CIP-Finite Element Analysis for Unsteady Two-Dimensional Viscous Fluid Flows
(Investigation of atime step size in case of high Reynolds numbers)
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In this study, the CIP-finite element method (CIP-FEM) is proposed for the analysis of viscous fluid flows. This
method is a combination of the SIMPLER formulation and the CIP (Cubic Interpolated Propagation) method. The
SMPLER formulation is used to solve a coupled problem of velocity and pressure, and the CIP method is used to
deal with convection terms. The two-dimensional driven cavity flow problems are solved up to the Reynolds number
of 10,000 with non-uniform meshes. The results agree well with those of Ghiaet al.
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(a) Arbitrary-shaped mesh (b) Regular mesh
Fig. 1 Coordinate transformation
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Table 1 Computational parameters and results 3 Re=3,200, 5,000, 10,000
(Re=1,000) 6 7 8
M eshes 30% 30 40% 40 50%x 50
Pimin 5.8% 10° 4.2x 107 33x 10°
At 5.0% 10° 4.0% 107 3.0x 10° ,
Drenax 0.862 0.943 0.898 Re=3,200, 5,000 Ghia
L oop 6,220 7,410 9,258
Pmax 1.939 2.096 2.249 Re=10,000 Ghia
Pmin 0.743 0.663 0.574 9
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Fig. 4 Convergence histories of “d " (Re=1,000)
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Fig. 5 Velocity vector field, pressurefield,
and velocity distribution

(Re=1,000, meshes;50% 50, A t=1.0x 107, Loop=50,000)
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Table 3 Computational parametersand results

Re 3,200 5,000 10,000
M eshes 50% 50 50% 50 80%x 80
Rimin 3.3x 10° 3.3x 10° 2.0% 10°
At 3.0x 10° 3.0x 10° 8.0x 10"
Durmax 0.898 0.898 0.392
Loop 22,081 32,941 182,500
Prmax 1.939 2.096 1.801
Prmin 0.743 0.663 0911
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Fig. 6 Velocity vector field, pressure field
and velocity distribution (Re=3,200)
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Fig. 7 Velocity vector field, pressure field
and velocity distribution (Re=5,000)
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Fig. 8 Velocity vector field, pressure field
and velocity distribution (Re=10,000)
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Fig. 9 Convergence histories of “d ”
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