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Abstract: The Demand and Supply Chain of portable drinking water is drastically affected by manmade 
pollution. It is a fact that only 1% of earth’s water in fresh state. It is highly significant that the water 
purification system is in need to purify this polluted water. Currently there are many purification 
system/methods available in market like RO, Adding Chemicals, and Electrolysis etc.  All these methods are 
costly and time-consuming process and a common person cannot afford this system.  Keeping these things in 
mind, this experimental study attempted to design and construct a purification system, which works with the 
aid of solar energy. The study also involves in assessing the effect of convex lens based glass cover in the 
panel. The Comparison will be made between modified solar still with a convex lens based solar panel and to 
determine the efficiency of both. 
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1. INTRODUCTION 

Supply of drinking water is a major problem in underdeveloped as well as in some 
developing nations. Along with food and air, water is a necessity for human beings. The 
human race has been depending on rivers, lakes and underground water reservoirs for new 
water. Most of the human dies due to inducing the brackish water. Approximately 1.5 to 2 
million children are dying and 35 to 40 million people are touched by water borne dices. 
Notwithstanding the increasing industrial activities may lead to a situation whereby 
countries need to reconsider their choices with regard to the management of its water 
resources. Surveys show that the about 77 per cent of water available on earth is salty. But 
one percent is fresh and the rest of 20 per cent is brackish. Approximately 3% of the 
world water are potable and this sum of money is not evenly dispersed along the ground. 
Distillation is an old technique to distillate brackish or salty water into drinkable water. 
Several technologies were invented for desalination from time to time and it has been 
taken by people without knowing future environmental issues. Distillation of brackish or 
saline water, wherever it is available, is a proficient method to hold clean water. 
Nevertheless, the conventional distillation processes such as Multi-effect evaporation, 
Multi stage flash evaporation, thin film distillation, reverse osmosis and electrolysis are 
energy intensive techniques, and are the feasible for large stage water demands. The 
alternative solution of this trouble is a solar distillation system and a device which works 
on solar energy to distillate the water is called solar still. 
 

2. PRINCIPLE OF DISTILLATION 

Desalination is one of the most significant methods of bringing potable water from 
brackish and sea water by utilizing the free energy supply from the sunlight. In nature, 
solar desalination produces rain when solar radiation is taken up by the ocean and causes 
water to melt. The evaporated water rises above the earth’s surface and is affected by the 
wind. Once this vapour cools down to its dew point, condensation occurs, and the fresh 
water comes down as rain as shown in fig 1.  The same principle is applied in all anmade 
distillation systems using alternative sources of heating and cooling. Working along a 
solar still is based along the mere scientific principle of drying up and condensation. 

A. History of solar stills 
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The first documented work in the field of solar distillation is that of Arab alchemists in 
1551. The work of Della Porta published in 1589. Della Porta used earthen pots full of 
herbaceous plants, kept inverted over collecting vessels. The earthen pots were exposed to 
sunrays, which heated the herbs within the cans, by the processes of convection and 
radiation. Water from the herbs was evaporated and condensed on the interior surface of 
the grass and finally trickled down into the collecting vessel. French chemist, Dremost 
Lavoisier (1962) used glass lenses to reduce solar energy on the distillation flask Mouchot 
(1869) has described the used of silver or aluminum coated glass reflectors for 
concentrating solar energy for distillation. Carlos Wilson, a Swedish Engineer, was first to 
design a conventional solar distillation apparatus, called solar still, in 1872, in Northen 
Chile.  

After 1880 till the close of world war–I have no documented study on solar distillation 
is available. After words several designs of solar stills were investigated, i.e. roof type, 
suspended envelope, tubular and air inflated still etc. Kaushch (1920) and Pasteur (1928) 
cite the usage of solar concentrators for solar distillation. Abbot (1930) used cylindrical 
parabolic aluminium coated reflectors to concentrate solar energy on evacuating tubes of 
urine and also tracked the movement of the sun. During World War – II, air inflated 
plastic stills were used in the U.S. Navy and Air Force. In such stills, inflated transparent 
plastic bags containing a porous felt pad saturated with sea water and having collector 
bottles at the seat, were kept in the sun. The water from the pad evaporated, got 
condensed and trickled down in the bottle. During the war period, as many as 200,000 of 
such inflated plastic stills was used. Subsequent attempts were established to amend the 
operating efficiencies of the diverse cases of solar stills for better production. 

B. Princlple of solar stills 

The drainage area of the solar still is filled with brackish water and the sun light beams 
fall through the ice cover to heat the water in the blackened inner surface of the basin and 
because of a temperature difference between water and glass surfaces water gets 
evaporated. As the water inside the solar still evaporates, it leaves all contaminates and 
microbes in the basin. The purified water vapor will condense along the inside side of the 
glass runs through the more depressed side of the still and then gets collected in a closed 
container which is used as potable water as shown in Figure 2. Many solar desalination 
systems were built up in years by employing the above principle of a solar still in the 
universe. So many deeds made out on solar still, on this work solar still is divided in two 
parts: (i) passive solar still, (ii) active solar still. In a passive solar still, the solar radiation 
is picked up immediately by the basin water and is the lone source of vigor to raise the 
urine temperature and accordingly, the evaporation leading to a lower productivity. This 
is the main drawback of a passive solar still. 

  

 

 

 

 

 

 

 

 

Figure 1 Solar stills 
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c. Research objectives  

 To provide cost effective water purification system. 

 To design low cost solar water distillation system. 
 Enhancing the efficiency of conventional solar distillation system by providing 
convex lenses on top of the system. 
 

3. MATERIALS AND METHODS 
 

A. Construction of Conventional Solar Still 
 

The Model of the steeped basin solar still is made of Mica Sheet of dimension (2ft x 3 ft). 
The solar stills have an effective horizontal basin area of 0.4m^2. Here length L=2 ft, 
Breath B=3 ft, Height H=1’4” ft and at opposite side =1/2 ft. The glass cover is mounted 
at an angle of 15° to the base of the shallow tray to ensure that condensate on its inner 
surface will drain down the glass into the condensate collecting channel and its thickness 
is 4 mm. Silicon rubber is used to prevent leakage from any gap between the glass cover 
and the still box. The still box is made from mica sheet in order to reduce heat losses from 
the walls and the bottom of the basin and prevented corrosion. The channel is fixed such 
that the water slipping on the surface of the glass will fall in this channel under the effect 
of gravity. This completes the construction of the model. The holes for the inlet of water 
and outlet of pure water is made as per the convenience. We have made the outlet of pure 
water at the left side of the model (seeing from the front of the model) and inlet at the left 
wall before the outlet. A photograph of the prototype model as shown in figure 2. 
 

                
 

  Figure 2 Model of Stepped Basin Solar Still 

ISSN NO: 2279-543X

Page No: 9

International Journal of Scientific Research and Review

Volume 8, Issue 11, 2019



 

 

B. Modified Top Cover with Convex Lenses 

 
The modified solar still unit consist of top cover with convex lenses with ½ ft., centre-to-
centre distance and this provision is made to increase the efficiency of solar radiation in 
the solar still. It is a known fact that the convex lens increases the solar radiation to some 
focal length. Therefore, a convex lens is used to enhance the efficiency of the solar still. 
The prototype image of the glass cover with lens as shown in fig 5. 

 

  
 

Figure 3 Photographic view of conventional solar still unit and Prototype Model of Glass 
Cover with Lens 

C. Specifications  
 
The materials selection and design specification of the solar still is shown in Table 1. The 
material used for still basin is aluminium sheet because of its higher thermal conductivity. 
To transmit the maximum solar radiation to the basin water, Glass is used as top cover. 
Thermo cool is used as an insulating material to reduce heat transfer rate and also it is 
economical. Plywood is used as outer cover to keep the still basin inside 

 
4. EXPERIMENTATION  

 
Experiments were conducted at Chidambaram, India (11.427936 N, 79.730246 E) in the month of 
February from sunrise to sunset. The solar stills have an effective horizontal surface area of 0.4 
m2. The glass cover is mounted at an angle of 30°to the base of the shallow tray to ensure that 
condensate on its inner surface will drain down the glass into the condensate-collecting channel 
and its thickness is 4 mm. Silicon rubber is used to prevent leakage from any gap between the glass 
cover and the still box. The condensing cover of the single sloped still was kept with their glass 
covers facing south, so as to obtain maximum radiation throughout the day. Initially 2 cm basin 
water depth was taken. Reflecting mirror was placed back of the still which was reflecting the solar 
radiation to the still. Readings of ambient temperature were recorded. Hourly and daily distillate 
output was measured directly from the graduated bottles. Two different sets of experiments were 
conducted. These were 1) Performance of still with condensing cover made of glass and 2) The 
performance of the still with condensing cover made of glass with a convex lens. 
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Table 1 Cost and material specification 

 
S. 
No 

Particulars Size Quantity Indian 
Rupees 

 
1 

 
Mica Sheet 

 

4  x 4 

 

 
1 

 
800 

2 Aluminum Pan 
0.5  x 

0.4  
2 980 

3 Glass 
3  x 2 

 
1 300 

4 
Silicone 
Sealant 300  1 150 

5 Silicone Gun  1 170 

6 Bush 2  4 40 

7 Bush 2.5  2 30 

8 Wood Breeding 
1.5  x 

0.5  
2 200 

9 
Aluminum 
Breeding 1.25  1 150 

10 Nuts & Screws  26 40 
11 Revit  30 60 
12 Five-Tight  4 160 
13 Ana bond  2 100 
14 M-Seal  4 40 
15 Aluminum Foil  1 30 

16 
Plumbing 
Materials 

  350 

17 Labor Charge   1000 

18 
Travelling 
Charge 

  400 

   
Total in 

INR 
 5000 

 
 

5. RESULTS AND DISCUSSION 
 
Table 2 Experiment outcome  
 

Table 2 reports the recorded value of collected water in both solar units. 

 

 

Date 

Temperature 

˚C 

Volume of condensed 

Water collected in (ml) 

High Low conventional 

solar still 

unit 

modified 

solar still 

unit 

01/02/ 32 19 112 210 

02/02/19 31 20 114 214 

03/02/19 32 19 102 189 

04/02/19 32 20 120 230 
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05/02/19 32 19 103 200 

06/02/19 33 20 105 202 

07/02/19 34 18 108 189 

08/02/19 34 18 105 210 

09/02/19 33 19 110 230 

10/02/19 32 19 115 225 

11/02/19 32 18 118 226 

12/02/19 32 19 109 215 

13/02/19 34 20 107 214 

14/02/19 33 24 106 236 

15/02/19 33 23 115 245 

16/02/19 33 22 121 256 

17/02/19 33 21 119 220 

18/02/19 33 19 123 240 

19/02/19 35 20 125 236 

20/02/19 37 20 127 258 

21/02/19 38 22 130 260 

22/02/19 37 20 129 255 

23/02/19 36 22 124 252 

24/02/19 35 21 128 248 

25/02/19 36 20 126 248 

26/02/19 35 22 121 240 

27/02/19 32 23 115 236 

28/02/19 34 23 112 226 

 
. 
Figure 6 and 7 represents the temperature (minimum and maximum) recorded and volume of 
sample collected in each solar unit.   
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Fig 6 Ambient Temperature variations recorded during the experimentation  

 

 
 

Fig 7 Volume of condensed water collected in different solar stills 

The two different designs and operational parameters studied to investigate their influence on still 

productivity. The two distillates yield around 130-230 mL/m2/day (varied with deign) with high 

recorded in modified solar unit. This type of solar still receives radiation that is transmitted from 

the spherical transparent surface. At the same time, the water vapor is condensed in the larger 

spherical surface. Hence more water droplets are condensed on the surface. The contact in the 

spherical surface still with air is more than a single slope solar still. Hence the rate of condensed 

distillate yield is increased. 

The average daily output of the still is 230 mL/m2/day for the modified solar still. The evaporation 

of water in the upper basin is caused mainly by condensation that takes place at the glass cover of 

the lower basin. As a result, the upper basin continues to produce an appreciable amount of 

distillate during the night. This demonstrates that the performance of the solar still is much better 

than a single-slope solar still. The basin temperature reached to a maximum within a short intervals 

of time due to the point focusing of the concentrator. At the same time, corresponding glass 

temperature is also increased. This increase in cover temperature is due to the minimum separation 

of distance between top cover and water surface in the basin. So the influence of air temperature 

due to convection increased the top cover temperature. The rate of evaporation increases due to 

increase water temperature in the basin. The temperature difference between water and cover 

temperature increased the distillation yield rate. 

 

CONCLUSION 

In this paper, the fabrication of two solar still designs (conventional and modified) and their 

performance evaluation in converting brackish water into fresh water for drinking are presented. 

From the experimental results, modified solar stills shows the maximum amount of productivity 

due to the concentrator effect. The productivity of the solar still entirely depends on the climatic 

parameters as well as increasing the water temperature. This leads to raise the evaporative and 

convective heat transfer coefficients in the solar still. The concentrator effect plays a vital role to 

increase the water temperature up to 95°C compared to the other types of designs. So evaporative 

heat transfer is more for modified still, and it is showing the maximum amount of yield. 
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