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s E Modeling 3D Numerical Movable Bed based on LBM and its
Application to the Analysis of Bed-Load Tranmsport and
Tsunami Drifts
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It is important to study the processes of sediment transport in the particle motions of bed-load
layer, including rolling, sliding, saltation and the vertical sorting of graded sands. Numerical
simulations on the particle motions of bed-load layer, especially on the vertical sorting processes of
graded sediments under oscillatory flows are, however, still limited. In order to analyze both
uniform-grain-size and mixed-grain-size sediment transport (regular sphere particles) and the
behavior of tsunami drifts (particles with irregular shapes), a 3D numerical model of movable bed
based on Lattice Boltzmann Method (LBM) is established. The advantages of this model are listed
as follows: (1) Free surface condition is included for the simulation of open channel flows,
oscillatory flows, progressive waves and tsunami flooding currents. (2) Sub-Grid Smagorinsky
(SGS) turbulence model is considered. (3) Both the particle-particle interaction and particle-fluid
interaction are effectively simulated by using a link-bounce-back scheme. (4) External forces can be
easily added by modifying the virtual particle velocity Distribution Functions (DFs). Drag forces,
gravity force, buoyance force and also lubrication forces are considered in the model.

Cases of uniform-grain-size sediments under open channel flows in sheetflow regimes with dif-




ferent Shields parameters are performed. In order to check the feasibility of the present model, the
3D behaviors of the uniform bed-load sediments, including rolling, sliding and saltation are
observed, and the typical characteristics of bed-load sediments, i.e. the horizontal particle velocity
and the vertical Probability Density Function (PD.F) of sediments are analyzed. The present
simulation predicts well the behavior of each particle in the bed-load layer both in saltation and
sheetflow regimes. The simulation results for the horizontal particle velocity and the vertical
existing P.D.F of sediment particles agree fairly well with the experimental data from Gotoh et al.

Mixed-grain-size sediments under oscillatory flows (both symmetric sinusoidal flows and
progressive cnoidal wave) in sheetflow regimes are conducted. The main influence factors, such as
period, Shields parameter, bottom layer thickness, bottom slope, are discussed in the cases of mixed
sands under oscillatory flows. The results show that (1) the phenomenon of vertical sorting is more
significant with larger Shields parameter; (2) sediments become more motive with the increase of
the water particle semi-excursion, due to more momentum obtained from the fluid, and as a result,
the armor may break; (3) armoring takes effect earlier when the thickness of sediments increases to
double. Besides, the processes of vertical sorting of mixed-grain-size sediments under a realistic
progressive wave are performed. The results show that the vertical sorting proceeds until the wave
crest passes by and fully develops in a complete pgriod. The concentration centroid of large particles
is found higher landward within 2 periods.

The behavior of drift automobiles due to tsunami inundation is studied by modifying this 3D
movable bed model for particles with irregular shapes. For the verification of the modified
numerical model, laboratory experiments with 80 automobiles colliding against the pillars of
tsunami evacuation tower are performed. The simulation results show that the behavior of drift
automobiles bypassing the pillars of tsunami evacuation tower is quite similar to the experimental
results.

The present model has been successfully used to simulate sediment transport with sphere
shapes and drift automobiles with irregular shapes. Based on this, sediments with irregular shape can
be simulated in the future. Besides, in the present LBM model, any semi-empirical coefficient is not
needed as an input data, but only the cut-off of lubrication approximation, the additional offset in
computing fluid fraction, together with the Smagorinsky Constant in turbulent model are required. It
can be extended relatively easily to 3D movable bed in large computation domain, as the LBM

process involves an algorithm suitable for parallel computation.
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