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Abstract

Potable water is always a need of every human being in the world. Only one third of water is potable water, and
two thirds of water is saline water, which is not used for drinking purposes. Solar still is a device, which converts
the saline or brackish water into drinkable water. Here, in place of saline water, industrial wastewater is used to
convert potable water. In this research work, three solar stills have developed by locally available materials and
tested in climate conditions of Mehsana (latitude of 23°59" and the longitude of 72°38"). Among three solar stills,
two solar stills are consist of floating plates like aluminum and galvanized iron. Third solar still that is used as a
reference solar still is called a conventional solar still. Three-month research showed that solar still, consists of
aluminum floating plate, gave considerable daily distillate as well as cumulative output compared with galvanized
iron floating plate solar still as well as conventional solar still. Hence, the performance of solar still could increase by
the use of aluminum floating plate, which can be used as an energy absorbing plate.
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Introduction

Solar desalination is a process of separation of pure
water from saline water by the use of solar energy. The
use of solar still is a simple and cheap method to obtain
potable water. A conventional solar still has consisted of
a black painted basin for holding the saline water and re-
ceiving solar radiation. Phase equilibrium has existed be-
tween the saline water and the air over it. Hence, the air
over the water surface has been in saturated condition.
Increasing of saline water temperature has caused the
increase of partial pressure of water vapor at the water
surface. The partial pressure of water vapor at the bot-
tom of the glass cover has been very low as the
temperature at the bottom of the glass cover has been
lower than that of the water surface. The temperature
difference between the water and glass cover is the par-
tial pressure of water vapor transferring water vapor
from the saline water surface to the glass cover. The still
has been insulated with insulating material to reduce
heat losses from the bottom as well as on the sides of
the solar still. The rate of evaporation of water vapor from
the water surface depends on the rate of condensation of
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water vapor in the glass cover and temperature difference
between the saline water and glass cover.

Solar radiation can be used to distill and collect the
drinking water, which is essential for the daily survival
both at sea and in the deserts. It is light weight, com-
pact, and easy to use. Also, this important and necessary
piece of survival equipment has been used by the mili-
tary for many years. The high increase of the earth’s
population by years has resulted in a large rise demand
for potable water [1]. Added to that, problems of indus-
trial and sewage pollutants to rivers, lakes, and ground-
water exist. Solar distillation system will be one of the
beneficial options for a short term solution for the needy
arid communications facing shortage of potable water.
Solar still is dependant on the level of solar radiation
available. This level is in turn dependent on the location,
season, and weather conditions [2].

Solar stills have two important features: technological
simplicity and exploitation of a free heat source such as
the sun. However, their productivity is relatively small, and
throughout their operational history, various attempts even
via relatively complex structures have been made to en-
hance their performance [3-7].

There are many different designs of solar stills that
have been used by different researchers. They can be
categorized in two systems: passive solar still and active
solar still [7-12]. Many researchers concentrated on the
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Figure 1 Experimental setup of solar stills.

factors affecting the still productivity, using the experi-
mental techniques such as Al-Hayek and Bardan [5],
Naim et.al. [8], Tripathi and Tiwari [9], Meukam et.al.
[10], Nafey et.al. [11], Voropolus et.al. [12], and Madani
and Zaki [13]. The effect of different designs of solar
stills on yield has been conducted by Al-Hayek and
Bardan [5]. They found that the productivity of asym-
metric greenhouse-type solar still is more efficient. The
output from the asymmetric-type solar still is 20 % more
than the symmetric-type solar still. Also, they concluded
that the water depth and solar radiations are major fac-
tors of the solar still to improve the productivity.

Naimet.al. [8] proved that the used of charcoal parti-
cles bed increases the productivity by 15 % over the
wick-type solar stills. Nafeyet.al. [11] concluded that
their experimental work using black rubber and black
gravels within a single-sloped solar still as a storage
medium, the black gravel, absorbs and releases the inci-
dent solar radiation faster than the black rubber; and
also, they concluded that the black gravel of 20 to
30 mm increases the productivity by 19 % at conditions
of 20 L of saline water and glass cover of 15°. Madaniand
Zaki [13] used soot powder as absorber material instead
of black painted concrete base to reduce the cost of
productivity. They found that removing the basin’s
insulation reduced the productivity by 13 % to 17 %.
Voropoluset.al. [12] experimentally investigated that the
behavior of a solar still is coupled with hot water storage
tank. They showed that the coupling system led to
higher distilled output. Tripathi and Tiwari [9] studied
that the effect of different water depths in the basin in
the heat and mass transfer coefficient between water and
condensing cover depends significantly on the water
depth in the basin.

From the above literature reviews, it confirms that
solar still is a very important device to convert brackish
water into drinkable water. Main aim of this present
study is to evaluate the effect of various energy absorb-
ing plates in order to improve the distillate output of

solar still through improvement in thermal conductivity.
These plates are aluminum and copper plates in climate
conditions of Mehsana Gujarat.

Experimental setup
In this research work, three solar stills were designed
and fabricated to study and compare the performance of
the solar stills, as shown in Figure 1. The first one is a
solar still having aluminum plate, and the second is a
solar still having galvanized iron plate, while the third is
a conventional solar still. The conventional still (a single
basin) has a basin area of 1 m? (50 x 200 cm). The still is
made of iron sheets (2.5-mm thick). The whole basin
surfaces are coated with black paint from inside to in-
crease the absorptivity. Also, the still is insulated from
the bottom to the sidewalls with sawdust 5-cm thick to
reduce the heat loss from the still to the atmosphere.
The insulation layer is supported by a wooden frame.
The basin is covered with a glass sheet of 3-mm thick
inclined at nearly 30° horizontally. Solar stills put on the
terrace of ‘GeetanjaliSociety, Mehsana. It has a latitude
and longitude of Egypt (23°43'N,72°37'E) to maximize
the amount of incident solar radiation and increases dis-
tillate output. The whole experimental setup is kept in
the south direction to receive maximum solar radiation
throughout the year.

Feed water tank of 50 x 50 x 50 cm? is used to feed water
to all solar stills. The feed water tank is connected to the
mainline which is divided into three feed waterlines. A

Table 1 Experimental instruments with accuracy, range,
and percentage errors

Instrument Accuracy Range %Error
Solarimeter +1 W/m? 010 4000 W/m” 05
Temperature indicator +0.1 °C 0 to 200 °C 0.5
Measuring flask +1 ml 0 to 5,000 ml 1
Anemometer +0.1 m/s 0.2 to 40 m/s 1
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Figure 2 Comparison of solar insolation and time climate conditions of Mehsana (06 July 2011).
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flow control valve is integrated at each line inlet in order
to regulate the flow rate of water. The experimental setup
is suitably instrumented to measure the temperatures at
different points of the still (brine, absorber, and glass cover
temperatures), total solar radiation, and the amount of
distillate water. The temperatures have been measured
using calibrated copper constantan-type thermocouples
which were integrated with a modeler programmable logic
control to measure all temperatures of the solar stills at
the same time. The solar radiation intensity is measured
instantaneously by a solarimeter. The digital airflow/vol-
ume meter is used to measure the wind velocity. Table 1
shows the different instruments as well as their accuracies
used in experiment with solar stills.

Procedure

Experiments of solar stills were conducted at Geetanjali So-
ciety, Mehsana, Gujarat and carried out from 9 a.m. to 8 p.
m. during July 2011. The solar radiation, atmospheric
temperature, basin temperature, glass temperature, and dis-
tillate water were measured every 1 h for maintaining
steady state conditions. However, the accumulated product-
ivity during the 24 h is also measured in each experiment.

All measurements were performed to evaluate the perform-
ance of the stills under the climate conditions of Mehsana.
During the experiments, the ambient climatic conditions
(solar radiation, ambient temperature, and wind velocity)
were also measured.

Saline water in still is heated by solar radiation. The
water vapor formed is condensed at the inner glass sur-
face, and the water droplets are glided along the glass.
The condensed water is collected in a calibrated flask.
The depth of the saline water in the solar stills is main-
tained constant manually using the feed water tank and
control valves. The present experimental study aims to
study the effect of still surface area variation on fresh
water productivity and the efficiency of single-slope
basin solar stills.

Results & discussion

Depending upon the weather conditions of Mehsana,
Gujarat, the wind speed is varied from 4.5 to 7 m/s dur-
ing the month of March as well as April, and 1.5 to
4.5 m/s at different days of June. Variation of solar insola-
tion versus time (hour) is shown in Figure 2. It remains
the same for all solar stills because the solar insolation
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Figure 3 The comparison of hourly variation and time at constant water depth of 40 mm. Comparison of hourly variation of basin water
temperature and time at constant water depth of 40 mm in climate conditions of Mehsana.
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Figure 4 The comparison of hourly variation of distillxate output and time at constant water depth of 40 mm. Comparison of hourly
variation of distillate output and time at constant water depth of 40 mm in climate conditions of Mehsana (06 July 2011).

incident on all solar stills is equal. Figure 3 shows the
basin water temperatures of all solar stills versus time
(hour). It is shown that temperatures at all points
increased as the time increases until at maximum value
during the afternoon (because maximum solar radiation
falls on earth surface during the afternoon, hence, the
maximum value is reached in the afternoon).It is also
observed that the maximum value in basin temperature
is reached during the period of 3:00 p.m. to 4 p.m. for all
solar still due to great availability of solar radiation as
well as warming of solar still from early morning to after-
noon. It also shows that highest temperature is gained by
solar still having aluminum plate compared with solar
still having a GI plate as well as conventional solar still. It
is increased due to its higher thermal conductivity.
Figure 4 shows comparison between hourly distillate
outputs gained in all three solar stills like solar still hav-
ing aluminum plate, GI plate as well as conventional
solar still. It shows that maximum distillate output is
gained in the afternoon. Also, it is observed that during

the starting of readings, all the readings have an initial
output of zero at 9:00 a.m., then they increased up to
3 p.m., and then decrease gradually. Here, the highest
distillate output quantity is 29.50 L. From the quantity
of brackish water inside the solar stills, it is shown that
due to large amount of brackish water inside the con-
ventional solar still, it requires highest time for evapor-
ation as well as condensation; hence, the quantity of
distillate output produced from conventional solar still is
least and highest for solar still having aluminum plate.
Figure 5 shows comparison of cumulative distillate water
versus the time for all solar stills. Cumulative distillate
output means total distillate output starting from 9:00 a.
m. It is obtained by adding the distillate output from
9:00 a.m. to 10:00 a.m. and 10:00 a.m. to 11:00 a.m. and
continues up to 8:00 p.m. It means that the cumulative
output will be highest at 8:00 p.m. Also, it reaches its
maximum of suspended aluminum plate solar still due
to higher hourly distillate output. Table 2 shows the
comparison of distillate output achieved by all solar stills
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Figure 5 The comparison cumulative distillate output and time at constant water depth of 40 mm. Comparison cumulative distillate
output and time at constant water depth of 40 mm in climate conditions of Mehsana (06 July 2011).
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Table 2 The comparision of tested solar stills
Month

Conventional Gl Aluminum

solarstill (ml)  suspended plate(ml) suspended plate (ml)
April 2011 2,300 2,600 3,212
May 2011 2,410 2970 3,500
June 2011 2,540 3,100 3,703

Comparison of tested solar stills of 40 mm depth of water as well as 30 L
storage of brackish water in solar stills during the months of April, May, and
June 2011.

during the month of April, May, and June 2011. Here,
clear sky conditions are considered. Results show that
the highest average distillate output is gained during the
month of June 2011 compared with the month of April
as well as May 2011.

Conclusions

Solar still is a very simple device to obtain potable water.
It can also somewhat reduce the demand of potable
water, but due to its lower distillate output, it cannot be
used in wider applications. Present work gave the follow-
ing points in conclusion:

e Solar intensity is directly proportional to the
distillate output of solar still.

e Suspended aluminum plate in solar still enhances
distillate output compared with the suspended
galvanized iron plate. It increased daily distillate
output as well as cumulative distillate output.

e Highest distillate output is obtained in the month of
June 2011. It was 3,703 by solar still having
aluminum suspended plate and least obtained in the
month of April; it was 2,300 by conventional solar
still.

e Suspended aluminum plate is a good material to
enhance the distillate output of solar still. It is cheap
and easily available.
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