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New design of the stepped solar still
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Abstract

This research a stepped solar still has been constructed and its performance has been
evaluated under different atmospheric circumstances of Basra city( Iraq) (Latitude 30° 33'
56.55"N, Longitude 47° 45'5.86"E) . The still has consists of a basin with area of (0.075 m?)
which divided into three basins , area of each basin is(0.025 m?) and provide each basin by
reflector (mirrors) area of each one is (0.025 m?), the internal reflectors help to concentrate the
sun ray on the basins to increase the productivity of the distilling water(fresh water). The
stepped solar still inclined at an angle of (15°, The maximum efficiency of the experimental

still varies from (40.6% -75% ).
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1.Introduction

Water is considered one of the prime
elements responsible for life on earth. It
covers three-fourths of the surface of the
earth[1].

Saline  water  (brackish  water)
represents very high percentage of the total
water on the surface of the earth, (97% -
97.5%), and the rest is fresh water (3% -
2.5%), so the fresh water which is available
for use is very small fraction [2-7].

The remote arid warm places in the
Middle East and North Africa and other
regions in the world are suffering a sharp
shortage of fresh water. These regions are
characterized by high salinity of ground

water, lack of rains and a good solar energy
in Iraq (specific Basra). It is an international
problem and the best solution, is the use of
solar energy for desalination of salt
water[8].

Solar stills can be the best suitable units
to be used as low-capacity and self-reliance
water supply systems, since they can
produce pure water by using solar energy
only[9].in Iraq (specific Basra)

Radhwan, study the transient analysis of
a stepped solar still for heating and
humidifying agriculture greenhouses, the
experimental efficiency of the still in study


http://www.basra-science/�

Mohammed :New design of the stepped solar still

was 63% with ( 4.92 L/m?) total daily
production [10].

H. Tanaka and Y. Nakatake, study the
increase in distillate productivity by
inclining the flat plate external reflector of a
tilted-wick solar still in winter, the daily

2.Experimental set-up

A stepped solar still has been
constructed and its performance has been
evaluated under different atmospheric
circumstances of Basra city( Iraq) (Latitude
30° 33'56.55"N, Longitude 47°45'5.86"E)

The still has been consists of a basin
with area of (0.075 m?) which divided into
three basins , area of each basin is (0.025
m?) , the three basins were manufacture
from tinplate, and all of them linking with
reflector (mirrors), area of each reflector is
(0.025 m?). The basin surfaces were painted
with black paint to absorb a large amount of
solar radiation incident on them, and the
fig.(1) shows the diagram of the basin with
mirror while fig. (2) shows a photograph
picture of this basin.

The still consists from the glass walls
with thickness of (3mm) ,a glass cover with
the area of (1500cm?).A plastic tube with
(1cm) diameter was used to provide salt
water to the still.

Absorption
Surface
(Tin plate)

25cm

amount of distillate of a still with an inclined
reflector would be about 15% or 27%
greater than that with a vertical reflector
when the reflector's length is half of or the
same as the still's length[11].

The distilled water was collected in
special channel inside the solar still. The
channel has width (5 cm), and outlet through
plastic tube to the collecting flask.

The base of the still was insulated with
pieces of wood (wood block) with thickness
of (1 cm) to avoid the thermal losses to
the external ambient, proved the basins on
the base by silicon rubber .The solar still
inclined at an angle of (15°) and orientation
of the solar still to the geographic south
direction for to get a longer period of solar
radiation [12] .Fig. (3) shows the schematic
diagram of stepped solar distilled and figure
(4) shows a photograph picture of this still.

The experiments on the stills were
carried out during some days of (February,
March, , April, May, and June 2012) to
study their performance under different field
conditions. During each experiment, the
hourly amount of extracted distilled water
and the total daily amount of distillate water
were recorded.

Reflector
mirror

10 cm

Figure 1: A schematic diagram of the basin with mirror
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Figure 2: A photographic picture of the basin
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Figure 3: A schematic diagram of the Stepped Solar Still (SSS)
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Figure 4: A photographic picture of the Stepped Solar Still (SSS)

3.Results and discussion

Figure (5) show the daily production of
distilled water of the stepped solar still with
the solar radiation through some days of
(February to June 2012), this figure shows
that the daily production has a maximum
value arrived to (8004 ml/m? )for the day
(22/412012)where the sky is clear (there is
no dust) ,where the production of the solar

still has been depending on the intensity of
solar radiation ,while the less value of
production is (5002 ml/m?)for the day of
(21/2/2012) where the sky is not clear but
partly cloudy and the weather contains some
dust storms, and the figure (6) shows the
relation between the daily productivity and
the solar radiation.
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Figure 5: Daily production of the solar still with the solar radiation through some
days of (February to June 2012)
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Figure 6: Relation between the average productivity and the average solar radiation.

The results shown in fig. (6) indicate that
still has the same behaviour and the
variation in its productivity from one month
to another due to the variation in the solar
radiation, the high rate of productivity solar
still has been in the month (April) arrived to
(6863 ml/m* ),when value of the solar
radiation to(8675 W/m?),while the less rate
of productivity solar still has been in the
month (February) arrived to(5268 ml/m?

),when value of the solar radiation to (5570
W/m?), where the productivity of the solar
still has been depending on the intensity of
solar radiation.

Fig.(7) shows the hourly production of
distilled water of the solar still in the day
(19/5/2012), where the sky is clear and the
absence of dust . A maximum of the
production of the solar still is at midday
while a lower one is at the beginning and the
end of the day, the maximum value
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production arrived to (947 ml/m2 ) in the to (200 mI/m2) in the hour (18 pm).
hour (13 pm) while the lower value arrived
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Figure 7: The hourly production of the solar still in the day ((19/5/2012).

The distance between the basin and the been operated in the same conditions for
glass cover of the stepped solar still has been the period time from (1 July 2012) to( 5 July
(5cm) , then the distance was increased to 2012). The results are shown in fig. (8).
(10cm) and (15cm), the three stills have
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Figure 8: Daily production of the solar still (with the 5,10,15 cm) for some
days of (July 2012).

The results shown in figure (8) indicate with 5cm) has the best productivity, due to
that all stills have the same behaviour . the less losses in the condensing water on
However, its clear that the solar still (SSS the inner surface of the glass where these
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losses are observed in other devices. The
maximum value of the daily production
arrived to (6750 ml/m? ) for the (SSS with
5cm),while the maximum value of the daily
production arrived to (6270 ml/m? ) for the
(SSS with 10cm) and the maximum value of
the daily production arrived to (6050 ml/m?
) for the (SSS with 15cm).

The thermal efficiency (E) of the still was
calculated for the some days using the
following equation [13] .

Where:

Ensn: Thermal efficiency.

P: Daily output of distilled water.

L: Latent heat of water evaporation (KJ /
Kog).

I: Daily solar radiation (W / m2. day).

Ay Area of the basin if the still (m?).

Figure (9) shows the thermal efficiency
(E) for the stepped solar still through some
days of (February to June 2012) , the
maximum for the thermal efficiency
arrived to (75 % ) while a less value(45.6
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Figure 8: Thermal efficiency of the solar still through some days of
(February to June 2012).
conclusions
The  main  observations  and the same behaviour and the variation in

conclusions that can be obtained from the

results of this work are the following:

1. The largest part of distillate production
was seen to take place between noon
and sunset, where the productivity was
increased with the increase of solar
radiation.

2. The high distillate production of the a
stepped solar stills occurred in April,
which was related to the high incident
solar radiation.

3. The monthly average of distillate
production of the stepped solar still has

its productivity from one month to
another due to the variation in the solar
radiation and the other metrological
factors like clouds.

4. The maximum of the thermal efficiency
arrived to(75 % ) , while a less value
15(45.6 %).

5. The (SSS) with a distance of (5cm)
between the basin and glass cover has a
best productivity in comparison with the
other stills with (10 and 15cm ) .
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