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INTRODUCTION
A two-phase flow simulation is performed on the bed-load transport at high bed shear stress. The

model is constructed based on the coupling of the Eulerian-Lagrangian form of the governing equations of
fluid/sediment phase; the fluid/particle interaction term is explicitly introduced in the model. The fluid
phase is described with the k—¢ turbulence model in unidirectional flow. The sediment phase is numerically
simulated by tracing the motion of irregular successive saltation of particles.

SIMULATION MODEL

Fluid phase model
Eulerian form of the governing equations of the fluid phase is implemented in the vertically two-

dimension coordinates, as follows;
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in which U,V= mean flow velocity in x,y direction, respectively; 6= channel slope; P= pressure deviation
from hydrostatic one; p= mass density of water; g= gravitational acceleration; v= kinematic viscosity; V.=
kinematic eddy viscosity; I'= effective viscosity; k= turbulent energy; e=energy dissipation; P = production
of turbulent energy due to shear stress; G= boyant production of turbulent energy; o= mass density of
sediment; C= particle volumetric concentration; S = turbulent Schmit number; and (F, de), (fdx, fdy): mean
value and fluctuating components of drag term caused by interaction between fluid and sediment per unit
volume.

Fluid flow around sediment particle exerts a resultant force on the sediments, and as a consequence of
the action and reaction, the sediments activate the same strength force, namely drag force, on the surrounding
fluid in the opposite direction. Hence, the interaction terms in the mean flow equations are calculated by
the spatial average of drag force for every computational grid cell. A correlation between the fluctuating
drag force and the velocity fluctuating of the surrounding fluid of the particle is also included in the transport
equation of turbulent energy, k. The transport equation of energy dissipation, €, is originally derived by
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assuming the analogy between k- and &-equation, thus, the interaction term in eé-equation is defined similar
to that of the k-equation with dimensional adjustment. To reproduce the time series of fluctuating velocity
component (x,v) in the simulation, a simple Monte-Carlo model is used.

Sediment Phase model

A Lagrangian model of the irregular successive saltation is implemented for the sediment phase, in which
the trajectory of a saltating particle is governed by the following equations:
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where, d= diameter of saltating particle; o= mass density of sediment; Ay, A3= two- and three-dimensional
geometrical coefficients of sediment; Cy= added mass coefficient, Cp= drag coefficient; and up, vp= velocity
components of saltating particle in x,y direction, respectively.

DISCUSSION AND RESULTS

Fig.1 shows the simulation results of the mean velocity profile in comparison with the that of the
experimental one, at the channel bottom inclination iy= 3/100. The result of simulation shows a very good
agreement with the experiment. As Fig.l indicates, the mean velocity tends to have a two-layer type
profile, corresponded to the saltation layer and the pure water layer. Two-layer type velocity profile is the
characteristic feature of fluid/particle interaction dominant flow. Gotoh et al. (1994) based on a numerical
study, and later Yeganeh (1997) in an experimental study on the sediment-laden flow, reported the presence
of the same characteristics.

Yeganeh (1997) reveals that at higher bed shear stress, where the flow is capable to transport higher rate
of sediments, the velocity profile transits to three-layer type one, corresponding to the hyper-concentrated
layer, the saltation layer and the pure water layer. Moving sediments in the hyper-concentrated layer
collide to each other frequently, hence the particle-particle interaction becomes the dominant mechanism in
this region.

Fig. 2 depicts the mean velocity profile at the channel bottom inclination ib=5/100. The simulation result
shows a perfectly three-layer type velocity profile. In the hyper-concentrated layer, however, a clear
discrepancy can be detected between the simulation results with the experimental one. The experimental
velocity profile shows downward concave form, which may follow a power-law distribution as recommended
by Sumer et al. (1996), whereas, the velocity profile resulted from the simulation is upward convex. This
discrepancy in hyper-concentrated layer is due to the limitation of the simulation model in which the particle/
particle interaction is neglected.

159 B
1 T,=0.212 1 7T, =0.337
uu.{ uu.] T
] ] hyper-concentrated layer
10 10—
] — Simulation ] —— Simulation
5 ] ® Experiment 5 ® Experiment
] Q=10.0(iit/s), i ;=3/100 ] Q=10.0(li's), i ,=5/100
0 T T T T T T T H :;js'é;gsl 2 3 s £ 671838l
2 3 4 5 6789 2 3 4 5 6 7889
0.1 i y/d 10 0.1 1 y/d e
Fig. 1 Two-layer type velocity profile Fig. 2 Three-layer type velocity profile
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