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Abstract: Two identical single - ¢Tect of single basin solar stills were designed, fabricated, tested,
and evaluated, Omne was operated alone whale the other was coupled w o Mt plate solar collector. Both
werg installed at the same site in Tripel, Libva, ai 32" 48 31 M and 137 26 177 E, They were sputh
oricnted with a bt angle of 23°. Measurements of vanous parameters were taken in August 2000 a1
cach hour for several davs under different operating conditions, Two operational modes were
considercd, The tests were conducted using seawater of 35,000 ppm, The depth of water in the basin
wis kept fixed at 60 mm. Fresh water production of the coupled sull was measured to be 6.6 Liday
which is higher than that of the single sull by 35.84%, The maximum daily efficiency was caleulaned
tr b 1487 for the single sull while i was only 24, 158% for the coupled sull, The sull thermal
performance was found o bave a complex function of geometry, construction, operational conditions,
site charactenstics and Tavout details.
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LINTRODUCTION low and the land is available at low cost
) High fresh water demands make industrial
Fresh  water |-..“.ul1un.'=.:s i].I"L: almost capacily systems necessary. These systems

completely exhausted in many Middle-East consist  of @ conventional  scawater

countries  [1], H"'”‘:""'flhlf"' CMCTRICES - arc distillavion plant coupled to a thermal solar
cxpected o have a Nounishing future and an system. This technolopy is known as
imparrtant role in the domain of brackish and indirect solar desalination. Many small size
seawater desalimation —in - developing  gygems of direct solar desalination and
countrics. Small production sysiems as solar several  pilot plants  of  indireet  solar
stills can be used if fresh water demand 15 gecalinmion  have heen desioned  and
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implemented. Nevertheless, in 2002 solar
desalimation was only (L02 %% of the global
desalimation  capacity  as  represented by
renewable energy svstems [ 2],

In Libwa, where the water demand s
thought to increase, many research papers
were completed in the RSCSE, and devoted
to the solar energy, such as passive heating
and cooling strategies for Libyal|3], and
maintenance strategy for salt gradient solar
pond coupled with an evaporation pond[4].

The solar still which is fabricated and
cxpenimented for this work is relatively
simple  in construction  with  low
maintenance cost, and it can be operated by
anv laborer amongst the inhabitants, The
utilization of solar stll systems is becoming
very achive in the Arab world where the
solar radiation intensity 15 very high. In this
work, the effect of combing a flar plate
collector with a single-efTect of single basin
solar sull was mvesugated. The results of
this augmentation on the behavior of the sull
under the local Libyan climane conditions
are presented.

250 AR STILLS: An Overview

review  on the wse of
renewable  energy o vanous  tvpes ol
desalination systems and a survey of the
various types of solar thermal svstems and
applications  were  presented by Hazim
Chblawey.,  Fawzi  Banam  [5]. Many
cxperimental and theorctical works have
been conducted on single basin solar stills
for testing the performance of different
enhancement parameters, Dyifferent
absorbing  matenals  were  wsed by
K.Kalidasa Murugavea, KnK.5.K, [6] o
study their effect in a solar sull, and thus
enhance the productivity of water, using o
single-basin solar sull with double slopes.
Bilal A. Akash [T] exammed the elTect

An excellem

ol using a solar sull with various cover ule
angles of 15, 25, 35, 45 and 35, and the
optimum ot angle for water production
was [ound 1o be 350 Also the authors studied
the effect of the salimity of water on solar
distillation. and concluded that the distilled
water production decreased with salimity, A.

Safwat Nafey [B]. investigated the main
parameters affecting solar sull performance
using four different still design parameters
aperated under the same weather conditions,

A pgencral
predict the datly productivity of a single
sloped solar sull. Whereas, Bilal A, Akash,
Mousa 5. Mohsen [5]. studied
experimentally the use of black rubber or
black gravel materials within a single sloped
solar still as a storage medium to improve
the still productivity. 0.0, Badran, Mazen
M.  Abu- Khader [10].  studied
experimentally the effect of coupling a flat
plate solar collector on the productivity of
single sloped basin solar still,

It was found that coupling of a solar
collector with a stll has  increased  the
productivity by 36%, A flat plate collector
was integrated with a single basin solar sull
bv Al A, Badran, Al-Hallag [11]. They
found that the maximum ncrease  in
productivity of potable water was 52%.
Boukar and Harmam [12]. studied the effect
of  desert chmatic conditions on the
performance of a double simple basin solar
still and a similar one coupled to a flat plate
solar collector. The performance of the
simple still is compared with the coupled
one. They found that the coupled stll s
more productive than the simple one,

Sanjeev Kumar and G.N, Trwan [13].
studicd the annual performance of active
solar stll analvtical expressions for water
and glass cover temperatures and yield have
been dermved in terms of design and climatic

equation 15 developed 1w

parameters. Numerical compulations  have
been  carmed ouwt for Delln climane
conditions where it has been observed that
for given parameters, the annual yield is
opiimum when the collector inclination s
200 and the stll glass cover inclination is
157,

L EXPERIMENTAL SETUP

Two similar units of a single sloped solar
sl were  designed and  constructed  n

especial  workshop 1o maintain  the
comparison  under the same  design
conditions. Each umit consists of two
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metallic boxes inner and outer having four
sides. The four sides and the bottom are
made of a 2 mm thick steel sheet, The
overall  swee of  the  immer box s
| TOem=60em= 1em and that of the outer
box 15 |80cm=T5cm=20cm. The gap
botweern  the and outer basm owas
mjected with foam as insulation matenal of
E - 003 Wom.KE m order to reduce the heat
logscs 1o the surrounding, The insulation
thicknesses of the long sides and of the
north side are 5em, whale the thicknesses of
the bottom insulation and that of the frontal
side are [0,

Three openings were made in the box:
one 15 for the entrance of scawater, the
second s for the condensed fresh water, and
the third is for the discharge of brine water.
The sides of cach mner box were painted
white from the instde i order to reflect the
solar radmtion o the water surface, while
the absorbing surface, arca
cach basin was painted black 1w increase the

mner

surface absorptivity. A collection V-shaped
chanie]l is fixed o the forward cide of the
still box to collect the condensed water. The
condensing surface in each still unit is the

1.02 n1:. of

inside surface of the glass cover which is
made of 4mm thick ordinary glass.

The glass cover of cach sull box was
fixed to an aluminum frame on the edge of
the cast and west sides with an angle of 237,
Rubber gasket scalant wias wsed o prevent
leakage from any gap between the glass
covers and the sull box. A constant pressure
head tank, 30cmes30cm=30cm was used
contrgl the level of water mside the two
stlls by a float-type regulating valve. A
feeding tank cyvlindrical-shape { 100= 5(:)
em was used for compensation

The solar stll was onented in order to
face the south. In the design of the present
solar stills the following Tacts were highly
considered. A flat plate collector, shallow
box, 184 cm long, and 90 cm width and 10
cm thicknesses,  was emploved.  The
collector 15 made of cight parallel copper
tubes, 12mm inside diameter with 100-mm
spacing and 170 cm length. The tubes were
fixed to a 0.7 mm thickness copper plate,
coated by ordinary  black matte  paint.
Selective laver fixed on rock wool insulator
of 50mm thick. The technical specifications
of the solar stlls and of the fAat plae
collector are summarized 1in Table |

Fabde 1: Techmcal specilcations of selar stills and the lan plate collector,
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Technical FF""_'.IH""".“.I"?”F of both Fechnical specifications of the FPC
solar =nlls

Specihication Ihimension Spectiication Ihmension
Length, m 1,70 Mumber of riser tubes by
Widith, m XS Length of riser tube, m 1.7
Hasc arca, m” .02 Sumber of hewd wbes 3
Cover tale, ® 23 FEC il ™ 23

Glass cover area, m 1176 _Glass coverarea,m™ | 1566

Cilass depth, mm 4 Mube head dizmeter, mm 25
Transmassiviiy of @lass [L53 Thickness of insulation, mm 2l

4. TEST APPARATUS

Five temperatures at vanous locations

Were

measurcd by

mesins

of copper-

constantan, Tvpe- 1. thermocouples.
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Temperature read-outs were taken by a
multichannel microprocessor. The locations
are on the inside and outside surfaces of the
glass cover, surface of the basin, inside air
space temperature and scawater in the basin,
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The data were then handled on a PC. Wind
speed  was measured by oa digital
anemomeler mstalled im0 a  homeontal
position near the sull cover. Solar radiation
was measured by a silicon pyranometer,
maodel 096, which was fixed in position that
takes the same angle cover of 23" on the top
of the frame of the solar still.

The outlet and inlet temperatures of sea
water 1o and from the fat plate collector and
the ambient temperature were measured by
PT 100 thermocouples,

For the collection of the data, a
measurcment system, data logger, was used.
The sampling rate for measurcments were
st o | second, while average values were
stored every 30 munutes, the data logper
coupled with personal computer 1o storage
and analyee all dusta. Table 2 shows the
accuracies and ranges of the measuring
apparatuses,  The  thermocouples  were
calibrated by two ways, the first calibration
uses e waler mixture, and the second uses
boiling water.

3. EXPERIMENTAL WORK

The experimental work s divided into
two parts, The first part for the passive solar
still, the expenmental set up consists of a
solar disullaton unmt with
mchmation 23%, and

PAsSIvE
condensing  cover

fabricated 1o accommodale a  maximum
water depth of 10cm o conduct tests ot
various water depths. The second parnt of the
expenmental work which deals with active
solar sull 15 conducted with water heating
solar tlat plate collector.

The production of fresh water can be
enhanced by increasing the temperature of
the water in the basin by coupling the solar
still 1o a Dat plate collector emploving the
thermo-siphon phenomaena.

In the active distillation process,  hot
water from the collector panel is fed into the
basin of the solar stll in order 10 achieve a
faster ratc  of  water  evaporation, A
schematic view of an active solar sull s
shown in Figure 1.

Table X Accuracies and ranges of measuring apputralus

M, Instrument ACCUGHICY range
I Thermecosple (ivpe-T) 1T 20000 330 T
2 Pyranometer Model 096 S 0.3 w0 3 wavelengihipm)
3 Anemioameter =1 1% =15 m's
" Collecting vessel iml (k=1 5001 aml
t [hermocouple (PT100) +1C 200D Lo BOC

6. TESTING PROCEDURE

The experimental investigations  were
performed in the summer season of 2009,
and were conducted in the expenimental area
of the Center for Solar Encrgy Rescarch and
Studies. in Tripeli, Libya at 32° 48 31'N and
13" 260 177 E. The behavior of the systems
was investigated through two modes of
operation:

(1) 5tll operating alone for a 24-h period
iall during sunnsc to sunsct. dav), and (2)
still is connected to the flat plate collector
under the Thermosiphon mode of operation,

for a 24-h period (all day), and during sun
rse o sunset. The testes were performed
with sca water (35(MH) ppm) at the same
temperature and under the same weather and
operational conditions for both modes,

T. RESULTS AND DISCUSSION

The experimental results tor the passive sull
were  compared  with  the  experimental
results obtamed from the active sull. These
resulis were determaned under the varations
ol solar radiation intensity that recemved on

the tlted surfaces of the solar stills and 1Tat
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Figure 1: Solar radiation intensity and the ambient temperature.

Table 32 Total dmly production of water distillate Trom both sulls

Twpe of sull Tam to [Spm

The Passive sull Y15 ml

[ Spm 10 Tam all day {24 hr})

[ 1200l 4235 mil

The Active still 5480 ml

[ 1200ml GO0 mil

plate collector. These are done based on the

hourly behavior of both solar radiation and
haoth stalls.

The solar radiation values on Glied
angle ol 23" were

caleulated using the mid-hour solar radiation

surfaces  with  an

values., The solar radiation  wvalues were

] .
measured by pyranometer. On the 267 of

August, the passive and active sulls were
tested under the same operating water depth
of 6 em and the same weather conditions.

Figure 2 shows the hourly variation of
solar radiation intensity incidents on the
tilted solar cover surface, and the variation
of the ambient temperature. Here, the solar
intensity increascs along the moming hours
and it continues to increase until it reaches
the maximum at around the solar noon, and
then it decreases in the late aftiermoon. The
total daily sul:'nr cnergy was calculated to be
26,738 MJI'm™ per day.

Figure 3 presents the hourly vanation of
the production of distllate water from the
two units and the hourly vanation of solar
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radiation. L can be seen that as the solar
mtensity.ncreases,  the  productuvity
mcreases due to the mcrcase i heat gain for
water vaporization inside the stills. The
productivity rite varics as time passes from
maorning until late afternoon. The production
rate of the passive still starts very slowly at
the hours 10:00-1:00 duc o the low solar
solar energy received during the morning
period. The production rate of the active still
starts  with  higher rate at this  period
compared to the passive sull. A peak
production rate is achieved at the hours
[4:00-15:00 for the two units, The total
daily production of the twoe units 15 reporied
in table 3, It can be seen from figure 3 that
the productivity mate continues 10 INerease
until the first hours of the nmigh, Both models
seem 1o have the same production in the
hours of the might. Comparing the daly
production of the two tested units, it s clear
that there 15 a considerable advamage of the
active stll, with a percentage enhancement
of about 53.84% more than the passive sull
production.
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I productivity(ml) of the active stll
Eproductivity (ml) of the passive still

Productivity (ml)

il

Laoeal time (hr)

Solar radiation (Whr/m?2)

Figure 3: The productivary of distillate water of the two units with

—— productivty (ml) —#—(Tw-Tg)

Ll L —=Tg
=
: E
Z £
S g
i £

Local time (hr)

Figure 4: Basm water and glass wmperatores and the emperature dilTeremce between
the hasim water and glass and production rate for the passive siall

Thas increase in preductivity s related
the higher average temperature of the active
still than that of the passive stll. The higher
average temperature of the active still is
expected since it is coupled o0 a collector,
The solar flat plate collector preheats the
feed scawater and increases its temperatune
in  basin stll to nmearly the  saturated
temperature of the brine Auid
Figures 4 and 5 show the vanation of the
basin - waler  lemperature,  mean
temperature,  the  difference between  the

i lass

basin  water and plass temperature, and
production rate for the passive and active
stills, respectively.

The passive and active stills reach the
maximum production rate just after the
basin  water temperature  attained  the
maximum point. The water production staris
when the temperature difference between
the basin water and glass s around 7°C for
both stills as shown in Figures 4 and %, The
temperature difference reaches 3 maximum
when the basin water temperatures are 67°C
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—— productivity(ml) ——{Tw-Tg}

| =T, w

Productivity (ml)

---li---.g

e T = — = =

Temperature (C)

Local time (hr)

Figure 5: Basin water and glass temperatures and the emperature difference bBetween
the basin water and glass and production rate for the active sull

and TRUC for the passive and active shlls
respochively and then it staris o decrease
gradually for both stills. The fresh water
production rate increases with the decrease
of the temperature difference between the
basin water and glass for certain period. It is
clear from the two figures that maximum
fresh water production lags maximum basin
waler |.I_'I'I'I.FII_'T.:l|.!Ill..‘.

The basmnm IMCrease
leads w ligher evaporaton rate. High
temperature  difference between the basin
water and the glass enhances the bulk
motion of the air-vapor mixiure inside the
still. which im turn increascs evaporation.
and condensation rates.

As well known, the water production rate
15 also anfluenced by several  other
parameters depending on which period of
time 15 considered. Hence the production

waler I:.':n;'u:r:!l LT

rate 15 a complex function of the tvpe of the
basin  water, the cover plass,  the
temperatures  differences berween  basin
water and glass, and between the glass and
the ambicnt. in addition to the design
paramecters and the geometry and layout of
the unit,

8. CONCLUSIONS

l. The maximum amount  of distillate
obtained from the passive and the active
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stll was 4640 I::I'Il."ITI-.IJ.i.l}'.. 71
|:nl-':m".du}-- respectively. The total daily
vield from solar energy falling on the
cover of the solar stills and FPC when
measured on 2582009 was 27.181
MIim® per day.

When the active still system was operated
for 24-h on 2608/ 2008, 11s production was
increased by 35 84% compared o the
passive syslem.

The passive and active stulls production
ratc 15 a function of the temperature
differences between the basin water and
glass for certain period of time, I also
depends on the level of solar radiation,
wind speed, the overall heat loss, and the
propertics of the inlet brackish waler,
beside the design parameters. Hence, the
production rate 15 a complex function of
many parameters  that  may
further studics and analysis.

require

RECOMMENDATIONS

The effect ol the state pressure inside the
sull and glass cover inchination on the
productivity for the passive and active
still are expected o be pronounced.
studying such cffects could have valuable
results,

lhe cost of the solar distillation unit s
impartant, Durable but cheap materials
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and simple designs of solar stills ane
prefermed.

The performance of the solar sl
depends on the source of raw walter,
Closer source of raw waler, or locating
the svstem near sea shores reduce the
overall cost of the svstem.

The performance of the solar sl
depends  also on  the selar  radianon
mntensity,  which 15 function  of  the
location and ornentation of the solar sull.,
Choice of the location and movable
oricntation to face the sun at all times of
the day enc imporiant.

. Solar stull coupled with an  insulated

storage tank in which water is heated by
a solar flat plate collector 1s expected o
increase productivity for a 24-h penod,
mainly at might, and climinates  the
dependency on climatic conditions.

NOMENCLATURE

T Temperaiure of Rasin feer, "C

I

Temperature of water dn stll, °C
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