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ABSTRACT

A blower incorporated hybrid PV/T active solar still and a conventional passive solar still with single
slope were designed, fabricated and experimented at a water depth of 1 cm. For increase in production of
distillate water, a blower fan is placed inside the solar still to increase the condensation rate. This method
also incorporates modern solar PV cooling system which cools the solar panel by the saline water thereby
increases the efficiency of the solar PV as well as the distillate water production. The daily yield from the
proposed hybrid active (PV/T) solar still is 3.3 times more than the conventional passive still. This
modern system of solar energy based electric power and distillate water production is highly self-
sustainable for all the places. From the experimental readings it is very clear that, the proposed blower
incorporated hybrid active (PV/T) solar still gives an increase in overall thermal and electrical efficiency
that is nearly 15% higher than the conventional passive still.
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1 INTRODUCTION

Solar PV has a drawback of the decrease in efficiency due to increase in temperature. This drawback
can be overcome by cooling it. The proposed system is an efficient active hybrid solar PV/T (Photo
Voltaic/Thermal) desalination system in which, the efficiency of solar PV is increased by allowing the
saline water to flow on the panel to cool it in discrete time manner with a valve control. Solar still is
simple in construction, low in both initial cost and maintenance cost but has a drawback of low
productivity discussed by Kaushal et al. (2010). Recently lot of research work has been
done for constructing the various structures of stills (one slope by
Samee et al. (2007); weir-type by Sadineni et al. (2008); two slope by
Dwivedi et al. (2010)) and for increasing efficiency lot of experiments were done by using fin discussed
by Velmurugan & Deenadayalan et al. (2008), glass cover cooling discussed by Abu-Arabi et al. (2002)
and rotation of air inside of solar stills discussed by Ali et al. (1991 & 1993). Also, researchers analyzed
the still performance by incorporating fin, wick, and sponge as storage material inside the still and
reported an increase in productivity to 45.5%,29%, and 15.3% respectively discussed by Samee et al.
(1991) and Omara et al. (2015). Kabeel et al. (2009) innovated a solar still which includes concave wick
evaporation surface for performance improvement and reported it had an average efficiency of 30% and
productivity of 4.1 L/m?. Sadineni et al. (2008) worked on the weir-type inclined solar still and reported
as it has a daily productivity of 5.5 L/m® and has higher performance if the water depth is low. Phadatare
et al. (2007) also reported similar conclusion regarding the depth of water. Rahim et al. (2010) divided
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two regions as condensing region and evaporating region and concluded the productivity of still was
increased to 32%. Some researchers as Abu-Arabi et al. (2002) modelled and discussed by two glass
collector still and proved that the productivity of still increases by increasing the water- glass temperature
difference. The daily productivity can be enhanced by increasing the thickness of the rubber and size of
the gravel in the still discussed by Nafey et al. (2001). Although many researches done in this area still
there is a scope to increase the productivity with different forms. This paper presents performance

analysis of solar still with inbuilt blower fan.
2 EXPERIMENTAL SETUP AND PROCEDURE

Design and fabrication of the proposed hybrid PV/T still with single slope basin system for
validating the proposed work, two stills (Active solar still with conventional passive solar still) were
designed and fabricated. The conventional passive solar desalination system with a single slope basin of
area 1 m? (0.5 m x 2 m) is the first one designed and fabricated with a wall depth of 25 cm on high-side
and 10 cm on low-side. To increase the rate of absorption of heat from the sun black paint is coated on
the full surface of the basin (bottom and side wall) from inside. Polystyrene sheets with 5 cm thickness
are used to insulate the basin from all outer sides (side wall). This providing of insulation reduces the
loss of heat from the still to the atmosphere which is supported by transparent adhesive cellulose tape. A
transparent glass sheet of 3 mm is used to cover the single slope basin from the top and placed at an
angle of 10° horizontally, that is the approximate latitude of our research location (Kamaraj College of
Engineering and Technology), Virudhunagar, Tamilnadu, India. Fig. 1(a) shows the photograph of the
conventional passive and proposed active solar desalination system. The proposed still (solar PV fed
heater still) is the second one which is similar to the conventional still with same dimensions shown in
Fig. 1(a). The particulars used and the top view of the condensate water formation in both conventional
and proposed active methods are shown in Fig. 1(b). There are two changes over the conventional still;
they are (i) the insertion of the blower fan that is fitted in the higher side wall inside the solar still and (ii)
the panel arrangements. The brackish water from the storage tank is made to flow over the solar PV
panel by using the spreading pipe and then the warm up the water from the panel is collected and give
supply to the basin in a periodic manner by using a solenoid valve. The Blower fan is placed and
screwed inside the basin and the input to the blower fan is powered by the solar PV battery controller.
The solar PV module size is about 1 m x 0.65 m. In this method uses a battery for storing solar power
from the solar PV panel, hence the production of distilled water can be achieved even in the low
irradiance time. All the arrangements of the proposed solar still and blower fan (Fig. 2) is shown in the
schematic diagram.

To measure the required Parameters for hybrid PV/T still with the help of various measurements
which are as follows.

i) Digital thermometer: All the temperatures (Brackish water, warm up water, basin water,
basin, glass cover, panel, ambient) are measured with individual digital thermometer TPM-10
for each. It has a resolution of 0.1 ° C. These sensors are integrated with a controller to read
data.

ii) Anemometer: Zephyrus Wind meter (anemometer) application which has been installed in a
smart mobile phone is used to measure airflow velocity.

iii) Pyrometer: LX-101A digital meter is used to measure the solar irradiance.

iv) Measuring flask: Finally collected output distillate water is measured using a calibrated flask.

V) Voltage and current measurements: Voltage divider and current sensor ACS714 modules
which are coupled with a controller for Maximum Power Point Tracking (MPPT) which are
used to measure the panel's voltage (Voc, VL) and current (lIsc, IL).

vi) Controller: Arduino MEGA 2560 (15 analog and 53digital pins) is used as a controller to
control the blower fan in the still.
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vii) Solenoid valve: To control the flow of water in PV panel solenoid valves are used and
thecontroller is used to trigger the solenoid valve.
viii) DC blower fan: A 12 V DC blower fan is used to circulate the heat inside the still.

3 EXPERIMENTAL PROCEDURE

Figure 1 shows the schematic diagram of the proposed hybrid (PV/T) active solar still. Figure 2
shows the experimental setup of the proposed hybrid (PV/T) active solar still. The whole experiments are
conducted on the terrace of D-Block, Kamaraj College of Engineering and Technology, Tamilnadu, India
during March 28" of 2019. The readings of the experiments are taken on an hourly basis from 9AM to
5PM. Brackish water is given to the basin via the solar panel in a proper periodic manner using solenoid
valve. To prove the proposed technique experimentally, water in the basin is kept at a depth 0.10m. Also,
two set of readings are taken (i)conventional passive still, and (ii) Proposed hybrid active (PV/T) solar
still with12V DC blower fan. Blower fan is used to circulate the heat and increases the evaporation rate.
The whole experimentation is carried out on the day and the readings are taken instantly for each and
every hour. Hence, Blower fan is used alone for this work and also it is suggested for experimenting in
case of long-term. The respective are the readings taken hourly for 24 h, solar irradiance(G), solar energy
(E), temperature above solar PV (Tapv), temperature below solar PV (Tbpv), storage brackish water
temperature (Tsw), warm up water temperature (Twpv), basin water temperature (Tbw), basin
temperature(Tb), glass inner temperature (Tgi), glass outer temperature(Tgo), ambient temperature (Ta),
airflow velocity (Va), output distillate water(rhew), maximum PV output power (Pm).
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Figurel.Schematic diagram of the proposed hybrid (PV/T) active solar still.
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Figure2. Experimental setup of the proposed hybrid (PV/T) active solar still.

Table 1 Hourly variation of various parameters conventional still under 1cm water depth

Ismailia, 12-13 September 2019

Blower
Fan

Time G ) ;ra Va ;rb -(I)-bw :!-go ;rgi -I;apv -I;bpv I:)m Iilew
Wim9 | CC) | (mis) | (C) | (C) Q) | Q) | (C) [(C)| W) | (L/h)

07:00 166 16.2 0.2 18.1 18.0 17.1 219 | 200 |19.0| 59 0.08
08:00 266 18.1 0.3 20.9 20.7 19.0 238 | 219 | 209 | 126 0.09
09:00 290 23.8 0.3 26.6 26.5 23.8 285 | 247 | 228 | 14.3 0.10
10:00 413 28.5 0.4 33.3 33.0 31.4 36.1 | 304 | 27.6| 19.3 0.11
11:00 527 31.4 0.5 37.1 37.0 33.3 38.0 | 333 | 314 | 238 0.14
12:00 605 36.1 14 43.7 43.5 40.9 46.6 | 371 | 333 | 255 0.24
13:00 755 45.6 1.6 52.3 52.2 45.6 51.3 | 46.6 |44.7| 314 0.29
14:00 741 35.2 2.1 45.6 45.5 43.7 475 | 36.1 | 352 | 32.8 0.33
15:00 711 33.3 2.6 42.8 42.6 40.9 456 | 342 | 333 | 323 0.32
16:00 606 314 | 29 | 40.9 40.6 39.0 43.7 | 323 | 314 | 29.0 0.30
17:00 504 28.5 3.0 38.0 37.9 36.1 42.8 | 304 | 295 | 23.0 0.29
18:00 219 22.8 2.5 36.1 35.9 33.3 409 | 26.6 | 285 | 9.7 0.22
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Table 2. Hourly variation of various parameters of proposed hybrid (PV/T - active) still under 1cm water

depth

Time G ) ;ra Va ;rb -!)-bw Igo ;rgi -I;apv -l;bpv I:)m Iilew
Wim9) | (C) | (mis) | (C) | (C) Q) (O | (O [(C) W) | (L)

07:00 166 16.2 0.2 23.8 23.6 22.8 24.2 181 | 190 | 74 0.11
08:00 266 18.1 | 0.3 27.6 27.5 24.7 26.1 | 200 |21.9| 133 0.14
09:00 290 238 | 0.3 34.2 33.9 26.6 304 | 209 |228 | 147 0.27
10:00 413 28.5 0.4 41.8 41.4 32.8 371 | 228 | 238 | 204 0.33
11:00 527 31.4 0.5 46.6 46.1 39.0 42.8 | 285 | 304 | 247 0.48
12:00 605 36.1 14 | 54.2 54.0 45.6 494 | 333 | 342 | 257 0.68
13:00 755 45.6 1.6 63.7 63.6 55.1 56.5 | 38.0 | 39.9 | 32.3 0.97
14:00 741 35.2 2.1 56.1 55.8 53.7 546 | 333 | 352 | 333 0.96
15:00 711 33.3 2.6 52.3 51.8 51.8 53.2 | 314 | 333 34.2 0.94
16:00 606 31.4 2.9 494 51.2 50.8 52.3 | 295 | 314 | 295 0.93
17:00 504 28.5 3.0 46.6 46.4 46.6 475 | 26.6 | 285 | 247 0.81
18:00 219 22.8 2.5 42.8 42.3 42.8 43.7 | 23.8 | 25.7 | 10.5 0.59

4 RESULT AND DISCUSSION

The proposed work was tested in a typical sunny day on 21% Feb 2019 and hourly basis readings were
taken for various parameters of solar irradiance, air velocity, solar energy, and ambient temperature, the
temperature of basin and basin water with the water depth of 0.10 m and were shown in Table 1 and 2. To
evaluate the proposed system it is compared with conventional still. The continuous variation of solar
irradiance, air velocity and ambient temperature on the experimental day were shown in table 1 and 2
respectively. It can understand from tables that the minimum values of solar irradiance, air velocity and
ambient temperature were obtained at 07:00 h and the maximum values of solar irradiance at 13:00 h, air
velocity at 17:00 h and ambient temperature are obtained at 13:00 h. The conventional still yields
2.1L/day and the proposed still yields 7.1 L/day. A huge increase in water productivity by the use of
blower fans in the solar still.

5 CONCLUSION

The experimental studies of the two different solar still with single slope basin designs (conventional
passive solar still and proposed hybrid active (PV/T) solar still with Blower fan) with water depth of 1cm
on the day have been presented. Also, a complete performance of the passive solar still with the existing
hybrid active solar still has been presented and the conclusions have been made.

From the practical study it is identified that

e The overall average temperature range of the water in the basin for the proposed hybrid active
(PVIT) solar still is 15% higher than the conventional passive solar still that is due to the absorption
of heat from the solar PV panel surface and the heat circulation with Blower fan.

e The power output from the proposed solar PV is 15% higher than the conventional.

e The conventional still yields 2.1L/day and the proposed still yields 7.1 L/day. A huge increase in
water productivity by the use of blower fans in the solar still.
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