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Abstract 
A statistical analysis of single water drop impacts on solid surface is presented in this paper. Aim of the study was to 
investigate the role of wettability during drop impact, in terms of drop deformation (e.g. maximum spreading) and 
dynamics characteristics times. Various surfaces were used during tests, in order to cover a wide range of contact 
angles, from 45° to 165°. Results show that two different regimes can be distinguished: for moderate Weber number 
(25<We<150) wettability plays a role in terms of both drop maximum spreading and characteristic time, whereas for 
high Weber number (We>150) wettability plays a minor role. 

Introduction 
Recently, a great interest is arisen for industrial application of so-called superhydrophobic surfaces (SHS), i.e. 

water repellant surfaces, for their capability to promote water shedding from the surface. The application of these 
surfaces would be benefic in many fields, such as fuel cells [1], air conditioning systems, and icing [2].  A wide 
number of studies in literature is dedicated to the investigation of single and multiple drop impact on solid surfaces 
(see [3] for a comprehensive review). Majority of studies mainly refer to surfaces with high wettability (referred to as 
hydrophilic, when liquid is water), for which the contact angle (CA) at the three phase line is lower than 90°. Thus, 
results and models do not necessarily apply to impact on surfaces with very low wettability, such as SHS. Drop 
rebound time [4] and qualitative identification of different outcomes for drop impact on SHS [5] can be found in 
literature. However, rarely a single study has examined a wide range of wettabilities. In the present work, drop impact 
tests were performed at moderate and high Weber numbers on eight different surfaces, to cover a wide range of 
contact angles and provide a comprehensive statistical analysis of the role played by wettability during drop impact. 

Materials and Methods 
Drop impact tests were performed on the following surfaces: (i) smooth glass; (ii) pmma; (iii) Teflon; (iv) SHS-

Teflon; (v) OTSa; (vi) OTSb; (vii) OTSc; (viii) OTSd. Surface (ii) and (iii) were made by applying a coating on a 
smooth aluminum sample, whereas surface (iv) consist of a chemically etched aluminum sample, on which the same 
coating as on (iii) was applied (see [6] for complete description of surface (ii) to (iv) preparation). Surfaces (v) to (viii) 
were grafted with octadecyltrichlorosilane following the procedure described in details in [7], each exposed to UV for 
different times. All surfaces were characterised by measuring advancing (θA) and receding (θR) contact angle using the 
sessile drop method. 

A typical test apparatus for drop impact studies was used, in which a drop is generated at the tip of a needle, than 
accelerated by gravity and impacts normally on a surface. Images of drop impact were recorded using a high-speed 
camera (PCO 1200-hs) with a frame rate up to 21000fps and pixel resolution in the range 12-30μm (depending on 
magnification and field of view). Majority of images were recorded from side (horizontal camera positioning); few 
images were recorded mounting the camera with a tilt angle of 19° for those tests were the presence of secondary 
drops disturbed observation from side (typically on SHS at high Weber number). Images were automatically analyzed 
using a code, developed using MatLab®; the code can provide: (1) contact diameter evolution in time, D(t); (2) drop 

maximum spreading 0maxmax / DD ; (3) drop final spreading; (4) time to maximum spreading 
maxt ; and 

eventually (5) drop rebound time, if drop rebounds. Drop diameter was kept constant (2.86±0.02mm), velocity was 
varied from 0.83 to 4.16m/s (±1%), to give a constant Ohnesorge number (Oh=0.019) and Weber numbers in the range 
25 to 680. 

Results and Discussion 
Figure 1 shows that for moderate Weber numbers wettability influences the drop deformation during both 

spreading and receding phases: the lower the wettability, the lower the spread ratio and spreading time (see  
Table 1 for wettability data). Figure 2 illustrates spread ratio trend as function of We for different surface 

wettabilities. Two regimes can be clearly identified: for moderate Weber number (25<We<150),  spread ratio is 
influenced by surface wettability and variation of 30% can be observed between hydrophilic surfaces and SHS; for 

high We number (We>150) wettability plays minor role and all )(max We  curves converge. Several models were 

used to fit experimental data [8]-[11]: only model from [8] (a semi-empirical model derived using theoretical 
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considerations and experimental data fitting) works well for impacts on hydrophilic surfaces in the entire We range; 
however, no model predicts correctly the maximum spread ratio for drop impacts on SHS, not even those models that 
try to account for surface wettability, e.g. [11]. Wettability also affects impact characteristic times, such as the 
spreading time (see Figure 3): for moderate We number, spread time is almost independent from We and depends 
mainly on surface wettability, whereas for higher Weber number spread time scales with convective time, D0/V. It is 
clear that We number is high, interfacial forces are small compared to inertial forces and convection becomes 

predominant; on the other hand, for moderate We, max  and spreading velocity scale similarly, so that spreading time 

remain constant with Weber, but changes with wettability (since max  is also a function of wettability). Finally, the 

rebound time for impacts on SHS-Teflon surface is shown in Figure 4. As reported in [4], rebound time does not vary 
with impact speed (see Figure 4). Rebound time from [4] for drops with D0=2.86mm are 20% less than for drop 
impact tests in present work; however deviations may be due to experimental uncertainties (see Figure 4).

 
Table 1: advancing (θA ) and receding (θR) contact angles for all tested surfaces. 

surface glass pmma Teflon SHS-Teflon OTSa OTSb OTSc OTSd 

θA [°] 46 88 113 162 112 99 55 68 
θR [°] <5 39 90 154 100 82 <10 35 

 

Figure 1: Spread factor versus non-dimensional time for drop impact 
on surfaces with different wettability (We=30, Oh=0.019). Drop 

rebounds from surface on SHS-Teflon, whereas contact diameter D  
oscillates on glass and OTSa, until steady state is reached. 

 
Figure 2: Maximum spread factor vs. Weber for drop impacts on 

surface with different wettability. 

 

 
Figure 3: Spreading time vs. Weber number for drop impacts on 

surface with different wettability. 

 

 
Figure 4: Rebound time vs. Weber number for drop 

impacts on SHS-Teflon. 
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