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Abstract: This article examines the technology of a solar-powered pumpless evaporative
cooling system designed for operation in the hot and dry climate of the Aral Sea region. The main
objective of the study is to analyze the operating principle and structural features of an energy-
efficient cooling device that uses saline water as the working medium and can operate
autonomously with minimal electricity consumption.

The proposed device consists of a saline water reservoir, capillary fabric, a ventilation fan,
and small solar panels that supply power to the fan. In the system, water rises along the capillary
fabric due to capillary forces and spreads across the surface of the material. As evaporation occurs,
heat from the surrounding air is absorbed, producing a cooling effect. The fan enhances air
circulation through the moist surface of the fabric, accelerating the evaporation process and
improving cooling efficiency.

The research results demonstrate that this technology consumes significantly less electricity
than conventional air-conditioning systems, does not use harmful refrigerants such as freon, and is
environmentally friendly. In addition, the device can operate autonomously and can be effectively
applied in areas with limited or unstable electrical infrastructure, including settlements, social
infrastructure facilities, and temporary structures. The study also considers certain limitations of the
system, such as dependence on climatic conditions and possible salt crystallization during
operation. Overall, solar-powered evaporative cooling based on saline water is considered a
promising, energy-efficient, and sustainable cooling solution for the Aral Sea region.

Keywords: Aral Sea region, evaporative cooling, solar energy, pumpless cooling unit, salt
water, capillary fabric, energy-saving technology, hot and dry climate, environmentally friendly
cooling, autonomous cooling system.

The global energy crisis is intensifying day by day, affecting households, businesses, and the
entire economy. The high cost of fuel - more than half of which is natural gas - accounts for 90% of
the growth in the average world cost of electricity production. Rising prices and economic pressures
have become the main obstacles preventing people from using modern electricity[1].

Today, the rapid depletion of energy resources in the world and the release of large amounts
of greenhouse gases, which cause climate change, are causing deep concern. In many regions,
extreme heat waves and droughts are becoming increasingly widespread[2]. With the rise in global
temperature, the load on building cooling also increased sharply. Consequently, air conditioning
systems became necessary to ensure the thermal comfort of rooms. However, most heating,
ventilation, and air conditioning (HVAC) systems consume large amounts of electricity.

Thermal comfort of a person is defined as the state of a person's feeling of comfort in
relation to the temperature, humidity, and movement of air in the environment. Conditions
accompanied by high temperatures and especially low relative humidity can cause discomfort, heat
stress, and in some cases, health risks. Heat stress has a high probability of negatively affecting
worker productivity and leading to serious health problems, especially among the elderly [3].

For the human body to feel comfortable, a certain balance of air temperature, relative
humidity, and airflow is necessary. Usually, a temperature between 22-27°C and relative humidity
around 40-60% is considered the most optimal environment for humans. When humidity is sharply
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below or above the norm, the environment becomes unfavorable. Therefore, it is especially
important to use cooling mechanisms in hot and dry regions.

The Aral Sea region is extremely dry, with summer temperatures reaching 40-45°C and low
relative humidity. This makes the evaporation process very efficient. Therefore, solar-powered
pumpless, natural convection-driven cooling technologies are very useful in this region. The Aral
Sea region belongs mainly to the arid climate zone and is characterized by typical features of hot
desert and cold desert types. The region receives very little precipitation, with extremely hot and
dry summers and cold and windy winters. Sharp fluctuations in air temperature throughout the year,
low humidity, and high evaporation are the main characteristics of the region's climate.

The sharp shrinking and practically disappearing Aral Sea has had a great impact on the
natural and climatic conditions of the region. As a result of the loss of the regulatory role of
seawater, the degree of continentality here has increased, namely:

In summer, the temperature warms up even more (+45°C and higher),

In winter, the temperature drops sharply (up to -25...-30°C),

increased annual and daily temperature fluctuations,

Strong winds and dust storms (especially "Aral salt storms") have increased,

air humidity decreased, and the degree of dryness increased.

Moreover, the vast virgin lands (known as the Aralkum Desert) emerging from the seabed
are becoming increasingly desertified. This process further influences the climate of the region,
further strengthening its characteristics of the ultra-arid desert type.

As a result, the Aral Sea region today has become one of the most severe and unfavorable
climatic conditions in Central Asia, which has a serious impact on the ecological situation and
human health (Fig. 1).

Figure 1. Changes in the water level of the Aral Sea in 1973-2020 (satellite images)

The Aral Sea was one of the largest bodies of water in Central Asia, but it has almost dried
up in the last 60-70 years. Until the mid-20th century, it was the fourth largest lake in the world. It
is located on the territory of Uzbekistan and Kazakhstan[4].
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Figure 2. Desertification process and shipwrecks due to the drying up of the Aral Sea

In such conditions, traditional air conditioners require heavy electricity and are not practical
in areas with weak infrastructure. Therefore, the application of passive evaporative cooling
technology based on solar energy, operating without a pump, in the Aral Sea region is considered an
optimal and economically correct solution.

This device, developed based on the analysis of the above problems, can be effectively used
in settlements and social infrastructure facilities located in the dried-up areas of the Aral Sea [5].
The device consists of the following main parts:

- tank (reservoir) for storing salt water;

- fabric with capillary properties (cotton or synthetic fiber material);

- sticks or frames that hold the fabric vertically;

- upward-flow fan;

- small solar panels that power the fan;

- an umbrella and dust-protective coating on the outside.

Saltwater Reservoir: Located at the lowest point of the equipment. Salted or pickled water is
poured into this vessel, the bottom of the fabric is immersed in the water, and the water rises up
through the fabric fibers. This process occurs naturally due to capillary forces and does not require a
pump or electricity. Capillary fabric (Capillary cloth): Its function is to draw water from bottom to
top, maintain the fabric surface in a uniform moisture state, and accelerate the evaporation process.
Cotton or synthetic fiber fabrics perform such capillary movement very well. Vertical supporting
metal rods, frame (Vertical supports): The fabric is secured with vertical rods on both sides. This
keeps the fabric upright, facilitates the free passage of airflow through the fabric surface, and
ensures the stability of the device. Fan: The fan is mounted on the top of the fabric. Its function is to
draw air from bottom to top, accelerate evaporation from the surface of the wet fabric, and release
cool air. Here, very little electricity is required to turn the fan, as it operates at a small power. Solar
panels: Power the fan. Their advantages: there is no need for an electrical network, they operate
completely autonomously, and operate the fan continuously for most of the day (Fig. 3). Umbrella,
Shade cover: An arrow-shaped metal umbrella is shown under the solar panels. Its function is to
protect the device from direct sunlight, protect the fabric from rapid drying, and protect it from dust
and rain [6].

The general operating principle of the device is that the salt water poured into the reservoir
rises upward along the fabric under the action of capillary forces. Water rising to the fabric surface
begins to evaporate, and this process draws heat from the surrounding air, creating a cooling effect.
The fan directs air to the moistened fabric, increasing the evaporation rate, and the resulting cool air
is transferred outside or to the indoor area. The device is based on natural capillarity, evaporation,
and simple air circulation.
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Figure 3. Solar-powered evaporative cooling unit without a pump

Capillary rise is a natural process and practically does not require electrical energy. Small
solar panels will be sufficient for the fan. The removal of water molecules from the surface during
evaporation leads to heat absorption; in a dry climate, especially in the Aral Sea region, this is very
effective. Since the evaporation temperature of salt water is lower, the cooling rate increases again.
Crystallization of salt changes the properties of the water surface and further activates the
evaporation process. The structure of the fabric, the density of the fibers, and the material strongly
influence the rise of water [7]. Although a solar-powered, salt water-based, pumpless evaporative
cooling unit is an innovative and power-saving technology, it has a number of advantages and
disadvantages (Table 1).

Table 1
Advantages Disadvantages
The need for electricity is very low. strong dependence on climate
Freon and other harmful refrigerants are not used. | limited cooling temperature
environmentally friendly salt accumulation
easy and inexpensive to make the device's performance changes throughout
the day.
does not require service requires a large area

can be used in field, desert, temporary camps, or | health and hygiene requirements
observation posts.
can be made from local and ordinary materials. dependence on air circulation

high water consumption

low level of administration and automation

To achieve the intended scientific and practical results of the project implementation, the
following should be taken into account.

The use of saline water as a working medium in evaporative cooling systems significantly
expands the possibilities of implementing this technology in areas with scarce freshwater resources.
That is, it will be possible to effectively use cooling systems by using existing sources of saline
water, while reducing the consumption of fresh water intended for drinking or agriculture. This
ensures the rational use of water resources and creates new conditions for applying the technology
in arid and water-scarce regions [§].

Within the framework of the project, it is planned to develop the device without the use of
pumps. This approach allows reducing electricity consumption, simplifying the design of the
system, and reducing maintenance costs. At the same time, high energy efficiency is one of the key
factors of decisive importance for the successful implementation of this technology in practice.
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The use of materials with capillary properties for efficient moisture distribution ensures
uniform wetting of the evaporating parts across the entire surface. This prevents the formation of
dry areas, stabilizes the evaporation process, and increases the overall cooling efficiency [9].

The economic analysis conducted on the project will serve to determine the possibilities of
reducing operating costs as a result of the implementation of the device. It also allows reducing the
need for similar devices imported from abroad by establishing local production and assessing the
economic benefits arising from import substitution.

In the context of the intensification of the global energy crisis, rising fuel prices, and climate
change, the need for energy-efficient and environmentally friendly cooling technologies is sharply
increasing. Especially in the Aral Sea region, where a hot and dry climate prevails, the use of
traditional air conditioners is economically inefficient due to high electricity consumption and weak
infrastructure.

The analysis shows that a solar-powered refrigeration unit, operating on the principle of
pumpless and capillary evaporation, is one of the most optimal solutions for the Aral Sea region. In
the region, high air temperature and low relative humidity make the evaporative cooling process
very effective. The fact that the device practically does not require electricity, the possibility of
using salt water, and the ability to operate autonomously make it economically and environmentally
attractive. The proposed device, while ensuring thermal comfort for humans, reduces electricity
consumption, limits the negative impact on the environment, and can be used in accordance with
local conditions. Its implementation is of great practical importance, especially in settlements,
social infrastructure facilities, and temporary structures.

At the same time, the main limiting factors are the dependence of the device's cooling
efficiency on climatic conditions and the need for maintenance as a result of salt crystallization.
However, in general, solar evaporative water cooling technology is considered a promising and
sustainable solution that serves to mitigate the environmental, economic, and social problems of the
Aral Sea region. The conducted research and analysis show that in arid and hot climates, especially
in the Aral Sea region, the technology of evaporative cooling based on solar energy, without pumps
and with salt water, is an effective and priority solution. This device:

- works with minimal need for electricity,

- provides access to saline water, which contributes to the conservation of freshwater
resources,

- increases the efficiency of the moisture distribution and evaporation process through
capillary materials,

- reduces operating costs and makes it possible to substitute imports through local
production.

The device is also environmentally safe and can be used in settlements, social infrastructure,
and temporary facilities. However, the dependence of the device's effectiveness on climatic
conditions and salt crystallization are its main limiting factors. In general, solar evaporative salt
water cooling technology provides an energy-efficient, environmentally friendly, and sustainable
cooling solution in the Aral Sea region.
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TY3/IbI CY HETI3IHJET'L, KYH DHEPTMSICBIMEH KYMBIC ICTEATIH,
BICTHIK )KOHE KYPFAK KJIUMAT KAFJIAWBIHJIA KOJJAHBUIATBIH
HACCOCCI3 BYJIAHJIBIPY APKBLIBI CAJTKBIHIATY TEXHOJIOTHUSCHI
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bepnak ateianarel Kapakanmak MmemiekeTTik yHuBepcuTeTi, Hykic, ©30ekcTan
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AnHotaumsi: byn wmakamaga Apan TeHi3i aiiMarbIHBIH BICTBIK JKOHE KYpPFaK KIUMar
KaFaalbplHIa KOJNJIaHyfa apHalfaH KYH SHEPrHsACHIMEH JKYMbIC ICTEHTIH Hacocci3 OynaHablpy
apKBUIbI CAJIKBIHJIATY TEXHOJIOTUSCHI KapacTBIPBUIFaH. 3epTTEYAiIH HETI3r1 MakcaTbl — TY3IbI CY
HETI31HJIe JKYMBIC ICTEWTIH, SHEPTHsHbI a3 TYTHIHATBHIH JKOHE aBTOHOMJIbI TYPJE JKYMBIC ICTEHTIH
CQJIKBIHJATY KYPBUIFBICBIHBIH >KYMBIC NPUHIUIIH ’KOHE KOHCTPYKUMSUIBIK €PEKIIETIKTEepiH Taigay
OonbIn TaObUIAAbl. ¥ CHIHBUIFAH KYPBUIFbI TY3/bl CY pe3epByapblHAH, KamWUIAPJBIK Kacueri Oap
MarajaH, aya KO3FaJbIChIH KAMTAMAaChI3 €TETIH KEJICTKIIITEH KOHE KEJIIETKIIITI KOPEKTeHIIPETIH
IIaFblH KYH TMaHenpaepiHeH Typanabl. JKylene cy KamwuIspiblK KYLITIH OCEpiHEH MaTaHbIH
OOMBIMEH >KOFapbl KOTEpLIiN, OHbIH OeTiHae OynaHy mpoleci )ypeal. bynany kesinae kopiuaraxn
OpTaJiaH Kby CIHIpLIiN, HOTHXKECIHJE CAIKBIHAATY dcepi naiiia 6osapl.

3epTTey HOTHXKEIEepl KOPCETKEH/EH, YCHIHBUIFAH TEXHOJIOTUS JOCTYPJl KOHIAUIIMOHEPIIIK
KYHeJlepMeH CallbICThIPFaHAa IEKTP SHEPTUACHIH dJIeKai/1a a3 TYThIHA/Ibl, GPEOH CUSKTbI 3USH]IbI
CAJIKbIHJATKBIIITAP bl Malijanan0aiiibl )KoHe SKOJIOTHSUIBIK TYPFBbIIAH Kayirci3 OOJbIN TaObLIabl.
CoHbIMEH KaTap KYPBUIFBIHBI 3JIEKTp MH(PaKYphUIBIMBI QJICI3 HEMECe JKOK aiiMakrapna, acipece
el MeKeHJAepAe, IEyMEeTTIK MHGPaKYpbUIBIM HBICAHJAPbIH/AA JKOHE YyaKbITIIA KYpBUIbIMJIApa
KOJIJaHyFa MYMKiHAIK Oap. 3epTTey OapbIChiHIa KYMEHIH apTHIKIIBUIBIKTAPBIMEH KaTap OHBIH
KJIMMATTBIK JKarJaiapra TOYENAUIINT MEH TY3/bIH KpUCTalaHybl CHSKTBI HIEKTEeyJepi Je
KapacThIpbUIFaH. XKanmel anFanaa, KyH SHEprHsChIHA HET131ereH OyIaHabIpy apKblIbl CAIKBIHAATY
TEXHOJIOTUSCHI Apan TeHi31 eHIpl YIIIH SHEprus TUIMII, SKOJIOTHUSJIBIK Ta3a MXOHE TYPaKThl
CaJIKbIHJIATY ILEIIIMI peTiHze OaranaHaibl.

Tyiiin ce3mep: Apan TeHi31 aliMarbl, OyJIaHIbIPy apKbUIbl CAIKBIHIATY, KYH SHEPTHUsACHI,
COparChl3 CANKBIHAATY KYPBUIFBICHI, TY3/Abl Cy, KanmWUIApJIbl MaTa, D3HEPrus YHeMJICHTIH
TEXHOJIOTHUS, BICTBIK JKOHE KYpFaKk KJIMMaT, OHKOJIOTHSUIBIK Ta3a CaJKbIHAATy, aBTOHOM/IbI
CaNIKbIHJIATY JKYHeci.
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TEXHOJIOI'¥SI BE3BHACOCHOI'O HCITAPUTEJIBHOI'O OXJIAKIEHUS HA
OCHOBE COJIEHOM BOJbI, PABOTAIOIIEI'O HA COJIHEYHOM SHEPTUH B
YCJOBHUSX )KAPKOI'O U CYXOI'O KJIMMATA

B.A. ¥Y3akos, lLI.M. EcemypaToBa
Kapaxkannakckuii rocygapcTBeHHbIN yHUBepcuTeT uMeHn bepnaxa, Hykyc, Y30ekucran
e-mail: bakhadir 0909@mail.ru, e shiyrin@karsu.uz

AnHoTanusi: B  gaHHON cratke  paccMarpuBaeTcsi  TEXHOJOTUS  OE3HACOCHOTO
HCIAPUTEIBHOIO OXJIAXKJEHUS, pabOTaroIIero Ha COJIHEYHOW 3HEPIMM M IPEJHA3HAUEHHOIO IS
JKCIUTyaTallud B YCIOBHUSX JKapkoro M cyxoro kinumara Ilpuapanes. OCHOBHOW LIEJBIO
WCCIICIOBAHMS  SIBIIICTCSl AQHAJIM3 MNPUHOMNA pPaboThl M KOHCTPYKTUBHBIX OCOOCHHOCTEH
9HEeprod((HEeKTUBHOTO OXJIAXK/IAIOIIET0 YCTPONCTBA, HCIOIB3YIOUIET0 CONEHYI0 BOAY B KauecTBE
pabouyero BemecTBa M CIOCOOHOT0 (PYHKIIMOHUPOBATH ABTOHOMHO TP MUHUMAJIbHOM TOTPEOICHIN
ANEKTPOIHEPIUHU.

[Ipennaraemoe ycTpoMCTBO COCTOUT U3 pe3epByapa ¢ COJEHOW BOAOM, KAaMJUISIPHON TKaHU,
BEHTWJISITOPA M HEOOJBIIMX COJNHEYHBIX IaHelel, oOecrneynBaronMX MUTaHHEe BEHTHIATOpa. B
CUCTEME BOJIa TOJJHUMAETCSI 110 TKAHH 3a CYET KaNWJUISIPHBIX CHJI U PABHOMEPHO PacIpesesieTcs 110
e€ MoBEepxXHOCTH. B mpouecce ucnapeHus NMPOUCXOAUT MOMIOMICHHE TeIia M3 OKPYKAOIIEro
BO3/lyXa, 4TO CO3/4aéT oxJjaxaaroumui 3¢dexr. BeHTuisaTop ycunuBaeT ABMKEHHUE BO3/lyXa yepe3
BJIQXKHYIO TIOBEPXHOCTh TKaHHU, YCKOpsS TMPOLECC HCHapeHus W ToBbImas 3((HEeKTUBHOCTh
OXJIAXKACHHUSL.

Pesynprarsl nccinenqoBaHus MOKA3bIBAIOT, YTO JaHHAS TEXHOJIOTHUS MOTPEOIsIeT 3HAYUTEIHHO
MEHBIIE 3JIEKTPOIHEPIHH 110 CPABHEHHUIO C TPAJAULIMOHHBIMU CUCTEMaMU KOHJMIIMOHUPOBAHUSI, HE
UCMONb3YeT BpPEAHBbIE XJIaJareHThl, Takhue Kak (peoH, M SBISETCS HKOJOTHYECKH O€30MacHOM.
Kpome Toro, ycrpoiictBO MoXeT 3(PPEeKTMBHO MNPUMEHATHCS B paloHax co ciaboil win
OTCYTCTBYIOLIEH 3JEKTpUUECKOd HH(PacTpyKTYypoH, BKIIIOYas HACEIEHHBIE ITyHKTBI, OOBEKTHI
COLIMAJIbHOW HMH(QPACTPYKTYpbl U BpPEMEHHBIE COOpYyKeHus. Takxke B paboTe paccMOTPEHbI
HEKOTOpbIe OTPaHUYEHHUs] CHCTEMbl, TaKHe KaK 3aBUCHUMOCTb 3()(EKTUBHOCTH OT KJIMMAaTHYECKHX
YCIIOBUH M BO3MOXKHAsl KPUCTAJIM3alUs CONM. B 11€10M TEXHONIOTHs COIHEYHOTO UCIIapUTEIBLHOTO
OXJIQXKJICHHUSI Ha OCHOBE COJIEHOM BOJ/IbI pacCMaTpPUBAETCS KaK MEPCIEKTUBHOE, SHEProdPPeKTUBHOE
Y yCTOMYMBOE perieHue ais peruona [Ipuapanes.

KuroueBsbie caoBa: Ilpuapanbse, napoBoe OXJaXIE€HUE, COJHEYHAs 3HEPIUs, XOJOAWIbHAS
ycTaHOBKa 0Oe3 Hacoca, coJieHash BOja, KalWUIsApHas TKaHb, 3HeprocOeperaromye TEXHOIOTHH,
KapKHI U CyXON KIIMMaT, YKOJIOTMYECKH YUCTOE OXJIAXAECHHUE, aBTOHOMHAsl CUCTEMA OXJIaKICHUS.
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