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Abstract THREE PHASE FLOW

Accurate sediment transport modeling requires high-fidelity numerical tools capable of capturing both large- and small-scale flow phenomena.
Mixt3SedFOAM, developed by Ouda and Toorman [1], is a three-phase mixture-theory-based solver for sediment transport in free-surface flows. In this SEDIMENT - WATER - AIR
framework, interphase momentum transfer is modeled through a slip-velocity closure accounting for drag force, turbulent dispersion, and shear-induced -
diffusion. However, the original turbulence modeling approach relies on wall functions, which limits the accurate prediction of bed-load transport and bed
shear stress. Moreover, the presence of a sediment bed with varying height restricts the applicability of conventional wall-dependent low-Reynolds-
number (LRN) turbulence models. AIR

Recently, a new wall-free LRN k-¢ model was developed by Raesi and Toorman [2], employing damping functions based on the dimensionless eddy ——
viscosity normalized by the effective viscosity. The developed model was validated for several turbulent benchmark flows, including channel flow, = s Ny ... ..
backward-facing step flow, and flow over a periodic hill. Comparisons with available DNS and experimental data demonstrated that the proposed model il
effectively captures the flow dynamics and turbulence quantities across these cases. Therefore, in the present study, this LRN model is integrated into N iR e e e T

Mixt3SedFOAM to accurately resolve the inner boundary layer and improve sediment transport predictions. Channel flows with both low and high
sediment concentrations are selected for model validation. In summary, the combination of a wall-free LRN k-¢ model and appropriate additional
Kdissipation mechanisms due to the presence of sediments is essential for accurately predicting sediment-laden channel flows. y WATER
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