
HAL Id: tel-02867154
https://tel.archives-ouvertes.fr/tel-02867154v2

Submitted on 31 Aug 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Les surprises de la montée capillaire
Joachim Delannoy

To cite this version:
Joachim Delannoy. Les surprises de la montée capillaire. Matière Molle [cond-mat.soft]. Sorbonne
Université, 2019. Français. �NNT : 2019SORUS484�. �tel-02867154v2�

https://tel.archives-ouvertes.fr/tel-02867154v2
https://hal.archives-ouvertes.fr


THÈSE DE DOCTORAT
DE SORBONNE UNIVERSITÉ

Spécialité : Physique des liquides

École doctorale no 564 : Physique en Île-de-France

réalisée au laboratoire de

Physique et Mécanique des Milieux Hétérogènes

sous la direction de David QUÉRÉ

présentée par

Joachim DELANNOY

pour obtenir le grade de :

DOCTEUR DE SORBONNE UNIVERSITÉ

Sujet de la thèse :

Les surprises de la montée capillaire

soutenue le 20 septembre 2019

devant le jury composé de :

M. Dominic VELLA Rapporteur
M. Benjamin DOLLET Rapporteur
Mme Emmanuelle RIO Examinatrice
M. Thierry LENGAGNE Examinateur
M. Pierre-Yves LAGRÉE Examinateur
M. Christophe CLANET Codirecteur de thèse
M. David QUÉRÉ Directeur de thèse















~











ba c



 observation and comparison. In my manuscript of the Book of
 the Balance of Wisdom there remain only a few leaves of it,
 the contents of which cause the loss of the rest to be greatly
 lamented. Notwithstanding the multiplied errors of the copyist,
 omissions, and inaccuracies of every kind, which prevent me
 from giving the text itself, it is possible to perceive what is being
 treated of, and I shall cite here and there fragments of intelligi-
 ble phrases, which have guided me in the following exposition.
 The first of the remaining leaves, after a few unintelligible words,
 which evidently belong to a phrase commenced upon the pre-
 ceding leaf, contains a figure representing an instrument devised
 by 'Abu-r-Raihan for the determination of specific gravities. I

 Form of the Conical Instrument of 'Abu-r-Raihan.

 E e r a LOL.e Neck of the Instrument.
 b .bJI Perforation.

 /e I | c UT].. I)_C (s3 ' ._ JS1 Tube in the Form
 of a Water-pipe.

 d LEji3 , Handle of the Instrument.

 e YJ%Sf e Mouth of the Instrument.

 f "\ X _ Place of the Bowl [of the
 .J-?fa/w7 ,- /^--- . Balance].

 give an exact copy of it,1 with all the explanations which ac-
 company it. A mere inspection of it will suffice to show that
 we have here to do with an instrument made for determining the
 volumes of different heavy bodies immersed in the water which
 fills a part of the cavity, by means of the weight of the water
 displaced by these bodies, which is ascertained by conducting it
 through a lateral tube into the bowl of a balance. The descrip-
 tion given by our author of the use of this instrument, which he
 calls oLk.JIt 'J ' 1 'J9 t, '"the conical instrument of 'Abu-r-
 Raihan," confirms this idea; but he adds that the instrument
 is very difficult to manage, since very often the water remains
 suspended in the lateral tube, dropping from it little by little into
 the scale of the balance: X 'i '2 or- ". . ' ' L . ' cjl .
 Capillary action was accordingly known to the Arabs; and
 our author asserts that 'Abu-r-Raihan had ascertained that, if
 the lateral tube had a circular flexure given it, was made
 shorter than a semicircle, and was pierced with holes, the
 water would flow readily through it, no more remaining in the
 tube than just enough to moisten its inner surface: ~i< 3
 jit (j lj I sLt 4y; . A. 5 .& L

 54  N. Khanikoff,
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θ = π/2 [ (h/ε)/ (r/ε)]1/3 θ ⇡ 0.4 π

h = r/10 r = 0.5 ε = 1
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−1 ż > 0
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lower concentrations at higher elevations may be related to lower average tempera- 

tures (Kenoyer, 1917; Oertel, 1946; Shuel, 1951). 

Within a given species, there was no indication of a change in nectar concen- 

tration during the day. Penstemon barbatus was sampled at 2-hr intervals at an 

elevation of 1280 m between 07:OO and 15:00 hr (Arizona standard time). The 

range of concentrations was equivalent to O-70-0.81 molar sucrose with no trend 

suggesting a change in concentration with time. Similar results were found for 

Ipomopsik aggregata sampled at an elevation of 2926 m. 

A striking feature of the measurements of nectar concentrations were the 

differences between species. Thus, at an elevation of over 2200 m Salvia lemmoni 

had a mean nectar concentration equivalent to OM molar, Penstemon barbatus, 

0.58 molar and Iris miwuriensis, O-24 molar. All of these flowers were sampled in 

the Chiricahua mountains and the differences probably reflect adaptations for 

attracting hummingbirds as pollinators (Hainsworth & Wolf, 1972~). 

Tongue structure 

Figure 3 presents representative cross-sections at different distances along the 

grooved portion of the tongue, and the cross-sectional area is plotted as a function 
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Sujet : Les surprises de la montée capillaire

Résumé : La montée capillaire est l’une des illustrations les plus remarquables des effets de
la tension superficielle. L’expérience consiste à placer un tube de petit diamètre au contact
d’un liquide mouillant. Le liquide monte alors spontanément à l’intérieur du tube jusqu’à une
hauteur qui peut atteindre plusieurs centimètres. En partant de cette expérience historique, nous
extrayons des phénomènes nouveaux : (1) la dissipation au niveau de la ligne de contact, à
l’origine d’une vitesse de montée constante à temps court, (2) la descente capillaire dans des
milieux aérophiles qui donne lieu à de nouvelles dynamiques et (3) l’imprégnation capillaire dans
des milieux complexes que nous illustrons par une montée capillaire dans des languettes flexibles
copiées sur la langue du colibri. Ces trois grands axes d’études sont déclinés en sept chapitres
dans lesquels nous étudions, expérimentalement et théoriquement, ces nouveaux phénomènes
d’imprégnation capillaire.

Mots clés : montée capillaire, capillarité, imprégnation, ligne de contact, revêtements de surfaces

Subject : The surprises of capillary rise

Abstract: When contacting a wetting liquid with a narrow tube, a meniscus forms and rises
spontaneously, progressing up to several centimetres. This remarkable illustration of surface ten-
sion is known as capillary rise. After more than three centuries of studies, capillary rise is now
well apprehended and is often seen as a model experiment to study the impregnation of liquids in
confined media. Despite its apparent simplicity, capillary rise still preserve a few mysteries that
are studied in this manuscript: (1) the viscous dissipation near the contact line, responsible for
a constant velocity dynamics at short time of a capillary rise, (2) a capillary descent observed in
aerophilic tubes showing unexplored dynamics and (3) capillary impregnation in complex media,
as illustrated by the rise of a liquid in deformable stripes inspired by hummingbird tongues. These
three topics are investigated along seven chapters as we explore (experimentally and theoretically)
new aspects of liquid impregnation in confined media.

Keywords : capillary rise, capillarity, impregnation, contact ligne dynamics, film coating
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