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ABSTRACT 
 

Solar distillation is promising technology for clean water production in areas with abundant solar energy. The main constrained 

of this technology is low production capacity. In various studies it has been found that improving water evaporation and vapour 

condensation inside distillation unit can help in increasing productivity of solar distillation unit. In proposed research work 

single basin double slope solar distillation unit was modified using external reflectors and solar photovoltaic driven condenser. 

Experimentation was carried out for comparative performance evaluation of simple conventional distillation unit and modified 

distillation unit with external reflector and condenser. It was found that the external reflector on glass cover increases the 

incident solar energy and thus increases water temperature inside distillation unit. Rate of evaporation also increased due to 

condensing fan and condenser coupled with distillation unit. Results obtained for comparative performance simple distillation 

unit and modified distillation unit shows that the productivity of single basin double slope solar distillation unit with reflector 

and SPV driven condenser was 35%. Also it was found that modified distillation unit was economically feasible than conventional 

distillation unit. 

 

Keywords: Single Basin Double Slope Distillation Unit, Solar Photovoltaic, Reflector, External Condenser, Productivity, 

Efficiency 

1. INTRODUCTION 
Clean potable water is a basic necessity for man along with food and air. However, direct uses of available water resources are not 

advisable due to the presence of higher amount of salt and harmful organisms. Conventional technology such as heat and power 

plants, reverse osmosis, membrane distillation, electro dialysis etc. are available for desalination but they are operated with fossil 

fuel, they are becoming very expensive to run and the environmental pollution they produce is increasingly recognized as very 

harmful to the globe [1]. The solution this problem is nonconventional renewable energy source, which can be easily accessed for 

fresh water production by distillation technology. Basin type solar distillation systems are the sustainable solution in areas with 

abundant solar energy. Solar stills works on principle of heat transfer from water to glass. Solar energy penetrates through glass 

cover get partially absorbed by water in a still basin. Thus the water get heated and form the air-vapor mixture at the surface having 

higher temperature and lower density than the air-vapor mixture immediately beneath the cover. Convection currents are formed 

between the water surface and the glass due to temperature difference. The saturated air-vapor mixture is moves upward and cooled 

by glass cover thus vapors get partially condensed. Then the cooled air-vapor mixture moves back to the water surface again. The 

distillate is collected in gutters along the lower sides of the transparent cover. Main constrained in use of solar distillation technology 

is its low productivity, thus efforts have been taken to improve productivity of distillation unit. 

 

Amount of distillate water produce from a solar still depended on different parameters. The evaporative surface area and glass cover 

temperature were the most effective parameters. Increasing the surface area or decreasing the glass cover temperature would enhance 

the distillate output [2]. Sengar et al., [3] designed a single basin wick type solar desalination with corrugated galvanized iron sheet 

of area 1 m2 as an absorber in between the wick strip for obtaining maximum temperature inside the distiller. The average yield of 

distilled water from single basin wick type solar desalination plant was 2300 ml/m2/day in winter and 3400 ml/m2 /day in summer 
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at Dapoli, India. Maximum distilled water obtained at an angle 40º48’ in winter season. The efficiency of the SBWSD was 47.14% 

in winter and 56.29% in summer.  Sathyamurthy et al., [4] conducted to study the effect of wind speed variations to cool down the 

outside of the glass cover of a triangular pyramid solar still. It was found that increasing the wind speed from 1.5 to 3 m/s and to 

4.5 m/s had the effect of increasing the still productivity by 8% and 15.5% respectively. Sengar and Kurchaniya [5] developed solar 

geyser cum distiller SGD device of 100 litre capacity. Overall efficiency of SGD for winter and summer was found to be 36.70 and 

27.48 % respectively. The yields of distilled water were 5007 ml/m2 day in winter and 5275 ml/m2 day in summer respectively. 

Singh et al., [6] investigated the effect of condensing cover inclination angle and water temperature on internal heat transfer 

coefficients and yield of single slope solar stills inclined at 15o, 30o and 45o. The maximum temperature difference between 

evaporative surface and condensing surface and maximum yield was for condensing cover with inclination angle of 45°.  

 

Another method of enhancing the evaporation is agitating, using auxiliary heaters or condensing water vapour using external 

condenser. Dineshkumar and Prashantkumar [7] reported investigation of conventional solar still coupled with solar air heater. There 

was an increase in 21.4% of the daily productivity in case of coupled solar still than that of conventional still. Belhadj et al.,[8] 

investigate the effect of joining a condensation cell to a single basin double slope solar still numerically; Solar radiation, ambient 

temperature and the temperatures of different system components were monitored. The proposed prototype had a daily yield of 7.15 

kg/m2. Their results showed that the productivity of the system was about 60% higher than that of the conventional and capillary 

film types. The contributions of the glass cover, metal plate and condenser plate are 43%, 18% and 39% of the total distillate yield, 

respectively. Rajaseenivasan et al. [9] tested the performance of the single basin solar still by means of preheating the saline water 

using an integrated flat plate collector arrangement. The conventional basin and FPCB stills achieved the maximum efficiency of 

37% and 60% and maximum distillate of 3.62 kg/day and 5.82 kg/day. Maximum distillate yield was obtained at daytime for 

conventional and FPCB stills with jute cloth and black gravel in the basin were 3.02 and 4.90 kg/m2 respectively. The distillate yield 

was enhanced about 60%. Kabeel et al. [10] in his studies gave detailed review on solar still with external condensers. The effect of 

adding external condenser to the still basin is to decrease the heat loss by convection from water to glass as the condenser acts as an 

additional and effective heat and mass sink. So, the effect of drawn vapour at different speeds was investigated. The results show 

that integrating the solar still with external condenser increases the distillate water yield by about 53.2%. And using nano fluids 

improves the solar still water productivity by about 116%, when the still integrated with the external condenser.  

 

In given research work single basin double slope solar distillation unit have been modified using external reflector and solar 

photovoltaic driven condenser.  An external condenser extract the vapours from distillation unit using suction fan driven by solar 

photovoltaic panel. The fan lowers the pressure inside the still by driving vapors to external condenser which leads to decrease in 

saturation temperature of the water due to the lower vaporization pressure, thus evaporation rate inside distillation unit increases. 

Also the fan takes the non-condensable gases away from the still to the condenser which help in decreeing glass cover temperature. 

This causes increase in temperature difference of water and glass cover leading to increase in rate of heat transfer.  Thus the 

evaporation rate inside distillation unit also increases. Thus efforts have taken to develop an external condenser for existing 

conventional distillation unit. Experiments were conducted to study the comparative performance of the modified still with 

conventional still under same climatic condition. 

 

2. EXPERIMENTAL SETUP AND METHODOLOGY 
In this work, existing unit of conventional solar distillation unit was modified using external reflectors on glass cover and SPV 

driven condenser. Later modified unit was compare with conventional type distillation unit for productivity and efficiency. 

Specification of modified distillation unit are given in table below, 

 

Table 1 : Specifications of modified solar distillation unit 

Sr. No. Particulars Specifications 

1. Type Single basin double slope type 

2. Material Fibre-reinforced plastic 

3. Absorber area 950 x 780 mm 

4. Glass cover area 1000 x 480 mm 

5. Glass cover thickness 5 mm 

6. Insulation Thermocol (5 mm) 

7. Condenser 

Material used  Copper 

Length, m 4.33 

Inner diameter, m 0.010 

Outer diameter, m  0.011 

Thickness , m 0.001 

8. SPV driven condensing fan DC Fan, 12 V, 3000 RPM 

9. Solar Photovoltaic Panel  10 Watt, 12 Volt 
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Fig. 1: Schematic view of Solar distillation unit with reflector and SPV driven condensing unit 

 

 
Fig. 2: Solar distillation unit with reflector and SPV driven condensing unit 

 

Condenser coil was placed in shadowed placed below solar distillation unit.  Water vapours get condensed inside condenser coil by 

realising heat to the outside air. The simple conventional distillation unit and modified distillation unit were referred as ‘System 1’ 

and ‘System 2’ respectively and tested under same atmospheric condition to study the change  in  temperature profile and thermal 

efficiency of distillation unit. Experimentation was carried out to analyse the comparative performance of the conventional and 

modified distillation unit at Energy Park, College of Agriculture Engineering, Dapoli (17° 45’ N, 73° 26’ E). Testing was carried 

out during full sunny days of March and April month of year 2021. Readings were taken from 8 am to 5 pm. The hourly radiations 

were taken for solar radiation, atmospheric temperature, basin temperature, basin water temperature, glass temperature and distilled 

water produced from distillation unit.  

 

3.  RESULTS AND DISCUSSIONS  
3.1 Comparison for temperature variation inside distillation unit 

Fig. 3.3 shows the comparison between variation of input parameters such as solar intensity, water temperature, glass inside 

temperature and absorber temperature inside conventional (System 1) and modified (System 2) solar distillation unit. 

 

 
Fig. 3: Temperature variation inside system 1 and system 2 of solar distillation unit 
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Fig 3.3 shows the comparison of temperature variations inside the conventional type single basin double slope solar distillation unit. 

Solar intensity reaches maximum around 12.00 pm 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.  The maximum water temperature inside the distillation unit was recorded 

to be 66.4oC while for system 2 it was 82.4 oC achieved at 1 pm to 2 pm with average solar intensity of 620 W/m2.  Values obtained 

for absorber temperature was about 66.9oC for system 1 and 82.1 oC for system 2. The maximum glass temperature for system 1 and 

system 2 was 65oC and 73.5 oC respectively. Also, it can be observed that during the daytime, the water temperature in the system 

2 of distillation unit was higher than that of a system 1by 10oC -12oC. Temperature difference between water and glass cover for 

modified distillation unit was observed to be increase about 8-9 oC compared to conventional distillation unit. 

 

3.2 Productivity of distillation unit 

Both the conventional as well as modified distillation unit was compared for their productivity. For modified distillation unit with 

reflector and condenser distillate through glass cover and condenser was measure separately. Fig. 3.3 and Fig. 3.4 shows the hourly 

distillate output through conventional distillation unit and modified distillation unit with external reflector and condenser. 

 

 
Fig. 4: Variation in hourly distillate output from System 1 and System 2 of solar distillation unit. 

 

Fig. 4 shows that distillate output from conventional type distillation unit (System1) and modified distillation unit     (System 2). It 

was found that distillate obtained was maximum at 2 pm as high temperature attained inside the still due to high solar intensity. For 

system 1 maximum distillation rate was found to be 371.3 ml during the period 13.00 h to 14.00 h and total cumulative distillate 

output was found to be 1775 ml per day. For system 2 maximum value for hourly distillate production through glass cover and 

condenser was 422 ml/h. In system 2 SPV drive condensing fan was used to drive the vapors from solar distillation unit to condenser, 

which caused a higher evaporation rate inside the distillation unit. The fan was tend to lower the pressure inside the still; thus, the 

saturation temperature of the water decreased due to the lower vaporization pressure, which led to a higher evaporation rate. In 

addition, the fan takes the non-condensable gases away from the still to the condenser. Thus the evaporation rate for modified solar 

distillation unit with a condenser is greater than that of conventional solar still. Total productivity of modified solar distillation unit 

with reflector and condenser was 2408 ml/day. Daily productivity for the solar distillation unit with reflector and condenser was 

about 35% higher than that for conventional still. 

 

3.3 Thermal Efficiency  

Efficiency of solar distillation unit was calculated by using formula [11] 

 

Η = [∑Mew L / ∑{I(t)s × As ×3600}] × 100 % 

 

Where Mew is Production rate of water in kg/h, L is latent heat of water in kJ/kg, A Effective solar energy receiving area and I(t)s 

is hourly solar radiation in W/m2. The efficiency of the conventional still was calculated based on the basin area of 0.75 m2. 

Efficiency of conventional still is 31.98 % for the yield of 1.77 lit/m2/day and for the modified still is 42.98 % for the yield of 2.40 

lit/m2/day. 
 

4 CONCLUSION 
Existing single basin double slope distillation unit was modified using external reflector and SPV driven condenser. Both 

conventional and modified distillation unit were investigated experimentally for temperature variation, productivity and efficiency 

with respect to solar intensity. It was found that SPV driven condenser fan drives the excess vapour from distillation unit to 

condenser it leads to decrease in glass cover temperature and thus increase in evaporation rated inside distillation unit. From the 

experimental data it was found that the yield of condensate from the modified still was 41% more than the conventional still. 

Efficiency of conventional still was found to be 31.98 % and that of modified still was found to be 42.98 %. From the results it can 

be conclude that modified distillation unit was economically efficient in comparison with conventional still. 
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