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Abstract 

 
ENHANCEMENT OF FOG-COLLECTION EFFICIENCY OF A RASCHEL MESH USING 

SURFACE COATINGS AND GEOMETRIC CHANGES 

 

 

Mithun Rajaram, MS 

 

 

The University of Texas at Arlington, 2015 

 

 

Supervising Professor: Cheng Luo 

In a few countries, such as Chile, a Raschel mesh is widely used in the field to 

collect fog. In this work, we explored the possibility of enhancing fog-collection efficiency 

of a typical Raschel mesh through surface modification and geometric changes. We 

demonstrated about 100% enhancement in the fog-collection efficiency.  
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Chapter 1  

Introduction 

In addition to energy, the issue of water shortage and scarcity is one of major global 

concerns, since about one billion people living in rural areas of African, Asian, and Latin 

American countries do not have access to clean water sources [1]. A water shortage has been a 

major problem faced by the modern civilization in both arid and humid environment [2].  In the 

case of deserts and semi-deserts, which occupy 50% of the Earth’s land area, the most 

precipitation is in the form of dew [3], which is the main water source to, e.g., cacti [4], beetles 

[5,6], dune grasses [7] and cotula fallax plants [8]. Furthermore, in an arid environment with little 

rainfall every year, fog and dew may always exist when temperature is deceased in late nights 

and early mornings. Several artificial fog collectors have been developed, which mostly 

mimicked the fog-collection mechanisms of desert animals and plants [5,4,9-16]. However, 

these collectors appear still at the stage of laboratory research, and have not yet been applied 

in the field. 

For the last two decades, in at least five countries, such as Chile, the most commonly 

used large fog collector in the field employs a Raschel mesh that is vertically oriented between 

two poles to collect water from fog and dew [17, 18, 19]. The Raschel mesh has meter-scaled 

lengths and widths (Fig. 1(a)). It also has mm-scaled pores and filaments. The pores have 

approximately triangular shapes, and some filaments are inclined with lengths close to 1 cm 

(Fig. 1(b)). The filaments are about 20 µm thick, while their joints are 0.2 to 0.4 mm thick.  

The fog collection of a Raschel mesh includes two steps. Water vapors are first 

condensed on filaments. Under gravity, large condensed drops then drain off from the filaments 

to an underneath gutter. Raschel meshes are effective in fog collection. Their fog collection 

rates are typically 1-10 L/m2 per day [20]. Also, the presence of light rain with the fog has 

produced collection rates as high as 300 L/m2 per day for a wind speed of 10 m/s [20]. 
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Figure 1: (a) Front view of part of a Raschel mesh, and (b) Dimensions of its pores and the 

filament (unit: mm) 

 

On the other hand, there is still a large room to improve their fog-collection efficiency. 

According to recent experimental results, only around 2% of water vapors that pass by a typical 

Raschel mesh have been collected by this mesh [13]. In contrast, an optimal mesh with 

rectangular pores has shown a five-time enhancement in the fog-collection efficiency of a typical 

Raschel mesh. Meanwhile, it has already been demonstrated that Raschel meshes are effective 

in the field to harvest water. Thus, a Raschel mesh should have its unique advantages in 

collecting water from fog.  

Using woven olefin Raschel meshes (Fig. 1), Schemenauer, Cereceda, and their co-

workers have conducted numerous pilot-scale studies that demonstrate the feasibility of 

harvesting fog [21-24]. However, as commented in [13], most studies on mesh-based fog 

harvesters have been performed in the field using uncontrolled natural fog conditions, and 

systematic studies of these fog harvesters under laboratory conditions have been rare [19,21-

27]. Thus, in this work, we explore a Raschel mesh under laboratory conditions for the purpose 

of optimizing the Raschel mesh. 
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Chapter 2  

Theoretical Background and Comparison Tests 

2.1. Theoretical Background 

The collection efficiency, η, of a mesh depends on aerodynamic collection efficiency 

(ηace), capture efficiency (ηcap), and draining efficiency (ηdra) [28]: 

 η= ηace ηcap ηdra. (1) 

All of these three efficiencies are not larger than 100%. ηace is the fraction of the 

unperturbed water flux heading towards a mesh that would collide with the mesh filaments. ηcap 

is the fraction of the collided water vapors that actually deposit on filaments from the fog flow 

initially headed toward the filaments. ηdra is the fraction of the deposited water that would drain 

off from the filament, which is subsequently collected through a gutter located at the bottom of 

the mesh.  

The possibility of improving ηace of a Raschel mesh has been previously considered by 

other researchers [13]. ηace is related to shade coefficient (SC), which is the ratio of the filament 

area over the total mesh area. ηace does not necessarily increase with the decrease in the pore 

area. In terms of a theoretical model derived in [13], ηace is only 9% for a solid plate, which has 

no pores. It is 20% for a typical Raschel mesh, whose SC is 35 to 37%. However, ηace can be 

easily improved to the maximum value of 24.5% if SC is 55%, when the filament area of a 

typical Raschel mesh is increased relative to the pore area.  

Langmuir and Blodgett have previously derived an empirical expression of ηcap for a 

circular cylinder [29]. This expression, together with the theoretical model of [22], was adopted 

in [13] to optimally design rectangular meshes, which have circular filaments. Since the 

filaments of a Raschel mesh have rectangular cross-sections, instead of circular ones, the 

empirical expression of ηcap may not be applicable to the Raschel mesh. In addition, we have 

not seen any theoretical models for ηdra. Thus, we would like to have a good understanding 

about these two efficiencies through experiments. 
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2.2 Comparison Tests 

Fog-collection experiments were performed on different meshes using an experimental 

setup shown in Fig. 2. Each test is conducted at room temperature (24°C ± 1°C). Two 

humidifiers (models: EE- 5301, Crane USA Co., and AOS 7135 Ultrasonic, BONECO USA Co.) 

are connected to generate the mist flow. A plastic pipe is employed to guide this mist flow. A fan 

(model: Breeze color USB Desktop fan, Arctic USA Co.) is used at 800 rounds per minute to 

increase the mist flow speed. At the end of the pipe, the mist flow speed is 1.1 m/s, which is 

measured using a wind speed meter (model: WM- 2 Handheld Weather meter, AmbientWeather 

USA Co.). The entire process is conducted in a closed chamber. 100% humidity is maintained 

inside the chamber and a humidity meter (model: Hydro- Thermometer Humidity Alert with Dew 

Point- 445815, EXTECH USA Co.) is used to monitor the humidity throughout a process cycle. 

A tested mesh is placed 5 cm away from the exit of the pipe, and a glass container is put below 

the mesh to collect water that drains down. 

 

 

Figure 2: (a) Experimental setup for the water collection and (b) Flow exit and location of 

sample. 

 

 
Two rectangular meshes and a typical Raschel mesh were initially tested (Fig. 3). The 
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drops were initially seen all around a fiber, and these drops also grew along all the directions. A 

large drop was formed on a pore due to the coalescence of the small drops on the neighboring 

fibers (Fig. 3(a1)), and the large drop fell down when it was above a threshold size (Figs. 3(a1) 

and 3(a2)). There are two problems associated with this main draining path. First, as indicated 

in [18], the large drop clogs the pore area (Figs. 3(a1) and 3(a2)). This means that SC is close 

to 100% as in the case of a plate without any pores. Thus, ηace actually decreases to the lowest 

value of 9% during the condensation process. Second, the drops on the side surfaces of a fiber 

are easily blown off by a wind, since these drops are directly exposed in the wind and lack of 

the support of their substrate (Fig. 3(a1)). Accordingly, this point reduces ηdra.  

In contrast, the Raschel mesh does not have these two problems. It has rectangular 

fibers. Initially, tiny drops mainly appeared on the front surface of a filament, since this surface 

was directly exposed in the fog flow (Figs. 3(c1)). Only few drops were seen on the side 

surfaces of the filament. The tiny drops on the front surface of an inclined filament then merged 

into a large drop (Figs. 3(c1) and 3(c2)), which subsequently moved towards the joint of the 

filaments to coalesce with other drops at this joint (Figs. 3(c3)). During this process, due to the 

support of the filament surfaces and the pinning effect of the filament edges, drops were difficult 

to get blown off from a filament by a wind. Accordingly, almost all the water vapors that hit the 

filaments should be captured. Thus, the Raschel mesh should have a value of ηcap close to 

100%.   

Furthermore, the inclined filaments in a Raschel mesh, in comparison with vertical 

fibers in a rectangular mesh, enable drops that are located on these filaments to merge at their 

joint (Figs. 3(c2) and 3(c3)), increasing the rate of generating a large drop. When the drop at the 

joint became large enough, it overcame the adhesion force over there and fell down into the 

underneath water container (Figs. 3(b2) and 3(c3)). This drop did not clog much of the pore 

area. Therefore, in comparison with a rectangular mesh, the Raschel mesh should have a 

higher ηdra, and its ηace does not decrease during the condensation process.  
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Figure 3: (a) Illustration and (b) condensation on two rectangular meshes with circular fibers. 

(a1) Small drops appear on the side surfaces of fibers, and (a2) these drops merge into a large 

one. (b1) First mesh with fiber diameter and pore spacing of 0.34 and 0.9 mm, respectively, and 

(b2) second mesh with fiber diameter and pore spacing of 0.89 and 2.3 mm. (c) Illustration and 

(d) experimental results of condensation on a Raschel mesh: (d1) small drops are condensed 

on the surfaces of filaments, (c1, d2) merge to form large drops, which subsequently move 

down to the joint of the mesh, and (c2, d3) finally detach from the joint. In (d1)-(d3), numbers 

denote drops, and the summation of the numbers means the corresponding drops are merged 

into a larger one. Scale bars represent 2 mm in (b) and 5 mm in (d). 
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Meanwhile, during 1-hour collection periods, the amounts of water collected by 

rectangular meshes I (Fig. 3(b1)) and II (Fig. 3(b2)) and the Raschel mesh, all with the same 

dimensions of 3.3 X 2.0 cm2 (length X width), were 14, 17 and 16 mL, respectively. The higher 

collection efficiency of rectangular mesh II is considered due to that its SC is closer to the 

optimal value [13], resulting in a higher ηace.  

A discussed above, ηcap of the typical Raschel mesh may be considered to be 

approximately 100%. Therefore, in this work, we focus on increasing ηdra and ηace of a Raschel 

mesh. 
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Chapter 3  

Effects of Surface Coatings 

3.1. Experimental Results 

On a vertically oriented mesh, tiny drops may not be drained, because their gravity is 

less than the resistance force induced by the contact angle hysteresis. A coating may change 

wetting properties of a surface such that a tiny drop may flow down [23-25]. In this work, Teflon, 

ZnO nanowires, NeverWet, and hydrobead were, respectively, coated on Raschel meshes to 

examine their effects on increasing ηdra. The corresponding meshes were, respectively, referred 

to as “Teflon mesh,” “nanowire mesh,” “NeverWet mesh,” and “Hydrobead mesh.” These four 

meshes, together with as-received Raschel meshes, were tested. As in the previous tests, all 

the tested samples had the same dimensions of 3.3 cm X 2.0 cm. The coatings are relatively 

easy to generate on Raschel meshes. Both NeverWet and hydrobead are commercially 

available, and they are often applied to enhance surface hydrophobicity. Both of them were 

spray-coated on meshes, while Teflon was dip-coated. ZnO nanowires were grown on the 

meshes using a hydrothermal approach [33].  

Figure 4 shows surface structures on the coated meshes. The nanowires had 

hexagonal cross-sections with an average length of 2.1 μm, diameter of 0.36 μm and distance 

of 0.36 μm (Fig. 4a). They have different orientations and their tips are close to each other. Both 

of NeverWet and hydrobead have cracks in their coatings. The NeverWet coating has a 

thickness of 2.2 µm. The cracks are linked with each other, and have widths less than 10 µm 

(Fig. 4b). Also, the distance between two neighboring cracks is usually above 100 µm. The 

hydrobead coating is about 1.8 µm thick. The widths of the cracks range from 1 to 40 µm, and 

their lengths vary from 10 to 180 µm (Fig. 4c). Most of the cracks have widths and lengths of 

around 15 and 100 µm, respectively. The distances between the cracks range from 20 µm to 

200 µm. The receding and advancing contact angles were measured on the five meshes. The 

measurement has an error of 2o. The receding contact angles of Raschel, Teflon, NeverWet, 

Hydrobead and nanowire meshes were measured to be 98o, 120o, 154o, 156o and 112o, 
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respectively. The corresponding advancing contact angles were measured to be 113o, 125o, 

156o, 158o, 138o. The contact hystereses are 15o, 5°, 2°, 2°, and 26°, respectively. After 1-hour 

durations, Teflon, NeverWet, hydrobead and ZnO nanowires meshes collected 14, 16, 17 and 

13 mL of water, respectively, whereas the as-received Raschel mesh collected only 11 mL. 

Therefore, the hydrobead has shown the highest collection efficiency, which is about 1.55 times 

that of the as-received Rashel mesh.   
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Figure 4: Top (SEM) views of the coatings: (a) ZnO nanowires, (b) NeverWet, and (c) 

hydrobead. 
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3.2. Simple Model 

A simple model is developed to explain the fog-collection results on different coatings. 

Due to gravity, large drops that are condensed on a mesh may move down from the mesh. 

However, tiny drops may get stuck on the filaments and thus are not harvested. Hence, to 

enhance collection efficiency, it is important to harvest these tiny drops as much as possible. A 

simple model is developed for this purpose. Let θ denote apparent contact angle of the drop. If 

the substrate is smooth, then θ  is intrinsic contact angle. A liquid drop on a substrate that is 

inclined by an angle of β suffers a gravitational force G and a threshold adhesive force F. The 

two forces, respectively, have the following expressions: 

 G=gV βsin , (2) 

 
oAFF 

, 
(3) 

where  denotes mass density of the liquid, g is gravitational acceleration, V is the volume of 

the drop, A is the area of the drop base, and oF  is the adhesive force per unit area of the drop 

base. If  

 FG   , (4) 

the drop moves down from the substrate. The contact area between a drop and its substrate 

increases with increasing θ . That is, for a drop with a fixed V, A decreases with the increase in 

θ . Therefore, for a tiny drop to move, by Relations (2)-(4), two conditions should be met: (i) θ

should be as large as possible, and (ii) oF  should be as small as possible. We desire to make 

the filament surface have the super-hydrophobic properties. That is, θ  is greater than 150°. On 

a smooth surface, θ  is normally less than 120°, even if this surface is coated with highly water-

repellent materials [34], such as Teflon [35]. Therefore, to make the corresponding contact 

angle well above 120°, roughness structures are normally incorporated on a surface.  



 

12 

When a liquid drop is placed on a rough surface, there are two possible wetting states: 

Wenzel [36] or Cassie−Baxter [37]. In the Wenzel state (Fig. 5(a)), the drop completely fills 

grooves between roughness structures (e.g., pillars and channels), while in the Cassie−Baxter 

state, air is trapped between these structures and the drop stays on top of the roughness 

structures and trapped air. In the Cassie-Baxter state, the drop stays on top of the roughness 

structures, which reduces its contact area with the substrate and makes it easy to roll off from 

the substrate. In the Wenzel state, although θ  may still be large, the roughness structures may 

pin the drop, making it difficult to move off from the surface. It has been reported, for example, 

in [38,39] that, during the condensation process, water vapor penetrated into the surface 

roughness grooves [38,39], causing the pinning of a drop on a lotus leaf. Such results imply 

that, during the condensation process, the wetting is normally in the Wenzel state. Our focus 

now is thus on reducing the pinning effect in the Wenzel state.  
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Figure 5: (a) Schematic side view of Wenzel state, and (b) schematic top view of an array of 

square micropillars. 
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Let 0θ  denote intrinsic contact angle. The Wenzel equation for Wenzel state is [29]: 

 .coscos 0 r   (5) 

In this equation, r denotes the roughness ratio. It is the ratio of the actual surface area of the 

rough surface, Aa, to the projected surface area, Ap, and is given by 

 

.=
p

a

A

A
r

 

(6) 

It is observed from this equation that 

 .1r  
(7) 

When r is 1, it implies that the surface is smooth. As observed from Relations (5) and (7), to 

make θ  larger than 0θ , 0θ  should be larger than 90°, indicating that the surface coating 

should be hydrophobic.  

To have a good understanding about r for choosing it properly, consider a regular squared 

micropillar array with a pillar size of a X a, spacing of b, and height of h, which is a type of 

simple structures. Considering a representative cell around a micropillar (Fig. 5(b)), we have  

2)( baAp   and 
2)(4 baahAa  , where Aa actually equals the addition of Ap with the 

four pillar sidewall areas. By Eq. (6), the corresponding r is  

 
.

)(

4
1

2ba

ah
r




 

(8) 

It can be seen from this equation that, for given a, r increases with the increase in h and 

decrease in b.  

Next, let’s consider two special cases. In the first case, we assume that b<<a. Accordingly, we 

get  

 
.

4
1

a

h
r 

 

(9) 
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Subsequently, given that 0θ =100°, by Eqs. (5) and (9), to make θ  equal 150°, we should have 

ah  . In the second case, we assume that b=a. Given that 0θ =100°, by Eq. (9), we should 

have h=5a to get θ =150°. The surface structures in the two cases are illustrated in Fig. 6. Two 

points can be observed. First, there are narrow gaps between the structures in Case I (Fig. 

6(a)), while such gaps are relatively wide in Case II (Fig. 6(b)). Second, the height/width ratios 

of the structures in these two cases are 1 and 5, respectively. These two differences indicate 

that, although the structures in the two surfaces produce the same r, which also resulted in the 

same ,A  the values of oF  are different. In Case II, the pillars penetrate a water drop, and the 

sidewalls of these structures block the movement of the drop. In contrast, in Case I, the water in 

narrow gaps can be considered stationary, and it becomes part of the substrate surface. The 

portion of the drop located above the substrate moves on this composite substrate surface (Fig. 

6(a)). Accordingly, the drop in Case I should suffer a smaller oF  than that in Case II.  
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Figure 6: Two wetting situations in Wenzel wetting state: (a) low aspect-ratio structures with 

narrow gaps, and (b) high aspect-ratio structures with wide gaps. (c) Wetting on a flat surface.  
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Furthermore, the drop volume is in the order of the third power of its radius. Since b<<a, 

it is readily shown the total gap sizes are much smaller than the drop radius. This result 

indicates that, as far as the volume is concerned, that the amount of water inside the narrow 

gaps can be neglected in comparison with the part of the drop that moves down on the 

substrate.  

Consider a third case, in which the substrate is flat and it is not incorporated with any 

roughness structures (Fig. 6(c)). In Case I, part of the solid surface in Case III is actually 

replaced with the surface of water that fills the narrow gaps. Accordingly, oF  in Case I is 

smaller than its counterpart in Case III, because the adhesion between water and solid should 

be larger than that between the same liquid. Furthermore, for a given drop, Case I has a smaller 

A than Case III due to the increase in the contact angle. Thus, F in Case I is smaller than that in 

Case III, making the corresponding drop easier to move down on the corresponding substrate. 

Case II also has a smaller A than Case III. However, it is not clear whether oF  also has a 

smaller value in Case II. Therefore, it is uncertain whether Case II has a smaller F. In summary, 

there are two possible results after incorporation of roughness structures. First, if the roughness 

structures are closer to those of Case I, then the drop is easier to move down than in Case III. 

Second, when these structures are closer to those of Case II, it is not clear whether the drop is 

easier to move down.  

  Let rθ  and aθ , respectively, denote receding and advancing contact angles of 

the drop.   ranges between rθ  and aθ . The threshold adhesive force F is often expressed as 

 )cos-cos( ar θθγWF 
 

(10) 

  where W is the diameter of the drop base. On the other hand, there is a problem of applying 

this expression to determine F. In Cases I and II, r has the same value. The same applies to o

. Accordingly, the resulting W should be the same in the two cases. Also, by Eq. (4), 
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)cos-(cos ar  should also be the same as well. Therefore, F should be the same in both 

cases. However, as justified above, the two cases should lead to different values of F. Hence, 

we consider that the use of Eq. (5) to determine )cos-(cos ar   may not be correct. Due to 

lack of a good approach to find it, we employ Eq. (3) instead in our model.  

In our tests, the NeverWet and hydrobead belong to the first case, and ZnO nanowires 

the second case. According to the data given in Sub-section 3.1, the ratio of b with a for the 

NeverWet coating is above 10, while it is about 13 for the hydrobead. Therefore, both coatings 

belong to the first case, resulting in the high collection efficiency.  Meanwhile, ZnO nanowires 

belong to the second case, and they are not as efficient as the NeverWet and hydrobead. 
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Chapter 4  

Effects of Geometric Changes 

4.1. Fabrication of the Meshes 

ηace of a typical Raschel mesh may be improved to the maximum value of 24.5% if SC 

is increased from around 36% to 55%. The existing meshes are mainly fabricated by weaving 

fibers together, such as a typical Raschel mesh shown in Fig. 1(a). When the same approach is 

used to create meshes with different SCs, there may be no polymer fibers that exactly meet the 

corresponding size requirements. In this work, we develop a new manufacturing method to 

fabricate different meshes. 

To manufacture a mesh, pores have to be fabricated in a polymer sheet. Polymer or 

metal sheets are usually patterned after they are softened at a raised temperature using a hot-

embossing process or injection molding [40]. However, it is observed that, even at room 

temperature, an office punch can punch holes in paper, which avoids the needs of heating and 

cooling a material to be patterned. Under the motivation of this observation, it should also be 

feasible to punch hollow patterns in a polymer sheet at room temperature.  

The new method used to fabricate the desired mesh is essentially a punching process. 

This process uses two different rigid molds, which are, respectively, referred to as “top mold” 

and “bottom mold” thereafter. The top mold includes mm-scaled blocks (Fig. 7(a)). The mm-

scaled blocks have sharp edges, and are employed to cut off the polymer for generating pores. 

The bottom mold also includes mm-scaled holes. These holes are used to assist in the cutting 

and removal of the cut-off polymer. 
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Figure 7: Two-step process to fabricate the proposed mesh (cross-sectional schematics): (a) place a 

polymer sheet on the bottom Al mold of the first set, and (b) at room temperature, insert the top mold 

into the polymer sheet to cut undesired portion of the sheet. Fabricated (c1) top and (c2) molds, and 

(c3) Type II PMMA mesh (optical images). 
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Two steps are applied in the punching process to fabricate the new mesh (Figs. 7(a) 

and 7(b)). First, place a polymer sheet on the bottom mold (Fig. 7(a)). Second, at room 

temperature, insert the top mold into the polymer sheet (Fig. 7(b)). During this step, due to the 

stress concentration at the sharp edge of a mm-scaled block of the top mold, the part of the 

polymer directly underneath this block is first cut off from the neighboring polymer, and then 

pushed into the corresponding hole inside the bottom mold.   

The top and bottom molds were fabricated using an Epilog laser (Fig. 7(c)). With the aid 

of these molds, the desire meshes were generated in a poly-methyl methacrylate (PMMA) sheet 

using the two-step punching process. PMMA was a commonly used material in hot-embossing 

processes [41]. The used PMMA sheet is 30 µm thick. It is thicker than a Raschel mesh, which 

has a thickness of 20 µm. Three different types of PMMA meshes have been fabricated, which 

are called Types I, II and III meshes, respectively. As in the previous tests, the generated 

PMMA meshes also have the dimensions of 3.3 cm X 2.0 cm. Fig. 7(d) gives a representative 

Type II mesh.  If needed, the molds can be applied to punch a PMMA sheet multiple times to 

fabricate a larger mesh. The filaments of the three types of meshes have the same widths of 1.8 

mm. Type I has the same SC of 37% as a typical Raschel mesh. Types II and III have smaller 

pores. The distance between two inclined filaments is 1.8 mm in Type II and it is 1.0 mm in 

Type III. We want to examine whether the reduction in this distance could result in fast 

coalescence of two neighboring points at the intersection of the two filaments. The SCs for Type 

II and Type III are both around 51%. Accordingly, the value of ƞace for Type I is 21.6%, and they 

are both 23.3% for Type II and Type III meshes.  

PMMA meshes are subsequently coated with ZnO nanowires, Teflon, and hydrobead, 

respectively. The NeverWet coating also has a high collection efficiency. Since its spin-coating 

solution etches PMMA, it is not used on the PMMA meshes.   
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Figure 8: Different moving paths of condensed water drops on Types (a) I, (b) II, and (c) III the 

PMMA meshes, which are all coated with hydrobead (unit: mm). 
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4.2. Fog-collection Results and Discussions 

Table 1 gives the amounts of water collected by the PMMA meshes. Two points are 

observed from this table. First, as in the previous tests, the hydrobead coating still has the 

highest collection efficiency among the three tested coatings in each type of meshes. Second, 

Types II mesh with the hydrobead coating has shown the highest collection efficiency among all 

the tested mesh. It has collected 23 mL water during a 1-hour period, which is 34.9 µL/mm2. 

This point indicates that, with the further modification of mesh geometry, the collection efficiency 

has been improved from 1.55 to 2.09 times that of the as-received Rashel mesh.   

Both Types II and III meshes should have higher collection efficiencies than Type I, 

since the former two types have higher ƞace. To explore why Type II mesh was more efficient in 

collecting fog than Type III, we explored the moving paths of condensed water drops on the 

meshes. As observed from Fig. 8, there are some differences in these moving paths, which 

influence the drop draining efficiency. The moving paths on Type I and Type III meshes are the 

same as that on a Raschel mesh (Fig. 3(c)). Once a large drop gets to the intersection of two 

inclined filaments, its growth relies on both the adsorption of the incoming water vapor and 

addition of new drops from the two inclined filaments. However, in Type II, a large drop moves 

all the way down till it is large enough to fall down from the intersection of two incline filaments. 

During this process, it receives additional supply of water, which is the tiny drops present on its 

draining path. 
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Table 1: Total Amount of Water Collected for 1 hr duration on different types of mesh with 

various coatings. 

 

Type Coating Water Collected (ml) 

I ZnO 13 

I Teflon 15 

I HydroBead 18 

II ZnO 16 

II Teflon 18 

II HydroBead 23 

III ZnO 15 

III Teflon 17 

III HydroBead 21 
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Chapter 5  

Summary and Conclusion 

In this work, we explore the possibility of improving fog-collection efficiency of Raschel 

mesh through surface modification and geometric changes. We considered five different 

coatings on the mesh surfaces. Through experimental and theoretical investigations, we 

demonstrated that it was possible to improve the fog-collection efficiency using short roughness 

structures with narrow gaps. The basic idea is to increase the contact angle, while in the 

meanwhile reduce the pinning effect. NeverWet and HydroBead both satisfy these two 

requirements. As a result, their coatings have increase the collection efficiency of the Raschel 

mesh by about 50%, and are the most efficient among the five coatings that were tested. A new 

punching process was further developed to fabricate three different types of PMMA meshes. 

Due to the differences in SC and moving paths of condensed water drops were observed on 

these meshes, Type II meshes have shown another 50% enhancement in fog-collection 

efficiency. 
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