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What is shear-thickening?

Shear-thickening: brutal increase in viscosity at a high shear rate.

η

γ̇γ̇c http://www.tuxboard.com/seriez-vous-
capable-de-marcher-sur-leau/
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Standard suspensions
Hard spheres in a newtonian fluid.
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The frictional transition model

Idea: frictional grains with short-range repulsion
Seto et al. PRL 2013, Wyart and Cates PRL 2014.
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Now ηs depends on γ̇.
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The frictional transition model
Effect of φ (and µp)
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The frictional transition model

frictionalnon frictional

µp = 0 µp = 0

<  ηf γ̇d2 FR <  ηf γ̇d2FR< <

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.

No direct evidence of a frictional transition: need to access µp.

(Now: Clavaud et al. PNAS 2017, Comtet et al. Nat. Commun. 2017).
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Probing µ: pressure imposed rotating drum experiments

Non buoyant suspensions. Steady avalanche in
No inertia: St ' 10−2. quasi-static regime: ω ≤ 10−1 ◦/s.

µ =
τ

P
= tan θ θ

θ

ω

g
τ

P
d

Pile angle θ gives access to µ.

Surface flow: measure of µ at low confining pressure.
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Relation between µ and µp

θ(◦)

0

0.1

0.2

0.20

0.3

0.4

0.4

0.5

0.6 0.8 1

0

5

10

15

20

25

µ

µp

Simulation for soft, frictional, non cohesive spheres
Chialvo et al., PRE 2012.
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The frictional transition: working with pressure

PR
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Comparison: Newtonian vs shear-thickening suspension

Classical suspension:
glass beads 500 µm in oil.

Shear-thickening suspension:
potato starch 25 µm in water.
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Steady avalanche angle

Classical suspension:
glass beads 500 µm in oil.

5 mm

θ

ω

θ ' 25◦, µ ' 0.47

Shear thickening suspension:
potato starch 35 µm in water.

5 mm

θ

ω

θ ' 8.5◦, µ ' 0.15

suggests that µp ' 0.
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Steady avalanche angle

Classical suspension:
glass beads 500 µm in oil.
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Shear thickening suspension:
potato starch 35 µm in water.
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Shear thickening suspensions: µp ' 0 at low P .
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Another way to probe µ: compaction and dilatancy

M. Pailha et al, Phys. Fluids, 2008.
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Another way to probe µ: compaction and dilatancy
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Another way to probe µ: compaction and dilatancy

Frictional grains:

θa
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φ < φc

φ > φc
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Pailha et al. Phys. Fluids 2008.

Non frictional grains:
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Peyneau and Roux. PRE 2008.
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Compaction

Frictional grains:

g

Large glass beads in oil.
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Compaction

Frictional grains:

Large glass beads in oil.
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Compaction

Frictional grains:

tap
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Compaction

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

Frictional grains.

Large glass beads in oil.
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Transient avalanches: dilatancy

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

Frictional grains.

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

large glass beads in oil.
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No compaction, no dilatancy: µp = 0 (Peyneau and Roux. PRE 2008).
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Compaction and dilatancy
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Shear thickening suspension (potato starch):

low steady avalanche angle,
no compaction,
no dilatancy,

→ frictionless behavior at low P .

Origin of this behavior?

frictionalnon frictional

µp = 0 µp = 0

<  ηf γ̇d2 FR <  ηf γ̇d2FR< <

Silica beads 24 µm in H2O+ NaCl
H2O

λD

NaCl
+

λD =
0.304√
([NaCl])

nm
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Silica beads: rotating drum experiments
Steady avalanches:
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Silica beads: rotating drum experiments

Silica beads in water+NaCl:

steady avalanche angle ' 25◦,
compaction,
dilatancy,

→ frictional behavior.

Silica beads in pure water:

low steady avalanche angle,
no compaction,
no dilatancy,

→ frictionless behavior at low P .
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Silica beads: frictional transition

lr ∼ 3.7 nm
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Silica beads: link with the rheology

Unconventional rheological tool:

Silica beads in water with
[NaCl] = 10−1 mol.L−1:
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[NaCl] = 10−4 mol.L−1:
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Conclusion

The frictional transition model:

coherent with our observations,
predicts the behaviour of silica beads.

Clavaud et al. (2017) Revealing the frictional transition in shear-thickening suspensions

Proc. Natl. Acad. Sci. USA, doi:10.1073/pnas.1703926114

Current work: measuring µ as a function of P .

Thank you!
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