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Abstract: Water distillation and provision of drinking water takes a high percentage of
electricity generated in many countries of the world. Solar distillation benefits from the
sun's free energy in purifying salty or contaminated water and making it drinkable. In
this study, a single distillation was produced and a distillate production was studied in
the Spring of Baghdad-Irag in 2017. A fan used to cool the glass cover was used at 12
noon. In other experiments, the lid was sprayed with water to cool. The results showed
that the cooling of the glass cover in both methods caused the distillation of the distillate
yield, but in the case of water, the improvement was greater.
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ITRODUCTION

All the peoples and countries of the world suffer from climate change due to
the phenomenon of the greenhouse, causing dehydration and increase the salinity of
fresh water [1, 2]. The phenomenon of climate change has become a reality and tangible
[3]. The most important cause of this phenomenon is human intervention in the
environment. Human activities such as the burning of fossil fuels such as oil, gas, and
coal caused the increase of carbon dioxide in the air, causing the phenomenon of the
greenhouse that resulted in climate change [4]. The fossil fuel itself has become a major
problem that threatens the economic security of both producing and exporting countries

Reducing the use of fossil fuels for energy
production is very possible by turning into renewable
and environmentally friendly energy sources. Wind
power can be used to produce electricity [6]. The use of
biofuels represents an important alternative to fossil
fuels in energy production and operation of vehicles as
well [7]. Solar energy can be used in many ways to
produce energy either through solar chimneys [8, 9],
concentrated plants [10, 11], or using solar cells [12-
17].

Water is the largest part of the earth and at the
same time of the human body, which it needs for its life
and also for the life of plants and animals; it needs for
domestic, industrial and agricultural purposes [18].
Although water covers up to 70% of the globe, drinking
water has only a negligible proportion and does not
exceed only 0.62% of the world's water [19]. The
world's drinking water resources are small and unevenly
distributed. As the world's population grows rapidly, the
lack of water is becoming a worrying problem [20].

The desalination process is carried out using
high energy, which constitutes a large part of the energy
produced, as in a country such as Saudi Arabia it
reaches 22% of the production. The growth in demand

because of fluctuating price, causing a major economic recession in recent years [5].

for potable water means increased demand for energy
followed by an increase in burning fossil fuels and an
increase in environmental problems and air pollution
and poor quality [21-23]. The use of renewable energies
in water distillation is a possible and promising solution
[24, 25].

Solar energy is clean, free, and available
almost everywhere. This energy is environmentally
friendly and does not cause bad emissions [26]. Direct
solar distillation can be an ideal solution to the
freshwater problem in a country such as lIraq [27].
Although this country is one of the world's richest oil

and gas reserves, it suffers from significant
environmental pollution [28]. Four decades of
mismanagement, successive wars and economic

blockade have caused the country's environmental
degradation to deteriorate [29]. Besides, all the
infrastructure of the power generation were damaged
and lack to maintenance, which made the electricity
provided stopped several times in the day [30]. Also,
the lack of processing of electricity and intermittent
interruption made the Iraqi citizen to the use of personal
and collective generators that are fueled with gasoline
and diesel, which increased the air pollution and
increased the environment deterioration [31-33].
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Switching to produce power whether electric or thermal
from the sun, is today a major alternative to reducing
environmental damage for nearly half a century [34].

Iraq is fully qualified to use solar energy
because the average daily solar intensity is between
700-1050 W/m and the hours of sunlight ranging from
3000 to 3500 hours/year, with an accident power of 5-6
kWh/day [35]. The use of solar distillates with simple
technology does not require high competencies and
skills in design, manufacturing, operation and
maintenance [36].

The simple single slope solar distiller is used
to purify salt and brackish water and convert it into
potable water; it is very simple technique both on the
construction or operation [37]. However, what
distinguishes this type of distillate is a low production
that does not exceed 2 to 5 liter/m%day only. This
productivity makes this system not economical [38].

Many researchers have tried to increase the
productivity of this type of distillate using multiple
methods. The methods are used to increase the stored
thermal energy as Ref. [39] who used hot water from a
solar saline pond to improve the productivity of a
simple distiller. Ref. [40] stored heat as a latent heat
using paraffin wax as a phase change material (PCM) in
the base and sides of the distiller. This process
increased the distillate yield and increased its working
hours by two hours after sunset. The latent thermal
energy storage in the distillates still faces many
disadvantages such as high cost, low thermal
conductivity, and stability of the physical properties of
the variable-phase material after many melting and
freezing cycles [41, 42].

Ref. [43] tried to increase the thermal
conductivity of the PCM by adding the aluminum
powder to the paraffin wax. While Ref. [44] used a
solar concentration system, with the addition of paraffin
wax of the distiller. In both cases, the productivity of
the distillates used increased compared to a simple solar
distiller, but the researchers in both studies did not
study the stability of the PCM with long-term use.

The most disadvantages related to using solar
energy are the impact of climate conditions on its
application as the variation in the wavelengths of the
solar radiation [45, 46], dust deposition [47] and
humidity [48]. In this study, we will try to increase the
productivity of a simple solar distiller by cooling the
glass cover by air and water. The aim of this study is to
introduce simple method to enhance the productivity of
the still without the need for additional costs.

Expermental setup

A simple single slope solar distiller with a
horizontal basin made of galvanized iron was
constructed. The length of the base is 1 m and the width

is 0.5 m, and the height from the end is 36 cm. A small
channel was connected to collect the distilled water
from the transparent lid and tilt it on the distilled sides.
The height of the front edge is 11 cm height; the glass
cover tilts from the horizon at a 30 degree angle. To
ensure that the steam inside the distillator is fully stored
and to prevent leakage, plastic filler with a width of 1
cm and a thickness of 3 mm was used. The silicone
material is added to the plastic fill to ensure that the
generated vapor is not released. The glass cover is
placed on fillers. The interior surface of the tub has
been painted in glossy black to increase the absorption
of solar energy.

The distilled water from the transparent lid
was collected in a slanting assembly channel. Four
thermocouples were installed on each side of the
transparent envelope and their average readability was
taken to represent the temperature of the transparent
cover. Distilled water is discharged from the distiller
through a fixed opening on one side of it. This hole is
connected to a 1.27cm (1/2 inch) polyethylene tube that
is extended inside the assembly channel to ensure that
the steam stays without leaking out. The metal still was
placed inside a wooden box made of 2 cm thick slabs.
Glass wool was used to isolate the aquarium thermally.
A fan (6 in dia. and 120 W) was used to cool the
distiller's transparent cover.

Many thermocouples type K were used to
measure variable temperatures within the distiller, and
these thermocouples were calibrated in the laboratory.
Because the temperature of the transparent cover is very
important in this study, four thermocouples were
distributed on the lid, two on the outside and two on the
inner surface. The average readings of the
thermocouples were taken as the temperature of the
cover. Another thermocouple was also installed in the
galvanized wall of the distillation tank to measure its
temperature, and another thermocouple in the brackish
water inside the basin. The water temperature from the
tank to the distillator was measured by the constant
mercury thermometer in the conduction tube. The heat
of the external atmosphere was done using a mercury
scale thermometer fixed in the shade.

The distiller connected to a tank containing
contaminated water and the distiller was fixed facing to
the south. A float was used to adjust the water flow rate
to the desired value and to maintain a constant flow of
water so that the basin remained at a height of 1 cm.
Different temperatures and distillates were measured
and measured at intervals of one hour. The quantities of
water collected by a 2 liter vessel were measured from
the beginning of the new day.

The following equations were used in
calculating convection and evaporation energies [49,
50, 51]:

Radiation energy (q,) evaluated by the equation:
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q, =&,0(Tg—Tg) W/m? )

Convection energy (q.) evaluated by the equation:

_ _ (P—Pcm) XT 1~ _
q. = 0'884[(TB Tew) + 268x103—Pg 13 (Ty
w
TCm)

= (2)

m

Evaporation energy (ge) evaluated by the equation:
g, = 452x 107 [q, 222 w/m?) (3)

¢ Tg—Tcm

The Heat transferred from the transparence
cover to the surrounding by convection and radiation
evaluated by the equation:

A, = hea(Ty = T.) + £,0(TE — TH) W/m? (4

The hourly efficiency (n,) evaluated by the
equation:

X
M=o ©)
Test procedure
A single slope simple solar distiller was
constructed and its performance was tested springtime
of Baghdad city-Iraq, 2017. Three cases were tested,
which are:

Case 1: simple solar distiller, which considered the
base of comparison.

Case 2: simple solar distiller, which its glass cover
was cooled by means of a fan, starting

From 12 PM till sunset.
Case 3: simple solar distiller, which its glass cover
was cooled by water, starting from 12 PM till sunset.

RESULTS AND DISCUSSIONS

Solar distillate production of a single type is
considered one of the simplest types of distillates. Solar
distillates are affected by weather factors, ambient
temperature, solar radiation intensity, wind speed, and
relative humidity.

Figure 1 show distiller productivity
distribution of the three studied cases during the day.
According to literature, the productivity of distillation
increases from zero (I/m?) and peaks at 2 p.m. and then
decreases to zero at sunset. However, as shown in
Figure 1, distillate production decreased at 12 am and
continued to decrease during the next two hours, rising
relatively at 3 p.m. This situation led to a decrease in
distillate production as it is expected to be the highest
productivity during this period. This subject was studied
in detail by the Ref. [20]; the researcher has shown that
the reason for low productivity at this period is the high
temperature of the transparent cover, which prevents
steam condensation or impedes it causing this situation.
The use of the fan and water to cool the transparent lid
has increased the productivity of the simple solar
distillation. The yield of solar distillate has increased by
9% and 22% compared to the first case. This result is
expected, as the cooling the transparent cover increases
the temperature difference between the evaporator (the
basin) and the condenser (glass cover). This increase
causes an increase in the distillate production as
confirmed by the Ref. [27].
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Fig-1: the studied distillers' productivity during the day

The distiller depends on solar radiation in its
work, as the solar intensity increases, the metal basin
temperatures will increase, then the transferred energy
from this metal basin to the brackish water will be
increased causing higher evaporation, and more energy
will be transferred to the transparence covers (which

stayed almost cooler) by condensation process. Figures
2 and 3 show that Q. and Q¢ will be increased during
the day as well as cooling the transparent cover will
increase these energies by enhancing the condensation
process.
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Fig-2: distillers’ evaporation energy distribution through the day
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Fig-3: Convection energy distribution through the day

The increase in evaporation and condensation
processes will lead to an increase in the transparent
cover temperature, the difference between the cover and

air temperature will be increased causing higher heat
transfer from the cover to the surrounding.
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Fig-4: lost energy from the glass covers to the air during the day

This process leads to higher Q. The more
distillate productivity the more heat gained by the
transparence cover and more Q. to the surroundings
with vapor condensation rising. By this process, the
heat gained in the condensation process will be
dispersed by the cover. The cover disperses this heat to
the ambient air, and the cooler air means better
dispersion. In the case if the air temperature is high,
then the transferred energy from the cover to the air will
reduce affecting the condensation process causing lower

productivity. Using the fan and water enhanced the heat
transferred from the transparency cover to air.

Figure 5 shows the system hourly efficiency
distribution during the day. The systems hourly
efficiency depends mainly on the solar intensity
variation and the condensation process. As the figure
reveals, the hourly efficiency of the system reduce the
interval from 12 to 2 p.m. while using fan cooling or
water cooling enhances the system efficiency clearly.
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Fig-5: the distiller hourly efficiency distribution through the day

CONCLUSIONS

In this experimental work, the aim was focused
on increasing the productivity of a simple single slope
solar distiller by cooling the transparent cover of the
distiller. The cooling was done using forced air moving
by means of a fan, and using water cooling. The study
conclusions can be summarized by the following:

The productivity of the simple solar distiller
used in the tests was enhanced by cooling the
transparent cover with fan and water after 12. The
distiller productivity is related mainly to the solar
radiation variation during the daytime, also, the
evaporation and convection energies increased and
reduced according to the solar radiation behavior. The
transparent cover temperature increases because of
condensation process; this increase turns into an
obstacle to condensation if the lid does not cool.
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