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Complex fluids
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with focus on the coupling between the  velocity field and the defects dynamics. 
Examples: 

• Binary mixture
velocity fields of different intensity 
and directions at interfaces

• Liquid crystals 
coupling between velocity field and
orientation  

Every defect has a topological charge            flows of different intensity  
(G. Toth, C. Denniston, and J. M. Yeomans, “Hydrodynamics of Topological Defects
in Nematic Liquid Crystals”, Phys. Rev. Lett. 88, 105504 (2002).)



Active systems
Active matter  are self-driven systems which live, or function, far from  equilibrium. 
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T. Sanchez et al., Nature, 491, 431 (2012)

Active microtubule networkExtensile/pusher swimmer

Fluid flow

Kinesin motors

Microtubules

• High level of collective organization

• Interplay between interaction and activity



A new class of complex fluids: 
mixtures of active and passive components
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Examples:

• Active droplets(M Blow et al.,PRL 2014)

• Exotic emulsions(Gonnella, Tiribocchi, Bonelli, Orlandini, in 

submission)Droplet phase Lamellar phase



Free energy based model (Ginzburg-Landau)
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Dynamical model 
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Dynamical model
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Navier-Stokes      𝜕𝑡 𝜌𝑢𝛼 + 𝜕𝛽 𝜌𝑢𝛼𝑢𝛽 = −𝜕𝛽(Π𝛼𝛽 − 𝜎𝛼𝛽)

Continuity equation               𝜕𝑡𝜌 = −𝜕𝛼(𝜌 𝑢𝛼)

Viscous stress tensor    𝜎𝛼𝛽 = 𝜂 𝜕𝛼𝑢𝛽 + 𝜕𝛼𝑢𝛽 −
2𝛿𝛼𝛽

𝑑
+ 𝜉𝛿𝛼𝛽𝜕𝛾𝑢𝛾

𝜂 dynamic viscosity 
𝜉 second viscosity coefficient

Convection-diffusion      𝜕𝑡𝜙 + 𝜕𝛼 𝜙 𝑢𝛼 = −2𝜕𝛼 𝐽𝛼
𝑑

For liquid crystals
• Tensorial order parameter

For active fluids
• Active stress tensor 

Ramaswamy et al PRL (2004)
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Lattice Boltzmann methods

Friday, December 16, 2016 DYNAMICS OF COMPLEX AND ACTIVE FLUIDS 9

𝜕𝑓(  𝑥, 𝑡)

𝜕𝑡
+ 𝑢 ∙ 𝛻𝑓(  𝑥, 𝑡) = Ω

Boltzmann transport equation

‘’be wise, discretize!” 𝑓𝑖  𝑥 + 𝑐 𝑒𝑖Δ𝑡, 𝑡 + Δ𝑡 − 𝑓𝑖  𝑥, 𝑡 = −Δ𝑡
[ 𝑓𝑖  𝑥, 𝑡 − 𝑓𝑖

𝑒𝑞
(  𝑥, 𝑡 )]

𝜏



Lattice Boltzmann methods

The algorithm can be summarized as follows
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1. Initialize 𝜌, 𝑢, 𝑓𝑖 and 𝑓𝑖
𝑒𝑞

2. Streaming step: move 𝑓𝑖 → 𝑓𝑖
∗ in the direction of 𝑒𝑖

3. Compute macroscopic 𝜌 and 𝑢 from 𝑓𝑖
∗

4. Compute 𝑓𝑖
𝑒𝑞

in BGK approximation

5. Collision step: calculate the update distribution 𝑓𝑖 = 𝑓𝑖
∗ −

1

𝜏
(𝑓𝑖

∗ − 𝑓𝑖
𝑒𝑞

)

6. Repeat from step 2.

In the continuum limit it is possible to derive Navier-Stokes  equations from LBE  

𝜌  𝑥, 𝑡 =  

𝑖=0
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𝑓𝑖(  𝑥 , 𝑡) 𝑢  𝑥, 𝑡 =
1
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𝑖=0
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𝑐 𝑓𝑖  𝑥 , 𝑡 𝑒𝑖



Activities

Friday, December 16, 2016 DYNAMICS OF COMPLEX AND ACTIVE FLUIDS 11

• Extend previous work on single component systems with phase transition  

• Mixtures of active and passive fluids (2d)

• Extend recent work[1] on liquid-vapor systems
to systems of real dimensionality

• Parallelization 
• Calculation of domain growth exponents in phase separation dynamics
• Study of the Rayleigh-Plesset equation in d=3

• Characterization of different phases and dynamics of
transition 

• Response to external flows

[1]Pattern formation in liquid-vapor systems under periodic potential and shear
A Coclite, G Gonnella, A Lamura - Physical Review E, 2014

https://scholar.google.it/scholar?oi=bibs&cluster=4667989199788725039&btnI=1&hl=it


Activities (next years)
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• Active fluids

• Characterization of the vast repertoire of nonequilibrium
steady states

• Real dimensionality systems 
• Turbolence at low Reynolds number
• Contact with experiments
• Characterization of chaotic velocity pattern

• Liquid crystals

• Dynamics of cholesteric droplets in isotropic fluids[1]
• Response to external fields and shear 
• Three dimensional systems

[1] Orlandini, Tiribocchi, Marenduzzo,  Soft Matter 12, 8195 (2016)

https://scholar.google.it/scholar?oi=bibs&cluster=4667989199788725039&btnI=1&hl=it

