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PERFORMANCE OF POROUS -BASIN SOLAR STILL
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Abstract

In this study, the performance of two diflerent types of solar stills has heen
investigated during a period of filicen days [rom 30. 08 1o 18, 9. 1997, under the ¢climatic
conditiong of Cairo clty. (Ine of the two stills s from the conventional basin type, whiie
the other is porous -basin still. Both stills are of equal basin area = 0.85 m*and covered by
single giass incliced with an angle of 20 degree io the hotizontal basin base. Ten daily
tests have becn performed during this tiine period. The daily test starts at 9 A M. and ends
at 6 P.6L During the test, measurements were made in terms of the solar Tux, anthient,
2lass cover ud basut waler lemperawres and  distillale productivity. Tn these tests. the
effect of Dasin water depth on the sill performance has been investigated for hoth siill
rvpes.
The results showed that the porous -basin still with 1.0-cin basin water deplh hasy

better performance than the conventional still. Daily distillate productivity of about 2.3
lite/m? could be obiained trom the porous still. On other side, a best performance of the
conventional stitl could be achieved for 3-cm basin water depth, with dailv distiltate
productivity ol about 21 fitersm-

1. Introduclion

The earliest documented work on the conventional solar still appeacsd i (8772 .0
Wilson [1], who used a number of oasin-type solar stills with wial area of 4700 0
supply potable water. Since then, nuany researcliers have veperted much work on e oof
Aistillation.
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Frik and Semmerfeld {4] proposed a solar <til with inclined evaparating ¢lath
‘vingle wick). They concluded that the system is relanvely economical hut suffers [rom
limitation ol having part of the cloth dry at times, Some time later, Moustafa and
Brusewitz [3] huve studied the performance of different Lypes nf solar stills and concluded
that the wick-type collector evaporating systein 15 betler than basin-tvpe selar sifl.
However, the proposed system suffered from having many controls and correspondingly
higher cost,

Soda et af. [6] have investigated expcrimentaliy the performance of a muliipie-
wick solar still, wherein a blackened wel jute clath forms ihe liquid surface, This wet jutc
cloth was oriented lo intercept maximum selar radiation and. consequently, altain high
temperatures on account of its low thermal capacity. The wet surface was created by a
series of jule cloth pieces of increasing length separated by thin polythene sheets, These
cloth pieces were arranged along an incline with ils upper edges dropped in a saline watcr
lank. Suction by the capillary action of the cloth fiber provides a surface of the liquid.
This arrangement ensures that all the surfaces. irradiated hv the sun, are wet at all limes.
The resulls showed that on a cold sunny day in Delhi, the distillate production was 2.3
l/m? per day, comresponding to an overall efficiency of 34%. The still cast was less than
half of the cost of a conventicnal basin type of the same arca.

Recently, Al-Karaghouli and Minasion [7] developed a fleating-wick solar still,
hased on the good capillary property of jute wick [8]. The proposed still is a conventienal
single-basip type provided wilh a black jute wick iloated with a polystyrene sheet. The
(loating wick was arranged (o appear only half cenlimeter above the waler leve! in the
still. This ensures sufficient water flux due 1o water sncuon by (he capillary action of the
jute (ibers. Both azimuth and altitude rackmg were used to receive maximum soiar
radiation incident on lhe stil. Piveting & ilar maror aboul a horizontal axis performed
altitude tracking. Mesults  of this study showel tha the Ooatimg wick type solar it} gave
mgher praductivity than the cuimon tilled-wick tpe L, and than the conventional
nasin-lvpe siill, however, with some grobicims jn operation and mmntennnee. A
maximum daily ontpat of about (0.8 Vm . sulbi be obtaned from this still,

The recent tread of improving the serformance and  productivite of solar
distitlation sulls @5 weit ag ils economy prosused recunt studies 1o develop less wipens,ve
. more efficicet solar stills by using 10 reus havias Modian and Zaki 9] among her
researchers have investizaled experimensuty the affect ol vsing porous hasin o thie yeld
of 2 solar sull. In this experunent, the stdl construciinn cost was greally reduced hy
caminating the canerete slructure ardd the Blacs Bespe omaterial nsed in the sl s

fstend of ihis, caraon powder (obtsiced vee o seoepe leenm oil-lired power plants) wis

Lsendd Phe cesulls snoveed that an average sicld 0 22 - L lm per day condd be aches ed
iy iy the earhea peveder. The peesiotics chowed also that removing the basm
ctlalion conzed redoetien n the seil o srconenvily Byoabout 13% - [T0% eon e

i

cons ool the sornsed e e oo s o0 0 e pradectieny shotved v
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potable water production cost of 2.4 US dollar per one m’ {distilled water) could be
achieved.

It is elear from the above-presented literalure review that the sofar stifl data,
available in literature from different sources, are still scarce and scattered. Therelore, in
the present work, an experimental investigation on Lhe conventional single-buasin solar sll
will be performed under the climatic condition of the city of Cairo. In this investigalion,
the effect of using porous layer in the still basin will be examined,

1. Experimental Installation

Figure 1 shows the construction of the test loop. The systein involves two stills
separaled by a vertical 6-mm thickness plass sheet to avoid shadow effect. The hem
exchange between ihe two stills through the separaling glass sheet may be considered
negligible. This due to the relatively low thermal conductivity of glass and the smail
ternperature differcnce between to still reoms. The two fat basins are made from polished
[.25-mm steel sheets and covered by 6-mm glass sheet inclined with angle of 20 to the
horizontal. The bottom and sides of bath soiar stills was thermaliy isolated by foam |ayer
ot 5-cm (hickness. The inner basin surface (s painted black to cnhance solar cnergy
absorption, One hasin contains 20-mm layer ol biack soiid grains of pazall. The ratio of
porosity volume to grains volume = 0.514 and the average volume of grains is 0.2Zcm’
Thus, the system comprises (wo diiferent tvpes of solar slills. One is a conventional basin
still.  while the other is a porous-basin still.  Each stil is provided with a V-drain
aluminum channel for the drainage ol disuilate to a collection bottle. Copper-Conslaniane
thermocouples, connected t0 a veitmeter through an on-ofi’ switch. are used f(or the
measurement of basin water, glass cover and ambient temperaures. The accuracy uf
temperalure measurement is about + 0.3 7 C. The solar radiation is measured by using a
Swiss made pyranometer with a brand name HAENNI, al + 0.004 k W/m* accuracy.

1.1 Operation

Solar energy allowed into the sill heats the water. The water evaporates onl: ta
condensale on the underside of Lhe glass due lo the ellect of temperawre drop acrags o
glass cover. When water evaporates. oniy the water vapour rises, leaving contaminasls
behind, The gentle slopc of the glass cover directs the condensate 10 the collestom &
channel, which in turn delivers the water to the eollection bottic.

Over aperfod of (iMeen davs from 30-8 to 15-9-1997, ten tests have been pes e -
simultancously on hoth sodar stlls, fer basin waler depths = 1, Lo, 227 S and B e The s
values of waler depth is the fmitii valoes al e start o test The deerease i waner enih
was found [rom the prelipieerestos one 25 man, Pherelore, o make-upy svaer s een
made (o compensate this Jeor e avrie he expected maimuan preducnans crne e
compedsation waer s aappt ca vaneally lethe sUEad s emperidee o about 3% 70 e
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the walter supply line exposed to the sun on the roof, In (his way, the maximum deviation in
water depth from its initial value was less than - 1.5 mm. During the test, solar radiation,
ambient air temperature, glass cover lemperalure, water temperature and distillaie
production were measured in equal time intervals of 15 minules. The hourly mean values uf
these measurements have been calculaled by (aking the average of each four subsequent
readings. 7 1e timie period of test extends roin 9 4.6 Lo 6 1 M.

3. Results and Discussion

A typical sample of measured data is that obtained on the day o 2" af Sepreinber ol
1997. These data are presented in Fig, 2, in terms of the variation in solar radiation. ambient
temperature, distillate productivily as well as water and glass cover temperatures versus
hourly inlervals. [t is observed that the response of the solar still follows closely the solar
irradiation.

3.1 Variation of glass eover and hasin waler temperatures

Figure 3 shows the hourly variation in water and glass wemperatures of (he
conventional basin still (left) and of the porous-bagin still (nght), Tor differcnt water
deprhs.

In general, the results of both solar stills indicale thar for higher hasin water depth,
1- maximum water leriperalure, attained near or afterncon, will be lower tor both stills.

2- time at which the bhasin water leiperature reaches maximum valuc will be larer,

3- hasin water temperalure at the end ol the daily test al 6 P.M. will be higher

4- lime required for heating the water (during the starting stage) up lo the temperature of
the glass cover, will be longer.

3.2 Distillate Productivity

Figure 4 displays the hourly distillate productivity during the day rime, of the hiack-
painted basin still for different hasin-water depths. 1Ly clear tha for cortain water deplh,
Jie produclivily increases witl rime fo reach G arasimun vodue nearly allernoon. then.
Jecreases again with time, 15 noted that wereasing waler Jepth decreusgs the maznmum
alue of distillate praductivity as well delews The e of which this maxoinum vawe
necurs. However, alter a tew hours iram this time of maxinom productivity, the eflecl nl
woarer depth is reversed The higher e water demh e fowes the rate of stil productivits
sl e,

Figute * shows the hoorly disbiliale productivity of the porons -basio stiil. Lo the
e d Merant bagin-water depths uses o the convenuonal sbll b Fos 0 and 350 Tiwe
e arinereasine wenter denth on the perons stil nroductivily secms ta he sl o o

nire cise af conseattonal has il -bowsin Tee U oxcepl Tor the case ol sl dem®

on
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Comnparison the productivity of both stills is presenied in Fig. 6a ., for two differcnt
water depths = | and 2.7 cm, where the productivity curves of parous -basin still are
represented by dashed lines. 1t is clear that for l-cm water depth, the porous still
productivity is much lower than the conventional still productivity. This may be explained
as follows: For 1-cm water depth, the water level in the porous basin is beiow the porous
laver by about 1 cm. In this situation, the evaporating free surface of walcr is very small.
and limited by the area of gaps between the grains on the upper surface of porous layer.
Hence, the evaporating water process may be mainly controlled by the capillary action of
the porous [ayer. However, for water depth = 1.6 cm, the porous stiil seems to be morc
zfficient than the conventional still (cf, Fig. 6b). In this casc of | 6-cm water depth, the
watcr free surface is below the upper surface of the porous layer by about 3- mm. [encc,
Pazalt grains of the upper surface are not wctted. Thus, these dry grains attain high
temperatures on account of its low thermal capacity. This results in high still productivity.

The accumuiative daily productivity per day versus basin waler depth is shown in Fig.
7. It is clear that the increase in basin water deprh has a considerable effect on the still
oroductivity, The conventional black-painted basin wilh water depth = § cm achieves hest
daily productivity. Daily distiilate productivity of about 2.1 liter/m” could be attained. On
other side, a best performance of the porous still couid be achieved with 1.6-cm water
depth. The daily distillate productivity was about 2.3 liler’m® The night productivily was
about 5% of the daily productivity for the porous still. while it was about 8% for the
conventi~aal still. This is due to the effect of still therma! capacity. Therefore, tbe e(fect
of water depth is very complicated.

3.3 Stilt Efficiency

The still efficiency, defined by the ratic of daily evaporative heat energy to the daily
incident solar energy on the siiil, as a function of basin water depth is shown in Fig. & lor
both stills. It is clear that the porous -basin still has maximum efficicncy = 41.3 % at water
depth = 1.6 cm, while of the conventional still has maximum efficiency = 37.5 % at water
depth = 5 cm. Thesc results are consistent with the resuits shown in Fig. 7.

34  Comparison of Present Data with Other Data,

Comparison of present productivity data wilh other data obtained by Farid and Tlamad
[10] is shown in Fig. 9. The comparison shows that the present data are in closc range
with these data of Tarid and Hamad. This may be atiributed to the reason that these data
of Farid and Mamad werc ohtained under climatic ¢ondilions very close Lo that ol the
present tests

4. Conclusions and Recommendations

The performance of two (yias of solar stills has heen investignted, auomety
conventional basin still and porous o usie sl The effect of hagin-water depth on
distillate productivity has been iqvestiy iod for both stills.
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The study showed thal the use of porous 1ayer of black pasalt zrains in the basin
of solar still improves its distillate productivity. This is under the condition of using the
proper water deplh in the porous  hasin. The obtained recuits showed that the porous -
basin slill with porous layer of 2-cm height vields waximum daily distillate productivity
of about 2.3 liter/m’ for basin water depth = |.6 cm. However, maximuom daily distillare
productivily of 2.1 liter/ m* could be oblained from the conventional stifl for basin water
depth =5 cin.

For future studies, the following recoimmendations may be made:

- Perform solar still testes for several weeks during the [our seasons ol the year (o
achieve better knowledge on the effect of using porous substances in the basi of a
solar still.

2- Investigate the cffect of applving vacvum in such a porous -basin still an its
performance.

3- Examine the effect of the permeability ol porous substance an the productivity of
porots stills.

T-vwaler supply and drain Zedstflate boitde
3- Parous -basin siill J = copvenlional shli

Trg. | Sehemativ dirmsving o eal loey
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