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We study the motion of a solid sphere after its fast impact onto a bath of liquid foam. We identify two regimes of deceleration.

At short times, the velocity is still large and the foam behaves similarly to a Newtonian fluid of constant viscosity. Then we

measure a velocity threshold below which the sphere starts experiencing the foam’s elasticity. We interpret this behavior using a

visco-elasto-plastic model for foam rheology. Finally we discuss the possibility of stopping a projectile in the foam, and evaluate

the capture efficiency.

1 Introduction

A liquid foam consists of a closely packed suspension of gas

bubbles in a continuous liquid phase. Because of their remark-

able mechanical properties (solid-like at rest and liquid-like

under shear), foams have attracted the attention of physicists

from the early work of Plateau1 to modern debates on the

jamming of soft materials2,3. Foams are also widely used in

diverse industrial fields: catalysis and filtration4, flotation5,

shock or noise absorption6. The cellular structure of foams

governs many of their properties, such as shear modulus or

yield stress, that scale with the Laplace pressure inside the

bubbles7 with an influence of the topology of the bubble as-

sembly8.

Solid cellular materials are known as mechanical dampers

and sound absorbers. In nature, it has been shown recently

that woodpeckers have porous cranial bones that prevent their

brain from injury in spite of repeated head drumming against

tree trunks9, and that the thick skin that protects pomelos

when they fall off the tree has a foam-like structure10.The

use of solid foams as mechanical dampers in technology is

widespread, even in extreme conditions: for example, to cap-

ture without damage interstellar particles, that travel at high

velocity, soft solids called aerogels are used11. In this spirit,

we investigate the ability of liquid foams to absorb kinetic en-

ergy.

To do so, we measure the energy dissipation during the

impact of a solid sphere of radius R0 and initial velocity V0.

We restrict our study to projectiles much larger than the foam

bubbles, and to characteristic impact times τc = R0/V0 much

shorter than the foam rearrangement time τr . This regime cor-
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responds to region I in the phase diagram represented in figure

1, where the vertical axis compares the projectile size R0 to

the foam bubble radius rb and the horizontal axis compares

the rearrangement and impact times, τr and τc. Other regions

of this phase diagram have been explored in the literature: re-

gions II and III correspond to the case of foams whose bub-

bles are much larger than solid particles. When they are fast,

small projectiles can cross the soap films separating neigh-

boring bubbles12. Else, they stay trapped in the nodes where

Plateau borders meet13. In region IV, quasi-static foam flows

around an obstacle, whose dimension is one order of magni-

tude higher than bubble size, are studied in 2D14 and 3D15.

The experimental setup dedicated to the study of region I is

described in section 2, results are presented in section 3, and a

model is developed in section 4.

2 Experimental setup

The experimental setup is presented in figure 2: spheres of

different radius R0 and density ρs are thrown at velocity V0 in

a foam trapped in a tube of radius RT .

2.1 Foam

For the foam, we use a well-characterized Gillette shaving

cream16: the value of foaming solution’s surface tension γ

is 29.6 mN/m. Its viscosity η is 1.9 mPa·s but is shown to

vary from one sample to another, sometimes being as high

as 5 mPa·s17. Due to aging, bubble size and related properties

evolve with time18: to avoid such effects, experiments are per-

formed 20 minutes after blowing the foam. At this moment,

we directly observe under a microscope that the bubble radius

is rb =21 ± 3 µm. The liquid volume fraction Φl is about 7.5

% and does not vary over the time of our experiment.
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also be irreversibly modified by plastic events. Marmottant

and Graner proposed to separate elastic and plastic contribu-

tions in the strain rate27:

ε̇ =
dU

dt
+ ε̇P (9)

where U is the elastic deformation, that is, a state variable

describing the current deformation state of the foam, while

ε̇ is the total strain rate and ε̇P is the plastic deformation rate.

The rheological model is sketched in figure 8 (a). The image at

the top corresponds to a situation with zero deformation ε = 0.

The spring is at rest, its length is the equilibrium length. When

the deformation ε increases, the spring compresses in a purely

elastic way, resulting in a strain ε =U .

Plastic events occur when the amplitude of the elastic de-

formation reaches a yield value ±UY and when it tends to in-

crease, that is, when U and ε̇ have the same sign. If the second

condition is not fulfilled, the deformation may be large, but

strain rate leads to reversible elastic unloading. When plas-

tic rearrangements occur, their rate is given by the only time

scale in the problem, ε̇ , so ε̇P = ε̇ . This results in the following

equations for the elastic deformation

{

if |U |>UY and ε̇U > 0 then dU
dt

= 0

otherwise dU
dt

= ε̇
(10)

The link between stress and strain is given by writing the

stress σ as a sum of a viscous and an elastic component, with

µ an elastic modulus, ηe a macroscopic viscosity and α a non-

dimensional coefficient depending on the geometry of the sys-

tem:

σ = µU +αηeε̇ (11)

The material is therefore described by 3 parameters: its

yield deformation UY , its viscosity ηe and its elastic modulus

µ .
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