Granular flows over obstacles using smooth and
non-smooth discrete element methods

Mattéo Oziol*12, Vincent Acary?, Franck Bourrier’?, and Thierry Faug!

1Univ. Grenoble Alpes, IRD, CNRS, INRAE, Grenoble INP, IGE, 38000 Grenoble, France — INRAE —
France
2Univ. Grenoble Alpes, Inria, CNRS, Grenoble INP, Institute of Engineering, LJK, 38000, Grenoble —
INRIA - France

Abstract

This study investigates the interaction between granular flows and obstacles, a critical
topic for
designing protective structures and mitigating natural disasters. Traditionally, researchers
have used
two types of discrete numerical methods to model granular flows in quasi-static (solid-like),
dense
inertial (liquid), or dilute (gas) states: smooth and non-smooth Discrete Element Method
(DEM).
In this study, we perform numerical simulations of a two-dimensional (2D) granular flow
down an
incline passing over an obstacle, with the help of both smooth and non-smooth DEMs.

The main objective is to validate a granular fluid model by applying both methods to the
same

geometry and examining key phenomena, such as the u(I)-rheology, the formation of ”dead
zones”

upstream of obstacles, and the forces exerted on these obstacles. Smooth and non-smooth
DEM

differ significantly in their definitions of contact laws. Smooth DEM requires explicit, differ-
entiable

contact laws and small time steps to maintain stability and accuracy, often relying on nu-
merical

damping. This method has been used by Faug et al. (1) to obtain results in the specific case
we

consider here. Non-smooth DEM, on the other hand, can use an implicit approach with
piecewise

functions for contact laws, allowing it to capture discontinuous interactions without the need
for

small time steps and damping. This method was used by Azéma & Radjai (2) to decipher
the
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different contributions to effective friction in the context of the p(I)-rheology for tree-
dimensional

flows. Direct comparisons between these two methods are rare. Saint-Cyr et al. (3) proposed
one

for the quasi-static state but, to date, no comprehensive study has yet established the equiv-
alence

of results between them for a highly non-uniform flowing state, particularly for the case
considered

here when a granular flow impacts an obstacle.

After calibrating the mechanical parameters of the contact law, we examine the influence of
time step size and numerical damping parameters specific to each method, providing insights
into

their sensitivity and stability. We use YADE (4) for smooth DEM and Siconos (5) for non-
smooth

DEM, with computational times being comparable (simulation of 25000 spheres over 3 sec-
onds in

2D). Through these simulations, we compare the two approaches across various parameters,
finding

consistency in volume fraction, velocity profiles, and stress tensors.

Overall, this study aims to provide a detailed comparison of smooth and non-smooth DEMs,
highlighting the strengths, limitations, and optimal application scenarios of each method in
gran-

ular flow modeling. Finally, we discuss the validation of p(I)-rheology using both smooth
and

non-smooth DEM, in zones far from the obstacle and near the obstacle. Around the obstacle,
a

dead zone forms upstream and co-exists with a fluid-like zone above, while a much more
gaseous

jet forms downstream: this complicated mechanism may raise questions about the validity
of the

p(I)-rheology everywhere inside the bulk of the granular medium.

References

(1) Faug, T., Beguin, R., & Chanut, B. (2009). Mean steady granular force on a wall over-
flowed

by free-surface gravity-driven dense flows. Physical Review E, 80(2), 021305.

(2) Azéma, E., & Radjai, F. (2014). Internal structure of inertial granular flows. Physical
Review

letters, 112(7), 078001.

(3) B. Saint-Cyr, K. Szarf, C. Voivret, E. Azéma, V. Richefeu, J.-Y. Delenne, G. Combe, C.
Nouguier-Lehon, P. Villard, P. Sornay, M. Chaze, F. Radjai (2012), ”Particle shape depen-
dence in

2D granular media”, Eur. Phys. Lett. 98, 4408.

(4) Angelidakis, V., Boschi, K., Brzezi'nski, K., Caulk, R. A., Chareyre, B., Del Valle, C.
A

& Thoeni, K. (2024). YADE-An extensible framework for the interactive simulation of mul-
tiscale,

multiphase, and multiphysics particulate systems. Computer Physics Communications, 304,
109293.

(5) Vincent Acary, Olivier Bonnefon, Maurice Brémond, Olivier Huber, Franck Pérignon, et
al..

An introduction to Siconos. (Technical Report) RT-0340, INRIA. 2019, pp.97. (inria-
00162911v3)



