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Plan of the lecture

@ What is coarsening
@ Mullins results for Scaling exponents
@ Growth laws for bubbles, and for grains

@ Potts model versus Surface Evolver: microscopic
dynamics

@ The scaling in 2D
@ The 3D scaling in Evolver
@ The 3D scaling in Potts

. mom_m_mncm:nm for maximum entropy or free energy
moadels.




Coarsening in foams

Vertices move

Pressure differences are created
Gas diffusion through boundaries
Low n/f bubbles shrink

Large n/f bubbles growth

T2 (disappearance) T1(neighbor
switching)

Average size increases.
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Mullins prediction for the scaling
state

Consider a scaling state.
For each bubble: v and v

In the scaling regime: Vv scalesas Vv
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* In the scaling regime, for large t:
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Curvature driven systems




Many growth laws are compatible with Mullins
predictions!

The quest for the soap froths 3D growth law
is still therel

And there are other systems.

Mullins predictions are a test for the scaling
state.

The scaling state in 2D

No controversy.

There is a scaling state where all distribution
functions of non-dimensional variables are time
independent.

<a>~1
Theory, simulations and experiments.
Review: J Stavans,

Rep. Prog. Phys. 56 (1993) 733.




The scaling state in 3D

Consensus from experiments (not proven):

The systems ftend to a unique state from any
initial condition.

but

After long transients

Long Transients require

A large number of bubbles to guarantee
that when the scaling regime is reached
there is

1) Enough bubbles to yield good
statistics.

2)Enough bubbles for long enough to
measure the time evolution exponents

3)Enough bubbles to avoid finite size
effects




Simulations in 3D: Surface Evolver

 Brakke in the 1990’s.

« Represents a surface using triangulation,
where the size of the elementary triangles
may be reduced to increase .

« The code uses the gradient method to
reduce the energy of the structure.

Surface Evolver: Basics

http://www.susqu.edu/facstaff/b/brakke/evolver/evolver.html
Basic elements

Vértices: points.

Edges: straight lines uniting points.
Facets: triangular surfaces uniting three vertices
( The surface to be worked on is the set of all facets.)

Body: defined by its limiting facets.




Facets may be oriented.

Each surface is associated to na Energy,
that must be defined. Evolver minimizes

this energy .

Initial surface: defined in a text file.

(Extension: .fe used for data files,

meaning)

Example 1 : Initial file

// cube.fe

//Evolver data for cube with prescribe
volume

<m2_omm\*@_<m3_o<oooa__:mﬁmm*\ 7
1 0.00.00.0 | N . |
2 1.00.00.0 * %

1.01.00.0
0.01.00.0 mﬂ.

3

4

5000.01.0 (1) ’ 4
6 1.00.01.0 /L

7

8

_/m_
1.01.01.0 o . V
OO ._ O l_ O Figure 3.1 The cube skeleton.




Example 1 : Initial file

Edges /* given by endpoints */
T2
2 23
3 34
4 41
5(:5.6
6 67
7 78
8 85
9 15
10 26
11 37
12 48

|l
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=

Figure 3.1: The cube skeleton.

Example 1 : Initial file

faces /* given by oriented edge loop

*/
S HEEe pe 6 et e L
2 211 -6-10
3 3 12 -7 -11
4. 4 9 -8 -12
S Tt s TAS AN S
Bird Lag g

1
‘ i — 43

(%) : /w
N \

V. Sy

Figure 3.1: The cube skeleton.
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1302 WAKAL et af: MICROSTRUCTURAL EVOLUTION
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Number of faces

25 30 35

Fig. 19. Relationship between the number of laces (and product 1/ Ry Hd#dr)). The solid line shows
the von Newmann-Mullins law.

Growth Rate

Growth laws

Glazier and Prause 2000
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Scaling states: Theory

= Time independent distribution functions of
dimensionless quantities.

= The relevant variables are bubble volume,
surface, and number of faces.

= Maximization entropy, subject to energy,
topology and geometry constraints. (Rivier)

Method

Equilibrium statistical mechanics.

Phase space=>» representing all possible
configurations of the froth.

Suppose N bubbles filling volume V.
Each bubblei: v, s, f.
The whole froth: v,,8,,f;;V5,S5,5;...,V:Sn T




The constraints: possible
configurations

Non-holonomic constraint:

There is a maximum possible volume for a

given surface.

The regular polyhedron
Or

The Isotropic Plateau Polyhedron
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The calculations
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Reaching the scaling state
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-Growth law
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<growth rate>
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