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a b s t r a c t
Following the decline in rainfall in most countries, especially in arid zones, the urge for desalination 
to compensate water crises has increased. Water has always been vital to our lives. Given the fact 
that the amount of sanitary water available is low, we have to discover methods for water desali-
nation on Earth. One of these methods is the use of solar stills for desalinating the brackish water. 
However, low production of available desalination plants necessitates finding ways to increase their 
output. Recently, this area has attracted a great deal of scientific attention. There are several meth-
ods to augment the water production in solar stills, one of which is the betterment of solar stills via 
airflow. The present study aimed to introduce different solar stills employing airflow in their struc-
tures. This research demonstrated that solar stills would have a better performance if they benefited 
from airflow.
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1. Introduction

The volume of water on the floor is steady in a closed cir-
cular closed orbit. Consumable water on Earth for different 
uses (agriculture, industry, and drinking water) accounts for 
only 3% of the total amount of water [1,2], three quarters of 
which are in the polar ice caps and out of reach for humans 
[3–5]. The United Nations General Assembly has notified 
that water is inaccessible to half of the population in the 
developing countries. In addition, 75% of human illnesses 
stem from water shortage [6]. World Health Organization 
(WHO) has warned that 80% of human-induced diseases are 
directly associated with water [7,8]. If safe water is available 
to all humans, infant mortality caused by many diseases 
(diarrhea) will be substantially reduced [9,10]. Societies 
need adequate water to supply energy, drinking water, 

and food. Nowadays, global demand for food production 
is gradually increasing at very high rates [11]; for instance, 
agriculture consumes about 70% of all the available water 
[12,13]. Despite these shortcomings, scientists have sug-
gested that the desalination of seawater can help overcome 
the crisis [14]. There are several methods for desalination 
of water, a number of which require high-tech technologies 
and high energy consumption and are suitable for cities 
with central purification facilities [15]. However, there are 
also some simpler alternatives that can be applied individ-
ually in homes and the countryside. One option would be 
the use of solar distillation in warm and dry areas where 
solar energy is free and abundant [16–18]. This method is 
easily operated and low-cost; nonetheless, water produc-
tion via solar desalination is low [15]. Therefore, airflow 
is employed to promote the stills and enhance freshwater 
production. According to studies, the methods applying 
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this strategy function as follows: heating the basin via water 
heaters, air bubble technique, airflow in wicker desalina-
tion, airflow in multi-effect desalination, use of a fan and 
condenser to create forced discharge flow, simultaneous use 
of a fan and thermoelectric in desalination structure, use of 
a solar chimney, and use of airflow for glass cooling. There 
are also several studies on the efficacy of wind velocity and 
air temperature in solar desalination systems. The most 
important objective of this research was the recognition of 
practical methods of yield promotion in solar stills via air-
flow. In this paper, diverse methods of applying airflow in the 
structure of solar stills were described. Fig. 1 demonstrates 
multiple designs of solar stills in which airflow is utilized.

2. Mechanisms of heat and mass transfer in 
conventional solar stills

In this paper, the effect of airflow on the performance of 
different types of solar stills was reviewed. The heat trans-
fer coefficient between air and still surfaces has a key role in 
the performance of solar stills. Therefore, in this section, the 
equations of this coefficient are presented for the categories 
of solar stills classified in Fig. 1.

The convective heat transfer coefficient between the air 
and glass cover for a solar still is as follows [19–21]:

h Vc g a, . .− = + ×5 7 3 8 wind  (1)

where Vwind is the wind velocity.
For a solar still with air bubbling technique, the volu-

metric heat transfer coefficient between air and water is as 
follows [22]:
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where LMTD is the logarithmic mean temperature differ-
ence between air and water, G is the airflow rate, and Z is 
the water level.

For a solar still integrated with a solar air collector, 
the heat transfer coefficient between the airflow and the 
channel is related to the Reynolds number as follows [23]:
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where Pr is the Prandtl number, Lg is the length of the glass 
cover, and Dh is the hydraulic diameter of the air channel.

3. Different methods of using airflow in solar stills

There are two kinds of solar stills, namely active and pas-
sive modes [9,10,24,25]. In passive modes, only solar energy 
enters the basin without any intermediaries, thereby heating 
the water inside [15,26,27]. Nevertheless, in active modes, in 
addition to the solar radiation, the energy enters the still from 
a separate device (solar collectors, heat pipe, photovoltaic 
panels) to augment the yield [28,29]. Fig. 2 illustrates differ-
ent types of active and passive solar stills.

4. Different methods of using airflow in a 
single-effect active solar still

4.1. Heating the basin water with solar air collector 
(using solar energy for heating the air)

Solar air collector has been employed by researchers to 
raise the water temperature and heat transfer coefficients 
in the solar distillation systems [22]. The most simple air 
collector has a channel in which the air flows between the 
absorber and backplate [30–32]. Once the sunlight shines to 
the collector, the rays are transmitted from the glass to the 
absorber, thereby heating the air [33]. Several researchers 
have combined air collectors with solar stills to augment the  
efficiency.

Azari et al. [34] conducted an experimental study on a 
solar still integrated with a v-grooved solar air collector and 
reported the enviroeconomic and exergoeconomic param-
eters as shown in Fig. 3. They compared the results with a 
conventional still and the area in both stills was 0.4 m2 and 
the air collector area was 0.5 m2. The hot air from the solar 
air collector entered the bottom channel of the still to increase 
the basin water temperature. The annual yield of the modi-
fied and conventional solar stills were respectively 898.81 
and 333.06 kg/m2. They concluded that the yield in the 
hybrid still increased by 170% compared with that of the  
conventional solar still.

Kabeel et al. [12] coupled a still with an air heater and 
applied PCM to raise the distillation rate. They designed 
some holes on copper tubes to distribute the hot air bubbles 
from air collector to the basin water. The water production 
rose by about 108% in comparison with the common 
solar still. The freshwater yield was 9.36 L/m2 d for the 
designed solar still.

Abdullah [13] studied a solar still connected to an air col-
lector (Fig. 4). The traditional solar still and the system in the 
study were compared. Therein, the hot air from the collec-
tor was transferred into the stepped basin to heat the water. 
With the flow of air, the system showed higher productiv-
ity than the conventional type. The water production of the 
system was 6.3 L/m2 d. The yield increased by 85%. A cov-
er-cooling method and an air collector were simultaneously 
employed. The yield rose by 112% compared with the con-
ventional type. Fig. 4 portrays the aforementioned system.

To increase the desalination production rate, higher 
temperature difference between evaporation and distilla-
tion surfaces is an important factor [35,36]. Therefore, the 
basin water temperature should increase or the glass cover 
temperature should decrease. Both of these methods affect 
the other one. Ladouy and Khabbazi [15] applied instanta-
neous heating to raise the air temperature in a triangular 
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desalination system. The method includes air heating 
without raising the temperature of cold surfaces in the 
still. They employed an electric heat exchanger with PV 
panel to increase the water temperature with discontinu-
ous method. Three types of heating modes (10, 20 and 45 s) 
were utilized in 15-min time intervals for the discontinuous 

heating method. The 20-s mode was regarded as the best 
time period in their experiments. In comparison with other 
methods without any air heating, the results revealed that 
through the use of this heating method with air, the effi-
ciency was improved by 5%. The increase in desalination 
rate was also about 19%.

El-Zahaby et al. [16] studied a solar still with stepped 
basin connected with a water sprinkler system. They imple-
mented electrical air heaters to distribute hot air under 
the solar still. They investigated different water flow rates 
and motor speeds. They also studied the effect of brackish 
water temperature and power consumption on the sys-
tem performance. Under the most optimum conditions, the 
yield was 54.48 L/m2 d and the thermal efficiency was 50%. 
The yield was increased because of using two air heaters.

Eltawil and Omara [26] designed a solar still attached 
with some instruments, such as a water heater and a solar 
air heater. In their experiment, they linked the solar still 
with an air collector and a condenser. In another exper-
iment, hot water-atomized unit and air collector and 
condenser were attached to the solar still. For coupling 
the air collector with still, hot and dry air was first suc-
tioned from the air collector and entered the solar still. 
Afterwards, the air bubbles were formed and split on the 
water in the basin. The velocity of hot airflow was about 
0.7 m/s. The hot air circulation increased the heat transfer 

Fig. 2. Classification of different solar stills.

  
Fig. 1. Classification of different methods of using airflow in solar stills.
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Fig. 3. Sketch of solar still integrated with solar air collector [34].

 
Fig. 4. Diagram of a solar still attached with an air heater [13] (Reprinted with permission from Elsevier).

 
Fig. 5. Diagram of the experimental system [22] (Reprinted with permission from Elsevier).
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in the still. The percentages of improvement in the yield, 
once the solar still was integrated with the hot water-atom-
ized unit and hot air and condenser were 148% with 29%, 
respectively.

If an air collector is employed to heat the basin water, 
hot air can be used for other purposes, such as drying 
agricultural products or in air conditioning systems. It is 
worth noting that an increase in the water temperature 
with hot airflow should not reduce the temperature dif-
ference between hot and cold surfaces in a solar still since 
the amount of production and efficiency of the still will 
decrease. To prevent this phenomenon, different methods 
can be used for cooling the glass cover.

4.2. Air bubbling technique

Creation of air bubbles in the water is a method for 
enhancing the vaporization rate. Pandey [29] conducted 
certain experiments on the effects of air bubbles on the 
operation of solar desalination systems. He carried out four 
types of tests to find the best solution for improving the still 
performance. These methods were as follows: the ambient 
air bubbling, bubbling of ambient air that was dried with 
CaCl2 traps, the simultaneous bubbling of dry air and glass 
cooling, and glass cover cooling only at last. For drying 
the ambient air, he placed the CaCl2 traps between the air 
pump and the still. Applying dry air bubbling technique 
was on account of the increment in the water absorption 
capacity with air bubbles. The glass was cooled by passing 
water through it. The results illustrated that the highest 
yield of about 47.5% belonged to the simultaneous bub-
bling of dry ambient air and glass cooling.

Halima et al. [22] designed a mechanism creating air 
bubbles in the water. They installed a plate with some 
holes at the basin, distributing the air in the water, as in 
Fig. 5. The effect of airflow rate and water depth was exam-
ined in their work. They also studied the heat and mass 
transfer coefficients in the still. They compared their sys-
tem with a common solar still. The findings demonstrated 

that the bubbler basin had a higher efficiency. The high-
est water production rate was 14 Lm2/h for the basin water 
temperature of 70°C.

Porta-Gándara et al. [37] studied a simple solar still with 
air bubbling technique experimentally. They simulated the 
system via a computer program and compared the experi-
mental and theoretical results. They utilized a PV panel to 
supply the electric power of the air pump and defined a fac-
tor to show the effect of air bubbling method. A 12% increase 
was observed in the yield for this type of system, which is 
depicted in Fig. 6.

In the air bubbling technique, air bubbles cause pertur-
bation on the surface of the basin water, increasing the mass 
transfer coefficient and consequently the rate of water evap-
oration. In this method, the cost required to set up the sys-
tem to create air bubbles and the rate of increase in water 
production must be proportional.

4.3. Simultaneous use of fan and condenser

To increase the freshwater production, it is essential to 
take out the heat from the condensation surface of a solar 
still. Some researchers have implemented both fan and exter-
nal condenser in the structure of solar stills. The fan removes 
the steam from the still and leads it toward the condenser. 
Bhardwaj et al. [38] shed light on the effect of plastic chan-
nels on the desalination rate of the solar stills. In addition, 
they checked the efficacy of placing a fan inside and outside 
the still and even evaporation cooling on the distillation 
rate. They concluded that the simultaneous use of evapo-
ration cooling and an external fan was more suitable than 
the use of a fan in the still. The efficiency of the still was 
32.3% when using an outside fan.

Kumar et al. [39] studied the result of agitation and 
external condensation on a solar still efficiency. The still was 
equipped with a shaft connected to a DC motor as a motive 
and a condenser and an exhaust fan. The fan and the con-
denser raised the air circulation and vapor condensation. 
Once the steam was extracted by the fan, the glass temperature 

 
Fig. 6. Solar still with air bubbling technique [37] (Reprinted with permission from Elsevier).
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was lowered, resulting in a higher condensation value. The 
solar still enhancement regarding condensation rate was 
39.49% on account of air circulation. Yeh and Chen [40] found 
energy balance equations for a solar still by employing air 
flowing through it. The steam was directly evaporated by 
the preheated air stream, entered the condenser, and was 
cooled by the fan, as shown in Fig. 7. Significant improve-
ments in the production were observed once water vapor 
was directly drained out of the still via the flow of air. Wind 
velocity and the airflow rate were the studied parameters 
affecting the water production rate. Employing a fan and a 
condenser, the efficiency reached 60%.

Rahim [41] coupled a solar still with a condenser and a 
fan. Therein, vapor was distilled before touching the glass. 
The copper tubes were held under the water tank and oper-
ated as a condenser. The vapor was removed from the still 
via a fan and entered into the tubes. This system made it pos-
sible to control the temperature difference among the cool 
and hot surfaces. This temperature difference enhanced the 
production. Without using a fan or a condenser, the output 
was 19.41%, but after applying this technique, the efficiency 
reached 29.55%. Certain parameters, such as air temperature 

and air velocity, were investigated in order to find the best 
conditions.

Nijegorodov et al. [42] described the governing equa-
tions of the traditional solar stills. They proposed that it 
was better to consider a condenser for water vapor con-
densation and to apply the latent heat of evaporation to 
preheat the water in the still. They used a fan to take out 
the vapor via the condenser. They proposed PV panels to 
supply the electrical power of the fan (Fig. 8). With a 100-W 
exhaust fan and a condenser, they obtained about 1 L/m2h 
of freshwater whereas in the conventional type, the yield 
was only 0.4 L/m2h.

Kabeel et al. [43] investigated the efficacy of a con-
denser using nanoparticles on the desalination yield in a 
still and the effect of water vaporization at different speeds 
of a fan. They studied the freshwater output in different 
speeds of the fan. Owing to airflow, the water generation 
increased. Using nanofluids, when composed with a fan 
and a condenser, improved the yield of the still by 116%. 
Cost analyses were performed for both conventional and 
designed solar stills. The cost of 1 L of freshwater using 
the modified solar still was $0.05.

 
Fig. 8. Schematic view of the system [42] (Reprinted with permission from Elsevier).

 
Fig. 7. Solar desalination unit with airflow [40] (Reprinted with permission from Elsevier).
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El-Samadony et al. [44], examined a stepped solar 
still. They linked reflectors, a condenser, and a fan to 
the still. They also utilized a fan for removing the vapor 
from the basin. The output was great owing to the fan 
letting the air flow via the still and raising the vaporiza-
tion rate. The productivity in the solar still with a reflec-
tor, a condenser, and an air suction fan was 165% higher 
than that of a usual one. They calculated the cost of water 
production with solar stills, which was $0.036/L of that 
with the designed still.

Hassan et al. [45] studied four different types of active 
solar stills and compared their performances by evaluat-
ing the exergy, energy, enviroeconimic parameters, and 
exergoeconomic parameters. In one of their designs, they 
replaced the backplate of the solar still with a heat sink and 
integrated the still with a solar collector and a condenser 
and fan with air-cooling flow. The experimental setup is 
illustrated in Fig. 9. The output of this distillation system 
was 9.11 L/m2d. The energy and exergy efficiency of the sys-
tem were respectively 18.7% and 1.332%. The cost of water 
per liter was $0.021138 L.

Using a fan and a condenser, the fan increases the 
heat transfer rate since it causes forced air flow in the sys-
tem. In addition, the evaporation rate increases with the 
reduction in the pressure inside the solar still by removing 
non-condensable gases from the still to the condenser.

4.4. Using thermoelectric and fan

When using thermoelectric and fan, the fan is utilized 
to create airflow for cooling the thermoelectric modules. 
Thermoelectric modules can be applied in two different 
ways for basin water heating or glass cover cooling pur-
poses. Rahbar and Esfahani [46] designed a new desalina-
tion unit, applying thermoelectric modules, a heat pipe, 
and a fan in its structure. Employing the fan, the tempera-
ture difference between the thermoelectric module and 
the inclined wall of still was created. The airstream produced 
by the fan cooled the heat pipe and thermoelectric. The 
thermoelectric module also served to cool down the glass 
cover, thereby increasing the freshwater. They investigated 
the effect of wind velocity, ambient temperature, and solar 

radiation on the performance of the still through several 
experiments. The annual yield of their designed solar still 
was 180 L/m2. The cost of one litter of water was $/0.18 L/m2.

Proceeding the previous work, Rahbar et al. [47] stud-
ied a portable solar still with three thermoelectric mod-
ules and three fans installed on it. Thermoelectric modules 
were cooled via airflow using three fans outside the still 
(Fig. 10). The desalination rate was 0.5 L when the solar 
intensity was 25,500 J/m2. A 3.2% increase was observed in 
water output because of using thermoelectric.

In another study, Rahbar et al. [48] conducted an 
exergy analysis for a solar still with thermoelectric heat-
ing modules. A Plexiglas sheet was employed to build the 
basin. In their design, four thermoelectric modules were 
installed to preheat the water and four fans to circulate air-
flow for cooling thermoelectric modules. They evaluated 
the energy and exergy efficiencies. Exergy efficiency was 
enhanced by time and the highest exergy rate was 25%. Cost 
analysis showed that the cost of one liter of the produced 
water was $0.1422 L/m2 in their design.

4.5. Using a fan

The forced convection flow is applied to cool the 
desalination plant when a fan is used. In these methods, 
photovoltaic modules can be employed to supply the 
required power. Air flow rate is a highly influential param-
eter in the water production of solar stills and should 
be considered within a reasonable range. The result of 
utilizing a fan on the quantity of yield in solar still was 
reviewed by Al-Garni [49]. Several experiments were car-
ried out to check the temperature of different parts of 
the still and output of the system in different fan speeds. 
It was concluded that a slight decline in the temperature 
of the glass and water was caused when the airflow speed 
changed from 7 to 9 m/s via a fan. The still yield decreased  
by 4%–8%.

 
Fig. 9. Solar still with a heat sink integrated with a solar col-
lector and a condenser and fan with an air-cooling flow [45] 
(Reprinted with permission from Elsevier).

 
Fig. 10. Experimental view of the solar still [47] (Reprinted 
with permission from Elsevier).
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To examine the forced convection effect on the pyra-
mid-shaped solar still efficiency, Taamneh and Taamneh 
[50] installed a fan functioning through photovoltaic solar 
panels on the glass in order to create airflow in the still 
(Fig. 11). The fan caused turbulence in the air containing 
water vapor above the saline water, removing it from its sur-
face. As the water vapor was removed faster from the water 
surface, the evaporation rate increased by 25%.

Suneesh et al. [51] studied a v-shaped solar still. They 
evaluated the yield of the solar still via airflow on the glass. 
With cotton gauze cover and airflow, the yield rate reached 
4.6 L/m2d. Two fans were implemented and the velocity 
of airflow was 4.5 m/s. Cost analysis was also conducted 
in their research; for the system with airflow, the cost of 
water production was $0.028 kg. Fig. 12 exhibits the system.

The air motion effect in the still was experimentally 
investigated by Ali [52]. Therein, three types of experiments 
were performed with the following methods: first, with a 
non-insulated air channel with a fan, secondly, with an air 
channel with a fan, and thirdly, as a conventional solar still. 
The output was 55.6% higher than the third one while we 
had a fan and non-insulated air channel. The air circulation 

created by the fan reduced the surface tension of the water 
and increased the vaporization.

The influence of forced convection in a solar still via 
a mathematical model under a computer program was 
examined by Ali [53]. He first modelled a simple solar 
still theoretically and then investigated the airflow effect 
in his model. Accordingly, air circulation augmented the 
yield through the heat and mass transfer coefficients. 
There was a 30% enhancement in the output through the 
air-vapor mixture motion.

4.6. Using a solar chimney to create air circulation

In the method using a solar chimney, the air flow inside 
the basin causes water vapor to escape from the solar still 
to the plenum chamber. It then flows into the copper pipes 
cooled by water and condenses. In this method, when the 
temperature difference in the solar chimney decreases, the 
Buoyancy pressure difference and the density rate also 
decrease. Refalo et al. [54] investigated the integration of 
a solar chimney and a solar still (Fig. 13). They compared 
the yield and temperature of different parts in simple and 
chimney distillation systems. The chimney effect increased 
the vaporization by the airflow. The studied solar still 
employed the solar chimney that was a passive airflow 
generator. A solar chimney able to create air circulation 
enhanced the heat transfer, and as a result, the vaporiza-
tion. The efficiency was enhanced by 8.8% and the water 
output was 5.1 L/m2d.

5. Employing airflow in multi-effect active solar stills

5.1. Using air flow in wick type solar stills

In wick type solar stills, the wick is applied to amend 
the vaporization rate. There are several types of wick 
desalination units with different mechanisms, within 
some of which the airflow has been used for the better-
ment of the system. Mink et al. [55] studied a wick type 
solar still and utilized airflow. In their system, the brack-
ish water first came to the lower channel through a spi-
ral conduit and floated into the wick on a channel. The 
ambient air, after entering the upper channel and being 
warmed by the sun, absorbed and saturated the vapor and 
then entered the lower channel and was condensed into 
a spiral conduit. Finally, the produced water entered the 
water tank. The water in the spiral tube was preheated by 
the latent heat of air condensation on the spiral conduit. 
Applying this system, there will be a three-fold raise in 

 
Fig. 11. Photo of pyramid solar distiller unit [50] (Reprinted 
with permission from Elsevier).

 

Fig. 12. View of the “V” type solar still with two fans [51] 
(Reprinted with permission from Elsevier).
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the vaporization rate. The required electric energy for the 
system was evaluated. They investigated the relationship 
between airflow rate and input water. They extracted a 
diagram for the output water and airflow rate in the sys-
tem and found that with airflow increment until 2 m3/h, 
the yield increased to 1.1 L/m2h and then it was decreased.

Tanaka [56] investigated a wick type still with vertical 
and tilted parts linked to each other (Fig. 14). The vertical 
multi-effect still had a thin air gap among its parts. The air 
gaps in both stills, saturated with moisture, were connected. 
Thus, water vapor was transferred between the vertical and 
tilted parts. In this work, the vapor was taken away from 
the wicks by airflow and condensed on the glass of both 
stills. Thus, the yield increased. Energy balance equations 
were extracted. The output freshwater was 19.2 kg/m2 d.

Yeh and Chen [57] extracted energy balance equations 
for a wick type solar still with airflow through the sec-
ond stage (Fig. 15). According to their study, the efficiency 
could increase by removing the vapor with airflow from 
the still. The produced water was respectively 0.071 and 
0.027 kg/m2 h for the first and second effects of the still, 
when the solar radiation was 180 kcal/m2 h.

Kaushal et al. [58], revealed the differences between a 
common type and a wick type solar still equipped with heat 
recovery system. Accordingly, the water content was high 
because of heat transmission through humid air. The high 
temperatures of float wick surface and airflow increased 
the heat flux through multi-effect solar still. They studied 
the temperature of the different parts of the still, efficiency, 
and output of the distillation system. This system achieved 
21% of enhancement in water output.

Briefly, in wick type solar stills, the ambient air enters 
the still and passes through the wicks and becomes hot 
and saturated. After passing through the solar still, it loses 
its heat and its water vapor condenses. This type of still 
can be utilized vertically and horizontally or as a combina-
tion of both. It should be noted that the cost of these stills is 
lower owing to their simple structure and that they are not 
combined with other devices, such as solar collectors.

5.2. Applying cool air flow for cooling the glass cover

The stimulating factor for desalination technology is 
the temperature difference among evaporating and con-
densing zones [59,60]. Researchers have investigated var-
ious designs to reach this aim. In several papers, airflow 
was applied to cool the glass. In the case of using cool air 
flow for cooling the glass cover, air is applied to cool the 
glass cover. In this method, an air blower is used to flow 
the air into the chamber in contact with the glass cover and 
thus cool the glass. The water performance for cooling is 
better than that of air on account of the high specific heat 
of water relative to air.

Arunkumar et al. [61] investigated tubular solar still 
with airflow over its cover (Fig. 16). Solar radiation was 
reflected via a concentrator and then absorbed with an 

 
Fig. 13. Schematic diagram of solar distiller with solar chimney 
and condenser [54] (Reprinted with permission from Elsevier).

 
Fig. 14. Schematic diagram of the wicked and multi-effect stills 
that were connected to each other [56] (Reprinted with permis-
sion from Elsevier).

 

Fig. 15. A wick-type solar distiller with air flow via the unit [57] 
(Reprinted with permission from Elsevier).
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absorber. An air blower was utilized to blow the air inside 
the tube around the cover at a constant rate of 4.5 m/s. 
Primarily, the experiments were performed without cooling 
fluid flow. Afterwards, tests were conducted to study the 
operation improvement with airflow (at 4.5 m/s) as a cool-
ing fluid. With cooling airflow, the production increased by 
49% and reached 3.05. They compared the results concern-
ing the freshwater production rate when the air and water 
were selected as the cooling flow. They concluded that the 
performance of water was better than that of air owing to 
the higher specific heat capacity of water.

5.3. Multi-effect solar still with air flow through the last effect

If the vapor in the still is directly evacuated by the 
airflow, there is a great rise in the desalination yield. The 
energy balance for the upward-type and double-effect solar 
distiller with airflow through the second-effect unit was 
obtained by Yeh and Chen [63]. The airflow, created via a 
fan through the second effect of still, extracted the water 
vapor from it. Water, produced from the first effect unit, 
was collected in a trough. The water vapor was removed 
through airflow from the second effect and was collected in 
a condenser as extra freshwater. The energy balance equa-
tions were extracted for the still. The yield was more than 
the downward-type unit. They proposed two factors for 
determination of how much the water vapor was saturated.

In another research, Yeh and Ho [63] reviewed a multi- 
effect desalination unit. The air was flown in the last effect; 
thus, the vapor was removed and condensed rapidly in the 
condenser. A great improvement was created in the rate of 
freshwater production by removing steam from the last-ef-
fect unit by airflow. They found about the energy balance 
equations for the system and compared the theoretical and 
experimental results. Water output was 0.363 kcal/m2h on 
irradiation of 547 kcal/m2 h.

5.4. Effect of wind velocity on the performance of solar stills

Numerous parameters affect the distillation yield in 
solar stills, including wind speed [64–66]. Castillo-Téllez 
et al. [67] studied the air velocity role on the output yield, 
temperature distribution, and efficiency in a solar still. To 
analyze the role of air speed, a wind tunnel with transpar-
ent plastic material was made on the glass cover, according 
to Fig. 17. Different ranges of air speed created in the wind 
tunnel were produced via three fans. The still was exam-
ined at various air velocities. The system had a good perfor-
mance in the air velocities up to 5.5 m/s and then there was 
a downward trend. The best speed range for air was found 
to be 3.5 m/s. The efficiency of the still was 58% in this range 
of the airflow velocity.

Nafey et al. [68] developed a general equation for the 
distillation rate in a solar still. In their formula, wind speed 
is an important factor in water production.

Pd d aH t V
l

= − + + − − −






1 39 0 894 0 033 0 017 0 008 1 2. . . . . .θ
δ  (6)

where Pd is the wind speed and V is the water productivity.
Mahian and Kianifar [69] checked the wind velocity 

on a pyramidal shape solar still. They discovered that 
with the increase in wind velocity up to 10 m/s the desali-
nation yield rose rapidly. Since the enhancement in the 
wind velocity created a superior temperature difference 
among the water and the glass, the rate of vaporization 
increased. At wind speeds above 10 m/s, the water tem-
perature decreased leading to less production. The yield 
was 3.5 L/d when the wind speed was 5 m/s. They pre-
pared a mathematical model for the system and com-
pared the theoretical and experimental results. They 
investigated the effect of Reynolds number and thickness 
of the insulation in addition to wind velocity.

Al-Hinai [70] indicated that wind speed is a more 
important factor than air temperature in surface distillation. 

 
Fig. 16. Pictorial view of tubular solar still [62] (Reprinted with 
permission from Elsevier).

Fig. 17. A double-glass desalination unit with wind tunnel [67] 
(Reprinted with permission from Elsevier).
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Raising the wind velocity from 1 to 3 m/s results in an 8% 
increase in freshwater output. The enhancement in the 
wind velocity can reduce glass temperature, and finally 
results in more output. Several researchers have studied 
the effect of wind speed on the desalination performance. 
Their results have revealed that wind speed is a very 
important parameter in the performance of solar stills. At 
higher speeds, the rate of water production is reduced due 
to the decrease in basin water temperature and at lower 
speeds, the production will still be low due to the high 
glass temperature. Therefore, wind speed should be in a 
proportional range to increase production. Table 1 rep-
resents the comparison between water production rates in 
different types of solar stills.

In Table 1, different solar stills are classified according to 
the classification mentioned in Fig. 1. The results obtained 
from Table 1 are as follows:

• Among the solar stills in the first category (heating the 
basin water with solar air collector), the highest water 
production belonged to a single-effect solar still inte-
grated with a double-pass solar air collector, which was 
about 9.36 L/m2 d in Tanta, Egypt;

• The maximum amount of the production in the second 
category (air bubbling) was related to a single-slope 
solar still, which was about 6.137 L/m2 d in La Paz, BCS, 
Mexico;

• For the third category (simultaneous use of fan and con-
denser), the highest production was observed in a solar 
still with forced air cooling and a production of about 
9.11 L/m2 d in Sohag, Egypt was the most efficient still;

• In the fourth category (simultaneous use of fan and ther-
moelectric), a double-slope solar still in Semnan, Iran, 
whose production was about 3 L/m2 d, had the most 
production;

• For the solar stills in the fifth category (using a fan), the 
highest water production was related to a single-effect 
single-basin solar still in Tehran, Iran, which was about 
5.2 L/m2 d;

• In the sixth category (using airflow in wick type solar 
stills), the highest production belonged to a multi-effect 
solar still in Patiala, India with a 5.9-L/m2 d produc-
tion rate;

• For the effect of wind velocity on the performance of solar 
stills (category 7), the production of a single-slope solar 
still in Suez Gulf, Egypt, which was about 6.5 L/m2 d, was 
the highest amount of water yield.

Since the intensity of solar radiation is one of the most 
important factors affecting the performance of solar stills, 
the range of solar radiation for each case is presented in 
Table 1. As can be seen, in most cases, the minimum solar 
radiation is 5 W/m2 while the maximum one is 1,000 W/m2. 
In addition, other factors, such as ambient air temperature, 
humidity of airflow, and the season of testing (summer or 
winter), affect the performance of the system. Owing to the 
high intensity of sunlight and less humidity in the hot sea-
sons, the system will have a better efficiency. Faster evapo-
ration does not occur on sunny days just because of more 
heat, but because the sunny days are drier and the relative 
humidity is lower, the evaporation rate will be higher.

By comparing the amount of water production between 
all the items compared in Table 1, it can be seen that a sin-
gle-effect solar still integrated with a double-pass solar air 
heater had the highest water production, in Tanta, Egypt, 
which was 9.36 L/m2 d; it is classified in the first category 
in Fig. 1.

It could be observed that the water production rate is 
directly concerned with temperature difference between 
hot and cold sides of solar stills. It means that with the 
increase in the temperature difference between water and 
glass, the yield will be enhanced. Therefore, by choosing dif-
ferent methods, such as applying hot air flow to heat the 
basin water and cooling the glass cover simultaneously, the 
enhancement in the water production could be seen.

Accordingly, it was observed that the use of air flow to 
improve the performance of solar stills is very effective and 
increases water production in these systems. Moreover, the 
use of airflow to promote the solar still in rural areas of devel-
oping countries, where solar energy is free and abundant, is 
efficient. Since, in some areas, it is required to use hot air for 
solar dryers and building heating, a system that can pro-
duce drinking water and hot air for dryers and space heating 
simultaneously is of great value.

It is worth noting that PCM is also used in this type of 
solar stills so that the system could have night production; 
this factor plays a great role in increasing the water produc-
tion. The material of the basin is also very effective in the 
water production rate. The higher heat transfer coefficient 
of the plate is used as the absorber in the still; the more heat 
enters the water in the basin, the better will be the perfor-
mance of the system. As mentioned previously, in this type 
of still, the absorber material is copper metal, which is also 
effective in boosting its performance. The other still with a 
high production rate, which was coupled with a parabolic 
trough solar collector and heat sink condenser with forced 
air cooling, in Sohag, Egypt, was 9.11 L/m2 d; it was clas-
sified in the third category in Fig. 1. It could be observed 
that radiation changes in the range of 200–1,000 W/m2 and 
the experiments were performed in summer. In this system, 
owing to the use of solar collector, the basin water tempera-
ture increased and on account of the forced convection of 

 

Fig. 18. The percentage of improvement applying different 
methods using airflow in solar stills.
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Table 2
The percentage of improvement of water production for different types of solar stills over conventional ones

Author References Categorization Improvement over the 
conventional one (%)

Azari et al. [34] Heating the basin water with solar air collector 170
Kabeel et al. [12] Heating the basin water with solar air collector 109
Abdullah [13] Heating the basin water with solar air collector 85
Ladouy and Khabbazi [15] Heating the basin water with solar air collector 19
Eltawil and Omara [26] Heating the basin water with solar air collector 60
Pandey [29] Air bubbling technique 33.5
Bhardwaj et al. [38] Simultaneous use of fan and condenser 25
Kumar et al. [39] Simultaneous use of fan and condenser 39.49
Rahim [41] Simultaneous use of fan and condenser 53.2
Kabeel et al. [43] Simultaneous use of fan and condenser 53.22
El-Samadony et al. [44] Simultaneous use of fan and condenser 66
Hassan et al. [45] Simultaneous use of fan and condenser 18
Al-Garni [49] Using fan 8
Taamneh and Taamneh [50] Using fan 25
Suneesh et al. [51] Using fan 39
Ali [53] Using fan 60
Refalo et al. [54] Using solar chimney to create air circulation 59
Kaushal et al. [58] Using air flow in wick type solar stills 21
Arunkumar et al. [61] Using cool air flow for cooling the glass cover 49
Mahian and Kianifar [69] Effect of wind velocity on the performance of solar still 56

airflow by the fan, the temperature difference between the 
glass and the water augmented; thus, the still will have a 
better performance.

The single effect, single basin solar still in Kafrelsheikh, 
Egypt, which is 8.5 L/m2 d, is also a high-performance still. In 
this system, the range of solar radiation is 200–900 W/m2 and 
the basin is made of galvanized iron, and a fan along with a 
condenser are used simultaneously to increase the efficiency 
of the system. The increase in water production rate was 
53.2% compared to that in the conventional one.

The amount of water production in active solar stills 
with airflow in their structures is compared with conven-
tional ones in Table 2, which shows the importance of using 
air flow in the structure of solar stills. It is obvious that the 
water production rate in active types is more than that in 
passive ones. Moreover, for each type of solar stills classified 
according to Fig. 1, the average percentage of improvement 
in water production rate is represented in Fig. 18. As can be 
seen, for the method of heating the basin water with solar 
air collector, the rate of water production increased by an 
average of 95.6% compared to that in the conventional type. 
The lowest percentage belongs to the method using airflow 
in wick type stills, which is 21%.

As mentioned above, the amount of the water produced 
in solar stills with airflow in their structure is higher than 
that in conventional ones; nevertheless, there are certain dis-
advantages employing these systems, which must be consid-
ered. For example, to operate the fan installed in the inlet of 
the air heater, it is necessary to provide energy for the fan, 
which will reduce the efficiency of the system and increase 
the costs. Furthermore, in cases where PV panels were used 

to supply electricity, the cost of the system increased; thus, 
economic analysis of the system should be performed and its 
cost-effectiveness should be verified.

Based on the literature cited in the manuscript, in some 
cases, the length of the collector used to heat the air is too 
long, which is why they cannot be used everywhere.

In some cases, controlling the speed of motor is required 
to adjust the wind speed and airflow rate blown into the 
solar still. In these cases, skilled expert supply is required. 
However, it is highly challenging in rural areas.

If the amount of airflow used is not adjusted properly, 
the glass cover may become hotter instead of being cooled, 
or the basin water may become colder and water production 
may decrease. Accordingly, it is necessary to choose the best 
type of system. Additionally, the prevailing conditions must 
be taken into account.

6. Future scope

This paper demonstrated that the effect of airflow on 
desalination efficiency is of particular importance. Therefore, 
the followings could be suggested for future research in 
this regard:

• Due to the fact that the amount of the water produced 
in active solar stills is more than that in passive types, a 
more detailed study about the effect of airflow on active 
solar stills should be conducted with further focus.

• Investigating the effect of the speed and temperature of 
airflow and also mass flow rate of air used for cooling 
the glass cover could be recommended.
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• Surveys could be conducted on the effect of various flow 
rates of hot air entering the basin by changing the dimen-
sions and number of the holes on the absorber plate to 
create air bubbles.

• Study on the effect of airflow on solar stills with nanoflu-
ids seems to be necessary.

• Employing airflow between the glass covers of a dou-
ble-glazing solar still for cooling the glass cover should 
be investigated.

7. Conclusions

Based on the above discussions on the review about air-
flow effect on solar stills performance, the following results 
were obtained:

• To enhance the output of desalination, a great tempera-
ture difference among the evaporation and distillation 
surfaces is necessary;

• By using air collectors, the water output will be higher in 
solar stills;

• The result of simultaneous bubbling of dry ambient air 
in the water and glass cooling is the great yield in solar 
stills;

• If water vapor drains out of the basin via the flow of air, 
the output will be further;

• Increasing the mass transfer coefficient based on forced 
convection has a main effect on increasing the yield;

• By using both fan and condenser, the air flow and vapor 
condensation will increase;

• The highest exergy rate in a solar still with a fan and 
thermoelectric heating modules was 25%;

• As the vapor is removed faster with a fan from the water 
surface, the vaporization will be better;

• Because of air stream in the basin created with the fan, 
the surface tension of the water diminishes and the 
vaporization will increase;

• By removing the water vapor by airflow from the last- 
effect unit in wick type solar stills, the freshwater produc-
tion would be enhanced;

• Because of the high temperature of wick surface and air 
flow in wick type solar stills, the heat flux through the 
still will be better;

• The solar still with a solar chimney raises the water out-
put more than that in usual type stills because of the 
chimney effect producing airflow and evacuating vapor 
from the still;

• At a speed of about 5.5 m/s, the operation of solar stills 
will be better. Afterwards, it decreases at higher levels;

• Wind speed should be in a suitable range to increase the 
water production.

References
[1] K.M. Bataineh, M.A. Abbas, Improving the performance of 

solar still by using nanofluids, vacuuming, and optimal basin 
water thickness, Desal. Water Treat., 173 (2020) 105–116.

[2] I.C. Karagiannis, P.G. Soldatos, Water desalination cost 
literature: review and assessment, Desalination, 223 (2008) 
448–456.

[3] A. Jethoo, M. Poonia, Water consumption pattern of Jaipur city 
(India), Int. J. Environ. Sci. Dev., 2 (2011) 1–4.

[4] W.H. Organization, The World Health Report 2000: Health 
Systems: Improving Performance, World Health Organization, 
2000.

[5] A. Pruss-Ustun, C.F. Corvalán, W.H. Organization, Preventing 
Disease Through Healthy Environments: Towards an Estimate 
of the Environmental Burden of Disease, World Health 
Organization, 2006.

[6] D. Cutler, G. Miller, The role of public health improvements 
in health advances: the twentieth-century United States, 
Demography, 42 (2005) 1–22.

[7] A. Nandi, I. Megiddo, A. Ashok, A. Verma, R. Laxminarayan, 
Reduced burden of childhood diarrheal diseases through 
increased access to water and sanitation in India: a modeling 
analysis, Soc. Sci. Med., 180 (2017) 181–192.

[8] J.G. Tundisi, Water resources in the future: problems and 
solutions, estudos avançados, 22 (2008) 7–16.

[9] G. Tiwari, A.K. Tiwari, Solar Distillation Practice for Water 
Desalination Systems, Anshan Pub., 2008.

[10] P.V. Kumar, A. Kumar, O. Prakash, A.K. Kaviti, Solar stills 
system design: a review, Renewable Sustainable Energy Rev., 
51 (2015) 153–181.

[11] S. Shoeibi, H. Kargarsharifabad, N. Rahbar, Effects of nano-
enhanced phase change material and nano-coated on the 
performance of solar stills, J. Energy Storage, 42 (2021) 103061.

[12] A. Kabeel, M. Abdelgaied, M. Mahgoub, The performance 
of a modified solar still using hot air injection and PCM, 
Desalination, 379 (2016) 102–107.

[13] A. Abdullah, Improving the performance of stepped solar still, 
Desalination, 319 (2013) 60–65.

[14] S. Shoeibi, N. Rahbar, A. Abedini Esfahlani, H. Kargarsharifabad, 
A review of techniques for simultaneous enhancement of 
evaporation and condensation rates in solar stills, Sol. Energy, 
225 (2021) 666–693.

[15] S. Ladouy, A. Khabbazi, Experimental investigation of different 
air heating methods near to the evaporation surface in closed 
triangular shape unit powered by solar energy, one stage–
indoor experiment, Appl. Therm. Eng., 127 (2017) 203–211.

[16] A. El-Zahaby, A. Kabeel, A. Bakry, S. El-Agouz, O. Hawam, 
Augmentation of solar still performance using flash evaporation, 
Desalination, 257 (2010) 58–65.

[17] W.H. Alawee, S.A. Mohammed, H.A. Dhahad, F.A. Essa, 
Z. Omara, A. Abdullahd, Performance analysis of a double-
slope solar still with elevated basin—comprehensive study, 
Desal. Water Treat., 223 (2021) 13–25.

[18] E. Mathioulakis, V. Belessiotis, E. Delyannis, Desalination 
by using alternative energy: review and state-of-the-art, 
Desalination, 203 (2007) 346–365.

[19] S. Shoeibi, N. Rahbar, A.A. Esfahlani, H. Kargarsharifabad, 
Energy matrices, exergoeconomic and enviroeconomic 
analysis of air-cooled and water-cooled solar still: experimental 
investigation and numerical simulation, J. Renewable Energy, 
171 (2021) 227–244.

[20] R. Balan, J. Chandrasekaran, S. Shanmugan, B. Janarthanan, 
S. Kumar, Review on passive solar distillation, Desal. Water 
Treat., 28 (2011) 217–238.

[21] H.B. Bacha, K. Zhani, Contributing to the improvement of 
the production of solar still, Desal. Water Treat., 51 (2013) 
1310–1318.

[22] H.B. Halima, N. Frikha, S.J.D. Gabsi, Experimental study 
of a bubble basin intended for water desalination system, 
Desalination, 406 (2017) 10–15.

[23] M. Karim, E. Perez, Z.M. Amin, Mathematical modelling of 
counter flow v-grove solar air collector, Renewable Energy, 
67 (2014) 192–201.

[24] M. El-Awady, H. El-Ghetany, M.A. Latif, Experimental 
investigation of an integrated solar green house for water 
desalination, plantation and wastewater treatment in remote 
arid Egyptian communities, Energy Procedia, 50 (2014)  
520–527.

[25] A. Mishra, M. Meraj, G. Tiwari, A. Ahmad, M. Khan, Effect of 
shape of condensing cover on yield of passive and fully covered 
PVT active solar still, Desal. Water Treat., 184 (2020) 39–50.



17P. Azari et al. / Desalination and Water Treatment 256 (2022) 1–17

[26] M.A. Eltawil, Z. Omara, Enhancing the solar still performance 
using solar photovoltaic, flat plate collector and hot air, 
Desalination, 349 (2014) 1–9.

[27] G.M. Ayoub, M. Al-Hindi, L. Malaeb, A solar still desalination 
system with enhanced productivity, Desal. Water Treat., 
53 (2015) 3179–3186.

[28] A.M. Manokar, D.P. Winston, A. Kabeel, S. El-Agouz, 
R. Sathyamurthy, T. Arunkumar, B. Madhu, A. Ahsan, Integrated 
PV/T solar still-a mini-review, Desalination, 435 (2018)  
259–267.

[29] G. Pandey, Effect of dried and forced air bubbling on the partial 
pressure of water vapour and the performance of solar still, 
Sol. Energy, 33 (1984) 13–18.

[30] M.A. Karim, M.N.A. Hawlader, Performance investigation 
of flat plate, v-corrugated and finned air collectors, Energy, 
31 (2006) 452–470.

[31] T. Liu, W. Lin, W. Gao, C. Luo, M. Li, Q. Zheng, C. Xia, 
A parametric study on the thermal performance of a solar air 
collector with a V-Groove absorber, Int. J. Green Energy, 4 (2007) 
601–622.

[32] W. Lin, W. Gao, T. Liu, A parametric study on the thermal 
performance of cross-corrugated solar air collectors, Appl. 
Therm. Eng., 26 (2006) 1043–1053.

[33] M.Y.H. Othman, K. Sopian, B. Yatim, W.R.W. Daud, Development 
of advanced solar assisted drying systems, Renewable Energy, 
31 (2006) 703–709.

[34] P. Azari, A. Mirabdolah Lavasani, N. Rahbar, M. Eftekhari Yazdi, 
Performance enhancement of a solar still using a V-groove 
solar air collector—experimental study with energy, exergy, 
enviroeconomic, and exergoeconomic analysis, Environ. Sci. 
Pollut. Res., 28 (2021) 65525–65548.

[35] H.S. Aybar, H. Assefi, A review and comparison of solar 
distillation: direct and indirect type systems, Desal. Water 
Treat., 10 (2009) 321–331.

[36] G. Xiao, X. Wang, M. Ni, F. Wang, W. Zhu, Z. Luo, K. Cen, 
A review on solar stills for brine desalination, Appl. Energy, 
103 (2013) 642–652.

[37] M. Porta-Gándara, J. Fernández-Zayas, N. Chargoy-del-Valle, 
Solar still distillation enhancement through water surface 
perturbation, Sol. Energy, 196 (2020) 312–318.

[38] R. Bhardwaj, M. Ten Kortenaar, R. Mudde, Inflatable plastic 
solar still with passive condenser for single family use, 
Desalination, 398 (2016) 151–156.

[39] R.A. Kumar, G. Esakkimuthu, K.K. Murugavel, Performance 
enhancement of a single basin single slope solar still using 
agitation effect and external condenser, Desalination, 399 (2016) 
198–202.

[40] H.-M. Yeh, L.-C. Chen, Basin-type solar distillation with air 
flow through the still, Energy, 10 (1985) 1237–1241.

[41] N.H.A. Rahim, Utilisation of new technique to improve the 
efficiency of horizontal solar desalination still, Desalination, 
138 (2001) 121–128.

[42] N. Nijegorodov, P.K. Jain, S. Carlsson, Thermal-electrical, high 
efficiency solar stills, Renewable Energy, 4 (1994) 123–127.

[43] A. Kabeel, Z. Omara, F. Essa, Enhancement of modified solar 
still integrated with external condenser using nanofluids: an 
experimental approach, Energy Convers. Manage., 78 (2014) 
493–498.

[44] Y. El-Samadony, A. Abdullah, Z. Omara, Experimental study 
of stepped solar still integrated with reflectors and external 
condenser, Exp. Heat Transfer, 28 (2015) 392–404.

[45] H. Hassan, M.S. Yousef, M. Fathy, M.S. Ahmed, Impact of 
condenser heat transfer on energy and exergy performance 
of active single slope solar still under hot climate conditions, 
Sol. Energy, 204 (2020) 79–89.

[46] N. Rahbar, J. Esfahani, Experimental study of a novel portable 
solar still by utilizing the heatpipe and thermoelectric module, 
Desalination, 284 (2012) 55–61.

[47] N. Rahbar, J.A. Esfahani, A. Asadi, An experimental 
investigation on productivity and performance of a new 
improved design portable asymmetrical solar still utilizing 
thermoelectric modules, Energy Convers. Manage., 118 (2016) 
55–62.

[48] N. Rahbar, A. Gharaiian, S. Rashidi, Exergy and economic 
analysis for a double slope solar still equipped by thermoelectric 
heating modules-an experimental investigation, Desalination, 
420 (2017) 106–113.

[49] A.Z. Al-Garni, Productivity enhancement of solar still using 
water heater and cooling fan, J. Sol. Energy Eng., 134 (2012) 
031006, doi: 10.1115/1.4005760.

[50] Y. Taamneh, M.M. Taamneh, Performance of pyramid-shaped 
solar still: experimental study, Desalination, 291 (2012) 65–68.

[51] P. Suneesh, R. Jayaprakash, T. Arunkumar, D. Denkenberger, 
Effect of air flow on “V” type solar still with cotton gauze 
cooling, Desalination, 337 (2014) 1–5.

[52] H. Ali, Mathematical model of the solar still performance 
using forced convection with condensation process outside the 
still, Renewable Energy, 1 (1991) 709–712.

[53] H. Ali, Effect of forced convection inside the solar still on heat 
and mass transfer coefficients, Energy Convers. Manage., 
34 (1993) 73–79.

[54] P. Refalo, R. Ghirlando, S. Abela, The use of a solar chimney and 
condensers to enhance the productivity of a solar still, Desal. 
Water Treat., 57 (2016) 23024–23037.

[55] G. Mink, M.M. Aboabboud, E. Karmazsin, Air-blown solar still 
with heat recycling, Sol. Energy, 62 (1998) 309–317.

[56] H. Tanaka, Theoretical analysis of a vertical multiple-effect 
diffusion solar still coupled with a tilted wick still, Desalination, 
377 (2016) 65–72.

[57] H.-M. Yeh, Z.-F. Chen, Energy balances in wick-type double-
effect solar distillers with air flow through the second-effect 
unit, Energy, 17 (1992) 1239–1247.

[58] A.K. Kaushal, M. Mittal, D. Gangacharyulu, An experimental 
study of floating wick basin type vertical multiple effect 
diffusion solar still with waste heat recovery, Desalination, 
414 (2017) 35–45.

[59] C. Ali, K. Rabhi, R. Nciri, F. Nasri, S. Attyaoui, Theoretical and 
experimental analysis of pin fins absorber solar still, Desal. 
Water Treat., 56 (2014) 1–7.

[60] N. Smakdji, A. Kaabi, B. Lips, Optimization and modeling of 
a solar still with heat storage, Desal. Water Treat., 52 (2014) 
1761–1769.

[61] T. Arunkumar, K. Raj, D.D.W. Rufuss, D. Denkenberger, 
G. Tingting, L. Xuan, R. Velraj, A review of efficient high 
productivity solar stills, Renewable Sustainable Energy Rev., 
101 (2019) 197–220.

[62] T. Arunkumar, R. Jayaprakash, A. Ahsan, D. Denkenberger, 
M. Okundamiya, Effect of water and air flow on concentric 
tubular solar water desalting system, Appl. Energy, 103 (2013) 
109–115.

[63] H.-M. Yeh, Z.-F. Chen, Energy balances for upward-type, 
double-effect solar distillers with air flow through the second-
effect unit, Energy, 19 (1994) 619–626.

[64] A.E. Kabeel, S.A. El-Agouz, Review of researches and 
developments on solar stills, Desalination, 276 (2011) 1–12.

[65] M.S.S. Abujazar, S. Fatihah, A.R. Rakmi, M.Z. Shahrom, The 
effects of design parameters on productivity performance of 
a solar still for seawater desalination: a review, Desalination, 
385 (2016) 178–193.

[66] S. Kumar Nougriaya, M.K. Chopra, B. Gupta, P. Baredar, 
Stepped solar still: a review on designs analysis, Mater. Today:. 
Proc., 46 (2021) 5647–5660.

[67] M. Castillo-Téllez, I. Pilatowsky-Figueroa, Á. Sánchez-Juárez, 
J.L. Fernández-Zayas, Experimental study on the air velocity 
effect on the efficiency and fresh water production in a forced 
convective double slope solar still, Appl. Therm. Eng., 75 (2015) 
1192–1200.

[68] A.S. Nafey, M. Abdelkader, A. Abdelmotalip, A. Mabrouk, 
Parameters affecting solar still productivity, Energy Convers. 
Manage., 41 (2000) 1797–1809.

[69] O. Mahian, A. Kianifar, Mathematical modelling and 
experimental study of a solar distillation system, Proc. Inst. 
Mech. Eng. Part C J. Mech. Eng. Sci., 225 (2011) 1203–1212.

[70] H. Al-Hinai, M. Al-Nassri, B. Jubran, Effect of climatic, design 
and operational parameters on the yield of a simple solar still, 
Energy Convers. Manage., 43 (2002) 1639–1650.


	_bookmark0
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63
	_ENREF_64
	_ENREF_65
	_ENREF_66
	_ENREF_67
	_ENREF_68
	_ENREF_69
	_ENREF_70
	_ENREF_71

