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Cekuis 1:

«AKTYAJIBHI ITPOBJIEMHA
EHEPI'ETUKW»



Bucnosku
ExcrniepuMeHTa bHE JOCII/DKSHHS MIiATBEPIMIIO, IO 3aCyBKH TAKOX IIJKOPSIOTHCS paHilie
BCTaHOBIICHIN KpuTepianbHi 3anesxxaocti [8]. [TokaszaHo BILHB KOehili€HTIB i MOKA3HUKIB CTYIICHS B
OTpHUMaHIl 3aJeKHOCTI Ha SIKICTh IMOCAJAKOBHX IMOBEPXOHb i MPOIYCK apMmaTypu. Lle mocmimkeHHs
MIPU3BOJUTH 1O HEOOXITHOCTI PO3MIMPEHHS BX1IHOr0 KOHTPOIIIO apMaTypH Ha MOJI0HIX CTCHIAX.
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DESIGN OF PERIODIC OPERATION AMMONIA-WATER ABSORPTION
REFRIGERATION UNITS IN ATMOSPHERIC WATER GENERATION
SYSTEMS

Ozolin N.E., Titlov A.S., Kravchenko V.V.
Odessa National Academy of Food Technologies, Odessa, titlov1959@gmail.com

It is a common knowledge that one of the most valuable resources in the future of our planet
Is going to be fresh water, and the demand for water resources is already one of the main factors in global
logistics of contemporary world, and this trend will only grow in the foreseeable future. One of the
developments in water production technology is mechanical air dehumidification — condensation of water
vapor on the surfaces with a temperature below the dew point. In this case, there are great prospects for the
methods associated with the work of independent generators of cold — chillers that are guaranteed to provide
the temperature below the dew point temperature. A necessary condition for operation of compression
refrigeration machine is the availability of electrical energy. At the same time, the majority of countries facing
water scarcity are limited in energy resources, too. Often the readily available source of energy in there is the
sun.
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In this regard there have been developed original schemes of absorption water-ammonia refrigeration
units of periodic operation (AWRU PO) based on solar collectors, which differ with autonomy and
independence from the sources of electrical energy, and unlike heat-analogues (steam jet and lithium-bromide
absorption) can be operated with air cooling of their heat-dissipating elements.

A scheme of flows in AWRU PO during different phases of its work is shown in Figure 1. In the initial
time, when AWRU PO zones are at the same temperatures equaling ambient temperature, the composition of
the working fluid (WAS) is the same in both zones. In the charging period, the heat flux Q) arrives to the

AWRU PO generator (left part in Fig.1.a) at the temperature t, . The absorber-evaporator (right part in Fig.1.a)

is at ambient air temperature (t,,) and removes the absorption heat Q, .

O, t

a)

Prin

b)

Fig. 1 — The diagram of the heat and mass flows inside the operating AWRU PO
a) — operation during the charging phase; b) — operation during the cooling phase

During the charging period (Figure 1.a), there occurs the movement of mostly lower boiling
compornent (ammonia) from the generator-absorber (G-A) into the absorber-evaporator zone (A-E). Herewith
a temperature in G-A is increased from ambient temperature toward the temperature of the heating medium (
t, ), the rate of change is slightly influenced by the initial composition of WAS. At the end of the evaporation
process, the temperature in the G-A is at its maximum, the pressure in the system is also at maximum, and the
temperature in A-E can be assumed constant and equal to t,,. At the same time, the maximum proportion of
ammonia in the WAS is in the A-E, and the minimum — in the G-A.

In the cooling phase (Figure 1.b), the heat flow from the heat source is blocked, and the outside air is
supplied to the outer surface of the G-A, leading to its cooling to ambient environment temperatures. Due to
the equilibrium shift in the WAS, when the temperature in the G-A is lowered, the system moves into a state
of reduced pressures. In the internal volume of AWRU PO, the system pressure falls to the minimal (in the
initial time) value P, . At this point, saturated with ammonia WAS in the A-E starts to boil with heat removal

from the outside air flow. Upon cooling of WAS, a thermal flow Q, from the environment into the G-A
appears due to the temperature difference, that flow is a refrigerating capacity of the AWRU PO. The generated
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vapor of ammonia is absorbed in the G-A zone with a heat of absorption Q, transferring to the environment
with the corresponding temperature t,,. In this process, there is a monotonic increase of pressure with a
corresponding increase of temperature in the A-E zone. The air flow that washes over the outer surface of the
A-E is cooled to temperatures below the dew point, and the water condensate evaporates out of it. The cooling
process takes place until the establishment of thermal equilibrium in zones G-A and A-E.

For the practical implementation of such a device, it is necessary to estimate its specific cooling
capacity g, when operating under different climatic conditions, with the prospect of maximal utilization in
the arid tropical zones of the planet. This refrigerating capacity is determined by the amount of heat, removed
from air while it cools below the dew point temperature, relatively to refrigerant’s mass. In connection with
this, the initial data must include temperature and humidity of atmospheric air and the potential maximurn
temperature of the heating source t, .

At the initial stage of the calculation, there was specified an initial equilibrium composition of WAS,
denoted as X, (in the liquid phase) and Y, (vapor phase). When calculating, the volumes of WAS in G-A

and A-E zones are assumed equal. Considering equal temperatures of all system elements 15" =t/ before

operation, the composition of the phases are defined as:
a) for the liquid phase:

A A
beg = MGA®T L peg . MAE®T
XG-A = A B~ XA-E = A B
Mg-ax)" + Me-Ax) My g + My @)
b) for the vapor phase:
A A
Ye Abeg = — JF0 =V g% = LD
Me-a)" + MG-acn)” S Myt masey” @

where m is the mass of solution components, kg; A — ammonia, B — water.

During the charging period (Figure 1.a), some mass of ammonia vapor and water vapor transfers from
the zone G-A to the zone A-E. The maximum possible value of the proportion of ammonia in the liquid phase
in the A-E is determined by the following relationship:
mp_geo® +Am,

max _

XA—E A B
Ma_geo + AmGy + ma_g® + Amg, @A)

Respectively, the mass in the G-A proceeds to decline:

A A
min _ Me-ac” — Ami,

XG-A
Mg-aco™ — AmGy + Ma_aco” — AmE o

where Am(“x) and Am(i) — respectively, the mass of ammonia and water in the liquid phase,

transferred from G-A to A-E, kg.
The values of X2, and the values of X are linked by their thermodynamic parameters — pressure

and temperature.

The aim of the thermodynamic calculation of AWRU PO is to define the operating range with the
estimation of specific cooling capacity, which determines the performance of installation for the atmospheric
water generation by mechanical dewatering (ensuring the temperature of wall and air contact area is below the
dew point).

The calculation was carried out for a range of regime parameters:

- 158 -



a) the temperature of the heating source (generator wall) t, = 65...95 °C;

b) the temperature of the “cold source™ (ambient air temperature) t, = 25...45 °C;

The water-ammonia solution (WAS) is used as the working fluid. The calculations assume the
maximum operating temperature in the cooling area to be t,, =10 °C.

The analysis of received results shows that with the ambient air temperature rising, the minimum
pressure in the system P, (for a fixed WAS composition in the area of generation) increases, moreover the
increase is higher for larger values of ammonia fraction in G-A ( X;,)- This suggests that the increase in
ambient air temperature and pressure rise in the system means the temperature in the cooling area increases
too, i.e. the cooling capacity of AWRU PO decreases. This dependency is even more noticeable at higher
numerical values of X iy

CONCLUSIONS

1. By increasing the temperature of heating source, the proportion of ammonia in the G-A zone
is reduced, allowing to obtain higher potential capacity of absorption process during the
cooling phase, i.e. to increase the specific cooling capacity of AWRU PO and the performance
by water extraction from the air. Since the temperature rise of the heating source from 65°C
to 95°C, minimal temperature in the cooling area decreases from 7°C to minus 17°C.

2. When the ambient air temperature increases, the specific cooling capacity of AWRU PO
decreases, and this tendency is especially noticeable at higher ammonia fraction in the
generation area.

3. The performed estimation of specific cooling capacity of the AWRU PO has shown that it in-
creases along with the temperature of heating source, and at lower ambient air temperatures,
this trend is more obvious.

4. Atlow ambient air temperature, the maximal values of specific cooling capacity of the AWRU
PO can be obtained, by increasing the amount of ammonia in the generation area.

REFERENCES
1. Alekseyev V.V., Chekarev K.V. 1996. Preparation of fresh water from humid air. Arid ecosystem
(Russia) 2(2-3): C.111-122.
2. Pearlstein B.H. 2008. New Energy Systems. Kazan: Publishing House of Kazan. state. tehn.
University Press, 244 p.

UDC: 621.574

THE SEARCH OF ENERGY-EFFICIENT OPERATION MODE OF
AMMONIA-WATER-ABSORPTION REFRIGERATION MACHINES
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By a term a «seasonal refrigerator» is presently named cooling attachment, which
utilizes in the work low temperature potential of air environment, being outside the heated bays. A
term is not confessedly, because such refrigeration apparatuses are on the initial stage of development.
Actuality of generation of seasonal refrigerator is delineated the problems of energy-savings during
production activity of domestic and point-of-sale refrigeration devices. Domestic absorbing
refrigerators that use low temperature potential of environment and work in the wide range of

- 159 -



EKCHEPUMEHTAJIbHI JOCJIII)KEHHSI TEMIIEPATYPHOI'O TA
BOJIOI'ICHOT'O CTAHY NPUMILIEHHS ITPU PI3BHUX BAPIAHTAX
TEPMOI3OJI$II.[IFIHI/IX MATEPIAJIIB

Mopo3 M.B., BACOK B.L...... oottt 128

MOJIEJIJIMPOBAHUE U DKCEPTETUYECKHWI AHAJIN3
TPUTEHEPALIUOHHBIX TYPBOJAETAHJAEPHBIX YCTAHOBOK
Oscannuk A.B., Kniouunckutt BT . ...... ... i 130

AHAJIN3 3P ®EKTUBHOCTH YCTAHOBOK LTSI TIPOM3BOJACTBA
BUHAPHbBIX MEJKOKPUCTAJJVIMYECKUX JIEASHBIX CYCITEH3UU
Xmenvniok M. I, Tanubnu P. E.............oo oo 134

HOPIBHSIHHS EHEPITOEBHOCTI TOPI'OBOI'O XOJI0OAUJIBHOI' O
OBJIAJIHAHHS ITPAIIIOIOUYUX HA PIBHUX XOJOAUJIBHUX ATEHTAX
Konemanmunog L.B., XMEMbHION M. . ..o e, 136

PO3POBKA CUCTEMM HIATPUMKH NPUMHATTS PIILLEHD IPU

YITPABJITHHI XOJIOANJIBbHUMHU MAILITUHAMUN ABCOPBHIﬁOFO TUITY
PI3BHOI'O NPU3HYEHS TA NIOTYKHOCTI.

COMBAHOB AT ........oeini e e e et 140

EKOJIOTO-EHEPTETUYHI ACIIEKTH BUKOPUCTAHHSI POTOPHO-
JIOITATEBOI 'A30BOi XOJIOUJIbHOI MAIIIMHU CTIPJIIHT A
Xmenvrrok M., TpanOaunos B.B. ... ... ... ittt 145

METOJIMKA ONPEJIEJEHUS TEPMOJUHAMHAYECKOM
IOPEKTUBHOCTU ABCOPBLIMOHHBIX XOJIOANJIBHBIX YCTAHOBOK
bunenko H.A., Tumnos A.C., J{opouwterko B.M.............cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin, 148

PA3BPABOTKA XOJIOAUJIBHBIX ATIIIAPATOB HA BO3OBHOBJISIEMOM
UCTOYHHUKE SHEPI'UHA
Bunenxo HA., TUMIO8 A.C...o..o e el 149

PE3YJBTATU EKCIIEPUMEHTAJIBHUX JOCJIIKEHb IBOX TUIIIB
KJIUMHOBUX 3ACYBOK
Koponvos O. B., Iasnuwun 1. A., Timnos O. C. ,Muponuyk B. C.............cccoeeeiiien.. 152

DESIGN OF PERIODIC OPERATION AMMONIA-WATER ABSORPTION
REFRIGERATION UNITS IN ATMOSPHERIC WATER GENERATION

SYSTEMS

Ozolin N.E., Titlov A.S., Kravchenko V.V. ... ..o 156

THE SEARCH OF ENERGY-EFFICIENT OPERATION MODE OF
AMMONIA-WATER-ABSORPTION REFRIGERATION MACHINES
Osadchuk E.A., Kirilov V.Kh., TIIOV AS. ... 159

MOJEJIFOBAHHS IMPOLECIB TEIIVIOOBMIHY B CUCTEMAX
HNEPBUHHOI'O HU3bKOTEMIIEPATYPHOTI'O OXOJIOAKEHHS
JAPIBHOCEM'SIHUX KYJIbTYP

Temywernko C. M., Timaog O.C............cciuiuiii i 162



HaYKOBe BUJAaHHAA

3BIPHUK HAYKOBHUX IIPAIlb

3a MarepiajiamMu
XVIII BeeykpaiHChko1 HAYKOBO-TEXHIYHOT
OHJIAMH-KOH(epeHTIiT

«AKTYAJIbHI TIPOBJIEMHA
EHEPI'ETUKHU TA EKOJIOI'Ti»

29-30 Bepecns 2020 poky

(vkpaincokoio, pociiicbrkor, aHeniicbKon MOBAMUL)

[igrmiacano mo npyky 6.10.2020
®opmar 60x84/16. ITarip odcernmuit. apuitypa Times New Roman.
Jpyk odpcernuit. Ym. ap. apk. 16,27. Haxnan 100 mpum.
3am Ne 231120/2

HanpykoBaHO 3 TOTOBOTO OpHUTiHAI-MaKeTy Y IpyKapHi « ATIpeib»
®OII bonmapenko M.O.
65045, m. Oneca, Byi1. B.ApHaytcbka, 60
ten.: +38 048 700 11 55
www.aprel.od.ua

CBIZOITBO PO BHECEHHSI Cy0’€KTa BUABHIIO! CIIPABU
110 iepykaBHoOro peectpy BuaasiiB JIK Ne 4684 i 13.02.2014 p.



