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Why this research?

Innumerable physical phenomena in which the
temperature is not constant (boiling processes, droplet
motion under thermal gradient )] phase separation )

Theoretical framework and numerical scheme
necessary to study these systems

Recent studies show the possibility to control the
morpholgy of coarsening domains by exploiting
thermal diffusion properties and proper heat sources®

() A.Onuki, Phys.Rev.Lett, 94,054501, 2005
@G. Gonnella, A. Lamura, and V. Sofonea, Phys.Rev.E, 76, 036703 2007
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What about the phase separation?

=  Quenching from above the critical point
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R~ t* « is the “Universal” growth exponent

= How do the morphology of domains and the bulk temperature evolve?




Dynamic equations for binary fluids
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What are the expressions for 1l,g and JP,Je s



Pressure tensor and currents
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In an homogeneous system l,, is the heat conductivity
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Lattice Boltzmann Model (LBM)

What is it?
An alghoritm to solve numerically the fluid equations
Where is LBM used?
Multi-component fluid mixtures
Non-ideal fluids
Complex fluids (Liquid Crystal)
Microfluidics
Advantages ©
Simple implementation
Parallelization
Boundary conditions
Disadvantages @
Spurious velocities




LBM with a forcing term

Evolution Equation
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LBM with a forcing term (2)

Equilibrium distribution function
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*The continuity and the Navier-Stokes equations are recovered in the
continuum limit

*The convection-diffusion and the energy equations are implemented
by using a finite-difference scheme

A. Tiribocchi, N. Stella, G. Gonnella, A. Lamura, arXiv:0902.3921v1 [cond-mat.soft], 2009



Interface profile (with hydrodynamics)

Temperature

Concentration
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The left wall is at kept at T=0.8 while the right wall is at T=0.9.
The system equilibrates with the right wall which is then set to the

temperature of the left wall. (The temperature is expressed in Tc
units, with Tc=5%10-%)

B n—eY. n— n+e. n+op An _g0_2
zp—AnT—l—[—2 lm(—2 )+ > In( > )]-|-4( n2)

T, = \/2 ot = +4/3n2(\/2kpT — 1)




‘ Phase separation with no hydrodynamics
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Temperature field for a system of size 512 x 512 with 7}, =4 - 10*3,
— -3 — -3 t time
Concentration field for a system of size 512 x 512 with Ty, = 4 - 1073, 4 o 1 _f . 1 afd Lk 34 10 a‘r. times L
Ty=4-10"3 and T, = 5 - 102 at times t=175-10% 225 - 10% 375 - 10%, 500 - 10*. The mixture composition is
t =75.10% 225. 10%, 375 . 10* 500 - 10*. The mixture composition is  Symmetric (50% species A and 50% species B). The heat diffusion constant

symmetric (50% species A and 50% species B). The heat diffusion constan is 1072,
is 1072,

*Neutral wetting is imposed on the boundaries | T=0.8 at both walls
*A lamellar pattern is observed (in Tc units)




Phase separation with hydrodynamics
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T,=4-103T=4-10"% and 7. =5 - 1072 at times
t=1-10%1-10°.8-10°,34 . 10°. The mixture composition is symmetric
(50% species A and 50% species B). The heat diffusion constant is 1072,
Concentration field for a system of size 256 x 256 with Ty = 4 - 1073,

Ty =4-10"% and T, = 5. 10~ %at times £ = 8. 105 11 - 10%, 13- 107, 15 - 10,
The mixture composition is symmetric (50% species A and 50% species B).
The heat diffusion constant is 1072

T=0.8 at both walls

Phase separation seems to occur
T - 1 with two scales (in Tc units)



Phase separation with hydrodynamics (2)
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T : sitlon 1s sy ric (h0% species A, 50% species B).
The mixture composition i mmetric (50% species A, 50% species B
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Concentration field for a system of size 256 x 256 with Ty, = 4. 1073, The heat diffusion constant is 107

Ty=4-10"% and T, = 5- 1072 at times £ = 15 10%,30-10%,40 . 10°, 50 - 10,
The mixture composition is symmetric (50% species A, 50% species B).
The heat diffusion constant is 1072,

*Phase separation seems to occur
with two lenght scales
*Thermal diffusion is ten times lower T=0.8 at both walls

Z— — 1 than the previous case

(in Tc units)




Phase separation with asymmetric composition 55%-45%
With hydrodynamics Without hydrodynamics

T=0.8 at both

walls
(in Tc units)

Lamellar
pattern without

hydrodynamics

Cloneentration field for a system of size 256 x 256 with T, =4 1073,

o 4G b 24 4 Concentration field for a system of size 256 x 256 T, = 4 - 1073,
Goe colh T a0 Ty g o1l Cinb tis . Ty=4-10"% and T, = 5. 10~% at times
t=4.10 .6 10 ,g 10 .11 10 ,1610 .18 10°. The mlxturecomposwlon t =41056105,910511105’16105718105 The mixture composition
is asymmetric (55% species A, 45% species B). The heat diffusion constant
is 1072, is 1072,

is asymmetric (556% species A, 45% species B). The heat diffusion constant



Phase separation with asymmetric composition 62%-38%

T=0.8 at both walls
(in Tc units)

With hydrodynamics

Without hydrodynamics
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Concentration field for a system of size 256 x 256 with T, =4 - 102,
T;=4-10"3 and T, = 5. 1073 at times t =& . 105,12 . 105,15 . 10°. 19 . 10°.
Concentration field for a system of size 256 x 256 with T, = 4 . 1073, The mixture composition is asymmetric [ﬁz% species A, 8% species B}

Ty=4.10"" and T, = 5- 10~ at times The heat diffusion constant is 1072,
t=4.10%5.10% 7.10°.10.10%.18 - 10°, 10 . 10% The mixture composition
is asymmetric (62% species A, 38% species B). The heat diffusion constant
is 1072,




Conclusions

At high viscosities lamellar pattern can be
observed

At low viscosities two scales can be observed

during the phase separation with symmetric
composition

At low viscosities a more rounded shape of the
domains is favoured by hydrodynamics during
the phase separation with asymmetric
composition
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