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particle radius Stokes Equation
Suspensions —p 22 1 — 100717 — 77V211 = \/'p
N =10

Discontinuous shear
thickening!

source: https://www.youtube.com/watch?v=hP88C-_LgnE&list=PLVjilPzFTOLpxiwdwrFuPYSIBpr6jFm32
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STEADY SHEAR
Experimental Observation:
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Numerical Simulations:
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WHAT HAPPEN IF WE IMPOSE OSCILLATORY SHEAR TO
SUSPENSIONS?
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Lattice Boltzmann Method (LBM)
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Treatment of hydrodynamics and contact forces

Forces on
boundary nodes

—>

Use resistance
) matrix formulation
for the lubrication

shared hodes =—p -©

E o forces
o O (Kim and Karilla, 1991)
Nguyen and Ladd, PRE 66, 046708,(2002)
Contact
Linear spring model used in DEM LUb”cét'on vanishes at
i . .. some distances to allow
(with friction)

contact
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Steady shear simulation  n=512 particles

10° Viscosity
— 6=0.57
s H=0.54
o O=(.48 —
103 ol Shearstress 0 =0 + 0+ 0"
|
S |"
« l'

¢ = 0.57

) =
- 9 ._ ) u’
~ 3 1.0
1Q) : — S
0 10° ’ . o 2
1.0* 10 10 _8 0.8 Electrostatic
,), - : repulsive
<& 67;--)700,2&', Magnitude of '..% force
A* = electrostatic repulsive 3 0.6
Fem/ forces = Contact
c
- o
io-os G 0.4
109 ¢ ‘ + 0.56 S
& _3e=10 Q H
: H 2 VO ® Hydrodynamic
& ‘ * +’+— i - 0.2
0% :f{( ,Q""’“ “ ) “5 .
tordd 4 i 5
i St -
10"} "'3:::!3:' G 0.0
| §

10~3 102 10! 100
¥/ %o

Mari, et al, Journal of Rheology 58 6) ,
1693-1724(2014)



¥(t) = yow sin(wt + 6)

Oscillatory shear simulation

Strain

Strain rate
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Oscillatory shear simulation

Particle motion

N=128 particles
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Viscosity
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Storage modulus N=128 particles

all contributions
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Storage modulus

N=512 particles
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Contributions to viscosity
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Fragile state?
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Fragile state?
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Discussions | \S | 0 01 = maX()\la )‘23 )\3)
Oij — NO4j| = :
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AN =01 — 03 1
o — 5(0'1 + 09 +O'3)
When DST takes place in steady Anisotropy

shear, the anisotropy becomes

maximum.
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Is also maximum at the onset of shear jamming.
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Conclusions
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Big increment of the viscosity and o

shear jamming in high strain rate storagelp 0.57) .
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jamming might be related to soe0s| | 03
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- Yo
Future works
. ; Clarify the existence of fragile state.
l Analyze the percolation network (by
fluid-like simulating more particles in 2D).
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appendix:
Contributions to storage modulus
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appendix:

details of the Ibm
(collision operator) Discrete equilibrium d.f
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appendix:
Stress Calculation
Hydrodynamics
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