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Abstract of Thesis

Dense granular flow modeling is a field of interest faced with various challenges and constraints, e.g., high
computational costs, lack of clear scale separation, changing behavior, and granular-fluid interactions. In recent
years, drastic improvements have been made to address such issues. Specifically, the development of non-local
models has brought the finding of a unified granular rheology one step closer. Despite unprecedented
performances in reference problems, such models are still limited. One may think, for instance, of flows involving

interfaces or cohesive particles.

In order to enhance the versatility of current non-local rheologies, an original systematic framework for dense
granular flow modeling has been proposed. The framework is based on the steady-state Non-local Granular
Fluidity (NGF) rheology and an Eulerian implementation consisting in a finite volume discretization and a
regularization loop compatible with common Navier-Stokes solvers. In addition, the NGF rheology has been
coupled for the first time with the Volume-of-Fluid (VOF) interface capturing method to expand its range of

application to interfacial problems.

The new framework has been successfully validated against literature for a wide range of geometries ranging
from simple two-dimensional single-phase flows to three-dimensional two-phase flows. The complex case of a
plate dragging in a granular bed, for the first time, has been modeled using a non-local continuum model and

has shown a good agreement with predictions from discrete particle simulations.

In addition, various shortcomings and limits of the current implementation have been highlighted and discussed

in detail, such as high-pressure sensitivity or the inability to model fully non-local dense flows.

Finally, a possible extension of the NGF rheology to cohesive flows has been investigated. After analysis, it
appeared that the coarse-grained granular fluidity can be expressed using the granular temperature and
presented an exponential-type dependency on the cohesion-characterizing Bond number, which could eventually

be used for explaining non-localities within cohesive systems.
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