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THE PERFORMANCE OF A SINGLE SLOP SOLAR DISTILLER WHEN
USING A TWO REFLECTOR
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Abstract

The lack of safe drinking water is a major problem in many areas. Most of which
located within the range of high solar sun and the enormous potential of solar energy
can be exploited to turn salt water into drinking water. The most economical and easy
way to achieve this goal is to use solar distillation. Two low-cost "Single Slope" solar
distillers were designed to examine the impact of adding concentrates and reflectors on
daily yield and efficiency and then compare the results. Results obtained from practical
experiments have shown that solar distillers with internal and external reflectors made
of mirrors have increased in efficiency by 6% and 12% when one liter and two liters of
river water are added, respectively, from the distiller under the effect of the parabola
concentrator. The daily yield was also (60 and 240) ml higher for the solar distiller,
which contained both internal and external reflectors.
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Introduction:

The lack of safe drinking water for humans, animals and plants in many regions of the world.
Because of the lack of energy. Researchers have worked to obtain alternative and cheap sources
of water. Solar energy was therefore a viable and cheap alternative to disposing of salts in water.
Several studies have also been conducted for solar desalination [1,2]. The effect of the internal
reflector on the productivity of the single slop solar distillation during summer and winter was
studied both experimentally and theoretically. They introduced a mathematical model that took into
account the effect of all walls of the distiller on the amount of solar radiation received into the
saline solution, and the model was validated with experimental data. They concluded that the
simultaneous use of IR on the front and sidewalls boosts the efficiency of the device by 18%.
However, the IR installation on the rear wall can increase annual efficiency by 22% [3]. Cooling the
glass cover in different ways, to improve the performance of solar trailers. They found that cooling
glassware achieve a reduction in the temperature of the glass cover in the range of 6-20° C .While
improving the efficiency and productivity of the solar stilled to a maximum of 15.5% and 20%,
respectively. They concluded that for the pipe solar distiller with cooling airflow for glass cover,
daily productivity improved by about 32.8%, and improved by almost 59% as cooling water flowed
more than the distillation without cooling [4].An experimental study on the solar distiller to see the
effect of adding modifications such as a photovoltaic heater on solar distillation device. The design
of the solar stilled with dc heater enhance the productivity of the distiller by up to 1098% [5]. Solar
distilled can be divided into two types, with the addition of an external reflector and a second with
an internal reflector, or both. In addition, | split the external reflectors, too. He concluded that the
installation of reflectors in places with low solar radiation, or low ocean temperature, was more
effective. [6]. A rotating solar distiller with an external reflector was fixed southward and the
reflector was moved at regular angles to maintain solar radiation continuously on the distiller basin.
In practice, the distiller's yield in case the reflector is fixed once and moved again. Increased yield
was also observed in the case of solar distiller movement [7]. Solar distiller with solar
concentration by autonomous device (Radiation center). Solar distiller design. It was used to
transport oil to raise the temperature of the water inside the basin. A mathematical model was
designed to simulate the system from 10:00 to 16:00 for the city of Kirkuk. The study was used to
analyses system performance [8]. Improved desalination system using black steel wool fibers as
porous material in the solar basin. They concluded that pre-heating of 40%, 50% and 60% of
saltwater increases the freshwater productivity of the solar desalination system (the traditional
solar distillation integrated with solar panels) by 10.4%, 15.5%, 20.9%, and energy efficiency by
8.2%, 13%, and 20%, respectively. The use of black steel wool fibers increases the production of
the distiller [9]. Using nanoparticles that would change the Wettability of the condensation surface.
| use materials that have a moisturizer. Like titanium oxide and silicon nanoparticles. Empirical
results indicated that condensation surfaces covered by nonmaterial’'s improved properties and
increased the efficiency of the solar distiller. 20% glass condensation cover [10].Design and
manufacture of a simple solar distiller for distilling household drinking water. His performance was
also tested, using Amman seawater. Water has also been tested for chemical and biological
activity. The results showed that the samples contained different metals and no bacterial activity
was detected in the samples after solar distillation [11].Field work to design and test a solar
distillery to produce drink-friendly water using single-slope solar dish with solar dish. The results
have been compared to other solar designs. To examine the performance and effectiveness of the
distiller for application in Iragq, Najaf during the Winter Session (Nov., Dec., Jan.) 2018-2019.
Evaluation is based on the effects of operating parameters [12] .In the current search, two one-
slop solar distillers were used. The impact of adding an internal and an external reflector, as well
as adding both reflectors and comparing performance in terms of returns and efficiency, was
examined. The use of reflectors has been shown to have a significant impact on their daily
production, increasing the efficiency of the system.

Theoretical part:

The "rate of heat transfer by convection (4ew)" from the water surface to the glass condensation
cover is given by the following relation:

Qo = b (T, — T,) (1)
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where: **ew convective heat transfer coefficient from water to condensing cover , *w temperature

of water , TE temperature of glass.
From the surface of the water to the surface of the glass cover is given by the equation:
Qo = by (T, — T,) 2)

Where ( Yew) is "the rate of evaporative heat transfer , h

coefficient [13].
The rate of heat transport by radiation can also be given by the following equation:
Qe = By (T, — T,) 3)

ew is the evaporative heat transfer

Where rw is the rate of radiative heat transfer, the ( hrw ) is the radiative heat transfer coefficient
from water surface to the glass cover "
Where L is the latent evaporation temperature of less than 70 ° C and is given by formula [14]:

L=2.4935x10°[1—-9.4779x 107*T+ 1.3132 x 107" T* — 4.7947 X

107°T?]
......................... (4)
The clockwise distillation output per square meter of the solar distiller can be obtained by the
equation:
by [Ty T,
m_, = M 3600
L kg/m2/h ..o (5)

The efficiency (i) of solar distiller [15].
— Mgy L — {hgy- (Ty—Tg )}
i 1) 1t (6)

Where I(t): solar radiation at time.

Experimental part

The single slope solar still was fabricated from low-cost local materials .Plywood was used to
manufacture the outer structure (still box) with a base length (80 cm), width (75 cm), thickness (2
cm) and the height of the still from the back (65 cm). The still box painted from the inside by a
charcoal black to ensure the highest absorption of the falling solar radiation. Silicon was used to
connect the wooden pieces. For the purpose of increasing the insulation. The usual glass was
used with a length of (95 cm), width (72 cm) and thickness (4 mm) to allow greater passage. A
measure of radiation at an angle (45 degrees) to facilitate the descent of condensed water droplets
as shown in Figure (1).

Figure (1).Single slope solar still.
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Galvanized iron was used to manufacture the inner basin in which the salt water is placed with
dimensions (50 x 50) cm, height (5 cm) and also painted it in charcoal black as shown in Figure

).

Figure (2) .Metal basin.

Internal and external reflectors from the regular mirrors were used to improve the performance of
the solar still, where the external dimensions were (36 x 62) cm, while the internal ones were
placed in the sides and the back wall, the dimensions of each of them were (18 x 22) cm, as

shown in Figure (3).

Figure (3) .Solar still with internal and external reflector of mirrors.

The parabolic dish reflector was also used to increase the productivity and efficiency of the solar
still, as the dish had a diameter of 120 cm, and mirrors with dimensions (3 x 3) cm were attached
to it and placed on a mobile base to facilitate its movement to track the sun as shown in Figure (4).
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Figure (4). Parabolic plate reflector and solar stilled.

Results and discussion:

Several experiments were conducted of a solar distiller. The system fix in Shirgat, Salah al-Din, at
longitude (43.242) and latitude (35.492), and the effect of adding a parabola, and flat reflected
internal and external. In addition, performance of the solar still when adding one and two liters of
river water was studied.

1- The efficiency of the solar still in the case of adding internal and external reflectors of the
mirrors and in the case of a parabolic dish reflector:

As we can see in the obtained result of the procedure that has been done in April it found that
when adding one liter of water river on two on two distiller which one of them .Contain an inner
reflector. while the other is under the effect of parabola concentrator .From the comparison
between the result of these two distillers it found that the efficiency of the 1st distiller increasing
6% than the 2nd ,while when adding 2 liter the efficiency of the first distiller increasing 12% than
the 2ND , as shown in fig (5)A,B .The inner reflector, reflect the radiation that falls on the inner
walls of the distiller .While the outer reflector concentrate the solar radiation that enters the distiller.
Therefore, the condensation and evaporation increase. While the parabola reflected, concentrate
the solar ray on water, which leads to arise in temperature. However, in same time, it increases
the glass temperature, which gives a negative result on the efficiency, and this is consistent with
[18-19].
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Figure (5). The relationship between efficiency and time with the presence of a parabola concentrator and an
internal and external reflector of mirrors (A) when adding one liter (B) when adding 2 liters.

The effect of adding a parabola. With inner and outer reflectors. In addition, on the daily yield for
two solar distiller. Figure (6) A,B show the relation between time for two different day in April.
When adding one liter and two liter of river water. Than it had been measured every hour from 9
A.m. until 4 P.m . Then comparing the results from the first distiller that contains inner and outer
reflector and the other distiller .That was under the effect of the first distiller. The effect of the
parabola, it shows that the production of the first distiller increased about 60 ml than the other.
When adding 1 liter as shown in figure (6).While the production increased 240 ml when adding 2
liters shown in figure (6) .The center of the parabola concentrator heats the distillers glass which
leads to less condensation for vapor.Therefore the production decreases less than the distiller that
contain inner and outer reflector that works on concentrating the solar rays that fall on the back
wall and side of solar distillersand this is consistent with the researchers [18-19].
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Figure (6) The relationship between the daily yield and time when adding a parabola concentrator and adding
an internal and external reflector(A) when adding one liter (B) when adding two liters.

Conclusions:

The results obtained from practical experiments proved that the efficiency and productivity of the
solar still increases with the increase for radiation falling on the still and that the maximum
efficiency is between twelve noon and two o'clock in the afternoon in all experiments. The charcoal
black color of the basin and the inner walls of the solar still has a positive effect on the
performance of the solar still. The use of a parabola concentrator and internal and external
reflectors significantly increased the efficiency and daily yield.
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