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Аннотация. В данной работе было проведено экспериментальное иссле-
дование, чтобы показать эффект улучшения процессов испарения и конден-
сации внутри модифицированного одиночного солнечного дистиллятора 
с помощью комбинированных ультразвуковых увлажнителей в воде бас-
сейна, внутри палатки из хлопковой сетки, в дополнение к установленному 
в верхней части солнечному дистиллятору — холодильная камера с термоэ-
лектрическими элементами. Результаты показали, что производительность 
модифицированного солнечного дистиллятора увеличилась на 124 % по срав-
нению с традиционным солнечным дистиллятором
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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.

Keywords: evaporation and condensation process, ultrasound cotton tent
For citation: Naseer T. Alwan, Ayad S. Ahmed, Shcheklein S. E. (2023). Eksper-

imental’noye issledovaniye uluchsheniya protsessa ispareniya i kondensatsii vnutri 
solnechnogo distillyatora [Experimental Investigation of Enhancement of Evapo-
ration and Condensation Process Inside Solar Still]. Ehnergo- i resursosberezhenie. 
Ehnergoobespechenie. Netradicionnye i vozobnovlyaemye istochniki ehnergii. Atom‑
naya ehnergetika. Danilovskie chteniya — 2021 [Energy and Resource Saving. Pow-
er Supply. Non-traditional and Renewable Energy Sources. Nuclear Energy. Dani-
lov Readings — 2021]. Ekaterinburg : Ural University Publishing House, 2023.  
P. 410–416. (In Russ).

I 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 Еkaterinburg, 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.

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 (Tbp), basin water (Tbw), plexiglass cover (Tg), the 
mesh cloth (Tcloth), and the inner surface of the cooling chamber (Tcooler) of 
the modified and traditional solar stills for a typical sunny day 29.07.2021. 

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 2.day, and 2.095 lit/m 2.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.

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 Еkaterinburg, Russia.

Список источников/References

1. Solar distillation practice for water desalination systems / O. Mahi-
an, A. Kianifar, C. Jumpholkul [et al.] // J. Therm. Eng. 2015. Vol. 1 (4). 
P. 287–288. DOI:10.18186/jte.93924.

2. Naseer T. A., Shcheklein S. E., Ali O. M. Effect of Hollow Drum 
Rotational Speed  Variation on the Productivity of Modified Solar Still 
According to Ekaterinburg City, Russia // Appl. Sol. Energy (English 
Transl. Geliotekhnika). 2020. Vol. 56, Iss. 4. P. 276–283. https://doi.
org/10.3103/S0003701X20040040.

3. An innovative air saturator for humidification-dehumidification de-
salination application / R. Tariq, N. Ahmed, J. Xamán, A. Bassam // Ap-
plied Energy. 2018. Vol. 228. P. 789–807. https://doi.org/10.1016/j.apen-
ergy.2018.06.135.

Информация об авторах

Насир T. Алван — аспирант Уральского энергетического института 
Уральского федерального университета (Екатеринбург, Россия), nas-
sir.towfeek79@gmail.com

Аяд С. Ахмед — магистрант Уральского энергетического инсти-
тута Уральского федерального университета (Екатеринбург, Россия), 
ayadshmsallh@gmail.com

Сергей Евгеньевич Щеклеин — профессор, доктор технических 
наук, заведующий кафедрой атомных станций и возобновляемых ис-
точников энергии Уральского энергетического института Уральско-
го федерального университета (Екатеринбург, Россия), s. e.shchek-
lein@urfu.ru

Information about the authors

Naseer T. Alwan — PhD student at the Ural Power Engineering Insti-
tute, Ural Federal University (Еkaterinburg, Russia), nassir.towfeek79@
gmail.com

mailto:nassir.towfeek79@gmail.com
mailto:nassir.towfeek79@gmail.com
mailto:ayadshmsallh@gmail.com
mailto:s.e.shcheklein@urfu.ru
mailto:s.e.shcheklein@urfu.ru
mailto:nassir.towfeek79@gmail.com
mailto:nassir.towfeek79@gmail.com


416

Энерго- и ресурсосбережение. Энергообеспечение. Нетрадиционные и возобновляемые источники энергии. Атомная энергетика

Ayad S. Ahmed — Undergraduate Student at the Ural Power Engineer-
ing Institute of the Ural Federal University (Ekaterinburg, Russia), ayadshm-
sallh@gmail.com

Sergei E. Shcheklein — Professor, Holder of an Advanced Doctorate 
(Doctor of Science) in Technical Sciences, Department Head of Nuclear 
Power Plants and Renewable Energy Sources of the Ural Power Engineer-
ing Institute, Ural Federal University (Еkaterinburg, Russia), s. e.shchek-
lein@urfu.ru

mailto:ayadshmsallh@gmail.com
mailto:ayadshmsallh@gmail.com

