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sAbstra
t: Superhydrophobi
 surfa
es play an important role in the development of new produ
t 
oatingssu
h as 
ars, but also in me
hani
al engineering, espe
ially design of turbines and 
ompressors. Thus avital part of the design of these surfa
es is the 
omputational simulation of su
h with a spe
ial interest onvariation of shape and size of minor pits grooved into plane surfa
es. In the present work, the dependen
eof the 
onta
t angle on the �uid-wall dispersive energy is determined by mole
ular simulation and stati
as well as dynami
 properties of unpolar �uids in 
onta
t with extremely rough surfa
es are obtained.Fluid �ow over extremely rough surfa
es is gov-erned by non-trivial boundary 
onditions whi
h
an be related to the 
onta
t angle as dis
ussed byVoronov et al. (2008). Boundary slip is most rel-evant for mi
ros
opi
 and nanos
opi
 �ow, whilethe in�uen
e of surfa
e roughness on the 
onta
tangle be
omes extreme in 
ase of superhydropho-bi
 surfa
es. For nanos
opi
 
hannel dimensionsas well as roughness on the mole
ular length s
ale,the a

ura
y of simulation results 
an be op-timized by applying mole
ular dynami
s (MD),sin
e this approa
h re�e
ts the a
tual stru
ture ofthe material more dire
tly than higher-level meth-ods that rely on aggregatedmodels and properties.As long as no hydrogen bonds are formed be-tween the wall and the �uid, the interfa
ial prop-erties mainly depend on the �uid-wall dispersiveintera
tion, even for hydrogen bonding �uids. Thetrun
ated and shifted Lennard-Jones (LJTS) po-tential with a 
uto� radius of rc = 2.5 σ a

uratelyreprodu
es the dispersive intera
tion if adequatevalues for the size and energy parameters σ and ǫare spe
i�ed, 
f. Vrabe
 et al. (2006).Fluid-wall intera
tions 
an be represented byLennard-Jones-12-6 e�e
tive potentials, a
ting be-tween �uid parti
les and the atoms of the solid,
f. Battezzati et al. (1975). Following this ap-proa
h, the LJTS potential with the size and en-ergy parameters σfw = σ as well as ǫfw = Wǫwas applied for the unlike intera
tion using thesame 
uto� radius as for the �uid. The wall wasmodeled as a system of 
oupled harmoni
 os
illa-tors with di�erent spring 
onstants for transverse
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Figure 1: Simulation snaphots for a smooth sur-fa
e with a redu
ed �uid-wall dispersive energy
W of 0.09 (left) and 0.16 (right) at a tempera-ture of 0.73 ǫ/k. The upper half is reprodu
ed inthe bottom to illustrate the e�e
t of the periodi
boundary 
ondition.and longitudinal motion, adjusted to simulationresults for graphite with a res
aled variant of theTerso� (1988) potential. Massively parallel MDsimulations were 
ondu
ted with the program ls1mardyn, 
f. Bernreuther et al. (2009). A periodi
boundary 
ondition was applied to the system,leaving a 
hannel with a diameter of 27 σ betweenthe wall and its periodi
 image, 
f. Fig. 1.The 
onta
t angle was determined from thedensity pro�les by averaging over at least 800 psafter equilibration. A 
ir
le was adjusted to thepositions of the interfa
e in the bins 
orrespond-ing to distan
es between 3 and 11 σ from the wall,and the tangent to this 
ir
le at a distan
e of 1 σfrom the wall was 
onsistently used to determinethe 
onta
t angle.



A 
onta
t angle � as opposed to total dewettingor wetting � appears only for a relatively narrowrange of W values. As the temperature in
reasesand the vapor-liquid surfa
e tension de
reases, the
onta
t angle rea
hes more extreme values, lead-ing to the well-known phenomenon 
hara
terizedby Cahn (1977) as 
rti
ial point wetting, 
f. Fig. 2.This plot agrees qualitatively with the results ofGiovambattista et al. (2007) regarding the in�u-en
e of the polarity of hydroxylated sili
a surfa
eson the 
onta
t angle formed with water.

Figure 2: MD simulation results and 
orrelationfor the 
onta
t angle of the LJTS �uid on a smoothsurfa
e in dependen
e of the temperature with re-du
ed �uid-wall dispersive energyW values of 0.09(∆ / �), 0.10 ( / � �), 0.12 (• / �) as well as0.14 (∇ / · · ·). The entire range between triplepoint and 
riti
al temperature is shown.For a 
onstant value W = 0.09 of the redu
ed�uid-wall energy, 
orresponding to a 
onta
t angleof about 110
◦ for moderate as well as low tem-peratures, the surfa
e shape and roughness wasvaried in further simulations, 
f. Fig. 3. The sta-bility of the Cassie state as well as the in�uen
eof the surfa
e shape on dynami
 properties su
has the boundary slip length and slip velo
ity innanos
opi
 Poiseuille �ow were studied by MDsimulation.The simulation results regard the length s
alebetween 1 and 100 nm and 
an be reliably extrap-olated to the 
hara
teristi
 system dimensions 
or-responding to typi
al superhydrophobi
 surfa
es,e.g. about one mi
ron in 
ase of the material man-ufa
tured by Steinberger et al. (2008). Thereby,the experimental point of view 
an be 
omple-mented by a theoreti
al treatment, applying thevariant of 
omputational �uid dynami
s that isbest suited for the investigation of nanopatternedsurfa
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Figure 3: Left: Re
tangular elementary 
ell of apit grid with re
tangular pit for simulation withgaseous and liquid �uids. Right: Re
tangular el-ementary 
ell (prototype version) with 
ylindri
albore for simulation of streaming �uids.


