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Numerical Simulations for Complex Flow Phenomena
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Summary

In this paper, we present a finite element scheme based on the Petrov-Galerkin method
using exponential weighting functions for computing three-dimensional incompressible
viscous flows involving complex flow phenomena. Numerical solutions for flow between
two concentric cylinders, lows over a wall-mounted cube and around a circular cylinder
are presented and compared with experimental data and other existing numerical data.
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(a) Geometry and boundary conditions () Finite element mesh

Figure 1: Flow between two concentric cylinders

Table 1 A summary of the parameters
Nodes Elements Minimum length At o(i=1~3)
55,488 51,200 (0.003369 0.005 0.1

(a) Re = 200 (b) Re = 2000 (c) Re = 20000

Figure 2: Instantaneous pressure fields
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(a) Geometry and boundary conditions

{b) Finite element mesh

Figure 3: Flow over a wall-mounted cube

Table 2 A summary of the parameters

Elements

Nodes

Minimum length At
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100,446 94,000

0.05

0.005 0.2

(a) Re =400

Figure 4: Instantaneous streamlines

(b) Re = 10°
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Figure 5: Pressure coeflicients on the cube
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b) Mesh near the cylinder
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(a} Geometry and boundary conditions

Figure 6: Flow around a circular cylinder

Table 3 A summary of the parameters
Nodes Elements Minimum length — At a{i=1~3)
130,830 122,000 0.0029 0.0025 0.5
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Figure 7: Streamlines and pressure fields

Figure & (a)Strouhal numbers. (b)Time-averaged drag
coefficients.
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