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Annoramus. B nanHoli paboTe ObLIO IPOBEACHO SKCIIEPUMEHTAIbHOE HCCIIe-
JIOBaHME, YTOOBI MOKA3aTh 3(D(MEKT YIydllIeHUS IPOLIECCOB UCIIAaPEHUS Y KOHACH -
calMy BHYTPU MOIUMULUMPOBAHHOIO OJUMHOYHOIO COJIHEYHOIO TUCTUJLISTOPA
C TIOMOIIIbI0 KOMOMHUPOBAHHBIX YJIBTPa3BYKOBBIX YBJIAXXHUTEICH B Boae Oac-
celiHa, BHYTPU IaJaTKY U3 XJIOIIKOBOI CETKH, B IOMOJTHEHHUE K YCTAHOBJICHHOMY
B BEpPXHE1 YaCTU COJIHEUHOMY OUCTUJUISITOPY — XOJIOAUIbHAS KaMepa ¢ TepMO3-
JIEKTPUYECKUMU 3JIeMeHTaMu. Pe3ynbTaThl moKa3aiu, 4To MPOU3BOAUTEIBHOCTD
MOINGULIMPOBAHHOTO COTHEYHOTO AUCTUILISATOpA YBeIMUMiIach Ha 124 % 1o cpaB-
HEHUIO C TPAAULIMOHHBIM COJTHEYHBIM TUCTULISITOPOM
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Abstract. In the current work, an experimental investigation study was con-
ducted to show the effect of enhancing the evaporation and condensation process-
es inside a modified single solar still by combined ultrasonic humidifiers in the ba-
sin water inside a cotton mesh tent, in addition installing at the top of the solar still
a cooling chamber with thermoelectric elements. The results showed that the pro-
ductivity of the modified solar still increased by 124 % than the traditional solar still.
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ntroduction. Researchers have used various techniques to solve the

problem of drinking water shortage, such as reverse osmosis, vapor
pressure, and electrolysis. The most recently applied methods are considered
the most economical and don’t have side effects on the environment [1].
Renewable energies are one of the easiest and most cost-effective sources
of drinking water production, and among these most abundant energies is
solar energy, which is a free, renewable, and clean source used in many
thermal applications such as water heating, heating, and cooling, and drying
applications. Solar distillation systems for saline and untreated water are
considered an essential solution to reduce energy consumption [2]. However,
the main disadvantage of solar water still is low productivity. Therefore,
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researchers tried to use different methods and designs to increase the
productivity and thermal efficiency of solar water stills [ 3]. The current work is
an extension of the previous studies as a pioneering attempt to enhance
the evaporation and condensation processes inside the single slope solar
still in Ekaterinburg, Russia, and thus improve its performance by using
ultrasonic humidifiers in the basin water inside a cotton mesh cloth (wick),
and by installing a cooling chamber with thermoelectric coolers.

Experimental part. Figure 1 shows a schematic diagram of the experimen-
tal station. The traditional and modified solar distillers were manufactured of
1.8-cm MDF wooden. Both distillers have the same dimensions (103.6-cm in
length, 53.6-cm in width, big side 61.8 cm, and small side 26.6 cm). The di-
mension of the black galvanizes water basin (100-cm length, 50-cm width,
10-cm depth, and 0.1-cm thickness). The solar distillers under study are cov-
ered with inclined Plexiglass 35 degrees with dimensions of (103.6-cm length,
53.6-cm length width, 50-cm big side, small side 14.8 cm, and thickness of
0.3 cm). Aluminum channels have been used to instill the plexiglass cover on
the solar still body. After the water vapor condenses on the inner surface of
the plexiglass cover and the aluminum plate of the cooling chamber, the dis-
tilled water flows through the collection aluminum channels to the graduat-
ed vessel below the solar still. Silicone glue was used to fix all the parts. For
the modified solar distiller, three ultrasonic humidifiers were immersed in ba-
sin water, inside a polycarbonate shell, and covered with a black cotton mesh,
to improve the rate of basin water evaporation. A cooling chamber was in-
stalled at the top of the solar still made of a 0.1 cm thick aluminum plate, and
four thermoelectric cooling elements (Peltier elements) were installed on it
to improve the condensation process.

Modified solar still ’ ‘Traditional solar still

Figure 1. Schematic diagram of the modified solar still and the traditional solar still
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The discussion of the results. Figure 2 shows the hourly temperature dif-
ferences of the basin liner (7,,), basin water (7},), plexiglass cover (7,), the
mesh cloth (7,,,), and the inner surface of the cooling chamber (7,,,,,) of
the modified and traditional solar stills for a typical sunny day 29.07.2021.
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Figure 2. Hourly change of temperatures of different points of modified and traditional
solar stills for a typical day 29.07.2021

From this figure, noted that the temperature of the Plexiglas cover and the
basin water of the traditional solar still in the early hours was close. Over time,
the difference between the temperatures of the basin water and the plexiglass
cover increases, due to the heat capacity of the water is higher than that of the
plexiglass, and the highest basin water temperature was at 2:00 pm at the high-
est value of solar radiation intensity. For the modified solar still, the tempera-
ture of mesh cloth (wick) that is moistened by a water film (aerosol) of flowing
water from the ultrasonic humidifiers was recorded, which was always higher
than that of the basin water of the traditional solar still, due to the thinness of
the water layer of the wick, which needs little time to raise its temperature com-
pared to the thickness of basin water (5 cm) in the traditional solar still. Also,
from this figure, found that the temperature of the inner surface of the cooling
chamber was lower than that of the plexiglass in the modified and tradition-
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al solar stills, due to the effective effect of the thermoelectric elements to de-
crease the temperature condensed surface of the cooling chamber. From figure
3, it is clear that the cumulative production of distillate water from 08:00 am
to 8:00 pm, for the modified solar distiller, was more than the traditional solar
distiller by about 124 % (4.7 lit/m?.day, and 2.095 lit/m?*.day from modified
and traditional solar stills, respectively), due to the high condensation rate (ef-
fect of ultrasonic humidifiers inside the wick tent), and the high ability of the
cooling chamber to condense more water vapor on its inner walls.
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Figure 3. Cumulative daily distillate water of modified and traditional solar stills
for a typical day 29.07.2021

Conclusion. The productivity of distilled water in the cooling chamber is
enhanced by installing thermoelectric Peltier cooling elements on its walls,
thus increasing the condensation of water vapor in the channel of the cooling
chamber, and by added ultrasonic humidifiers in the basin water inside the
cotton mesh tent. The thermal efficiency of the modified solar still was always
higher than of the traditional solar still during 12 hr, due to the increase in
productivity because of improvement of the evaporation and condensation
processes. The results of the economic analysis showed that the proposed
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modification in the current study showed good agreement in terms of the
cost of producing distilled water with previous studies under the same
environmental conditions of Ekaterinburg, Russia.
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