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Large Eddy Simulation of Bedload Transport
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In natural rivers, bedload transport plays an important role in the total sedim
ent transport and bed formation. It also has a significant impact on pollutants
or nutrients transport and habitat environment for the survival and distributi
on of animals and plants. Therefore, exploring the bedload transport with the i
nteraction between flow and riverbed is of scientific and engineering significa
nce in improving the prediction accuracy of bedload transport rate and masterin
g the process of river evolution. With the rapid development of supercomputing
technology, models of computational fluid dynamics have been widely used. The 1
arge eddy simulation is an effective method for solving N-S equation, which bet
ter balances the calculation accuracy and efficiency, and is suitable for the s
imulation of bedload particle transport in natural turbulent flow.In this pape
r, a two—way coupling bedload transport model including particle translation, r
otation and collision is established based on the large eddy simulation model a
nd the Euler-Lagrangian point particle method. The boundary setting models such
as roughness closure method, immersed boundary method and level set method are
developed, and the computational method of bedload transport suitable for comp
lex boundary conditions is constructed. Then, the effects of four factors, such
as particle shape, bed roughness, vortex structure and free water surface, on
bedload transport are studied. It is found in the research that: (1) the shape o
f bedload particles changes the characteristics of bedload saltation parameter

s, and then affect the bedload transport rate. The saltation length and height




of oblate—spheroid and prolate—spheroid particles are larger than that of spher
e particles, and the saltation velocity decreases monotonously with the increas
e of ellipsoid ratio. On the basis classical formula of Meyer—-Peter and Miiller,
the modified formula of bedload transport rate considering particle shape fact
ors is proposed by fitting. (2) With the increase of bed roughness, the resting
time of bedload particles increases, and the saltation length, velocity and an
gular velocity decrease, but the saltation height has no obvious change. The pr
obability density distributions of saltation height, length, angular velocity a
nd resting time for smooth bed case obey linear, gamma, normal and exponential
distribution, respectively. With the increase of bed roughness, the kurtosis an
d skewness of the curve change, and the saltation velocity transforms from symm
etrical normal distribution to asymmetric gamma distribution. In addition, ther
e 1s a negative correlation between bedload transport rate and roughness Reynol
ds number. (3) Bedload transport shapes the bed morphology, and the transport r
ate is affected by the vortex structure of the near—bed turbulence. The vortex
is composed of terms of rotation, deformation and translation. The mean values
of rotation, deformation and translation term increase with the increase of flo
w intensity. And the bedload transport rate increases with the increase of flow
intensity as well. (4) Under the circumstance of high flow intensity, the flui
d separation occurs on the leeside of dunes and the recirculation zone forms. T
he velocity fluctuation and the Reynolds shear stress increase in the fluid sep
arated shear layer. Hence, the fluctuation of the free water surface is enhance

d and the shape of it becomes more complex.
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