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Abstract 
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A double slope single basin, passive type, still with basin area of 1.75 m2 is fabricated and tested under laboratory conditions. 
The s on heat is simulated by using 2 kW electrical resistance heater placed below the inner basin. The heat supply 
is varied using control circuit. The still is tested for varying input condition to simulate the actual solar radiation condition 
with  
differ  
has b  
operat  
new m  
sunsh
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olar radiati

different minimum depths of water in the basin ranging from 2 cm to 0.2 cm. The experiment is also carried out at
ent constant input conditions with a constant depth of water. The variation of different parameters with production rate
een studied. It is found that the production rate increases with the increases of water and glass temperature. But at higher
ing temperature, the production rate increases with the decrease in temperature difference between water and glass.  A
odel is recommended for the still with shallow basin. The experiment is also conducted with the same still at actual

ine conditions and compared with the model. The experimental values are in close agreement with model values. 
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1. Introduction 
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A lot of wor
tiveness of the simple solar still, which converts the 

rackish water into fresh water, using solar energy.
ecently, the authors reviewed the progress in improving 
e effectiveness of simple single basin solar still [1].
tudies show that basin water temperature is the 
gnificant parameter that affects the effectiveness of the 
ill. The basin water temperature is at maximum when the
eat capacity of the basin is less. The heat capacity of the
asin depends on the depth of the water in the basin. For
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given solar intensity variation, the still production rate is 
higher, when depth is at minimum [2-6].  
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2. Internal and External Heat Transfer Processes 

The modes of heat transfer inside the still between the 
water s
accom
water
very s
the p
this 
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surface to cover. This evaporative heat transfer increases 
with the vapour pressure difference between the water and 
glass; and is responsible for bulk motion of air inside the 
still. This bulk motion increases the convection heat 
tr  
tr
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table study was made by Dunkle [7]. Since then, 
of researchers used the prosed Dunkle

 analysis. But, the above model is suitable for  
 basin water temperature of 50oC. Clark [8] 
cted steady state experiment on solar still; and 

ined the validity of the various correlations, proposed 
r for evaluating the heat transfer coefficients. 
aqfeh and Farid [9] investigated heat and mass 
er processes and recommended new correlations for 
al convective heat transfer coefficient. Kumar and 

ri [10] recommended to test and model the fabricated 
or various atmospheric conditions for predicting the 
rmance at a particular place. An experimental still has 
tested, and analysis have been made to study the 
 to cover heat transfers by Porta et al. [11] and a 
ation to calculate the production rate of the still is 
ecommended [12]. Recently Tripathi and Tiwari  [3, 
tudied the effect of basin water depth on the internal 
ransfer coefficients. 
e authors already conducted experiment with a 
tory solar still, for layer of water with different basin 
ials; and studied the p
ar behavior of the still at higher basin water and 

 temperatures [14]. At lower depths, the basin water 
rature is high, and the production rate of the still is 

n proportion with basin water temperature and the 
ence between the basin and glass temperatures.  The 
tive of this work is to conduct three experimental 
 to analyze the performance of the double slope 
 basin solar still. Two works are carried out in 

atory conditions; one with varying heat input 
tion. Here, the experiments are carried out with 
ng depths ranging from 2 cm to 0.2 cm. This will help 
dying the effect of solar insulation on productivity. 

second experiment is conducted with constant heat 
 condition to study the variation of production rate 
various temperatures. Hence, constant depth of 1 cm 
o maintained. A new model for the still is proposed 
the above analysis. The model is verified by testing 
till at actual solar radiation condition for minimum 
s of water in the basin. For the still at actual sunshine 
tion, the heater is taken out, and the bottom is leveled 
cement concrete. This concrete layer stores excess 
during noon and releases heat during evening and 
. This increases the nocturnal production. 

urface and the glass cover are convection 
panied with evaporative mass transfer in the form of 

 vapour and radiation. The radiation heat transfer is 
mall if compared with other two heat transfers, and 

roduction of the still is not affected significantly by 
heat transfer. The evaporative heat transfer is 
nsible for the transportation of water mass from water 

ansfer. Hence the convection and evaporation heat
ansfer inside the still are interrelated.  

Dunkle [6] used the following correlation developed by
kob [15] to estimate the convection heat transfer 
efficient inside the still, (Relation.1) 
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)( gwcbc TThAQ −=  

The evaporative heat transfer coefficie
 Mali , 

c
fgw

ew h
ppppCM

phM

))(( −−
=  (3) 

gwpa

h

Dunkle [6] assumed that the pw and pg are consider
smaller than the total pressure p, and the mean operating 
temp o

 

w g erably 
smaller than p for lower nge of basin water and glass 
temp  
m
an
te  
h
T

 

 water vapour is given by [

ably 

erature is 50 C and estimated the value of he as, 

016273.0/ =cew h  (4)

In equation (3), the values p  and p are consid

h

ra
eratures. When the still is with shallow basin, the

ean water and glass temperatures are higher than 50oC; 
d the equation (4) can not be used.   At higher 
mperatures, the partial pressure values are considerably
igher, and the equation (4) will not yield a constant value.  
he evaporative heat transfer is given by [16], 
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eptible to evaporation and the water mass proportion
 the still air is high. The percentage of mass of water

apour present in the air inside the still is given as by
suming the air as saturated, 
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Figure 1. Single basin double slope laboratory still.  
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3. Laboratory and Solar Still 

pe solar still has been 
fabricated with mild steel plate, as shown in  Figure 1. The 
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A single basin double slo

erall size of the inner basin is 2.08 m × 0.84 m × 0.075 
, and that of the outer basin is 2.3 m × 1m × 0.25 m. The

ap between the inner and outer basin is packed with rice
usk as insulation material.  The top is covered with two
lasses of thickness 4mm, inclined at 30o on both sides,
sing wooden frame. The outer surfaces of the still are
vered with glass wool and thermo cool insulation. The 
ndensed water is collected in the V-shaped drainage

rovided below the glass lower edge of the still.  The 
ndensate collected is continuously drained through 

exible hose and stored in a jar placed on the electronic 
eighing machine on both side of the still.  A hole in the
asin side wall allows inserting the thermocouples for the
easurement of the basin water, still, and condensate
mperature. To measure the basin temperature, four 
ermocouples were placed at the basin at different 
cations. Two thermocouples were dipped into the water 
 the collecting drainage on either side. The hole is closed
ith insulating material to avoid the heat and vapour loss.
ne thermocouple is exposed to atmosphere to measure 
e atmospheric temperature. This thermocouple is placed 
 a shadow area to prevent the variation in temperature

ue to incidence of sun radiation on the thermocouple.  
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Figure 2. Single basin double slope solar still. 
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a small tube is inserted to supply
sly to the basin from storage tank through a flow 

tor to keep the mass of water in the basin always 
nt. The heating coil of 2000 W is placed below the 
basin to supply necessary heat energy to the basin. 
put to the heater is given through a control circuit, 
 controls the input electrical energy. An energy 
 is fitted with the circuit to measure the input energy.  
 convert the laboratory still into an actual solar still, 
eater and power supply and measurement systems 

is fitted with the circuit to measure the input energy.  
 convert the laboratory still into an actual solar still, 
eater and power supply and measurement systems 

oved. The inner basin is also removed. The 
 of the still is leveled with 5 cm thick cement 

ete to minimize heat loss through the basin and to 
 the minimum depth of water uniformly, shown in 
 2.  The concrete surface is black painted to improve 

diation absorption capacity. The distillate output was 
ed with the help of a measuring jar. The solar 
ity was measured with the calibrated PV type sun 
.  
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 heating coil through control circuit. For a given 
ant depth of basin water condition, the input to the 
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he condensate are noted for every 15 minutes. The 
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for various depths ranging from 10 cm to 0.5 cm.  The 
observations are taken for 24 hours duration, starting from 
6 AM. The total radiation on horizontal plane, the 
temperatures of the atmosphere, basin water and 
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between the glass and atmospheric temperatures is at 
maximum when the production rate is at maximum. Then 
all water and glass temperatures and difference in 
temperatures start to decrease with production rate. 
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Figure 4. Variation in temperatures and production rate for 
laboratory still with varying input – set I. 
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5. Results and Discussion 

5.1. Analysis of Laboratory Still at Variable Input 
Condition 

vaporative heat transfer coefficients are calculated 
 equation (9), and the overall heat transfer coefficient 
 glass surface to the atmosphere is calculated using 

ions (10) to (14). Figure 4 shows the variation of 
 and basin temperatures, water-glass temperatures 
ence, and glass-atmospheric temperatures difference, 
ater production rate with time for laboratory still 

a depth of 0.5 cm and under varying input condition. 
variation of all parameters with production rate is 
al and as expected. The variation of difference in 
rature between water and glass is also different here. 

lly, during morning hours when the input power is 
the production rate increases with this temperature 
ence.  
hen water temperature exceeds 50oC, this 
rature difference reaches a maximum value and 

 to decrease there after. The still production rate 
nues to increase until the difference in temperature 
en glass and atmosphere increases. The difference 

The variation of the internal evaporative heat transfer
efficient and overall heat transfer coefficient for glass 
ith local hours are in relation with production rate

gure 5. This variation is similar for different depths of
ater in the basin. 

 still with varying input – set II. 

he variation of the water and glass temperature 
ifference in water-glass and glass-atmospheric 
mperatures, are similar for the still with different lower 
epths ranging from 2 cm to 0. 2 cm. The starting time and 
e duration in which the production rate increase with the

ecrease of the temperature difference between water-
lass. Figure 6 shows the variation of these parameters fo
still with 1 cm depth. For this still the peculiar behavior
arts around 12 Noon and lasts up to around 2 PM. For the
ill with 0.5 cm depth, the peculiar behavior occurs during
0 PM and 1 PM [Figure 4]. 

For a given solar intensity var
peculiar behavior starts early and lasts longer duration

d for higher depth, and starts early and lasts for shorter
uration. For deep basin still, during lower solar intensity
ariations in a day, the still may not experience this
eculiar operation. If a still experience this peculiar 
ehavior for longer duration, the production per day will 
e high. 

5.2. Analysis of Laboratory Still at Constant Input 
Condition 

he variation of the different parameters of the 
boratory still at constant input of 1500 W is shown in the
igure 7. The production rate of the still increases with the 
crease of water and glass temperatures during heat 
pply period.   Also the production rate increases with the
crease in water-glass temperature difference during this

eriod. The production rate decreases with these 
arameters during cooling. This is the normal operation of
e still. 

During heating period, the production rate increases 
ith the decrease in water-glass temperatures difference. It
 the peculiar behavior of the still. During heating, the rate 
f decrease of water-glass temperature difference is 

 
 rate is higher. This peculiar behavior is  
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temperature differences, a correlation plot is drawn by 
using the observations of the still under varying operating 
conditions as shown in the Figure 10. Both water and glass 
temperatures and difference between glass and 
atmospheric temperature are increasing with production 
rate. The overall variation of the difference between water  

Figure 9. Variation in temperatures and production rate for 
laboratory still with 1200 W constant input. 
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depends on the temperature difference between water and 
glass. If the glass temperature is higher or water 
temperature is lower, this difference will be low and the 
production rate is also low. Hence the production rate is a 
complex function of water and glass temperatures and the  

Figure 7. Variation in temperatures and production rate for 
laboratory still with 1500 W constant input. 

Figure 8. The variation in heat transfer coefficient and production 
rate for laboratory still with 1500 W constant input. 
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ure 8 shows the variation production rate, internal 
rative heat transfer, and the external overall heat 
er coefficient of the glass cover with for the still. The 
ions of these parameters are in relation with the 

tion of production rate. 
r the laboratory still with constant input, the 
ions of different parameters are similar for different 
ant input powers. For higher input power, rate of 
erature rise for water and basin is higher, and 
ction starts early. The water-glass temperatures 

lly increase with production rate for lower water and 
 temperatures as shown in Figure 7. When the water 
erature is around 55oC, this difference temperature 
s a maximum value then starts to decrease. Similar 
tions are observed for the still with 1200 W input also 
wn in Figure 9. 

5.3. Modeling of Still 

To study the production rate variation with water and 
mperatures, water-glass and glass-atmosphere 

igure 10. Variation of production rate with different temperatures 
r laboratory still. 

glass temperatures is different. Initially this value
creases with production rate, attains a maximum value 
d starts to decrease. The maximu

rent corresponds to a water temperature around 55oC. 
he production rate is 5 g/min when the temperature 
ifference between water and glass is in the range 5oC to 

oC. Similarly other parameters also have a range of
alues for a particular production rate.  

At lower temperatures of water and glass, the water 
apour present in the air inside still is in minimum 
roportion. The water mass proportion increases 
ponentially with the still air temperature, (equations (7) 
d (8)). Hence, production rate of the still depends on

asin water and glass temperatures. At higher water 
mperature, water is more susceptible for evaporation,
d the water vapour proportion in the still air is high.
hen the glass temperature is high, both heat transfer 

om glass to atmosphere and the production rate are also 
igh. When the water and glass temperatures are higher,
eir difference is less, and the production rate is high. 
his is the reason for the peculiar operation of the still. 

The amount of condensation at the glass lower surface
ainly depends on the mass of air circulated, and in
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5.4. Analysis o tion 

The same laboratory still is tested under actual solar 
radiation condition for different depths of water in the 
basin. Both Figures No. 12 and and No. 13 show the 
performance of the stills when the depths of water are 3 
cm and 1cm. The production rate of the still varies 
proportionally with different water,  glass temperatures,  

Figure 13. Performance of the solar still with lower depth . 
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co values calculated, 
using the new model. The most of the calculated values are 

values with a correlation coefficient of 
0.8646. The deviation in values due to sky radiation effect 
and 
ti

    (15)   

Figure 11. Comparison between actual and calculated values of 
production rate for laboratory still 

Figure 12. Performance of the solar still with medium depth 
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Th quation (equation 15) is taken as a new 
model. U
using
the ca

fference between the water-glass and glas
pheric temperatures. 
e observation from laboratory still experiments at 

ant depth with varying constant input and with 
ng depth with constant varying input are used to 
lish a regression equation using Mathcad-12 software. 
degree fitting function is used. The following 
ion is obtained for the production rate of the still in 
2/h.  
e above e

sing this model, the production rate is calculated 
 the observations of laboratory still experiments, and 
lculated values are compared with actual values. The 
e 11 shows the comparison between the actual and 
lated production rate values by using the model. It is 
 that most calculated values are closer to actual 
s with a correlation coefficient of 0.974. 

f the Still Under Solar Radiation Condi

igure 14. Comparison between actual and calculated values of 
oduction rate for actual solar still 

and difference between glass and atmospheric 
mperatures.  Similar with laboratory still, for actual still
so, the production rate increases initially with the
crease of the temperature difference between water an
ass, but at higher temperature when the basin water
aches around 55oC, this difference is at maximum. But 
e production rate increases until the difference between 
e glass and atmospheric temperatures starts to decrease. 

Hence the still, and under actual sunshine conditions,
ehaves similarly to laboratory still with varying input. 
sing the observed values of different temperatures, the 
ew model is used to calculate the production rate for the 
tual solar still with different depths of 4 cm, 3 cm and 1 
. The actual values and calculated values are compared

y using the new model. The Figure 14 shows the
mparison between the actual and 

Figur

close to actual 

wind velocity effect even though, during experiment 
me, no appreciable wind is observed.  
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6. Conclusion 

A double slope single basin, passive type, still with 
basin fabricated; and tested under laboratory conditions. 
The h
heate
varied
input
condi
basin
carrie
const
param

It 
increa
and g
with 
highe
increa
betwe
glass 
pecul till. The reason for this behavior 
is the h
tempe
be hi
for lo

A
basin
at ac
radia
labor
are in close agreement with model values. The proposed 
mode  to predict the production rate of the still 
with minimum d pth of water in basin in the range of 2 cm 

sive and 
active solar stills for different depths of water by using the 

concept of solar fraction”. Solar Energy, Vol.  80, No. 8, 
2006, 956–967. 

[4] R. Tripathi, G.N. Tiwari, “Effect of water depth on internal 
heat and mass transfer for active solar distillation”. 

 
, 

. 

s 
onal Heat 

f a solar still”. 

ergy, 

Vol. 57, 

g, 

ass flow rate for single and double slope solar 
, 

h on internal 

imulation 

 

esses. 

mbert, “Correlating equations for 
laminar and turbulent free convection from a vertical plate”. 
International Journal of Heat and Mass Transfer. Vol. 18, No. 
11, 1975, 1323-1329. 

 
 
 

eat is supplied to the basin using electrical resistance 
r placed below the inner basin. The heat supply is 
 using control circuit. The still is tested for varying 

 condition to simulate the actual solar radiation 
tion with different minimum depths of water in the 
 ranging from 2 cm to 0.2 cm. The experiment is also 
d out at different constant input conditions with a 
ant depth of 1 cm water. The variation of different 
eters with production rate variation has been studied.  
is found that the production rate increases with the 
ses of water and glass temperature. At lower water 
lass temperatures, the production rate is proportional 
the temperature difference with water and glass. At 
r operating temperatures, the production rate 
ses with the decrease in temperature difference 
en water and glass until the difference between the 
and atmospheric temperature increases.  This is the 
iar behavior of the s

igher proportion of water vapour at higher still 
rature. The still overall production rate per day will 

gh when the still operation in this peculiar behavior 
nger duration. 
 new model is proposed for the still with shallow 
. The experiment is also conducted with the same still 
tual sunshine conditions. The still under solar 

tion condition with lower depth behaves similarly to 
atory still. The experimental production rate values 

l can be used
e

to 2 mm and for the basin water temperature up to 80oC. 
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