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Abstract –Solar distillation is a promising method to supply fresh water to rural areas. World wide 
passive solar still is used for solar distillation plants due to its simple operation construction and low 
cost; even though the productivity is low. Various active methods have been developed to overcome 
this issue.  Those developments create additional costs for the system. The main objective of this 
project was to effectively utilise the solar water heater for solar still productivity enhancement. In 
this research the single slope solar still augmented with evacuated tubes, and performance study was 
conducted at various timings. This technique is applicable for domestic purpose.     
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1. INTRODUCTION 

In the world today, twenty percent of people do not have access to safe water for drinking and 

sanitation purpose. Present forms of water purification are expensive and inefficient. Water is 

one of the necessary elements for the life on the earth. More than two third of earth’s surface 

is enclosed with water. Oceans are the inexhaustible source of water on the earth but it contains 

hard impurities and dissolved salts more than the permissible required limit and harmful for 

drinking and other purpose. Other available water sources on the earth are rivers, lakes etc. 

Which also contains harmful chemicals and bacteria. Consumption of impure water is the 

reason of nearly all major diseases in human being. There are several water purification 

techniques such as filtration, reverse osmosis, electro dialysis, vapour compression, distillation 

etc. Are used to make water suitable for drinking. Most of the purification techniques are 

performed by highly energy dependent. As per energy and environment concerns, solar 

distillation is a promising method for the water distillation process. Solar still is a device used 

for solar distillation. The conventional design of solar still is a single slope solar still. Designs 

of solar stills are modified by researchers to improve their productivity. The productivity of 

solar still is inversely proportional to water depth. 

Solar stills are classified into passive and active solar stills. One of the main drawbacks of the 

passive solar still is less productivity. To overcome the above, various active solar stills were 

developed. Malik et al discussed the history of solar desalination system in 1982 [1] Arjunan 

et al reviewed the status of solar desalination in India[2].  Qudais et al experimentally 

investigating the solar still using external condenser to increase the productivity[3]. K.Sampath 

kumar and T.V. Arjunan et al discussed the experimentally single basin solar still coupled with 

the evacuated tubes. The water temperature is increased by means of additional heat energy 

input from evacuated tubes, which in turn increased the productivity of the solar still[4]. 

Renuka Deshmukh and K.P. Kolhe et al experimented double basin solar still augmented with 

evacuated tubes and reflector. Amount of water quantity measure for double 
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 basin solar still is higher as compare to single basin solar still because of maintain heat in 

lower basin of double basin solar still.  Minimum 50.8% and maximum 62.1% productivity 

increased by double basin as compare to single basin [5]. Tiwari et al. Inferred that, the internal 

heat transfer coefficients should be determined by using inner glass cover temperature for 

thermal modelling of passive and active solar still [6]. 

In this present experimental work, evacuated tubes were directly connected with solar still and 

the following performance tests were conducted. 

 The productivity of simple solar still. 

 The productivity of simple solar still with evacuated tubes. 

 The effect of water depth on still productivity. 

 The effect of various temperatures and solar radiation on still productivity. 

 The effect of various heat transfer coefficients on still productivity. 

                          

2. EXPERIMENTAL SETUP AND INSTRUMENTATION 

 

 

 
Figure 2.1 Schematic of the experimental setup 

 
The experimental setup was designed and installed at Lakireddy Bali Reddy College of 
Engineering, with Longitude 81.130 and Latitude of 16.160, Andhra Pradesh, India. The 
major elements of the experimental setup are active solar still and evacuated tubes. The schematic 
diagram of the experimental setup used for the study is shown in the figure.2.1. The solar still is 
made up of play wood sheet of 100*100 cm2area and the same is also acting as a basin. The inner 
side of the plywood sheet act as absorber plate and it is painted with black silicone rubber sealant 
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for a overall still basin to absorb higher incident solar radiation and it also act as to prevent the 
water leakages from the still. 
 
The ordinary window glass with the thickness of 0.004 m and angle of 110 with respect to 
horizontal axis was used for condensation of water in the basin. The distillate water condensed 
from the glass is collected in ”U” shaped water pipe fitted at the lower side of the still. Further a 
rubber pipe is connected to the collection tray to collect the distilled water in the measuring jar. 
Holes are made in the upper side of the still for the inlet pipe and bottom side for the outlet pipe. 
The thermocouples inside the still are fixed by providing two other small holes in sides of the 
still. A silicone sealant is used to hold the glass intact with the still surface and prevent the vapour 
leakages from the still. 
 
The second major part of the experimental setup is the evacuated tubes. Adjustment of evacuated 
tubes in solar still is shown in figure.2.2 Eight evacuated tubes are connected by making 6 cm 
diameter hole in the underside of the still. The evacuated tubes are arranged on a metal frame 
and it is coupled to the still stand at an angle of 450 with respect to the horizontal axis. Three 
reflector plates made up of aluminium foil sheet in rectangular structure are used to increase the 
reflective radiation falling on evacuated tubes and it is fixed above the metal frame. Water in 
glass type evacuated tubes with a length 18 cm, outlet diameter of 5.8 cm, inner glass diameter 
of 4.7 cm and glass thickness of 0.16 cm used for this study. Rubber gaskets are used to fix the 
evacuated tubes to the inner side of the basin. The angle of the evacuated tubes is maintained at 
450 with respect to the horizontal surface so as to receive the maximum solar radiation. The 
bottom end of the evacuated tube is well supported with sponge materials in a separate metal 
structure of the frame. The vapour leakage from the still is prevented using silicone sealant. The 
selective surface absorber in the inner glass receives the solar radiation and it transfers it as heat 
energy to the water in the tube. The vacuum space in-between the two glasses reduces the heat 
losses. The water circulation flows naturally through the single ended tubes. Water in the 
evacuated tubes is heated by the solar radiation and the hot water rises to the still basin due to 
the density difference. The high temperature water entering the still basin gets mixed in the basin. 
This makes the low temperature water to flow back to the evacuated tubes and this process 
continues. The pictorial view of the solar still augmented with evacuated tubes is shown in 
figure.2.2. 
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Figure 2.2  Pictorial view of solar still augmented with evacuated tubes 
 
 
The wind speed is measured using digital wind anemometer with the range of 0-15 m/s and 

accuracy of ±0.2 m/s. During the experimental investigation, the wind speed was in the range 

of 1-5 m/s. The temperature at various locations in the still was measured by “digital” type 

thermocouples with the range of 0 ˚C – 700 ˚C and accuracy of ±1 ˚C. The intensity of solar 

radiation is measured using solar meter with the range of 0-1200W/m2 and accuracy of ±5 

W/m2 . The solar meter used for the study is manufactured by Central Electronics Limited 

(CEL), New Delhi, India. A plastic measuring jar of 1000 ml capacity with accuracy of ±5 ml 

is used for the collection of desalinated water. 

3.  EXPERIMENATAL PROCEDURE 

The incident solar radiation is transmitted through an angled glass cover to the water in the 

basin. Thus the basin water gets heated up and evaporates. The evaporated water particles 

condense in the inside layer of the glass cover. This condensed water flows down the cover due 

to the slope provided and reaches the channels, where it is collected by the collection jar. At 

the beginning of the experiment, tap water is filled in the basin up to 5 cm height through the 

inlet pipe. The experiment is commenced after 24 hours of assembling the glass cover, so as to 

enable the setup to reach the steady state condition. For each experiment, the glass cover is 

cleaned in the morning to avoid the dust deposition over the outer layer of the glass. The 

readings were taken from 9AM in the morning till 4PM in the evening at hourly intervals. The 

variables measured in this experiment are water temperature (Tw), basin temperature (Tb ), 

vapour temperature (Tv), inner glass temperature (Tgi), outer glass temperature (Tgo), 

evacuated tube inlet temperature (Tei) , evacuated tube outlet temperature (Teo), ambient 
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temperature (Ta ), solar radiation on still (I(t)s), solar radiation on evacuated tube (I(t)e), wind 

speed (V) and productivity (P). The first set of experiment was started with simple solar still 

and black gravel is used for productivity enhancement. The second set of experiment was 

conducted by augmenting the evacuated tubes to the still. The black gravel is used for 

productivity enhancements as used in the first experimental setup. 

4 PERFORMENCE OF THE SYSTEM 

Mathematical equations  

The energy balance equations of three main components of the active solar still are follows: 

 Glass cover 

��
 Ieffs + qrw + qcw + qew = qrg + qcg   .................  (1) 

 Water mas 

            QM + α| (1-αg
|) Ieffs + qw = MwCw 

���

��
 + [qrw+qcw+qew]    ......... (2) 

 Basin liner 

α b 
|(1-αg

|) (1-αw
|) Ieffs = qw+qb   ..................... (3) 

 Heat transfer coefficient equations 

           The convective heat transfer coefficient between water and glass is given by [4] 

                             hcw =
  ��

��
C(Gr Pr)n .................(4) 

       ‘C’ and ‘n’ values were calculated using experimental results by regression analysis                 

method given by Tiwari et al. [6] and it is calculated as 0.04954 and 0.3921 respectively. 

                                                        Gr  =     ��
�������|

��    ........................(4a) 

     The radiative heat transfer coefficient between water and glass is given by [5] 

                 hrw= εeff σ [((Tw+273)2+(Tg+273)2)(Tw+Tg+546)] ................(5) 

    The evaporative heat transfer coefficient between water and glass is given by [6] 

                              hew = (16.273⨯10-3) hcw 
(�����)

(�����)
  .......................... (6) 

            where , 

                          Pw= exp[25.317- 
����

(������)
] ......................(6a) 

                         Pg= exp[25.317- 
����

(������)
]............................(6b) 
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5. RESULTS AND DISCUSSION 

To increase the productivity of single basin solar still, evacuated tubes were directly coupled 

with the still. Further, to increase the productivity, black gravel was used to reduce the quantity 

of water in the basin and to increase the exposure area. Also the black gravel acted as energy 

storage medium and it releases the gained energy during off sunshine hours. The introduction 

of black gravel with evacuated tubes produced maximum output when compared to other 

experimental techniques. The performance affecting factors of the solar still were studied by 

recording various parameters. 

 

 

Figure : Hourly variations of water and inner glass temperatures for passive solar still in 15 

April 2018.  
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Figure : Hourly variations of water and inner glass temperatures for passive solar still in 25 

April 2018. 

 

 

Figure : Hourly variations of water and inner glass temperatures for active solar still in 15 April 

2018.  
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Figure : Hourly variations of water and inner glass temperatures for active solar still in 25 April 

2018.  

 

 

 

Figure : Hourly variations of water and outer glass temperatures for passive solar still in 15 

April 2018.  
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Figure : Hourly variations of water and outer glass temperatures for active solar still in 15 April 

2018.  

 

 

 

Figure : Hourly variations of water and outer glass temperatures for passive solar still in 25 

April 2018.  
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Figure : Hourly variations of water and outer glass temperatures for active solar still in 25 April 

2018.  

 

                 Figure : Hourly variations of ambient air temperatures  in 15 and 25 April 2018.  
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                  Figure : Hourly variations of solar intensity on still  in 15 and 25 April 2018.  

 

 

 Figure : Hourly variations of solar intensity on still and evacuated tubes in 15 and 25 April  

2018. 
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 Figure : Hourly variations of hcw with inner and outer glass temperature for passive solar still  

April    2018. 

 

 

 

Figure : Hourly variations of hcw with inner and outer glass temperature for active solar still  

April    2018.  
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Figure : Hourly variations of hcw , hrw and hew with inner and outer glass temperature for passive 

solar still 15 April 2018.  

 

 

Figure : Hourly variations of hcw , hrw and hew with inner and outer glass temperature for active 

solar still 15 April 2018. 
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Figure : Hourly variations of hcw , hrw and hew with inner and outer glass temperature for passive 

solar still 25 April 2018.  

 

Figure : Hourly variations of hcw , hrw and hew with inner and outer glass temperature for active 

solar still 25 April 2018.  
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5. CONCLUSIONS 

Distillation is a method where water is removed from the contaminations rather than to remove 

contaminants from the water. Solar energy is a promising source to achieve this. This is due to 

areas advantages involved in solar distillation. The solar distillation involves zero maintenance 

cost and low energy cost as it involves only solar energy which is free of cost.  

It was found from the experimental analysis that increase ambient temperature will increase 

the productivity, which shows that the system performed more distillation at higher ambient 

temperature. It was observed that when water depth increases the productivity decreases. This 

result shows that water mass as a intense effect on the distilled output of the solar still system.  

Capital cost can be reduced by using different design and new material for construction of solar 

stills. 

      The following are the conclusions of the present study. 

 Glass cover is very important parameter for passive solar still and it is strongly depends 

on thickness. Passive solar still with 0.004 m glass cover thickness is found better 

compared with 0.005 and 0.006 m thickness. It increased the distillate output by 12% 

and 27% compared with 0.005 m and 0.006 m thick glass passive solar still. 

 The present study indicates another method to increase the productivity of solar still in 

an effective way. 

  The water temperature is increased by means of additional heat energy input from 

evacuated tubes, which in turn increased the productivity of the solar still. 

  The average daily output increased by 72%, when the evacuated tubes were coupled 

with solar still. 

 The convective and evaporative heat transfer coefficients have more influence on the 

still productivity than the radiative heat transfer coefficient. 
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