CIP-Finite Element Analysis for Unsteady Three-Dimensional Viscous Fluid Flow
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In this study, the CIP-finite element method (CIP-FEM) is proposed for the analysis of the unsteady
three-dimensiona viscous fluid flows. This method is a combination of the SIMPLER formulation and the CIP
(Cubic Interpolated Propagation) method. The SIMPLER formulation is used to solve the coupled problem of
velocity and pressure, and the CIP method is used to deal with the convection terms. The three-dimensional driven
cavity flow problems are solved up to the Reynolds number of 3,200 with non-uniform meshes. The results agree

well with those of other research works.
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Fig. 1 Computational domain

Fig. 2 Non-uniform meshes (40% 40% 40)
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Table 1 Computational parameters and results (Re=400, 1,000, 2,000, 3,200)
Re M ethod Meshes At Loop Bmax. Fg.
CIP-FEM 20% 20% 20 1.0x 10~ 1,590 1.09 3(a), 3(h), 4(a)
@ 20% 20% 10 2
400 Hondaet al. (Uniform meches) 1.5% 10 2,139 0.30 3(a), 4(b)
Matsuda et al. 30% 30% 30 8.0x 107 270 7.17 3(b)
CIP-FEM 30% 30% 30 5.0x 10° 4,202 0.86 5(a), 5(h), 6(a), 7(a), 8(a)
@ 30 30 30 10x 10° 50% 10° — 0.15 5(b)
Kawai et al. (Uniform meshes)
1,000 30% 30% 15 1.0x 10° 5.0x 107 — 0.45 5(b)
Kueta.'” 30% 30x 15 5.0% 10 — — 5(b)
Matsuda et al. 30% 30% 30 4.0x 10° 918 2.69 5(a)
Matsumoto et a. ® 30% 30% 30 1.0 107 — 0.67 6(b), 7(b), 8(b)
CIP-FEM 40% 40% 40 4.0% 10° 29,994 0.94 9(a), 10(a), 11(a), 12
2,000 Matsudaet al. 40% 40% 40 2.0x 107 6,202 2.43 9(b), 10(b), 11(b)
Matsumoto et al. 30% 30% 30 1.0% 102 — 0.67 —
CIP-FEM 40% 40% 40 4.0% 10° 30,000 094 | 13(a), 14(a), 15(a), 16,17,18
3200 Kawai etal. @ 40% 40% 20 1.0x 10° 50x 10° — 0.13 13(b), 14(b), 15(b), 17
’ Matsuda et al. ™ 40% 40% 40 1.0x 10 20,000 0.86 —
Matsumoto et al. © 30% 30% 30 1.0 107 — 0.67 —
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Fig 3 Velocity distributions at z=0.5 (Re=400)
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Fig .4 Pressure contours (Re=400)
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Fig 5 Velocity distributions at z=0.5 (Re=1,000)
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Fig.6 Velocity distributions and pressure contours at z=0.5

(b) Matsumoto et al. ® (A p  unknown)
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Fig. 7 Veocity vectors at x=0.5 (Re=1,000)
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Fig. 8 Veacity vectors at y=0.5 (Re=1,000)
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Fig. 9 Velocity vectors and pressure contours at z=0.5 (Re=2,000)
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Fig. 10 Velocity vectors and pressure contours at x=0.5 (Re=2,000)
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Fig. 11 Velocity vectors and pressure contours at x=0.5 (Re=2,000)
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Fig. 12 Convergence histories of “& * (Re=2,000)
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Fig. 13 Velocity vectors at z=0.5 (Re=3,200, L oop=30,000)
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Fig. 14 Velocity vectors at x=0.5 (Re=3,200, L oop=30,000)
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Fig. 15 Velocity vectors at y=0.5 (Re=3,200, L oop=30,000)
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Fig. 16 Velocity distributions at z=0.5 (Re=3,200, L oop=30,000)
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Fig. 17 Velocity vectors (Re=3,200, Loop=30,000)
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Fig. 18 Convergence histories of “0 ” (Re=3,200)
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