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1. Brief 

Life Nieblas is a Life Programme financed project provided by the European Commission that 

support projects involved in climate action, natural habitat restoration and sustainable 

development. In addition to the European financing, Life Nieblas counts with the financial 

support from Cabildo de Gran Canaria as the public administration where this project has 

being developed. 

Life Nieblas is a pioneer case study on the use of fog water collection as main source of water 

supply for the irrigation and maintenance of reforested areas. Reforestation methods will take 

shape of different technologies that have been observed to be beneficial or that have the 

potential to be further developed including: Individual Fog Water Collectors, Cocoons 

όŘŜǾŜƭƻǇŜŘ ƛƴ ŀƴƻǘƘŜǊ [ƛŦŜ ǇǊƻƧŜŎǘ Ψ¢ƘŜ DǊŜŜƴ [ƛƴƪΩύΣ !CDS (Autonomous Fluid Discharge 

System) and finally traditional reforestation as control group. 

Furthermore, Life Nieblas looks into the transferability and replication potential of the 

technology tested. Not only will the project focus on the reforestation aspect but also on Fog 

Water Collectors (FWC) technology as the main (and only) source of water. In this case, 

technology has been tested in labs to improve FWC design and efficiency, they will not only 

become easier to install and transport but also will collect more water by surface exposed. 

The final objective of this project will be to adapt technology to be exported to different 

European regions (and out of the EU) where fog conditions have the potential to improve 

water availability and assist in natural habitat recovery. Eventually, finding transferability into 

the agriculture sector where farmers can take advantage from collecting their own water. 

Henceforth, Life Nieblas will contribute in climate change mitigation action (by reduction of 

emissions), carbon capture (by natural habitat recovered) and with the development of 

sustainable technology. 

 

  



 

 

 

2. Summary  

Water scarcity in dry regions affected by low clouds has motivated exploring strategies for 

obtaining fresh water from humid air. However, water harvesting with conventional fog water 

collectors (FWC) is subjected to many limitations. Traditional devices are inefficient and 

structurally unstable under strong winds. Also, deployment in the field is difficult. This has 

limited their wider spread use and it is one of the main reasons for the long-term failure of fog 

water harvesting projects. Within the framework of LifeNieblas, under Action C1, we have 

designed an innovative fog water collector (i-FWC) that aims resolving many of these 

limitations using 3D printing techniques. It is shown that collected fog water droplets are 

quickly evacuated and do not clog the devised screen, maximising fog water yields. Also, due 

to its 3D geometry, the new design is less affected by changes in wind direction and gusts, 

whereas its field display is facilitated. This i-FWC will be associated to individual plantlets in the 

reforestation area in order to improve their survival rate.  

This document describes the methods and instrumentation used to design, fabricate and test 

the different prototypes devised. Both lab and field experimental results aimed to maximising 

their fog water collection yield are shown. The main results and goals achieved are 

summarised in the following sections. Further information is included in Appendix I-IV. 

Additional audiovisual material may be accessed at: 

 https://drive.google.com/drive/folders/1gF5OS_m4XYs7CV4SkD7zJOZ3yB0DrgAN 

 

3. Motivation and state of the art 

Traditional methods to collect fog water basically consist of a screen facing the prevailing wind 

direction. Fog water droplets (of the order of 1-рл ˃Ƴύ ōƭƻǿƴ ōȅ ǘƘŜ ŀƛǊ ŀǊŜ ǘƘǳǎ ƛƴǘŜǊŎŜǇǘŜŘ 

by the mesh due to their inertia; further droplets impinge and join those already adhered to 

the screen to form larger drops; and these slide along the mesh elements, falling under the 

influence of gravity into a trough or gutter, and are conveyed to a storage tank. Consequently, 

collection efficiency depends greatly on the speed and size of the water droplets (more 

specifically on the Stokes and Reynolds numbers), as well as the geometry and wettability of 

the obstacle, and therefore the characteristics of the impacting surface. More importantly, 

aerodynamic effects play a significant role, as moist air has to cross a screen that interrupts its 

free-flowing path. Both impaction and aerodynamic characteristics must therefore be fine-

tuned in order to maximize the collection efficiency. A very sealed knitted structure would 

improve impaction but in detriment of the poor aerodynamics of a blunt obstacle. In other 

words, a fog collector works basically as a filter: a thick filter would retain most of the particles 

in the stream but does not permit free flow, while a loose open filter would allow rapid cross-

Ŧƭƻǿ ōǳǘ ǿƛǘƘ ƭƻǿ ǊŜǘŜƴǘƛƻƴ ŎŀǇŀŎƛǘȅΦ !ƴ ŀŘŘƛǘƛƻƴŀƭ ŎƻƳǇƭƛŎŀǘƛƻƴ ƻŦ ŦƻƎ άŦƛƭǘŜǊƛƴƎέ ƛǎ ǘƘŀǘΣ 

captured fog water drops may be lost by re-entrainment back into the wind stream under 

strong gusts.  

Thus, many parameters affecǘ ǘƘŜ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ŦƻƎ ǿŀǘŜǊΦ hƴ ǘƘŜ ŦƻƎ ǿŀǘŜǊ ŎƻƭƭŜŎǘƻǊΩǎ ǎƛŘŜΣ ǘƘŜ 

diameter, geometry and orientation of the impacting mesh filaments, the mesh shading (i.e., 

percentage of area covered by the solid screen) and number of collecting layers are the main 

aspects to be considered. Also, the material of the screen and its surface characteristics 

(wettability, adhesion) are relevant. From the point of view of the fog stream, the liquid water 



 

 

content, size of fog water droplets and wind velocity are relevant issues to take into account. 

Fog liquid water content represents only an amount of the order of 0.1ς1.25 grams of water 

per cubic meter of air, and it is determined by the density and size distribution of the fog 

droplets. Liquid water content thus limits the potential (maximum) volume of water that can 

be obtained from the fog. 

Given these requirements, i.e., sufficient wind speed, high liquid water content, appropriate 

size of the impaction elements and fog droplets, different collectors can be devised for 

capturing fog water artificially. In this respect, fog water gauges are usually either three-

dimensional (thus fairly independent of wind direction) or flat structures provided with some 

kind of mesh or vertical filament array. Artificial fog water collectors have typical capturing 

surfaces of the order of a few square meters (0.5ς10 m2). Given the rather low water yields 

usually obtained by artificial means, low-tech designs, such as framed mesh screens held by 

two poles, have prevailed over more sophisticated collectors in practical applications. 

Accordingly, their maintenance is minimal, however the mesh and foundations may be 

damaged because of wind forces. An alternative to resolve these issues has been the use of 

parallelepiped and more complex 3D shapes at the expense of an increase in costs and 

difficulty of field deployment, and consequently their less frequent presence in previous 

projects. Other disadvantages of FWC include their dependence on the meteorological 

conditions and the topography of the area, and thus their reduced reliability when a constant 

fog water supply is desired. 

Several studies around the World have reported daily fog water collection yields ranging from 

0.2 to 4 L·mҍ2·dҍ1. As mentioned above, the collection capacity of a particular mesh structure 

depends on its design, but it is also strongly influenced by the speed of winds blowing normal 

to the collection surface, thus the comparison or extrapolation of these values to other 

scenarios may be challenging, because different fog conditions, collection periods, and mesh 

designs have been used in these studies. Another issue that is usually obviated in many fog 

harvesting projects is the total cost of the installation and, therefore, comparisons among 

these are not straightforward. In this regard, storage, pumping and distribution of the 

collected water is generally not specified, despite it represents the most expensive and 

troublesome part of the installation.  

 

4. Objectives  

The objective of the current project action is to develop a fog water collector ad hoc for 

providing water to plantlets of reforested laurisilva trees in Valleseco, El Andén (Gran Canaria) 

in order to improve their survival rate. The design will be based on first principles of fog 

droplets impaction and aerodynamics of permeable screens, in order to maximise water yields. 

Modular scalability, self-ground-sustenance, self-mounting, lightness and portability will be 

criteria taken into account to overcome some of the disadvantages of current FWC. 

Experiments were carried out in a wind tunnel where artificial fog was generated in order to 

fine-tune the characteristics of the screen. Also, some computational fluid dynamics (CFD) 

simulations were run to assist the design of both the wind tunnel and the FWC prototype. In 

addition, different FWC assemblies were tested under real conditions both at the experimental 

site in Taborno (Tenerife) and in El Pinillo (Gran Canaria).  

 



 

 

5. The conceptual idea 

Basically, traditional fog water collectors consist of a rectangular standing frame covered with 

a commercial mesh which is exposed to the predominant winds. Wind driven fog droplets 

impact by inertia on the screen filaments, resulting on water films that coalesce and build up 

to a sufficient volume that triggers slipping and drainage by gravity to a reservoir below. Such 

conventional devices are inefficient, i.e., less than 10% of the liquid water present in the air is 

recovered. Clogging of the cross-linked screen and re-entrainment of captured water drops 

back into the wind stream are responsible for such low aerodynamical efficiency. Also, due to 

their 2D geometry, they are structurally unstable under strong winds. In this respect there has 

been little innovation so far, principally because the improvement of conventional collectors 

has been subjected to the availability of inefficient commercial meshes not intended originally 

for this purpose. With this in mind, the conceptual idea to be tested starts with the virtual 

sectioning of a flat screen that is displaced on the horizontal axis in a ladder-like structure as 

schematically shown in Fig. 1. The wind exposed area remains unaltered but, by displacing the 

original vertical flat collector on the horizontal axis, we gain structural stability. A three-

dimensional design is also preferred over 2D geometries, since the former is favourably 

oriented to the wind most of the time, so water yields would be more stable throughout the 

year. A 3D structure also favours self-ground-sustenance. In addition, harp-like screens with 

parallel fibres will be selected instead of cross-linked meshes, because clogging and poor 

aerodynamics are thus minimised. Therefore, the usual cross-linked mesh will be replaced by a 

series of 3D printed vertical comb-like collecting surfaces. Unentangled fibres avoid adhesion 

of drops at intersecting knots, thus reducing the transit time of the collected water within the 

system. This facilitates fast removal of attached micro-drops and therefore prevents clogging 

and re-entrainment. Thus, presumably improving the efficiency.  

 

 

Fig. 1. Conceptual idea behind the prototype design. A traditional 2D flat collector is 

segmented and projected in a ladder-like arrangement of vertical comb-like screens. 

 

6. Field tests of harp-like screens  

Despite the large amount of bibliography generated over more than half a century of fog 

related studies, little has been advanced on the systematic investigation of fog water collection 

under natural field conditions. In fact, much of our current knowledge comes from findings 

obtained from simplified systems of droplet impingement on cylinders and transport of 

 



 

 

aerosols, such as the wind dispersal of pollen and spores. Consequently, little is known about 

the optimum configuration of fog water collectors under real field conditions. Notice, that in 

contradistinction to experiments under a controlled set-up, field data takes into account 

variable liquid water content, droplet distribution and wind velocity, so this permits us to 

verify whether conclusions derived in the lab under a single parameter modification (e.g. wind 

velocity) and artificial fog are extendable to a real foggy scenario with wider variability. 

6.1. Optimum single-filament diameter 

The field testing of screens at the experimental site in Taborno (Tenerife) was carried out 

following a bottom-up strategy in terms of complexity. First, we looked for an optimum 

filament diameter by displaying single nylon wires of variable section, from 0.12 up to 4 mm, 

under foggy conditions and measuring the fog water collected in plastic bottles below each 

string (Fig. 2). To this regard, concomitant measurements of meteorological conditions, 

visibility and fog water collection with a cylindrical fog water catcher, provided us with 

valuable information. Continuous maintenance of these facilities was necessary. Collected 

water was measured every two weeks by weighting the filled bottles that were replaced by 

new ones. Once a sufficiently large data set was gathered, this was filtered based on visibility 

conditions and concomitant meteorological information provided by the available in situ 

instrumentation. In addition, experiments were also carried out with metal, braided and 

sanded (with sandpaper of different numbers) filaments to study the effect of microtexture, 

rugosity and material on the collection efficiency, but no conclusive results were obtained in 

this respect.  



 

 

 

Fig. 2. Set-up of single nylon filaments of varying diameter (top) and detail of collecting bottles 

(bottom) displayed in the Taborno field site. 



 

 

 

Analysis of 3 months of collected data showed that, under variable field foggy conditions, in 

the long term, the smaller the strand diameter the higher the collection rate per surface unit, 

i.e. the fog water collection efficiency increases rapidly as the impacting filament section is 

reduced, in concordance with theoretical results. However, some deviation was observed from 

previous impaction models encountered in the bibliography (Fig. 3). This behaviour may be 

explained in terms of the object stopping distance such that, as the filament diameter 

increases, the air streamlines move around it a greater distance ahead. Consequently, the 

probability of inertial impaction of fog droplets transported by the wind decreases, since this 

would scape more easily. The results show that this effect prevails and exhibits a monotonic 

consistent trend independently of the variability in wind and droplet distribution occurring 

during the measurement period. This is an encouraging result, that permits us to extrapolate 

conclusions obtained in the lab to real field conditions with confidence. 

 

 



 

 

 

Fig. 3. Dependence of fog water collection with filament diameter (top) under field conditions 

and comparison with previous fitting impaction models published in the bibliography. 

 

6.2. Aerodynamic effects on the filament interspacing in a harp-like arrangement 
In isolated single filament experiments, aerodynamic effects may be disregarded and 

collection efficiency is mainly affected by the droplet impaction phenomena, as we have 

discussed above. However, when several filaments are combined in an array, aerodynamic 

phenomena come into play and, therefore, filament interspacing distance and the shading 

coefficient of the screen have a relevant effect. In order to study this contribution to the fog 

water collection yield, we first varied the strand diameter from Å=0.3, 0.6, 2.4 up to 4 mm, but 

maintaining a constant fractional coverage of 30% in different 2D harp-like 1 m tall screen 

displays, i.e. the interspacing was varied from 1 to 13.3 mm (and the number of filaments 

accordingly). Notice that, in this case, an interplay arises between filament diameter (the 

smaller the diameter the greater the impaction efficiency) and the number of strings (the 

thinner the higher the number of filaments and the shorter the interspacing). The different 

arrangements were initially associated to collecting plastic bottles and then to autonomous 

individual pluviometers to have a better control over single fog episodes (Fig. 4). 

 



 

 

 

Fig. 4. Experimental set up of harp-like filament arrangements of varying diameter and 

constant shading coefficient, SC=30% displayed in Taborno experimental site. 

 

The results obtained showed a large variability in the water collection yield during the period 

of measurement (over 3 months) due to the prevailing meteorological conditions of different 

fog episodes. In the long term, the cumulative totals revealed to be higher for both the thinner 

(Å=0.3 mm) and thicker (Å=4 mm) filaments, i.e. closely spaced (1 mm) more efficient thin 

strings (Å=0.3 mm) collected similar amounts of fog water than thicker (Å=4 mm) widely 

separated (13.3 mm) filaments of equal overall shading coefficient (30%). Intermediate 

arrangements (Å=0.6 mm and Å=2.4 mm) rendered lower yields (Fig. 5). This put in evidence 

the aerodynamic effects arising as a consequence of the air stream crossing an array of parallel 

strings and their non-linear contribution over the droplet impaction phenomena on single 

filaments.  



 

 

 

 

Fig. 5. Fog water collection yields obtained for varying filament interspacing in a harp-like 

arrangement with constant shading coefficient, SC=30%. Top: variability observed during 

various foggy periods for the different string arrangements; bottom: variation of total 

cumulative fog water yield with the filament interspace distance. Each colour corresponds to 

different filament diameter and interspacing. 

 

6.3. The effect of screen coverage of harp-like arrangements 
Finally, we selected a fix filament diameter of 2.4 mm and studied the effect of increasing the 

screen coverage, from SC=20, 30, 40, 60, up to SC=80%, of different harp 1-m long fog water 

collectors. The fog water collected was directed to individual pluviometers below connected to 

a datalogger to have continuous registration of the volumes measured (Fig. 6).  

 



 

 

 

 

Fig. 6. Experimental set up of harp-like filament arrangements with different shading 

coefficient (from left to right: SC= 30, 20, 40, 60, 80%) displayed in the Taborno experimental 

site. 

 



 

 

A fractional coverage of 30% provided maximum cumulative collection yields, i.e. neither the 

tightest mesh (SC=20%) nor the most open (SC=80%), but an intermediate covered screen 

(SC=30%), was the one that collected more fog water (Fig. 7). This shows the need of 

considering not only the droplet impaction phenomenology (i.e. single filaments) but, more 

importantly, the aerodynamic effects emanating from the 2D arrangement of filaments. In the 

next step we aim to combine the best of both worlds, i.e. maximum coverage with increased 

aerodynamic efficiency, by fabricating 3D multiple layer staggered meshes and systematically 

testing them in the wind tunnel.  

 

 

Fig. 7. Variation of total cumulative fog water yield under field conditions of harp-like filament 

arrangements of varying shading coefficient, SC. 

 

7. Instrumentation for the lab experiments 

As discussed above, many parameters affect the collection of fog water: diameter, geometry 

and orientation of the impacting screen elements, shading (i.e., percentage of area covered by 

the solid screen) and number and disposition of collecting layers. Also, the fog liquid water 

content, size of droplets and wind velocity are relevant issues to take into account. To be able 

to keep control of these manifold variables, we built and instrumented a wind tunnel to carry 

out experiments where each of them are modified sequentially. 

6.1. The wind tunnel 
The wind tunnel is shown schematically in Fig. 8. To arrive to the definitive design, a series of 

computer simulations were carried out to confirm the absence of vortices and that laminar 

flow was achieved along the wind tunnel in collaboration with the University of La Laguna 

(ULL) (Fig. 9). Also, the geometry of its different parts was optimised by means of numerical 

experiments to ensure the right conditions in pressure drop, air velocity gradients and 

attachment of the boundary layer necessary for the correct mixing of the artificial fog 

atomized inside the tunnel. Once we were confident that these conditions were met, we 



 

 

proceed to the construction. Fig. 10 shows different stages during the assembly of the tunnel 

at the ICIA mechanical workshop and the resulting finalised structure located in the hydraulic 

lab. From left to right, the 6 m long tunnel consists of a 3 m galvanized steel sheet diffusing 

cone where the fog water nebulizers are introduced through different orifices on the side (see 

below); this is attached to a contraction cone prior to the removable methacrylate test 

chamber, where the fog collector prototypes are inserted; it follows a diffuser and an electric 

fan to circulate the air along the tunnel. A variable frequency drive (AFD) permits control of the 

fan velocity and therefore a range of wind speeds from 2-8 m s-1, typical under field conditions 

(Fig. 11). Wind velocity and relative humidity inside the tunnel during the experiments were 

monitored with a hot-wire anemometer (Beha Amprobe) (Fig. 12). The pressure drop ahead 

the tested fog water collection screens was measured with a Pitot tube (PCE Instruments) (Fig. 

13). 

 

 

Fig. 8. Scheme of the wind tunnel showing its different parts. 

 



 

 

 

Fig. 9. An example of the series of prior computer simulations carried out for the correct 

design of the wind tunnel. 

 

 



 

 

 

 

Fig. 10. Different stages during the construction of the wind tunnel by ICIA personnel and the 

final product located in our hydraulic lab. 

 



 

 

         

Fig. 11. Fan and variable frequency drive (AFD) for controlling the air velocity inside the wind 

tunnel. 

 

 

Fig. 12. Handheld and hot-wire anemometer for monitoring air velocity and relative humidity 

inside the wind tunnel. 



 

 

      

Fig. 13. Handheld and Pitot tube air flow meter for measuring pressure drops inside the test 

chamber as a consequence of interruption of the wind stream by the fog water collection 

prototypes tested. 

 

6.2. Instrumentation of the wind tunnel: artificial fog water droplet generation 
In order to reproduce the characteristics of the real fog present in the field, high relative 

humidity (>95%) and a range of water micro-droplet sizes (1-50 µm) are needed. Thus, 

different humidification systems were introduced along the diffusing cone to meet these 

requirements (Fig. 14). First, on the wind tunnel entrance, an adiabatic humidifier increases 

the relative humidity (RH) and lowers the temperature of the ambient air by spraying water on 

a bank of screens. Next a steam humidifier further increases the air water vapor content up to 

values of RH> 95% inside the diffuser. After revising the available literature and possible 

suppliers, two different fog generating systems were selected This was so in order to cover the 

whole span of droplet sizes present in natural fog (1-50 µm). An ultrasonic nebulizer, that 

produces small drops in the lower range (1-5 µm), and also a high-pressure nebulizer for the 

upper droplet diameter interval (5-50 µm) were acquired. For the former we chose the 

Humisonic nebulizer and for the latter the adiabatic atomizer ChillBooster from Carel 

Industries. The Humisonic consists of a small water storage tank and piezoelectric transducers 

that vibrates in order to produce the vapour mist. The ChillBooster essentially comprises a 

cabinet with a 10 bar pressurizing pump and a system of nozzles mounted onto steel manifolds 

to be arranged around the condensing unit (Fig. 15). To meet the water pressure requirements 

of this equipment, a pumping and filter system was installed prior to the inlet of the Humisonic 

and the Chilbooster (Fig. 16). Leftover water was derived to a tank and recirculated to 

minimize water waste (Fig. 17). Fog water collection efficiencies and yields of the prototypes 

were calculated from the weight difference between the consumed and drained water below 



 

 

the screen measured with two balances (Fig. 18). These were connected to a computer such 

that weights could be registered continuously (Fig. 15). 

 

Fig. 14. Different stages of the artificial fog conditions generated inside the wind tunnel. 

 



 

 

 

Fig. 15. From top to bottom: Ultrasonic fog generator, steam humidifier, high pressure 

atomizer, duct distributor with spraying nozzles and overall view of the instrumented 

humification cone of the wind tunnel. 



 

 

 

 

Fig. 16. Water pump system installed at the inlet of the ultrasonic humidifier. 

 

 

Fig. 17. Recirculation system showing water pump and storage tank. 



 

 

 

      

Fig. 18. Digital balance at the Humisonic inlet (left) and at the wet chamber drainage gutter 

(right) to measure weighing differences for determination of fog water collection yields of the 

prototypes. 

 

6.3. Instrumentation of the wind tunnel: water vapour phase generation 
During the course of the early experiments in the wind tunnel we detected that variations in 

the ambient temperature and relative humidity (RH) conditions were affecting the results. Low 

humidity provokes evaporation of the injected fog microdroplets and therefore fog water 

collection may be hindered. Thus, in order to achieve a higher and more stable RH, an 

adiabatic humidifier was designed and constructed at ICIA mechanical workshop. This is 

comprised of a cube with a series of parallel vertical screens placed inside, where water is 

sprayed by means of micro sprinklers (Fig. 19). A tray below collects the dripping water and 

this is recirculated with a pump. The system works under the principle of adiabatic cooling 

whereby a wet surface evaporates and therefore decreases its temperature. As the air passes 

through the wet screens this increases the RH and reduces its temperature. By placing the 

adiabatic humidifier at the entrance of the wind tunnel, higher and more stable humidity of 

the air stream was therefore achieved.  

 



 

 

 

Fig. 19. Adiabatic humidifier constructed at ICIA placed at the entrance of the wind tunnel. In 

the right hand side photo, the shading screens have been removed to show the sprinkling 

system used to wet and cool the passing air.  

 

About a 10% increment in the RH of the incoming air was attained with the above system. 

However, in order to reach conditions close to vapor saturation characteristic of the foggy 

environment in the forest (RH>95%), an active water vapor generator is required. We intend to 

reproduce natural environmental features as close as possible, such that results now obtained 

in the lab may be extrapolated later to the field with confidence. Thus, a steam humidifier, not 

initially planned in the project instrumentation, was acquired. After some calculations of the 

steam flow rate needed for a range of air velocities of 2-8 m s-1 inside the wind tunnel, we 

decided to buy the heaterSteam UR002 (Carel Industries, S.p.A.) which can provide up to 2 Kg 

h-1 of water vapor and reach RH=100% with a precision of ±1% (Fig. 20). 

    

Fig. 20. Steam humidifier acquired to be able to reproduce inside the wind tunnel foggy 

conditions close to those present in the field. Close-up view of the heaterSteam (left). Water 



 

 

vapor flow across the wind tunnel section. The methacrylate test chamber has been removed 

for better visualization of the saturated air stream (right). 

 

6.4. Design and 3D printing of the prototypes 
The different prototypes were digitally sketched with the help of a design software (Fig. 21) 

and manufactured with a resin-based 3D printer (Fig. 22). Such an additive technique enabled 

us to rapidly produce models with different shapes, filament length and geometries, 

interspacing, etc. These were then tested in the wind tunnel in order to optimise their fog 

water collection capabilities.   

    

Fig. 21. An illustration of the process followed during the graphic design of the different parts 

of the prototypes devised. 



 

 

 

Fig. 22. 3D printer (left) and drying chamber of the resin printed models (right). 

 

8. Characterization of commercial screens  

As a starting point, we first characterised different commercial meshes in order to gather 

information about available screens and their design parameters: size of filaments, shading, 

geometry of interspaces, etc. (Table 1). 

 

Mesh type Opening geometry SC (%) Width (mm) Image 

Single layer Raschel Triangular 

(6x6x6 mm) 

26.5 1.25 

 

Double layer Raschel Irregular 78.6 1.25 

 



 

 

Mosquito net Squared 

(1.5x1.5 mm) 

29.6 0.25 

 

Metallic screen Squared 

(9x9 mm) 

9.1 0.75 

 

Polymeric screen  Squared 

(3x3 mm) 

28.2 0.3 

 

 

Table 1. Some commercial meshes characterised and their design parameters: geometry and 

dimensions of opening interspaces, shading coefficient (SC), and filament width. 

 

Screens were scanned and the resulting digital images were processed in order to quantify 

these parameters (Fig. 23). One of the inconveniences detected for some commercial screens 

is the low reproducibility of their design parameters. Therefore, we also 3D printed (e.g. 

Raschel mesh, Fig. 24) or constructed (harp-like, Fig. 25 left) some analogues of the 

commercial counterpart to have a better control over their behaviour. Some of them were 

tested in the wind tunnel. Although these assays were not systematic, this gave us the 

opportunity of both operating the wind tunnel with some real material and become familiar 

with this type of experiments, but also to evaluate the water collection behaviour of 

commercial screens and their limitations, such as low efficiency, clogging, re-entrainment, etc. 

(Fig. 25). We next move to design and test a FWC in order to resolve some of these limitations 

and others of traditional collectors already commented above. This is detailed in next section. 

 



 

 

 

Fig. 23. Scanning of a single-layer Raschel mesh and its digital processing. 

 

 

Fig. 24. A 3D printed analogue of a double layer Raschel mesh. 

 



 

 

      

Fig. 25. An illustration of commercial screens fog water collection behaviour in the wind tunnel 

and their limitations, such as (from left to right) reduced efficiency due to low shading 

coefficient, clogging, and drop re-entrainment back into the wind flow. 

 

9. Results obtained with the different 3D-printed FWC designs tested in the wind tunnel 

In order to optimize the proposed fog water collector, we need to investigate different 

parameters that affect the collection of fog water droplets. Length, diameter, geometry, angle 

of inclination, inter-spacing, hydrophilicity and surface microtexture of filaments; number and 

distance between either in-line or staggered rows; slope and shape of the whole assembly are 

the main characteristics that may affect both the impaction and aerodynamical efficiencies. 

We decided to act upon physical and not chemical features of the construction material of the 

screen because of its final field destination, where it will be subjected to external harsh 

conditions that could affect any surface chemical treatment of the filaments. For this purpose, 

we 3D printed an adaptable structure where to easily carry out sequential changes to the 

configuration of the devised prototypes (Fig. 26). 

 

 



 

 

 

Fig. 26. Versatile structure designed to accommodate the different prototypes to be tested 

inside the wind tunnel by varying the inclination of the 3D printed screens, number of rows, 

slope, wind attack-angle, etc. Top: original graphical design; bottom: final 3D printed structure 

inside the wind tunnel test-chamber. 

 

8.1. Length, diameter, and geometry of the screen filaments 
We tested different diameters, lengths, and geometries of single filaments in order to 

maximize their fog water collection ability. Also, their surface microstructure was investigated. 

Both, theoretical models and our previous field experiments, indicate that the smaller the 

ŦƛƭŀƳŜƴǘΩǎ ŘƛŀƳŜǘŜǊ ǘƘŜ ƘƛƎƘŜǊ ƛǘǎ ŎƻƭƭŜŎǘƛƻƴ ǊŀǘŜΦ ¢Ƙƛǎ ƛǎ ŀ ŘƛǊŜŎǘ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ǿŀȅ ŦƻƎ 

droplets are collected by inertial impaction. An increase in the radius of the filament causes 

the air streamlines to bifurcate around the obstacle a larger distance ahead and therefore the 

probability of droplets scaping from inertial impingement increases. However, the size 

(diameter and length) of the filaments is constrained both by the 3D printing technique 

available and by their resistance to breakage. Thus, a compromise was achieved between 

durability and collection efficiency in a series of trial-and-error experiments, facilitated by the 

3D printing technique adopted, that permitted fast manufacturing of different prototypes ad 

hoc (Figs. 27-28; Appendix I). In addition, the filaments geometry is important for both 

impaction and aerodynamic efficiency but also structural compliance. After a series of tests in 

the wind tunnel, we arrived to a compromise of all these parameters. We finally selected 5-

cm-long conical cylinders (0.6° conicity), 1.5 mm diameter at the base ending on an acute 

pointing tip. The conical shape provides greater stiffness than e.g. cylindrical geometries, but 

also a variable diameter along the filament that permits capture of microdroplets of different 

sizes. It is also aerodynamically convenient as the cross-flow air can circulate around the cones 

smoothly. The strands were oriented pointing downwards, such that differences in the 

receding and advancing contact angle facilitate the displacement of the pinned drops and 

evacuation. The acute ending of the conic fibres reduces adhesion of the hanging drops at the 

tip and thus also facilitates drainage (Fig. 29). In addition, we tested if incorporating 

microstructure to the filaments surface in the form of longitudinal grooves would facilitate 

water channelling and evacuation, and therefore would increase the collection rate as it has 

been suggested in the bibliography (Fig. 30). However, this did not render significant 

improvements in fog water yield and therefore, for the sake of simplicity, we finally opted for 



 

 

smooth conical fibres. Finally, we also verified whether different cross-sectional geometries of 

the conical filaments would affect the aerodynamics around them and therefore the fog water 

collection. We tested square, elliptical and wing-like conical shapes (Fig. 31). No meaningful 

differences in collected volumes were obtained and therefore we stuck to the original 

geometry (results not shown).  

 

 

Fig. 27. /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘǿƻ ŘŜǎƛƎƴŜŘ ǎŎǊŜŜƴǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŦƛƭŀƳŜƴǘΩǎ ƘŜƛƎƘǘΣ ƛƴǘŜǊǎǇŀŎŜ ŀƴŘ 

diameter. These were then 3D printed and tested inside the wind tunnel in order to find an 

optimum shape and arrangement of the filaments. 

 



 

 

 

 

Fig. 28. Some examples of 3D printed screen models manufactured to evaluate the optimum 

geometrical filament parameters. 

 



 

 

.  

Fig. 29. Close-up view of a 3D printed screen inside the test chamber of the wind tunnel where 

attached fog water drops can be observed. 

 

 

 

Fig. 30. Upper view of grooved vs. smooth conical filaments designed (top) and 3D printed 

(bottom) to evaluate the effect of surface microtexture. 

 



 

 

 

 

 

 

 



 

 

 

Fig. 31. Images of filaments with different cross-sectional geometries designed to evaluate 

aerodynamical effects. From top to bottom: elliptical, squared and wing-like. 

 

8.2. Interspacing in a row of filaments 
A fog water collector may be visualized as an aerosol filter. The larger the separation distance 

between threads the lower the capacity of filtration, but a too dense mesh would be 

obstructed easily and thus would not let the air pass through. Therefore, a compromise 

between maximising both the impaction efficiency, by increasing the shading coefficient (SC) 

of the screen, and the aerodynamical efficiency, by reducing the coverage fraction of the 

ŎƻƴƛŎŀƭ ŦƛōǊŜǎΣ Ƴǳǎǘ ōŜ ŀŎƘƛŜǾŜŘΦ {ǳŎƘ ŀ άǎǿŜŜǘ-ǎǇƻǘέ ƛƴ {/ ǿŀǎ ŦƻǳƴŘ ōȅ ǾŀǊȅƛƴƎ ǘƘŜ ŎŜƴǘŜǊ-to-

center interspacing between filaments from 1.5 up to 8 mm, rendering a shading coefficient 

from SC=64 down to SC=12 %, respectively, and measuring the collected water volumes in the 

wind tunnel. A maximum around SC=34.8% (2.7 mm center-to-center spacing) was obtained, 

i.e., as expected, a rather dense but not too closed lattice was optimal. This maximum is 

reached at the cross point between the water yield per filament and the number of filaments 

in a row (Fig. 32). Numerical simulations confirmed that, with such shading coefficient, 

pressure drops are small and that the air flow crosses the screen with ease (Fig. 33). 

 



 

 

 

 

Fig. 32. Variation in the fog water yield as a function of the shading coefficient (SC) from a 

widely open screen (left) to a closely spaced arrangement of filaments (right). Top: Solid circles 

correspond to the water collected by fibre assemblies with different interspacing, i.e. SC, and 

the line is the data fitting curve. Bottom: Yield per filament and number of filaments for 

different shading coefficients tested.  

 

 



 

 

 

 



 

 

 

 

Fig. 33. Numerical simulations of a single layer screen inside the test chamber. Three-

dimensional (top) and cross-sectional view of the trajectories, velocity and pressure fields at 

wind speed of 3 m s-1. Upper panels correspond to a screen with SC=34.8% and the lower 

panels to SC=64%. 

 

8.3. Angle of inclination of the row of filaments 
Theoretical and experimental results indicate that the angle of inclination of filaments affects 

the fog water collection ability. The explanation is rather complex due to different concomitant 

effects. Changes in the angle of attack of the wind stream affect the Stokes number, i.e. the 

impaction, but also the aerodynamic efficiency. Additionally, the drag forces exerted on the 



 

 

pinned drops vary depending on the tilting of the screen. The cross-sectional area exposed to 

the wind flow decreases with the angle of inclination and therefore presumable improvements 

in the collection rate of a yawed screen must be balanced with such a loss in collection surface. 

In order to test the possibility of maximising the fog water collection yield by inclining the 

screen, the optimum spacing arrangement discussed above (SC=34.8%) was tilted from 60° to  

-60° in steps of 15° with respect to the vertical in a series of experiments carried out in the 

wind tunnel (Fig. 34). Tilting the screen either in the direction of air flow (positive angle) or 

countercurrently (i.e. negative angles) decreased the water collection due to the loss in cross-

sectional area (cf. orange and grey symbols in Fig. 35). The yield was more than 1.5-fold at 

±60° with respect to that obtained with the screen positioned vertically (0°), if the reduction in 

vertical area is corrected (orange symbols in Fig. 35). Small tilting angles (< 30°) did not 

suppose a significant reduction of fog water collection, despite the decline in orthogonal 

projected area.  

 

 

Fig. 34. An inclined screen inside the wind tunnel test chamber where pinned fog water drops 

may be observed. 

 



 

 

 

Fig. 35. Dependence of the fog water yield of the screen with the angle of inclination. Angles 

are referred with respect to the vertical (0°). Positive signs indicate orientation in the direction 

of the air flow while negative values correspond to tilting the screen counter-currently. Orange 

symbols refer to yields after correcting per cross-sectional vertical area. Top: experiments 

carried out with two fog systems in parallel, i.e. ChillBooster and Humisonic, and therefore a 

wide range of droplet diameters (1-рл ˃m); bottom: experiments carried out solely with the 

Humisonic fog system, i.e. small (1-р ˃Ƴύ ŦƻƎ ǿŀǘŜǊ ŘǊƻǇƭŜǘǎΦ 

 

8.4. Number of rows 
An arrangement of parallel fibres, as the one discussed so far, permits rapid evacuation of 

pinned drops and minimises clogging due to the absence of crosslinked intersections where 

water films adhere. However, the shading coefficient (SC) halves with respect to an 

intertwined screen comprising both vertically and horizontally oriented filaments. The 

impaction efficiency is affected by the SC, reaching a maximum beyond which aerodynamical 

effects come into play (Figs. 32, 33). One way of increasing the SC is by placing different 

staggered filament rows in parallel (Fig. 36). We expect that this would promote the impaction 

of droplets without significantly affecting the aerodynamical efficiency. Fog water droplets 

scaping the first row would be captured by subsequent ones further downwards and thus the 

collection of fog water may be improved. The results shown in Fig. 37 confirm this. Water yield 

was 1.5-times higher as the number of impacting screens increased from 1 up to 4. However, 

no much improvement was achieved beyond the second layer, such that the fog water 

collection levels off up to a plateau after this. Therefore, from the point of view of cost and 

manufacturing, more than 2-3 rows do not seem to represent much extra benefits. The 

experimental results were verified numerically via CFD simulations (Fig. 38). 



 

 

 

 

Fig. 36. Designed (top) and 3D printed array of four parallel screens. 

 

 

Fig. 37. Variation in the fog water yield with the number of parallel screen rows. 

 



 

 

 

 

Fig. 38. Numerical simulations of a three-layer flat screen inside the test chamber. Cross-

sectional view of the trajectories and velocity field (top); pressure field (bottom) at wind speed 

of 3 m s-1. 

 

8.5. Curvature of the screen 
Theoretical results indicate that the curvature of the screen affects the aerodynamics via the 

drag coefficient of a blunt object, and that concave screens are more aerodynamically 

efficient. Consequently, different C-shape geometries, either concave or convex (Fig. 39), were 

tested in the wind tunnel and yields were compared with a flat screen. Note, however, that C-

shape screens have a larger perimeter (that is, a greater number of filaments and therefore 



 

 

larger shading coefficient) than a flat screen with equivalent frontal area perpendicular to the 

wind. Thus, we compared C-shape and flat geometries with both equal shading coefficient 

(SC=35%), that is, same number of filaments unequally spaced (Fig. 40), and with constant 

separation distance of filaments (2.7 mm) and therefore different SC=56%. The results show 

that, although collection yield increased with the screen curvature (either concave or convex), 

this improvement was compensated if corrected by the number of filaments (i.e., equal 

projected shading) (Fig. 41). Furthermore, a curved screen also occupies a higher ground area 

(diameter ³ radius), and thus it results more advantageous to cover the same space with 

parallel staggered flat screens, as discussed in the previous section. This decision was also 

taken based on CFD numerical simulations of a three-layer concentric concave arrangement 

(Fig. 42). 

 

Fig. 39. An example of a 3D-printed concave screen used to study the effect of curvature on 

the fog water yield. 

 

 

Fig. 40. Redesign of a curved screen in order to accommodate variable separation distances 

between filaments and therefore a projected shading coefficient equivalent to a flat geometry. 

 



 

 

 

Fig. 41. The effect of curvature, i.e. concave (C-VE) and convex (C-EX), with both equal 

(SC=35%) and non-equal (SC=56%) shading coefficient, with respect to a flat screen (red bar) 

on the fog water yield.  

 

 



 

 

 

Fig. 42. Numerical simulations of a three-layer concave screen inside the test chamber. Cross-

sectional view of the trajectories and velocity field (top); pressure field (bottom) at wind speed 

of 3 m s-1.  

 

8.6. Ladder-like arrangement of the prototype 
With all the information gathered in the multiple experiments carried out and discussed in 

previous sections, we designed a prototype of the fog water collector that includes the optimal 

features of the different aspects investigated: shading, number of screens, inclination, 

curvature, etc. As already commented in section 4, a ladder-like 3D-structure was proposed in 

order to solve many of the inconveniences of traditional FWC. However, in order to be able to 

test this 3D prototype inside the wind tunnel, some modifications had to be carried out in the 

test chamber. In particular, the lower methacrylate side of the chamber had to be replaced by 

some kind of collecting surface that permits channelling all the water dripping from the 3D 

ladder. We opted for an inclined ramp that drips into a gutter below. Firstly, we carried out 

different numerical simulations, in order to study the effect of this new element on the air flow 

and what disposition of the ramp would be the least disturbing (Fig. 43). 



 

 

 

 

 

 






































