DRAINAGE OF A FRICTIONAL FLUID IN A CONFINED GEOMETRY
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1-CONTEXT

A mixture of glass beads (few hundred microns size) in a Newtonian lig-
uid 1s slowly drained out at a constant rate (thanks to a syringe pump)

from a capillary tube (2 mm diameter), with one side open to the air.
liquid ) = 2 1mm l g

grains

Initial state composed of a layer of grains immersed in a liquid confined 1n a capillary.

Bulldozing process

The advancing air-liquid meniscus may push and accumulate particles
ahead.

The 1invading air/fluid interface accumulates a front of close-packed grains.

Clogging — plug formation

The stress against the capillary walls exerted by the granular medium
competes with the pore pressure at which air percolates through the gran-
ular assembly.

Final state of a successive plugs pattern.

This process repeats periodically leading to the formation of a plug trail
along the tube.

Typical example of dynamic plug formation - Video available online

To visualize the percolation of air (1in black) through the granular medium,
we used a liquid matching the refraction index of glass.

Index macthing experiment - Video available online

You can find the videos on poster.louisonthorens.com

2-BULLDOZING MECHANISM

The bulldozing mechanism and the plug formation depend on surface ten-
sion 7y, contact angle £ and filling fraction €:

surface tension () -wettability filling fraction (¢))

Yy = 20 mN/m
EO —_ 50%
§=0°

bulldozing & plug bulldozing & plug

Y = 20 mN/m
€p = 25%
£=0°

Y = 20 mN/m
€y — 20%
§ =00

no bulldozing bulldozing & no plug

Water-1sopropanol mixture - Video available online

Phase diagram for the plug formation

w w S0 ¢
- eclogging %
eno clogging = 60 .
| 40 e,
%o 000000
20

0 20 40 60 80 100
1sopropanol %

. 90 e

® | 60 I

o

30 |
0

0 20 40 60 &0 100
1sopropanol %

20 40 60 80
1sopropanol %

2.

ENS de LYON

3-MAGNETIC FORCING

To control the onset of the bulldozing and the plug formation we propose
to add ferromagnetic particles and a magnetic field 5

First plug formation with ferromagnetic particles - Video available online

We observe that once the first plug 1s formed, the bulldozing mechanism
starts and the plug formation will repeat.

no triggering triggering

4-CONCLUSION

We 1dentify the experimental conditions (surface tension, wettability,
amount of particles) leading to the bulldozing mechanism and unstable
plug formation.

Using ferromagnetic grains, we could force the bulldozing process and
study the impact of “magnetic Janssen etfect” [3] on the final plug pat-
tern.
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