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ABSTRACT
This work mainly aims on improving the yield of fresh water and power generation
from the PV panel submerged in nano fluids kept inside the basin and compared with
those of solar still with water as base fluid. The results of temperature profile indicated
that the maximum temperature of 80oC is observed in the case of solar still with Al2O3
nano fluid while the basin type still with TiO2 exhibited a temperature of 70oC before
the noon. Similarly, the temperature of MgO is observed as 78oC during the lower solar
intensity condition as it is observed in the case of Al2O3 nano fluid which exhibited the
same behavior. There is an improvement in water temperature to about 2oC and 15oC
for MgO and TiO2 nano fluid. Results indicated that the fresh water produced from the
base type still improved with the use of Al2O3 nano fluid followed by MgO nanofluid,
water and TiO2 nano fluid.
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1. INTRODUCTION
Demand on fresh water is rapidly increasing in the developing and developed countries as water
is one of the most crucial for development of sustainable, economically balanced system and
for human to survive. One of the best methods in providing fresh water is through desalination
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technique. Among the several methods developed in providing potable water, use of ecofriendly energy sources such as solar, wind and biomass energy sources plays a vital role.
Distillation using solar energy and well among solar still is one of the economical methods in
providing fresh water. Based on the types, solar still were divided into active and passive
desalination system [1-48].
Abdelal and Taamneh [49] used carbon fiber/CNT-modified epoxy composites as absorber
plate on a pyramidal solar still for enhancing the potable water produced. The composition of
graphene in the epoxy composite is varied at 2.5 and 5%. Results of the study indicated that the
carbon fiber/CNT modified epoxy composites enhanced the fresh water yield up to 65 and
109% for 2.5 and 5% CNT composition respectively. Also, use of nano graphene enhanced the
potable water produced up to 30%.
Chaichan and Kazem [50] enhanced the production of potable water from conventional
basin type still using nano enhanced phase change material at the bottom of basin. Their results
showed that the nano enhanced PCM extended the potable water production during sunset and
enhanced to about 61% than solar still without PCM. Also, the potable water production
enhanced by 10% than solar still without PCM.
Kabeel et al. [51] analysed a solar still with absorber plate coated with black nano paint at
different weight proportion and compared the economic analysis. From their results, it was
found that concentration of nano particle in the paint improved the potable water linearly and
was found to about 25% for 30% weight fraction. Economic analysis of their study revealed
that the payback period of modified still was higher (96 days) while comparing with black paint
coated without nanoparticles.
Elango et al. [52] improved the production of potable water from conventional basin type
solar still using different nano fluids namely Al2O3, ZnO, and SnO2. Results showed that nano
fluids improved the production of potable water by 30, 13 and 19% for Al2O3, ZnO, and SnO2
respectively. Results also exhibited excellent stability of nano fluids during the preparation.
There was also an excellent improvement in the water temperature while comparing it with of
water as fluid inside the basin.
Kabeel et al. [53] used cuprous and aluminium oxide nano fluid in a single slope solar still
with additional condenser as modified solar still. Through natural and induced convection
technique the vapour formed in the triangular enclosure is taken into the external condenser and
two conditions namely with operating fan and without operating fan were determined.
Examined results showed that the use of fan exhibited a maximum daily efficiency of 89% and
68% for cuprous oxide and aluminium oxide nano fluid respectively with optimum
concentration of 0.12%.
The main objective of the present study is to improve the fresh water yield produced from
the solar still and increase the power output of PV panel submerged inside the solar still using
three different nano materials namely Al2O3, TiO2 and MgO at a constant concentration of
0.1%.
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2. EXPERIMENTAL SETUP AND METHODOLOGY

Figure 1 Schematic diagram of hybrid and conventional solar still

Fig. 1 and 2 shows the schematic diagram and experimental photograph of hybrid solar still.
The experimental setup is constructed in such a way that two identical solar still made of same
material and dimension. The length and breadth of solar still were 1 m x 0.5 m with height of
0.21 m in one side and 0.3 m on the other side. Glass cover with 4 mm thick is placed over the
solar still to condense the vapour formed in the inner surface due to evaporation from the top
water surface. Saline water is stored in a tank and continuously fed into the basin to maintain
constant water depth inside the basin. Two different conditions were analysed in hybrid solar
still namely, placing the PV panel inside the basin by partially submerging it (Hybrid solar still
with 2 cm water depth). Other method is fully submerging the entire PV panel in water (Hybrid
solar still with 3 cm water depth). Similarly, conventional solar still has been tested in 2 and 3
cm water depth. To avoid short circuit of current, the terminals in the back side of the PV panel
are sealed. Voltmeter and Ammeter were connected in series to measure the voltage and current
from the PV panel. To validate the effect of submerging the solar panel water, tests were
conducted in open condition.
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Figure 2 Experimental photograph of hybrid solar still with water

3. RESULTS AND DISCUSSION

Figure 3 Diurnal variations in panel temperature, current and solar intensity of modified solar still

Fig. 3. shows the diurnal variations in panel temperature, current and solar intensity of modified
solar still using Al2O3, MgO, TiO2 nanofluids in the present modified solar still. It can be
observed that there is a marginal deviation in the solar intensity during the test conditions. A
maximum of 1.4 amps is produced in the current produced in the solar still using Al2O3 and
TiO2 nano fluids inside the basin whereas, in the case of MgO the amount of current produced
is found as 1.2 amps. It is also seen that the panel temperature of PV panel in the case of Al2O3
nano particle is in the average of 36oC which the main phenomenon in the increase of power
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output from the PV panel under partially submerged condition is. Similarly, there is an increase
in the temperature of the fluid inside the basin which simultaneously reduced the amount of
current produced. Due to the energy stored in the fluid, the same is rejected in the form of heat
which increased the temperature of vapor formed in the enclosure.

Figure 4 Variations in water and glass temperature of modified solar still with Al 2O3, TiO2 and MgO
nano fluids

Variations in water and glass temperature of modified solar still with Al2O3, TiO2 and MgO
nano fluids is shown in Fig. 4. From the figure, it can be observed that the maximum water
temperature of 78 and 77oC for is recorded on 09.02.2017 and 11.02.2017 respectively for the
maximum solar intensity. While comparing the other nano fluid, Al2O3 nano fluid exhibited
higher water temperature due to its excellent heat carrying capacity and absorption rate.
Similarly, the maximum glass temperature of 60 and 58 oC is observed on 09.02.2017 and
11.02.2017 respectively. With higher temperature difference between water and glass the
productivity of potable water produced is increased during the lower solar intensity period. On
comparing it with the water and glass temperature of TiO2 nano fluid, the water to glass
temperature difference is higher during the sunshine hours which increased the productivity of
potable water produced during morning hours as shown in Fig.4.
The hourly variations of water and glass temperature of PV panel partially submerged solar
still with 0.1% MgO concentration is shown in Fig. 4. The maximum water temperature of 72
and 64oC is recorded on 01.03.2017 and 22.02.2017 respectively. Similarly, the maximum glass
http://www.iaeme.com/IJMET/index.asp

1335

editor@iaeme.com

Madhu Balasubramanian, Balasubramanian Esakki and Dr. Sagunthala

temperature of 61 and 54oC is observed on 01.03.2017 and 22.02.2017 respectively. Due to
higher thermal conductivity of MgO nano fluid compared to that of water fluid, the temperature
of fluid enhanced.

Figure 5 Variations in accumulated yield of Al2O3, TiO2 and MgO nano fluids of modified solar still

The accumulated yield produced from the CSS, the CSS with Al2O3, the CSS with MgO,
and the CSS with TiO2 are plotted in Fig. 5. From the figure, it can be found that the yield
produced from the CSS is maximum during the sun-shine hours and during the off sun-shine
hours the yield is maximum for the CSS with Al2 O3 is 7.4 kg/m2, the CSS is 3.6 kg/m2, the CSS
with MgO is and the CSS with TiO2 is 3.8 kg/m2 . The 51.35 % increase in yield was obtained
for the CSS with Al2O3 and 13.9 % decrease in yield was obtained for the CSS with TiO 2 as
compared to the CSS.

CONCLUSIONS
From the experimental analysis the following conclusions were arrived at: • The PV efficiency decreases with MgO nano fluid under partial submerged
condition.
• The yield from solar still decreases with increase in water depth from solar still
without PV submerge, whereas, in the case of partial submerged condition the
accumulated yield increases.
• The accumulated yield from solar still with PV and with the use of nano fluids is
found to be 8, 3.8 and 3.6 kg/m2 for Al2O3, MgO, TiO2 respectively.
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