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Segregation in sheared granular flows: forces on a single coarse particle

Frangois Guillard'2, Yoél Forterre', and Olivier Pouliquen'

' Aix Marseille University, CNRS, Marseille, France
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Abstract. In order to better understand the mechanism governing segregation in granular flows, the force ex-
perienced by a large particle embedded in a granular flow made of small particles is studied using discrete
numerical simulations. An empirical expression of the segregation force is proposed as a function of the stress

distribution.

A rich phenomenology is observed in flows of polydis-
persed granular material. When flowing, large and small
particles have a tendency to migrate in different regions.
Important progresses have been made for describing poly-
dispersed granular flows, and a framework based on a mix-
ture theory has been developed [1-3]. However, the segre-
gation flux in those models remains empirical and would
benefit from a better understanding of the segregation phe-
nomenon. The objective of the present numerical study is
to study the case of a single coarse particle in a bath of
small particles, to understand the forces experienced by
the coarse particle [4].
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Figure 1. a) Sketch of the configuration: a coarse particle is
vertically trapped in an harmonic potential; b) rescaled segrega-
tion force as a function of u = 7/P for a vertical and horizontal
gravity.

The configuration of interest is sketched in Fig la. A
2D granular medium of size dy is sheared between two
rigid rough plates under a confining pressure Py and in
presence of gravity. The discrete element simulations are
made using the open source software LIGGGHTS.30. To
study segregation, a particle of diameter d, larger than d;
is introduced in the layer. To accurately measure the force
experienced by the test particle, we mimic the existence

of an optical trap. The coarse particle is attached with a
spring to the vertical position, but is free to move horizon-
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tally. When the stationary regime is reached, the coarse
particle flows with the bulk but remains in average at the
same altitude, which directly gives access to the segrega-
tion lift force F,.

A large number of simulations have been carried out
and the segregation force F, has been measured for differ-
ent confining pressure Py, different shear velocity V, dif-
ferent position in the layer 79, different coarse particle size
(d.) and different gravity conditions. We have shown that
depending on the stress gradient, the segregation force can
change sign (Fig. 1b), but that a simple scaling law can be
proposed for the segregation force as a function of the nor-
mal and shear stress distribution P(z) and 7(z) in the shear
flow:

2
P = natfa) -1 + o).
with u = 7/P, f(u), g(u) and a(d;/d,) being functions
that we have measured, Such an expression may be useful
when introduced in recent models for polydispersed flows.
However, more studies are needed to better understand the
physical origin of the measured segregation force.

References

[1] GrayJ. M. N. T. and Thornton A. R. A theory for par-
ticle size segregation in shallow granular free-surface
flows. Proc. R. Soc. Lond. A 461,1447, (2005).

[2] Schlick C.P., et al, Granular segregation in circular
tumblers: theoretical model and scaling laws, J. Fluid
Mech.765, 632-652, (2015).

[3] Hill, K. M., and Tan, D. S. Segregation in dense
sheared flows: gravity, temperature gradients, and
stress partitioning. J. Fluid Mech., 756, 54-88, (2014).

[4] Guillard F., Forterre Y. and Pouliquen O. Scaling laws
for segregation forces in dense sheared granular flows,
J. Fluid Mech., 807, R1, (2016)






