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Abstract 

The distilled water productivity of the single basin single slope solar still is very low. In this work, the experimental modification 

was carried out in the single basin single slope solar still to improve the performance. Experimental attempt was carried out to 

enhance the solar still productivity by means of agitation effect. Agitation effect was given by using a shaft coupled with a dc 

motor powered by solar PV panel at a constant rpm. Experiment was carried out during sunshine hours. Performance of both 

conventional still and the still with improvement technique were studied under same atmospheric condition. The agitation effect 

breaks the surface boundary layer of water and increases the area of contact between the water and air. The addition of the 

improvement technique enhanced the evaporation rate of the still and hence the distillate yield was augmented. The experimental 

result shows that the still with improvement technique enhanced the distillate productivity by 21.67% as compared to the 

conventional still. Cost comparison was carried out between both the stills. Still with agitation effect yields profit 20.90% more 

than the conventional still.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The availability of drinking water is reducing day by day, whereas the requirement of drinking water is increasing rapidly. Although more than 

two thirds of earth has been covered with water, only about 0.014% of global water can be used directly for human and industrial purpose [1]. 

So, the accessibility to drinking water is the one of the main problems of human being in arid remote area all over the world. Solar stills can 

solve part of this problem in the areas where solar energy is available plenty. Basin type solar stills are simple in design, cheap, have low 

technologies and it is an important advantage, pollution free. Hence, no high maintenance expenses are required although solar stills have low 

productivity; they are being a sustainable water production method. Solar still continue to attract wide research attention that is targeted to 

improve their yield. Many experimental and theoretical studies are being carried out to improve the performance of solar stills [2].   

Xiao et al. [3] stated in their study that the climate and operating conditions affecting the solar still productivity include solar radiation 

intensity, wind velocity and ambient temperature for climate conditions and the cover angle, the material coated on the basin, the water depth, 

the temperature difference between the water and the cover and the insulation for the operating conditions. 

Several researches have reviewed, thoroughly, the work on solar distillation system [4-6]. They have described the design, affecting 

parameters and the performance of a wide range of solar stills. 

A good condensation condition can make the evaporation rate of brain water in the still faster. Solar still with sponge cubes in basin is 

studied by Bassam and Hamzeh [7].Vinothkumar and Kasthuribai [8] investigated the performance of the solar still with improved 

condensation. An external condenser [9] is attached with the solar still to enhance the productivity.  Al-Kharabsheh and Goswami [10] 

presented a theoretical analysis and preliminary experimental results for an innovative water desalination system using low-grade solar heat. 

The system utilizes natural means (gravity and atmospheric pressure) to create a vacuum under which water can be rapidly evaporated at much 

lower temperatures and with less energy than conventional techniques. In a basin-type solar wick still, the feed water is absorbed slowly by a 

porous radiation-absorbing pad (the wick). Two advantages are claimed over basin stills. First, the wick can be tilted, so that the feed water 

presents a more suitable angle to the sun and enlarge the effective area. Second, less feed water is in the still at any time and thus the water is 

heated more quickly and to a higher temperature.  

Simple basin-type solar wick stills are more efficient than common basin-type solar stills, and some designs are claimed to be less costly 

than a basin-type solar still of the same output [11]. Benjemaa et al. [12] evaluated the potential of renewable energy development for water 

desalination in Tunisia. Different technologies of water desalination systems have been carried out by Safi and Korchani [13]. They presented a 

thermo-economic model to measure and compare the efficiency of solar desalination system and two desalination low-temperature 

technologies: multi-stage flash and multi effect desalination in dual purposes power/desalination plant based on gas turbines. 

Mohamed A. Eltawil and Zhao Zhengming [14] designed a small wind turbine and attached with the main solar still (MSS) to operate 

rotating shaft provided with impellers. The impeller is used to break boundary layer of the basin water surface, thus increasing the water 

vaporization and condensation. The system performed well when the wind velocity remains in the range up to 2.0 m/s, since it does not affect 

much the insolation and temperature. The average daily efficiency of MSS and ISWD ranged from 67.21 to 69.59 and 57.77 to 62.01% when 

the system was due south, while it ranged from 66.81 to 69.01 and 57.08 to 62.38% when the system was tracking the sun, respectively. Khaled 

M.S. Eldalil [15], introduced a new concept of active vibratory solar still is presented in this study. The target of using the vibrator is to 
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generate forced vibration to excite the flexible packed media to break the boundary layer and surface tension of the saline water and improve 

convective heat transfer, thus increasing the water vaporization and condensation. The daily total yield of distillate of the still with added 

helical wires is found to be 3.8 l/m2 with an efficiency of 35% and increased with vibration to 5.8 l/m2with an efficiency of 60%. The 

increasing percentage due to the vibratory excitation effect is found to be 72%. The daily total production of the still with helical wires is found 

to be 35% more than the value of CSS and when vibration is applied this ratio increases to 132%.  

II. EXPERIMENTAL SETUP 

In this work, two basin stills were designed, fabricated and constructed to compare the performance of the solar desalination 

system. One of them is a conventional type and the other is the modified system with agitation effect.  

The conventional still was fabricated with the basin area of 0.25m². The height of the lower vertical side of solar still was kept 

at 0.01 m. For a 300 inclination of glass cover, the required height of the other vertical side was 0.42 m. The absorber area of 

basin and collector of solar still are 0.5 m x 0.5 m and 0.5 m x 0.59 m respectively. The basin structure of the solar still was made 

of GI sheet. The inner side of the basin was painted black to maximize the absorption of solar radiation. The bottom and sides of 

the still basin were well insulated with a thermocole layer of 0.025 m thickness. An ordinary clear window with a glass thickness 

of 0.004 m was used as the top cover of the solar still and inclined at an angle of 30º from horizontal. The total experimental 

setup was arranged to face in the southern direction to receive the maximum solar radiation. The distillate water condensed from 

the glass cover was collected in a distillation trough fitted on the lower side of the solar still. Plastic tubes are used to discharge 

the distilled water. 

 
Fig. 1: Conventional Solar Still 

The modified still too was fabricated with the same design and dimensional parameters. The modified still with improvement 

technique have provision for the agitation effect. The effect was given by means of impellers of a shaft. The shaft was coupled 

with a 4W dc gear motor powered by 10W solar PV panel. The dc gear motor runs the shaft. The impeller attached to the shaft 

disturbs the surface boundary layer of water which in turn increases the surface area of contact between water and air. Thus the 

evaporation rate of the still improves and it enhances the distillate productivity. 

 
Fig. 2: Modified Solar Still 

The experimental setup is suitably instrumented to measure the temperatures at different points of the still (brine, absorber 

plate, vapor and glass cover temperatures), total solar radiation and the amount of distillate water. The temperatures are 

measured by K-type thermocouples. The solar radiation intensity is measured instantaneously by a solarimeter. The digital air 

flow/volume meter is used to measure the wind velocity. 
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III. EXPERIMENTATION 

Experimentation was carried out to analyze the comparative performance of the still with and without agitation at Energy Park, 

National Engineering college, Kovilpatti (9 º11‟N, 77 º52‟E). Both the stills were tested under same atmospheric condition to 

study the exact improvement in performance of the still. Both the stills were maintained at 1cm of water level depth. 

Experimentation was carried out between 6:30 am to 6:30 pm. The solar radiation, atmospheric temperature, basin temperature, 

saline water temperature, glass temperatures and distilled water productivity were measured every hour. All measurements were 

performed to evaluate the performance of the conventional basin still and the modified basin still under the same atmospheric 

conditions. 

IV. INSTRUMENTATION 

During the experiments, several parameters are measured in order to evaluate the system performance. The quantities needed to 

be measured are, the temperatures at different points of the stills (brine, absorber plate,   vapor and glass cover temperatures), 

ambient temperature, total solar radiation, wind velocity and the amount of distillate. The temperatures were measured using 

calibrated K type thermocouples (±0.1°C) and a multi meter. Total insolation was measured on the same level of still glass 

covers with the help of solarimeter ranged up to 2,500W/m² with an accuracy of ±1 W/m². Wind speed was measured with the 

help of a van type anemometer, ranged of 0.4–30 m/s with an accuracy of ±0.1 m/s. A measuring jar of 1000 ml capacity (an 

accuracy of 10 ml) was used to measure the hourly yield. 

V. RESULTS AND DISCUSSION 

Variation in solar radiation on the day of experimentation is shown in the figure 1. It shows that radiation reaches maximum 

around 12.00 to 1.00 PM because of abundant perpendicular solar radiation during these hours, but it is low in the morning and 

the late evening session. 

 
Fig. 3: Variation of Solar Radiation with Time 

Comparisons between the hourly variations of freshwater productivity per unit area for the modified and the conventional 

solar stills are illustrated in fig. 4. The amount of accumulated distillate water for the modified solar still is greater than that of 

conventional still. This is mainly due to the agitation effect that caused higher evaporation rate inside the still. Agitation effect 

disturbs the surface boundary layer of the water inside the basin. This disturbance increases the area of contact between air and 

water inside the still. Thus the evaporation rate inside the still increased. This increase in evaporation rate enhances the 

productivity of the still. 

 
Fig. 4: Comparison of productivity of still with and without Agitation 
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From the experimentation carried out, it was observed that the system with agitation effect showed a better output of 20% 

increase in productivity than the system without agitation effect. Conventional still gave a productivity of 665ml during the 

complete day process whereas the modified still gave a productivity of 730ml a day. 

 
Fig. 5: Variation of Temperatures with Time (Without Stir Effect) 

 
Fig. 6: Variation of Temperatures with Time (With Stir Effect) 

Figure 5 and figure 6 shows the variation of various temperatures with respect to time. Both the figures show that the 

temperatures were more or less the same. The agitation effect doesn‟t cause much variation in the temperatures of the still. 

VI. ECONOMIC ANALYSIS 

 Still with Agitation Effect: A.

Annual running cost = First annual cost + Annual maintenance cost – Annual salvage value 

For the still with stir effect, first annual cost includes, 

- Solar still          = Rs. 3500/- 

- DC motor         = Rs.   250¬/- 

- Solar panel       = Rs.   600/- 

- Total               = Rs. 4350/- 

Considering annual maintenance cost = 5% of investment  = Rs. 217.50/- 

Salvage value is assumed to be 50% after 10 years (with glass as exception as 25% and motor as dead) Hence decline in worth 

per year is, 

 Solar still         = Rs.180/- 

 DC motor         = Rs.  25/- 

 Solar panel       = Rs.  30/- 

 Total          = Rs. 235/- 

Thus the salvage value at the end of first year will be Rs.4115/- 
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Input energy used to drive the motor is obtained from solar using a PV panel. As the cost of the panel is included in first 

annual cost and the energy obtained is a free energy, it is neglected. 

Annual cost at the end of first year = 4350 + 217.50 – 4115 

                = Rs.452.50/- 

 Still without Agitation Effect B.

1) First annual cost             = Rs. 3500/- 

2) Annual maintenance cost = Rs.  180/- 

3) Salvage value             = Rs. 3320/- 

Annual cost at the end of first year = 3500+180–3320 

                       = Rs.360/- 

 Cost comparison of the product at the yearend: C.

Let the market price of the distilled water as Rs.10/- per liter. 

Average productivity of the still without stir effect is 600 ml a day and that with stir effect is 730 ml a day. 

Cost of the product with agitation         = 0.730 * 365 * 10 

                      = Rs. 2665/- 

By reducing the running cost, worth      = 2665 – 452.50 

                         = Rs. 2212.50/- 

Cost of the product without agitation     = 0.600 * 365 * 10 

                          = Rs. 2190/- 

By reducing the running cost, worth      = 2190 – 360 

                       = Rs. 1830/- 

Thus the proposed system with agitation effect given by a dc motor powered by a PV panel is a cost effective system. 

VII. CONCLUSION 

In this work, the effect of incorporating agitation effect in a single basin single solar still was tested. The performance of a 

conventional still and the modified solar still was simultaneously investigated experimentally under same climatic conditions at 

Energy Park, National Engineering college, Kovilpatti (9 º11‟N, 77 º52‟E). Agitation effect was given by means of a shaft 

coupled to a dc gear motor powered by a 10W solar PV panel. It was found through experiment that the still with agitation effect 

was more efficient than the conventional one. This is because the agitation effect disturbs the surface boundary layer of water 

which increases the surface area of contact between water and air inside the still. Experimentation was carried out between 

6:30am to 6:30pm. Still with agitation effect gave a productivity of 730ml whereas the still without agitation effect gave a 

productivity of 600ml. Thus the modified still showed an improvement of 21.67% than the conventional still. Through cost 

analysis it is found that the still with agitation effect is 20.90% more economical than the conventional still. Thus the still with 

the modified design is better than the conventional one. 
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