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ABSTRACT

A single basin and single slope solar still with the three different low cost basin materials viz; glass, plastic,
and aluminium with area of 1m? and slope of 13° is designed, fabricated and tested in hot area Chennai (Latitude
13°0029" N, Longitude 80°13'06" E). Evaporation, condensation and radiation are the basic principles of a solar
still; the rate of evaporation is directly proportional to the temperature of the basin material. The study analyses the
detailed influence of low cost basin material and different types of feed water. To enhance the quality and quantity
of portable water over head feed water system is employed to the feed water system. Aluminium as the basin
material has the highest productivity compared to the others.
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INTRODUCTION

Huge increase in population demand for irrigation, domestic and industrial water have generated the water
problem. To solve the problem solar still with mud pot filtering system are made. The stepped type solar still with
an effective area of 0.8 m? tested with three types of wastewater into a solar still, viz. low-strength sanitary
wastewater, high-strength sanitary wastewater and diluted palm oil mill effluent (R.Z. Asadi et al., 2013). The
industrial effluent given as the feed to the fin type single basin solar still, which is integrated with sponges, pebbles,
black rubber and sand. The approximate payback period of still is 1 year (V. Velmurugan et al., 2008). The textile
effluent given as the feed to the stepped solar still and has the maximum increase in productivity of 98% when
incorporated with the fin, sponge and pebbles (V. Velmurugan et al., 2009). Industrial effluent water is used as feed
with solar pond, stepped solar still and wick type solar still (fin and sponge combination) 78 % increase in
productivity. Industrial effluent water is used as feed with solar pond, stepped solar still and single basin solar still
(fin and sponge combination) 80 % increase in productivity (V. Velmurugan et al., 2009). Industrial effluent was
evaporated in a fin type stepped solar still has the distiller productivity 100% with pebble and sponge combination

(V. Velmurugan et al., 2009).
EARTH HYDROLOGICAL PROCESS

Earth produces 0.03 % of fresh water from thirty five percent sea water during the hydrological process. Fig. 1
show schematic diagram earth hydrological process, when the solar radiation falls on the water surface, it get heated
up which give rise to water vapor and transported by wind, cooling of air- vapor mixture, condensation and finally
precipitation. Earth hydrological process is similar to the solar still process, which in small-scale.
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Figure.l. Schematic diagram earth hydrological process Figure.2. Test area locations

EXPERIMENTAL SET-UP

Experimental set-up is a do-it-yourself which device consists of the container (basin material) occupied by
the raw water to a certain level below the exit, the plastic storage tank, flexible hole and spigot. A sump is made for
adjust the water level within an accuracy of 2 cm: the float actuates a spigot connected to an overhead supply tank.
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The arrangements are made in such way that sun ray’s fall on the unpalatable water and reach the tray through the
transparent medium (glass) which supports the film condensation for high efficiency. The condensing surface in the
still is simply a 1.1 m? sloping glass cover (Prakash Malaiyappan et al., 2015). The unpalatable water in the basin
gets heated, due to this effect a phase change occurs. The water vapor then rises and comes into contact with the
transparent roof shaped surface. In this surface vapor further goes through a phase change from vapor back to
liquid. This liquid runs off through the transparent inclined surface into a collection channel, which is made of
plastic (prevent corrosion and rust) and connected to the measuring jar (Prakash Malaiyappan et al., 2015). Fig. 3
shows skeleton of single basin and single slope solar still. The optimum cover tilt angle was selected as 130, which
is the latitude of Chennai, Tamil Nadu, India. The test area locations are shown in green colour downward facing
arrow. The increase of the tilt angle results in increased thermal losses from the cover. The condensate of the inner
surface cover falls into the basin, if the cover tilt angle is too low, N.K.A. Jabbar et al., (2011), G.N. Tiwari et al.,
(1994). The glass covers faced South, during all the experiments, in order to receive the maximum solar radiation.
The experiments were conducted at the Faculty of Mechanical Engineering, Institute for Energy Studies, Anna
University, Chennai, from 6.30 a.m. to 6.30 p.m. The whole experimental setup is kept in the South direction to
receive the maximum solar radiation throughout the year. Table 1 shows the comparison of different basin
materials integrated with the solar still.
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Figure.2. Skeleton of the experimental set up  Figure.3. Variation of time with productivity
Table.1. Comparison of different basin materials integrated with the solar still.

Basin materials, Reference Construction details Inference
Plastic still area 1.446 m? 2.1 L/m?/day
Plastic still [Present work] area 1m? ~ 400 ml/day
Glass still area 0.81 m? 4.401 I/m? day
Glass still[Present work] area 1m? ~ 650 ml/day
Galvanized iron still area 1m? ~1000 ml/day
Aluminium [Present work] area 1m? ~ 2000 ml/day

RESULTS AND DISCUSSION

The asymmetrical single-basin and single-slope solar still: results of stills with the same water depth (2 cm)
productivity are proposed in this section.

Passive glass solar still: An experimental investigation was carried out on passive glass solar still, with minimum
saline water depth of 2cm in basin on clear day (08/08/2013). The bottom and side losses of the still are considerably
reduced, due to insulation material (thermcol) beneath the basin liner. The maximum productivity occurred between
the hours of 01.00 P.M and 02:00 P.M shown in the Fig.3, with the solar radiation of 800-900 W/m?2.The water
temperature ranged between 30°C and to 45°C.The ambient temperature for all the experiments was in the range of
20-29°C with the average wind speed of 0.8 m/s. Productivity of the passive glass solar still from 08.30 A.M to
08.30 P.M is ~ 650 ml/day as shown in Fig. 3.

Passive plastic solar still: An experimental investigation was carried out on passive plastic solar still, with
minimum saline water depth of 2cm in basin on clear day (08/08/2013). The bottom and side losses of the still are
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considerably reduced, due to insulation material (thermcol) beneath the basin liner. The maximum productivity
occurred between the hours of 01.00 P.M and 02:00 P.M shown in the Fig.3, with the solar radiation of 800-900
W/m?2,The water temperature ranged between 36°C and to 39°C.The ambient temperature for all the experiments
was in the range of 20-29°C with the average wind speed of 1 m/s. Productivity of the passive plastic solar still from
08.30 A.M t008.30 P.M is ~ 400 as shown in Fig. 3.

Passive aluminium solar still: An experimental investigation was carried out on passive cement solar still, with
minimum saline water depth of 2cm in basin on clear day (08/08/2013). The bottom and side losses of the still are
considerably reduced, due to insulation material (thermcol) beneath the basin liner. The maximum productivity
occurred between the hours of 01.00 P.M and 02:00 P.M shown in the Fig.3, with the average solar radiation of 800-
900 W/m?.The water temperature ranged between 34°C and to 47°C.The ambient temperature for all the experiments
was in the range of 20-29°C with the average wind speed of 1 m/s. Productivity of the conventional solar still from
08.30 A.M to 08.30 P.M is ~ 700ml/day as shown in Fig. 3.

Cost analysis of the solar stills:

Cost analysis calculation for the passive glass solar still: The total fixed cost of the glass solar still includes the
sum of the insulation, the basin material, the paint, the flexible hoses, a valve and the auxiliary system. The total
fixed cost of the plastic solar still is F =5 $. The total cost of the glass solar still C is equal to the sum of the fixed
cost and the variable cost. Assuming that the variable cost V equals 0.3 F per year, (Prakash Malaiyappan et al.,
2015) and the expected still life is 10 years, then C =5 + (0.3 x 5 x 10) = 20 $. The minimum average productivity
of the solar still is 600 ml/day from the experimental result. Chennai is a suitable hot place, where the solar still can
operate for 335 days. The total productivity of the solar still lifetime = 400(ml) x 10 x 335 = 1,340 . The cost of 1 |
of water from the plastic solar still = 20/1,340 = 0.015 $.

Cost analysis calculation for the passive plastic solar still: The total fixed cost of the plastic solar still includes the
sum of the insulation, the basin material, the paint, the flexible hoses, a valve and the auxiliary system. The total
fixed cost of the plastic solar still is F = 7 $. The total cost of the glass solar still C is equal to the sum of the fixed
cost and the variable cost. Assuming that the variable cost V equals 0.3 F per year, (Prakash Malaiyappan et al.,
2015) and the expected still life is 10 years, then C =7 + (0.3 x 7x 10) = 28 $. The minimum average productivity of
the solar still is 700 ml/day from the experimental result. Chennai is a suitable hot place, where the solar still can
operate for 335 days. The total productivity of the solar still lifetime = 650 (ml) x 10 x 335 =2,177. The cost of 1 |
of water from the plastic solar still = 28 /2,345 = 0.013 $.

Cost analysis calculation for the passive aluminium solar still: The total fixed cost of the aluminium solar still F
=90 $. The total cost of the solar still C is equal to the sum of the fixed cost and the variable cost. Assuming that the
variable cost V equals 0.3 F per year, (Prakash Malaiyappan, 2015) and the expected still life is 10 years, then C =
90 + (0.3 x 90 x 10) = 360 $. The minimum average productivity of the solar still is 2.00 I/day from the experimental
result. Assume that the solar still can operate for 335 days. The total productivity of the solar still life time = 2.00 x
10 x 335 = 6,700 I. The cost of one liter of water from the passive aluminium solar still = 360/6,700 = 0.055 $.The
comparison of the productivity and cost for different basin materials with solar stills is shown in Table 2.

CONCLUSION

Experiment attempt was successful that obtained water is free from toxin and suitable for drinking (20
ppm= 20 mg/l). Productivity is directly to the thermal conductivity of the basin material. In comparison with the
various basin materials in present study the aluminium material have higher productivity (2000ml/day) and cost
0.055 $ due its higher thermal conductivity compared to the plastic and glass basin material solar stills. The simple
cost analysis showed that passive still can provide fresh water to all type of vegetation at simple cost. Further
research of the solar still may be focused on the effect of various basin materials with nano material, stepped solar
still and single basin solar still (cyclonic heat exchanger) in the still.
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