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@ Shear thickening in extension
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e Falling jet of a suspension : solid-like regime
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@ Weight loss
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Shear thickening of concentrated suspensions

@ d=2 um silica particles,

o water pH=7

o Cone-plate

o Controlled shear rate

da
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Shear thickening of concentrated suspensions

o d=2 pum silica particles,

@ water pH=7

o Cone-plate

o Controlled shear rate 7.5]
5.0
O%OO 25 I
O @) 0.0

o
®)
Fn (N)

-0:2 10! 102

y (s
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Life time of the arrested state

4 a * 100Pa
1N iaore e -
255 Pa

Speckle contrast
o o °
> ()] ©
1 1 |

d
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o
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h
1

°
o
I

o

0

T T T
10° 10! 102 time

t(s)

e rough silica particles : @ Mustispeckle Diffusing Wave

Spectroscopy
o diameter : 650 nm .
@ Relaxation of the contrast of the

h : or2) = 6.2
¢ foughness (or%) nm speckles after a stress step

F.lanni et al P.R.E., 2006
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Shear thickening under extension
Suspensions of corn starch particles

@ ¢ imposed

@ Force and filament widths measured QObservation of te tended filament

b) 100000

: Jammed (I)

E o0 Fluid (F)

_ Jammed

i » Fluid

6= 55 % T 3
E. E. Bischoff White, M. Chellamuthu, J.P. M. Roché, H. Kellay, H.A. Stone, P.R.L.,
Rothstein, Rheol. Acta, 2010 2011

@ pulling a column of sample

@ heterogeneities : jammed regions linked with liquid bridges
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Falling jet of a suspension

How does the suspension flow under its own weight ?
If g is sufficient :

o Flow under g — shear-thicken

@ Flow stops —> Relaxes back to the liquid state

force sensor
124

funnel 84

— Torricelli
$=0.49

v

suspension jet ,
J "
T T T T T |
0 1 3 4

Acquisition rate 500 im/s

w (g)
T
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Non dimensional numbers
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Flow regimes

Conclusion

10%
Q
§ 102
e — nertia__ pUa &
Viscosity n 0 —— Re
. 9 e 10° Fr
pp — Inertia U we
Gravity ga ) 01 02 03 04 05 0.6
Inertia U?a ¢
We = =2

"~ Surface 7
o small ¢ : Re, F'r,We > 1 : inertial regime,

@ ¢ —> ¢, : surface effects



9/17

Introduction : shear thickening
0000

Inertial regime

Shape of the jet
r/a
0;8

0.7 09 1.0

@ Bernoulli's theorem

Falling jet of a suspension : solid-like regime Conclusion

00®000000

Assuming a perfect fluid

Laplace pressure

r(z)

To
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Capillary regime

Growth of the capillary wave amplitudes :

r(z) =ro + ee™*
o Constant celerity ¢ = vjes 50 [haso
a0 | f13257
. 1 i | '
@ Decreasing o aha1300 £
. ) 1275°5
” / 1.250

~——o o

47 48 49 50 51 52

10

At high ¢, the jet rup-
tures at longer length.

2
0.505 0.510 0.515 0.520 0.525 0.530
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Jet shape in the "solid-like” regime

Jet instability Average jet shape

10% 0.54
05375
0535
0.5325
053
052
0.515

40

—_— 0.51
E 0.505
E 0.5
~ 10t 10? 10° 0.48
N 60 V(s
At the output of the funnel :
¢~ 10% 571
& 1> We, Fr : inertia irrelevant
100 -

o Rapid decrease of the jet radius at the output of the funnel,

speed~ 1/10
¢ = 0.535 @ Thinner jet, smaller radius decrease
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Weight loss in the "solid like” regime

4 0.5375

12 0.535

10 0.53
87 0.525

C)
2
6_
0.52
4_
0.5
2_
04 0.49
0 25 50 75 100 125
t(s)
At ¢ >53 % :

o the weight of the entire column is measured

o well defined weigth scales
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. tensile stress is transmitted
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Weight loss in the "solid like" regime

-
N
IN)

T T T
5 6 7 8 9 10 11
t(s)

(8w) = 0.17 g lineic mass : 4.7- g-m™*
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12

10

P(6 w)

Conclusion

0.53

0.00 0.05 0.10 0.15 0.20
6w(g)

— 0l =3.4cm
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Wave propagation : solid rope model

Identify and follow maxima

Distribution of velocities

2.0x10°
1.5+
—~ —~
O O
L 104 o
o o
0.54
0.0 -t b 0
-1000-500 0 500 1000 1500 -1000-500 0 500 1000
-1 -1
c(mm.s ) c(mm.s )

¢ =53.25 %, $ =535 %
Superposition of up and down travelling waves
Cmaz ~ 0.5m - s~ whereas vje; = 0.1m - s~ *
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Wave propagation along the rope

Wave propagation along a solid rope Distribution of wavelengths

Pa _ Tlw) 0
ot2 o 022

c:,/Z:\/nglm-s_l
Iz

We observe :

Az, t) = Aj cos(wt £ kx) A R
Assuming one wave travelling up and 2/2(mm)

one down : ¢ =5325%, ¢ =535%
Reflexion coeff : R ~ 0.5 Amaz = 20 mm
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Conclusion

051  0.53 ¢
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Conclusion

At the shear thickening transition under gravity :

the jet is heterogeneous

it sustains tensile stress

it lets solid chunks fall

becomes radially unstable
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