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Abstract— Water scarcity is a major problem in many parts
of the world. The problem of unavailable and contamiated
water can be solved by the solar still using solanergy. A single
basin single slope solar still with a basin area df m x 1 m and
slope of 13° has been used. Both the inner and outealls are
painted black, in order to improve the heat transfe rate. Water
used for the solar still process should be free fro toxins and
other radioactive materials. Water depth is an impaant
parameter that affects the performance of the solastill. In this
work, the minimum water depth of 1cm is maintainedin the
solar still basin, in-order to avoid dry spots. Thesolar still has a
simple construction, and is economic in operationGalvanized
Iron is chosen as the basin material, as it is chpaand readily
available in the market compared to other materials

Index Terms— Ambient, Basin, Desalination, Design, Passive

solar still, Glass, , Solar radiation, Solar energyWater depth.

I. INTRODUCTION

The solar still basin material reflects 11% of theeived
solar radiation, without using it in the processafidensation
and evaporation [1]. Three different basin matseribike
coated metallic wiry sponges, uncoated metalligsponges
and volcanic rock, increase the water collectian §& about
28%, 43% and 60% respectively [2]. Aluminium iniztgd
basin material has the highest gain compared tdetuber
material [3].The increases in the daily water piility of
various basin materials coupled with the still, laiseck rubber
mat by 38%, black ink by 45% and black dye by 6@%slhe
solar still integrated with a black rubber mat #wmses the
amount of solar radiation in the still, and enhanttes yield
rate [5-6].

Il. EXPERIMENTAL SETUP

I In this work, Galvanized Iron as the basin matehas
been designed and fabricated, to study the perfacenaf the
solar desalination systems, as shown in Fig. 1.Exgats
were conducted at the Faculty of Mechanical Enginge
Institute for Energy Studies, Anna University, Chai from
6 a.m. to 6 a.m. the following clear day during t8egber
2013. The whole basin surface is coated with blaaint
inside to increase the absorption. The basin igmEal/with a
glass sheet 5mm thick, inclined at nearly 13° fanially,
which is the latitude of Chennai city, Tamil Nadig
maximize the amount of incident solar radiationeWhole
experimental setup is kept in the south directioreteive the

maximum solar radiation throughout the year. Théarso

radiation, atmospheric temperature, basin temperaglass
temperature and distilled water yield rate were suezd

every 30 minutes. The water vapor formed is conelgas the
inner glass surface and the water droplets glideggihe glass.
The condensed water is collected in a measuringTjae

depth of the saline water in the solar stills isint@ned

constant manually, using the feed water tank anutrab

valves.

Wi
Storage tank:,_

Fig. 1. Photograph of the experimental setup
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Fig. 2.Time variation of the ambient (Tatm), ba@ib), water
(Tw) and glass (Tg) temperatures and distillatetfar still
with a brine depth of 1 cm.
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IV. MODIFIED MODEL:

& 17092013 The energy balance equation for the modified ssiiiy
* 18092015 basin material integrated with the aluminium braisset of
& 190972013 0.7mm thickness can be written as follows, withahea taken
as 0.92 rh
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0 : : : : : : : , The energy balance equation for the modified ssidly
0 ! 7 e denthmBasimiom ! 8 basin material integrated with the bronze shee0.@mm
thickness can be written as follows, with the daé&n as 0.92
Fig. 3. Water depth in Basin (cm) and Yield raténq) with  n.

respect to the date. dT
s?(t) Abab = |:(mbCpb +m br; p brz) (d_tb] +Q ch W+Q Ios}

(5)
m theoretical
® experimental The energy balance equation for the modified setiir

basin material integrated with the aluminium oxhn be

a0% | written as follows, area taken as 0.92 m
30% 4 dT

SQ(t) Ayabz |:(mbcpb +m brg: pbr)(d_b] +Q ch V\-Il-Q |OS:L
20% - t
10% . (6)
ss ) . The energy balance equation for the modified sl basin

Aluminium  Bronze Brass  Aluminum Chromium  cstill material integrated W|th the aluminium OXide CarV\hJ'H’.ten as
rass wide
= " follows [7-9], area taken as 0.9%m

60%

0%

%o increase n productvity

Modifications

dT,
Fig. 4. % increase in productivity and modificason SR(t)Aﬂb:{(mbCpb +rnaloxcalox)(d_tbj +Q.p wtQ |OSS}
compared with the theoretical and the experimeaetllts. )

The energy balance equation for the modified ssfiiy
Table 1 . s . .
basin material integrated with the chromium of hTm

Effect of modifications in conventional solar illon . .
thickness can be written as follows, area takeh @2 nf.

productivity 4T
Modification Solar still SR(t)Aa ={ mC_, +m,,C (_bj +Q_ . +Q }
Aluminium brass 50% (t)Aa, ( PTRb R ) dt o oss
Bronze 44% (8)
Brass 40% The total yield rate can be written as follows [[7-9
Aluminium oxide 34% —
d T, -T
Chromium 18% { ;nd = hd( f‘;v g)
t b ©
[ll.  ENERGY BALANCE EQUATION Daily efficiency can be written as follows [7-9],
The energy balance equation for the conventiorat still mdh
. . . - gh
basin material can be written as follows [7-9], n= ZE
dT. (20)
SR(t) Aa,=mC,, [T‘[b +Qcp wtQ s % increase in productivity can be written as fokof@-9],
1)
The energy balance equation for the conventiorat still _ _ o My i = My witrou
water temperature can be written as follows [7-9], %increase in productivity % x 100
dTW ,without
s:z(t)awp\/v +Qc,b—w = Qc,w—g+Qr,w— grQ ew g+ m VS: p,v( dt \J (11)
: . (.2) V. RESULTS AND DISCUSSION
The energy balance equation for the conventiorat still ' _ _
glass temperature can be written as follows [7-9], Based on the results obtained from the experimevdei,

dT, the following can be concluded. Fig. 3 shows thaatian of
R(t) AA +Qu g+ Qg+ Qe 4= Qg st Q g s MG ot | the hourly temperature for an experiment condudtethe
3) month of September, using a passive solar stitl iilt angle

of 13°.The annual yield of the solar still was fduio be the
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maximum when the condensing glass cover inclinatfon
equal to the latitude of the place [11].The maximwater
temperature occurred between the hours of 12.303a3@

1cm water depth, the productivity is 1.219/day; it was only
0.25 I/nf/day for 12 cm water depth.The theoretical and the
experimental results for the modified still and the

p.m. It ranged between 50°C and 55°C. The ambienbnventional solar still were compared. The thecaét

temperature for all the experiments was in the ean§
31-35°C.A higher variation in the atmospheric cdéindi on
any day is not considered for the analysis. Thergteal
performance of the still was evaluated, by sol\timg energy
balance equation (Egs. (1) - (8)). Eq (9) was usezhlculate

results had 5-9% deviation from the experimentauitefor
the basin materials. The aluminium brass integrdtasin
material has 50% increase in productivity compavéd the
bronze, brass, aluminium oxide and chromium mdsgefia 2
cm water depth in the basin.

the total condensation rate. Eqgs. (10) and (11pwsed to
calculate the daily efficiency and increase inpgheductivity
of the still. The theoretical and the experimenésiults were
compared with those of the modified still and the
conventional solar still, shown in Fig 4. The comtenal
solar still with modifications was done on a clemy of
(04/04, 22/04, 25/04, 27/04, 30/04, 01/04/2014)hwite
average solar radiation of 600 WinThe maximum water
temperature was between the hours of 01.30 andR2m30It
ranged between 50°C and 69°C.The ambient temper&iur
all the experiments was in the range of 28-37°@alty the
basin, water, ambient, and glass temperatures agsemed
as constants, and equal to 31°C. Using these textopes and
the actual measured metrological data, calculatioese
performed at intervals of 30 minutes. The experimeas
conducted at different water depths of 1,2,4,6,82€m, and
it was found, that 1cm has the highest yield rategared to
the other water depths (2,4,6,8,10,12cm) showngr8Rwith
respect to date. An increase in the depth of wattdre basin
decreases the productivity of the solar still. Thee water
yield depends onthe water depth. A decrease of %%
productivity as a result of an increase in deptimf2 cm to 7
cm was experimentally proved [10].The total heqtacity of
the water and the basin material, is indirectlypprtional to
the maximum glass and water temperature.

VI. ECONOMIC ANALYSIS
A model economic analysis calculation and singlsirba (1]
solar still is given below [5].The modification ¢esof the
solar still material include the following: the alinium brass, [2]

bronze, brass, aluminium oxide and chromium costttie
area of 0.92 fis Rs. 3000. The investment cost for the stilf;
and modification is Rs. 3000.Maintenance cost=Rday.
Daily average productivity of the solar still = 1.8m?day.
Cost of water produced=cost of water per litre 4
productivity= 5x3.0=Rs. 6.05, Cost of mineral piéreERs.
0.3, Cost of minerals for 3.0 =Rs. 0.9.Net earrings (5]
Cost of water produced — Maintenance cost — Cost of
minerals= Rs. 4.15. Payback period=Investment/Ngd
earning=6000/4.15= 1445.7 days

VII. CONCLUSION 7

The raw water feed inside the solar still with &néy of 8]
700 mg/l reduced to 10 - 20 mg/l during the proaasiim
condensation and evaporation for all the basin nadseused.
The distillate obtained from the experiment is Isestable for
drinking purpose. A single basin and single sloplarsstill (9]
was fabricated and tested for different water deptn
increase in the productivity of the passive soldlt by  [10]

decreasing the water depth in the basin was obdehar
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NOMENCLATURES
A Area, nf
C Specific heat, J K K™
hgn Latent heat of evaporation, Jkg
R Solar radiation on a collector, W
m Mass, kg
m, Mass of basin, kg
My Mass of yield, kg
Myypor Mass of aluminium brasskg
My, Mass ofbronze, kg
Myrs Mass ofbrass kg
Maox Mass ofAluminium oxide kg
Mepr Mass of Chromium, kg

t Time, s

AT Temperature difference, °C
dT, Change in glass temperatut€,
dTy Change in basin temperatuf€
Quoss Convective heat transfer side losses , W m
Qcw-g Convective heat transfer between water and
glass,W m?
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