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 Background: Climatic conditions will not be the same through the year. During the 

summer as the temperature increases the level of water from water resources’ such as 

ponds, well, river Decreases. People of various parts of the country suffer from scarcity 
of water Objective: The primary aim of this study is to raise the productivity of single 

basin single slope, solar still by using various solid, sensible heat storage materials such 

as rocks, metal pieces, Leather, seashells, glass balls in the crapper. Various liquid 
sensible heat storage materials such as coconut oil, milk, water, salt (sodium chloride) 

were poured in small pellets and introduced into the still. Various evaporative surfaces 

such as gauss clothes, cotton clothes, sponges were tested to improve productivity in 
the still. To improve the condensation rate outer glass cover temperature was cooled at 

regular intervals of 10 minutes using sprinkler manually. The theoretical analysis was 

performed by solving basic equations using MAT Lab software and RSM software the 
results were compared with experimental values Results: The performances of 

modified still were compared with conventional still of the same size running under the 
same meteorological conditions. The solid, sensible heat storage materials 

produces48% more fat than conventional blade. Liquid sensible heat storage material 

produces 19% more than conventional in the boulder clay. The experimental values are 
closely agreeing with the theoretical values by using RSM. Conclusion: The liquid 

sensible heat storage materials in the form of billets increase the productivity by 62% 

than conventional blade. The used of evaporative surfaces to increase the area of 
exposure and still productivity by 20%Lower water depth in the still increases the 

productivity in the still. Manual glass cover cooling in the still increases the 

productivity by 27% more than without glass cooling. 
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INTRODUCTION 

 

 Climatic conditions will not be the same through the year. During the summer as the temperature increases 

the level of water from water resources’ such as ponds, well, river Decreases. People of various parts of the 

country suffer from scarcity of water.To enhance the yield of the single basic solar still, many research works 

are being carried out. Nabil Hussain A Rahim (2011) adopted a fresh technique to improve the efficiency of 

horizontal solar still.  In this study the efficiency of evaporative and condensing zones are improved by copper 

condenser tubes inside the still. Asphalt basin liner and sprinkler are used in the still to increase the productivity 

by O. O. Badran (2008). Kalidasamurugavel and et al., (2008) done the experiment with different types of liner 

materials to improve absorption rate  the answers evidenced that the rubber was the best absorbing material. 

Rajasenivasan and et.al, used dye in the watershed to increase productivity (1990). In the other work charcoal 

pieces are utilized in the basin (2007) to raise water temperature. Kaabi Abdenacer PR, Smakdji Nafila (2007) 

found that the maximum output was obtained when the temperature difference between water and glass is 

maximized. Velmanirajan et.al, (2012) analyses numerical modeling of aluminium sheets using response surface 

methodology. Narayanan and padmanaman (2009) uses resume in their study for predicting bend force during 

an air bending process in interracial free steel sheet. Muafag suleiman.K. And Tarawneh (2007) conducted the 

experiment on the impression of water depth on still he also uses sprinkler for glass cooling to reduce glass 

cover temperature and improves productivity of 14% more than conventional still.  
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Objective: 

 The primary aim of this study is to raise the productivity of single basin single slope, solar still by using 

various solid, sensible heat storage materials such as rocks, metal pieces, Leather, seashells, glass balls in the 

crapper. Various liquid sensible heat storage materials such as coconut oil, milk, water, salt (sodium chloride) 

were poured in small pellets and introduced into the still. Various evaporative surfaces such as gauss clothes, 

cotton clothes, sponges were tested to improve productivity in the still. To improve the condensation rate outer 

glass cover temperature was cooled at regular intervals of 10 minutes using sprinkler manually. The theoretical 

analysis was performed by solving basic equations using MAT Lab software and RSM software the results were 

compared with experimental values 

 

Experimental Setup and Procedure: 

 Single basin single slope, solar still was fabricated with 1.4mm thick mild steel. The size of the basin was 

0.81x 0.82 x 0.75m. The catchment area is painted black to absorb maximum solar radiation. The position and 

bottom positions of the stills were insulated with 4mm thick thermocouple insulation layer (0.015w/Mk thermal 

conductivity) to cut heat losses in the still. The condensing surface of the blade is made of plain glass with 4mm 

thickness is set at 30
0
 inclination to the horizontal axis. A silicone rubber sealant is applied to keep the glass 

intact with the steel to prevent the vapor leakage from the still. Collection troughs were provided below the 

lower border of the ice cover, to collect the condensate. Distillate outlets were provided to drain the water 

through hoses and to store in jars. Provisions were made to supply raw water, run out the basin water and insert 

thermocouples. Fig.1 shows the sentiment to be fabricated experimental single basin solar still. A formal style of 

same area was constructed and run parallel with the modified still for comparison. Experiments were conducted 

at Mohamed Sathak polytechnic college, Kilakarai, Ramanathapuram, Tamil Nadu, India during the months of 

September - December, 2013. The interpretations were read from morning 9AM to Evening 5 PM for every one 

hour interval. PV sun meter, digital anemometer and mercury thermometers were used to measure global 

radiation, current of air speed and ambient temperatures respectively. K-type thermocouples with multichannel 

digital display unit was used to measure basin, water, glass cover temperatures. 

 

 
 

Fig.1(a): Experimental setup.  

 

1. Glass 2. Input tank 3. Solar still 4. Collection tank: 

2. Modifications in the still: 

 Solid sensible heat storage materials such as metal parts, stones, Leather, seashells, glass eggs are brought 

out in the stillness with 2cm water depth. The area of water, mbcph, values for various. Materials are shown in 

Table.1. Various liquid sensible heat storage materials such as coconut oil, milk, water, salt were introduced in 

the G.I billets of size 0.1m diameter and 0.3m length. All the liquid materials were filled half of the intensity in 

the berth. The Area of water and mbCpb values for theoretical analysis were Tabulated in Table.1 Gauges 

clothes, sponges and with materials were examined in the sill with 2cm water depth. The Area of water and 

mbcpb values are presented in Table. 1 

 
Table 1: 

Sl. No Materials Aw (m) mb Cpb J/k (mw) Kg 

1 Gauss clothes 0.8250 612 13.72 

2 Sponges 0.6879 515 13.415 

3 Wick 0.7055 475 13.36 

4 Milk 0.6937 4320 13.539 
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5 Coconut oil 0.6 2055 18.27 

6 Water 0.6937 1465 16.424 

7 Salt (Nacl) 0.6937 3525 17.052 

Sl. No Material AW (m) mb Cpb J/k Size (m) 

1 Stone 1.60 742 0.2 

2 Metal 1.62 1335 0.7x0.45 

3 Glass balls 1.82 1805 0.1 

4 Sea shells 0.942 904 0.4 

5 Leather 0.8 842 0.82x0.82 

                                                    

 
       Seashell                     Glassballs            Metals                        Leather                          Stones 

 

Fig. 2: Photographic view of sensible heat storage materials. 

 

RESULTS AND DISCUSSION 

 

 Effect of water depths: 

 The result of water depth in the steel basin in the productivity is shown in fig. 3. It is apparent that as the 

water depth increased,the productivity will be diminished. This is due to be increase of the heat content of the 

water in the basin, results, in lower water temperature in the basin leading to lower evaporation rate. 

 

 
 

Fig. 3: Effect of water depths on productivity. 

 

Effect of solid, sensible heat storage materials on productivity:  

 Some materials can store more amount of heat energy and increases the heat capacity of the drainage area in 

addition to increasing the basin absorption. These materials soak up energy during heating periods and released 

energy slowly during cooling. The fig. 4 (a-f) shows the productivity of various solid, sensible heat storing 

materials with time various materials such as sea shell, glass balls, metal pieces, gems, leather are placed inside 

the still with 2 cm water depth and proven. The productivity ranges of the materials are 2095ml/m
2
for sea shell 

because of the calcium content it will soak up more warmth than other fabrics. The productivity of other 

materials is less than 28% for glass balls, 42% less for metal pieces, 52%for stone and 62% less for leather when 

compared to a seashell. The green area in the resume shows the most productive area where as the blue color 

shows the low production area. In all the fig4.(a-e) the productive area starts from 11.00 and ends with16.00 hrs. 
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                                                                              Fig.4 (a) 

 

 
                                                                              Fig.4 (b) 

                                                                               

 
                                                                              Fig.4 (c) 
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                                                                              Fig.4 (d) 

 

 
Fig.4 (e) 

 

                                                                               
Fig.4 (f) 

 

Fig. 4: Effect of solid, sensible heat storage materials on productivity. 

 

Effect of liquid sensible heat storage materials on productivity: 

 Various liquid sensible heat storage materials are presented inside the lines and placed inside the still and 

tested. Fig.5 (a-c) shows the output of various liquid sensible storage materials. The productivity is higher for 

sodium chloride salt 2075 ml/m
2
 and lower productivity is 1261ml/m

2 
for milk. 
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                                                                              Fig.5 (a) 

 

 
                                                                              Fig.5 (b) 

 

 
                                                                              Fig.5 (c) 

 

Fig. 5: Effect of Liquid Sensible Heat Storage Materials. 

 

Effect of evaporative surfaces on productivity: 

 Due to capillary action gauss clothes, sponge, stove wick absorb more water. Thus, exposure area is 

increased. This contributes to increasing the evaporation rate in the steel. As demonstrated in fig. 6 (a-c). 

Productivity for gauss clothes are 62% higher than conventional still and 23%than sponge and 37% for wicks.  
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                                                                              Fig.6 (a) 

 

 
                                                                              Fig.6 (b) 

 

 
                                                                              Fig.6 (c) 

 

Fig. 6: Effect of Evaporative Surfaces. 
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 The impression of glass cooling on productivity: 

 The fig. 7 shows the temperature of the glass and productivity during various hours. Glass cooling increases 

27% of productivity in the blade. This growth in the still yield is due to the divergence between the glass cover 

temperature and water temperature, which will increase the condensation process on the inside stratum of the 

screen. The glass cooling also reduced the convection and radiation energy losses to ambient. Cooling film act 

as continuous self cleaning of the glass screen. Before chilling the glass cover produces 0.707 l/m
2
/day and after 

cooling produces 0.980 L/m
2
/day. 

 

 
 

Fig. 7: Effect of Glass Cooling On Productivity. 

    

Annova results: 

 The following table.2 shows the analysis of variance (ANNOVA) for the experimental values. The 

resolution showed that the predictability of the model is 99% confidence and the predicated response fit well 

with those of experimentally obtained values. The p-value is less than 0.0001 for all the models which indicates 

that the model is statistically important 

 
Table 2: Annova output 

Source Squares df Square Value Prob > F significant productivity, seashell 

Model 25548.24 5 5109.648 7.498078 0.000491 significant productivity, glass ball 

Model 19500.21 5 3900.042 10.3265 6.67E-05 significant productivity, metal 

Model 12982.21 5 2596.442 7.223712 0.000611 significant productivity, stones 

Model 11002.19 5 2200.437 4.08212 0.01098 significant productivity, leather 

Model 45001.33 5 9000.265 24.68562 1.07E-07 significant productivity, gauss cloth 

Model 30249.55 5 6049.911 23.20778 1.75E-07 significant productivity, sponges 

Model 14790.07 5 2958.014 16.94181 2.01E-06 significant productivity, wick 

Model 13810.57 5 2762.115 13.08607 1.32E-05 significant productivity,conventional 

Model 34354.86 5 6870.972 19.64571 6.49E-07 significant productivity, salt 

Model 29193.66 5 5838.732 27.55638 4.37E-08 significant productivity, coconut oil 

Model 13846.19 5 2769.237 26.65463 5.73E-08 significant productivity, milk 

                                                          

Comparison of experimental and Theoretical values: 

 The table.3shows the comparison of productivity of theoretical and experimental values for 2cm water 

depth with stones in the watershed. From the fig it was clear that the experimental values are closely agreeing 

with theoretical values with minimum deflection. The forecast values are from surface response software 

(RSM).The %of error was less than10% 

 
Table 3: Comparison of experimental and theoretical values. 

Actual Predicted   

Value Value Residual %error 

120 110.6548 9.345238 7.787698 

100 94.88377 5.116227 5.116227 

140 135.2768 4.723163 3.373688 

120 117.6823 2.317667 1.931389 
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120 119.3246 0.675431 0.562859 

55 53.23855 1.761453 3.202643 

40 38.01645 1.983553 4.958883 

30 29.85094 0.149063 0.496878 

76 70.87359 5.126411 6.745277 

100 98.52976 1.470238 1.470238 

80 79.70486 0.295137 0.368921 

90 83.5628 6.437204 7.152449 

150 145.7905 4.209546 2.806364 

120 114.5011 5.4989 4.582416 

100 94.18331 5.816689 5.816689 

80 79.26794 0.732058 0.915073 

20 18.125 1.875 9.375 

90 86.16198 3.838016 4.264462 

70 64.73722 5.262779 7.518256 

60 54.91198 5.088016 8.480027 

45 42.93754 2.062458 4.583239 

 

 

 
 

Fig. 8: Optimization results. 

 

Optimisation: 

 Graphical optimization displays the area of feasible response values in the vector space. Areas that do not 

fit the optimization criteria are shaded. Any "window" that is NOT shaded satisfies the multiple constraints on 

the reactions. The region that satisfies the constraints will be yellow, while the area that does not encounter the 

criteria is gray in color.The flags show predictions for all responses at that location in quad. The fig. 8 (a-b) 

shows the overlay pot for different evaporative surfaces with 2cm water depth. The primary objective of 

optimization is to maximize the production between the limits 100 to 160ml/m2.The fig. 8 shows the maximum 
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ranges in yellow color. The desirability limit is found to be 0.646 as shown in the fig. This indicates that the to 

maximize the output 64% change are there as indicated by the green shaded areas 

 

Conclusion: 

 An experimental study has been carried on to predict the productivity of a single slope, solar still using 

different solid, liquid sensible heat storage mediums and various explorative materials. 

 Established on the experimental results the following determinations are reached      

 An increase in the still productivity was observed with the increase in the solar intensity  

 The role of solid, sensible heat storage materials in the still improves productivity by 62% than 

conventional blade. 

 The liquid sensible heat storage materials in the form of billets increase the productivity by 62% than 

conventional blade. 

 The used of evaporative surfaces to increase the area of exposure and still productivity by 20% 

 Lower water depth in the still increases the productivity in the still. 

 Manual glass cover cooling in the still increases the productivity by 27% more than without glass cooling. 

 The desirability limit is found to be 0.646. 

 The experimental values are closely agreeing with RSM values. 

 The seashell is good, sensible heat storage medium. 

 Gauss cloth improves evaporation without obstructing sunlight. 
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