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Rain droplet on a window

film

pinning

mercury

calefaction
Leidenfrost point, T = 150°C
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"Lotus" effect

.......

Selcreasea Ginkgo Biloba

Natural water-repellent surfaces:
some plant leaves
insect wings
water spiders silk nests...



Impacts




Ingredients for super-nydrophobicity

Chemical hydrophobicity + Taylored surface

Lotus leaf hydrophobic wax textured surfaces

Barthlott & Neinhuis (1997) Onda et al. (1996) with C.Marzolin & D.Quéré
recent insights: Mathilde Reyssat



hysteresis <= heterogeneities?

CONTACT ANGLE, degrees
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wax surface

initially rough, then progressively heated up
to smooth it down by partial melting

Dettre & Johnson (1964)



Mechanism:

fakir carpet

air trapped under the liquid

Voyons...Ah!je vois que vous avez le
gouf de laventure...Yous avez dejd fraverse |
des situations fort périlleuses...Mais vous
|éles trés courageux et...Oh!oh!
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Macroscopic contact angle

__top of asperities
¢S_ apparent area

LV

YgL Y;V "effective solid" = ¢ solid + (1-¢) air
= + (1-
Vst = OsVsy (M e ViV
Yo = GsVor + (1-0s) v,y YLy
cosb*= -1+ ¢ (1 + cosB) cosf = Lsv=Ysr
Yrv
Cassie & Baxter (1944) angle on a flat surface

of the same material



Slippery surfaces

7 y classical experimental facts: u,=0
/

Navier's concept of possible slip (1823):

ugk% A slip length

surf

recent experiments and molecular dynamics simulations

- on smooth hydrophobic surfaces: A ~nm
- on textured super-hydrophobic surfaces: A ~ texture size (um)

review J.Rothstein (2009)




Drag reduction ?

ex: Poiseuille flow between 2 plates

p_. ::Zu h =12T]U h
v [ VP h2 h+06A\A

o'%.o o!s 1!0 1!5 207\'/h



Slip length on textured surfaces

<y>
ug=<u> us=0
< L > —1> —

dilute pillars:
<y> <uy>

<O>~QsMN 5—~"M Mor
e

low Reynolds numbers
=> Stokes flow (laplacian) = scale ~ b

% b L
eff @~\ﬂf

Ybert & al. (2007)
see also Lauga & al.
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Slip length on textured surfaces

cone-plate rheometer
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also PIV measurements e.g. P.Tsai & al. (2009)



"Fat fakir"

T — -

av=A(1-¢s)dh

dS=2A q;)—sdh (pillars surface)
APdV = (yg, “Ysy)dS =ycosOdS

2y ¢
A'Dcrit= bl']_(T)S




From big to skinny fakirs

100 um

Mathilde Reyssat et al. (2008)



Critical radius




2 scenarios

Critical pressure

? »|R -=b1—-¢s

usually too small

Touch down

R =R

interface macroscopic

L2
Rcrit = h

Reyssat et al. (2008)



A metastable state ?

f?

8 S 8 8 O A

roughness factor:

actual area

~ apparent area

AEg = (r-ds)(Ys. - Ysv)-(1-0s) YLy

AE;<O0 if <60,

cosf, = -

1'(|)s
r'q)s

with U.Thiele & D.Quéré



Wenzel regime

liquid inside the roughness
=> actual surface amplified

"effective solid" = r solid

Ysp = I'Ysp
cosO+*=r cosO

Ysi = 'Yz

Wenzel (1949)



Super-hydrophilic surfaces ?

Nanotubes forests

imbibition dynamics = Mathilde & Etienne Reyssat



Condition for imbibition
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_ top of asperities
top dry q)S' apparent area
/ _ real area
Edz 5 "= Zpparent area

A
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dEG/L = (r-¢s) (YsL-Vsv)dZ + (1-¢s) 11y dZ

H_/

/
top dry Y COSY

imbibition if dE; <0 <0 <0_| |cos@, = 1r:$2

r — o porous media: rise if 0 < 90°
r— 1 flat surface: rise if 6 = 0



Contact angle on an imbibed surface

ml_ﬂ_ﬂ_ﬂ_ﬂ "effective solid" = ¢ solid + (1-¢) liquid

Ysi = Ogvsy + (1-05) v,y

Vst = Os¥s + M

cosO+=1 - ¢g (1 - cosH)




From anti-rain to anti-fog materials

i anti-fogging
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Coated droplets

.—hydrophobic particles, 6 > 90°

(if 8 < 90°, particles immersed in the liquid)

Adhesion of the particles?

]
) —

AES/S =Ygy + Vv -TsL =Yy (1 +cosb) >0

= always some adhesion



Liquid marbles

shape: centrifuge forces / surface tension 0 pR*w?
pR*w? v/R Y
Q << 1 = sphere Q ~ 1 = peanut, doughnut Q >>1 = breakup

Pascale Aussillous






A well defined contact angle?

Young's relation:

cosf = sV~ VSL D.Quéré, C. Clanet, M. Fermigier
YLV




Contact angle hysteresis

oa > 0Young > or
D.Queré, C. Clanet, M. Fermigier — hysteresis

"clean" surface: 6_-0, ~ 5°



Droplet sticking on a window

fryst ~ Ry (cos@, — cosf,)

weight ~ R3pg sin o

fhyst f

v




Index in a straw

v balance for:
2 2 Rry (cos @, — cosf,) = mR*pgL
L
if:
. moves | :
>]—|\ L>-L (cos@, — cosb,)
'R pgRt




Origin of hysteresis

heterogeneities on surfaces:

— chemistry
~ 0=06
NI /7/ X /_>/ { _ 2
1 2 8,0,
— geometry
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0% NN
0=0+a 0=0-a



