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a b s t r a c t 

This work presents a detailed computational study on the role of microstructural properties of a su- 

perhydrophobic granular coating on its drag reducing performance. More specifically, the effects of the 

Young–Laplace contact angle, particle diameter, and solid volume fraction on drag reduction are stud- 

ied for submerged superhydrophobic granular coatings under negative (suction) and positive hydrostatic 

pressures. In addition, four different particle arrangements (square, staggered, reticulated, and random) 

are considered to investigate the effects of particle spatial distribution on coatings’ drag reduction per- 

formance. This was accomplished by accurately predicting the 3-D shape and surface area of a coat- 

ing’s wetted area fraction, and then by using this information to solve the flow field over the coating 

in a Couette configuration to obtain its drag reduction efficiency. As expected, it was found that drag 

reduction performance of submerged superhydrophobic coatings decreases with increasing hydrostatic 

pressure. However, in contrast to coatings comprised of sharp-edged pores, it was found that drag re- 

duction efficiency of granular coatings monotonically increases with decreasing the pressure when the 

pressure is negative. It was also found that spatial distribution of the particles has no significant effect 

on drag reduction. The only exception to this conclusion is the case of coatings with reticulated parti- 

cle packing. Results of our simulations are compared with available data in the literature and discussed 

in detail. 

© 2017 Elsevier Ltd. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t  

i  

K  

s  

o  

e  

2  

W  

r  

p  

m  

e  

s  

(  

m  

p

 

1. Introduction 

Superhydrophobic (SHP) coatings, coatings that bring about

roughness and hydrophobicity, have been reported to reduce the

friction drag between a body of water and a surface ( Extrand,

20 04; Shirtcliffe et al., 20 04; Choi and Kim, 20 06; Lee et al., 20 08;

Rothstein, 2010; McHale et al., 2009, 2010; Sbragaglia and Pros-

peretti, 2007a ). This effect is attributed to the ability of a rough hy-

drophobic surface to entrap air bubbles in its pores and thereby re-

duce the contact between the solid surface and the water. The con-

tact area and the friction between the water body and the SHP sur-

face can be manipulated by controlling the volume and the pres-

sure of the air bubbles entrapped in the pores of the SHP surface

in the submerged condition ( Verho et al., 2012 ) as well as for the

case of a droplet deposited on a SHP surface ( Vourdas et al., 2015 ,

2016 ). SHP surfaces can potentially be applied to the hull of a boat

or the inner walls of a pipe to reduce friction ( Dong et al., 2013;

Jiang et al., 2010; Pan and Wang, 2009 ). 
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SHP surfaces are often produced by microfabricating small fea-

ures on a smooth surface and then applying a hydrophobic coat-

ng to the roughened surface (e.g., Shirtcliffe et al., 2004; Choi and

im, 2006 ). A more cost-effective alternative is to coat the smooth

urface with a porous hydrophobic material, e.g., Polystyrene fibers

r aerogel particles among many others ( Ma et al., 2008; Emami

t al., 2011; Emami et al., 2012; Samaha et al., 2012; Wang et al.,

017 ). Depending on coating geometry and flow parameters, the

enzel state (fully-wetted), the Cassie state (fully-dry), or a se-

ies of transition states in between the two extreme states may

revail over a submerged SHP surface ( Bucher et al., 2015; Bor-

ashenko, 2015; Marmur, 20 03; Bormashenko et al., 20 07; Verho

t al., 2012 ). Unfortunately, even a slight departure from the Cassie

tate may result in a rapid increase in the surface wetted area

solid area in contact with water), and a consequential diminish-

ent of the drag reduction effect, as will be discussed later in this

aper ( Hemeda and Tafreshi, 2015 ). 

Predicting the shape and position of the air–water interface

ver a SHP surface comprised of round objects (e.g., spherical ob-

ects) is not a trivial task. This is because the air–water interface

oes not become pinned to the round entrance of the pores, and
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