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Sujet':'Erosion'et'transport'de'particules'au'voisinage'd’un'obstacle'
'

Les! phénomènes! d’érosion! et! de! transport! de! sédiments! peuvent! représenter! une! menace! importante! pour! les!

activités!humaines,! les! infrastructures!et! les!écosystèmes.!A!une!échelle!de! l’ordre!du!mètre,!par!exemple!autour!

d’un!pilier!de!pont!ou!de!plateforme!offshore! (comme!çà! tu! insistes!que!çà!peut!être!de! la! recherche!appliquée),!

l’érosion!peut!endommager!la!structure!et!causer!son!effondrement!(Figure!1!–!tu!peux!mettre!un!des!exemples!de!

la!préproposition!de!l’ANR!SSHEAR).!Malgré!les!risques!encourus,!une!description!physique!du!phénomène!d’érosion!

au!voisinage!de!structures!reste!incomplète!à!ce!jour,!en!particulier! le!couplage!entre!la!dynamique!du!fluide!et!le!

transport!de!particules!solides!est!mal!quantifié.!!

Nous!proposons!ici!d’étudier!expérimentalement!ce!phénomène!pour!caractériser!la!dynamique!d’entrainement!des!

particules!en!présence!d’un!écoulement!au!voisinage!d’un!(ou!de!plusieurs)!obstacle(s)! immergé(s)!solide(s).!Nous!

serons!amenés!à!mettre!en!place!une!méthode!expérimentale!innovante!de!PIV!(technique!de!corrélations!d’images)!

associée! à! la! technique! LIF! (Laser! Induced! Fluorescence)! afin! de! pouvoir! mesurer! simultanément! le! champ! de!

vitesses!du!fluide!ainsi!que!celui!des!particules!transportées!par!l’écoulement.!Une!étude!systématique!sera!réalisée!

en!faisant!varier!la!taille!de!l’obstacle!(cylindre!de!différentes!sections!–!a!priori!rien!n’empèche!d’avoir!une!partie!de!

la!thèse!sur!l’optimisation!de!la!forme!de!l’obstacle!non!?),!la!densité!des!particules!formant!le!lit!de!sédiment!(billes!

de!verre,!sable,!éventuellement!de!l’argile!pour!étudier!l’effet!de!la!cohésion!des!sols!réel).!Ceci!nous!permettra!de!

déterminer! des! lois! d’échelles! sur! le! couplage! écoulement/particules,! l’évolution! de! la! forme! de! la! couche! de!

sédiment!au!voisinage!de!l’obstacle,!l’influence!d’une!instabilité!ou!de!turbulence!dans!le!sillage!du!pilier,!etc.!!

Cette!thèse,!à!dominante!expérimentale,!requerra!de!mettre!en!place!un!dispositif!expérimental!modèle,!de!mener!

des!campagnes!d’expériences!ainsi!qu’analyser!les!différentes!données!obtenues.!Le!candidat!devra!avoir!reçu!une!

formation!de!haut!niveau!en!hydrodynamique!physique.!
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& SVI, CNRS/Saint-Gobain Recherche, Aubervilliers

Contact:
Alban Sauret
alban.sauret@saint-gobain.com

http://svi.cnrs.fr/spip/asauret/

Emilie Dressaire
dressaire@fast.u-psud.fr

http://engineering.nyu.edu/piflab/

When rice or pasta are cooked in a large amount of water, that is later drained from a pan,
rice grains or pasta often remain trapped on the side of the pot. The same situation arises when
pouring any suspension from one container to another. The classical model based on the dynamics of
particles in bulk flows, cannot explain such trapping of particles on the surface. Indeed, the present
situation involves thin liquid films, whose thickness becomes comparable to the particle size. In this
flow configuration, the particles deform the liquid film, which modifies the transport of the particles
and stability of the film as illustrated in Fig. 1(a) (Furbank & Morris, 2004). Indeed, when a particle is
confined in a liquid layer flowing on a solid substrate, its displacement is controlled by the competition
between capillary, drag and friction forces. The deposition of particles on the solid substrate, as shown
in Fig. 1(b), remains to be understood as it leads to the contamination of the surface and the loss of
transported material (Colosqui et al., 2013).

in pure liquids as the thread progresses toward rupture. De-
pending on the random distribution of particles in the liquid
when necking begins, many possibilities exist.

At a time very shortly following that of Fig. 4!b", resis-
tance to further narrowing by the two particles in the center
of the liquid thread induces a bulging of the thread. Particles
located below this point are completely swept into the form-
ing drop before rupture while those above it are retracted
towards the orifice—with a single exception. Surprisingly,
the two particles located directly above the central pair move
in opposite directions #Figs. 4!c"–4!d"$. The particle slightly
closer to the orifice actually returns to join the liquid at the
tip of the orifice while the lower particle remains in nearly
the same location, and is eventually incorporated into the
satellite drop seen in Fig. 4!e". This sequence is only one
illustrative example for a low-% suspension as the thread
width approaches that of the particle size.

2. Pinch-off structure
The presence of particles in the liquid leads to pinch-off

structures which are qualitatively different from those seen in
the pure liquid. At low particle concentrations !up to %
&0.10) the macroscopic behavior of the structure near
pinching is very similar to that of the pure liquid, as illus-
trated by Fig. 5 where again drops are formed into silicone
oil. Notably, the shape of the forming drop is that of the
‘‘needle-sphere’’ configuration typical for pure liquids8–11 in
which a slender, needle-like liquid thread connects the liquid
at the tip of the capillary orifice to the nearly spherical drop.
The subsequent rupture occurs near the point of attachment
of the thread to the drop. Although the overall pinch-off
shape up to moderate % is similar to that of the pure liquid,
the presence of the particles leads to fundamentally different
behavior simply because individual or groups of particles
may be captured in the thread during necking. In this event,
more common at higher % but observed even at %!0.02,
single particles or groups of particles resist stretching and
prevent further thinning of the thread. This leads to the gen-
eration of satellite drops not observed for pure liquid, as
illustrated by Fig. 4 in the preceding subsection.

As the particle concentration is increased beyond %
&0.10, as illustrated in Fig. 6 for drops into silicone oil,
larger numbers of particles are present in the liquid thread
during the early stages of necking. As necking proceeds,
these particles are forced out of the thinning thread back up
towards the capillary tip and down into the forming drop.
These particle motions create new structures, which are
thicker and more cone-shaped than observed for the pure
liquid; these structures at the ends of the liquid thread result
in a more gradual transition from the thread to the liquid at
the capillary tip and at the tail of the forming drop. We term
these structures ‘‘spindles’’ due to this descriptive term used
for similar structures observed in electrohydrodynamic
sprays.41 These spindles are also similar to particle structures
observed by Schaflinger and Machu42 and Nicolas43 who
have examined dense suspensions falling under gravity into
the suspending liquid and hence in the absence of interfacial
tension. These authors describe particle tails developing be-
hind the falling drops. The spindle structures we observe
here become more pronounced with increasing %, and the
length of the region over which final necking occurs is much

FIG. 4. Evolution of the suspension thread up to and slightly beyond pinch-
off for %!0.05, d!0.32 cm, dp!212–250 'm into silicone oil with Q
!1.8 cm3/min (Re!0.04). The time between frames is 1/30 s.

FIG. 5. Representative pinch-off structures for the pendant drop formation
of suspensions of !a" %!0, !b" 0.02, !c" 0.05, and !d" 0.10 into ambient
silicone oil for d!0.32 cm, dp!212–250 'm, Q!0.35 cm3/min (Re
!0.007).

FIG. 6. Representative pinch-off structures for the pendant drop formation
of suspensions of !a" %!0.15, !b" 0.20, and !c" 0.25 into ambient silicone
oil for d!0.32 cm, dp!212–250 'm, Q!0.35 cm3/min (Re!0.007).
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(a) (b)

Figure 1: (a) Pinch-off structures for a pendant drop formation of suspensions for increasing concen-
tration (Furbank & Morris, 2006). (b) Glass particles deposited on a glass substrate by the release of
a thin water film of finite volume.

In this project we propose to investigate the situation in which capillary effects contribute to the
particle and film dynamics. The drainage by gravity of a particle-laden liquid film flowing down an
incline has a thickness that is comparable to diameter of the suspended particles. The density of
deposited particles [see Fig. 1(b)] will be characterized as a function of the particle size and relative
density, and correlated with the local liquid thickness. The experimental results will be rationalized
by taking into account the influence of the liquid, the capillary forces exerted on the particles by the
liquid film and the drag force.

The ideal candidate will have a background in physics and fluid dynamics as well as a taste for
experimental works and data analysis. This internship, funded by an ANR project, will take place in
the joint at FAST Laboraroty in Orsay and/or in the CNRS/Saint-Gobain Research joint laboratory
(SVI) at Aubervilliers.
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