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In dry climate regions, the conversion of contaminated water into drinking water using solar distillation technolo-
gy is one of the most widely used methods. The traditional solar distiller (CSS) is a tank with salty sea or contaminat-
ed fresh water placed in an airtight transparent chamber, where water is heated and evaporated due to the solar radia-
tion penetrating inside. By evaporating, the water condenses on the inside of the transparent lid that covers the tank.
The purified condensate, draining through the lid enters the prefabricated canal and then enters the catchment pot lo-
cated at the bottom of the distiller. Despite the simplicity of the design, the performance of such distillers is extremely
small.

This study provides experimental results for two types of solar distillers, the traditional solar distillation of CSS
and a modified solar distillation system integrated with a rotating cylinder powered by a microdrive powered by a
photovoltaic panel- MSS.

Preliminary studies have shown that the less thick the water layer, the faster it heats and evaporates. The new de-
sign includes a hollow cylinder rotating in the solar distiller's chamber, which, through capillary forces, captures wa-
ter from the tank in the form of a film less than 1 mm thick.

The thin film of water evaporates in a matter of seconds. Thus, the area and the rate of evaporation increase radi-
cally.

The results of the experimental study showed that even in the Conditions of the Ural Climate Zone, the production
of fresh water in a system with a rotating hollow cylinder on a summer day increased from 0.87 liters/m2 to 2.22
1/m2, i.e. by 155% compared to the traditional solar still distiller- CSS. Despite some complication and cost of MSS
construction, the cost of producing 1 liter of fresh water for CSS and MSS is 0.059 and 0.054 dollars, respectively.

Keywords: drinking water, solar energy, distillation, efficiency, photovoltaics, rotating hollow cylinder, specific cost.
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B pernonax ¢ 3acylUIMBBIM KIIMMATOM IPOLIECC NPe0Opa3oBaHKs 3arps3HEHHOM BOJbI B MUTHEBYIO BOAY C HC-
MOJIb30BAHUEM TEXHOJIOTHU COJHCUHOW TUCTHIUIAIMHU ABJSICTCS OJHUM M3 HauOoJiee IHUPOKO MPUMECHIEMBIX METO-
JIOB.

ConHeuHbI JUCTIIIIATOP TpaauuuonHoro tuma (CSS) npencrasiseT coboi pe3epByap ¢ COIEHOW MOPCKON MITH
3arpsI3HEHHON IIPECHON BOJOW, IOMEUIEHHBIN B TEPMETUUHYIO IIPO3PAavyHyI0 KaMepy, B KOTOPOMl IIPOUCXOIUT Harpes
¥ WCIapeHre BOIBI 32 CUET NMPOHMKAMOIIETO BHYTPHh CONHEYHOTO HW3IydeHUs. Vcmapsisich, Boga KOHACHCHUPYETCS
Ha BHYTPEHHEH TIOBEPXHOCTH MPO3PAYHON KPBIIIKH, KOTOpasi HAKphIBaeT pe3epByap. OUNIEeHHBIN KOHICHCAT, CTEKas
IO KPBIIIKE, TIOCTYIaeT B COOPHBIN KaHAJ M Jaliee MOCTyIaeT B BOJOCOOPHEIH 0aK, pacIoIOKeHHBIN B HIDKHEH 4acTH
qucTrUATopa. HecMOTpss Ha mpoCcTOTY KOHCTPYKIIMK MPOU3BOIUTEILHOCTD MOJAOOHBIX JUCTHIUIATOPOB KpaiiHE Ma-
na.

B Hacrosmem nccieqoBaHNN TIPUBENEHB! SKCIIEPUMEHTANIBHBIE PE3yIbTAaThl UL ABYX THUIIOB COJMHEYHBIX IH-
CTHSITOPOB, TPAJAUIIMOHHON CONHEUHON AucTisinud CSS 1 MOTU(PHUIIMPOBAHHOI CUCTEMBI COTHEYHOM TUCTUILIS-
MU WHTETPUPOBAHHOW C BPAIIAOIINMCS IFUTMHIPOM, MIPUBOAUMBIM B JEHCTBHE MUKPOJIBUTATEIIEM, TUTAEMBIM OT
(dorosnexTpuueckoit manen- MSS. [IpeaBapuTenbHbIE UCCIEAOBAHMS ITOKA3aIH, YTO YeM MEHBIIE TOJIIUHA CIIOS
BOJIBI, TeM OBICTpEe OHA HarpeBaeTcs u ucrapsercs. HoBas KOHCTPYKITHS BKJIIOUAET B ceOsl BpAIIAOIIUIiCS B Kamepe
COJTHEYHOTO TUCTHILIATOPA MOJBIN MIJIHHIP, KOTOPHIH 3a CYeT NeHCTBUS KaNWUIAPHBIX CHJI 3aXBaThIBaCT BOIY W3
pe3epByapa B BHJE IUICHKH TONMHMHOW MeHee | Mm. ToHKas TIeHKa BOJBI UCIAPSICTCS 3a CAMTAHHBIC CeKYHABL Ta-
KUM 06pa30M, paduKaJIbHO YBCIIMYMUBACTCA IJIOMIAAb U CKOPOCTH UCIIApCHU.

Pe3ym>TaT1>1 OKCIICPUMECHTAJIbHOTO UCCIICJOBAHUA MTOKAa3aJik, YTO JaXKE B YCJIIOBUAX ypam)cxoixi KJ'II/IMﬂTPI'-ICCKOﬁ
30HBI IPOM3BO/ICTBO TPECHOI BOJBI B CHCTEME C BPALIAOIINMCS TIOJBIM IFITMHIPOM B JISTHUH JI€Hb, YBEIUYIUIOCH C
0,87 /M 1o 2,22 JI/MZ, T.€. Ha 155% 10 CpPaBHEHHIO C TPAIUIIMOHHBIM COJTHEUHBIM HEIOABIKHBIM TUCTHIIISTOPOM-
CSS. HecMoTpsi Ha HEKOTOpPOE YCIIOKHEHHE U yAOpOkaHHe KOHCTpyKIuu MSS cromMocts mpounsBoacTBa | nutpa
npecHoit Boabl st CSS u MSS cocrasister 0,059 u 0,054 mommapa COOTBETCTBEHHO.

KntoyeBble croBa: NUTLEBasi BOAA, COMNHEYHasl dHeprus, AUCTUNNAUMS, 3(MEMEKTUBHOCTb,
nosblv UMNMHAP, YAenbHas CTOMMOCTb.
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Introduction

Water scarcity is one of the world's main problems
worsening over time, due to fluctuations in weather con-
ditions all over the world. In civilized areas freshwater is
available, but there is real suffering to get freshwater in
rural and remote areas, Pollution rates of drinking water
increased due to industrial development [1,2]. According
to what has been reported, it is found that providing
drinking water in certain areas can achieve net economic
benefit and reductions in insurance and health care costs
that increase the cost of installing the freshwater plant.
This is genuine and an effective part of the major strate-
gy, infrastructure investments in water treatment to sup-
ply fresh water supply to the homes and save the life of
the poor populace in the rural, urban zone or militarism
segments on limits of the country (the boundary of the
country) [3]. Over a million populaces lack found by the
World Health Association that admission to the cleanest
drinking water. Furthermore, most of these populaces are
living in rustic regions where it is difficult to construct a
freshwater solutions system [4]. To provide fresh water,
needs an energy source in order to convert saltwater or
untreated water into fresh water. Most large plants
around the world use fossil fuels (such as coal, oil, and
natural gas) [5], but it is not sustainable, not available in
all parts of the globe and, moreover, has side effects on
the environment in comparison with renewable energy
sources such as solar energy. There are many methods
have been used to produce freshwater by using renewa-

more than 450 scientific
works, including 5 monographs, 80 inventions.

MOJUTEXHUYECKOTO YHHBEPCHTETA, MEXIYHapOJ-
HOTO HayudHOro >xypHana «l'emnorexHuka». 3a-
CITyKEeHHbIN 3Hepretuk Poccum, nelcTBUTENbHBIN
wieH MexIyHapoaHON SHEepreTMYecKo akaje-
mun. Manexe Xupma PUHIT -13.

MMy6ankanuu: Gonee 450 HaydHBIX TPYHOB, B
TOM uncIie 5 MmoHorpaduii, 80 H300peTeHHIA.

ble energy sources, such as solar water distillation tech-
nology [6-8].

The current study aims to produce potable water ex-
perimentally with less energy consumption by integrat-
ing single slope solar still with rotating hollow cylinder
(MSS) in order to increases evaporation surface area
within solar still

list of symbols

Units
W/ m* Watt Per Square Metre
m* Square Metre
mil/m* Milliliter per Square Meter
Nomenclatures
CSS Conventional solar still
MSS Modified solar still
SD Secure Digital Card
DC Direct current
C The total cost of the fabrication solar still
F Fixed costs
A% variable costs
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1. The modified model description

Several methods have been used to enhance produc-
tivity of a conventional solar stills [9], but most of these
methods need expensive components and additional
space. Therefore, the current study aims to produce po-
table water experimentally with less energy consumption
especially in rural areas by integrating single slope solar
still with rotating hollow cylinder. The productivity of
conventional solar still has been investigated after modi-
fication using rotating hollow cylinder at a perfect rota-
tional speed in order to increase the evaporation surface
area within conventional solar still, a lightweight open-
end rotating cylinder (corrosion-resistant galvanized
iron) used. The cylinder fixed on iron shaft, which sup-
ported at its ends by two bearings. A small 12 Volt, DC
motor which is used to move the car window. This motor
can be supplied with electricity from any renewable en-
ergy source such as solar panels 30 Watts to supply DC
motor during the daytime and connected to a storage
battery to operate during sunset. The basic principle of
this new method is to expose a large amount of water to
sunlight than that usually exposed in conventional stills.

2. Fabrication of solar still

A schematic diagram show in figures 1 and 2 for
the two models of solar stills, the first model is a
conventional solar still (CSS) and the second model is a
modified solar still with a rotating hollow cylinder
(MSS). The dimensions of both stills are 100 * 50 * 61.8
*26.6 cm (length, width, big side height and small side

height respectively), which consisting of MDF wooden
frame of dimensions 100 * 50 * 10 * 1.8 cm (length,
width, height and thickness respectively). Plexiglass
cover of 0.3cm thickness has been used with single
slope of 35 degrees of dimensions 100 * 50 * 50 * 14.8
cm (length, width, big side height and small side height
respectively) . The Plexiglas cover fixed on the wooden
frame by an aluminum channel to collect the condensate
water droplets on the cover, and then pass to the plastic
water tank at the bottom of solar still. A water basin
made of galvanized iron plate with thickness of 0.08 cm
and dimensions of 94 * 46 * 10 cm (length, width,
height respectively) placed on the base solar still with
dimensions 100 * 50 * 0.18 cm (length, width and
thickness respectively). The basin has been coated with
black colour to absorb maximum amount of solar
radiation energy, the inner surface of still covered by
Aluminum foil with a thickness of 0.03 cm. A silicone
glue has been used to instill all parts and prevent air
leakage. Galvanized iron sheet 100 * 100 * 0.06 cm
(length, width, and thickness respectively) has been used
to fabricate the hollow cylinder and coated with black
colour to absorb a maximum amount of solar energy and
installed on a low carbon steel shaft of 0.8 cm diameter
and 95 cm length using 0.8 cm ball bearings on the two
ends of the shaft. The hollow drum was rotated using a
small DC motor of 12 V and 0.1 Ampere used to move
car’s windows. The motor has been supplied by
electricity from a small 30 Watts solar panel during the
daytime, which connected to a storage battery to operate
during sunset times.

Fig. 1. A schematic diagram of conventional solar still CSS
Puc. 1. MpuHuMnnansHas cxema o6bl4HOro conHevHoro anctunnsatopa CSS
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Fig. 2. A schematic diagram of modified solar still MSS
Puc. 2. MpuHumnuansHas cxema MOAUMULMPOBAHHOTO COMHEYHoro auctunnsatopa MSS

Different devices have been used to measure the dif-
ferent parameters as shown in table /. SD data logger 4
channel has been used with K-type 0.3 mm thermocou-
ples, which calibrated between 0 and 100 °C, to measure
the temperatures at different places of system such as
Plexiglass cover, vapoure within solar still, basin water
and basin liner. Anemometer device has been used to

measure the ambient wind speed and solar power meter
device used to measure solar radiation intensity in
W /m?* Humidity and temperature meter device have
been used to measure the temperature and relative hu-
midity for the ambient air.

Table. 1.

The various experimental measuring devices with their accuracy.

Tabnuma. 1.

PaznuanbIe 3KCIepUMEHTAIbHBIC H3MEPUTETbHBIC IPHOOPHI C UX TOYHOCTHIO.

TE-TEM-LS-PRB).

Measuring Device Accuracy
SD data logger 4 channel (model 88598) + 0.3% rdg + 1°C
Digital laser infrared thermometer temperature (model TEGMART +1.5%

Humidity and temperature meter (model GM1362)

Humidity 3% Temperature 0.5%

Solar power meter device (model TENMARS TM-207)

+10 W/ /m*

Anemometer device (model ut363)

158 rdg + 0.5°C

3. Procedures of test

The tests were carried out during June 2019 at the
Ural Federal University of Yekaterinburg/Russia. The
measurements conducted in two stages, in the first stage,
primer testing on the experimental station was conducted
to evaluate the performance and possibility of the
amendment in the designs to reach the best case. Tests
were conducted in different days and an uneven envi-
ronmental condition with 10 tests and chosen 15.06.2019
as perfect day. Second stage included studying the hour-
ly freshwater productivity for the two solar stills, tests
begin at 08:00 am and continue to 20:00 pm (12 hours).

4. Results and discussion

weather data, which has been recorded, which in-
cluded solar radiation intensity, relative humidity and
ambient temperature. Figure 3 shows the experimental
results for a perfect day on 15 Jun 2019. The effect of
solar radiation started after 6:00 am and the maximum
intensity of the solar radiation is approximately at 02:00
pm, in which the intensity of radiation 940 W / m?.
Early in the morning times, intensity of solar radiation
and ambient temperature are relatively low, at the noon-
time, between 12:00 pm to 14:00 pm, the rate of solar
radiation increases then falls again in the afternoon, the
maximum ambient temperature occurs at around 12:00-
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13:00 pm. The relationship was direct between solar
radiation and ambient air temperature during a perfect
day and inversely with relative humidity, increased solar
radiation and ambient temperature led to decrease the
relative humidity. The highest relative humidity values

—m— Solar radiation, W/m?
—A— Relative humidity, %

—e— Ambient temperature, °C
1000
800
600
400

200 ‘\A\

0 .

T T T T T T T

e

were recorded at the early hours and at sunset and lowest
at sunrise, while the highest ambient air temperatures
were recorded in the middle of the day at highest solar
radiation and the lowest values were at sunset.

F70 23

L65 |22
160 |21
55 |20
150 |19
L45 |18
L40 F17

F35 16

S & & O D P & O & & & & &
S QSO OO 9O Q0 O 9O 9000
Ti e, hr

Fig. 3. Relation between the time per each hour and solar radiation intensity,
relative humidity and ambient temperature
Puc. 3. CooTHOLIEHNE MeXay BPEMEeHEM B Yace U MHTEHCUBHOCTbLIO COSTHEYHOTO U3MyYeHus,
OTHOCUTENbBbHON BNaXXHOCTbIO N TeMnepaTypon OKpyxatoLLen cpeapl.

The condensation process within the solar still de-
pends on the temperature difference between the basin
water and solar still cover at a lower temperature (free
convection) which is caused by buoyancy forces due to
the differences in vapour density. When the basin water
heated, the density changes in the boundary layer and led
to the evaporation of some water molecules in the
boundary layer of basin water. The generated vapour
rises and replaces with a cooler vapour which will also
heat up and rise. These phenomena continue to be called
natural or free convection. The vapour reaches the cooler
surface will lose part of its energy and condense. The
condensation rate increases with the increasing tempera-
ture difference between the two surfaces. Therefore, in
the current study, two factors have been investigated,
first the basin water temperature, and the second is the
inner Plexiglass cover temperature. In Figure 4, it was
observed that the temperature difference between the
basin water and a plexiglass cover is relatively few at the
morning hours, because the thermal capacity of the water
is greater than the plexiglass so, the plexiglass is heated
firstly, and over time the temperature difference in-
creases to reach the highest value 7.4 °C at 16:00 pm,
then it starts to decrease until the end of the day.

In Figures 4 -5, it is observed that the temperature
difference between the basin water and Plexiglass cover
in the MSS model is less than that of the CSS model, to
reach 7 °C at 16:00 pm in MSS model , due to that the
basin water temperature within the MSS is lower than
that of the TSS about 0 - 1.2 °C, because the solar radia-
tion doesn't reach the water surface under the hollow
cylinder, also because that the Plexiglass temperature in

MSS model higher than that of the TSS about 0 - 0.3 °C,
due to increase the evaporation rate of MSS.

But there is a new temperature difference that has
been added to the distillation system, it between the out-
er cylinder surface and the Plexiglass cover, which was
greater than the previous two temperature difference. In
Figures 5, observed that the temperature difference be-
tween the outer cylinder surface and Plexiglass cover in
the MSS reached the highest value 7.7 °C at 16:00 pm,
due to that the hollow cylinder surface direct heated by
solar radiation during daytime.

From figure 6 it can be illustrated that the MSS
productivity is more than that of the CSS, there is two
reasons for productivity enhancement, first one the thin
water layer which formed over the cylinder surface that
leads to high rate of evaporation compared with CSS,
the rate of heat transfer between the cylinder surface and
the thin film water layer adjacent to the cylinder surface
higher, compared to the basin water and the basin liner
of the conventional solar still, and thus the distillate is
increased. The second reason is the increase in the sur-
face area of evaporation section in MSS, which constant-
ly renewed in comparison with the CSS[10], the surface
area in MSS was 2.338 m? | which equals to about five
times the surface area in CSS 0.5 m® [11]. It can be seen
also from figures 6, that the productivity of the MSS
started early in comparison with CSS, to exceed the
productivity of CSS several times until 10:30 am and
reduced afternoon to reach 155 % at 20:00 pm, 870 and
2220 ml/m? from MSS and CSS, respectively.
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5. Cost estimation

The production cost of one litre of potable water for a
perfect day 15.06.2019 at the highest productivity im-
provement estimated as follows:

The total cost of the fabrication solar still C is equal
to the fixed costs F plus the variable costs V [12]:
C=F+V )
Where: ¥V =nx 0,05 x F )
Suppose the variable cost V is 0.05 F per year as a cost
of periodic maintenance, n: Life expectancy for both
solar stills are 10 years,

Then the total cost for CSS and ESS from table 2
C=62+10x003x62=93%
C=143+10x0.03x 145 =217.5%

The daily productivity from CSS per unit area 0.5 m’
was 0.87 L/m%, and for MSS 2.220 L/m?, if assuming
both solar stills operating 180 days in the year, therefore
the total annual productivity during the work period 10
years for CSS is 1566 L/m’, and for SSSSRHC is 3996
L/m% So, the cost of production of one litre of potable
water from CSS is 23/1566 = 0.059 $ and from MSS is
217.5/3996 = 0.054 §.

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2020

£ ISUREE St

Ne 25-27 MexayHapoAHbIN HayYHbIN XypHan
«AnbTepHAaTMBHaA 3HEPreTUKa 1 IKONorus»

2020 © HayuHo-TexHu4eckuit LieHTp «TATA», 2000-2020

i
N

N 17
sPa
LN

MexdyHapoOdHbil usdamenbckuli dom HayyHol nepuoduku “Cnelic”



17,
2

SPACE

-
//‘\\

International Publishing House for scientific periodicals “Space”

Hacvp T. AneaH, C. E. LLeknenH

Table 2.
Fabrication cost for MSS and CSS
Tabmuua 2.
Croumocts usrorosnenus st MSS u CSS
Unit Quality Cost of CSS, $ Cost of MSS, $
MDF wooden board, 1.8 cm 2m’ 14 14
Plexiglas cover 0.3 cm thickness 12m’ 15 15
Galvanized iron sheet basin, 0.08 cm 1.5m’ 11 11
Galvanized iron sheet drum, 0.06 cm 1 m? - 6
Drum accessories - - 5
DC- motor 12 V + regulator 1 piece - 7
Photovoltaic system 1 piece - 65
Spray paint heat-resistant 2 pieces 3 3
A mechanical float 1 piece 1 1
Heat-resistant silicone glue 2 pieces 3 3
Saltwater feeding system - 15 15
Total cost - 62 145

Conclusion

1. Increasing the ambient temperature or/ and solar ra-
diation intensity with low relative humidity leads to an in-
crease in the productivity of solar still, which means a direct
relation between the solar radiation intensity or/ and the
ambient temperature, with the amount of freshwater pro-
duction,

2. Using the new hollow rotary cylinder solar still de-
sign, the productivity can be enhanced to reach about 155%
depending on the environmental conditions and the im-
provements type.

Generally the cost of producing one liter of freshwater
from a conventional solar still was 0.059 $, while an en-
hanced solar still was 0.054 $ [12]. In general, the cost of
producing drinking water per cubic meter using renewables
is higher than the cost of fossil fuels. But fossil fuels have
side effects on the environment and are not available
worldwide. Thus, the economic feasibility of renewable
energy-based distillation systems becomes more justified.

Acknowledgements

The article was prepared with the financial support of
the Government of the Russian Federation (Contract
Ne02.403.21.0006).

Reference

1. M.T. Chaibi, An overview of solar desalination
for domestic and agriculture water needs in remote arid
areas, Desalination. 127 (2000) 119-133.
https://doi.org/10.1016/S0011-9164(99)00197-6.

2. S. Senevirathna, S. Ramzan, J. Morgan, A sustain-
able and fully automated process to treat stored rainwater
to meet drinking water quality guidelines, Process Saf.

Environ. Prot. 130 (2019) 190-196.
https://doi.org/10.1016/j.psep.2019.08.005.

3. Y. Sayato, WHO Guidelines for Drinking-Water
Quality, Eisei Kagaku. 35 (1989) 307-312.
https://doi.org/10.1248/jhs1956.35.307.

4. World Health Organization (WHO), "Guidelines
for Drinking-water Quality",

Third Edition Incorporating the First and Second Ad-
denda, Vol. 1, Geneva, 2008.

5. E. Dupont, R. Koppelaar, and H. Jeanmart, “Glob-
al available solar energy under physical

and energy return on investment constraints,” Ap-
plied Energy, vol. 257, no. May 2019, p.113968, 2020.

6. A. Agrawal, R. S. Rana, P. K. Shrivastava, and R.
P. Singh, “a Short Review on Solar

Water Distillation for,” no. 1, pp. 27-36, 2016.

7. L. Swatuk, M. McMorris, C. Leung, Y. Zu, Seeing
“invisible water”: Challenging conceptions of water for
agriculture, food and human security, Can. J. Dev. Stud.
36 (2015) 24-37.
https://doi.org/10.1080/02255189.2015.1011609.

8. H.E.S. Fath, Solar distillation: a promising alterna-
tive for water provision with free energy, simple tech-
nology and a clean environment, Desalination. 116
(1998) 45-56. https://doi.org/10.1016/S0011-
9164(98)00056-3.

9. A. Kaushal, Solar stills : A review, 14 (2010) 446—
453. https://doi.org/10.1016/j.rser.2009.05.011.

10. P. Patel, A.S. Solanki, U.R. Soni, A.R. Patel, A
Review to Increase the Performance of Solar Still: Make
It Multi Layer Absorber, Int. J. Recent Innov. Trends
Comput. Commun. 2 (2014) 173-177.

11. S.W. Sharshir, Y.M. Ellakany, A.M. Algazzar,
A.H. Elsheikh, M.R. Elkadeem, E.M.A. Edreis, A.S.
Waly, R. Sathyamurthy, H. Panchal, M.S. Elashry, A
mini review of techniques used to improve the tubular
solar still performance for solar water desalination, Pro-

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2020

Ne 25-27 MexayHapoAHbI Hay4HbIN XypHan

—@ DSQ@EE (347-349) «AnbTepHaTMBHas 3HepreTMKa U 3KONOrus»

2020 © HayuHo-TexHu4ecku ueHTp « TATA», 2000-2020

19

\'17,
5

£
~

SPACE
N

-

MexdyHapoOHbIli usdamenbckul dom HayyHol nepuoduku “Crelic”



Qs

o

SPACE

//‘\\

International Publishing House for scientific periodicals “Space”

Bo3o6HoBnsiemas aHepretuka. CoriHeYHas aHepaemuka

cess Saf. Environ. Prot. 124 (2019) 204-212.
https://doi.org/10.1016/j.psep.2019.02.020.

12. C. M. and A. Yadav, “Water desalination system
using solar heat: A review,” Renewable

and Sustainable Energy Reviews, vol. 67, pp. 1308—
1330, 2017.

13. S. W. Sharshir, N. Yang, G. Peng, and A. E. Ka-
beel, “Factors affecting solar stills

productivity and improvement techniques: A detailed
review,” Applied Thermal

Engineering, vol. 100, pp. 267-284, 2016.

14. A. F. Muftah, M. A. Alghoul, A. Fudholi, M. M.
Abdul-Majeed, and K. Sopian, “Factors affecting basin
type solar still productivity: A detailed review,” Renew-
able and Sustainable Energy Reviews, vol. 32, pp. 430—
447, 2014.

15. K. Srithar, T. Rajaseenivasan, N. Karthik, M.
Periyannan, and M. Gowtham, “Stand alone

triple basin solar desalination system with cover
cooling and parabolic dish concentrator,”

Renewable Energy, vol. 90, pp. 157-165, 2016.

16. N.T. Alwan, S.E. Shcheklein, O.M. Ali, A practi-
cal study of a rectangular basin solar distillation with

single slope using paraffin wax (PCM) cells, Int. J. En-
ergy Convers. 7 (2019) 162-170.
https://doi.org/10.15866/irecon.v7i4.17862.

17. Alwan N T, Shcheklein S E and Ali O M 2020
Productivity of enhanced solar still under various envi-
ronmental conditions in Yekaterinburg city / Russia. IOP
Conference Series: Materials Science and Engineering
vol 791.

18. A.S. Abdullah, F.A. Essa, Z.M. Omara, Y. Ra-
shid, L. Hadj-Taieb, G.B. Abdelaziz, A.E. Kabeel, Rotat-
ing-drum solar still with enhanced evaporation and con-
densation techniques: Comprehensive study, Energy
Convers. Manag. 199 (2019).
https://doi.org/10.1016/j.enconman.2019.112024.

19. L. Malaeb, K. Aboughali, G.M. Ayoub, Modeling
of a modified solar still system with enhanced productiv-
ity, Sol.  Energy. 125  (2016)  360-372.
https://doi.org/10.1016/j.solener.2015.12.025.

20. A.E. Kabeel, Performance of solar still with a
concave wick evaporation surface, Energy. 34 (2009)
1504-1509.
https://doi.org/10.1016/j.energy.2009.06.050.

Tpaucnumepayus no BSI

Kurait HapamuBaeTr 3aKyNnKHU yrJeBOJIOPOAOB

Kuraii B npoumsioM roay yBeJu4dua
3aKyNKH C/KHKEHHOT0 IPUPOIHOTO
rasa 3a pyoes;xom Ha 12%, HepTu 1 raza

-Ha 7% n 5% COOTBETCTBEHHO.

[To moacueram mznarus Upstream, skcropTt CIII' Kuraem B 2020 roxy coctasun 67,6 Mt ToHH. [Ipu 3TOM B 1te-
kabpe noctasku CIII" u3-3a pybexa cHU3MINCH B 4 pa3za, 10 1,61 MitH T 1o cpaBHEHHIO ¢ 6,6 MIIH T B HOsIOpeE.

Kaxk coo0mmino rocyaapCcTBeHHOE CTaTUCTHYECKOE yIpaBlieHue KuTas, B MPOIUIOM Tolly CTpaHa MMIIOPTHPOBaIa
540 muH ToHH Hedti 1 102 MuH ToHH ra3a. Ecnu B nexabpe ummopt HedTi cHU3MICS Ha 15% 1o cpaBHEHHIO K Jie-
KaOpro MPEeabIAYIIero rojia, To ra3a, Hao0opoT, MoaAcKoUnI Ha 18%.

Kurail Takke HE3HAYUTEIBHO YBEIMUYHI COOCTBCHHYIO M0OBIuy HehT — Ha 1,6%, mo 195 MuH ToHH, a 00BeM
nepepaboTku HedTh Ha 3aBojax crpaHbl — Ha 3%, o 670 miuH ToHH J[oObI4a rasa Beipocia 3a rog Ha 10%, mo 188

MIIpJT KyOOMETpPOB, TOJIBKO B iekabpe moackouuBs Ha 14%.

Ha (1)01—[6 naJacHus ICH Ha He(l)TI) Kurait Hauan CKyIaTb MOACHICBCBIINEC SHEPTrOHOCUTEIIN: He(l)TI), ra3, yrojib u

CIIT'.
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