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C
oarsening

in foam
s

•
V

ertices
m

ove 
•

P
ressure

differences
are created

•
G

as
diffusion

through
boundaries

•
Low

n/fbubbles
shrink

•
Large

n/fbubbles
grow

th
•

T2
(disappearance) T1(neighbor

sw
itching)

•
A

verage
size

increases.

H
ow

N
 goes

w
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M
ullins

prediction
for the

scaling
state

C
onsidera scaling

state.
For each

bubble:       and

In the
scaling

regim
e:           scales

as
scales

as

v
v�

vv�
v

α
v

,
�����

�
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M
ullins

prediction

•
In the

scaling
regim

e, for large
t:

1
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(
t

t
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scaling
state

in 2D

•
N

o controversy.
•

There
is a scaling

state
w

here
alldistribution

functions
of non-dim

ensionalvariables
are tim

e 
independent.

•
<a>~t

•
Theory, sim

ulations
and

experim
ents.

•
R

eview
: J S

tavans, 
R

ep. P
rog. P

hys. 56 (1993) 733.



The
scaling

state
in 3D
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S
im

ulations
in 3D

: S
urface

E
volver

•
B

rakke
in the

1990’s.
•

R
epresents

a surface
using

triangulation, 
w

here
the

size
of the

elem
entary

triangles
m

ay
be

reduced
to increase

.
•

The
code

uses the
gradientm

ethod
to 

reduce
the

energy
of the

structure. 

S
urface

E
volver: B

asics

http://w
w

w
.susqu.edu/facstaff/b/brakke/evolver/evolver.htm

l
B

asic
elem

ents
V

értices: points.

E
dges: straightlines

uniting
points.

Facets: triangular surfaces
uniting

three
vertices

( The
surface

to be
w

orked
on

is the
set of allfacets.)

B
ody: defined

by
its

lim
iting

facets.



•
Facets

m
ay

be
oriented.

•
E

ach
surface

is associated
to na E

nergy, 

thatm
ustbe

defined. E
volver m

inim
izes 

this
energy

.

•
Initialsurface: defined

in a textfile. 

•
(E

xtension: .fe
used

for data files, 

m
eaning)E

xam
ple

1 : Initialfile 

// cube.fe
//E

volver data for cube w
ith

prescribe
volum

e
V

ertices
/* given

by
coordinates

*/
1  0.0 0.0 0.0
2  1.0 0.0 0.0
3  1.0 1.0 0.0
4  0.0 1.0 0.0
5  0.0 0.0 1.0
6  1.0 0.0 1.0
7  1.0 1.0

1.0
8  0.0 1.0 1.0



E
xam

ple
1 : Initialfile

E
dges

/* given
by

endpoints
*/

1   1 2
2   2 3
3   3 4
4   4 1
5   5 6
6   6 7
7   7 8
8   8 5
9   1 5  
10  2 6
11  3 7
12  4 8

E
xam

ple
1 : Initialfile

faces /* given
by

oriented
edge

loop
*/

1    1  10  -5  -9
2    2  11  -6 -10
3    3  12  -7 -11  
4    4    9  -8  -12
5    5    6   7     8
6   -4   -3  -2   -1



E
xam

ple
1 : Initialfile

bodies
/* one

body, defined
by

its
oriented

faces*/
1    1   2   3   4   5   6   volum

e 1
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S
caling

states: Theory

�
Tim

e independentdistribution
functions

of 
dim

ensionless
quantities.

�
The

relevantvariables
are bubble

volum
e, 

surface, and
num

berof faces.

�
M

axim
ization

entropy, subjectto energy, 
topology

and
geom

etry
constraints. (R

ivier)

M
ethod

•
E

quilibrium
statisticalm

echanics.
•

P
hase

space
�

representing
allpossible

configurations
of the

froth.
•

S
uppose

N
 bubbles

filling
volum

e V
.

•
E

ach
bubble

i:   v
i , s

i , fi
•

The
w

hole
froth: v

1 ,s
1 ,f1 ;v

2 ,s
2 ,f2 ;...,v

N ,s
N ,fN



The
constraints: possible
configurations

N
on-holonom

ic
constraint:

There
is a m

axim
um

possible
volum

e for a 
given

surface.

The
regular polyhedron

O
r

The
Isotropic

P
lateau

P
olyhedron

???

The
calculations



R
esults

R
esults





%
��

����
�	�


�
���

��	���
�
����

�
��	������R

eaching
the

scaling
state



S
caling

state



G
row

th
law





%
��9

���
5


