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ABSTRACT  

Understanding water drop impact on meshes is valuable to design passive systems for atmospheric water collection. By investigating 
water drop impact on hydrophobic and superhydrophobic surfaces, here we identify the different drop impact outcomes and build outcome 
maps within the pertinent parameter spaces, based on Weber number and contact angles. Furthermore, we quantitatively evaluate critical 
factors such as the captured volume, spray characteristics of the penetrating liquid and also measure the drop rebound time, reporting that 
full rebound occurs on superhydrophobic meshes surfaces even at high We numbers, as the Cassie-Baxter wetting state is maintained.  

Keywords: Condensed matter/ Surfaces, interfaces, and thin films; Wetting in liquid-solid interfaces. 

 

I. INTRODUCTION 

Water harvesting from atmospheric fog is a passive low- 
technology  route to collect water in areas threatened by 
drought, offering a cost-effective alternative to energy-
intensive processes like desalination with ~3 kw h m−3 energy cost1. Recently, water harvesting using 
meshes has attracted increasing interest because of its high 
efficiency in water harvesting and directional 
transportation2–6. To understand the optimal conditions for 
maximizing water harvesting efficiency, fundamental studies 
of water single drop impact on a mesh are required.  
Drop impact is a complex event governed by inertial, capillary 
and viscous forces, as captured by the typical non-
dimensional numbers, such as the Weber number 𝑊𝑒 =𝜌𝐷0𝑈2 𝜎⁄ , the Ohnesorge number, 𝑂ℎ = 𝜇 √𝜌𝜎𝐷0⁄ , and 

their combination, the Reynolds number, 𝑅𝑒 = √𝑊𝑒 𝑂ℎ⁄ ; 𝜌, 𝜎, 𝜇, 𝑈, 𝑎𝑛𝑑 𝐷0 are the drop density, surface tension, 
viscosity, impact velocity and diameter, respectively. 
Spreading, recoiling, jetting, splashing, breaking up, and 
rebounding are possible drop impact outcomes on solid flat 
surfaces 7–13. The complexity increases in drop impact on 
porous materials, such as meshes with sub-millimetric pores 
as water can be trapped within the pores and penetrate 
through the mesh eventually breaking into many smaller 
drops14. By tuning the We number, outcomes including 
imbibition, penetration, fragmentation, and spray can be 
observed during drop impact on a mesh 15–19. 
In the impact of a millimetric drop, characteristic pore sizes 
are typically classified as large (~ some hundreds of µm)20–22, 
moderate (~100 µm) 16,23, and small (~10 µm) 24, where the 
drop impact outcomes are a function of the ratio between 
the drop diameter and the surface pore size20,25. Wetting 
properties also  play a non-negligible role in defining the drop 

impact outcomes and liquid dynamics, particularly in the 
recoiling and penetration through meshes26–28. Ryu et al. 27 
demonstrated that while on regular meshes liquid 
penetration occurs during the impact initial stages, on 
superhydrophobic meshes, penetration can also occur during 
recoil due to the energy accumulation in the drop just prior 
to recoil. This event was confirmed by Mehrizi et al. 29,30 with 
viscoelastic drops impacting on superhydrophobic meshes 
and by Sen et al.31 in the drop impact experiments on step 
wettability-patterned metal meshes. However, by changing 
the common orthogonal configuration to the inclined 
experimental setup, the penetration related outcomes could 
be occurring at larger We numbers depending on the 
inclination angle, as studied by Xu et al.32 The drop contact 
time with the surface is also one of the main differences 
between the flat surface and the highly porous samples like 
meshes. While the previous studies such as Richard et al.33    
showed that the contact time is almost constant and 
independent of the impacting velocity on the flat surfaces, 
studies on the porous surfaces, especially meshes, revealed 
that after a critical drop impacting velocity, the contact time 
decreases by increasing We, due to the increase in the drop 
penetration into the pores and breakdown.21,34,35 In addition, 
Song et al.34 investigated the stability of hydrophobicity in the 
coated mesh by drop impact experiments at various impact 
conditions. 
It is worth mentioning that various simulations and numerical 
models have been developed and used to interpret drop 
impact results and help to establish a theoretical framework, 
revealing new insights not easily captured in experiments due 
to limitations31,36–38. Specifically, the velocity distribution, 
internal hydrodynamics in the drop and the energy evolution 
are accessible only in the simulation, enabling a more 
complete understanding the postimpact outcomes in 
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complex surface morphologies and in multi-phase flows. For 
instance, Cartsoulis et al.36  introduced a three‐dimensional 
computational framework, improving the Volume‐Of‐Fluid 
(VOF) method, to analyse drop impact on patterned surfaces. 
Their findings emphasize on the crucial role of wettability 
contrast and contact angle hysteresis in drop dynamics on 
meshes. Additionally, Wang et al.37 explored the influence of 
surface tension and viscosity of the liquid on drop outcomes 
on meshes using Lattice Boltzmann (LB) simulation. However, 
while the simulation methods have limitations in the 
dimensions of the simulated system and the accuracy of the 
implemented dynamics due to the computational costs, it is 
crucial to assess the relevance of the results by comparing 
them with experimental findings.  
The present study investigates the effect of mesh wettability, 
tuned by growing microstructures on mesh wires, on the 
characteristic drop impact outcomes and the impact 
outcome map in the relevant parameter spaces, as well as 
quantitatively assess captured drop volume, the drop 
rebound time (in case of rebound occurs) and the spray 
characteristics of the penetrating liquid. The wider objective 
is to define design principles for the fabrication of 
atmospheric water harvesters using meshes.  

II. EXPERIMENTAL METHODS 

A copper (Cu) layer is electrodeposited on #185 stainless 
steel meshes (S0, reference uncoated sample, opening l=80 
µm, wire diameter w=50 µm, sample size= 2.5*1.5*0.005 
cm3) in cyclic voltammetry mode for 1 to 3 cycles (S1 to S3 
samples, respectively)39–41. S4 was produced following the 
same electrodeposition process as S3, adding a monolayer of 
1H,1H,2H,2H-perfluorododecyltrichlorosilane (FTS) 42. 
Electrodeposition was performed using aqueous 0.1M CuSO4 
as electrolyte, Pt wire and saturated calomel electrode (SCE) 
as counter and reference electrodes, respectively. The 
potential was swept between 0 (vs. ref) and -1.2 V with a scan 
rate of 20 mV s-1. For hydrophobization of S4, the sample was 
immersed in 2.2 mM FTS solution in hexane for 1 minute and 
rinsed in hexane afterwards. In drop impact tests with 
distilled water (𝜌 = 997 𝐾𝑔 𝑚3⁄ , 𝜎 = 72.8 𝑚𝑁 𝑚⁄ , 𝜇 =1.0016 𝑚𝑃𝑎. 𝑠, at room temperature 43), the drop diameter 
was 𝐷0 = 2.06 ± 0.01 𝑚𝑚 (~4.6 µl) and impact velocities 
were 𝑈 = [0.4, 3.2] m s-1, corresponding to 𝑊𝑒 = [4,292]. 
Here, both 𝐷0 and 𝑈 measured from the experiment videos, 
see the discussion on the uncertainty analysis in the 
Supplemental Material. Note that the range of We for 
millimetric drops impacting on a mesh investigated here is 
comparable to the case of 50-100 µm fog droplets impacting 
on meshes after being transported by wind with velocities of 
~15-25 m s-1. The impact was captured using a high-speed 
camera (Photron Fastcam SA4) with a spatial resolution of 20 
µm px-1 and a frame rate of 5 kfps with backlight illumination 
(see a schematic of the setup in FIG. 1(a)). The same optical 
setup was used to measure the wetting characteristics, 
advancing (𝜃𝑎) and receding (𝜃𝑟) contact angles, and 

consequently, wetting hysteresis (∆𝜃). All wettability test 
results were analysed by Dropen software44. All wetting and 
impact measurements were repeated at least three times to 
ensure reproducibility. The information was complemented 
by morphology analysis using a scanning electron microscope 
(SEM, Vega TS5136 XM, TESCAN). 

 

FIG. 1: a) a schematic of the home-made drop impact test setup with 
the indication of dimensions of the mesh. (b)-(f) SEM images along 
with the wetting characteristics of S0-S4 samples. Insets in e and f 
are magnified images of the surfaces before (S3) and after (S4) 
silanization. The error in the contact angle measurements is < ± 3°. 

The surface morphology and wetting characteristics of S0-S4 
are presented in FIG. 1(b)-(f). By increasing the  copper 
deposition cycles from 1 to 3 (S1 to S3), dendritic rough 
structures grow on the mesh wires, enhancing 
hydrophobicity with 𝜃𝑎 and 𝜃𝑟 up to 160° and 138°, 
respectively, and reducing contact angle hysteresis ∆𝜃 down 
to 22°. The additional hydrophobization using the silane, 
providing a conformal coating (S4), lead to an increase of the 
receding contact angle 𝜃𝑟=148°, and a lower hysteresis ∆𝜃 
=9° and made the sample superhydrophobic45–47. 

III. RESULTS 

Examples of the impact sequences by increasing We are 
presented in FIG. S1 in Supplemental Material. At low We (< 
30), the impact is characterized by a spreading phase, 
followed by recoil and the formation of a vertical 
Worthington jet and eventually satellite drop ejection from 
the pinnacle apex, similar to the impact on a solid non-porous 
surface. By increasing We (> 30), water imbibes the mesh: 
this leads to liquid penetration with a visible bulge on the 
bottom side, eventually followed by drop fragmentation, and 
then followed by a recoil above the mesh. At even higher We 

(~ 150), the liquid penetrating the mesh is fragmented into 
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a spray distributed in a cone under the mesh. In the 
meantime, the liquid held on the mesh top side can first 
spread and then recoil: the higher the hydrophobicity, the 
higher the recoil. In the case of superhydrophobic surfaces, 
the rebound is promoted.  

   

FIG. 2:  (a)-(d) Images from different drop outcomes observed above 
the meshes (Multimedia available online). (e) A map of the observed 
phenomena above the mesh by increasing We and 𝜃𝑟. The dashed 
line and purple area correspond to the receding break-up region 
during recoiling in high We. 

FIG. 2(a)-(d) illustrates the main drop impact outcomes above 

the mesh (Multimedia available online). Qualitatively, four 
different outcomes are observed: deposition and column 
formation (DE), column formation with drop ejection (CD), 
partial rebound (PR), and full rebound (FR). The outcome 
map in FIG. 2(e) is represented in the (We, 𝜃𝑟) parameter 
space; 𝜃𝑟 was selected as this is the relevant 𝜃 value 
controlling the recoiling phase. On the least hydrophobic 
sample, S0, the dominating outcome is deposition. By 
increasing 𝜃𝑟 (for S1, S2 and S3), the recoiling of the drop is 
enhanced, leading to a drop ejection at low We and 
deposition at high We. Also, for these samples, a few partial 
rebounds (PR) at low We (<20) are observed. Full rebound is 
consistently observed on the superhydrophobic sample, S4, 
in the entire investigated We range. This is interesting, if 
compared to solid porous surfaces. Specifically, for pillar 
micropatterned surfaces with pillar spacing 10-100 µm, a 
transition from Cassie-Baxter to Wenzel state is expected in 
the Weber range investigated here: the liquid meniscus 
penetrated in the pores between the pillars and completely 
wet the pillar side, down to the bottom of the pore. The 
transition on non-porous surfaces is macroscopically 
manifested by pinning of the contact line, so that the drop 
cannot complete recoil and full rebound is suppressed48–53. 
The transition does not seem to be relevant for a 
superhydrophobic mesh: indeed, even at a high We number 
the liquid can imbibe the mesh and eventually penetrate the 
bottom side of the mesh, but the liquid remaining on the top 
side maintains a Cassie-Baxter wetting state, so that rebound 
can still occur on the superhydrophobic surface, S4, even in 
very high We. Drop receding break-up is also observed for 
samples S2 (We>190), S3 (We>170) and S4 (We>150): the 

critical threshold thus decreases with increasing contact 
angle, as highlighted by the dashed purple line in FIG. 2(e). 
Also, the number of satellite drops increases by increasing 
We, and their size distribution gets more uneven, as 
discussed in the literature48,54. 
FIG. 3 illustrates the drop impact outcomes focusing on the 
liquid dynamics below the mesh, with the outcome map 
represented in this case in the (We, 𝜃𝑎), because 𝜃𝑎is relevant 
in the initial phase of mesh wetting. Qualitatively, five 
different outcomes are observed: no liquid penetration (NP), 
penetration without liquid detachment (PE), penetration 
with drop separation by breaking down (PSE), partial spray 
(PS), and full spray (FS), see FIG. 3(a)-(e) for representative 
images. In NP, no liquid is visible below the mesh. In PE, a 
liquid bulge forms after impact below the mesh, but no liquid 
detaches; differently, in PSE a small drop detaches. 

  

FIG. 3: (a)-(e) Images from different drop impact outcomes observed 
under the meshes. (f) A map of the drop impact outcomes under the 
mesh for samples with different advancing angles by increasing We. 
Dotted blue and green lines correspond to the fitting of critical We 
for the transition from PE to PS, and PS to FS, respectively, as a 
function of 𝜃𝑎, i.e. −𝑊𝑒 𝑐𝑜𝑠 𝜃𝑎⁄ . 

From the penetration phase map in Fig 3(f), the minimum We 
to observe a transition from no liquid penetration to 
penetration (either PE or PSE) is 𝑊𝑒𝑃~30. This threshold is 
independent of wetting, which means that it mainly depends 
on the mesh pore size27. By further increasing the Weber 
number, a transition from penetration phases (PE or PSE) to 
partial and full spray (PS and FS, respectively) is observed, for 𝑊𝑒𝑆~ 60 − 150, with a mild dependence on the contact 
angle: the threshold decreases by increasing 𝜃𝑎. A simple 
scaling confirms why transition occurs in this We range. 
Assuming that liquid penetration through the mesh is 
controlled by the balance between dynamic, 𝑃𝐷 ~(1 2⁄ )𝜌𝑈2, 
and capillary, 𝑃𝐶𝑎𝑝~ − 2𝜎 𝑐𝑜𝑠 𝜃𝑎 𝑟𝐶⁄  pressures, where the 

characteristic length 𝑟𝐶  can be considered roughly as half of 
the mesh opening l15,27,55–58. Thus, neglecting viscous effects 
(Oh<<1), the resulting critical Weber number is 𝑊𝑒 <8𝐷0 𝑙 = 206⁄ , as discussed earlier by Lorenceau et al. 15,17. 
However, results show that penetration starts at lower 
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values. Indeed, the local liquid velocity has to be corrected to 
account for area restriction as the water flow passes through 
the pores. By simple math, the local velocity in the pore is 𝑈𝑝 = ((𝑙 + 𝑤) 𝑙⁄ )2𝑈. Rewriting the dynamic pressure term 

as 𝑃𝐷 ~(1 2⁄ )𝜌𝑈𝑝2, the critical 𝑊𝑒 for the liquid penetration 

is 𝑊𝑒𝑃~(8𝐷0 𝑙⁄ )(𝑙 (𝑙 + 𝑤)⁄ )4 = 30, comparable to the 
experimentally observed 𝑊𝑒𝑃~30.  
Xu et al. 59 suggested a modified We as 𝑊𝑒 𝑐𝑜𝑠 𝜃𝑎⁄ , to 
account for surface wetting properties. Mapping the drop 
impact outcomes vs. 𝑊𝑒 𝑐𝑜𝑠 𝜃𝑎⁄  can anticipate the critical 
impacting velocities and partially explain the earlier 
penetration in superhydrophobic meshes compared to 
hydrophobic ones. In the present study, tracking the 
transition from PE to PS and PS to FS in S0-S3 confirms this 
trend in critical We with 1 𝑐𝑜𝑠 𝜃𝑎⁄  in both the transitions 
(blue and green dotted lines in Fig. 3(f), correspondingly), and 
not occurs in the transition from NP to PE.  

 

FIG. 4: (a) Spray volume and (b) spray half-cone angle vs. We for 
different samples. (c)-(g) Images of the drop spray half-cone angle 
at We= 209.  Lines show the fitting of the data to the written 
equation in the graphs. WeS is the full spray critical We which is ~[125, 147], depending on the hydrophobicity. 

FIG. 4(a) displays the dimensionless volume of liquid 
breakdown under the mesh, VS/V0, relative to the initial drop 
volume V0, as a function of We: VS/V0=0 corresponds to no 
liquid breaking down through the mesh, and VS/V0=1 to full 
liquid breakdown. For 𝑊𝑒 < 𝑊𝑒𝑆, VS is measured directly as 
the liquid penetrating and detaching under the mesh, while 
for 𝑊𝑒 > 𝑊𝑒𝑆, where full spray develops, VS is indirectly 
calculated as V0 minus the final volume on the mesh, VD. For 
the superhydrophobic sample S4, with full rebound, VS=V0-

VR, where VR is the volume of the bounding liquid. In treated 
samples (S1-S4), drop breakdown begins at 𝑊𝑒 > 𝑊𝑒𝑃 and 
slightly increases afterwards. In the un-treated sample, S0, 
there is a sharper rise in VS after the starting of spray shower, 𝑊𝑒𝑆, due to lower surface tension and smoother wire 
surfaces, leading to less capillary anti-pressure and increased 
drop imbibition into the mesh. VS increases by increasing We 
and decreasing the mesh hydrophobicity, i.e. liquid 
penetrates less on a superhydrophobic mesh. This is due to: 
1. In a higher drop velocity, the drop dynamic pressure is 
much higher than the capillary anti-pressure in pores, as 
such, the increase in VS is proportional to U2, i.e. to We; 2. A 
higher hydrophobicity requires overcoming a higher capillary 
anti-pressure, promoting the recoil phase. The increase in VS 
in 𝑊𝑒 > 𝑊𝑒𝑆 can be assigned to a linear function of We, as 
presented in FIG. 4(a) by 𝜁, with a slight change when 
transitioning from hydrophobic to superhydrophobic 
meshes. The amount of penetrating liquid also affects the 
drop spreading on the mesh top side. As presented in FIG. S2 
in Supplemental Material, the break time reduces quickly by 
increasing We, and in all the samples the spray shower begins 
immediately after drop impact at 𝑊𝑒 > 𝑊𝑒𝑆. 
FIG 4(b) illustrates changes in the spray half-cone angle, 𝛼, 
under the mesh as 𝑊𝑒 − 𝑊𝑒𝑆 increases. α determined by the 
ratio of transversal and normal drop velocities passing 
through mesh pores, 𝑈𝑟 and 𝑈𝑧, respectively, represented as tan 𝛼 = 𝑈𝑟 𝑈𝑧⁄ . In FIG. 4(b), α increases by increasing We, but 
decreases with greater surface hydrophobicity. The 
maximum α drops from 25° in the less hydrophobic sample, 
S0, to 6° in the superhydrophobic sample, S4. The tan 𝛼 trend 
follows a power of 𝑊𝑒 − 𝑊𝑒𝑆, 𝛽, with the power decreasing 
as mesh hydrophobicity increases. This can be attributed to 
the higher capillary anti-pressure in more hydrophobic 
samples. In a large We(𝑊𝑒 > 150 or 𝑊𝑒 − 𝑊𝑒𝑆 ≈ 0), drops 
exceed the critical limit for passing through the mesh and 
form a spray shower, with higher capillary pressure 
increasing the speed of tiny droplets, as Vontas et al. show in 
FIG. 11 in 28. Additionally, larger 𝜃𝑟 enhances the drop 
repellency from mesh pores, resulting in smaller 𝛼 for higher 
hydrophobicity. To understand the impact of spray volume 
on drop dynamics during impacting the mesh, a 
measurement of filled pores by penetrating and spraying 
liquid, Dt, is essential. FIG. 5(a) shows changes in Dt during the 
full spray phase for two samples: less hydrophobic S0 and 
superhydrophobic S4. As sketched in the inset image in FIG. 
5(a), Dt is measured as the diameter of the upper neck of the 
spray cone under the mesh. Accordingly, Dt increases with 
We and overall coverage is lower in the superhydrophobic 
sample S4 compared to the reference S0, indicating less 
dissipation through mesh pores in the superhydrophobic 
sample. As discussed under FIG. 3, the liquid velocity in the 
pore channel increases by a factor of 2 for the tested meshes 
due to mass conservation. Soto et al.17 demonstrated that 
increasing We leads to an increase in the half-cone angle and 
the mass transferred. However, this growth significantly 
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reduces after reaching a critical α, which is related to pore 
size and depth, similar to FIG. 4(b). Liwei et al. 60 also 
confirmed, both theoretically and experimentally, that the 
increase in α by increasing We and saturates in larger We 
(𝑊𝑒 > 300 in their study), recently confirmed by Su et al.61 
in meshes with openings of 1mm in width. Importantly, 
previous findings indicate that mesh wettability does not 
significantly influence the cone angle in large We, differently 
from our results shown in FIG. 4(b). 

  

FIG. 5:  (a) The increase in the non-dimensional pore coverage by 
passing liquid through the mesh (𝐷𝑡 𝐷0⁄ ) vs. We in S0 and S4. 𝐷𝑡 is 
graphically represented in the inset image. Dashed grey lines shows 
fitting to the written equation in the figure. (b) The dimensionless 
drop maximum diameter during spreading above the mesh 
(Dmax/D0) vs. We. a1 and a2 are slopes for We< WeP (~30) and We> 
WePS (~40), respectively. Lines are proportional to the fitting 
equations written in the graph. 

FIG. 5(b) depicts the maximum non-dimensional spreading 
diameter, 𝐷𝑚𝑎𝑥 𝐷0⁄ , as a function of We, with a noticeable 
transition at WeP≈30. For We<WeP, 𝐷𝑚𝑎𝑥 scales as 𝐷𝑚𝑎𝑥 𝐷0⁄  ∝ Wa, with a=0.22. This value aligns with other literature 
findings, such as Clanet et al. 62, who proposed a=0.25, and 
various studies 9,63–65 with values ranging from 0.20 to 0.50 
(see64 for a detailed comparison between experimental 

correlations, energy-based models and hydrodynamic 
models). However, for We> WeP, different trends are 
observed, with a spanning from 0.19 for the 
superhydrophobic mesh (S4) to 0.08 for S0. This reveals two 
key distinctions between the drop impact on solid surfaces 
and meshes. Firstly, on solid surfaces, wetting affects 
maximum spreading at low and moderate We (~102)64, but at 
high We, where inertial forces dominate over capillary forces, 
wetting becomes negligible, and maximum spreading is solely 
dependent on We. In contrast, on meshes, wetting influences 
maximum spreading even at high We. Specifically, and here 
comes the second observation, maximum 𝐷𝑚𝑎𝑥 𝐷0⁄  is 
achieved on the superhydrophobic sample, S4, which may 
appear counterintuitive given that drops typically spread less 
on more hydrophobic solid surfaces. However, this behavior 
can be explained by considering liquid penetration: on S4, 
liquid penetration is minimal, allowing more liquid to remain 
on the top side of the mesh and contribute to spreading. On 
less hydrophobic samples like S0, more liquid penetrates, 
resulting in less effective spreading liquid and reduced 
spreading. Thus, as shown in FIG. S3 in Supplemental 
Material, modifying the initial drop diameter by considering 
VS can alter the slope in S4 to slope in We<WeP , but has no 
effect on the slope in S0. 

 
FIG. 6: The ratio between the drop rebound time and Rayleigh time 
in S4 vs. We. The dotted green line shows the constant rebound time 
in We<20, and the brown dashed line corresponds to the fitting 
equation presented in the graph. 

Another classical parameter to investigate is the rebound 
time (also known as contact time), which is presented in FIG.6 
as a function of We for the superhydrophobic mesh, on which 
full rebound is observed. At low Weber numbers, We<20, 
when the drop remains intact and no penetration occurs, the 
rebound time remains constant and equals 𝑡𝑟𝑒𝑏 =2.8√𝜌𝐷03 8𝜎⁄ . It is well known, since the observations of 
Wachters and Westerlings in the Leidenfrost regime, that the 

rebound time scales with the Rayleigh time 𝜏 = √𝜌𝐷03 8𝜎⁄  
55,63. In previous studies on superhydrophobic and 
sublimating surfaces 63,64, the pre-factor 2.6 was provided 
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from the best fit of experimental data, which is comparable 
with the value 2.8 (±0.2) identified here for porous meshes. 
For We>20, the rebound time decreases as 𝑡𝑟𝑒𝑏 𝜏⁄ ∝𝑊𝑒−0.15, resulting in a 25% reduction in 𝑡𝑟𝑒𝑏 at We=10633,66. 
This decline can be attributed to mass loss of the main drop, 
which is in principle due to two separate phenomena: (i) drop 
fragmentation and separation from the main body during 
rebound due to receding break up, as seen on non-porous 
superhydrophobic surfaces, and (ii) liquid penetration and 
breakdown through the mesh, for example, see FIG. 3 in21 

and FIG. 9 in 34. Based on the scaling 𝑡𝑟𝑒𝑏 ∝ 𝐷3/2
 mentioned 

earlier, the volume loss due to penetration (see FIG. 4 (a)) 
contributes to a 10% reduction in rebound time at We<106, 

see FIG. S4(a) in the Supplemental Material. This suggests 
that both mechanisms of mass loss (breakup and breakdown 
through the mesh) play a role. Additional information, 
including non-dimensional diameter evolution during 
rebound at various We numbers, is also available in FIG. S4(b) 
in the Supplemental Material. Calculations of retraction 
velocity confirm that liquid retracts and rebounds faster at 
higher We54. 

IV. CONCLUSION 

In this study, copper layers were deposited on stainless steel 
meshes. One of the samples was additionally coated with FTS 
to increase its hydrophobicity. The investigation aims to 
understand the impact of surface wettability on the 
outcomes of the drop impact on hydrophobic meshes. 
Accordingly, water penetration through mesh is mainly 
affected by mesh structure, 𝑊𝑒𝑃~30, while wettability 
matters more at higher 𝑊𝑒. Below 𝑊𝑒𝑃, drop spreading 
diameter scales with 𝑊𝑒0.22 regardless of wettability. 
However, beyond 𝑊𝑒𝑃, less hydrophobic surfaces show 
smaller increases in spreading diameter. A complete rebound 
occurs only in superhydrophobic silanized mesh (∆𝜃 < 10°) 

with rebound time as 𝑡𝑟𝑒𝑏 = 2.8√𝜌𝐷03 8𝜎⁄  at 𝑊𝑒 < 20. 
Rebound time decreases at higher We due to volume loss 
under the mesh, indicating Cassie-Baxter wetting. Critical We 
for drop breakdown and spray development scale with −1 cos 𝜃𝑎⁄ . Higher hydrophobicity reduces the liquid kinetic 
energy dissipation during passing through the mesh, resulting 
in less spray volume and cone-angle in hydrophobic samples. 
In conclusion, optimizing drop collection via the mesh 
involves avoiding both imbibition and full rebound, 
recommending highly hydrophobic meshes like S2 and S3 
with 𝜃𝑟 > 135° and ∆𝜃 < 25°. Future research may explore 
coupling hydrophobic meshes with hydrophilic layers to 
reduce re-entrainment and blockage. 

SUPPLEMENTAL MATERIAL 

See Supplemental Material for insights into additional test 
results on drop spreading, rebound, and penetration 
dynamics. 
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