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Abstract
The distillation is one of the important methods of getting pure 
water from brackish water using solar energy. An experimental 
work is conducted on a double slope single basin solar still using 
Phase changing materials like (paraffin wax) and Sensible heat 
storage elements like (black pebbles) in Vishwanathrao Deshpande 
Rural Institute of Technology, Haliyal, Karnataka, India. 
A double slope single basin solar still with area of 0.7m2 was 
fabricated with Aluminium sheet metal and experiment is carried 
out in open environment conditions. An Aluminium tray of 0.40m2 
is placed inside the still giving 10cm gap. Insulation is given in 
between the gap and the material used is thermocol. Two glass 
covers of 4mm thick with 0.35m2 area is placed on the top of the 
still given an inclination of 150 based on latitude of Haliyal. A 
performance analysis is done by conducting three experiments 
(black coated aluminium tray, with PCM, with SHSE) in the month 
of April and Analysis is carried out by using Pyranometer and 
K-type thermocouple. 
By conducting experiments like black coated aluminium tray, 
with PCM, and with SHSE, the output obtained is observed to 
be 1100ml of distilled water when PCM (Paraffin wax) is used, 
954ml when SHSE (Black Pebbles) is used and 795ml when black 
coated tray is used and black coated tray readings were kept as 
standard readings and remaining set of readings (with PCM and 
SHSE) were compared with standard readings and analysis is 
done by showing set of graphs and tables. Thus the percentage 
productivity observed in case of Paraffin wax and black coated 
tray is 30%, black pebbles and black coated tray is 18%, Paraffin 
wax and black pebbles is 13%.
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I. Introduction
The rapid developments in technologies and population explosion 
have resulted in a large escalation of demand for fresh water. Clean 
water is required for domestic purpose as we are bent on the very 
fact that without water we can’t survive and it is true. Particularly 
this scarcity can be found mostly in arid and semi-arid regions, 
coastal regions etc. The same we find even in remote areas where 
fresh water supply through transport system is expensive. On 
the other hand sea water exists in plenty but it requires removal 
of salinity for which an additional expense of energy is another 
scarce resource. Various Processes of purifying the water as in 
Reverse osmosis, Multi-effect distillation, Membrane distillation, 
Nano filtration. But these methods are economically expensive, 
non-portable and many other draw backs which are not suitable 
for a normal use. Therefore to make this process economic we 
have come up with a project which focuses mainly on basin type 
solar stills as a source of potable water for families and other 

small users. The basin type solar still requires solar energy which 
is available abundantly so desalination of sea or brackish water 
using solar energy can help to meet that challenge.Therefore solar 
energy and sea water are in abundance by default and it is being 
utilized by the process of desalination removing the brackish water 
to produce drinking water. Meaning of Desalination can be defined 
as “Desalination is a process of converting sea or brackish water 
in to a pure form of water removing all sorts of contaminants. 

A basin made of metal sheet with particular dimensions is 
fabricated to form a still and a channels are fixed at its opposite 
sides giving a slope to them. Inside the still a black coated tray 
is fixed which is covered with insulation to all sides of the still. 
And glass covers are fixed with some inclination and a sliding 
facilitated for gliding and they are given an angle based on latitude 
of the Haliyal which is 15.080 and the setup is exposed to the 
atmosphere.As pressure builds up inside the water gets heated up 
and the steam gets collected at the inside of the glass cover and after 
condensation the heavy droplets glide down and get collected in 
the channel thereby dropping down in the bottle at the outlet. We 
have made a performance improvement by using Phase Changing 
Materials (PCM) and Sensible Heat Storage Elements (SHSE).
In this project a solar still (single basin double slope), has been 
designed which in which PCM and SHSE material as storage 
medium for reducing the heat loss and increasing the temperature 
difference between the condenser and evaporator throughout the 
day and hence produces better productivity. For the purpose of 
experimentation a conventional solar still has been fitted with tray 
containing paraffin wax as PCM and black pebbles as SHSE. The 
experimentation trial conducted with PCM, SHSE and without 
PCM (black coated tray) and results are compared.

II. Review of Literature
Thermal performance of a single basin solar still with PCM as 
a Storage medium by A.A. El-Sebaii et al. has conducted the 
experiment on a single slope solar still. The basin area of the still 
is 1 m2 fabricated from a black painted galvanized iron sheet of 
thickness 0.2 cm leaving a gap under the horizontal portion of 
the basin liner. This gap can be loaded and/or unloaded with the 
PCM via a PVC pipe that will take care of the volume expansion 
of the PCM upon melting. Commercial grade stearic acid has 
been used as a latent heat storage material because of its low cost 
and large availability. This paper summarizes the thermo physical 
properties of commercial grade stearic acid. The bottom and sides 
of the basin are insulated by 3 cm layer of sawdust contained in a 
wooden frame of 1 cm thickness. The cover of the still is made up 
of 0.3 cm thick simple window glass, making an angle of 22.76 
with horizontal that equals to the latitude of Jeddah (22.76N). 
The fresh water is collected in an aluminum channel fixed at the 
lower end of the glass cover.
Active single basin solar still with a sensible storage medium by 
S.J. Yaghmour et al. who has conducted the experiment based 
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on solar still using sensible storage elements. The basin area is 
1m2 fabricated from the black painted galvanized iron sheet of 
thickness 2mm leaving the gap under the horizontal portion of the 
basin liner. Sand has been used as a sensible heat storage material 
cause of its low cost and abundance. The bottom and sides of the 
basin are filled with saw dust of 3cm layer. The cover of the still 
is made with thick soda glass making an angle of 21.76o which 
equals latitude of Jeddah. The fresh water is collected in the Al 
channel fixed at the lower end of the glass cover.

An experimental study on single basin double slope simulation 
solar still with thin layer of water in the basin by K. Kalidasa 
Murugavel, et al. has conducted the experiment based on In 
this still the basin area is 1.75m2 is fabricated and tested under 
laboratory conditions for a thin layer of water in the basin. For 
maintain the thin layer of water basin it is necessary to spread the 
water throughout the basin by some kind of porous materials. In 
this work performance of still is compared by wick materials like 
light cotton cloth and sponge sheet of 2mm thickness and porous 
materials like washed natural rock of avg size 3/8 inch* ¼ inch 
quartz rock of some size. The actual solar radiation condition is 
simulated by 2kw electrical resistance heater placed below the 
basin liner. Results show that still with the black light cotton cloth 
as a spread material is found to be more productive. At higher water 
and basin temperature the production increases with difference 
between water and the glass temperature.

From the review of literature survey carried out, it is found that 
there are many experiments on Solar still using different PCMs 
and SHSEs. There is no early work which had used solar still 
using PCM as a Paraffin wax and SHSE as a Black Pebbles. The 
project aims to know the performance analysis of solar still by 
using paraffin wax as a phase changing material and black pebble 
as a sensible heat storage elements. 

III. Construction Design of Solar Still and Selection of 
PCM and SHSE

A. Design of Concentrator
For a designing a solar still as shown in fig. 1, To make a corrosion 
free solar still with respect to economy and safety purpose we 
have selected Aluminium as a sheet metal for constructing the 
solar still. To have a rigid structure we have selected 24gauge 
for it. For the experimentation purpose leak proof and maximum 
heat absorption solar still with an area of 0.54m2 was considered 
for the design.

Based on latitude of Haliyal that is 150 we have fixed the 
glass. To improve the productivity of the still we can set the 
glass based on Declination angle of respective season and 
Formula used for calculating Declination angle is δ= 23.45SIN 
(360/365×(284+n))

A silicate glass having a transmitivity of 0.92 is used over the solar 
still on which the solar radiation will going to fall and transmit the 
solar energy in to the still, to air tight the still a gum tape is used 
to prevent heat dissipation from still to outside atmosphere there 
should be a perfect insulation required. The solar still is insulated 
with thermocol as an insulating material and its thickness is 10cm. 
The detail specification of the solar still is shown in the Table 1.

Fig. 1: Design of Solar Still

Table 1: Parameters of Solar Still
Type Single basin double slope
Length of  the solar still  1000mm

Width of the solar still 700mm

Height of the solar still 300mm

Total area of the solar still 0.7m2

Type of Glass Tampered silicate 

Thickness of the glass cover 3 mm

Transmissivity of the glass 
cover

0.92

Insulating material used thermocol

Thermal Conductivity of the 
insulating material

0.0389 W/m K

Thickness of the insulating 
insulation

100mm

Sealant Gum tape

B. Selection of PCM and SHSE
The storing solar thermal energy with a combination of SHSE and 
PCM and utilizing this energy to heat and evaporate the water 
during the day and beyond in solar still and this project involves 
the use of PCM and SHSE for thermal storage energy.
Initially, the solid–liquid PCMs behave like sensible heat storage 
(SHS) materials; their temperature rises as they absorb heat. Unlike 
conventional SHS, however, when PCMs reach the temperature 
at which they change phase (their melting temperature) they 
absorb large amounts of heat at an almost constant temperature. 
The PCM continues to absorb heat without a significant rise in 
temperature until all the material is transformed to the liquid phase. 
When the ambient temperature around a liquid material falls, the 
PCM solidifies, releasing its stored latent heat. A large number 
of PCMs are available in any required temperature range from 
−5 up to 190C within the human comfort range of 20° to 30°C, 
some PCMs are very effective. They store 5 to 14 times more 
heat per unit volume than conventional storage materials such as 
water, masonry or rock.
Sensible heat is heat exchanged by a body or thermodynamic 
system that changes the temperature, and some macroscopic 
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variables of the body, but leaves unchanged certain other 
macroscopic variables, such as volume or pressure.
The term is used in contrast to a latent heat, which is the amount of 
heat exchanged that is hidden, meaning it occurs without change 
of temperature. For example, during a phase change such as the 
melting of ice, the temperature of the system containing the ice 
and the liquid is constant until all ice has melted. The terms latent 
and sensible are correlative. That means that they are defined as 
a pair, depending on which other macroscopic variables are held 
constant during the process.
Both sensible and latent heats are observed in many processes 
while transporting energy in nature. Latent heat is associated with 
changes of state, measured at constant temperature, especially the 
phase changes of atmospheric water vapour mostly vaporization 
and condensation, whereas sensible heat directly affects the 
temperature of the atmosphere. There are many types of Sensible 
heat elements such as Brick, Pebbles, Rock, Granite, and Pine.
After analyzing the properties of the materials mentioned above 
as in thermal conductivity, specific heat capacity, temperature 
range etc. We have chosen Phase changing material that is Paraffin 
Wax and Sensible heat storage elements that is Black Pebble. The 
photographs of the Paraffin Wax and Black Pebble are shown in 
Fig. 2 & 3, the detail thermo-physical properties is shown in the 
Table 2. 
Paraffin wax is an excellent material for storing heat, with a specific 
heat capacity of 2.14–2.9 J g-1 K-1 (joule per gram kelvin) and a 
heat of fusion of 200–220 J g−1. Paraffin wax melts during the day, 
absorbing heat, and solidifies again at night, releasing the heat.
Black pebbles as sensible heat storage elements as they have 
specific heat 880j/g-oC and thermal conductivity ranging from 2 
to 7w/mk and density of them is 2500g/cm3.

Fig. 2: Paraffin Wax

Fig. 3: Black Pebble

Table 2: Thermo physical properties of PCM & SHSE
Melting point of Bitumen 480C

Latent heat of fusion 189 J/g

Density (solid phase) at 200C 0.930 g/cm3  

Density (liquid phase) at 600C 0.830 g/cm3

Specific heat(solid phase) 2.093 J/g k

Specific heat(liquid phase) 2.87 J/g k

Thermal conductivity(solid phase) 0.17 W/m.k

Thermal conductivity(liquid phase) 0.074432 W/m k

Specific heat of Black Pebble 880 j/goC

Thermal conductivity of Black Pebble 2 to 7w/mk

Density of Black Pebble 2500 kg/m3

Fig. 4: Solar Still With Black Coated Try

IV. Experimental Setup and Procedure
A solar still, which has a basin made up of aluminium sheet metal 
of 0.54 m2 area, having a length of 90 cm and 60 cm width with 
30 cm height. Inside this basin another basin called try is placed 
with a distance of 10cm leaving a gap from bottom and sides and 
in between this gap an insulation material (thermocol) is placed 
to prevent loss of heat.
At the top of the basin a transparent glass is placed at an inclination 
of 15º which is having a thickness of 3mm still and the still is 
made airtight by gum tape. Condensate channel is provided inside 
the solar still chamber to collect the condensed water and this 
condensate channel is connected to the distillate collector to collect 
the distilled water.  
To measure the solar radiation an instrument called Pyranometer 
is used which is placed near to the solar still and hourly readings 
are taken and to measure temperature at different points in the still 
such as temperature of Water, basin, Insulation and Glass by using 
K-type Thermocouple. The whole setup is placed in North-South 
direction so that maximum amount of solar radiation falls in the 
direction from East-West.
All the experiments were conducted between the time periods of 
09:00 to 17:00hrs when the solar still is without PCM and this time 
period is extended to two more hours’ i.e.  Up to 19:00hrs-20:00hrs.
when the PCM and SHES is used in the solar still, because to see 
the effect of PCM and SHSE in solar still. This experiment will 
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be conducted at VDRIT, Haliyal. This site is 15010’20’’N and 
74046’E, with an altitude of around 1833feet.

The work is carried out in the following modes: (i) solar still 
without PCM or Black coated try (conventional setup) and (ii) 
solar still with PCM(Paraffin Wax) (iii) solar still with SHSE(Black 
pebbles). The system Black coated try or basin try consists of 
water, in this tray a water level 3cm. To check the productivity, 
solar still surrounded by thermocol insulation to prevent the heat 
loss and the top of the basin is covered with glass at an inclination 
of 150 and having a trasmittivity of 0.92. The solar still is made air 
tight with gum tape and the thermocouples were fixed at various 
places to measure the temperature of insulation, water, glass and 
ambient temperatures of the solar still. The Pyranometer is fixed 
near the set up and hourly both temperature and Pyranometer 
readings are taken and these recorded readings kept as standard. 
Solar still with black coated try (Conventional setup) shown in 
fig. 4.
Then the basin tray is filled with 3cm of PCM (paraffin wax) and 
3cm of water where with the passage of time the PCM melts by 
absorbing heat during the day and solidifies as the solar intensity 
decreases till the evening. There by taking the hourly readings of 
solar radiation and temperatures and compared with the standard 
readings. Solar still with paraffin wax (PCM) shown in fig. 5.

Similar procedure is carried out for sensible heat elements (black 
pebbles). That is, the water tray is filled with 3cm of water and 
sensible heat storage elements are added such as black pebbles in 
the tray there by taking the hourly readings and compared with 
the standard readings. For every experiment the amount of water 
collected (in ml) is noted down. Solar still with Black pebble 
(SHSE) shown in fig. 6.

Fig. 5: Solar Still With Paraffin Wax (PCM)

Fig. 6: Solar still with Black pebble (SHSE)

V. Result and Discussion
The experiments were conducted without PCM or (black coated 
try) and with PCM, SHSE to compare the results when the global 
radiation is similar during both the experiment. The temperature of 
the water, glass cover, ambient, insulation temperature and global 
radiation vs. time were taken from solar still when still is without 
and with PCM, SHSE. These graphs are plotted for 3cm height 
of water level in the solar still. PCM and SHSE temperature will 
be taken into account when PCM is used in solar still.

The variation in the measured global radiation causes variation 
in the measured water output and this will affects the efficiency 
in the same manner. Thus solar radiation plays a vital role and as 
solar intensity increases the distillate output increases whereas 
when it decreases, the distillate output decreases considerably. 
This means that the solar intensity is the function of time and it 
is directly proportional to the productivity. Due to this reason we 
have made comparison of global radiation on solar still without 
PCM and with PCM, SHSE for 3cm of water level is shown 
in Table 3 and corresponding graph is shown in the fig 7. The 
global radiation on comparison is similar on 13th, 22th and 25th 
of the April 2014 for (without PCM and with PCM, SHSE). The 
comparison of performance of still for situation without PCM 
with PCM, SHSE and is based on the values which are similar 
for every hour of the day.

Table 3: Comparison of Global Radiation on Solar Still

Time
(hrs)

Ambient 
temp.
0C

Water 
temp. 

0C

Glass temp (0C)
Insulation 
temp.
0CInside Outside

Black 
coated 
try

9 25 40 34 30 36 45

10 30 60 48 40 66 67

11 33 71 52 44 73 75

12 37 87 67 56 85 90

13 40 90 71 60 85 94

14 42 88 71 58 81 92

15 41 84 62 52 70 84

16 40 66 52 46 59 69

17 36 51 42 38 50 56

18 33 44 38 36 46 48

Fig. 7: Comparison of Global Radiation on Solar Still
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Table 4: Different Parameters in without PCM and SHSE

Time Solar radiation 
without PCM

Solar radiation 
using PCM

Solar radiation 
using SHS

10.00am 910 953 984
11.00am 1030 1115 1114
12.00pm 1070 1115 1060
1.00pm 1028 1083 1045
2.00pm 983 924 920
3.00pm 740 712 720
4.00pm 706 704 710
5.00pm 645 650 702
6.00pm 302 310 400

Fig. 8: Different Parameters in Without PCM and SHSE

Variation of different parameters in solar still without PCM are 
shown in the Table  4 and the corresponding graph is shown in 
Fig. 8 which infers the variation in temperature of five parameters, 
As the day extends the increase in water temp can be observed 
which is due to the increase in solar insolation and it decreases 
after 2pm gradually. The insulation temperature is a dependent 
variable, the increment in the water temperature persists the 
increase of insulation temperature. Latter the decrease is found in 
proportionate with water temperature. The outer glass temperature 
curve significantly varies with the water temperature but also 
is affected by the solar insolation falling on it, the inner glass 
temperature curve can be found in an unique pattern in comparison 
with the other plots, there is a linear rise until 12pm when the 
water output was less considerately, but increase in water output 
also referring to increase in evaporation rate causes heat reduction 
in the inner glass temperature. 
The ambient temperature varies linearly with the solar insolation. 
The maximum water temperature attained without using Paraffin 
wax is observed to be 740C at 3pm and the least temperature is 
observed to be 360C that is nearer to the ambient temperature.
Variation of different parameters in solar still with PCM (Paraffin 
wax) and SHSE (Black pebble) is shown in Table 5, 6 and 
corresponding graph is shown in Fig 9, 10 which explains the 
following. The water temperature is relatively less incremental 
with insolation that is due to the presence of PCM. The PCM 
(Paraffin wax) melts as the temperature inside the still increases 
up till 920C and it absorbs the heat till 2pm and solidifies gradually 
till 7.30pm liberating heat around 850C back to the still and in 
SHSE (Black pebbles) were stores high amount of heat during day 
time and liberates the same during evening time. The maximum 
water temperature attained using Black pebble is observed to be 
710C at 6pm and the least temperature is observed to be 360C that 
is nearer to the ambient temperature.

Table 5: Different Parameters in PCM (Paraffin wax)

Time
Ambient 
temp. 
  0C

Water 
temp
0C

Glass temp. 0C Insulation 
temp.
  0C 

PCM
Temp.
   0CInside Outside

9 29 41 36 34 39 28
10 31 53 52 40 56 33
11 33 67 59 46 67 39
12 35 80 66 51 78 49
13 38 92 79 54 81 53
14 39 89 76 52 79 59.4
15 36 85 66 43 69 61.9
16 37 82 56 42 64 59.4
17 32 80 36 34 39 55
18 31 73 34 32 38 46
19 29 68 30 29 33 37
20       25 52 36 27 30 28

Fig. 9: Different Parameters in PCM (Paraffin wax)

Table 6: Different Parameters in SHSE (Black pebbles)

Time
Ambient 
temp. 
  0C

Water 
temp
  0C

    Glass temp.
             0C

Insulation 
temp.
  0C 

SHSE
temp.
   0CInside Outside

9 27 39 35 32 38 50

10 30 50 53 41 55 64

11 33 64 58 48 67 76

12 37 78 67 53 79 85

13 37 90 79 55 80 86

14 38 92 77 52 77 88

15 37 70 65 45 68 79

16 35 69 57 41 62 67

17 34 69 38 35 40 59

18 29 62 32 33 37 44

19 28 58 35 28 31 42

20 26 51 33 26 29 39
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Fig. 10: Different Parameters in SHSE (Black pebble)

The comparison of collected distilled water output without 
PCM and with PCM, SHSE for 3cm is shown in Table 7 and 
corresponding graph is shown in Fig. 11. The Table 8 represents 
time of the day and distillate water collected in ml for the hour. 
Figure and table shows that in the morning, the output is better 
in solar still without PCM compared to the still with PCM, and 
SHSE. And after 2 PM water collected in still without PCM is 
lesser than the still with PCM and SHSE.

Table 7: Comparison of Collected Distilled Water

Time
Water output 
without PCM 
for 3cm (ml/hr)

Water output 
with PCM for 
3cm (ml/hr)

Water output 
with SHSE for 
3cm (ml/hr)

09:00 0   0 0
10:00 25 0 10
11:00 55 0 25
12:00 70 10 60
13:00 250 10 130
14:00 160 20 175
15:00 210 20 160
16:00 05 110 215
17:00 10 130 179
18:00 10 130 01
19:00 0 400 0
20:00 0 270 0

Total=795ml/hr Total=1100ml/hr Total=954ml/hr

Fig. 11: Comparison of Collected Distilled Water

Based on the experimental analysis of the solar still, percentage 
productivity using PCM, without using PCM and using SHSE is 
compared. The Table 8 shows percentage productivity of solar 
still.

Table 8: Comparison of Collected Distilled Water

Type of Solar Still
Water 
output in 
ml

Percentage 
Productivity

Conventional

Paraffin Wax (PCM)

795

1100
30%

Conventional

Black Pebbles (SHSE)

795

954
18%

Paraffin Wax (PCM)

Black Pebbles (SHSE)

1100

954
13%

VI. Conclusion 
The maximum productivity of a double slop single basin solar still 
is effective when paraffin wax is used. As the productivity of water 
is obtained in the month of April for paraffin wax is 1100ml. When 
compared to PCM the productivity is a bit low when black pebble 
was 954ml. But the productivity of water obtained without Praffin 
wax nor Black pebble is found to be 795ml. This is comparatively 
low. The productivity of the still can be enhanced by varying the 
Declination angle and it is observed that as the solar radiation 
increases the temperature in the still also increases and as a result 
the productivity increases remarkably. 
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