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Summary

The SMAC method, one of the computational fluid dynamics techniques, is
modified from the original MAC method for the time-dependent variation of
flow analysis. The Navier-Stokes equations for incompressible time—dependent
viscous flow are applied, and also marker particles that present the
visualization of flow analysis are used.

Fundamentally, the SMAC method is a scheme that solves the continuity
equation and the Navier-Stokes(N-S) equations 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 in order 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 elements,
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 expressed the form of visual
information with plots of marker particle configurations and velocity vectors.
The particle configuration plots are made by plotting the x and y 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 feeling 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 cell center, with a length

proportional to the velocity at the cell center. Therefore, the marker particle



and velocity vector plots to show flow details.

In this paper a computational method, which is based on a modified SMAC
method, has been developed to analyze two dimensional incompressible
viscous flow and to calculate the combined effects of the fluid flow during
the transient filling of liquid water for the solidification period. This will
predict the flow pattern, filling sequence, and its gradient distribution in the
virtual channel. In this work, the change of velocity and discharge are
simulated, by changes of diameter of two ingates for 4-Cases, respectively.
The results obtained this simulation results express the form of visual
information with plots of marker particle configurations and velocity vectors.
As a result, water—filling flow pattern in the virtual channel is simulated very
well. Therefore, this numerical simulation will also be applied for the design

of structures as open flume and porous breakwater.
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Fig. 5. The tangential stress condition for the calculation of empty

cell velocity just outside the surface cell.
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Fig. 7. Dimension configurations for calculation of the collapse of

water column in vertical water tank.
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Fig. 8. Comparison of SMAC result with experimental data and MPS

result for the water column collapse problem.
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9. Configuration of marker particles for the water column collapse

Fig.
problem at different times.[(a)~ (f)]
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Fig. 9. Configuration of marker particles for the water column collapse

problem at different times.[(g) ~ (D]
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Fig. 10. Dimension configuration and Calculation conditions for the

virtual channel with 2 gates(Case 1 and 2).

Table. 1. Calculation conditions for Case 1 and 2

1 2

Case

1d( =5cm) 2d( = 10cm)

Bottom ingate-height size

Fluid inflow velocity 400 cm/ sec
Boundary condition Slip
0.01 cm */sec

Kinematic viscosity
Gravity
Number of marker

980 cm/ sec °
9(3x3) markers/cell
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11. Configuration of marker particles of filling a channel(Case 1.
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Fig. 11. Configuration of marker particles of filling a channel(Case 1).
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Fig. 15. Configuration of marker particles of filling a channel(Case 2).
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Fig. 15. Configuration of marker particles of filling a channel(Case 2).
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Fig. 19. Dimension configuration and C
virtual channel with 2 gates(Case 3 and 4).

Table. 2. Calculation conditions for Case 3 and 4

Case 3 4
Bottom ingate-height size 1d( =5cm) 2d( = 10cm)
Fluid inflow velocity 400 cm/ sec
Boundary condition Slip
0.01 cm %/ sec

Kinematic viscosity
980 cm/ sec *

Gravity
Number of marker 9(3%3) markers/cell
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Fig. 20. Configuration of marker particles of filling a channel(Case 3).
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