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ABSTRACT

A two phase LES model using Euler-Lagrangian two-way coupling has been developed in OpenFOAM. The model
shall be used for the analysis of the interaction between particles and their surrounding fluid. Validation of the model
has been performed using data from physical experiments.
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1 INTRODUCTION

Efficient sediment management requires detailed process understanding of sediment transport in rivers. Despite
this fact current literature is still lacking information on that subject. Models of suspended sediment transport
are often based on simple advection-diffusion equations (Hauer et al., 2018). The aim of this study is to set up
a high fidelity CFD model for studying the particle-fluid interaction in turbulent channel flow.

2 METHODS

2.1 Governing equations and modelling approach

The development of a sediment plume in turbulent channel flow is studied using a two-phase LES model. Fluid
flow is governed by the three-dimensional Navier-Stokes equations. The equations are solved on a structured
mesh with 5.2 million cells (Ylcesan et al., 2020).

The movement of the dispersed phase (particles) is governed by Newton’s law of motion and modelled using the
Lagrangian approach. Momentum exchange between fluid and particles is two-way coupled. The entire model
is solved using a modified version of the OpenFOAM-solver MPPICFoam (Greenshields, 2018).

2.2 Validation and test case

Validation of the model of suspended sediment transport in turbulent channel flow is carried out on the basis of
physical experiments by Worf et al. (2019). In this experiment sediment is continuously released into a laboratory
channel with turbulent flow with an average velocity of 0.5 ms~1. The main parameter for the validation is the
fall velocity derived from the (z, y)-positions of the particles. z is the direction of the bulk fluid velocity and the
gravitational acceleration is pointing in negative y direction.
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To study particle-fluid interactions 3,375 particles (density p, = 2,650 kg m—2, diameters d uniformly distributed:
0.51mm < d < 0.70 mm, shape factor: 0.45) are simultaneously released from the upper area close to the inlet
of the channel. One second after the particles have been released the particle velocities are compared against
the velocity of the surrounding fluid.

3 RESULTS

Worf et al. (2019) measured a fall velocity in the range of 0.03ms™?! to 0.06 ms~! for particles described above
in turbulent channel flow with an average flow velocity of 0.5 ms~!. The fall velocity in the numerical simulation
of this experiment was determined as 0.06 ms—!.

In Figure 1 the velocity of each individual particle is plotted against the velocity of its surrounding fluid. Looking
at the x and z component of the velocities there appears to be no difference between the particle and fluid
velocity apart from a random variation. As a result of particle settling, the y component of the particle velocity is
lower than the y component of the fluid velocity.
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Figure 1: Comparison of the particle velocity and the velocity of its surrounding fluid 1s after release into turbulent channel
flow; each point represents one particle.
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4 CONCLUSIONS

In this study the development of a sediment plume in turbulent channel flow has been numerically modelled
and the velocity difference between particles and fluid has been analysed. In the next step, the model shall be
used to study the different components of the forces acting on the particles and their contribution to the particle
trajectory. This should yield more accurate models of suspended sediment transport also on larger scales.
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