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DISPOSAL OF FAR-FIELD VORTEX PARTICLES FOR LONG-TERM SIMULATIONS
IN PENALIZED VIC METHOD
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'Department of Naval Architecture and Ocean Engineering, Seoul National University
2Republic of Korea Navy
*Research Institute of Marine Systems Engineering, Seoul National University

A penalized VIC method offers an efficient hybrid particle-mesh algorithm to simulate an incompressible
viscous flow passing a solid body in an infinite domain. In this manner, the computational domain needs to be
restricted to a relatively small region to reduce computational cost which would be very high in case of using a
large domain. In this paper, we present how to dispose of far-field particles to avoid an unnecessarily large
computational domain. The present approach constraints expansion of the domain and thus prevents the
incremental computational cost. To validate the numerical approach, a flow around an impulsively started
sphere was simulated for Reynolds numbers of 100 and 1000.
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Fig. 1 Flow chart of penalized VIC method
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Fig. 2 Schematics of (a) the disposal approach and (b) the
absorption approach for handling far-field vortex particles
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Fig. 3. Present approach for handling far-field vortex particles

Fig. 4 Configuration of multiple computational domains
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Fig. 5 Comparison of vorticity contours at a steady state on
xz-plane. Note that the red and black lines depict the result
of present method and that of Johnson and Patel[9],

respectively
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Table 1 Computational parameters

Reynolds number Re=U_D/v 100
Sphere diameter D 1.0
Free-stream velocity U, (1, 0, 0)
Time step At 0.005
Grid spacing h 0.02
Particle size o 0.02

Table 2 Drag coefficient and wake shape at steady state

Wake Wake
Author(s) G length center
Taneda[16] - 0.89 (0.75, 0.28)
Johnson & Patel[15] - 0.89 (0.76, 0.29)
Fornberg[17] 1.09 - -
Bagchi & Balachandar[18]| 1.09 0.87 -
Present 1.09 0.88 (0.76, 0.28)
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Fig. 6 Comparisons of vorticity contours between w/o and w/
vortex particle disposal. Note that red lines are results for
T, =00
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Fig. 7 Comparisons of streamlines between w/o and w/ vortex
particle disposal. Note that black and red lines are results
for z, = 8.5D and x, = oo, respectively
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