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Figure 3. Illustration of T1 and T2 processes in dry 2D
foam. Two bubbles that are initially separate and that become
neighbours as a consequence of the T1 event are marked in
grey. The same shade is used to distinguish a bubble that
disappears upon a T2 event.

as well as initial conditions. A mean field argument based on statistical self-similarity predicts
for 3D as well as 2D foams that the average bubble radius, denoted as R1, increases with age
t following a parabolic law (Mullins 1986):

R2
1(t) − R2

1(t0) = K (t − t0). (1)

The constant K has the dimension of a diffusion coefficient and depends on the permeability
of the individual liquid films, governed by their thickness as well as the solubility and the
diffusion coefficient of the gas in the liquid (Princen and Mason 1965). Moreover, it has been
shown that K is an increasing function of gas volume fraction (Vera and Durian 2002). The
bubble growth law equation (1) has been verified experimentally in 2D (Glazier and Weaire
1992) and in 3D (Durian et al 1991, Hoballah et al 1997). As a consequence of statistical
self-similarity, there is only one independent characteristic length scale describing the foam
structure, which can be chosen as R1. The temporal evolution of any mth moment of the
bubble radius distribution, denoted as Rm(t), is therefore proportional to that of R1 taken to
the mth power (Hoballah et al 1997). Depending on their characteristic timescales, drainage
and coarsening may be coupled and mutually accelerate (Hilgenfeldt et al 2001a, Hutzler and
Weaire 2000, Saint-Jalmes and Langevin 2002, Vera and Durian 2002). Note that drainage,
coalescence and coarsening also exist in emulsions, but since the preponderant process is
determined by the differences in density and solubility between the dispersed and continuous
phases, the ageing dynamics of foams and emulsions can differ significantly.

2.2. Rheology

Measures of stress and strain. On a macroscopic scale, foam may be viewed as a continuum,
and the stress tensor is a well defined quantity. However, the continuum picture breaks down
on the bubble scale. In steadily flowing foam, a local stress can be obtained by performing a
temporal average over the pressure and interfacial tension forces acting on a surface element
(or a line element in 2D foam) of fixed position (Asipauskas et al 2003). A general expression
for the local interfacial and gas pressure contributions to the macroscopic stress σ has been
proposed by Bachelor (1970):

σi j = − 1
NV

N∑

k=1

(pk Vk)δi j +
T

NV

∫ ∫
(δi j − ni n j ) dS (2)

pk and Vk are respectively the gas pressure and volume of bubble number k, N is the total
number of bubbles, V is the average bubble volume, T the interfacial tension and n a unit
vector normal to the interface. The integration is carried out over all interfaces in the volume.
Both faces of each soap film have to be taken into account. Equation (2) is extensively used
in numerical simulations and analytical models.
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2.3 Mesure par absorption

R = Rext − 2lBdP (1)

I1 − I2 = I0(1− exp (−�lc)) (2)

Fig. 2 – Images obtenues avec la caméra rapide avant le T1 (à gauche) et pendant le T1 (à droite).

2.4 Interférométrie
Franges noires:

e = p
λ

2n cos r
r = sin−1

�
sin i

n

�
(3)

avec i=15◦, λ=550 nm et n = 1.33.

3 Résultats

3.1 Interfaces mobiles
3.1.1 Mesures par absorption

Les images obtenues permettent dans un premier temps d’étudier l’augmentation de la taille
du film créé pendant le processus T1. Comme proposé dans l’article [2], la largeur du film R est
normalisée par la largeur finale Rend, et le temps t est normalisé par un temps caractéristique τ
tel que la pente de la courbe R/Rend = f(t/τ) soit égale à 0.25 en R/Rend = 0.6. Comme il est
difficile de déterminer de façon précise le temps auquel le nouveau film se crée, un décalage sur
t/τ est ajouté pour que toutes les courbes se superposent en t/τ = 0.6. La figure 3 représente
R/Rend en fonction de t/τ pour quatre mesures faites avec différents rayons de Bords de Plateau.
Il semble qu’elles se superposent sur une courbe maîtresse.

La vitesse d’ouverture du film est déduite en dérivant la largeur du film R par rapport au temps
t (voir figure 3). La vitesse d’ouverture augmente quand la fraction liquide diminue. Cependant, le
coefficient τ est constant entre les différentes fractions liquides, donc cette augmentation de vitesse
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