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Static contact angle is not uniquely

drop is stable over a range of

Increases with

advancing contact lines pinned on surface irregularities



(Dussan & Chow 1983)

small drops supported by contact line resistance

drops grow by accretion until weight prompts rolling

impinging drops roll off rather than adhering
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Effective contact angle on a rough solid
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Three possible states
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Wenzel state Fakir Cassie state Wet Cassie state



Wenzel model

Vapour
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Cassie-Baxter model
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Wenzel state Cassie state

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES



Wenzel state Cassie state
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where  1s exposed/planar area
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Wenzel state Cassie state

6*

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES

requires the maintenance of a Cassie state






Biomimetic water-repellent surfaces: viable with new microfab techniques
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Lau et al. (2003)

Bico et al. (1999)



Superhydrophobic surfaces achieved with fractal texturing
Shibuichi et al. (1996), Onda et al. (1997), Herminghaus (2000)




Gao & McCarthy (2006)

hydrophobic surface

A perfectly
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Water drops on wax Johnson & Dettre (1964)

® cxamined dependence of contact angle hysteresis on roughness, temperature
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Increasing roughness

® showed increase, then decrease of A6 with increasing roughness

® (assie state required for water repellency



Wenzel state Cassie state

6*

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES

requires the maintenance of a Cassie state

) Bartolo et al. (2006)
Reyssat et al. (2007)






Surface texturing and directional adhesion Yoshimitsu et al. (2002)
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drops move most easily along nanogrooves
greatest resistance to motion perpendicular to grooves
texturing introduces anisotropy in contact line resistance



Unidirectional adhesion Zheng et al. (2007)

on the butterfly wing




Unidirectional adhesion Zheng et al. (2007)

Scales

Discontinuous TCL Quasi-continuous TCL
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Nanometre tips nometre tips

Rolling Pinning




Plants are bumpy: isotropic roughness provides water-repellency

Water-walking bugs are hairy

® roughness provides water-
repellency

® driving leg exhibits
unidirectional adhesion

® anisotropic roughness
facilitates propulsion

(Prakash & Bush 2011)




Biomimetic unidirectional surface
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e permits drop motion in only one direction

e applications in directional draining, microfluidics



Vibration-induced motion on a directional surface




The ant raft: a self-assembling superhydrophobic surface

Mlot et al. (2011)



