1' frontiers
in Physics

ORIGINAL RESEARCH
published: 24 May 2021
doi: 10.3389/fphy.2021.680641

OPEN ACCESS

Edited by:
Umberto Lucia,
Politecnico di Torino, Italy

Reviewed by:

Ranjan Ganguly,
Jadavpur University, India
Saeid Azizian,

Bu-Ali Sina University, Iran

*Correspondence:
Sung Yong Jung
syjung@chosun.ac.kr

Specialty section:

This article was submitted to
Interdisciplinary Physics,

a section of the journal
Frontiers in Physics

Received: 16 March 2021
Accepted: 26 April 2021
Published: 24 May 2021

Citation:

Kang JH, Lee J-W, Kim JY, Moon JW,
Jang HS and Jung SY (2021) Effect of
Mesh Wettability Modification on
Atmospheric and Industrial Fog
Harvesting. Front. Phys. 9:680641.
doi: 10.3389/fphy.2021.680641

Check for
updates

Effect of Mesh Wettability
Modification on Atmospheric and
Industrial Fog Harvesting

Jong Hoon Kang', Jeong-Won Lee?, Ji Yeon Kim?, Jong Woon Moon?, Hyeon Seo Jang?
and Sung Yong Jung?

"POSCO, Technical Research Laboratories, Iron and Steel Process Engineering Research Group, Pohang-si, South Korea,
2 Department of Mechanical Engineering, Chosun University, Gwangju, South Korea

Freshwater shortage has been receiving considerable attention, and water harvesting is
one of the potential solutions to this water crisis. Several researchers have tried to improve
the harvesting capabilities by changing mesh wettability for atmospheric fog harvesting.
However, the wettability effect on water harvesting from white plumes has not yet been
investigated thoroughly, despite industrial cooling towers being considered as alternative
water resources, because of the large amounts of fog plumes generated. In this study,
surface wettability was modified with a robust and simple method for practical scaled-
up applications, and we explored the influence of mesh wettability on atmospheric and
industrial fog harvesting. In atmospheric fog harvesting, both superhydrophilic meshes
(SHPMs), and superhydrophobic meshes (SHBMs) were found to improve the harvesting
performance, with superhydrophobic treatments providing the best collection efficiency.
In contrast, only superhydrophilicity improves the performance in industrial fog harvesting
with flat mesh screens. We hypothesize that this research will be useful for mesh design,
as it analyzes the influence of mesh wettability on the performance of water collection in
both atmospheric and industrial water harvesting.

Keywords: water harvesting, industrial fog harvesting, surface wettability modification, collection efficiency,
atmospheric fog harvesting

INTRODUCTION

With the depletion of energy resources, the global crisis regarding freshwater scarcity has received
significant attention in both arid and humid environments [1]. In addition to being indispensable
for life and well-being (used in household living and irrigation), freshwater is essential in several
industries, including thermal power plants and steel-making factories [2]. To acknowledge the
significance of this water crisis, the UN announced the period of 2005-2015 as the International
Decade for Action “Water for Life” [3], and UNESCO marked 2013 as the International Year for
Water Cooperation [4]. Harvesting water to provide a source of good-quality freshwater is one of
the potential solutions to the water crisis [5].

Two typical methods have been employed for water harvesting. The first is dew harvesting,
wherein water is collected from the phase change of water vapor to liquid, followed
by transportation [6-8]. For the nucleation of water vapor on a surface, the surface
temperature of a substrate must be lower than that of the surrounding temperature [9].
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Therefore, dew harvesting frequently requires active cooling of
the surface, which requires energy input. The second method is
fog harvesting, which collects water from fog-laden flows [10,
11]. In contrast to dew harvesting, fog harvesting collects water
without using any additional energy. Fog harvesting follows a
two-step process for obtaining water. The first step is fog droplet
deposition on a solid surface, which depends strongly on the
aerodynamics of the mesh used [12, 13]. The aerodynamics of
the mesh are related to two variables: the ratio (R* = rfog/R) of
the droplet radius (rfog) to the wire radius (R) and the shading
coefficient (SC). The second step is the transport of the deposited
liquid to a reservoir. To improve drainage, it is necessary to
reduce the loss of captured droplets through evaporation and/or
re-entrainment into the fog-laden flow.

To enhance the efficiency of water harvesting, the effects of
mesh topology and surface chemistry have been investigated
in many studies. Park et al. [12] investigated the SC, R*,
and surface wettability and proposed a theoretical model to
predict the capture efficiency. By conducting a single vertical
superhydrophilic wire experiment, Jiang et al. [14] examined
the empirical correlation between the correction rate and the
Stokes number. Raschel meshes were reported to be feasible for
efficient fog collection in pilot studies [15-17], and the possibility
of enhancing fog collection through modifications of surface
wettability and geometrical parameters was investigated [18]. The
desirable surface wettability parameters, such as hydrophilicity
and hydrophobicity, were reported to depend on the water-
harvesting conditions, such as dew and fog harvesting [19]. The
overall efficiency of water harvesting was determined by the
relative importance of the capturing-efficiency and the removal-
efficiency. By mimicking various plants and animals, various
surfaces that modified the surface wettability were developed
[20-24]; for example, the modifications of mixed wettability and
fiber size variations were based on the back of a beetle and
cactus spine, respectively. These studies showed that the hybrid
wettability substrates have better performance than uniform
wetting coated surfaces. Almost all of the hybrid surfaces were
formed on plate surfaces by using plasma or masking, but it
is difficult to apply this method for meshes. In addition, those
methods have scale-up issues in practical applications. The form
of Janus Copper, suggested by Zhou et al. [25], having porous
hybrid wetting surfaces also suffered from the scaling issue.

Double-layered woven polyolefin Raschel meshes have
been used in numerous field studies and exhibit good
collection efficiency [15-17]. However, their water-harvesting
performances vary according to their properties. Moreover, it is
difficult to create a double layer with similar SCs and to purchase
Raschel meshes with the same dimensions and surface wettability
for fog harvesting in different countries. In addition, these
polymer meshes have a serious problem in terms of sustainability
because they can be torn by strong winds. Therefore, many
researchers have attempted to solve these issues by replacing the
mesh material with commercial metal meshes with improved
fog harvesting capabilities produced by modifying the surface
wettability of the metal meshes [12]. Although the effectiveness
of such surface modifications has been validated in laboratory-
scale tests, several methods of surface coatings are not suitable

for practical use, owing to the changes in their wettability
characteristics caused by contamination.

Most studies on the effects of surface coatings on water
harvesting have focused on fog capture under atmospheric water-
harvesting situations. Industrial cooling towers in thermal power
plants and steel-making factories have a large potential for water
harvesting because cooling towers generate large amounts of
fog plumes because of the evaporation of the cooling water.
In addition to the economic and renewable aspects, white
plumes from cooling towers have recently received considerable
attention from environmental perspectives [2, 26]. Although
cooling towers in industries are alternative water-harvesting
resources and it is known that the performance depends on
the wettability of meshes [27], research on the applicability
of the wettability modification of commercial metal meshes in
fog harvesting from industrial white plumes is not enough,
and cheaper wettability modified methods, such as chemical
material and process complexity, are required for practical
scaled-up applications.

In this study, the feasibility of surface wettability modifications
for practical scaled-up applications is investigated experimentally
to improve water harvesting in both atmospheric and industrial
scenarios. The surface wettability is changed by the developing
hierarchical micro/nanostructures on surfaces, which is known
to be a robust and simple method. Superhydrophilic meshes
(SHPMs) and superhydrophobic meshes (SHBMs) are fabricated
from commercial aluminum meshes, and the performances of
these meshes with different surface wettability characteristics
are compared for simulated atmospheric and industrial
fog harvesting.

MATERIALS AND METHODS
Fabrication of Surface-Modified Mesh

Two commercial aluminum meshes (Goodfellow, Huntingdon,
UK) were used as the base meshes (BM). The specifications of
the BMs are summarized in Table 1. Porosity is the fraction
of projected area occupied by the space and the SC and is
expressed as 1. The BMs were dipped in 1 M sodium hydroxide
(NaOH, bead, 98.0%, Samchun Chemical, Seoul, Republic of
Korea) solution at 25°C for 1 min, and the residual solution
was removed with deionized water (DI water). Thereafter, the
meshes were etched in 2M hydrochloric acid (HCI, 35.0-
37%, Samchun Chemical, Seoul, Republic of Korea) solution
at 25°C for 5min. The etched meshes were cleaned with DI
water. Subsequently, the meshes were immersed in NaOH
solution for 5s and in hot DI water (above 90°C) for 10 min,
before being dried in an oven at 60°C. Through this process,
SHPMs were obtained. The SHBM was fabricated by soaking
one SHPM for 10min in a solution of normal hexane (n-
hexane, 96%, Samchun Chemical, Seoul, Republic of Korea)
mixed with 0.1% v/v heptadecafluoro-1,1,2,2-tetrahydrodecyl
trichlorosilane (C;oH4Cj3F17Si, HDFS, Gelest) for fluorination.
After fluorination, the SHBM was dried in an oven at 175°C.
The process has been described in detail in a previous
study [28].
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Characterization of Fabricated Mesh

The surface structures of the meshes were examined using
field-emission scanning electron microscopy (FE-SEM, S-4800,
Hitachi, Tokyo, Japan), and images were obtained at an
acceleration voltage of 15 kV. The static contact angles on the
fabricated meshes were measured using a drop shape analysis
system (Phoenix 300 Touch, SEO). A 5-ml droplet of distilled
water was used for contact angle measurements. The contact
angles were averaged over at least 10 readings at different
locations on each specimen at 25°C.

Scaled-Down Atmospheric Fog Harvesting
Figure 1 shows the experimental configurations for simulated
atmospheric fog harvesting. The apparatus was composed of
a humidifier for fog generation, a fan, and two concentric
acrylic cylinders with diameters of 100 and 60 mm, respectively.
The sizes of the mesh samples were the same as that of
the inner cylinder. The fog collection amount was strongly
influenced by the air stream velocity (Vy), which was controlled
by the voltage applied to the fan and the distance (s) between
the mesh and the fog tube. In all experiments, s and Vj
were fixed at 10mm and 1.7 m/s, respectively. The amount
of fog generated (W) was calculated by measuring the
reduction in the weight of the humidifier. The harvested water
(W) was collected in a reservoir located under a mesh
sample, and the amount of water collected was determined by
measuring the increase in the weight of the reservoir. Changes
in both weights were measured every 5min for 30 min. The
measurement values of at least three consecutive experiments

TABLE 1 | Specifications of base meshes used in this study.

Mesh Wire diameter (2R, mm) Opening (2D, mm) Porosity (%)
#20 0.4064 0.8636 46
#40 0.254 0.381 36

were averaged. To check the durability, the performances
were measured at an interval of 1 week after exposure to
surrounding environments.

Scaled-Down Industry Fog Harvesting
Figure 2B shows the white plumes near a cooling tower in a
steel-making factory. The apparatus for industry fog harvesting
was designed by scaling down this cooling tower. The image
and schematic diagram are shown in Figures 2A,C, respectively.
Figure 2A represents the setup of a scaled-down version of the
actual cooling tower as shown in Figure 2B. The droplets having
a size of ~5um were generated using a standard ultrasonic
humidifier with tap water. It is known that the size of droplets
that cannot be captured by traditional drift eliminators in
industrial cooling towers is <40 um. A large number of those
droplets have a size smaller than 5pum [29]. Therefore, our
generation method had successfully mimicked the fog droplet
distributions, taking into account the potential application of
the present study. The generated droplets were blown to the
vertical channel by direct current (DC) fan after collecting at the
manifold to achieve the supersaturation condition. This is similar
to the occurrence of the white plume near a cooling tower in a
steel-making factory, as shown in Figure 2B. Square meshes were
prepared with a width of 56.25 mm, which was 0.75 times more
than that of the tower outlet. Each sample mesh was positioned
at 2cm (H in Figure 2C) above the exit plane of the tower. In
addition to the effect of surface wettability, an inclination angle
(0) effect was also observed. The inclination angle () was varied
from 15 to 75°, at an angular interval of 15°. Only a portion of
the mesh samples, which is marked in Figure 2C, was located
inside a virtual vertical cylinder above the tower outlet. Water
was collected in a reservoir located around the tower outlet.
The amount of water collected was measured after 5 h. The
measurement values of at least three consecutive experiments
were also averaged using data obtained at the interval of 1 week
after exposure to surrounding environments.
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FIGURE 1 | Schematic (left) and image (right) of an experimental setup for simulated natural fog harvesting.
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generation of the white plume in the cooling tower of steel-making factory.
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FIGURE 2 | Image (A) and schematic diagram (C) of experimental setup for scaled-down industry fog harvesting. The device was made by scaled-down of (B)
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RESULTS AND DISCUSSION

Characteristics of Surface-Modified Mesh
Figure 3 shows SEM images of the mesh surface during
the surface modification process. After etching with HCI,
microstructures were formed on the aluminum surfaces of the
mesh wires. Hierarchical micro/nanostructures were created
after treatments with NaOH solution and hot water (SHPM).
When the microstructure is formed, there is no change in
the aluminum surface composition, but aluminum hydroxide
(AI(OH)3) is formed simultaneously with the nanostructure [30].
Without changing the surface micro/nanostructures, SHBM was
finally obtained by applying an HDEFS self-assembled monolayer
(SAM) coating, lowering the surface energy. To confirm the
modification of surface wettability, consecutive images of water
droplets falling on the SHPM and SHBM were obtained, as
shown in Figure 4. The water droplets exhibited fan-cake shapes,
and the boundary of wetting was extended after falling on
the SHPM. In contrast, the water droplets maintained their
spherical shapes and performed sliding motions on the SHBM
even when the inclined angle was almost zero. These droplet
shapes, wetting, and sliding indicated that the superhydrophilic
and superhydrophobic surfaces were well-formed.

The detailed wettability of the meshes was characterized
by measuring the contact angles, as shown in Figure5. The
#20 BM had a contact angle similar to that of a normal
smooth aluminum surface, which exhibited slight hydrophilicity
[31]. In finer meshes (#40 BM), the contact angle became
larger, although the meshes were made of the same materials.

The contact angles of the SHPMs were lower than 10°
because of the increase in surface roughness after forming
micro/nanostructures, inducing the Wenzel state. The wettability
of SHBMs changed to hydrophobicity after the HDFS SAM
coating because water droplets could not penetrate the air
pocket inducing the Cassie state. Surfaces with contact angles >
150° are classified as superhydrophobic surfaces. The SHBMs,
in this study, had contact angles lower than this criterion.
These measured lower contact angles were caused by the mesh
structures, which strongly affected the determination of the base
and contact lines during the contact angle measurements. The
baselines were decided by choosing a location midway between
the apexes and valleys. Even though the static contact angle
values were lower than 150 the apexes and valleys.caused by
the mesh structures, which strongly affectesuperhydrophobic
surfaces, as shown in Figure 4. In addition, the contact angle
on a superhydrophobic smooth surface was also represented to
confirm the superhydrophobic modification. Therefore, meshes
after SAM coating can be classified as superhydrophobic.
Advancing and receding contact angles measured by the tilting
method are 148.0° & 1.4 and 137.2° £ 1.1 for the #40 SHBM,
respectively. The #20 SHBM has advancing and receding contact
angles of 144.4° & 1.3 and 135.6° & 1.2, respectively.

Performance in Atmospheric Fog

Harvesting
Figure 6 shows the time variations of the collected water amount.
The total weight of water collected was divided by the mesh
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SHPM

After HCI etching

FIGURE 3 | Scanning electron microscopy (SEM) images of tested #40 meshes. Formations of micro and nanostructures are observed after HCI etching and NaOH

solution treatment, respectively.
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FIGURE 4 | Consecutive images of falling droplet wetting and sliding on (A) SHPM and (B) SHBM, respectively.

Frontiers in Physics | www.frontiersin.org

May 2021 | Volume 9 | Article 680641


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles

Kang et al.

Wettability Effect on Fog Harvesting

180

EB#20
N#40
@ Smooth plate

0 ms

120 n
- 32 ms ‘

60 A—Ll

foaon 54 ms I

Static contaact angle (°)

81.40

T .
[10:00] [10:00]

#40 BM

#40 SHBM

140.00 144.30

BM SHPM

FIGURE 5 | Comparison of static contact angles. The SHPMs have a contact angle lower than 10°, and the contact angles of #20 and #40 SHBMs were 140.0° and
144.3°, respectively. The contact angle was also represented on a smooth surface with the superhydrophobic modification.
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area. In all the cases, the collected amounts reached a steady-
state within a short time (5 min in this study), and the amounts
increased linearly over time. Therefore, the measurement for
30 min was sufficient to evaluate the collection performance.
Compared to BM, both SHPM and SHBM had larger slopes. This
meant that both the SHPM and SHBM showed an improvement
in the collection performance in atmospheric fog harvesting.

The overall fog collection efficiency is the product of the
aerodynamic collection efficiency (7,), capture efficiency (1c),
and draining efficiency (nq) [32].

=1 MNcNd (1)

1 is the fraction of droplets that collide with the solid portion of
the mesh. The theoretical model for 1, was proposed by Rivera
[32] and is expressed as shown:

sC
Na = /= 2)
1+,/&

where Cp is the drag coeflicient of an entire mesh structure and is
independent of SC. Cp is a function of the Reynolds number (Re)
and structure. Based on the mesh diameter, the corresponding Re
was 6,750. In atmospheric fog harvesting experiments, the mesh
was a circular disk with Cp as 1.1 for the tested Re condition [33].
In contrast, Cy is the pressure loss coefficient for a mesh, and it
depends on the SC. For a wire mesh, the correlation for Cy given
by Rivera is expressed as

Co = 1.35C+ sC_)’ (3)
o 1-SC
Cp of the #20 and #40 meshes were 2.05 and 3.99, respectively.

From the Equation (2), the theoretical 1, was 22.7 and 22.0%

for the #20 and # 40 meshes, respectively. This 7, was not
influenced by the surface modifications according to Equations
(2, 3) as the entire structure and SC did not change after
the modifications. Therefore, the changes in mesh wettability
induced an improvement in 7. and ng4.

The performances of the tested mesh samples were compared
in Figure 7. The water collection efficiency was calculated to
evaluate the performance. The overall water collection efficiency
was calculated as

L @
Wgen

Compared with #20 BM, #40 BM had slightly lower theoretical
17a, but provided slightly better performance in atmospheric water
harvesting. As denoted in Equation (1), the overall efficiency
depended on 7. and ng, in addition to n,. With the same
wind velocity and fog droplet size, the deposited fraction of fog
droplets hitting wires increases as R* increases [12]. Therefore,
a larger R* of #40 led to a higher 7 than that of #20, which had
higher 7,.

Compared with BMs, SHPMs and SHBMs had higher
collection efficiencies, as shown in Figure 7. Two typical adverse
phenomena of water harvesting were the loss of deposited
droplets (re-entrainment) and the clogging of meshes [12]. The
re-entrainment occurs when the drag force is higher than the
adhesion force. The clogging depends on the relative magnitude
of gravity and pinning forces. As the contact angle increases, the
adhesion force decreases. This causes the increase and decrease
of re-entrainment and clogging possibilities. Clogging related
to gravity and pinning forces modified the local aerodynamics.
Figures 8A-C show the droplets dispensed on vertically placed
#40 meshes. Dispensed droplets had different interactions with
meshes. Droplets on BM were pinned, and they maintained
a hemispherical shape. Droplets on SHPM completely wetted
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FIGURE 7 | Comparison of efficiency of water collection in natural fog harvesting.
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and blocked the pores. The clogged water in SHPM attracted
droplets, grew faster, and was drained (Supplementary Video 2).
As shown in Figures 8D,F, the droplets in SHPM fully
occluded pores, whereas clogged droplets in BM were hung
at corners between wires. Dispensed droplets on SHBM rolled
down without any attachments (Supplementary Video 3). In
the atmospheric fog harvesting with SHBM, clogging also
occurred because droplets were smaller than those dispensed
in Figures 8A-C. Different from clogged droplets in BM and
SHPM, the clogged droplets in SHBM were partially suspended

and had an almost spherical shape, resulting in a small
adhesion force.

The superhydrophobic treatment was found to be the
most effective, and the collection performance improved
approximately by two times. No clogging occurred on the
SHBMs, and this clogging protection provided better water
harvesting. After surface modification with SHBM, the water
collecting performances of the #20 and #40 BMs were reversed.
The re-entrainment depending on the drag and adhesion forces
is a function of the contact angle, and the re-entrainment
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Supplementary Materials.

FIGURE 8 | Droplets dropped on vertically placed meshes (A-C). The droplets are dispensed by a pipet with a volume of 100 L. Comparison of wetted meshes
after fog harvesting experiments (D-F). Sequential videos of droplet motions (A-C) and water collection processes in atmospheric fog harvesting are included in

occurs when the drag force is higher than the adhesion force.
The analytical study gave the critical droplet radius (r.) for
the re-entrainment [12]. If the droplet radius is higher than
re, the droplet re-entrainment occurs. The r. was expressed in
Equation (5):

- Aryy sin? 0 (1 4 cos Oyec)

= : )
PairvyCp (0 — sin 6 cos 0)

The re depends on the contact angle and decreases with
the increase of the contact angle. Therefore, the possibility
of re-entrainment increased for higher contact angles under
various droplet size distributions. Therefore, it appears that
the reverse performance of the #20 and #40 SHBMs is
caused by re-entrainment. The superhydrophilic modification
induced the reduction of re-entrainment, and fully wetted
water reduced the pinning force. In addition, clogged water
in SHPM attracted more droplets and grew faster. These
changes resulted in the improvement of fog harvesting with
superhydrophilic modifications.

Performance in Industrial Fog Harvesting

In atmospheric fog harvesting, a mesh screen is commonly
installed along the direction of gravity, perpendicular to the
direction of fog-laden flows, for effective draining. As with
the atmospheric fog harvesting, some of the deposited droplets
are re-entrained to the fog-laden flows. In addition to the re-
entrainment, a part of deposited droplets may be lost when
droplets detach from wires and return back to the towers by
gravity, as shown in Figure 2C. In industrial fog harvesting
with simulated cooling towers, the fog-laden flows rise, and the

droplets that return to the towers by gravity are considered losses.
In addition, the water reservoir can only be installed around the
tower. Therefore, considering the drainage, it is difficult to set
meshes normal to the flow direction with a flat mesh screen, and
hence, the mesh screen must be tilted. In this inclined mesh, the
SC can be expressed by the effective SC (SCeg), and Equation (2)
is modified as shown by Ghosh et al. [2].

[1- (v (o))

SC =2 , 6)
e Dl}f
SC
Moo= — L, @
1+ Cocosh

Cp

where D:

D.g)/R. The effective opening D.g is expressed by Dcos6 in
the spatial distance of 2D. The theoretical changes in SC.g and
N, are presented in Figure 8. As 0 increases, SCqq increases
monotonically. The corresponding 7, initially increases slightly
and then decreases drastically.

With the assumption that uniform fog-laden flows increase
directly, the effective area (A ) of a flat mesh screen, where
interactions occur between the mesh and droplets, reduces as the
mesh is tilted. A.g is expressed by Acosd, where A is the original
interactive area. This reduction must also be considered because
MNa represents the fraction of droplets in A.g only. The effective
aerodynamic efficiency (17,¢) can be calculated by multiplying
A and n,. According to the inclined angle, the reduction of
A.g and the corresponding 1, . are represented in Figure 9. The
#40 meshes were used in industrial fog harvesting measurements

is the effective spacing ratio denoted by (R +

Frontiers in Physics | www.frontiersin.org

May 2021 | Volume 9 | Article 680641


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles

Kang et al.

Wettability Effect on Fog Harvesting

1 0.3

0.8 -

<9

g

- 0.2 -a

< =

\EE 0.6 S

< g

: :

S o4 5

O ]

S

9

0.2 _ =

\x
0 0
0 30 60 90
Inclined angle (°)

FIGURE 9 | Variations of theoretical SCet, Asit/A, and aerodynamic efficiencies

for #40 meshes according to the inclined angle.

because the #20 and #40 meshes produced similar results. Both
Aef and the corresponding 7, . decreased monotonically with
increasing 6. In practical applications, the applicable size of the
mesh screens is limited. Therefore, it is more appropriate to
evaluate the water harvesting performance with 7, .

Figure 10 shows the rate of water collection per unit area
(W”)) in simulated industrial fog harvesting, for various 6
values. It was difficult to calculate the collection efficiency using
Equation (4) because only some part of the tower exit was used,
as shown in Figure 2, which creates ambiguity in the amount
of water generated. Therefore, W/ was used instead of the
collection efficiency. As 6 increased, W' initially increased, had
a peak value at 30°, and then decreased. This tendency is similar
to that described in the previous study, although the optimal
inclination angle is different due to the differences in SC, wire
size, and generated droplet size [34]. A deposited droplet on
a mesh initially grows until it has enough force to overcome
the pinning force. In contrast to atmospheric water harvesting,
the captured droplets had to slide along meshes to reach a
reservoir. When the droplet size becomes bigger, it moves along
the inclined mesh or returns to the tower by gravity, as shown
in Figure 2C. During the sliding process, large droplets detached
due to gravity and falling caused the draining loss. Regardless
of the surface wettability, the best performance occurred at a
0 of 30°, where the theoretical n, was the maximum. At low-
and high-0, the water collection performance mainly depended
on the returning-back loss, because of the longer sliding length
and reduction of effective area, respectively. The optimal 6 was
determined as a tradeoff between these two factors. The sliding
and returning are related to the adhesion force, and the force
is related to the wettability. SHBM provides a smaller adhesion
force compared to BM. This caused lower performance in SHBM.
Compared to BM and SHBM, SHPM had a higher collecting
performance at all angles of #. Hydrophilic wettability reduced
the returning-back loss, and SHPM was more effective than
other meshes.

R
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¢
O BM
@
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FIGURE 10 | Rate of water collection per unit area at various inclined angles in
industrial fog harvesting.

CONCLUSION

In this study, the effects of mesh wettability modifications on
atmospheric and industrial fog harvesting were investigated
experimentally. The mesh wettability was modified successfully
through robust and simple methods, which were the formation
of hierarchical micro/nanostructures and HDFS SAM coating.
In atmospheric fog harvesting, both SHPMs and SHBMs
showed higher collection efficiencies than the original mesh.
The superhydrophobic treatment was the most effective because
it maintained the aerodynamic characteristics of the meshes,
owing to the clogging protection. In contrast, in industrial
fog harvesting in simulating cooling towers, superhydrophilicity
was more effective because the hydrophilic characteristic caused
lower gravity-induced draining loss. In addition, when a flat mesh
screen was employed in industrial fog harvesting, the optimal
tilting angle was determined through a compromise between
the gravity-induced draining loss and reduction of the effective
area. This study will help design fog harvesting mesh screens by
understanding the influence of mesh wettability modifications
on the water collection performance in both atmospheric and
industrial fog harvesting applications.
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