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This study has examined the use of a cylindrical parabolic collector (CPC) and solar panels in
the solar still unit for more heating. The results of two different setups were then compared so
that the first setup was a simple solar still unit and the second setup was a solar still unit with
solar panels and the CPC device. The depth of saline water in the basin was 30 mm. Based on
the results, the use of solar panels, thermal elements and the CPC device had a major impact on
the amount of water sweetening during the experiments. In this paper, the experiments
presented a new method for increasing the amount of water. With regards to the newly
presented method, there has been a significant increase in the amount of solar energy absorbed
in the whole process of water sweetening. Experiments were performed at 300-watt and 400-
watt solar panels and CPC devices with lengths of 1 m and 2 m. The cooling of solar panels was
also investigated and compared with the process without cooling.

© 2019 Published by University of Tehran Press. All rights reserved.

1. Introduction

Water is one of the most important materials on
earth for the survival of beings. Drinking water is
one of the essential requirements for human life [1].
Freshwater is an important source for the survival
of all beings [2]. Since many of the water on Earth's
surface are saline water, so over the years, many
researchers have proposed water-sweetening
methods. One of the methods of sweetening the
water can be sweetened by the solar method. Small-
scale solar distillation has had a significant share in
the supply of drinking water in small and rural
communities [3]. This is a sustainable method for
producing fresh water [4]. In order to optimize the
seawater sweetening, many researchers have made
innovations. Different types of adsorbent materials
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and their effects on the performance of solar water
desalination have been investigated [5].

In an experimental work, the effect of a
condenser on the performance of the solar still was
investigated [6]. The effect of the storage reservoir
and black absorber on the solar still and the
efficiency of this system have been investigated [7].
The positive effect of insulation as well as the use
of a dual slope has been investigated [8]. The
system efficiency increased by installing partitions
on the solar still [9]. The proper insulation on solar
still can increase solar still performance by
reducing heat losses [10]. The solar still's
productivity increased with increasing sunlight, as
well as increasing the temperature of the test
environment [11]. Maximum solar still solar energy
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efficiency is related to ambient temperature and
solar radiation [12]. Solar dish concentrator (SDC)
was used to increase productivity on solar still [13].
Wind speed has had a major effect on the efficiency
of the solar distillation system [14]. The process of
sweetening seawater can be done in different
seasons. This solar still has the highest yield in the
summer season [15].

One of the factors that influence the sweetening
of water in the solar still is the water depth [16-17].
The occurrence of solar radiation greatly increases
the basin temperature and improves system
performance [18]. Making changes to the shape of
the solar still unit is one of the things that has been
used over the years to improve the process
efficiency. Extensive surfaces and fins connected to
energy absorber plates have been used to distribute
the heat in different layers of water in the basin and
thus increase the efficiency of the system [1].
Adsorbents can be used to increase the range of the
system. Absorbent materials in the basin have
increased the absorption of solar energy [19].

The parameters affecting freshwater production
have been investigated by the use of an artificial
neural network [20]. As well, investigation of the
effective parameters on the efficiency has been
conducted for the hybrid solar still system [21]. The
efficiency of water sweetening has been enhanced
through structural reforms on the solar still [22].
Another effective parameter on water sweetening
that has been investigated was energy storage [23].
Researches reviewed the optimization of the solar
still system [24]. The water sweetening has been
examined by analyzing various methods [25].

Internal solar collector has also studied due to
an effect on the efficiency of the solar system [26].
Solar sweeteners that work when using solar energy
are suitable for remote areas [27]. The
mathematical modeling of the seawater sweetening
process is presented after analysis of equations for
this process [28]. An investigation was performed
on the parameters affecting the energy system for
the production of fresh water and electrical energy
to analyze them economically [29].

In this paper, solar still unit examines and
compares the two processes of water desalination.
In water sweetening systems, gaining more
sweetened water has always been one of the most
important goals for water sweeteners. The basic
energy used in solar still devices is solar energy.
This new method has used two other auxiliary
devices (solar panels and CPCs) in addition to
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energizing the solar still device. The solar panels
absorb the solar energy in the form of heat transfer
by the help of a thermal element within saline water
outside the solar still device to increase its
temperature for the process of distillation in the
solar still device. The CPC also raises the
temperature of the saline water before entering the
solar still. New devices introduced in this process
were used in different modes to increase the
absorption of solar energy. The results indicated
that the use of new devices has increased the
amount of sweetened water in the sweetening
process.

2. Materials and Methods

The experimental equipment is located at Yasuj,
Iran, at an altitude of 1850 meters above sea level
with geographical coordinates of 30°40'6 " N and
51°35'17" E.

2.1. Experimental Setup 1
In the first design of the experimental system,

the solar still unit was used with a double-slope.
The basin was aluminum and the depth of water in
this basin was 30 mm. The seawater was used for
sweetening the water in this device. Dimensions of
basin floor were 0.5 m * 1 m and the basin's height
was 22 cm. For preventing the thermal leakage, 5
cm thick glass fiber insulation was used. The floor
of the device was painted black in order to better
absorption of energy. The thickness of the glass of
the basin roof was 6 mm and was placed at a 30 °
angle from the horizons on the basin. An inlet
pipeline has been installed to enter saline water
from the saline water reservoir to the basin, and an
outlet pipe was installed for the discharge of fresh
water from the distilled fresh water preserved in the
tank. The height of the solar still unit was 0.5 m
from the ground. The representation of this process
has been shown in Fig 1.
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Figure 1. Schematic diagram of experimental
setup 1.
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2.2. Experimental Setup 2
The solar still unit, solar panels, and the

cylindrical parabolic collector (CPC) were used in
the second design. Design of this process can be
observed in Fig 2. The processor used 300 W and
400 W solar panels. The charge-controller (CC)
was also used to standardize the output power of
solar panels which has used 10 A and 20 A charge
controller in this process. The 250 W and 300 W
heat elements have been used for heating the water.
The batteries used in the process were two 12 v,
150 Ah batteries in the system. Two DC pumps
with constant flow rates of 1 I/min and 10 l/min
were also required for water pumping in the
process. The insulation tank was completely
insulated with glass wool. Due to the need for the
system, three valves were used to open and close
the flow. The desalinating system included a brine
and insulated glass basin and a glass cover like the
solar still unit available in the first experimental
setup. The cylindrical parabolic collector was also
made of stainless steel, in lengths of 1 m and 2 m,
with a width of 1 m. The pipe was located at the
focal length of this device with a diameter of 1 cm.
The fresh water was stored in a separate reservoir.
In order to complete this process, 30 liters of saline
water was used to circulate the process. The amount
of 15 liters of saline water, equivalent to 30 mm in

Glass Cover

the basin, was used in the process of sweetening.
During the 1 hour, 15 liters of saline water was
heated by the thermal element and the CPC device
in the water heater. The saline water in the basin
was evacuated every 1 hour from the basin and
moved to the water heater for heating up with a
constant flow of 10 /min. The solar panels heated
up the water in the water heater for 45 min, and
then the water passed through a pump with a
constant flow rate of 1 /min from the center of the
CPC device in 15 minutes. After heating in these
devices, it was stored in the insulation tank at the
end of 1 hour, again, this warm water entered the
basin. The water flow was performed every hour.
As a result, 15 liters of saline water were still
heated and 15 liters of saline water were being
sweetened in the solar still unit. As solar panels
were expected to have the highest efficiency at 25
°C, they were used in some experiments using cold
water to cool solar panels. At noon, when the
temperature of these solar panels rises, direct solar
water was sprayed directly onto these solar panels
to maintain a temperature of 25 °C in these solar
panels. In each experimental setup, several different
scenarios have been used for testing. Table 1
demonstrates the specification of each of the
experimental cases pertaining to each setup.
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Figure 2. Schematic diagram of experimental setup 2.
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Table 1. Details of Case studies in setup 1 and setup 2.
experimental Case Solar Panel | CPC Cooling Thermal Battery Charge Controller
Panel Element

Case 1 - - - - - -

Case 2 300 W Im - 250 W 2*12v*150Ah 10 A
Case 3 300 W 2m - 250 W 2*12v*150Ah 10 A
Case 4 300 W 2m v 250 W 2*12v*¥150Ah 10 A
Case 5 400 W Im - 300 W 2*12v*¥150Ah 20 A
Case 6 400 W 2m - 300 W 2*12v*150Ah 20 A
Case 7 400 W 2m v 300 W 2*12v*150Ah 20 A

2.3. Experimental measurements

All experimental data were collected from 9
AM to 5 PM, in May 2018. The data about the
weight of water, the glass cover temperature, the
water temperature, the ambient temperature, the
solar radiation on the ground and wind speed were
measured during these experiments. Some
instruments were also used to measure
experimental data including a digital thermometer
to measure temperature data, a solarmeter to
measure the solar intensity, a digital anemometer to
measure wind speed, and the calibrated cylinder to
measure the amount of fresh water. The depth of
water in the basin was 30 mm, and experimental
measurements were performed every hour.

The movement and flow of water in the second
experimental setup was occurred every hour. so
that, 15 liters of saline water has been warmed and
15 liters of saline water was distilled into a solar
still unit for one hour. Table 2 presents the accuracy
of the measuring devices.

Table 2. accuracy for measuring device.
Device accuracy
Anemometer +0.1 m/s
Digital thermometer +0.1 °C
Calibrated cylinder +1 ml
Solar meter +1 W/m?

3. Results & Discussion

Experimental results were measured for 2
different setups. The saline water depth in the solar
still was 30 mm which was equal to 15 liters of
saline water. The first setup was the simple solar
still unit and the second setup consisted of the solar
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panels, the CPC system and the circulation of saline
water in the system for every one hour. Test data
were measured in May 2018. The results of
freshwater discharge have shown that the use of
solar panel for supplying the energy of the thermal
elements and the use of the CPC system led to an
increase in obtaining the freshwater. Fig 3 indicates
the amount of sunlight and wind speed on May 24%,
2018. As can be seen, the maximum radiation was
1062 W/m?> at 12 PM. Table 3 represents
meteorological data related to the days of the test in
May 2018.
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Figure 3. Hourly solar intensity and wind velocity
on 24 May 2018.

3.1. Solar still temperature
The temperature was measured during different

test hours at solar still unit. These experiments were
performed to illuminate the different temperatures
such as the water temperature in the basin, the glass
cover temperature, and ambient temperature. The
measurement of this study was carried out between
9 AM and 5 PM. Fig 4 and Fig 5 show the graphs
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and diagrams of received solar intensity data, water
temperature, ambient temperature, and glass cover
temperature over 2 days. Fig 4 shows the first setup
and Fig 5 shows the Case 7 of the second setup. As
shown in each graph, the amount of solar energy
that has been received since 9 AM has started to
rise and reached its peak at 12 PM, afterwards, the
amount of solar radiation was gradually decreasing.
The ambient temperature and water and glass cover
temperatures began to rise from 9 AM and reached
the peak at 1 PM for both setups shown in Fig 4 and
5. As the temperature pattern reveals, the
temperature of the water, the ambient temperature,
and the glass cover temperature gradually decreased
after 1 PM. The main reason for rising the
temperatures was the solar power absorption of the
solar still unit, as well as using the CPC device.

at the second setup at 1 PM was higher than the
first setup, which indicates the effectiveness of the
solar panel system and the use of the CPC device.
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Figure 4. Hourly solar intensity, water temperature,

As shown in both charts, the maximum ambient temperature and glass cover temperature
difference of water temperature was in ambient on 22 May 2018.
temperature which was equal to 24.2 °C in Fig 4
and 37.5 °C in Fig 5 at 1 PM. A comparison of the
two graphs has shown that the temperature of water
Table 3. Meteorological data
Time
9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00
Solar Intensity (W/m?) | 792 | 934 | 1028 | 1061 | 1038 | 955 | 819 | 642 | 432
22"may Wind (m/s) 0.7 0.7 11 17 0.9 1.8 0.9 1 1
Amb‘ent(ﬁglperamre 32 | 336 | 356 | 379 | 399 | 413 | 403 | 39 34
Solar Intensity (W/m?) | 792 | 936 | 1029 | 1062 | 1038 | 955 | 820 | 643 | 434
23" may Wind (m/s) 2 18 0.7 14 0.8 0.9 1 1.7 1
Amb‘em(ﬁecn)‘perature 320 | 338 | 356 | 38 | 400 | 414 | 405 | 393 | 341
Solar Intensity (W/m?) | 794 | 936 | 1030 | 1062 | 1038 | 956 | 822 | 643 | 435
24" may Wind (m/s) 1 12 0.7 0.8 0.9 1 2 1.6 15
Amb‘ent(ﬁglperamre 323 | 34 | 356 | 381 | 405 | 414 | 405 | 394 | 343
Solar Intensity (W/m?) | 794 | 936 | 1031 | 1062 | 1038 | 956 | 821 | 643 | 435
25" may Wind (m/s) 13 14 12 11 0.9 2 14 0.8 15
Amb‘e“t(ﬁec")‘peramre 326 | 34 | 356 | 384 | 406 | 415 | 406 | 398 | 344
Solar Intensity (W/m?) | 795 | 937 | 1033 | 1064 | 1039 | 957 | 820 | 644 | 436
26" may Wind (m/s) 15 2 1.6 0.9 1.9 1.1 0.8 1 13
Amb‘ent(ﬁecn)lperamre 33 | 341 | 357 | 385 | 407 | 419 | 41 | 402 | 346
Solar Intensity (W/m?) | 795 | 937 | 1034 | 1065 | 1039 | 955 | 821 | 645 | 436
27" may Wind (m/s) 1.6 1.2 1 0.9 1.5 1.9 2 2 1.2
Amb‘ent(ﬁglperamre 330 | 345 | 361 | 389 | 408 | 42 | 413 | 402 | 347
Solar Intensity (W/m?) | 796 | 937 | 1035 | 1065 | 1039 | 956 | 821 | 644 | 437
28% may Wind (m/s) 0.7 0.7 0.7 1 0.9 12 13 0.7 1
Amb‘e“t(ﬁec")‘peramre 333 | 347 | 364 | 39 | 409 | 422 | 416 | 404 35

Fig 6 and Fig 7 show the water temperature and
glass cover at different hours, respectively, between
9 AM and 5 PM. The temperatures in these two
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charts were measured in 7 different modes. In Fig
6, the water temperature in the first and second
setups was measured in different states. The Case 2
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to Case 7 were related to the second setup and the
Case 1 was for the first setup. As shown in Fig 6,
Case 7 had the highest water temperature compared
to other cases which involved the stronger solar
panels, a 2 m long CPC device, and the solar panel
cooling system. In Fig 7, the Case 7 had the highest
glass cover temperature as well as other cases. The
temperature differences between the various cases
indicated the effect of different solar panels, the
effects of the CPC device, and the solar panel
cooling system. The lowest temperature was related
to Case 1 pertaining to the first setup. As can be
seen, the maximum temperatures of both Fig 6 and
Fig 7 were at 1 PM.
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Figure 5. Hourly solar intensity, water temperature,
ambient temperature and glass cover temperature

on 28 May 2018.
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Figure 6. Hourly water temperature in different
cases.

3.2. Fresh water production

Fig 8 shows the amount of fresh water in the
experimental setups every hour. The measurement
of experimental data began at 9 AM and continued
until 5 PM. The results have shown that the amount
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of fresh water has risen gradually to 9 AM and
peaked at 2 PM. Fig 8 shows different experimental
cases. The largest amount of sweetened water was
in 400 W solar panel cases, along with a 2m-long
CPC device and the solar panel cooling system.
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Figure 7. Hourly glass temperature in different
cases.

The depth of water in the solar still unit was 30
mm. The greatest amount of desalinated water
between different cases was related to the Case 7,
which was measured at 2 PM and was equal to
0.669 kg. The amount of water swept was 0.378 kg
at 2 PM in the first setup relating to Case 1.
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Figure 8. Hourly production of fresh water for
different cases.

Fig 9 shows the rate of accumulated fresh water
in both two experimental setups and the results of
all cases. The largest amount of freshwater was
3.375 kg for Case 7 during all hours of the day. The
lowest amount of fresh water in the second setup
was 2.348 kg for Case 2. The amount of water
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desalinated in Case 1 of the first setup was 1.895 kg
over all hours of the day.
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Figure 9. Accumulated production of fresh water
for different cases.

Fig 10 indicates the amount of water in various
cases. According to the results, the lowest amount
of freshwater was related to the Case 1, where due
to the lack of solar panel, the CPC device, and the
lack of cooling system, the amount of water was
reduced to the fresh water. The effect of using a
solar panel with a larger power and longer CPC
device and cooling system on the amount of
sweetened water have been shown in different
cases. The absorption of solar energy by the solar
panel and the CPC device led to a greater thermal
uptake of water by the thermal element, and rising
water temperatures led to an increase in evaporation
and amount of fresh water.
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Experimental Case

Case  Case6  Case7

Case 2

Case 1

Figure 10. Daily production of fresh water in
different experimental cases.
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4. Conclusions

Two different experimental setup functions were
investigated in solar still unit. The Case 1 was for
the first setup and Case 2 to the Case 7 were for the
second setup. The largest amount of water
sweetened was 3.375 kg per day for the Case 7.
Case 7 has used 400 W solar panel, 300 W thermal
element, 2 m-long CPC device having 30 mm
water depth in the basin. Case 1 had the lowest
amount of water sweetened at 1.895 kg during the
test. The highest temperature for the Case 7 was
78.4 °C at 1 PM. During the tests, it was found that
more solar power absorbed by more powerful solar
panels and a longer CPC device would increase the
performance of solar still unit. Using the cooling
process of solar panels also reduces the temperature
of solar panels, so increasing the performance.
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