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How magnetic cohesion influence silo flows ?

General context of 2D silo:

Granular media - frictional interaction between particles

Magnetic cohesion - add a magnetic interaction between particles
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Work of G. Lumay, J. Schockmel, D. Henandez-Enriquez, S. Dorbolo, N. Vandewalle, F.
Pacheco-Vazquez in “Flow of magnetic repelling grains in a 2D silo”, Papers in Physics (2015)
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How magnetic cohesion influence silo flows ?

General context of 2D silo : ®§
Granular media - frictional interaction between particles r
. . e o . . ulsiv ]
Magnetic cohesion - add a magnetic interaction between particles repuisive r
Work of L. Thorens, M. Viallet, K.J. Malgy, M. Bourgoin, S. Santucci,
in “Discharge of a 2D magnetic”, EPJ Web of Conferences (2021) Decrease of the flow rate versus
the magnetic field intensity
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How magnetic cohesion influence silo flows ?

The idea: - B
5 y
RS ?’5:’ .
o e How can vertical
Repulsive H s ‘ Repulsive ﬁ i magnetic cohesion
e e modify the 2D silo flow ?

Attractive

Quantifying cohesion = The Bond number

5 Cohesive force magnitude
0o =

Weight of a grain i

Bo = 1 :one grain can hold another one
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How magnetic cohesion influence silo flows ?

Methodological framework :

Side view >
Quasi-2D silo
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How magnetic cohesion influence silo flows ?

Methodological framework :

Raw frame (1024 x 1024 at 2000 H2)

Analysis Method in 4 steps :

a) Raw frame recording

b) Detection and tracking of grains
c) Eulerian instantaneous projection
d) Temporal and realization average
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Results : focus on the outlet flow Velocity profiles Density profiles
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does not change
the self-similar profiles !
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Results : focus on the outlet flow

25
Bo
$ o0
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1.13
The Beverloo law sl 3 o
capture globally 5 |3 or
the flow rate behaviour T b
5'/0
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How vertical magnetic cohesion 6 9 12 15 18 21 o«

1 H D (mm)
modify the flow rate in oo . D
more details ? Beverloo law [1] : Q = Cp¢p/gW (D — kd)

[1] Reference to W. A. Beverloo, H. A. Leniger, and J. van de Velde, “The flow of granular solids through orifices”, Chem. Eng. Sci. 15, 260-269 (1961) 7/11
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Results : focus on the outlet flow

Normalized flow rate versus cohesion
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What are the contribution

of the velocity ?
of the density ?

Velocity versus cohesion at the center
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Density versus cohesion at the center
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How magnetic cohesion influence silo flows ?

Results : focus on the bulk flow
Cohesion Bo A

The magnetic vertical cohesion channels silo flows ...
How can this phenomenon be modeled ?
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How magnetic cohesion influence silo flows ?

Results : focus on the bulk flow
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Kinematic model [2] : v, (x,y) = Janby €EXp (4by)

The length b can be interpreted as a diffusion length
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[2] A. Medina, J.A. Cérdova, E. Luna, C. Treviio, “Velocity field measurements in granular gravity flow”, Physics Letter A (1998)



How magnetic cohesion influence silo flows ?

Results : focus on the bulk flow

Work of A. Medina, J.A. Cdrdova, E. Luna, C. Trevifo, in “Velocity
field measurements in granular gravity flow”, Physics Letter A (1998)
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How magnetic cohesion influence silo flows ? ., [ode 10 90 = (1= )™
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Methodological framework

The analysis sequence

Raw image (zoom) Binarized image

cv2.GaussianBlur()

Raw image with

subpixel correction

of positions
m r

Pixels where

cva.Dilate() grains are detected

Pixel intensity

The subpixel method
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Methodological framework

Explaination of errorbars :

1.2 1 Model : y(x) — (1 _ (x/R)2)0‘5
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