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Today, solar desalination is one of the promising solutions for the
problem of drinking water shortage, mainly in remote and low-
population areas. In the present research, a solar still with passive
external condensers was designed. To store the thermal energy in the
basin of this solar still, paraffin wax was used in copper tubes as phase
change materials. To compare and investigate the performance of the
proposed solar still, a conventional solar still with the same
specifications and dimensions was built and tested. Both solar stills
were investigated on the days of 28 April, 5 and 9 May. The results of
the experiments showed that the performance of the proposed solar
still was better than the conventional solar still; the highest produced
fresh water was 3.55 and 3.04 lit/m? day, respectively, for the
proposed and conventional solar stills, which showed a 17% increase
in productivity per day. It is clear from past research that the
condenser increases the temperature difference between the glass
covers and the saltwater of the basin, but causes the temperature of
the saltwater basin to decrease. However, in this research, in addition
to the increase in the temperature difference between the glass cover
and salt water, the amount of salt water also increased, and this trend
of increasing temperature was observed until the end of the day in all
three experiments, which shows the effective performance of paraffin
wax in the basin of solar still.
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EXTENDED ABSTRACT

Introduction

Fresh water is one of the basic and vital elements for all living organisms on earth and
one of the most important bases of industrial development. The amount of water
distribution on earth is 2.53% fresh water and 96.54% salt water in the seas and oceans.
Currently, 3.7 billion people are affected by shortages of water. A suitable solution for
solving the problem of freshwater shortage mainly in remote and low-population areas of
the world, is the use of solar energy, which can convert salt water into fresh and potable
water. In the present research, a proposed solar still was created by adding an external
condenser and PCM in copper tubes from a conventional solar still. The proposed still was
then compared with the conventional solar still. Among the advantages of basin solar stills
is their simple and cheap structure. These solar stills use solar energy to convert salt water
into fresh water and do not produce dangerous gases such as greenhouse gases. The main
problem of these solar stills is their low daily productivity. To solve this problem in recent
years, researchers have conducted much research and various methods have been
presented. Although many studies have been carried out on basin solar stills with phase
change materials and condensers separately, the use of a combination of condensers and
phase change materials has not been investigated on basin solar stills so far. In this research,
aproposed single slope basin solar still was designed and built using paraffin wax as a phase
change material in copper tubes. To better investigate the performance of this proposed
basin solar still, a conventional solar still with the same dimensions was also built.

Methodology
The main components of the proposed solar still include the structure or basin,

condensers and copper tubes, which are shown in Figure (1).

Condensers

Condenser Holes

Basin

Copper Tubes

Fresh water Tank
Figure 1. The pattern of proposed solar still.
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In this research, the performance of the solar stills was investigated in two stages; the
first stage included preliminary experiments and the second stage included the main
experiment. The preliminary experiments were conducted in two days. After the
completion of the preliminary experiments, the main experiments began and were
conducted in three days on April 28, May 5, and May 9, 2022. The experiment method was
such that both solar stills started working at sunrise and data collection was carried out
from 8:00 am to 7:30 pm (after 19:30, the solar stills did not produce fresh water) and the
recording period of each data was 30 minutes. All tests for both solar stills were setat 1 cm
of basin water. For all three days, the effect of total solar radiation intensity, wind speed,
ambient temperature, temperature of condensers and temperature of copper tubes were
evaluated comparatively with the help of graphs and then the results of each day were
investigated separately and the performance of the proposed solar was compared with the
conventional solar still.

Results and discussion

As previously mentioned, the results of each experiment day were evaluated separately.
To investigate the results of the first day of the experiment, the performance of the proposed
and conventional solar still was used in the graphs obtained from the data of the saltwater
temperature in the basin and the glass cover temperature from both solar stills. The amount
of freshwater produced at the end of the day for both solar stills were measured and
evaluated comparatively. Similarly, the investigation of the second and third-day
experiments were also carried out, and the summary of the evaluations of the three days of
experiments are shown in Table (1).

Table 1. Performance of both solar stills in three experiments.
Maximum temperature

Productivity Productivity Increase

Experiment A 7 difference of ISS glass cover . .
(SSS) (ISS) compared to SSS productivity
2.
First 2.6 (L/m2-day) 2'8?21%“’ 121 (¢) 1%
2.96 (L/m?2- 3.38 (L/m2- . 0
Second day) day) 16.8 (¢) 15%
. 3.04 (L/m2- 3.55 (L/m2- o o
Third day) day) 16.6 (c") 17 %

As can be observed from Table (1), the efficiency of both solar stills is different in each
experiment, which is related to the environmental parameters. But the productivity rate in
all three experiments in the proposed solar still was higher than in the conventional still and
demonstrating the effective performance of condensers and paraffin wax in the proposed
solar still.

! standard solar still (conventional solar still)
2 Improved solar still (proposed solar still)
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Conclusion

Based on the results, it was determined that the proposed solar still performed better
than the conventional solar still in all experiments. In general, by studying the literature of
the research on condenser solar stills, it has been proven that the condenser increases the
temperature difference between the glass covers and the saltwater of the basin, which cause
the temperature of the saltwater basin to decrease. However, in this research, in addition to
the increase in the temperature difference between the glass cover and salt water, the
amount of salt water also increased, and this trend of increasing temperature until the end
of the day was observed in all three experiments, illustrating the effective performance of
paraffin wax in the basin of the solar still. Because the paraffin wax changed its phase at
sunset and its stored thermal energy was transferred to the saltwater, the rapid decrease of
saltwater temperature was prevented increasing the daily productivity. The concentration
of salt water before the experiment was 2176 ppm, which reached 44.35 ppm after
desalination by the device.
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