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Coarsening dynamics of three-dimensional levitated foams:
From wet to dry
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Abstract. We study diamagnetically levitated foams with widely different liquid fractions. Due to the
levitation, drainage is effectively suppressed and the dynamics is driven by the coarsening of the foam
bubbles. For dry foams, the bubble size is found to increases as the square root of foam age, as expected
from a generalized von Neumann law. At higher liquid content the behavior changes to that of Ostwald
ripening where the bubbles grow with the 1/3 power of the age. Using Diffusing Wave Spectroscopy we
study the local dynamics in the different regimes and find diffusive behavior for dry foams and kinetic
behavior for wet foams.

Foams are models of soft matter consisting of gas bubbles enclosed in a liquid which have solid properties due
to surface tension of the bubbles and their inside pressure [1]. Depending on the amount of liquid in the foam,
bubbles can either be in contact or separated. In the former most common case of “dry” or “almost dry” foams,
bubbles are substantially deformed and the thin flat liquid films in the contact area between them provide substantial mechanical stability to the foam [1]. “Wet” foams
are less stable because the rather homogeneous mixture
of separated bubbles is rapidly destroyed by flows due to
buoyancy pushing bubbles upwards [1]. In “wet” and “almost dry” foams the dynamics is driven by the drainage
of liquid between the bubbles due to gravity [2]. However,
additional dynamics occurs even without drainage because
of gas exchange between bubbles [3, 4] due to the Laplace
pressure ∆p = 2σ/r with r being the bubble’s radius of
curvature and σ the liquid-gas surface tension [5]. As a
consequence, the average bubble size increases with time
because of the lower gas pressure in the larger bubbles.
This process, known as coarsening, has been described by
von Neumann [6] and has been experimentally observed in
two-dimensional foams [3] as well as for very dry foams [7,
8]. It has also been shown that drainage and coarsening
can interact [9, 10].
Here we study three-dimensional foams which are levitated by a strong magnetic field gradient [11, 12]. Due
to the diamagnetism of water, it is possible to effectively
suppress the buoyancy of the gas bubbles and thus stabilize the foam against drainage even at high liquid content.
With this simple trick it becomes possible to study the
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coarsening dynamics in 3D foams without chemical stabilizers for dry as well as wet foams over many hours in
laboratory. Without levitation such foams would decay
within minutes on Earth [13] which is why major efforts
are under way to investigate them at conditions of steady
microgravity at the International Space Station [14].
In dry foams the exchange of gas between bubbles
takes place directly through the thin liquid films separating the bubbles [15]. Because the rate of exchange is
governed by the Laplace pressure ∆p, the growth rate of a
bubble, i.e. the current density of gas exchange, is proportional to ∆p, i.e. to the inverse of its radius. This implies
dV
∝ dr/dt ∝ 1/r. Here, A is the contact area of a
j = Adt
bubble which is of order r2 and V its volume. Given this
dynamics, one obtains after integration that the average
size of bubbles will increase with time as hri ∝ t1/2 . This
can also be derived more rigorously, as for instance done
in [16], where strictly speaking the pressure difference between two different bubbles is considered. This implies
that one has to consider a state of the bubbles where the
distribution is random giving rise to variations in the pressure difference, such that coarsening can take place. For
the argument to hold, the distribution of bubbles during
coarsening has to be statistically self-similar, something
which may only appear after a long time depending on
the initial state of the foam after production.
When the bubbles are no longer in contact, it can be
surmised that the mechanism of gas exchange between
bubbles will have to change. In fact, the exchange of gas
will now have to be achieved via diffusion in the liquid
and the difference of the gas pressure in the bubbles to the
saturation pressure in the liquid. Here, the diffusive current density j ∝ dr/dt will be determined by the gradient
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