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Introduction

Water is one of the most important resources for the
survival of living species on Earth. Since the earth has
only a small amount of water resources for drinking
purposes, people in rural and urban areas are affected
by the consumption of contaminated water, which leads
to water-borne diseases. Even groundwater must be
properly treated before it can be used for consumption.
Saltwater contains dissolved and undissolved contents,
and therefore, it is not suitable for domestic use such as
cleaning, washing, bathing, etc. [1]. Fresh water is one
of the basic human needs, and it is affected by pollution
caused by man-made products. Fresh water is available
to humans for drinking and agriculture. More than two-
thirds of the earth's surface is covered with water. With
the increase in population and environmental pollution
caused by the development of industry, technological
innovations, and transportation, freshwater resources
on the surface of the earth are depleting at a higher
rate. Also, in dry, mountainous, and desert areas,
low rainfall leads to an acute shortage of freshwater
resources. For these reasons, desalination of available
brackish water sources is of great importance for
freshwater production worldwide. In addition, water
crises, and the dramatic increase in resource and
energy consumption, especially since the industrial
revolution, is other problems. Modern lifestyle and
population growth have led to an increase in fresh
water and energy consumption, which inevitably leads
to environmental pollution and fuel shortage problems
[2]. In an article, Ghasemipanah [3] investigated the
possibility of using solar energy for the treatment and
reuse of saline wastewater. The idea of this research

Accepted: November/27/2022

started from the fact that over time, the production
amount of salty water with oil in crude oil desalination
units is increasing (about 50 m?/h). These wastewaters
are dangerous for the environment due to their specific
qualitative and quantitative characteristics, which
include highly soluble salts (50-170 g/L), volatile and
non-volatile organic substances, and other pollutants.
The solar water softener can separate microbes,
pathogens, heavy metals, and salts in water and
produce clean and hygienic water. In this experimental
study, the effect of coupling the solar still with the
collector on the amount of distilled water produced and
the effect of other parameters such as solar radiation
and water depth to increase the efficiency of the device
have been investigated. This type of water softener,
with its special and optimal efficiency for sweetening
water, has various advantages such as low cost, no
need for an operator and specialist for maintenance,
easy construction and on-site repair, production of pure
and fresh water, and no need for special equipment. In
addition, it is complicated to set up.

Materials and Methods

In this research, a solar still with a width of 75 cm and
a length of 125 cm was used with a polymer coating
on the bottom of it. The side walls and the floor of the
machine are insulated with stone wool (k=0.035 W/
m?K) with a thickness of 6 cm. The tank of the solar
device is waterproof to prevent water leakage and
the inner surface is blackened to absorb maximum
solar radiation, which is baked in the sun for a while
before use to free the paint from any volatile toxins.
Otherwise, these toxins evaporate and condense with



drinking water. Silicone rubber sealant was used to
prevent leakage from any gaps between the glass cover
and the fixed box. The solar still has a black basin with
an area of approximately one square meter, which is
filled with salt water.

This device consists of a solar flat collector that
preheats the water and acts as an amplifier of solar
radiation. The solar distillation basin is covered with
a transparent glass plate. The angle of the glass is set
at 35° so that the freshwater that collects on its bottom
surface drips towards a collection pit. Glass also keeps
heat inside the device. An inlet pipe and a float for
brackish water feeding are installed in the rear wall of
the solar still. Holes were made in the body of the device
to accommodate the thermocouple. The temperature of
the outer surface of the glass, the temperature of the
water in the basin, and the temperature of the steam
inside it, as well as the inlet and outlet temperatures of
the collector, is measured. The schematic of the device
is shown in Figure 1.

Fig.1 Schematic of the device.

The Investigation of the Effective Variables on
Solar Still with a Collector

This study aims to investigate the increase in the
extraction of distilled water as the output of solar
still using a flat plate collector. The performance data
including the temperature of the salt water as the
inlet of the distillation device, the temperature of the
glass cover of the distillation device, the temperature
of the inlet and outlet water of the collector, and the
vapors of the solar still were continuously recorded.
The collector was installed on an angled plate and
to adjust the desired angle, a motor was installed to
apply desired angles. According to the geographical
location of the solar test bed (Research Institute of
Petroleum Industry in Tehran) and conducting the test
in the summer season, to receive the maximum solar
radiation, the collector is placed towards the south. In
this experiment, an attempt was made to investigate
the effect of daily temperature and radiation conditions
on the amount of freshwater produced by the solar
still and the effectiveness of coupling it with a flat
plate solar collector device. The daily changes in
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solar radiation, ambient temperature, and wind speed
for tests with the collector on September 3, 2022 are
shown in Figure 2. The daily changes in solar radiation,
ambient temperature, and wind speed for tests without
a collector on October 8, 2022 are shown in Figure 3.
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Fig. 2 Changes in radiation intensity, wind speed, and ambi-
ent temperature during September 3.
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Fig. 3 Changes in radiation intensity, wind speed, and
ambient temperature during October §.

Studying the Operation of a Solar Still with a Col-
lector during a Day

According to the figures, it is clear that the intensity
of solar radiation is the most important parameter
affecting the performance of the flat plate collector
system and the ambient temperature is effective on
the thermal waste of the collector, solar still, and
glass surface temperature. With the wind blowing,
the heat transfer coefficient increases. The wind has
the opposite effect on the ambient temperature. The
temperature changes of the environment implicitly
caused changes in the maximum temperature of saline.
The temperature of the environment between 9:00 am
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to 3:30 pm was in the range between 27 to 37 °C. The
outlet water temperature of the collector is the highest
recorded temperature of the system. All temperatures
show similar increasing trends with increasing solar
radiation during the day. The effects of coupling the
solar still with the flat plate solar collector are shown
in Figure 4.

100 d.epth =‘2(cm‘)

T(°C)
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30 vapor

Tglass
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Fig.4 Changes in collector inlet and outlet, water vapor, solar
water, and glass surface temperatures during September 3.

Studying the Operation of a Solar Still without a
Collector during a Day

The operation of the solar still without a collector is
shown in Figure 5. All temperatures showed similar
increasing trends with increasing solar radiation during
the day. The water vapor temperature is the highest
recorded temperature of the system. The highest
ambient temperature occurred between 9 am to 3:30
pm, which was in the temperature range between 20
to 30 °C.

Table 1 Amount of distilled water and water TDS

depth=2(cm)
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Fig. 5 Changes in water vapor, pond water, and glass surface
temperatures during October 8.

Results and Discussion

Examining the Experimental Results

In Table 1, to compare the performance of solar
distillation ponds with and without the use of a
collector, the parameter of daily water production in
liters has been used, and the amount of water produced
at different depths has been compared. Also, the
hardness of produced distilled water was calculated
with the Lamotte TDS6 hardness tester and shown in
Table 1. As can be seen, for the depth of 2 cm of water
in the ponds, the amount of distilled water production
is equal to 5.8 to 5.9 L/day. This value for a depth of 3
cm of water in ponds is from 3.5 to 4.5 L/day and for a
depth of 4 cm from 4.6 to 8.4 L/day. According to the
results, it is clear that by reducing the water depth, the
performance of the system will be better and the water
output from the solar distillation system will increase.
The most optimal performance is related to the water
depth of 2 cm.

Depth (cm) 2 3 4
with a Collector
Date 12 Sep 13 Sep 14 Sep 15 Sep 9 Oct 10 Oct
production (L) 5.8 5.9 53 4.5 4.6 4.8
TDS (ppm) 10.3 8.8 12.6 7 6.7 7.9
Without a Collector
Date 16 Oct 17 Oct 19 Oct
production (L) 3.1 2.9 2.4
TDS (ppm) 13.3 8.5 5.5
Conclusions

Solar distillation systems are relatively inexpensive
and low-tech devices. However, there is still a lot
of vacancies for innovation and improvement in
them. Solar distillation systems have a significant
competitive and economic advantage over other
saltwater distillation processes due to the cheapness of
energy consumption and its renewable energy along
with lower investment and maintenance costs. In this

article, the performance of a solar still with a flat plate
solar collector was investigated and compared with the
performance of an individual solar still. It was found
that the efficiency of the solar still coupled with the
collector is 48% higher than the independent solar
still. It can be concluded that one of the most important
reasons for this increase in productivity is the rise in
the temperature of the water in the device's pool.
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