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Summary

The SMAC(Simplified Marker And Cell) method is, one of the numerical
simulation techniques for the fluid flows with frec surfaces, modified from
the original MAC(Marker And Cell) method for the time-dependent variation
of fluid flows.

Fundamentally, the SMAC method is a scheme that solves the continuity
equation and the Navier-Stokes(N-S) equation of the fluid by the
finite-difference method, with the forward differencing in time and centered
differencing in space(FTCS) for the difference of the viscous term and the
convective term. In this study, the difference of the convective term used
Donor-Cell method. Although it is very important to evaluate exactly the
convective term so as to calculate the accuracy of the turbulent fluid
motions, this requires a very small grid interval and time step.

In the SMAC method, the analytical region is divided into minute clements,
and the fluid region is judged by marker particles according to how they
were arranged beforehand. Several different cells can be distinguished: the
cell without a marker(empty cell). the cell which touches empty cells(surface
cell), the cell which is filled with a fluid(full cell). and the cell which is the
obstacle(obstacle cell).

In this study, numerical simulation of the two-dimensional fluid flows are
carried out by modified SMAC method, and simulation results compared
Martin-Moyce's experimental data and result of the MPS(Moving-Particle
Semi-implicit) method. Simulation results are cexpressed the form of visual
information with plots of marker particle configurations and velocity vectors.
The particle configuration plows are made by plotting the x and v coordinates
of all the marker particles, and by drawing the boundaries. But particle plots
don’t convey complete information on all flow details. The velocity vector

plots show the direction of flow and provide a fecling for the magnitude of



the velocities in relation to each other. For every full cell or surface cell in
system, a vector is drawn originating at the c¢ell center, with a length
proportional to the velocity at the cell center. In addition to the marker
particle and velocity vector plots, motion pictures are made by the animation
technique.

The motion pictures are created from still pictures of marker particle
configurations. In this study, two types among several animation formats are
used. One is  the GIF(Graphic Interchange File) animation format, the other
is the AVI(Audio Video interleave) format. The motion pictures provide a
feeling for the nature of the flow that a still picture often cannot transmit.
Animation techniques are considered one of the very useful demonstration

techniques in the field of CFD(Computational Fluid Dynamics).
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(b) The variables in a staggered mesh

Fig. 1. Comparison of the variables in two mesh types.
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Fig. 5. The calculation cycle.
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Fig. 6. Dimension configurations for calculation of the collapse of

water column in vertical water tank.
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Fig. 7. Comparison of SMAC result with experimental data and MPS

result for the water column collapse problem.
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Fig. 8. Configuration of markers for the sloshing water in water tank.
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Fig. 8. Configuration of markers for the sloshing water in water tank.

(k) t = 2906 sec
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TIME = 4 400 sec TIME = 5.005 sec

(m) t = 4.400 sec (n) t = 5.005 sec
TIME = S FiG sev l TIME = 6 900 sec
b
(o) t = 5603 sec (p) t = 6,900 sec
TIME = 9 507 sec F _T'ME =25 0 sec
1* X .
(g} t = 9.507 sec (r) t = 25.017 sec

Fig. 8. Configuration of markers for the sloshing water in water tank.
[(m)~(1)]
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Fig. 9. Velocity vector profiles for the sloshing water in water tank.
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Fig. 9. Velocity vector profiles for the sloshing water in water tank.

[(g)~1)]

_31-



T.ME = 4 400 sec TIME =5 005 sec
=

.....

(m) t = 4400 sec (n) t = 5.005 sec

TME =5 608 sec TIME = 6 900 sec

[t i
(o) t = 5603 sec (p) t = 6900 sec
_ TIME = 9 507 sec TIME =25 017 sec
(@) t = 9.507 sec (r) t = 25.017 sec

Fig. 9. Velocity vector profiles for the sloshing water in water tank.
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Fig. 10. Dimension configurations for calculation of the overtopping

in water tank.
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(a) t = 0.000 sec

(b) t = 0.101 sec

TIME = 0.523 sec
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L

(d) t = 0.701 sec

Fig. 11. Configuration of markers for the overtopping in water tank.

[(a)~(d)]
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TIME = 0.832 sec

(e) t = 0.832 sec

TIME = 1.012 sec

(f) t = 1.012 sec

TIME =1 121 sec

(g) t = 1121 sec

TIME = 1.240 sec

(h) t = 1.240 sec

Fig. 11. Configuration of markers for the overtopping in water tank.
[(e)~(h)]
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TIME = 1.401 sec

(i) t = 1401 sec

TIME = 1.611 sec

(j) t = 1611 sec

TIME = 1.871 sec

(k) t = 1.871 sec

TIME = 2.001 sec
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Fig. 11. Configuration of markers for the overtopping in water tank.
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Fig. 11. Configuration of markers for the overtopping in water tank.
[(m)~ (p)]
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Fig. 12. Velocity vector profiles for the overtopping in water tank.
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Fig. 12. Velocity vector profiles for the overtopping in water tank.
[(e)~(h)]
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Fig. 12. Velocity vector profiles for the overtopping in water tank.
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Fig. 12. Velocity vector profiles for the overtopping in water tank.
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Fig. 13. Animation for the collapse o gter column by GIF
format.(httpi//coastal.cheju.ac.k'r/aﬁ'_imétion.htm)

Fig. 14. Animation for the collapse of water column by AVI

format.(http://coastal.cheju.ac.kr/animation.htm)
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Fig. 15. Animation for the overtopping by GIF format.
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Fig. 16. Animation for the overtopping by AVI format.

(http://coastal.cheju.ac.kr/animation.htm)
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