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Introduction 

  The design and fabrication of textured surfaces has received much attention 
during the past decade. In case of a hydrophobic texture a modified surface profile 
can lead to a very large contact angle, which induces exceptional wetting properties. 
A remarkable mobility of liquids on such SH surfaces is observed in the Cassie state, 
where the textures are filled with gas, which renders them “self-cleaning” and causes 
droplets to roll (rather than slide) under gravity and rebound (rather than spread) 
upon impact. Furthermore, SH heterogeneous surfaces in the Cassie state exhibit very 
low friction, and this drag reduction is associated with the large slippage of liquids. 

   It is difficult to quantify the flow past heterogeneous surfaces. However, 
analytical results can often be obtained using an effective slip boundary condition,      , 
at the imaginary smooth homogeneous, but generally anisotropic surface. For 
anisotropic textures, the effective slip generally depends on the direction of the flow 
and is a tensor, represented by a symmetric, positive definite 2x2 matrix 

  Abstract: We study the effective slippage on superhydrophobic (SH) grooves with trapezoidal cross-sections (including the limiting cases of triangles and rectangles), by 
dissipative-particle-dynamics simulations. Our results demonstrate that the effective slippage depends strongly on the area-averaged slip, the amplitude of the roughness, 
and on the fraction of solid in contact with the liquid. The simulation results are compared with numerical solutions to the Stokes equation, and show excellent agreement. 

  We apply Dissipative Particle Dynamics (DPD) method to simulate the flow near 
the SH surfaces. The DPD method is an established coarse-grained, momentum-
conserving method for mesoscale fluid simulations, which naturally includes thermal 
fluctuations. More specifically, we use a DPD version without conservative 
interactions. The hydrodynamic boundary conditions are implemented using the 
tunable-slip method [2], which models the fluid-surface interaction using an effective 
friction force, combined with an appropriate thermostat. 
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 Ideal: Instead of modeling the 
physically varying surface  
with alternating gas-liquid 
solid-liquid interface, we treat 
the surface as a flat interface 
with spatially varying slip        , 
where         is the local slip 
length at the gas-liquid 
interface and is related to the 
texture according to the     
``gas-cushion’’ model [1]: 

Striped Surface [5] 

  * DPD as fluid model: density                        , friction parameter 
   * Shear viscosity    
   * Simulations are performed using open-source package ESPREesSo [3] 

   The relation between the local slip length 
and the wall friction parameter. The solid 
line is an analytical relation [2].  

Gas-Cushion Model 

DPD and Tunable-slip 

Trapezoidal Surface [6] 

 We first systematically investigate the striped 
surfaces, varying the gas fraction      and the 
local slip length   . The results are compared 
to various analytic formulas and numerical 
solutions.    
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 For trapezoidal surface, we vary 
systematically three parameters: 

 * the degree of heterogeneity 

 * the maximum slip length  

 * the slop of the variation    

   The averaged flow velocity  across the 
channel in the Poiseuille case. The flow 
profile is fit to a parabola to obtain        .    

Flow Singularity 

  The shear stress is known to be 
singular near the edges of SH striped 
surface,            [5]. The singularity 
creates a source of additional viscous 
dissipation that reduces effective slip. 
For trapezoidal and triangular 
surfaces, even the slip length is 
continuous near the edge, but the first-
order derivation is discontinuous, 
which also introduces similar 
singularities as the striped surface. 

 (a) trapezoid  

 (b) triangle  


