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Large Eddy Simulation of Flow and Suspended Sediment Transport
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Turbulence is very common both in laboratory channels and natural rivers. Vortices exist
in turbulence and have an important impact on sediment transport. RANS is widely used in
numerical simulations of engineering. It can only give time—averaged velocity and sediment
concentration, and could not reflect the effects of unsteadiness and turbulence anisotropy
on sediment transport. So it needs to introduce some advanced simulation techniques. With
the advances in computer capabilities and LES, LES becomes popular in the simulation of
water flow and sediment transport, and it can give the instant distributions of water flow
and sediment transport.A LES model, calculating water flow and suspended sediment transport
under the conditions of complex topography, has been set up in the thesis. As for the
simulations under complex boundaries, an immersed boundary module based on the direct
forcing method is introduced into the LES model. Firstly the model is calibrated using
channel flow, duct flow and groin flow. And accurate results are obtained including
distributions of velocities, turbulence intensities, vortices and shear stresses. A series
of cases for flow past rounded—head groins are set up to investigate flow characteristics

involving flow patterns, turbulent intensities, vorticity distribution and vortex
dynamics. Groin aspect ratio L/D and groin length L are defined to study the impact of
groin parameters on the flow properties.As for natural boundary in the channel, a module
dealing with rough boundary and a module of suspended sediment calculation are added into
the LES model, in order to study the impact of the secondary flow on the deposition and

transport of fine sediment in rough channel flow. After validating the model use a classic




experiment of net deposition, different cases are set up to explore the effect of the
width to depth ratio B/H on secondary flow and vortex structures at the cross sections

The influences of the secondary flow on flow properties like the mainstream velocities,
turbulence intensities and shear stress distribution at the cross section, are discussed

The results of the distribution of sediment concentration at the cross sections and
deposition ratio along the channel are also studied.As for the 3D characteristics of
suspended sediment transport, a boundary with a restoring saturation coefficient near the
bottom is presented, to study the characteristics of fine sediment entrainment and
transport in channel flow. The velocities and sediment concentration are validated by DNS
and Rouse equations separately. A case with cyclic boundary and a long case with inlet—
outlet boundary are calculated to study the flow and fine sediment transport in the
equilibrium and net—erosion conditions. The results are given out such as velocities,
turbulence intensities, the distribution of shear stresses, sediment concentration, as
well as turbulence flux of sediment. The strong relations between instantaneous flow and
sediment concentration, and contribution of bursts and sweeps are analyzed through
statistics. According to the study, turbulent Schmidt number is not constant along the
vertical direction. The turbulence flux of sediment near the bottom is discussed at the

end.
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