Direct evidence of frictionless behaviour
in shear thickening suspensions
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What is shear-thickening?

Shear-thickening: brutal increase in viscosity at a critical shear rate.
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,3/ fy People running on a pool filled with
¢ a corn-starch suspension.
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A promising scenario: frictional transition

Idea: frictional grains with short-range repulsion
Seto et al. PRL 2013, Wyart and Cates PRL 2014.
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Adapted from Mari et al. J. Rheol. 2014.

Recent experimental support:
Lin et al. PRL 2015, Guy et al. PRL 2016, Royer et al. PRL 2016.

Access to 7 but not to 1.
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Probing j: steady avalanche angle

@ Rotating drum.
@ Non buoyant suspensions.
@ No inertia: St < 1.

x&

@ Quasi-static regime.

0r]
= tanf

ol

:u’:

Q

Surface flow: measure of p at low confining pressure.
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Steady avalanche angle

Classical suspension:
glass beads 500 um in oil.

Y/

0 ~ 25° 1~ 0.47
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Steady avalanche angle

Classical suspension: Shear thickening suspension:
glass beads 500 um in oil. potato starch 25 pum in water.

Viscosity (Pa.s)
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Steady avalanche angle

Classical suspension: Shear thickening suspension:
glass beads 500 um in oil. potato starch 25 pum in water.

0 ~ 25°, p~0.47 0 ~8.5° pu~0.15
suggests that pp, ~ 0.
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Compaction

Frictional grains:

Another way to probe p: compaction and dilatancy
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Another way to probe p: compaction and dilatancy

Compaction

Frictional grains: Large glass beads in oil.
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Transient avalanches: dilatancy

Another way to probe p: compaction and dilatancy

Frictional grains.
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Transient avalanches: dilatancy

Another way to probe p: compaction and dilatancy

Frictional grains.

Large glass beads in oil.
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Transient avalanches: dilatancy

Another way to probe p: compaction and dilatancy

Frictional grains.
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Transient avalanches: dilatancy

Another way to probe p: compaction and dilatancy

Frictional grains.

Large glass beads in oil.
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Compaction and dilatancy
Classical suspension:
large glass beads in oil.
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Compaction and dilatancy

Classical suspension: Shear thickening suspension:
large glass beads in oil. potato starch in water.
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No compaction, no dilatancy: ji, = 0 (Peyneau and Roux. PRE 2008).
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Shear thickening suspension (potato starch):
@ low steady avalanche angle,

@ no compaction, — frictionless behavior at low P.

@ no dilatancy,

Origin of this behavior?
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@ no compaction,

Shear thickening suspension (potato starch):
@ no dilatancy,

@ low steady avalanche angle,

— frictionless behavior at low P
Origin of this behavior?
P <P,

P> P,

frictionless

frictional
pp =0

pp # 0

Cécile Clavaud

APS DFD 2016




@ no compaction,

Shear thickening suspension (potato starch):
@ no dilatancy,

@ low steady avalanche angle,

— frictionless behavior at low P.

Origin of this behavior?

P> P,

Silica beads 24 pm in H,O + NaCl

frictionless frictional 0.304
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Cécile Clavaud APS DFD 2016




Frictional transition by tuning the repulsive force
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Frictional transition by tuning the repulsive force

40_ AFM image
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Conclusions

Shear thickening suspension:

@ low steady avalanche angle,

@ no compaction, — frictionless behavior at low P.

@ no dilatancy,

Model suspension (silica beads):
Controling the range of the repulsive force: frictional transition.
At low P, transition for Ap ~ /,.

Future work: measure the friction coefficient as a function of P.
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