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a b s t r a c t

This manuscript brings out the experimental analysis on the effect of different Sensible Heat Energy 
Storage Materials (SHESM) in an Inclined Solar Still (ISS) attached with baffles. Experimental study 
was carried out under constant flow rate of water in the baffled system with different SHESM. Exper-
imental results show that ISS with SHESM improves the yield by 57.1 and 59.5% with the polyester 
sheet and rubber sheet respectively as compared to the inclined solar still without any material. The 
solar still with rubber mat, polyester mat and without any material were produced the maximum 
hourly yield of 0.48, 0.49 and 0.38 kg, respectively. While analyzing the yield during off shine period, 
the maximum yield of 0.2 kg/h is achievable and it is higher to about 75% as compared to solar still 
without any material and with the polyester mat. Due to higher heat energy absorption by the rubber 
mat, the energy and exergy were higher as compared to polyester mat. There is only an increase of 
about 1.9 and 1% for energy and exergy efficiency as compared to the polyester mat.
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1. Introduction

In the recent year, water is one of the important problems 
for the survival of human life. Many life support in earth 
lack in fresh water as the quantity of surface and ground 
water source is in huge demand due to the recent devel-
opments by industrialization and urbanization [1–11]. In 
the ISS, the absorber plate of the still is kept at some angle 
whereas in conventional solar still absorber plate is kept as 
parallel to the ground. Due to the inclined position of the 
absorber plate, it is easy to maintain a thin layer of water 

depth which results in higher evaporation rate than the con-
ventional solar still. There are only a few works of literature 
review available on ISS [12,13]. Some major studies on ISS 
includes wick material [14], tilted wick [15], floating cum-
wick type, stepped absorber with inbuilt latent heat energy 
storage, multi-wick ISS with shallow reservoir, inverted 
trickle solar still, rectangular ridges and grooves [17], weir 
type solar still [16], rectangular/stepped absorber [18], baf-
fles [22], wire mesh [18], and ISS incorporated to the other 
solar still [25–27]. 

Sodha et al. [14] researched the multi-wick solar still 
and reported that wick material placed in the basin should 
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be removed and periodically it is cleaned for better opera-
tion. It was submitted that multi-wick solar still produced 
the 0.45 and 2.45 kg/m2d of hourly and daily productiv-
ity, respectively. Tanaka et al. [15] researched the wick type 
ISS with bottom reflector for augmenting the yield from an 
ISS. Research was conducted at the different angle of the 
reflector to find the optimum angle. Result reveal that yield 
from the ISS was higher with bottom reflector inclined at 
25°C to the horizon. Also, it was observed that the absorber 
temperature is almost equal to water and wick temperature. 
Sadineni et al. [16] researched the weir type ISS in single and 
double pane mode in both theoretical and experimental con-
ditions. Theoretical results were close to experimental values 
and have only a deviation of 7.5%. The theoretical values of 
water and collector cover temperature were following the 
same profile and the corresponding variation is in the range 
of 8–10°C. The experimental values shows that during the 
start of the experiment the water and collector cover tem-
perature is equal and the maximum temperature difference 
between the water and collector surface is in the range of 
4–7°C. The maximum achievable water and glass tempera-
ture were observed at 70 and 66°C respectively. Anburaj et 
al. [17] researched the effect of different SHESM, porous 
material and wick material inside the rectangular groove ISS. 
Experiments were conducted with different sensible heat 
storage material includes mild steel scrap, porous material 
includes clay pot under different position (clay pot facing up 
and down), and wick material includes waste cotton pieces, 
black cotton and jute cloth. Results revealed that using dif-
ferent wick, porous and SHESM improved the yield of fresh 
water by 8.75 (jute cloth), 6.1 (clay pot facing up) and 13.26 % 
(mild steel scrap) respectively than the bare plate. 

Hansen et al. [18] researched the effect of wick and wire 
mesh material inside flat and stepped absorber of an ISS. 
It was submitted that the effect of wick material inside the 
stepped absorber is increased up to 15% as compared to 
flat absorber using the wood pulp as wick material and the 
yield is increased by 29% using a stepped absorber, wood 
pulp wick and wire mesh inside the basin. Similarly, the 
yield increased up to 71 and 58% using water coral fleece 
and polystyrene sponge using the same configuration. In all 
their results, stepped absorber and wire mesh with different 
new wick material improved the yield as compared to only 
stepped absorber and flat absorber. Aybar et al. [19] have 

done the experimental analysis an ISS with black cloth and 
fleece wick and compared it with the bare plate. The fresh-
water yield is higher in the case of black fleece as compared 
to the ISS without and with black cloth. Aybar [20] theoreti-
cally analysed an ISS and studied the effect of condensation 
and exit water temperature under different mass flow rates. 
Results showed that the increase in solar intensity increases 
the water temperature and rate of condensation. Similarly, 
the increase in flow rate of water decreases the yield and exit 
water temperature. El-Agouz et al. [21] analyzed a continu-
ous water flow arrangement in an ISS. It was submitted that 
an increase in airflow velocity and decreasing the water mass 
increases the productivity. The average yield from the con-
tinuous flow desalination system increased up to 126% than 
conventional solar still. Sathyamurthy et al. [22] and Naga-
rajan et al. [23] theoretically and experimentally investigated 
an ISS attached with the baffles for improving the produc-
tivity. Results showed that the effect of inlet water tempera-
ture and mass flow rate majorly affect the evaporation from 
the basin liner surface. Similarly, the yield increases with the 
increased retention time of water with basin and solar inten-
sity. Sathyamurthy et al. [24] researched the effect of flow rate 
on semi-circular trough absorber ISS. Naveen kumar et al. 
[25,26] researched the performance of a pyramid solar still 
incorporated with an ISS in both theoretical and experimen-
tal conditions. Panchal et al. [27] have done the economic and 
exergy efficiency analysis for the Naveen kumar experimen-
tal set-up. Table 1 shows the detailed yield, efficiency and 
increase in yield of different ISS. From the relative literature 
to an ISS, no studies were carried out on the ISS with SHESM. 
In the present study, the effect of different SHESM on the ISS 
with baffles is experimentally studied. Similarly, the energy 
and exergy analysis of ISS with SHESM such as polyester 
and rubber mat is also studied. 

2. Experimental setup, procedure and uncertainty 
 analysis

Fig. 1 shows the experimental photograph of ISS with 
baffles. The different SHESM used inside the basin is shown 
in Fig. 2. The basin is constructed by using the galvanised 
iron sheet in the dimensions of 1 m × 0.5 m. Glass cover with a 
thickness of 4 mm and to avoid the vapour leakage sealing 

Table 1
Comparison of yield, efficiency and increase in yield of different ISS

S.No Type of inclined solar still Yield (kg) Efficiency (%) Improvement 
in yield (%)

1 Tilted wick type solar still with bottom reflector [15] 7.5 NA 30
2 Weir type solar still [16] 5.5 NA 20
3 ISS with rectangular grooves and ridges [17] 4.21 NA 67.1
4 ISS with wick and wire mesh material [18] 4.28 NA 71.2
5 Continuous flow ISS [21] 6.12 56% (for sea water)  

73.6 (for salt water)
NA

6 ISS with baffles [23] 5.4 NA 30.2
7 Semi circular trough ISS with baffles [24] 3 38.8 33.3

NA- Not available
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is provided. Baffles are kept at a consecutive distance of 100 
mm with a total length of 850 mm each. Provisions were pro-
vided at each side of the baffles so that the water extracts the 
entire heat from the basin plate (Fig. 1). To prevent the loss 
of heat to the surrounding from the side and bottom insu-
lations were provided. A temperature of different elements 

of the ISS is measured using calibrated thermocouples (PT-
100 RTD sensors). A storage tank with the capacity of 100 
L is used to store the water and water is fed to the basin by 
controlling its mass flow using a control valve. An optimum 
mass flow rate of water is kept as 5 kg/h [21,22] for all the 
experimental study.  The hot brine water is collected from the 

Fig. 1. Experimental photograph of an ISS with baffles.

Fig. 2. Different SHESM used in the basin.
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outlet of ISS and stored in a separate tank kept at the bottom. 
The distillate collected in the collecting chamber at the end of 
the glass cover is collected in a calibrated flask and it is mea-
sured every 30 min. Similarly, the temperatures of different 
elements of the ISS were measured every 30 min. The specific 
heat capacity of the galvanised iron sheet, polyester mat and 
rubber mat is 0.49, 1.24 and 2.01 kJ/kg K respectively. Higher 
specific heat capacity material can easily raise its tempera-
ture. In this research work, low-cost black rubber and polyes-
ter mat were used as SHESM.   

To measure the solar intensity and wind velocity, 
solar power meter (TES133R) and anemometer (AM4836 
3 cup anemometer) were used and RTD sensors (PT-100 
type) are used to measure the different temperature of solar 
still. The uncertainty error of solar power meter, anemome-
ter and temperature sensors were found to be 3.54, 2.3 and 
1.1% (Table  2). The mathematical expression for estimating 
the uncertainty is given as,

uncertainty
U
x

= × 100  (1)
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where X X−  mean difference between observed value and 
average value; N, number of observation.

3. Energy and exergy efficiency of the system

3.1. Energy efficiency

The overall thermal efficiency of an ISS is assessed by 
the yield of fresh water produced from the ISS for the given 
input heat. Mathematically it is calculated as 
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where Σme,w-g is the accumulated yield (kg), hfg is the latent 
heat of vaporization (kJ/kg), ΣI(t) is the total solar radiation 
falling on the entire surface (W/m2).
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where Tv is the temperature of vapour (°C).

3.2. Exergy efficiency

Exergy analysis is usually used to estimate the pos-
sible amount of extractable work from the system with 
respect to the ambient temperature and solar intensity 
falling on the entire tilted surface. Mathematically it is 
expressed as,

ηex
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x input
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Exergy output is mathematically expressed as,
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Exergy input is mathematically expressed as,
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4. Results and discussion

4.1. Variation of solar intensity, wind speed and ambient 
 temperature

The variations in solar intensity, wind speed and ambi-
ent temperature were plotted in Figs. 3a–c. The average 
solar intensity, wind speed and ambient temperature were 
found as 658 W/m2, 1.9 m/s and 35.23°C. The maximum 
intensity falling on the inclined surface during the noon 
is observed as 950 W/m2 with a deviation of ±3.56%. The 
wind velocity during the experimental days was found to 
be in the range of 1–3 m/s and the average ambient tem-
perature was found to be in the ranges of 33–35°C.

4.2. ISS with baffles and SHESM 

The hourly variation of different temperatures of an 
ISS with baffles and without SHESM is plotted in Fig. 4. 
It can be observed that the temperatures of the basin and 
water of the present experiment is almost similar to the 
results of Sathyamurthy et al. [22]. Without any SHESM 
inside the basin, the maximum temperature of the 
water is 62°C with an average maximum solar intensity 
of 950 W/m2. Similarly, with an increase in solar inten-
sity, the temperature of different elements in the solar 
still increases. The average collector cover temperature 

Table 2
Instruments, accuracy, error and uncertainty

S. No Measuring device Range Accuracy Observed error (%) Uncertainty

1 TES1333R solar power meter 0–2500 W/m2 ± 1 W/m2 3.54 ± 0.57 W/m2

2 PT100 RTD sensor 0–100°C ±1°C 1.1 ± 0.57°C
3 Calibrated flask 0–1000 mL ± 10 ml 8.3 ± 5.77 mL
4 AM4836 Anemometer 0–45 m/s ± 0.1 m/s 2.3 ± 0.05 m/s
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of the ISS without SHESM varies from 36 to 45°C as the 
wind velocity over the collector cover varies for effective 
condensation. 

Fig. 5 shows the hourly variation of the different tem-
perature of an ISS with polyester mat as SHESM. The max-
imum temperature of the water with the polyester mat as 
SHESM is found as 55°C while the maximum tempera-
ture of the vapour is found as 60°C. Due to the excessive 
temperature of vapour inside the solar still, without any 

SHESM, the heat rejected through the glass cover is lower 
as the heat carrying capacity and ambient temperature 
majorly affect the condensation. For the possible decrease 
in the temperature of water and yield of an ISS without 
SHESM is due to the effect of increased vapour temperature 
inside the chambers of collecting and absorber surfaces.

Similarly, variation of the temperatures from an ISS 
with rubber mat is shown in Fig. 6. In the similar case, the 
maximum water temperature using rubber mat is higher 

Fig. 3. Hourly variation of (a) Solar intensity, (b) Wind velocity and (c) Ambient temperature during the experiments.

Fig. 4. Hourly variation of temperature of ISS with baffles and 
without SHESM (mf = 5 kg/h) (20.2.2017 and 26.2.2017).

Fig. 5. Hourly variation of temperature of ISS with polyester 
1 mm thick floor mat as SHESM (mf = 5 kg/h) (27.2.2017 and 
28.2.2017).
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during the fall of solar intensity as the heat from the rubber 
mat (sensible heat) act in the flow of water for the possible 
increase in the temperature of water. The maximum tem-
perature of water, basin and vapour during the peak inten-
sity were found to be 54, 58 and 60°C, respectively. During 
the fall in the solar intensity, water temperature increases 
to a maximum of 60°C and the average water temperature 
during 4 PM is found to be 50°C and there is an increase 
in water temperature of about 25 and 28% with polyester 
and rubber mat than the without sensible material inside 
the basin respectively.

From the experimental results, it is found that the aver-
age basin temperature of an ISS without SHESM, with 
polyester and rubber mat, is 48.25, 51.6 and 52.6°C respec-
tively. It is found that polyester and rubber mat increases 
the basin temperature up to 6.5 and 8.3% than the without 
storage material. Similarly, it is seen that the average water 
temperature of 50, 51.75 and 52.87°C is obtained for the ISS 
without SHESM, with polyester and rubber mat respec-
tively. There is a 3.4 and 5.4% increase in average water 
temperature is obtained by using polyester and rubber mat. 
The reason for increases in basin and water temperature is, 
the specific heat capacity of the polyester and rubber mat is 
60.5 and 75.6% higher than the galvanised iron sheet.

4.3. Comparative analysis of yield from solar still with and 
without SHESM

The hourly variation of yield from an ISS with and 
without SHESM is depicted in Fig. 7. From the Fig. 7, it can 
be clearly observed that the maximum yield of 0.48 kg is 
achievable with rubber mat inside the absorber plate of an 
ISS with baffles under a constant flow rate of 5 kg/h. The 
yield of ISS with polyester floor mat is higher than rubber 
mat during the sunshine hours and decreases during the 
off shine hours as it is due to the effect of the specific heat 
capacity of the material. During the sunshine hours, energy 
is stored in the form of sensible heat on the rubber mat and 

during the off shine hours, the heat is later utilised by the 
flowing water inside the basin. Also, during the cloudy 
condition and lower intensity period the hot surface rubber 
mat heat is transferred to the flowing water. Fig. 8 shows 
the accumulated yield from an ISS with and without energy 
material under a constant flow rate of water. The maxi-
mum yield from an ISS with rubber and polyester mat were 
found to be 3.7 and 3.5 kg respectively, whereas the yield 
from solar still without energy material is found to be 1.5 
kg. Due to the excellent heat storing capacity the increase 
in yield from an ISS with rubber and polyester mat were 
found to be 59.5 and 57.1% respectively than the ISS with-
out any storage material. ISS with rubber mat enhanced the 
yield 5.4% higher than the ISS with polyester mat. 

Fig. 6. Hourly variation of temperature of ISS with rubber mat as 
SHESM (mf = 5kg/h) (28.2.2017 and 1.3.2017).

Fig. 7. Hourly variation of yield from an ISS with and without 
SHESM.

Fig. 8. Variation of accumulated yield from an ISS with and 
without SHESM.
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4.4. Exergy and energy analysis of an ISS with and without 
SHESM

To evaluate the irreversibility of the system in real 
condition, and to optimize the parameters of the pres-
ent design exergy and energy efficiencies were calcu-
lated. The exergy and energy efficiency of ISS with baffles 
and energy storing material is plotted in Fig. 9. It is seen that 
the energy and exergy efficiency of the system with rubber 
mat is higher than the polyester mat. The overall thermal 
and exergy efficiency of about 46.2 and 23% respectively is 
obtained for the rubber mat as the storage material. In the 
comparison of ISS with polyester mat, the efficiencies drop 
by 1.9 and 1 % with energy and exergy efficiency respec-
tively as compared to rubber mat. Solar still with rubber, 
polyester mat produced to about 56.06, 54.18% thermal 
efficiency respectively and improved the exergy efficiency 
by 60.8, 59.1% as compared toISS without thermal storage 
material. Also, it is found that the energy and exergy effi-
ciency of the ISS with SHESM is higher as compared to the 
ISS without any SHESM inside the basin.

5. Conclusions

From the experimental study the following conclusions 
are arrived: -

•	 The yield of fresh water from an ISS with SHESM is 
higher to about 59.5 and 57.1%  for rubber and polyester 
mat respectively than without any SHESM.

•	 Temperature of water for rubber mat during the off 
shine period is increased up to 59°C as compared to 
solar still with polyester mat and without any material.

•	 The maximum hourly yield from an ISS with rubber 
mat, polyester mat and without any material was found 
to be 0.48, 0.49 and 0.38 kg respectively. While analyz-
ing the yield during off shine period, the maximum 
yield of 0.2 kg/h is achievable and it is higher to about 
75% as compared to solar still without any material and 
with the polyester mat.

•	 Due to higher heat energy absorption by rubber mat 
the energy and exergy were higher as compared to the 
polyester mat. There is only an increase of about 1.9 and 
1% for energy and exergy efficiency as compared to the 
polyester mat.

•	 Exergy analysis of an ISS with rubber mat, polyester 
mat and without any storage material was found to be 
23, 22 and 9% respectively.

•	 Energy analysis of an ISS with rubber mat, polyester 
mat and without any storage material was found to be 
46.2, 44.3 and 20.3% respectively.

•	 Inclined solar still with rubber mat produced 4.1% and 
4.3% higher thermal and exergy efficiency than the ISS 
without sensible heat storage material. 
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