Phase transition in polar active fluids
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ACTIVE FLUIDS
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CONTINUUM MODEL

Two dynamical fields: velocity u, polarization P
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o™ " =—(PP active stress due to the permanent force dipole in each particle.

F[P]= jdV{——‘P‘ —‘P‘ (VP) } free energy functional

h = _f tends to relax the system towards the free energy minimum
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V and{2 are the symmetric and anti-symmetric part of the velocity gradient tensor, I' is a relaxational constant
related to the rotational viscosity of the liquid crystalline fluid and f is related to the geometry of the
swimmers, i.e.& >0 for rod-like molecules and & <0 for oblate molecules
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RESULTS

non-slip walls are defined at z=0 and z=L with strong anchoring conditions for the polarization
field P =Y , whereas periodic boundaries are defined at y=0 and y=L
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RESULTS

One obvious solution of the governing equations is the no-flow or rest state
P(rit)=9 u(r,t)=0

However, at higher activities (above some critical value) the rest state becomes linearly unstable and
the system undergoes a spontaneous flow transition

1
A(t): lj.dV (VP)2 2 amplitude of deformati(.)r'l which characterizes the
V spontaneous flow transition

0.18 : ; : l —

0.16 - 663#

e § Vel Amplitude of deformation as a function of the
_. o} Bl 1 activity. The plot shows three distinct steady states
? 01} . separated by three critical points. Below the first
z, 0.08 | S ] critical point, the rest state is stable. However past

0.06 - | this threshold there is a flow transition and three

— | different steady state (SS) can be identified.

ooz | RESt | For higher activity, the unstable system becomes

. State iz, il a3 oscillatory or even chaotic
0 0.005 0.01 0.015 0.02 0.025 0.03

¢

4. E. Tjhung, M. E. Cates and D. Marenduzzo, Nonequilibrium steady states in polar active fluids. Soft Matter, 2011, 7, 7453



P(y.z) u(y.z)

25

20

15

10

IIIIIIIIIIIIIIIIIIIIIIIIIIII(I

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Y Y

Steady state polarization field (left) and fluid velocity (right). The out-of planes components may
dominate the in-plane ones. For instance, typically the out-of-plane velocity is 2-3 orders of
magnitude larger then the in-plane ones.



RESULTS WITH A NEW PHENOMENOLOGICAL TERM

In order to force the alighnment between polarization and velocity vector a new phenomenological term,
proportional to u, was introduced in the evolution equation of the polar vector, which becomes

§E+@+WP)VP:4}P+§WP—£éE+Cu
ot = = TP

Simulations were performed by fixingC and varying C. Here, the results with periodic condition (PBC) on
all the boundaries are shown. The initial conditions are P(r,0)=random and u(r,0)=0
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mean cosO as a function of C, where © is the angle between the vector uand P



RESULTS WITH PBC

! P(y.2) ] u(y.2)
35 .- 35 f

= = 5 B ;
— 30 co /
Px=0 s o : ux=0
- : "l ]
B el E

/

20

.

== 7 ob
W AT NI NN

1 IFETENINN VATATITEN SAVETINE IVSTETArS MR AN | . bl
10 15 Y20 25 30 35 40 0 5 10 15 Y20 25 30 35 40

/

I

)

’

Y4
T

oY
R

f- %ngw

(9,1

5k P(y.2) . u(y.zz)

30 30

e e e .

C=21 20 — 20

o

U= e
§LA !

P ISTATINS IUNINATS IVATAUINE INAVAATE INAAANS WA AN WA AT INRTININS IANUNAUS IVATAVINS SVAVAVATS IVAATINS WA AN WA
0 5 10 15 Y20 25 30 35 40 0 5 10 15 Y20 25 30 35 40



RESULTS WITH WALLS

non-slip walls at z=0 and z=L with strong anchoring conditions for the polarization field P=y
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SUMMARY

Polar active fluids studied by using a coarse-grained continuum model

Spontaneous flow transition in a quasi-2-dimensional geometry

three distinct steady states

large out-of-plane components

for higher activity the system becomes oscillatory or even chaotic

New phenomenological term to force the alignment between polarization and
velocity vector

the system with PBC shows a continuous transition to aligned configurations

the system with WALLS shows an unstable behavior and it becomes oscillatory or
even chaotic by increasing C



