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ABSTRACT :

A comparative study was made between theopwences of spherical solar
still with charcoal absorber. It was studied in thienatic conditions of Coimbatore
(11° N latitude), India. The area of the still Wa80 m2. The still was covered by
low density polyethylene sheet of thickness 0.10@ with 90% of transmittance.
The absorbance of water level is further increasgdloating charcoal at the
surface of the water level. The Nusselt and Grashohbers were calculated for
both studies. The increase in potable water prodtyctcaused, when using a
spherical shape as well as adding charcoal wagzethl
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INTRODUCTION: :

We may not able to separate the two importantds, water and the
environment. These are the most essential partuoflife cycle. The world is
polluted due to the increasing the population d®rteeds of the human beings.
So the whole environment being collapsed at thedregte. About 97% of the
world water is salt water in the oceans: 3% offi@sh water is in ground water,
lakes and rivers, which is supply the most thadedeby the human and animals.
So every human and animals were depends on thexdynvater source and the
rivers. But these sources are also getting desirbyethe fast growing factories
and chemical wastes. The world's water consumptt® is doubling every 20
year, increasing two times the rate of populatioowgh. It is projected that by the
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year 2025, water demand will exceed supply by 5@&e to persistent regional
droughts, shifting of the population to urban cahbstties, and industrial growth.
The supply of fresh water is on the decreasing mudiereas water demand for
food, industry and people is on the rising modeckLaf fresh water reduces
economic development and lowers living standartierd is an important need for
clean and pure drinking water in many developingntoes. Often water sources
are brackish (i.e. contain dissolved salts) andfortain harmful bacteria, hence
cannot be used for drinking. In addition, there mu@ny coastal locations where
seawater is abundant but potable water is notabeil Pure water is also useful
for batteries, hospitals and schools. Distillatisrone of many processes that can
be used for water purification. This requires arergg input like heat; solar
radiation can also be a source of energy in tlosgss. Water gets evaporated, and
separated as water vapor from dissolved mattechwisicondensed as pure water.
Desalination powered renewable energy sources eambdeal solution for small
scale communities, where affordable fossil fuelpdyps not available [1]. A solar
still is a device by which distilled or portable ®wacan be produced from saline
water sources like such as sea water or brackigarw@olar stills are normally
used to provide small scale portable water neededmote isolated locations [2].
A review of various designs of solar stills was many Malik et al., [3]. The
different designs of solar stills [4] were studibd Al-Hayek and Badran. Al-
Hussaini and Smith used vacuum technology [5], #iatm [6] designed a
parabolic trough solar stills and El-Sebaii devebbpriple basin solar stills [7] for
enhancing productivity from the solar stills. Irder to improve the performance of
conventional solar stills, several other designgehideen developed such as the
double basin type [8], multi basin type [9], in\etttrickle [10] and pyramid type
[11].

The aim of the work is to study the perforcamf newly designed spherical
solar still with and without charcoal absorber. Tdstilled water output and
efficiency are also compared between both studies.

Fabrication details of the spherical solar still :

Fig. 1shows the pictorial view of Sphericadlé® Still. Fig. 2 shows the
schematic diagram of 0.30 m2 spherical solar Sthle total height of the still is
about 0.63 m. The still consists of circular basfinliameter 0.60 m which is made
up of steel. The circular absorber basin is coatgd black paint for maximum
absorption of incident solar radiation. The circutasin is fixed at the middle of
the spherical aluminum ring like a mesh at radeight of 0.28 m where saline
water is stored. The storage capacity of the bigsamound 16 litres. The basin in
the spherical solar still is fitted without haviagy physical contact with the top
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cover made of low density polyethylene sheet. Dedensity polyethylene sheet
of thickness 0.107 mm is spread over the sphesitaped ring like a mesh. A gap
of 0.03 m is maintained between the circular basid top cover. The outer cover
of polyethylene is molded over the still withoutyaair gap to prevent vapor leak.
The evaporated water which is condensed over {heaver passes between this
gap and creeps down towards the distilled watdecibn segment. The calibrated
thermocouples are used to measure the temperatiutkei basin and also at
different places of the still.

Experimental procedure of the spherical solar still :

Experimental measurements are performed atuate the performance of the
spherical solar still under the clear climatic atiods of Coimbatore, India. (11°
N latitude) The basin is filled with 8 litres of wea. A layer of charcoal is allowed
to float on the surface of the water. The experineoonducted between 9:00 AM
to 5:00 PM and its readings are recorded once erye80 minutes. The water
temperature, air temperature, inner cover temperatad outer cover temperature
are recorded at regular intervals of time. As cbalrcs acting as a good absorber
on the surface, it rises the temperature of theemand so the productivity rate
increases to an optimum level. The same study peated without charcoal
absorber inside the spherical solar still. The waegel in the basin is rapidly
decreases due to more evaporation of water in slaany days. So a water tank is
connected to the still and water level is maintdiaethe same level for all studies.
The distillated output of spherical solar stilfisquently measured by a measuring
jar at regular intervals. The measuring jar is gthat the outlet of the solar still.

Analysis:
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The following cmpirical relation for free convection heat transfer from inside the sphere.
hel ]
Ny, = k— = 2+ 0.392Gr,*
!

JorlE Gr, £10 (1)

I'he cquation may be modified by

Nu, =2+ ﬂ.43(Gr_,. Pr_,. ) (2)
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Results and Discussion :

Spherical solar still was constructed andete®xperimentally. This type of
still receives radiation is transmitted from théapcal transparent surface. This
still has added advantage in evaporating the wayefloating the charcoal for
absorption of radiation. The performance of splaiolar still is studied with two
modes of operation, first spherical solar still witharcoal absorber and then
without charcoal absorber. Fig. 3 shows the vamatdf solar radiation with
respect to time in both studies. The solar radiaskarts to increase in the morning
and attains maximum at the noon and tends to dezn@athe evening time. The
variation of solar radiation is received in the garof 458.86 W/m2 to 1086.00
W/m2 on normal sky days, where still performanceneasured with the charcoal
absorber. Similarly when the still is studied withocharcoal absorber, the
radiation is received in the range of 507.23 W/m2.092.00 W/m2. The average
solar radiation received for the spherical soldirwith charcoal absorber is 835.24
W/m2 similarly the average radiation for withoutactoal absorber is 841.27
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W/m2. Figs. 4-5 show the variation of temperatuithwespect to time for two
experiments. The rise in water temperature rangea 89°C to 62°C, 32°C to
60°C for air temperature, 29.5°C to 35.5°C for rommperature, 33 to 38°C for
outer cover temperature, 31.9°C to 36°C for amb@nttemperature without
charcoal absorber. Similarly the rise in water tempure ranges from 40°C to
68°C, 38°C to 62°C for air temperature, 29.5°C 76@ for room temperature, 33
to 37°C for outer cover temperature, 33°C to 416€ dmbient temperature in
spherical solar with charcoal absorber. These testyne variations in this study
show that temperature of the still with charcoasaber is more than the still
without charcoal absorber. Since the charcoal #lssonore radiation and it
increases the water temperature to a higher vilge6 shows that the variation of
efficiency with respect to time in both studies.eTmaximum efficiency is
observed as 18 % for without charcoal still and325% for with charcoal
absorber. Fig. 7 shows the variation water colbectvith respect to time for both
the studies. The distillates yield around 2.3 $itev2/day without charcoal absorber
and 2.8 liters/ m2/day for with charcoal absorl¥@g .8 shows the variation of
latent heat with respect to time. It is found ire trange of 2406949 Kg-1 to
2400985 Kg-1 without charcoal absorber inside a42l1279 Kg-1 to 2396424 Kg
-1 is observed with charcoal absorber inside tiflefsigs. 9-10 show the variations
of Grashof number and Nusselt number with respedimie for spherical with
charcoal absorber. It concludes that Grashof nurabdrNusselt number increase
with respect to time. Grashof number is found &8398740 322746 and the Nusselt
number found as 3.3 to 4.66 in the charcoal absatoely. Similarly Figs. 11-12
show that the variations of Grashof number and dlusaimber with respect to
time for still with without charcoal absorber. Gna$ number is found as 61476 to
245904 and the Nusselt number found as 3.0 to d@r5wfthout the charcoal
absorber study. Grashof value is found to incretsadily during warm up period
and then it starts to decrease with respect toedserin water temperature. After
attaining the higher temperature, the Nusselt numvadue maintains a steady
state. Fig .13 shows the variation of saturatedwvapessure (N/m2) with respect
to water temperature. From this graph we can eashfy the saturated vapor
pressure values for the water temperatures.

Conclusion:

The maximum efficiency is observed as 18 %owtahout charcoal and 25.34
% for with charcoal absorber. . The distillateslgiaround 2.3 liters/m2/day for
without charcoal absorber and 2.8 liters/ m2/daywidh charcoal absorber. The
driving force of the solar distillation technique ithe difference between
temperature of water in the still basin and temjpeeaof the cover (Tw-Tc). It can
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be concluded that the spherical solar still willhere economical on small scale
production to provide drinking water in remote aea

Glossary :

A Area (1)

M Mass of Water (kg)

g Acceleration due to gravity (A)/s
\% Wind Speed (m/sec)

T, Air temperaturéQ)

T, Hot surface temperatuf€)

T, Surrounding air temperatui€)(
Tw Water temperaturiCj

T; Fluid average temperatUi@)(

P Perimeter of the surface

Tamb Ambient temperaturéQ)

Tsky Sky temperaturéQ)

T. Top Cover Temperatuf€Y

Coa Specific Heat of Air at Constant PresesJ/Kg°C)
Nu Nusselt number

Pr Prandlt number

AT Temperature differend€j

k Thermal conductivity
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Greek

B Thermal expansion coefficient

O Partial mass density of water vajay/nr)

£ Latent HealQ)

0 Stefan-Boltzmann constant (5.6690% W/m*°K?)

O Glass absorptive

U Dynamic viscosity of the fluid,.Ra
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Tig. 2 Schematic view of a Spherical Solar 5till
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Fig .5 Variation of temperature with respect to time for still without charcoal
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Fig .7 Variation of water collection with respect to time
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Fig. @ Vanation of Grashof Number (charcoal absorber) with respect to time
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Fig. 11 Yaration ol Grashol Nutnber (without charcoal absorber) with respeet (o time
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