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In this contribution we will report on a research effort on multi-scale sediment transport modeling across.
The scales investigated ranges from the particle size to the water depth. At the smallest scale, using a coupled
Eulerian-Lagrangian model the granular rheology in bed-load transport has been investigated (Maurin et al., 2016).
A Discrete Element Method for the granular phase is coupled with a fluid momentum equation through the drag
force and a phenomenological mixing length model is used for the turbulence modeling. Numerical experiments
have been performed using this model that shows the relevancy of a µ(I) frictional rheology to describe the dense
granular flow in bed load transport. The actual coefficients of the rheology are slightly different from that obtained
for dry granular flows. In particular, the scaling of the frictional coefficient with the inertial number holds up
to unexpected high values (I∼2) compared with dry granular flows (I∼0.2). The proposed rheology has been
implemented and successfully tested in a Eulerian-Eulerian two-phase flow model (Chauchat, 2017; Maurin et
al., 2016). The granular phase velocity and concentration profiles in the dense mobile granular layer are well
reproduced by the continuous model and so is the bed-load sediment flux. The Eulerian-Eulerian model has been
further implemented in a multi-dimensional numerical model under the CFD toolbox OpenFOAM (Chauchat et
al., 2017). Using two-equation turbulence closures (k-ε, k-ω) the two-phase flow model has been further applied
to the scour phenomenon around hydraulic structures (Nagel et al., 2017). These applications illustrate how the
upscaling from discrete simulations to continuous modeling can be beneficial for the understanding of sediment
transport in unsteady flow and complex geometries.
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