
IRAQI JOURNAL OF APPLIED PHYSICS LETTERS                Vol. (9) No. (4) October-December 2026, pp. 149-152 

ISSN 1999-656X (print) 2958-6488 (online)  © All Copyrights are reserved  Printed in Iraq  149 

Experimental Observation of Droplet Impact 

Dynamics on Superhydrophobic Elastic 

Membranes 

 
Sofiane M. Bouteflika*, Amel K. Benali, Ryad S. Belkacem 

 

Department of Physics, Faculty of Science, University of Tlemcen, Tlemcen ALGERIA 
* Email: sofiane.m.bouteflika@tlemcen.edu.dz  

 

 

Abstract 

This experimental study investigates the impact dynamics of water droplets on superhydrophobic elastic 

membranes, revealing that substrate flexibility significantly enhances droplet retraction and reduces contact 

time through elastic energy storage and release mechanisms. Using ultrafast imaging and force sensing 

across varied impact velocities, membrane elastic moduli, and droplet parameters, we demonstrate a 

nonlinear decrease in contact time with increasing velocity, culminating in droplet scattering beyond a 

critical threshold. The flexible membranes promote springboard-like lift-off, converting stored elastic energy 

into vertical momentum, unlike rigid surfaces. These findings establish design principles for advanced self-

cleaning, anti-icing, and water-harvesting surfaces where mechanical compliance governs dynamic wetting 

behavior. 
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1. Introduction 

The dynamics of droplet impact on solid surfaces 

are among the fundamental basics in fluid physics and 

surface engineering due to their wide repercussions in 

many fields, such as industrial cooling, ink-jet 

printing, protective coatings, and accurate 

applications of aviation and agriculture [1-6]. With 

developing surface fabrication techniques, the 

superhydrophobic surfaces have emerged as a 

revolutionary solution due to their ability to reduce 

the contact time and friction forces as well as to 

enhance the self-cleaning property. Therefore, these 

surfaces were reasonably interested by both academic 

and industrial institutions [7-12]. However, most 

previous studies have focused on the solid surfaces 

and ignored the fact that many practical applications 

depend on flexible or elastic substrates subjected to 

instantaneous mechanical distortions during the 

impact process [13-18]. 

Accordingly, the significance of this work is to 

bridge the current knowledge gap throughout 

proposing an accurate experimental observations for 

the behavior of droplets impacting flexible 

superhydrophobic membranes as the hydrodynamic 

effects intertwine with the mechanical response of the 

carrier materials [19-23]. The interaction between the 

droplet and the flexible membrane imposes a complex 

physics equation not only including diffusion 

parameters, retraction, and contact angles, but also 

extends to the distortion coefficient of the flexible 

membrane, energy transfer between droplet motion 

and substrate vibrations, and the effects of material’s 

characteristics, such as Young’s modulus and 

membrane thickness, on the timing and nature of 

different impact stages [24-27]. 

The integrated understanding of these dynamics 

can prepare for new designs of controllable smart 

systems, such as anti-freeze surfaces, water-

collecting devices from the fog, and elastic 

microfluidic devices. To achieve that, this work is 

based on an experimental methodology combining 

the ultrafast imaging and precise force probes to 

produce a comprehensive description of the affecting 

variables with highlighting the nonlinear phenomena 

originating when the elasticity and 

superhydrophobicity are exchanged. 

 

2. Experimental Part 

Figure (1) shows schematically an overview of the 

experimental setup (section A), the fabricated cross-

section device structure (section B) proposed in this 

work, membrane properties and mechanism (section 

C), and measurement and data analysis (section D). 

The experimental work was based on designing an 

integrated experimental setup for synchronized 

measurement for both the droplet and the response of 

the superhydrophobic flexible membrane at the 

moment of the impact. Flexible membranes were 

prepared from the poly dimethyl siloxane (PDMS) 

with different mixing rations to obtain different 
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values of Young’s modulus ranging from 0.5 to 3 Pa. 

the membranes were then coated with a layer of silica 

nanoparticles saturated with fluoroalkyl silane to 

achieve a static contact angle larger than 155° and 

sliding angle smaller than 5°. Each membrane was 

mounted on an accurate ring holder with possible 

adjustable pre-tensioning. A high-sensitive 

piezoelectric force probe with measuring range of 0-

10 N and accuracy of 0.001 N was connected below 

the holder to record the impact force and its temporal 

growth. 

 

 
Section A 

 
Section B 

 

 
Section C 

 

 
Section D 

Fig. (1) An overview of the experimental setup (section A), the 

fabricated cross-section device structure (section B) proposed 

in this work, membrane properties and mechanism (section 

C), and measurement and data analysis (section D) 

 

The droplet production system was constructed 

from an accurate injection pump supplied with a 

standard needle of different internal radii (0.2-0.8 

mm) to produce droplets from distilled water and 

aqueous solutions with different surface 

concentrations and volumes ranging from 2 to 20 mL 

and the impact velocity was adjusted by varying the 

falling height from 5 to 50 cm to cover the Reynolds 

and Weber numbers in the ranges of 500-5000 and 

10-200, respectively. An ultrafast Photron 

FASTCAM SA-Z camera with frame rate of 5x104 

frame/s and spatial accuracy of 1024x1024 pixels was 

used. This camera was mounted on the horizontal axis 

with background lighting from high-frequency LEDs 

to record the impact stages starting from the first 

contact, through the maximum diffusion, starting 

shrinkage, and finally the complete retraction or 

dispersion if possible. Beside, another camera was 

mounted on the vertical axis to observe the symmetry 

of droplet diffusion and membrane distortion using a 

special image processing software to extract the 

dynamic parameters such as maximum diffusion 

diameter, dynamic contact angle, total contact time, 

and post-retraction membrane vibration amplitude. 

The experiments were carried out at temperature 

of 25±1 °C and humidity of 50±5%. Each experiment 

was repeated five times to guarantee the statistical 

reproducibility and the data were recorded digitally 

and analyzed using MATLAB software to predict the 

relationships between the characteristics of the 

flexible membranes and impact parameters to prepare 

for comparison with the theoretical models proposed 

in the literature. 

 

3. Results and Discussion 

Figure (1) shows the curves extracted from the 

relationship between impact velocity (V0) and contact 

time (τ) for the superhydrophobic flexible 

membranes. It is observed that the contact time at low 

velocities (up to 0.5 m/s) is about 9.5 ms, which refers 

to the dominance of the flexible behavior of the 

membrane in dissipating the energy without 

observable change in time. As the velocity is 

increased, the contact time starts to gradually 

decrease to reach 6.8 ms at velocity of 2.5 m/s and 

then vanishes to zero at velocity of 2.6 m/s, which 

may refer to complete scattering of the droplet or 

losing contact. This nonlinear decrease reveals the 

role of flexibility in accelerating the retraction 

process as well as reducing the contact time when 

compared to solid surfaces in accordance to the 

mechanisms of kinetic energy transformation into 

vibrational energy in the membrane [27,28]. 

Figure (2) summarizes the featured dynamics of 

droplet impact on the superhydrophobic flexible 

membranes compared to the solid membranes. The 

scheme (3A) explains the sequential stages starting 

from the maximum diffusion and ending by list-off, 

with highlighting the moment of the maximum 

deviation of the membrane as the stored elastic 

energy (Uel) reaches its maximum while the droplet 

momentum (pdrop) is at the minimum levels. After 

that, the retraction stage converts the elasticity energy 
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into vertical momentum (pz) to push the droplet to lift-

off just like the launch jump. Scheme (3B) and figure 

(3C) present a comparison between the flexible and 

solid behaviors throughout the natural variation of 

substrate deviation and droplet vertical momentum as 

functions of normalized time. It is apparently 

observed that the flexible membrane achieves the 

highest momentum at the lift-off moment when 

compared to solid membrane. This confirms the role 

of membrane’s flexibility to enhance the retraction 

process via energy storage and effectively release, 

which – in turn – explains the reduction in total 

contact time and increase in retraction efficiency in 

the practical applications [29,30]. 

 

   
 

Fig. (1) Droplet contact time vs. impact parameters 
 

 
 

Fig. (2) Schematic explanation of the mechanism of 

membrane elasticity and drop dynamics during springboard 

lift-off 

 

4. Conclusion 

In concluding remarks, the flexibility of the 

superhydrophobic membrane plays pivotal role in 

enhancing the dynamics of droplet impact as it 

provides a mechanism of elastic energy storage 

during the stage of maximum deviation and then 

energy launch as a vertical momentum supporting the 

lift-off process and reducing observably the contact 

time when compared to the solid surfaces. Results 

also showed a nonlinear relationship between impact 

velocity and contact time with a constant behavior at 

low velocities and transformation to sharp scattering 

at high velocities. These observations propose a 

strong base to develop smart flexible surfaces for 

anti-freeze and water collection applications. 
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