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ABSTRACT 
 

Solar still is a device which allows to obtain fresh water from brackish water. This paper 
reports about the newly designed spherical solar still under climatic conditions and 
operational parameters in Coimbatore (11° N latitude), India. The performance of spherical 
solar still with two different thicknesses of low density polyethylene (LDPE) cover is 
analyzed. The spherical solar still was covered by low density polyethylene cover (LDPE) of 
thickness 0.176 mm and 0.107 mm respectively. The water temperature, air temperature, 
ambient temperatures are recorded at the regular intervals of time. The inside and outside of 
the cover temperatures are noted with solar radiation. The efficiency of the spherical solar 
still is analyzed for two thicknesses top cover. The internal heat transfer mode and external 
heat transfer mode are calculated. The hourly output yield per m2 of the still is calculated. 
This type of solar still is promoted for an easy utilization for rural people. The cost of 
designing of the spherical solar still is very much economical. The salient feature of this still 
is simple, low thermal capacity, lightweight and ease to operation.  
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INTRODUCTION 
There are many methods of converting 

brackish water into potable water. Among 
the processes which are now commercially 
employed, the distillation of brackish or 
seawaters is considered to be one of the 
simplest and widely adopted technique for 
converting salted water to fresh water. In this 

method, the water is evaporated using 
thermal energy and the resulting steam is 
collected and condensed as final product. 
Several research results were published 
where heat transfer coefficients are 
calculated theoretically for various operating 
conditions. Heat flows are found generally 
by assuming that transfer mechanisms such 
as convection and mass diffusion take place 
simultaneously, and the total is calculated by * Author for correspondence 
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adding the individual quantities. The aim of 
our research work is to develop a highly 
efficient desalination system of simple 
construction, applicable in small units of 
fresh water production and suitable for areas 
with a poor infrastructure. Around 97% of 
the water in the world is in the oceans, 
approximately 2% of the water in the world 
is at present ice stored in polar and mere 1% 
is fresh water available for the need of plants, 
animals and human life. The over exploration 
of existing fresh water supplies is becoming 
a problem in many parts of the world1. The 
most common renewable energy sources are 
solar desalination, wind, geothermal energy 
and ocean. At present uses of renewable 
energy sources for desalination are very 
limited. The world’s total renewable energy 
sources used for desalination is about 0.02% 
of total energy is used. Desalination powered 
by renewable energies sources can be an 
ideal solution for some small scale 
communities where an affordable fossil fuel 
supply for is not available2. A solar still is a 
device by which distilled or portable water 
can be produced from saline water, such as 

sea water or brackish water. Solar stills are 
normally used to provide a small scale of 
portable water needed in remote isolated 
locations3. A review of various designs of 
solar stills was made by Malik et al.,4. The 
different designs of solar stills5 were studied 
by Al-Hayek and Badran. Al-Hussaini and 
Smith used vacuum technology6, Kalogirou7 
designed a parabolic trough solar stills and 
El-Sebaii developed a triple basin solar stills8 
for enhancing productivity of the solar stills. 
In order to improve the performance of 
conventional solar stills, several other 
designs have been developed such as the 
double basin type9, multi basin type10, 
inverted trickle11and pyramid type12 solar 
still. Low density polyethylene (LDPE) is 
defined by a density range of 0.910 - 0.940 
g/cm³. It is uncreative at room temperatures, 
except by strong oxidizing agents, and some 
solvents cause swelling. It can withstand 
temperatures of 80 °C continuously and 95 
°C for a short time. Made in translucent or 
opaque variations, it is quite flexible, and 
tough to the degree of being almost 
unbreakable.

 
Properties Value 
specific density 0.92 
water absorbtion rate (%) 0.01 
elongation (%) 500 
tensile strength (psi) 1700 
compression strength (psi) 1400 
flexural strength (psi) 1400 
flexural modulus (psi) 22000 
 

In this paper, a new simple design of a 
transportable spherical solar still is presented 
and its performance analyzed under good 
climatic conditions. The objective of this 
work mainly concerned with comparative 
performance of the spherical solar still using  

two different thicknesses of low density 
polyethylene sheets (LDPE) namely 0.107 
mm and 0.176 mm respectively. Then 
radiative, convective and evaporative loss 
coefficients are evaluated. 
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MATERIAL AND METHODS 
Construction of the spherical solar still 

Fig. 1 shows the schematic diagram of 
the newly designed spherical solar still. The 
total height of the still is about 0.63 m. The 
still mainly consists of the circular basin 
which is made up of aluminum. The absorber 
plate is coated with black paint to maximum 
absorption of the incident solar radiation on 
the basin. The circular basin is fixed at 
middle of the spherical rings of height  
 

0.28 m. The absorber plate is used to store 
saline water. The area of the absorber plate 
around is 0.4 m² with diameter of 0.61 m. 
The capacity of the aluminum basin is 
around 10 litters. The basin in the spherical 
solar still was fitted without any physical 
contact with polyethylene sheet. The low 
density polyethylene spread over the 
spherical shaped aluminum ring. The 
thermocouples are used to measure the 
temperature in the basin and several 
locations of the still. 

 

 

 

Water storage
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Water droplets Water inlet

 
Fig. 1 : Schematic view of a spherical solar still 

 
Experimental investigation 

Experimental measurements are 
performed to evaluate the performance of the 
spherical solar still under the outdoor of 
Coimbatore, India (11° N latitude) climatic 
conditions. First the basin is filled with 10 
liters of water.  Then the experimental 
readings were started around 9:00 am and 
closed  at  5:00 pm with intervals of every 30  

minutes. The water temperature, air 
temperature, inner cover temperature and 
outer cover temperature are recorded at the 
regular intervals of time. The water level in 
the basin is frequently decreasing due to the 
more evaporation of water in the clear sunny 
days. So the small water tank connected with 
the still and water level was maintained same 
for all studies. The still was filled with 
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brackish water in the early morning, and the 
total water production for the day is collected 
at regular intervals of time. The distillate 
output from the spherical solar still is 
frequently collected by a measuring jar 
which is placed at the outlet of the solar still. 
The outer cover of polyethylene molded over 
the still without any air gap to prevent 
vapour leak.  

The amount of distilled water collected 
for unit time per unit area is calculated by 
using the formula, 

L
QM cw

w                    (1)  

Mw  is the mass of water, Qcw is the 
convective from water surface to top cover 
surface and L is the latent heat of water.  

The efficiency of the still is calculated 
using the formula 

 
 tAI

LM



                   (2) 

Where M is the mass of the distillate 
output, I represent the solar radiation, A is 
the absorber area and t is the time intervals. 

Heat transfer 
The heat transfer in solar distillation 

systems can be classified in terms of internal 
and external modes. 

Internal heat transfer mode 
Heat transfer within the solar distiller is 

referred to as internal heat transfer mode 
which consists of radiation, convection and 
evaporation. In this case, convective heat 
transfer occurs simultaneously with 
evaporative heat transfer mode and these two 
heat transfer process are independent of heat 
transfer.  

 radiative loss coefficient (hrw) 
The rate of heat transfer from water 

surface to the polyethylene cover is given by, 

    44 273273  cwri TTQ          (3) 

 convective loss coefficient (hcw) 
The heat transfer occurs across humid air 

in the distillation unit by free convection, 
which is caused by the effect of buoyancy 
due to density variation in the humid fluid 
which occurs due to the temperature gradient 
in the fluid. Hence the rates of heat transfer 
from water surface to the polyethylene cover 
by convection through the upward direction 
through humid fluid can be estimated by, 
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    (4) 
 evaporative loss coefficient (hew) 
Dunkle connects convective and 

evaporation heat transfer coefficients as13, 

 cweiei TTRhQ  1
310273.16     (5) 

External heat transfer mode 
The external heat transfer modes are 

governed by convection and radiation. The 
external convection loss from cover to the 
outside atmosphere is, 

 accace TThQ        (6) 

Here, cah is a function of wind velocity 
and is given by Duffie, 1974 as, 

Vhca 8.37.5                   (7) 

The external radiation loss from the 
cover to the atmosphere is given by, 

    44 273273  skycgre TTQ    (8) 

Where,  12 asky TT   

The value of conduction heat loss 
through the base beQ  is given by, 

 awbbe TThQ                    (9)
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RESULTS AND DISCUSSION 
Thermal performance of spherical solar 

sill with two various thicknesses of low 
density polyethylene (LDPE) performance 
are studied. The instantaneous efficiency is 
predicted. The observations are recorded on 
clear sunny days. The heat transfer 
coefficients are predicted under internal and 
external heat transfer modes and it is shown 
in Table 1. 

Fig. 2 shows the variation of solar 
radiation with respect to time for two 
thicknesses of covers. The radiation rises 
maximum and decreases to minimum. The 
radiation received is in the range of 458.92 
W/m² to 1111.08 W/m² and 507.23 W/m² to 
1086.93 W/m² for 0.107 mm and 0.176 mm 
covers respectively. The almost equal 
average radiations received during 
experiment are taken for the analysis. Fig. 3 
and Fig. 4 show the variation of water, air, 
ambient, inner cover and outer cover 
temperatures with respect to time for two 
various thicknesses of covers. The rise in 
temperature is observed in the range of 39 °C 
at 9:00 am and 62 °C at 1:00 pm and 
similarly 33 °C to 60 °C recorded for air, 34 
°C to 40 °C recorded for inner cover, 33 °C 
to 38 °C for outer cover and 29.5 to 36 °C for 
ambient temperature for 0.107 mm cover.  

The rise in temperature observed in the range 
of 36 °C at 9:00 am and 61 °C at 1:00 pm 
and 33 °C to 58 °C recorded for air, 34 °C to 
40 °C recorded for inner cover, 33 °C to 37.5 
°C for outer cover and 29.5 to 36.5 °C for 
ambient temperature are also predicted to 
0.176 mm cover. The water temperature is 
observed high compare with air temperature, 
because the area of the water in the basin is 
small. But the air occupies the larger area of 
the spherical solar still at top and bottom. 
Fig. 5 and Fig. 6 shows the variation of 
water output and the corresponding solar 
radiation with respect to time for 0.107 mm 
and 0.176 mm covers respectively. The 
maximum water collection is 850 ml and 750 
ml for 0.107 mm and 0.176 mm covers used. 
This decrease in yield rate is due to decrease 
in transmission of top cover at higher order 
of thickness. Fig. 7 and Fig. 8 shows the 
variation of efficiency with respect to time. 
The maximum still efficiency is 22% and 
20% for 0.107 mm and 0.176 mm 
respectively. So the convection loss is more 
in this type of still. This convection also 
helps to transfer more water vapour to the 
condensation surface. The spherical surface 
area of the still is larger and so it causes the 
increase of yield rate. 

 
Table 1 : Internal and External heat transfer mode 

 

 
Internal heat transfer mode External heat transfer mode 

Qri W/m2 Qci W/m2 Qei W/m2 Qbe W/m2 Qre W/m2 Qce W/m2 

0.107 mm 
 

0.176 mm 

92.2 
 

84.8 

33.2 
 

30.2 

237.0 
 

216.2 

6.2 
 

6.6 

74.9 
 

74.3 

21.06 
 

20.5 
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Fig. 2 : Variation of solar radiation with respect to time 

  
Fig. 3 : Variation of water, air, ambient, inner cover and outer cover temperatures with to respect to 

time for 0.107 mm LDPE polyethylene cover 
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Fig. 4 : Variation of water, air, ambient, inner cover and outer cover temperatures with to respect to 

time for 0.176 mm LDPE polyethylene cover 
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Fig. 5 : Variation of water output and the corresponding solar radiation with respect to time for 0.107 

mm LDPE polyethylene cover 
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 Fig. 6 : Variation of water output and the corresponding solar radiation with respect to time 

for 0.176 mm LDPE polyethylene cover 
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Fig. 7 : Variation of efficiency with respect to time for 0.107 mm LDPE polyethylene cover 
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Fig. 8 : Variation of efficiency with respect to time for 0.176 mm LDPE polyethylene cover 

 
CONCLUSION 

 The productivity of spherical solar 
still is estimated for two different thicknesses 
of LDPE sheets. It is observed that the 
average evaporation rate is more for less 
thicknesses   of   top   cover  than  the  higher  

thickness. This type of still is designed with 
low cost. The maximum efficiency obtained 
for this system is 22%. These analysis are 
also suggested as a method to produce a low 
cost distillation unit for acquiring high pure 
distilled water. 

 
Nomenclature 
A Area (m2)         
Mw Mass of Water (kg) 
g Acceleration due to gravity (m/sec)       
V Wind Speed (m/sec) 
Ta Air temperature (oC) 
Tw Water temperature (oC) 
Tamb Ambient temperature (oC) 
Tsky  Sky temperature (oC)   
Tc Top Cover Temperature (oC)   
Cpa Specific Heat of Air at Constant Pressure (J/Kg oC) 
Hs Incident Solar Radiation on Top Cover per unit area per unit time (W/m2) 
Pa Partial pressure of water vapor at atmospheric temperature  (pa) 
Pc Partial pressure of water vapor at polythene temperature (pa)  
Pw Partial pressure of water vapor at water temperature (pa) 
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P Saturated Vapor Pressure (pa) 
hcw Convective Heat Transfer Coefficient from Top Cover to Ambient (W/m2 oC) 
hew Evaporative Heat Transfer Coefficient from Water to Top Cover (W/m2oC) 
hrw Radiation Heat Transfer Coefficient from Top Cover to Ambient (W/m2 oC) 
Qcw Convective from Water Surface to Top Cover Surface (W/m2) 

Qew Evaporation from the Water Surface to the Top Cover (W/m2) 
Qrw Radiation from the Water Surface to the Top Cover (W/m2) 
Qca Heat Transferred from Top Cover to Atmosphere by Convection (W/m2) 
Qra External Radiative Heat Transfer from Top Cover (W/m2) 
Qb Conduction Heat Transfer through Base (W/m2) 
Qa Total Heat Transferred per unit area per unit time from Top Cover to Ambient 

(W/m2) 
hi Heat Transfer Coefficient from Bottom of the Still to the Ambient (W/m2 oC) 
 
Greek  
tc,   Emissivity of Top Cover, Water respectively 
 Efficiency of still (%) 
 Partial mass density of water vapor (Kg/m3) 
£ Latent Heat (oC) 
 Stefan-Boltzmann constant (5.6697 x 10-8 W/m2oK4) 
  Glass absorptive    
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