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Fig. 1: (Colour on-line) (a) Sketch of the toroidal configuration.
(b) An asymmetric variant with a trough having a gentle
slope inward and a steep slope outward. (c) Photograph of
a polygonal pattern observed in the configuration (b).

horizontal 1000W temperature-regulated hot plate heated
at T between 200 ◦C and 400 ◦C. When distilled water is
poured into the trough, a large crescent-shaped levitated
drop forms. When more water is added the extremities
of the crescent drop connect: a levitated liquid torus
is formed. It thins down with time due to evaporation.
In order to compensate this natural decay, we used a
motorized syringe to create a weak constant flow Q of
hot water into the levitating annulus. The torus thus
eventually reaches a steady regime, where evaporation and
injection rates are equal.
Only the surface of the transverse section is now limited,

by the appearance of bubbles for the width and by the
capillary length for the height. These limitations lead to a
maximum area of the vertical section of few cm2. However,
no limit has been observed in the azimuthal direction.
A liter of water could be set in levitation with a circular
trough of radius 30 cm. The profile of the section of the
liquid torus depends on the substrate geometry defined
in fig. 1. If the trough is deep and narrow (i.e., with
RG of the order of few lc and RG <RT ), a stable liquid
annulus is obtained. For shallower troughs as shown in
fig. 1(b) where the radius RG >RT the levitated liquid
torus is flattened by gravity into a doughnut shape and
an interesting phenomenon is observed at the surface on
which we will now focus.
We study steady regimes that are controlled by the

temperature of the substrate and the injection rate. At
low substrate temperature (T < 220 ◦C) and when the
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Fig. 2: Photographs of three polygonal modes observed on two
different substrates: (a) for RT = 30mm, (b) and (c) for RT =
50mm, using two different volumes of water, which correspond
to different number of sides.

annulus has a small section the levitated liquid is at rest
and a stable annulus is observed. As the temperature
is increased there is a threshold depending both on
temperature and torus dimension above which a poloidal
flow appears, the fluid rises up on the inner side of the
ring. These fluid motions are sketched in fig. 1(b). There
are two possible origins for the existence of the toroidal
flow. An estimate of the temperature difference from
the bottom of the liquid to the top (4K) suggests that
the surface tension gradient is large enough to trigger a
Marangoni convection [5]. Furthermore the escape motion
of the vapor could also drag the liquid into motion [6,7].
Both processes lead to instability so that it is unclear
why motionless regimes can exist. This is an interesting
question that is beyond the scope of the present article.
We limit ourself to an experimental description. The
local velocities at the surface of the torus have been
measured by following the motion of tracers of diameter
d= 50µm as they are trapped by surface tension at
the surface. The mean velocity Vm is of the order of
50 mm/s and does not depend on the torus width W .
The striking observation is that when this liquid flow
appears, a propagative wave grows on the inner side of
the torus, forming a polygonal pattern rotating in the
laboratory frame (see fig. 2). On all the shallow substrates
of the type shown in figs. 1(a) and (b), the permanent

54006-p2

Dispositif expérimental 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ondes de surface en gravité réduite 
Charles Duchêne 

Equipe Dynamique des Systèmes Hors Equilibre, Laboratoire Matière et Systèmes Complexes 
Université Paris Diderot-Paris 7 

Encadrants: Stéphane Perrard et Luc Deike 
 

         

Ondes de surface 
 
 
 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
 

Goutte d’eau lévitant sur sa 
propre vapeur : Caléfaction 

Gravité 
Tension de surface 

𝒈→ 

𝜸 

Branche 1 : 
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Gravité réduite 

Pas de contact solide 
Quel dispositif permettrait d’étudier des ondes 
gravito-capillaires sans contact solide en eau peu 
profonde? 

Onde gravito-capillaire de pulsation 𝜔 et de vecteur 
d’onde 𝑘 en eau peu profonde : 

𝑊 ௚→ 

௨→ 

𝛼 

Ondes linéaires : Relations de dispersion Ondes non linéaires : Solitons 

𝑊 

Soliton d’amplitude   
négative : 𝐴଴= -5mm 
 
Régime d’eau  peu  profonde 
 
Cas faiblement non linéaire 

Un bilan de quantité de mouvement permet d’obtenir 
l’équation de Korteweg de Vries pour l’amplitude 𝑨(𝒙, 𝒕): 
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Coexistence autour 

de 𝒍𝒄 = 𝜸
𝝆𝒈~𝒎𝒎 

Gravité                    Capillarité 

𝝎𝟐 𝒌 = 𝒈𝒉𝒌𝟐 + 𝜸𝒉𝒌𝟒
𝝆  

Travail de la force de gravité 
 𝒖. 𝒈 = 𝒈𝒔𝒊𝒏(𝜶) ≡ 𝒈𝒓 

𝜶 

𝑻 ≈ 𝟑𝟎𝟎℃ 

𝑾 

𝒌 

Forçage 𝒇𝟎 = 𝟑𝑯𝒛 
 
Présence d’harmoniques 
               (6Hz, 9Hz) 
 
Existence de 2 branches 
 de propagation 

Ondes de surface en gravité réduite 

Ondes confinées par la géométrie 

Spectre de hauteur des vagues en temps (𝑓) et en 
espace (𝑘) 

∆ 
𝑨𝟎 

𝑾 

Observation expérimentale de solitons capillaires 

𝟏𝐜𝐦 

Référentiel 
du soliton 

𝝃 = 𝒙 − 𝒄𝒕  𝒄𝒔 = 𝒈𝒓𝑾 

Vitesse de phase 
pour 𝑘 → 0 

𝑩𝑶 ≡ (𝒍𝒄 𝑾)⁄ 𝟐 

Nombre de Bond  
compare  

capillarité et gravité 

𝑨𝒕 +
𝟑
𝟐
𝒄𝒔
𝑾𝑨𝑨𝝃 +

𝟏
𝟐 𝒄𝒔𝑾

𝟐 𝟏
𝟑 − 𝑩𝑶 𝑨𝝃𝝃𝝃 = 𝟎 

𝑨 𝒙, 𝒕 = 𝑨𝟎/𝒄𝒐𝒔𝒉𝟐
𝝃
𝜟  

𝝎𝟐 𝒌 = 𝐭𝐚𝐧𝐡 𝒌𝑾 𝒈𝒓𝒌 +
𝜸𝒌𝟑
𝝆 + 𝟐𝝅𝒇𝒄 𝟐 

𝝎𝟐 𝒌 = 𝐭𝐚𝐧𝐡  (𝒌𝑾) 𝒈𝒓𝒌 +
𝜸𝒌𝟑
𝝆  

Branche 2 : 

Correspond aux oscillations du cylindre dans le fond de la 
rigole, ajoute une fréquence de coupure 𝑓𝑐 
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Caléfaction = goutte lévite sur son 
propre film de vapeur 
MAIS taille limitée à ⇡ 2 `c

Solut ion : ut i l i ser un 
substrat incurvé inclinable 
en forme de quarter-pipe

Propagat ion 1D 
d’ondes de surface



Propagation de solitons capillaires 
centimétriques d’amplitude négative

La suite dans le poster ! ;-)

Excellent accord avec équation de 
type Korteweg-de Vries (KdV) :
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