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ABSTRACT - In the present work, the effect of transparent cover
slope on the thermal performance of the single-sloped basin-type
solar still has been experimentally investigated. For this
purpose, four stills with identical dimensions and specifications

have been fabricated. The only difference between them is the
zlass cover slope angle, which has the values of 10 , 15, 20 and
30 for the stills. The experimental data are collected from
outdoor tests scattered over a complete year. Reszults have szhown
that £t 1‘1 with cover slope 15 has the best preoductivity and
] £ ency all over the vear.

rzion of saline water to fresh water by solar energy has
of the most lmpo“tant application of solar energy
s ine it iz an efficient and low cost thermal process.

it is a2 suitable cption for the new oclietiss 1n arid

as, specially after the sharp increase in hhe prices of the
ossil fuel operated desalination plants. In practice, there are
many different designs for the solar stills. The basin-type solar
still is seen to be the mozt ocommon and practical design. The

thermal performance of a solar still may be influenced by the
climatic conditions, operational variables and design parameters.
The basin-type solar still main design parameters are; +the still
shape, orientation, fixation, brine depth in the basin, number of
covers and the cover slope. Several investigations have been
carried out to study the effect of desizn and operational
parameters on the still performance (i1-5]1. However, researches
concerning the effect of cover slope angle on the still
performance are seen to be little and insufficient.

) In fact., if the cover slope angle is small, +the condensate
slipping on the lower cover surface will be slow. In this case,
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the condensate will be either re-evaporated again or fallen baci
to the basin, which reduces the still productivity. Large slope
angle increases the path travelled by the condensate to the
collection trough, and increases the chance of re-evaporation.
Between these two limits, there exists an optimum slope angie,
which results 1n = maximum still preoductivity and Thermal
efficiency. Sorour et al (6] have reported that +the still with
cover slope angle of 16° has the highest productivity during the
month of November. The experimental data collected by Abdel Salam
and co- workers (71 have shown that the stills with cover slope
angles of 5° and 307 have recorded a maximum coefficient of
performance during the summer and winter respectively. Shafiey [8]

reported that the still with cover slope angle of 30" has recorded
the highest productivity during the autumn of 1981.

In general., the previous results in this field are seen to
give insufficient annual information on the still performance. The
basin-type solar still has a fixed cover. Therefore, an optimum
cover slope angle which yvields a maximum annual productivity
should be decided. This is the object of the present experimental
work.

THE SLETUP AND EXPERIMENTAL PROCEDURE

The setup consists of four single-sloped simple basin-tvpe

zolar stills with identical dimensionz and specifications. The
bhasin of each still iz a rectangular of 0.8 x 1.2 m. The stills
are fixed such that their glass covers are facing the south. The
stills differ only in the cover slope angle, where it takes the
vaiuve of 10, 15 . 20 ‘and 30 for the stills. A cross sectional

view of one still!l and a photograph of the setup are shown in Fig.l.

A1l s%*ills have the following commen
Ordinary window glass cover (3 mm thi
Height of the lower =dge = 8§ cm.
Depth of water in the basin = 3 cm.

Blackboard ccated galvanized iren sheet inner liner{d.% mm thick;.

The experimenpal work iz carried out at Mansoura University,
Egvypt (latitude 30°N). The tests are conducted outdoors with at
least two days in esach month over a complete vyear, using the
ordinary tap water. The setup is suitably instrumented to measure
the temperatures at different points, the stills productivity and
the meteorolegical wvariables. The temperatures are measured by
copper-constantan thermocouples and the productivity is measured
by collecting the vield in a scaled ja.. Measurements are taken
from about 9 a.m to & ».m with a regular time interval of 1 hour.
The daily productivity of each still 1is measured in all
experiments. The performance of each is also examined during a
full day {24 hours). ;

RESULTS AND DISCUSSION

The experimental data for two selected days are given in
Figures 2, 3, & and 5 as a sample of results. In fact, the most
important tempseratures that affect the still performance are +the
basin water temperature and that o¢f glass cover. The still
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productivity is proportional to the difference between these two
[9]. Figure 2. shows the wvariation of Dbasin water

temperatures
+emperature with time for all sills in the selected days. The
variation 1s seen to follow that of sclar radiation. The

corresponding glass cover temperature is shown is Fig.

3.

The hourly productivity for each still is shown in Fig. &. It
is c¢clear from the figure that the hourly productivity increases
with time, reaching a maximum value at about 3 p.m, and then
decreases gradvally. The maximum differences in productivity
between stills also occur at 3 p.m. The corresponding accumulated
productivity increases with time, even at night as shown in Fig.5.
This is Dbecauze +the water-cover femperature difference is
maintained at an effective value during a part of the night as
seen from results. To be satisfied with the experimental results,
the measured productivity is compared to that calculated from the
modified Puncle’s equations (9} given below,

w =g / & L m® /hr.

At
1

where w is the productivity, Hﬁ/hr,

= is the density of water, Kg/ma,
L is the latent heat of evaporation, KJ/Kg,
and g, is the rate of heat transfer from water to cover by

evaporation and condensation in KJ/hr, and is given by,

13
= 1.0039 T - + (-p-2fo-i3ioo. T ] -
a_ .00 A [(*, Tu.) { 37853 D -D yoT (?w E: bL
where A is the basin area, m,
T is the basin water temperature, €
T is the inner cover surface temperature, ¢,

; i, 5 .z
P is the saturation pressure of water vapour at Tv, NAsm,

P_giis the saturation pressure of water vapour at Tq_, N/ma
Pr is the total pressure inside the still = 1.013x%10° N/mz,

anrd
Actual data are used +to obtain the productivity £from these
equations. The agreement between the measured and calculzated
values of productivity is seen to be satisfactory as shown in

Fig. 5.

On the other hand, the hourly thermal efficiency, »n of each
still is calculated from,

n=wgoL/ AH

where H is the total solar flux on a horizontal surface, KJ/mhr.
Fig., 7. shows a plot of the hourly thermal efficiency for the
stills in the selected days.The thermal efficiencies of the stills
increase with times up to the sunset hour. This is because the
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solar radistion is decreasing faster than the preduciivity in the
aftexrnoon hours.

However, the instantaneous comparison between the stills may
be misleading due to anv quick variations in the solar radiation.
Therefore, the daily total productivity for each still is
collected, and the corresponding daily thermal efficiency is
calculated in all experiments. These wvalues which are based on 24
Lhours operation, are used for comparison between the stills.
rig.8. shows the daily productivity for each still during all
experiments over the vear. It can be easily seen that the still
with cover slope 15 has shown the highest productivity most of the
vyear. OQut of 2& tests, it has recorded a max imam daily
productivity in 15. In the other tests, the productivity of this
2£ill is very close to the best one as shown in the figure. The
corresponding daily thermal efficiency for each still is shown in
Fig. 9. As expected, the changes in the daily thermal efficiency
follow that of the daily productivity. Therefore, the same

comparison trend can be sbserved in the figure.

CONLILUST ON

le on the thermal performance
till has been experimentally
ducted outdoors on four sclar
. different glass cover slous

, 157, 20" and 30°. At least, two days in each
are selected to perform the tests. The collected

tz have shown that the still with cover slope 15 has recorded
ne highest productivity and efficiency during about 5% of the
tal number of tTests. In other tests, its produtivity is almost

work are restricted for latitudes around 31° H.
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