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Solar-powered water desalination

Abstract: This article deals with the problems of desalination of sea water. Modern methods of
desalination were analyzed, and there were given advantages and disadvantages. A new desalination
scheme was proposed - a heliodistillation unit. The principle of operation is described with instal-
lation. The distillate capacity of the unit is calculated as a function of solar radiation based on the
heat balance equation and the Stefan-Boltzmann law.

Keywords:: desalination, solar radiation, distillate, renewable energy sources, the Stefan-
Boltzmann law.
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Introduction. The problem of the lack of fresh drinking water from the 20th century is considered
as a global problem of our time. Of the total water volume on the planet, only 2.5% accounts for
fresh water, 74% of which is frozen in glaciers, 25.7% is underground or in soil and only 0.3% is
available on the surface as fresh water. Every year, Earth’s fresh water stocks are depleted, and as
a result, 40% of the world’s population has already faced the problem of water scarcity.

According to the UN, over the past 50 years, the provision of water resources in Central Asian
countries has decreased by almost 3.5 times and estimated to reach a critical figure of 1.7 cubic
meters per person a year by 2025. According to forecasts, water shortage in Kazakhstan will reach
14 billion cubic meters a year by 2030.

Lack of drinking water is associated with the effects of climate change, with human activities
leading to a reduction in water resources due to pollution of freshwater ecosystems, as well as the
effects of urbanization and land use changes.

So, the situation with fresh water sources has deteriorated significantly and continues to deteri-
orate every year. This is one of the reasons for the increased attention to the problem of brackish
and saline waters desalination. Water purification or desalination will be economically justified if
the methods, that allow water purification at a lower cost than its transportation from the nearest
regions, are used.

Therefore, many countries are searching for various opportunities and ways to attain fresh water.
In some cases, water must be cleaned from impurities, in others - desalinated. Both cases require
energy consumption, which in turn depends on the site location and access to water source, salinity
level and water quality, desalination process specifics, etc.

The solution to the problem of water desalination was outlined in shipping, and the first desali-
nation installations were used to supply ships with fresh water. At the beginning of the twentieth
century, with the development of tourism, desalination installations were set on the dry islands of
the Mediterranean, Caribbean and other seas for fresh water supply of hotel complexes, hotels and
military bases. After the Second World War, due to the intensive use of natural resources in the
countries of the arid zone, extensive construction of desalination plants on land in coastal areas
was started [4]. Currently, in many countries of the world, a big number of desalination plants
already exists or is being built for municipal and industrial water provision. The largest number of
desalination plants was built in the arid zone countries, namely in 22 Arab countries located on the
area of 14 million km2, with a population of 200 million people, with 2/3 of the world desolaters
power. Desalination plants play a crucial role in water supply of these countries. For instance, today
desalination plants cover the needs of municipal and industrial water provision in Saudi Arabia by
73.1%, in Kuwait - by 87.2%.

The following desalination methods exist nowadays:

e ion exchange;
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e clectro dialysis;

® reverse 0SMmosis;

e freezing (gas hydrates);

e hydrodynamic separation;

e heat treatment.

All these methods of desalination have a number of advantages and disadvantages. The main
disadvantage of all methods is energy consumption, except for the ion exchange method; it requires
a large number of chemical reagents.

One of the possible solutions to the problem of energy supply for the desalination processes is the
use of renewable energy sources (RES) and solar energy as the most acceptable form.

The main body. This article is aimed at dealing with this problem by creating a solar-powered
desalination plant for water purification. The history of solar desalination begins in the early 1950s,
when the possibility of using simple solar distillers for remote settlements in the desert and on the
coast was studied. The low price of water pumps and pipes, as well as energy sources price reduction
in the 20th century, made these projects uncompetitive. Research interest in this field raised again
at the beginning of the 21st century. This is explained by the growth of energy price, depletion of
artesian water and increased pollution of the used water sources.

The scheme of the proposed construction of a heliodistillation unit is shown in Pictures 1, 2, 3.

The installation contains a parabolic concentrator 1, in the focus of which the heat pipe 2 is
located, on the props 3 and the evaporative-condensation chamber 4 separately (Fig.1). The chamber
consists of an evaporating part 5 and a condensation part 6. The evaporation part 5 is equipped with
a sprinkler tube 11, a level gauge 13, a check valve 18 and a valve for purging 8. The condensation
part consists of coils 6, where desalinated water is fed through a check valve 10 by a valve 9 the
distillate removal. The evaporation-condensation chamber is closed on top by a hollow cover 7, that
is divided by partitions 22 inside (Fig.3). The cover 7 is connected to the coils 6 and the tube 15,
that contains the valve 1. The pump 16 supplies fluid through the pipe 17 to the heating pipes,
then through the pipe 12 to the sprinkler tube 11. The heating pipe 2 consists of two glass tubes
arranged one inside the other, with the evacuated space 21 between them. And the inner tube 20,
through which water flows, is covered with a selective surface 19 (Fig.2).

Ficure 1

The installation works as follows.

Desalination fluid (water) through the check valve 10 enters the coils 6. Next, passes the hollow
cover 7, by the pipe 15 passes through valve 14 and heads to the pump 16. Desalination liquid
is pumped with the pump 16 through the pipeline 17 to the heat pipe 2, which is located on the
parabolic concentrator 3. Parabolic concentrator 1, reflecting the sun rays, concentrates them at
the focus, where the heat pipe 2 is located. Selective surface 19 in the inner glass pipe of the heat
pipe 2 provides maximum radiation absorption. And the evacuated space 21 between the glass pipes
of the heat pipe 2 eliminates the heat loss due to convection. In the tube 2, the desalinated water
is heated to the saturation temperature (sometimes higher) at a pressure above atmospheric. The
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FIGURE 2 FiGure 3

desalinated liquid heated to saturation temperature or higher through the pipeline 12 enters the
sprinkling tube 11 of the evaporator part 5 of the chamber 4. Water evaporates in the evaporation
part 5 of the chamber. Part of the evaporated steam, rising up, is condensed in the hollow lid 7
and the rest is condensed in the coils 6. Thus, the desalinated water is heated with the latent heat
of vaporization, which is fed to the feed system. The hollow lid 7 is constructed inclined to collect
condensate (distillate) into the condensation part of the chamber 4. Distillate from the condensation
part of the chamber 4 is discharged through the valve 9. The evaporation-condensation chamber 4
is insulated from the outside to prevent loss of heat to the environment. Not evaporated part of the
water in the chamber 4 through the check valve 18 using the pump 16 is pumped back into the heat
pipe 2. The feed circuit (compensation of evaporated water) is carried out using the valve 14, which
regulates water flow depending on the level gauge 13 indications. The level gauge 13 shows the level
water in the evaporation chamber 4.

The salinity of residual water increases with the desalination process, it affects negatively on the
evaporation. For this reason, the evaporation part of the chamber 4 is periodically purged with the
valve 8.

The distiller calculation. The energy absorbed by the receiver tube (heat pipe) is equal to

Pype=pc-a-l-D-G (1)

where p. - hub reflection coefficient; « - receiver absorption coefficient; [ - D - area of the
concentrator facing the radiation flux; G - average irradiance of the mirror.
The second equation, the energy that radiates from the receiver

Pag=c-(o-TH -21-71-1 (2)

where T, , € and r are respectively, temperature, emissivity and the radius of the absorbing
tube.

Equating these two equations (1, 2), taking into account the transmittance 7 of the glass of the
heat pipe, the temperature at the receiver is obtained

pc'a'T.D.G]O'QE)

T, = 3
r=1 g-o-2mw-r 3)
Accepting: p. = 0.8; - 1; 7 =095 0 =5.67-10°% W/(m?2 K*) and calculating the

€
temperature of the receiver (3) for different values of irradiance, depending on the diameter and

radius, we obtain
The conclusion. As can be seen from the table it is possible to obtain a temperature above 100
° C in the receiver, which is quite enough to evaporate the desalinated water.
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TABLE 1 — calculating the temperature of the receiver

Dm|r

, m Hub irradiation, W/m?

300 400 500 600 700
1.2 1 0.03 | 127.05 | 156.88 | 181.54 | 202.74 | 221.43
1.3 | 0.04 | 106.81 | 135.13 | 158.55 | 178.68 | 196.42
1.4 10.05| 92.92 | 120.21 | 142.77 | 162.16 | 179.25
1.5 10.03 | 150.00 | 181.54 | 207.62 | 230.03 | 249.80

Thus, the presented installation can be used in water treatment systems at industrial enterprises
and especially in the domestic sector of housing and communal services.

It should be noted that heliodistillation units will not completely and globally solve the problem
of desalination. But they can be used locally to provide drinking water for small settlements or
agricultural areas located far from fresh water sources, as well as be used in combination with
traditional methods of desalination, that will significantly reduce energy costs.
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KyH sHeprusicbIMeH CyAbl TYIILITY

Anvoranmsi. By Makamana TeHi3 CyblH TYIIBITY Mocesenepi kKapacTbipburrad. Cyabl TYIIBUIAHABIPYABIH 3aMaHayU
o/icTepiHe Tajay KYPr33reH. Conpait-ak, oOJIap[blH APTHIKIIBLIBIKTADBI MEH KEMIIIKTEepl AaHBIKTAJFaH. Cynbt
TYIIBUIAHABIPYABIH, YKaHa CXEMaChl — PeJINOAUCTHUIIISIISIBIK KOHABIPFBI YCBIHBUIABI. KOHIABIPFBIHBIH YKYMBIC iCTEy ITPUHIAIL
cunarrairan. 2Kbuty 6asancel Teggeyi xkone Credan-BosibiiMan 3aHbl Heri3iHIe KyH CoyJIeCiHEH TOye i AUCTUILISAT OOMBIHIIIA
KOHJIBIPFBI OHIMJILIIT ecenTesrex.

TyiiiH ce3mep. cyabl TYIIBITY, KYH COyJe/IeHyl, JUCTUILIAT, XKaHAPTHIIATHIH dHeprus ko34epi, Credan-Boabuman 3aHbl.

C.B.CagpikoBa, M.Epkanuna, M.I.2Kywmarynos, H.P.Kapra>kanos
Espasutickuti nayuoraavrul yrusepcumem um. JI.H. Iymunesa, Hyp-Cyaman, Kasaxcman

ComaHeuyHoe OoIIpecHeHue BOAbI

Annoranusi. B pgannoi#f craTbe paccMOTpeHBI IMPOGJEMBI ONIPECHEHUs MOPCKOH BOABI. IIpoaHa/M3HpOBAHBI COBPEMEHHbBIE
METOAbL OHpeCHeHI/IH BO/JIbI, a TaK2>Ke HpI/IBe,Z(eHbI ux npeHMymeCTBa 1 HEJOCTATKH. Hpe,unomeHa HOBad CXeMa OHpeCHeHI/IH BOJbI
— reJIMONMCTUJLIANUOHHAsA ycTaHoBKa. OmucaH TPUHIUI JeHCTBUA YyCTAHOBKM. PaccuuTaHa Ha OCHOBE yPAaBHEHHS TEILIOBOTO
bGananca u 3akoHa Credana-BosibliMana TPOU3BOAUTELHOCTh YCTAHOBKU IO JMCTUJLISTY B 3aBUCUMOCTH OT COJIHEYHOIO
WBJTyYEeHUS.

KuiroueBble CJIOBa ONPECHEHUE BOAbI, COJHEYHOE HM3JIydeHHUe, JUCTUJLIAT, BO30OHOBJISEMble MCTOYHUKHU SHEPIUHU, 3aKOH

Credana-BonbiMana.

References

1 Lukin J., Kolesnik N.N. Opresnitel'nyye ustanovki promyslovogo flota [Desalination installations of the fishing fleet]
(Moscow, 2006) [in Russian|

2 Kirpichnikova I.M. Opresneniye vody s ispol’zovaniyem energiy vetra i solntsa [Desalination using wind and solar
energy|, Vestnik Yuzhno-Ural’skogo gosudarstvennogo universiteta. Seriya: Energetika [Bulletin of the South Ural
State University. Series: Energy|, 22-25(2012).

3 Akimov S.S., Ugryumova S.D. et al Perspektivy razrabotki mestnoy opresnitel’'noy ustanovki na osnove
zamorazhivaniya [Prospects for the development of local desalination plant based on freezing], Nauchnyye trudy
Dal’rybvtuza [Scientific works of Dalrybvtuz|, 31-35(2010)

69



Bulletin of L.N. Gumilyov ENU. Technical Science and Technology Series, 2020, 1(130)

CBenenusi 06 aBTopax:

Cadwxosa C.B. - maructp, "2Ksuty snepreruka" xadenpacoiabiy, okpirymibicel, JI.H.I'ymunes areingarsr Eypasust yaTThi
yuusepcureri, Caranaes kem. 2, Hyp-Cyuran, Kazakcran.

Epxaauna M. - "2Kbuty suepreruxa" radenpacoiubiy crygenti, JI.H.I'ymunes arsingarst Eypasus yaTTeik, yHUBepcHTeTi,
Caranaes kemr. 2, Hyp-Cyuran, Kazakcran.

Kymaeynos M.I. - PhD, "2Keury suepreruka" xadenpacwiubiy jorenti, JI.H.'ymunes arwbigarel Eypasust yaTThIK
yuusepcureti, Caranaes kem. 2, Hyp-Cyiran, Kazakcran.

Kapmaotcarnos H.P. - marucrp, "2Kbuty saepreruka" kadempacbiubiy okpiTymbicel, JI.H.I'ymumes arvimnarsr Eypasusa
yiarTeik, yausepcureri, Caramnaes kem. 2, Hyp-Cynran, Kazakcran.

Sadykova S.B. — Master’s degree of Technical Sciences, Teacher of "Thermal power engineering" Department, L.N. Gumilyov
Eurasian National University, Satpayev str.2, Nur-Sultan, Kazakhstan.

Yerkalina M. — Bachelor degree student of "Thermal power engineering" Department, L.N. Gumilyov Eurasian National
University, Satpayev str.2, Nur-Sultan, Kazakhstan.

Zhumagulov M.G. — PhD, Associate Professor of "Thermal power engineering" Department, L.N. Gumilyov Eurasian National
University, Satpayev str.2, Nur-Sultan, Kazakhstan.

Kartjanov N.R. — Master’s degree of Technical Sciences, Teacher of "Thermal power engineering" Department, L.N. Gumilyov
Eurasian National University, Satpayev str.2, Nur-Sultan, Kazakhstan.

IHocmynuaa 6 pedarxyuro 02.05.2019

70



