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0 How do dense suspensions flow? --- Non-equilibrium microstructure and frictional contacts
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Mixtures of stiff particles and viscous liquids can be considered as incompressible fluids as long

as the packing fraction is not too high.

However, they flow in very different manners from usual fluids (i.e.,

Newtonian fluids).

Rheological measurements show a peculiar shear-rate dependence of their viscosities, displaying both

shear thinning and thickening

including a discontinuous jump in the viscosity for sufficiently concentrated systems. Normal stress

differences,

which are another independent signature of non-Newtonian behavior in steady flows, are also not

Zero.

Such non-Newtonian nature originates from the slow dynamics of suspended particles in viscous

liquids.

In sheared suspensions, particle arrangements are far from

Interactions among particles

relaxed or equilibrium states.

in such flow-induced microstructures need to be considered to evaluate their rheology. Our

simulation,

combining the two simulation strategies of Stokesian Dynamics and the Discrete Element Method, can

capture such particle dynamics

and reproduce the experimentally observed rheology of dense suspensions.
The simulation results give a clear understanding of the mechanism of discontinuous shear

thickening,



http://www.waseda.jp/top/index-j.html
http://www.waseda.jp/top/index-j.html
https://www.waseda.jp/top/assets/uploads/2016/10/20161020nishiwaseda_campus_map.pdf
http://www.y2003.phys.waseda.ac.jp/works/180526Prigogine.pdf
http://www.waseda.jp/top/index-j.html
http://www.waseda.jp/top/index-j.html
http://www.waseda.jp/top/index-j.html

on which researchers had not reached consensus (Seto, et. al. PRL, 111, 2013 and Mari, et. al.,
PNAS, 112(50), 2015).

To access a more complete set of rheological responses, we impose both simple shear and planar
extensional flows

by using time-dependent periodic boundary conditions: the Lees--Edwards and Kraynik--Reinelt
boundary conditions, respectively.

The comparison of the effects in the two flow conditions provides further insight into the role of
flow-induced microstructure

and possible constitutive relations for dense suspensions (Seto, et. al., JFM, 825:R3, 2017).
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Interacting self-propelled objects have been studied for these almost two decades

from the view point of nonlinear dynamics [1].

Various dynamical orders have been found theoretically in which most of the studies are based

on either point particles or rigid particles allowing their overlapping.

Studies of self-propelled motions with repulsive interactions between particles

to take account of the excluded volume effect have been started rather recently [2], [3], [4]-
Furthermore, many of the self-propelled objects, in particular, biological micro-organisms are soft
and deformable.
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Therefore, the coupling between migration and deformation is also a relevant nonlinearity in
self-propulsion.

Recently, we have introduced a model system of deformable self-propelled particles

with pair-wise repulsive interaction [5], [6]-

Numerical simulations are carried out in two dimensions by changing the noise intensity and the
particle density

to obtain the dynamical phase diagram of the ordered and the disordered states.

One of the new findings is that the ordered state is broken via a discontinuous transition by
increasing the particle density (volume fraction).

Another finding is a spontaneous formation of a traveling band of the ordered state surrounded by
the disordered state, which appears at the high-density transition region.

This is similar to the band structure obtained by Chate et al in point particles [7].

Quite recently we have found that traveling band structures emerge rather easily if the propelling
velocity depends on the local density around the particle [8].

A band structure indicates coexistence of dynamically ordered and disordered states,

which never occurs in phase transitions in thermal equilibrium and is a characteristic feature in
the transition out of equilibrium.
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http://www.y2003.phys.waseda.ac.jp/cgi-bin/fswiki/wiki.cgi?page=%A5%BB%A5%DF%A5%CA%A1%BC
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071112 : Prof. Shiyi Chen

O Constrained variation in multiscale simulations of micro- and nano-fluidics and subgrid-scal e stress

model of fluid turbulence

0 O O O Prof. Shiyi Chen (College of Engineering, Peking University)
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