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ABSTRACT: Among the different methods of water supply, extracting water from atmospheric fog has
recently received more attention from scientific communities due to its advantages and unique features.
In this method, water droplets are trapped and separated from the air using metal meshes. The main
challenge facing this technology is the low efficiency of water harvesting from humid air. To overcome
this issue, the idea of using a metal porous collector has been tested in the presence of an electrostatic
field. Parameters such as the porosity percentage of the collector, airflow speed, electric field intensity,
and the distance between the emitter and the collector (field distance) on the water harvesting efficiency
were studied experimentally. In the range of investigated porosities, the efficiency of the fog collector has
its maximum value with a porosity of 95.6%. Also, reducing the field distance increases the efficiency.
Investigating the effect of electric field voltage on the efficiency of the device showed that with the
increase in voltage from 15 to 24 kV, the efficiency increases from 21% to more than 42%. At this
voltage, the phenomenon of voltage saturation has occurred, so that a further increase in voltage does
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not have much effect on the efficiency. Investigating the effect of flow speed showed that the maximum  Water harvesting efficiency

efficiency of the device was achieved at a speed of 1.1 m/s.

1- Introduction

One of the new methods of water recovery is extracting
water from fog or dew, or in other words humid air. In this
method, water harvesting can be easily done by fine meshes
or harps (with vertical metal wires) installed in the path of the
fog flow. When the fog hits the mesh, the water particles are
trapped in the spaces between the fibers and collected as water
droplets in a tank. This device which is named Fog Collector
(FC) has usually low efficiency [1]. A significant fraction
of the water droplets do not have an effective collision with
the fibers and go around the mesh, which is one of the main
reasons for the low efficiency of traditional fog collectors. To
overcome this problem, in recent years, electrostatic force has
been used to charge water droplets and guide them toward the
mesh. Reznikov [2] increased the overall efficiency of an FC
device by about 16% by using a metal mesh and an electric
field. Damak and Varanasi [3] studied the factors affecting
collection efficiency. It investigated the effect of single-wire
and double-wire emitters and the distance of mesh rows on
water collection. In another study, Yan and Sun [4] found that
fog droplets floating in the air control the corona discharge
process, and the effect of fog droplets is more significant
than humidity changes; Also, with the increase in fog
concentration, the discharge flow decreases.

This study aims to increase the FC efficiency using the
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porous metal collector and electrostatic field simultaneously.
In this regard, while designing and building high-voltage
electrical circuits to create an electromagnetic field and
charge water droplets, the effect of factors such as the
porosity of the metal collector, the velocity of the wet airflow,
the voltage of the electric field, and the field distance on the
water harvesting efficiency have been studied.

2- Experimental Setup and Research Method

An experimental setup consisting of three different units
of electricity, a humidifier, and a collector. Direct electric
current (DC) with high voltage is needed to create a magnetic
field with the desired conditions to charge the water droplets
in the fog. The electrical unit of the FC includes various
components such as an adapter, power box, transformer,
voltage multiplier, multi-meter, voltage indicating probe,
cables, and insulators.

The humidifier unit, according to Fig. 1 includes a water
storage tank, connecting pipes, two piezoelectric vaporizers,
a liquid level gauge, an electric variable speed fan, and also a
variable adapter. In this part, water vapor is produced by two
piezoelectric pieces and the humid air is moved toward the
collector by the fan.

Fig. 2 shows the position of the metal porous collector in
the experimental setup. The electric device’s positive output
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Fig. 1. The humidifier unit of the fog collection device
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Fig. 2. The position of the electric field electrodes.

is connected to the steam generator’s end, and the negative
output is connected to the metal porous collector. The fog
droplets are charged by a magnetic field formed between the
emitter and the collector and attracted to the porous body.
Carbon steel interlaced wires were compressed inside a
Polyvinyl Chloride (PVC) pipe to make the porous collector.

3- Results and Discussion

The effect of the distance between the emitter and the
collector on the harvesting efficiency of the FC device is
shown in Fig. 3. The tests were carried out using a collector
with a porosity of 95.6. The flow velocity is equal to 1.1 m/s,
and the device’s voltage is set to 24 kV. According to the
figure, the efficiency decreases as the distance increases. One
factor affecting the field’s intensity is the distance between the
two negative and positive poles, that is, the distance between
the collector and the emitter. By changing this distance, the
force of the electric field on the water droplets also changes.
According to the results, as the distance increases, the intensity
of the field decreases, and its effect on water droplets floating
in the air decreases.

In Fig. 4, the field intensity’s effect on the water harvesting
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Fig. 4. The effect of field intensity on FC efficiency

efficiency has been investigated. For these tests, a collector
with a porosity of 98.1% was used, the flow velocity was set
to 1.1 m/s, and the field length was set to 6 cm. The results
show that the FC efficiency has increased with the increase
in the intensity of the electric field. The increase in efficiency
occurred at first with a very large slope, but when the voltage
reached 24 kV, it seems that the phenomenon of voltage
saturation occurred. In this limit, increasing the voltage will
not affect the amount of water extraction.

To investigate the effect of flow velocity on the FC
efficiency, the input voltage was set to 24 kV, and the field
distance was set to 6, 8, and 10 cm in three separate tests. The
results are presented in Fig. 5.

According to this figure, for all field distances, the
maximum efficiency has been achieved at the velocity of 1.1
m/s. At velocities higher than 1.1 m/s, the drag force applied
to the droplets is such that it overcomes the electric force
applied to them and causes the droplet movement path to
deviate from the electric field lines and reduce the efficiency
of the device.

Four metal collectors with different percentages of
porosity were used to investigate the effect of porosity on
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Fig. 5. The effect of flow velocity on FC efficiency

efficiency. The field length was set to 6 cm, the applied
voltage was 24 kV, and the flow velocity was 1.1 m/s. The
obtained results are presented in Fig. 6. The results show that
the highest amount of extracted

water has been obtained in the metal collector with
a porosity of 95.6%. The conflict between the effects of
capillarity and the blocking of wet air passageways determines
the optimal point in the porous collector.

4- Conclusion

This work studied the effect of factors such as metal
collector porosity, wet air flow rate, electric field voltage, and
field distance (emitter-collector distance) on the efficiency
of dewatering from the fog of an FC device. The highest
dewatering efficiency was obtained at the flow rate of 1.1 m/s,
a field intensity of 24 kV, and a porosity percentage of 95.6%.
The results showed that reducing the distance between the
emitter and the collector increases efficiency. Investigating
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Fig. 6. The effect of porosity on FC efficiency

the effect of electric field voltage on the device’s efficiency
showed that by increasing the voltage from 15 to 24 kV, the
device’s efficiency increases from 21% to more than 42%.
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Fig. 2. Overview of the electrical circuit system in experimental setup
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Fig. 3. The humidifier unit of the fog collection device
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Fig. 4. The porous collector was created by placing metal fibers in a plastic tube
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Table 1. Specifications of four different porous collectors
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Fig. 5. (a) Schematic diagram of the water harvesting experimental setup including the electrical circuit

system, humidifier unit and water collector unit and (b) the real photo shows how the electric field elec-
trodes are placed.
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Table 2. Performance of Fog Collector (FC) with and without electric field
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Fig. 6. Schematic diagram of the forces acting on a water droplet moving under a magnetic field
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Table 3. The measurements repeatability of the fog collector efficiency with respect to the distance
between the emitter and the collector
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Fig. 7. The effect of electric field distance on fog collector efficiency

Cowdty ol ¥ Jgdo 0 LS5 5k dw ol lalps bis b ile]
bl opl lodly s (SaSTy cdeas amd o &1l 1) lajialos] 5 ol
ool ol o3l LS Y JSS 3 (16Ske Hlade 51 Gl ool D5 ol pes &
Cnl b (ol o35l adlols (I ) el &S o len
G P Jeles I (SOl o ol Lials Gl gadee
ouiS JouS g yoislS alold g Cute g (gite b 9> ol ¢l
56, T b )l (S SU lae goy Aol (l 5 L

2ol 350 5 08 e 0l alols [l b zls gillas S o i

00

SGS o 8 5SS Caows 4 e bglas

JYSCO ANV O TR USSR o
9 (skoye Slop (2,5 Hlmd) oS S Alold b iz ) 3
old Lo g 0 4zl 4S5 b olKawd Loyl olod A susy 9SS
Slg o L 0o Jd5cte s (69, 2 talej] 9850 00l s
Y. cm b 5 s J»o‘ﬁs Jel 9Y\c kV )gl)g L;)LJ9 9 \/\ m/s )gl)g

2 b ilesl jlael 1 slisebl 5 (6l LSS oy yslaieds 05 ploc]



£+ U Y0 aaw MYV Jl.w A b)Lo.m AT 0,93 ‘),.S)ml t_i.uls.o @“W :b).u.u

45 T
40
&
s
z 351
=
Q -
5
£ 30 F
=
25 +
20 + " " :
10 15 20 25 30 35

Voltage (kV)

a0 51 &l (590 @en 0l&iwd 033U 1 (S pSII liwe Ciwd pi G A JSUS

Fig. 8. The effect of electric field intensity on fog collector efficiency
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Fig. 9. The effect of flow velocity on fog collector efficiency at different field distances
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Fig. 10. The effect of collector porosity on fog collector efficiency
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