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Obtaining drinking water in areas where water resources (even contaminated or salty water) are completely lack-
ing is an extremely important and complex problem. At the same time, there is always a certain amount of water va-
por in the air present everywhere. The Earth's atmosphere contains a good amount of water vapor in addition to dry
gases such as oxygen, nitrogen, carbon dioxide, etc. Water vapor constitutes 3% of the air mass by 4% in volume and
the rest are dry gases.

However, known methods of obtaining fresh water from air vapors are extremely low-efficiency, difficult to im-
plement and have not been widely used in practice in recent years.

At the same time, climatological studies indicate that the maximum amount of water vapor appears in the air at
night, but the natural rate of their condensation is extremely low. Condensation efficiency can be significantly im-
proved by artificial cooling techniques, which requires an external source of energy. There is a way to get the re-
quired energy from renewable sources (e.g. the sun) during the day and accumulate it for use during the night in re-
frigerated condensation systems.

The current study included experimental results for economical method to get a potable water, especially in areas with-
out any the water source, such as the desert by using the air humidity condensing technique through vapor compression
refrigeration -photovoltaic system. The results of the experimental study showed that the compression refrigeration -
photovoltaic model produces about than 6.5 liters of freshwater per day, while consuming 0.7 kW*h/I of energy.

The results are ten times higher than the efficiency of natural (convective) water extraction processes and have
lower energy costs than for obtaining fresh water by thermal distillation of 0.72 kWh/I from seawater.

Key words: potable water, vapor- compression refrigeration, photovoltaics, accumulate, atmosphere, sun, desert.
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[Tonmy4eHrne NUTHEBOM BOABI B 30HAX, TJ€ MOJIHOCTHIO OTCYTCTBYIOT BOJHBIE peCcypChl (Iaxxe 3arpsisHEHHbBIE WIIN
COJICHBIE BO/JIbI) SIBJISIETCS] YPE3BBIUAIHO BaKHOM M CIIOXKHOW Mpo0sieMoli. B Toxke BpeMsi B IPUCYTCTBYIOLIEM ITOBCE-
MECTHO aTMOC()EPHOM BO3JyX€ BCET/a COJEPKUTCS HEKOTOPOE KOJIMYECTBO BOASHOTO mapa. ATMocdepa 3emiu co-
JEPAKUT 3HAYUTEIbHOE KOJUYECTBO BOASHOTO Mapa B AOIOJIHEHUE K CyXUM razaM, TaKMM Kak KHCJIOpOJ, a30T, yrie-
KHCTBIN Ta3 U T.A. B cpeqHeM KOHIEHTpanus BOASHOTO Mapa cocTaBisieT 0kosio 3% oT Macchl Bo3ayxa (4% B o0be-
Me), a OCTaJIbHBIE CyXHUE ra3bl.

OnHako U3BECTHBIE METOABI MOIYIEHHS ITPECHOM BOMBI U3 COAEPIKAIIMXCS B BO3/AYXE MAPOB UMEIOT YPE3BBIYANHO
HU3KYI0 3Q(QEKTUBHOCTD, CI0KHBI B peaTM3allii U HE HAXOJST B TIOCJIEIHIE TO/IbI IINPOKOTO IMPUMEHEHHSI B IPAKTH-
Ke. B Toxe BpeMs KIMMAaTOJIOTHYECKHE MCCIEAOBAHMS YKa3bIBAIOT, YTO MaKCHMAaJIbHOE KOIMYECTBO IAPOB BOJBI
TOSABIISIETCSI B BO3/yXe B HOYHBIC Yachl, OJTHAKO €CTECTBEHHAs CKOPOCTh MX KOHJCHCALUU SIBJISETCS UYpPE3BBIYAHHO
HU3KOH. D((HeKTHBHOCTh KOHICHCAIMM MOXHO 3HAYUTEIBHO TOBBICHTH, UCIIONb3YSl METOABI HCKYCCTBEHHOTO OXJIa-
KIIEHHSI, YTO TpeOyeT HaJIMYMs BHEIIHEr0 NCTOYHHMKA SHEPTHU. BO3MOXeH IyTh IOJTydeHus] TpeOyeMoil SHEpIuu OT
BO300HOBIISIEMBIX HICTOYHUKOB (HAIIPUMED - COJIHIIA) B JIHEBHOM MEPUO M aKKyMYJIUPOBAaHUS €€ JJIsl HCIIOIb30BaHUs
B HOYHOU TIepHOJI B pehpHKUPATOPHBIX CUCTEMax KOHJICHCAIIHH.

B nannoii paboTte npeacTaBiIeHbl SKCIEPUMEHTAIbHbIE Pe3yJIbTaThl ONTyYeHHs TUTHEBOKH BOJBL, 0OCOOCHHO B 00-
nacTiax 0e3 Kakoro-JIM00 HCTOYHUKA BOJBI, TAKMX KaK IyCTHIHS, C HCIIOJb30BAHMEM METOAa KOHIEHCAIMU BIIard B
BO3yXE C IOMOIIBI0 KOMIPECCHOHHON XOJIOAMIBHON CUCTEMBI - (POTOIIEKTPHUECKON CHCTEMBI. Pe3ynmbTaThl 3KCIIe-
PUMEHTAIBHOTO HCCIIE0BAaHMS OKA3aJIM, YTO KOMIIPECCHOHHO- OXJIaJUTeNIbHAS - (POTOAIEKTPHUUECKAs CHCTEMA IIPO-
H3BOIMT OKOJIO 6,5 JIUTPOB MPECHOH BOAKI B IeHb, TOTpeOsist ipu 3ToM 0,7 kBT*4 / 11 sHEprUN.

[Tonmy4eHHbIe pe3ynbTaThl B IECSTKH pa3 MPEBHIAIOT 3(PEKTUBHOCTD MIPOLIECCOB €CTECTBEHHOTO (KOHBEKTHBHO-
T'0) M3BJICUCHMSI BOJBI U3 BO3JlyXa M UMEIOT 3aTpaTbl 3HEPruu OoJjiee HU3KWE, YEM Ha IOJIyYeHHE IIPECHOW BOJIBI
MyTeM TEPMUYECKONW NUCTHIULILMU U3 MOpckoi Boabl 0,72 kBr*y /.

Knrodeeblie crosa: NUTbEBasi BOAA, NAPOKOMMPECCUMOHHOE OXNaxaeHue, hoToBONbTauka, akkyMynmupoBaHue, aTMocdepa, ComnHue,
MYCThIHS.
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Introduction

Getting drinking-water is important to health, a basic
populace's right and a component of an effective policy of
populaces health protection. Furthermore, potable water is
important as health and the development affair at local,
national and regional levels [1]. It has been shown that
operation of drinking water supply in certain zones can
yield a net economic feasibility benefit and the reductions
in health insurance and care costs; which overbalance the
costs of installing a freshwater solutions system. This is
genuine and an effective part of the major strategy, infra-
structure investments in water treatment to supply 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) [2].
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 solu-
tions system [3]. One applied of solar energy applications
is a solar water distillery to producing freshwater from
brackish water. harvesting humidity (potable water) from a
moist air [4-6].

The current study aims to produce potable water exper-
imentally with less energy consumption in the region
without any water sources such as deserts, through con-
densation of moisture air and getting a potable water by
Compression Refrigeration -Photoelectric Technology to
extract potable water from humid Air (CRPT).

list of symbols kW = h /1l | Kilowatt-hour per liter
Units A xh Ampere-hour
p
% Volte °C
A Ampere Nomenclatures
w Watts CRPT Compression Refrigeration -
W / m? Watt per square meter Photoelectric Technology
kW = h Kilowatt-hour
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1. The wet air condensation technology

The condensation process happens by one of two
methods, first one when air cooled to its dew point, sec-
ond method when air becomes saturated with water va-
por and cannot hold more. The Earth's atmosphere con-
tains a good amount of water vapor in addition to dry
gases such as oxygen, nitrogen, carbon dioxide, etc. Wa-
ter vapor constitutes 3% of the air mass by 4% in volume
and the rest are dry gases. Therefore, moisture can be
extracted from a wet air by passing the latter on a surface
with a lower temperature than the passing air (the sur-
face temperature below the dewpoint of moisture air) in
order to separate moisture from the humid air, a conven-
tional cooling methods are usually used to separate mois-
ture from air, where the air temperature is lower than the
temperature at which water vapor condensation begins
[7-11]. However, they are distinguished by either low
efficiency or large energy costs for cooling water con-
densing systems.

To increase the productivity of such installations use
several techniques:

- artificial increase in humidity by heating salty or
contaminated water (in the presence of such water) due
to the energy of the sun, waves, wind, etc. sources [12-
14];

-use of effective sorbents to collect water from the air
of natural humidity [15];

-use of intensive cooling systems to increase the con-
densation efficiency of natural humidity from the air
using natural convection or forced cooling at the expense
of solar, wave, wind, etc. energy sources [16-21].

1.1. The CRPT model description

The CRPT model provides experimental results of an
effective system to produce potable water using a photo-
voltaic solar energy converter, as a renewable energy
source for a compression refrigeration system that which
is used to extract potable water from humid air, which
passes through the refrigeration unit (Heat exchanger-
evaporator) as in Figure. 1.

g Moisture
air input

Dry air v '\
output ""

Fig. 1. Scheme diagram of the vapour compression refrigeration -photovoltaic system
1-Photoelectric converters, 2- Charge controller, 3- Rechargeable battery, 4-Inverter 24V-220V,
5- Compression refrigeration- potable water production unit, 6- valve, 7- Potable water collection tank.
Puc.1. MNpuHumnuanbHas cxema KOMNPeCcCOopHOMN - POTOINEKTPUHECKON YCTaHOBKU
1- poToanekTpuyeckme npeobpasosatenu, 2- MPPT koHTponnep, 3- akkymynatopHas 6aTtapesi, 4-uHBepTtop 24B-220B,
5- KOMMPECCOPHbLIN BoAOreHepaTop, 6- BEHTUIb, 7-BOAONPUEMHAS EMKOCTb.

In the experiments, compressor air dryer type DEXP
DH-10NGMA has been used, as shown in Fig. 2, and its
characteristics in table. 1.

Table 1
Characteristics of the refrigeration unit
Tabmuma 1
TexHUUYECKHE XapaKTEPUCTUKH XOJIOAUIBHON YCTAHOBKH
Refrigerant R290
Power consumption 330 Watt
Supply voltage 220-240V
Current rate 1.6 A

To ensure continuous operation of the Compression
refrigeration- potable water production unit, a 330 W
and 220 V, 50 Hz has been used. Therefore, the total
electric power required for a production unit throughout
the day is 7.92 kW*h. In order to supply power to the
potable water generator, a photovoltaic unit has been
used, which includes 6 photovoltaic panels, an MRPT
charging controller, a battery 200 A * h and an inverter
24V-220V. The characteristics of the photovoltaic pan-
el are given in table. 2.
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Fig.2. Schematic diagram of Compression refrigeration- potable water production unit
1-Heat exchanger-evaporator, 2- Capillary tube, 3- Air supply fan, 4- Heat exchanger-condenser,
5- Compressor, 6- Water tank, 7- Freshwater pump.
| - Wet air inlet, Il - Dry air outlet, 11l - High pressure side (freon-liquid), IV - Low pressure side (freon-steam).
Puc.2. MpuHumnmnaneHasa cxema KOMNpecCMOHHON BOAOTeHepVpYIOLLIEe YyCTaHOBKN
1-TennoobMeHHVK - cnaputenb, 2- KanunnspHas Tpybka, 3- BeHTUNATOp Noaayn Bo3ayxa,
4- TennoobMeHHUK - KoHAEeHcaTop, 5- komnpeccop, 6- 6ak - BOAOCOOPHKK, 7- HACOC NPECHON BOAbI.
| — BXO4 BNakHOro Bo3gyxa m3 atMmocdepel, || — BbIxoa ocyleHHOro Bo3gyxa B atmocdepy,
Il — koHTYp *unakoro dpeoHa, IV — koHTyp napoobpasHoro peoHa.

Table. 2
Photovoltaic panel specifications
Tabnuma 2
Texauueckue XapaKTCPUCTUKHU (1)OTO3JICKTpPI‘{eCKOﬁ IIaHCJIN.
Parameter Value
Peak Power, W 180
Open circuit voltage, V 373
Efficiency% 15

Different devices have been used to measure the dif-
ferent parameters as shown in table 3. 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. Anemome-
ter device has been used to measure the ambient wind

speed and solar power meter device used to measure solar

radiation intensity in W/ / m2. Humidity and temperature
meter device have been used to measure the temperature
and relative humidity for the ambient air. Daily data of
solar radiation are shown in Fig. 3.

Table. 3

The experimental measuring devices with their accuracy.

Tabnuma. 3

OKcrepUMeHTalbHbIE H3MEPUTENbHbBIE TPUOOPHI C UX TOYHOCTHIO.

(model TEGMART TE-TEM-LS-PRB).

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

+5% rdg + 0.5°C

International Scientific Journal for
Alternative Energy and Ecology
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1.2. Experimental procedures

The experimental test carried out in the Ural Federal
University during June 2019 according to Ekaterinburg/
Russia city climate (Latitude 56.84 °N, Longitude 60.58
°E). All tests started at morning 24:00 am to 24:00 am
for the next day (24 hours) and for different days. Data
has recorded hourly, which includes solar radiation in-
tensity and hourly potable water productivity. The study
was conducted over one month with variable environ-
mental conditions, as well as the time of sunrise and sun-
set ranging from 05:20 am to 08:40 pm. The number of
tests was 10 and chosen 30.06. 2019 as perfect days.

2. Results and discussion

Figure 4 shows typical data on the daily change in
humidity and ambient air temperatures in the summer for
a perfect day 30.06.2019 according to climatic of Yeka-
terinburg city. In figure 4 it is obvious that the intensity
of solar radiation varies depending on the weather, in the
Yekaterinburg city rarely the weather is clear and with-
out clouds. The effect of solar radiation started after 6:00
am and the maximum intensity of the solar radiation is
approximately at 12:00 pm, in which the intensity of

radiation 790 W / m?. Early in the morning times,
intensity of solar radiation and ambient temperature are
relatively low, at the noontime, between 12:00 pm to
14:00 pm, the rate of solar radiation increases then falls
again in the afternoon. When solar radiation reaches the

30June 03:00 06:00 09:00 12:00
- ™N
\\
b
"-\.\
30.June 03:00 06:00 0:00 12:00

Earth’s surface, it transmits thermal energy to the sur-
rounding areas, so the maximum ambient temperature
occurs at around 12:00-13:00 pm. Figures 3, 4 shows
direct relationship between the solar radiation and ambi-
ent air temperature during a typical day. The increased
solar radiation intensity led to an increase in the ambient
air temperature and vice versa. While the relationship
was inverse between solar radiation and ambient temper-
ature with relative humidity. The increased solar radia-
tion and ambient temperature led to decrease the relative
humidity. The highest relative humidity values were
recorded at nighttime and lowest at sunrise, while the
highest ambient air temperatures were recorded in the
middle of the day at highest solar radiation and the low-
est values were night times.

The daily generation of electric energy of the photo-

voltaic unit around to 9 kW * h, which is enough to
power the potable water generator in the daytime and
create a supply of energy in the battery to ensure opera-
tion during the night. The graph of the daily productivity
of obtaining freshwater from the ambient air is shown in
Fig. 5.

The total daily freshwater productivity from the unit
was 6.285 liters. The specific daily energy costs for pro-

ducing water using this method were 0.7 kW * h / [,
which is slightly lower than the energy costs for produc-
ing fresh water by distillation from sea water

0.72kW * h /L
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Fig .3. Change in relative humidity and ambient air temperatures 30.06.19.
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Conclusion

1. The extraction of water from the air using compres-
sor refrigeration units is possible.

2. The use of solar energy for energy supply of a
compressor water generator is possible in regions with fa-
vorable solar availability.

3. The compression refrigeration -photovoltaic model

produces about than 6.5 liters of freshwater per day, while
consuming 0.7 kW*h/l of energy, which is slightly lower
than the energy costs for producing fresh water by distilla-
tion from sea water 0.72 kW *h /L.

4. It is advisable to optimize the structure of the pho-
toelectric-water-generating complex, considering the daily
variation of its performance.
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