6. Schematic diagram of shock and boundary layer interaction
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Fig. 8. Comparisons of computational results with experiment
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