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1. Introduction
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2. Microswimmers

Dynamics of active particles
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Fluid flows with vorticity

lllll e 7.0
= 7',‘-{‘ .

Coupling translation/rotation
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2. Microswimmers
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2. Microswimmers

Hydrodynamic coupling - long range

Relevance of shape
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2. Microswimmers
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. Hydrodynamic coupling - long range
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2. Microswimmers

Squirmers

Metachronal wave on Opalina, Paramecium.

Opalina
Fixed tangential velocity profile on the
surface (Lighthill, 1952; Blake, 1971)

Nikon MicroscopyU

Surface tangential velocity | ﬁi’gltal VAl@ Gallery,
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(Pedley 1986) Propulsion velocity



2. Microswimmers

Squirmers
Metachronal wave on Opalina, Paramecium. Opalina

Fixed tangential velocity profile on the
surface (Lighthill, 1952; Blake, 1971)

Surface tangential velocity

Vg = Z B, Vy(cosO)t

n=1

oligotrich

vg = (Bysinf + Bysinf cos )t

B=B,/B, \ 2

Uoo = =B
Steady squirmer 3!

(Shun Pak et al, 2014) Propulsion velocity
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2. Microswimmer suspension: Model

Hard core

No temperature
No tumbling
focus on hydrodynamic coupling

vs = (Bysinf + Bysinf cos )t

Slip velocity as a local bounce-back

Additional attraction

. : . Stokes Law, small Reynolds
competition with activity

2
Fy=6mnRyu,  vs= §B1
Transition to an ordered phase:
LJ interaction strength is reduced and n=205 R =23
B2 is not too big.
’ £ = Fa 11

- Fri(r=opy)



2. Microswimmers

Streamlines

vz v_Z v_Z
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2. Microswimmers

Hydrodynamic coupling - long range

Relevance of shape

=3

0 B=15 p

BD2D BDQ2D =3 B=15 §

02 04 06 08

Disks/spheres
prevent crystallization?

(c)¢ = 1.0, ¢ = 0.5445

Matas-Navarro et al. (2014)
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3. Cluster morphologies
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3. Cluster morphologies
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3. Squirmer suspensions: density fluctuations

Pullers
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3. Squirmer suspensions: density fluctuations

Effect on density fluctuations
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3. Squirmer suspensions: Cluster distributions
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3. Squirmer suspensions: Cluster distributions

Relevance of translational motion
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3. Squirmer suspensions
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3. Squirmer suspensions: Cluster distributions
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3. Cluster morphologies
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6. Conclusions

Active matter
Release energy at small scales (nhatural/synthetic)
intrinsically out of equilibrium

New mechanisms to develop patterns and structures
Competition between attraction/activity

Interplay hydrodynamics/attraction
Large density fluctuations
Macroscopic cluster
Induce polar ordering: dominant effect of translation/rotation

Dynamic clusters

Interplay hydrodynamics/attraction
Large density fluctuations
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3. Motility-induced phase separation

Active Brownian Particles
8.%] Particles trapped

= _pD(p)v[W regions low motility
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3. Motility-induced phase separation

Active Brownian Particles

[@] Particles trapped
regions low motility
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2. Microswimmer suspension: Model

Lattice kinetic model: "microscopic” dynamics

L] L] L] L] L] L] L] L] L ] k. L] L ]

*E»E’ }}ﬁ : f .;" f(r+c,t+1)=f(r,t)-owlf(r,t)- ()]

Initial Post-Collision Final

E fi=p Conserved variables Hydrodynamic equations
Proper symmetries

Efici = pv
Colloid

Ef,.c,.c,. =pvv+ P rigid hollow surface

collision
bounce-back

Hybrid scheme: molecular dynamics
Pre-selection of relevant degrees of freedom 28



