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Abstract : Pure drinking water is essential for the survival of human race. To overcome this
shortage of pure drinking water, distillation method is used all over the world. During recent
times, solar energy is used for this process. Solar stills are used for the purpose of conversion of
saline to drinking water. But the efficiency level is very low. To increase the efficiency of solar
stills, many types of modifications are made. In this experiment, conventional solar stills are
modified by using multiple fins, spreading coal at the bottom of the still and radiation is
increased by fitting a reflecting mirror at the bottom of the still, at Tamilnadu, India. Finally,
experimental value was compared with theoretical value.
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1. Introduction

Water is one of the gifts of nature. It is very essential for the existence of human beings. About 97 % of
the water is salty and only 3 % of the earth’s water is potable. Due to population growth and rapid growth in
industries the need for fresh water increases day by day. Water scarcity is going to be a great problem in the
future. The survival of human beings and animals depends upon the availability of fresh water .So necessary
steps have to be taken to preserve the existing fresh water source. To meet the growing needs of the fresh water,
it is necessary to convert saline water into pure water. So desalination is the best possible solution to the above
problem. Many desalination techniques and methods are available. But these methods require large volume of
fossil fuels. But the availability of the fossil fuel is limited in the world. Solar energy can be used for the
desalination process. Solar stills are used all over the world in the desalination process but their productivity is
very low. So we have to design techniques that will improve the productivity and efficiency of the solar stills.
Different researchers have designed different techniques to improve the efficiency .In this work an attempt has
been made to improve the efficiency.

The main objective of this work is to produce pure drinking water from hard water. To enhance the productivity
experiments were carried out in the following combinations

1. Single basin solar still with fins

2. Single basin solar still with coal at the base

3. Single basin solar still with focussing mirror at the bottom
4. A combination of all these elements
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2. Literature review

Murugavel et al.'” studied the performance of single slope solar still with different types of wick
materials in the basin such as cloth, coir mat sponge sheet black cotton cloth, jute, and waste cotton pieces.
Among these, black cotton cloth was the most effective. El-Sebaii et al.” studied the performance of a single
slope basin still with Phase Change Materials (PCM) as a storage medium and the daily efficiency of still
produced 84.3% Sakthivel et al.* studied the regenerative solar still with energy storing material as jute cloth .
The productivity of the still with jute cloth was 20 % higher than the conventional still. Abdallah et al.” used a
suntracking device for rotating the solar still with the movement of the sun. The productivity of the still with
suntracking device increased by 22 %. J.Prabahar et al.® compared the cumulative productivity per m’> for
simple still,still with collector, still with sponge and still with collector sponge combination. It was found that
productivity increased by 14 % for collector, 10 % for sponge and 17 % for collector sponge combination on
comparison with simple still. C. Tenthani et al.” compared the efficiency of improved solar still with
conventional solar still. Efficiency increased by 6.9% in improved solar still'*. It was found that distillate output
improves by painting the internal surface of the walls of the still white. Hiroshi Tanaka et al.® theoretically
predicted the productivity of distillate of a basin type still with internal and external reflectors. The distillate
amount daily increases on an average by 48% by adding both the internal and external reflectors Sadineni et al.’
studied the performance of weir type inclined solar still and found that the productivity of the weir type solar
still was 20% higher than the convention solar basin still. Al-Karaghoulia et al.'”"" studied the performances of
single basin solar still and double basin solar stills. The double basin has higher productivity'” '*. They also
observed that, insulation has a major effect on the output, mainly for the double basin type.

3. Experimental Setup

For the experimental work a solar basin was fabricated. The size of the solar basin was 77cmx57cm and
the depth was 32cm. The basin was made up of 4 mm thick Galvanized iron [GI] which is readily available in
the market. The top surface of the solar still was covered by a glass which was inclined by an angle of 11° that
is latitude angle at Salem, Tamilnadu, India'*"®,

The solar basin was placed inside the solar still. The outer cover still was made up of wood. The inner
surface of the solar still was coated with black paint to absorb more solar radiation. The cross section of the
solar still was (80cmx60cm) and its thickness was 1 cm. A slit of width 15 cm was made at the bottom of the
solar still. A reflecting mirror was fitted at the bottom of the solar still so as to reflect solar radiation through the
slit into the basin. The solar still was designed in such a way that it consisted of two parts - the lower and upper
part. The upper part was removable. This enables to pour water into the solar basin ">,

To improve the efficiency of the solar still 5 rectangular fins of the size 37 mm height and 900 mm
length and 1 mm breadth were fitted in the solar basin to increase the heat transfer rate. At the bottom of the
basin 1 kg of coal was spreaded to produce high thermal conductivity. A collecting tank was fitted in the outer
surface of the solar still to collect pure water *"*%.

Thermocouples are attached at the bottom of the basin and top surface of the still to measure
temperature between evaporation and condensation process.

Glass

Salt Water
Solar

Radiation

ins

Collecting
Tank

Coal

Fig 1: Schematic diagram
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Solar still without any additional fittings [solar fins, coal layer and reflecting mirror] was kept in a sunny
environment when sufficient sun rays fall on the equipment. 5 litres of hard water was poured into the still. The
pure water collected at the end of the day was measured and recorded. Then solar fins were fitted into the solar
still. The same amount of hard water was poured and the same environment maintained and readings recorded
at the end of the day. To further increase the efficiency coal was spreaded at the bottom along with fins. Pure
water collected was recorded. To further increase the efficiency solar radiation was focussed through mirrors at
the bottom and pure water collected was recorded. Experiment was conducted in Salem, in the month of
January2015 -March 2015 during 9.00a.m. to 5.00p.m at VSA school of Engineering, Salem.

Side view Top view Front view
Fig 2: Experiment Setup

4. Measurement of parameters calculation

The error analysis for various measuring instruments used in the experiments is shown in Table 5. The
error is calculated for Anemometer, solarimeter, thermocouple, and collection tank. The least error occurred in
given instrument is equal to the ratio between its least count and minimum value of the productivity calculated.

Table 1: Ranges of measuring instruments

SLno. [Instrument Accuracy Range Error %
1 Thermocouple |* 1°C 0-100°C 0.25
2 Solarimeter + w/m? 0—5000W/m2 0.25
3 Collecting tank +10ml 0-1000ml 10%
4 [Anemometer T 0.1m/s 0—15m/s 10%

5.Results and Discussion

The experiment was conducted under two circumstances - under low radiation i.e. when radiation was
between 400-550 W/m? under high radiation i.e. when radiation was between 600-700 W/m?, similar to "*. solar
fins were fitted into the solar still and experiment conducted during high radiation days and soft water collected
was recorded after 8 hours. The maximum temperature attained by the water inside the solar still was 62°C and
temperature attained by glass was 59°c As a result the soft water obtained was 2.25 litres. In other words the
efficiency level attained was 45%. The same experiment was conducted during low radiation days. The
maximum water temperature obtained was only 59°C and the glass temperature was 52%. Output of pure water
after 8 hours was only 1.8 litres. This shows an efficiency level of 36%. Now along with solar fins coal was
spreaded at the bottom of the solar still. During high radiation days maximum water temperature reached was
64°C and the glass temperature reached 60°C. As a result pure water obtained increased from 2.25 to 2.55 litres.
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In other wards efficiency increased from 45 to 51%.When experiment was conducted during low radiation days.
The maximum water temperature attained was 61°% and glass temperature obtained was 54°c. Pure water
obtained was 1.9 litres after 8 hours i.e. efficiency increased from 36 to 38 % Then to the solar still solar fins
were fitted and additional radiation was given by fitting a reflecting mirror at the bottom. As a result the
maximum water temperature reached increased to 69°C and glass reached a value of 62°. The pure water
obtained increased to 2.25 litres. This shows that efficiency has increased to 51%. The same experiment was
conducted during low radiation days. The maximum water temperature reached was only 62° and glass
temperature was 56°c. Pure water obtained was only 2.1 litres. The efficiency is only 42 %. In the next stage
solar fins were added to the solar still and coal was spreaded at the bottom and additional radiation was given
by fitting a mirror at the bottom As a result the maximum water temperature increased to 71°c and glass
temperature to 68°c. The collection of pure water was 2.8 litres and efficiency level attained was 56 %.During
low radiation days the maximum water temperature reached was only 64°c and the corresponding glass
temperature was 59°c. Pure water collected was 2.3 litres. Efficiency level attained was 46 %. From the above
analysis it is clear that efficiency level of the solar still without any modification was very low. As we do
additional modifications efficiency increases. To further increase the efficiency few more modifications have to
be done. The results are tabulated in table 2, 3 and 4.

Table 2: Efficiency on solar still with various modifications during high and low radiation days.

During high radiation During low radiation
(600—720W/m?2) (400—550W/m?2)
SI.
Modification
no. Input Ourtput Daily Input Ourtput Daily
Date |water pl:l ter efficiency|Date water pl:l ter efficiency
5 litres @ ook (%) 5 litres | oot (%)
8 H/ D 8 H/ D
1 [Fin type still 25.02.15(5 2.25 45 21.02.15 5 1.8 36
2 |Fin type still with coal [26.04.15]5 2.35 47 22.01.15 5 1.9 38
Fin type still with
3 leurved shape reflecting 04.03.15)5 2.55 51 14.03.15 |5 2.1 42
Fin type still with coal,
4 [curved shape reflecting 22.03.15/5 2.8 56 20.03.15 [5 2.3 46
mirror

Table 3: water and glass temperature recorded for various solar still modifications during high radiation
days

During high radiation(600—720W/m2)

Sl | Modifications Water Glass Increase in  [Daily
no. Date temperature [temperature [productivity [efficiency
(°C) (°C) (%) (%)
1 Fin type still 25.02.15 162 59 12 45
2 | Fin type still with coal 26.04.15 |64 60 14 47
Fin type still with 04.03.15 |69 62 18 51
curved shape reflecting
4 | Fin type still with coal, 20315 171 68 3 56

curved shape reflecting
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Table 4: water and glass temperature recorded for various solar still modification during low radiation

days
During Low Radiation(400—550W/m?2)
SL. Modification lVVater Glass Increase in  [Daily
no. Date [temperature [temperature [productivity |efficiency
O O (%) (%)
1. [Fin type still 25.02.15[59 52 3 36
2. [Fin type still with coal 26.04.1561 54 5 38
5. [Fin type still with 04.03.15 62 56 9 i)
* |curved shape reflecting e
Fin type still with coal,
4. |curved shape reflecting 22.03.15|64 59 13 46
mirror
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Fig 3: comparison of daily efficiency with various solar still modifications during high low radiation days
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Fig 4: comparison of increase in efficiency with various solar still modification during high low radiation
days.
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It is defined as the ratio of energy output to the energy input. The energy output is obtained by
summation of the hourly condensate production m with multiplied by the latent heat of vaporization hg, and
Energy input of still by daily solar radiation I(t) with whole area (A). theoretical calculations of daily efficiency
was done using the above formula for solar still with all modifications are shown in table 3.

5.2 Increasing in Productivity

(]nﬂu.tput ~ Myyithout any medification still)

x 100
% increase in productivity = (]n'i.'r'.lthclut any modification Still)

It is defined as the ratio of difference in productivity between (with and without modifications) and
without modifications. the efficiency obtained with different modifications are shown in table 4.

5.3 Effect of solar intensity on productivity

Experiments were conducted from February 2015 to April 2015. At a constant wind velocity of 0.7 m/s,
data was recorded for various days to evaluate the effect of solar intensity on productivity as a solar radiation
increases the productivity increases this is given fig.5.
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Fig 5: Effect of solar energy on increases in productivity.

5.4 Effect of wind velocity on productivity

With a constant solar intensity of 720w/m’ data was recorded for various wind velocity for different
solar still modifications when wind velocity increased from 0.6 to 0.7 m/s the productivity decreased. Increase
in wind velocity increases the convective heat losses at the top surface of the glass and thus the efficiency has
decreased the fig.5
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Fig 6: Effect of wind velocity on increase in productivity

5.5 Theoretical Calculation

Theoretical investigation was done to find the temperature of single basin solar still, the evaporation
rate and glass temperature at each moment.

5.5.1 Single basin solar still
The energy balance equation for the single basin plate can be written as
Energy absorbed by solar still basin

Energy absorbed by the basin plate = (Energy gained by the basin plate) + (Energy lost by convective
heat transfer between basin and water Q.,,-y) + (Side losses Q)

Absorbtivity of water a,, is 0.95.

Mass of basin, (my) is taken as 3.5 kg

I(OApop = [me, [dT/dt]], + Qcsp-w + Qioss a
Energy received by salt water

The energy gained by the salt water in the solar still = (Energy gained by the salty water) +
(Energy lost by convection between water and glass Q.w-,) + (Energy lost by radiation between water
and glass Q,.,—,) + (Energy lost by evaporative heat transfer between water and glass Q. ,-¢)

Absorbtivity of the water a, is 0.05.

mass of water, (my) is taken as 3.8 kg.

I()awAy + Qcp-w= [mc,[dT/ dt]]ly Qen—gt Qrw-ygt Qew—g )
Energy received by glass cover

Energy gained by the glass cover due to convection, radiation and evaporation + heat transfer
through water to glass=(Energy lost by radiative heat transfer between glass and sky Q. -qy)+ (Energy
lost by convective heat transfer between glass and sky Q.. _y) +(Energy gained by glass)

Absorbtivity of the glass, a,, is 0.0475.

I(®) 05A¢ + Qevg + Qrw—g T Qe = Qrg-sky T Qeg-siy + [myep[dT/d1]] 3)
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Total condensation are given as
(dm, /dt) = h, [ TWw—Tg]/hg, “@

At the initial stage, water temperature, glass temperature and basin temperature are kept at ambient
temperature. The change in temperature of water due to solar energy received by the still of the basin is solved
by solving equation (2),(3) (4) with mathematical calculation. The values for Qcp-w, Qiosss Qcw-gr Qrw-g Qew-g
Qre-skys Qcg-sky are taken from [19]. Ambient temperature, wind velocity and solar radiation values are measured
hourly during the experimental dates. The values are substituted the above said equation. And theoretical result
obtained.

5.5.2 Efficiency of Solar Still

The theoretically obtained amount of portable water = 3.2 litre
The practically obtained amount of pure water = 2.8 litre.
actual amount of pure water 100
- X
Efficiency = theoretical amount of pure water
2.8
= 84%
Table 5: Comparison between experimental and theoretical efficiency
Solar intensity> 600w/m?| 70
. . Practical Theoretical | *° 63
modifications
_ _ 60 60
. Daily Daily
g 55 6 56
7 Efficiency [Efficiency
51
1 | Fin type still 45 54 o
7
2 | Fin type still with 7 56 45
I(;(')al ill with 0
3 n tygeﬁtl wit 51 60 Fintypestill Fintypestill Fintypestill Fintype still
curve .S ap? with coal  withcurved with
reﬂeCtmg mirror shape coal, curved
Fin type still with —4—Practical m"‘_’E-H‘-ETheoréfPEEiF
mirror ectin
4 | coal, cyrved‘shape 56 05 value "a";gmirrorg
reflecting mirror

Comparison between experimental and theoretical efficiency for various solar still modifications are shown in
table 5.

6. Conclusion

A simple basin solar still was modified by using fins, spreading coal at the bottom and increasing
radiation by fitting a reflecting mirror. To examine the productivity various experiments were conducted at low
radiation atmosphere and high radiation atmosphere.

1. In low radiation atmosphere fins single basin solar still alone produced daily efficiency of 36%. The daily
efficiency increased upto 46% when the still was modified.

2. In high radiation atmosphere the daily efficiency of the single basin solar still increased from 45% to 56%
when modified.
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3. During high radiation days there was an increase in efficiency up to 23% with modified solar still compare
to the efficiency of solar still without modification.

4. It was found that the modifications made in the simple solar still increased the productivity considerably.
To further increase the efficiency few more modifications have to be done.

Symbols

English letters Greeks

A | Area, m’ o | Absorptivity

¢, | Specific heat, J/kgk b | collector surface inclination

1(t) | Solar flux on inclined collector, W/m’ e | emissivity

Q | Heat transfer, W Ng | Daily efficiency (%)

°C | Temperature S | Stefan—Boltzmann constant

dt | Time interval, Subscripts

dT | Change in temperature, a | Ambient

hg, | Enthalpy, J/kg K | Thermal conductivity, W/mk
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