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Cyuacni npo0semMu X0J0IMILHOI TeXHIKU Ta TexHoJiorii / 30ipuuk Te3 momoiaeit XII Beeykpaincpkoi
HAYKOBO-TeXHIuHOI KoH(pepeHtii. — Omeca: OHAXT, 2019. — 229 c.

VY 306ipauky nHaBeneni marepiamu XII Bceykpaincbkoi HaykoBo-TexHiuHOI KoH(pepenuii «CyuacHi
poOJIeMU XOJIOAMIBHOT TEXHIKK Ta TEXHOJIOTI» Ta PO3ISTHYTO Pi3Hi aClIeKTH HayKOBO-TEXHIYHHUX NHUTAHb,
MOB’sI3aHUX 3 MPOCKTYBaHHSM, BHTOTOBICHHSM Ta EKCIUTyaTalli€l0 XOJOAMIBHOTO OONagHaHHS Pi3HOTO
MPU3HAYEHHS, JOCITIKEHHAM POOOUMX TiJI Ta MPOLECIB B €IEMEHTaX XOJIOAMIBHUX Ta KPIOTEHHHUX CHUCTEM,
3aCTOCYBaHHSIM HAHO Ta KOT€HEPALiHWX TEXHOJOTiH, BUKOPUCTAHHSIM XOJIONY B XapyOBUX TEXHOJOTIfX,
3aCTOCYBaHHSIM 1 BIPOBA/DKEHHIM HETPAIUIIIMHUX JPKEpPEI SHeprii.

B cOopuuke npesacraBinensl matepuansl XI|I BceeykpanHckoil HaydHO-TEXHHUYECKOW KOH(EpPEHIUH
«CoBpeMeHHbIE MPOOJIeMbl XOJIOAMIBHON TEXHUKH M TEXHOJIOTHM» M PACCMOTPEHBI PA3JIUYHBIC ACIIEKThI
HAay4YHO-TEXHUYECKHUX BOIIPOCOB, CBSI3aHHBIX C IMPOEKTUPOBAHUEM, H3IOTOBICHUEM U JKCILIyaTalueu
XOJIOJUIIBHOTO 00OPYIOBaHMS Pa3IMYHOTO HA3HAUCHUS, MCCIENOBaHHEM pPabOuMX Tel U IPOLECCOB B
9JIEMEHTaX XOJOAWIBHBIX MU KPHOTEHHBIX CHUCTEM, IPUMEHEHMEM HAHO M KOT€HEPAILMOHHBIX TEXHOJIOTHH,
WCIIOJIBb30BaHUEM XOJIOAA B IHIIEBBIX TEXHOJOTHUSAX, NPUMEHEHHEM H BHEJIPEHHEM HETPATUIUOHHBIX
HMCTOYHUKOB JHEPIUH.

BinmoBiganpHICTE 32 JOCTOBIpHICTH iH(POPMAaIIii Hece aBTOp MyOmiKaIllii.
Marepianu myOIiKyIOTbCsS MOBOIO OpUTiHANa, HAJAHOTO aBTOPOM.



© OHAXT

I'osioBa HaykoBoro komitery — €ropos borman BiktopoBud — pextop Opechkoi HalioHaTBHOL
aKajeMii XapuoBUX TEXHOJIOTiH, uieH-kopecnonaeHT HAAH VYkpainu, 3acioyxeHuld Jisid HAyKH i
TEXHIKH, JI-p TEXH. HayK, mpodecop.

3actynHuk roaosu — Kocoit bopuc Bonoaumuposuu — nupekrop [HctutyTy xonony,
Kp1O0TEXHOJIOT1H Ta ekoeHepreTuku iM. B.C. MapTUHOBCBHKOTO, I-p TE€XH. HAyK, Ipodecop.

YiieHH HAYKOBOI'0 KOMiTeTy:
Banees Cepriit Muxaiinosuy - CyMcbKHii iepKaBHUN YHIBEPCUTET, K.T.H., OLEHT;
Bacunenxo Cepriit Muxainosuy - HarionanbHui yHIBEpCUTET XapyOBUX TEXHOJIOTH, 1.T.H.,

npodecop;

Kenesnnit B.II. - 3aB. kadenporo Teriodizuku ta npukiagHoi ekoaorii OHAXT, n-p TexH. HayK,
npodecop;

Jla6ait Boomumup Mocumosud - Harfionansuuii yriBepcuteT «/IbBiBChKA IMOMITEXHIKaY, [.T.H.,
npocdecop;

JlaBpenuenko I'.K. - 1-p TexH. Hayk, mpodecop;
MinoBanoB B.I. - 3aB. kadeaporo komnpecopiB Ta mHeBmMoarperatiB OHAXT, 3acnyxeHnuit iy
HayKW 1 TeXHIKH YKpaiHu, I-p TEXH. HayK, mpodecop;
Mopo3tok JLIL. - n1-p TexH. Hayk, npodecop;
[ToranoB Bonoaumup OnekciiioBud - XapKiBChbKUI IepKaBHHUI yHIBEPCUTET Xap4yyBaHHS i
TOPTiBIIi, J.T.H., Tpodecop;
Pamuenko M.I. - 3aB. kadeaporo konauiiroBaHH 1 pepprkepanii HYK, akanemik MixkHapoaHOi
akazeMii xosony, A-p TeXH. HayK, npodecop;
Cewmenrok B.A. - k.1.H., aupextop HII® «Tepmion»;
Cumonenko FO.M. - 3aB. xadenporo kpiorerHoi rexniku OHAXT, n-p TexH. Hayk, mpodecop;
Cuexkin HOpiit @enopoBud - qupekTop [HCTUTYTY TeXHIUHOT TETUIO(I3UKH, 1.T.H., aKaTIEMiK
HAHY
Txauenko Cranicnas Hocunosud - 1.7.H., npodecop BiHHMIIBKOr0 HAIIIOHAEHOTO TEXHIYHOIO
YHIBEpCHUTETY;
XwMmenbHIOK M.I'. - 3aB. Kadenporo X0IoAUIBLHUX YCTaHOBOK 1 KOHIuIitoBaHHs roBiTpss OHAXT,
akaneMik MiXHapOIHOT akajaeMii XolIoay, A-p TEXH. HayK, Ipodecop;
It Muxaiino JIbBoBHY - K.T.H., IPOB. HayK. cmiB. [HcTUTYTYy eHepretuku Akaaemii Hayk
Momnosu.

OPI'AHIBAIIIMHUM KOMITET

I'onoBa — npo¢. XmenpHiok M.I".

Hayxoswii cekperap — k.T.H. 3imiH O.B.

Unenu — k.1.H. Kuxapesa H.B., x.1.1. Koryt B.€., k.1.H. SIkoBnesa O.10., k.1.H. XKeniba F0.0.,
k.T.H. Octanenko O.B., x.1.1. [Togmasko O.C.



TEMH JOKJIAJOB IIVIEHAPHOI'O 3ACIJAHHSA

110 POKIB NIPO®ECOPY UYKJIIHY CEPI'TIO TPUTOPOBHUYY (1909-1974)

NMHHOBAIIMOHHBIE ITOAXOAbI, METOAbI PAIIMOHAJIBHOI'O
MNMPOEKTUPOBAHMUSA U ITPUHILUIIBI ®YHKIHUMOHUPOBAHUS CUCTEM
KOHAUIIUOHUPOBAHUA KOM®OPTHOI'O U DHEPTETHYECKOI'O
HA3BHAYEHUSI

H.U. Paguenko, n.1.H., mpod., E.M. Tpyuuiskos, k.1.H., npod., A.H.Paguyenko, k.T.H., I0IiI.,
HanionaneHuit yHiBepcuteT kopabnedyayBanHs iM. aaM. MakapoBa, Ykpaina

A3OTHBIE 'ABUOUKALIMOHHBIE YCTAHOBKH

BBICOKOI'O JTABJIEHUS

Kupunuenxo U.B., rexuuueckuii nupextop [IK® «Kpuonpom» OOO, r. Oxecca;
JleonteeB A.A., rnaBubiil KOHCTPYKTOP [IK®D «Kpuonpom» OOO, r. Oxecca.

e - mail: info@krioprom.com.ua

NIIABUIIEHHSA EHEPTOE®EKTUBHOCTI BAT'ATO30HAJIBHUX CUCTEM
KOM®OPTHOI'O I TEXHOJIOT'TYHOI'O KOHJIMUIIIIOBAHHA ITOBITPS
Kuxapera H.B., x.T.H ., no11., Oziecbka HaIlioHaIbHA aKaeMisl XapuOBUX TEXHOJIOTIN



10.

11.

12.

13.

14.
15.

10.

11.

12.
13.

CEKIISA Ne 2. XOJIOJUIBHI TA KPIOT'EHHI MAIIIMHMU.
TEIIJIOBI HACOCH

THERMODYNAMIC ANALYSIS OF PERIODIC OPERATION AMMO-
NIA-WATER ABSORPTION REFRIGERATION UNITS IN
ATMOSPHER-IC WATER GENERATION SYSTEMS
DEVELOPMENT OF DOMESTIC ABSORBTION REFRIGERATOR FOR
OPERATION IN A WIDE RANGE OF EXTERNAL AIR
TEMPERATURES
MODELING OF THERMAL MODES OF THE REFLUX CONDENSER OF
THE ABSORPTION REFRIGERATION UNIT
PA3PABOTKA ABTOHOMHBIX CUCTEM OXJIAXKIEHUS C
NCIOJb30BAHUEM BO30OBHOBJISIEMBIX TEILJIOBOM DHEPTUU
RESEARCH OF ELEMENTS OF TECHNOLOGY FOR REMOVAL OF
NATURAL PESTICIDES FROM PLANT RAW MATERIALS
MEPCIHEKTUBHA CXEMA 3PIJIZKYBAUYA BOJIHIO MAJIOI
MPOAYKTUBHOCTI TA i PO3PAXYHOK
BUKOPUCTAHHS BIIKPUTOI'O IUKJIY CTIPJIIHTA B
ABTOMOBLJII, 11O MPAIIO€ HA PIJKOMY A3OTI

CEKIIA Ne 3. KOMITPECOPU TA HIHEBMOATI'PET'ATHU
POBOYI PEHOBUHUA

KKJI CTPYMHAHHO-PEAKTUBHOI TYPEIHHU 3 YPAXYBAHHSM
CTEIIEHI HEPO3PAXYHKOBOCTI TATI'OBOI'O COILJIA
MOJAEJIMPOBAHUE PABOYEI'O TIPOLIECCA B
TPEXCTYINEHYATOM CEKIIMA IEHTPOBEXHOI'O
KOMITPECCOPA BBICOKOI'O JABJEHUSA 1151 CAUKJIAHT -
ITPOLOECCA
MOPIBHAJIBHUI AHAJII3 TEYII B IIIJTMHAX TA OTBOPAX
EKBIBAJIEHTHOIO IVIOIIEIO IMTPOXIJAHOI'O IIEPEPI3Y
POBOTA MAJIOT'O XOJIOAUJIBHOT'O KOMITPECOPA HA
XOJIOAOATEHTI 3 JOMIINIKAMU HAHOYACTOK
OIEHKA HHEPCIIEKTHUB ITIPEJABAPUTEJIBHOI'O OXJIAKJIEHUA
IHNPUPOJHOI'O I'A3A HA MATUCTPAJIBHBIX TPYBOIIPOBOJAX
IHEPEJX COKATHUEM 3A CYHET YTHJIM3ALUUA BPOCOBOI'O TEILJIA
I'A3OTYPBUHHBIX YCTAHOBOK
PO3PAXYHOK XAPAKTEPUCTUK TEPMETUYHOI'O
KOMIIPECOPHOI'O AT'PET'ATY B IYCKOBUX PEXKUMAX
BITPOBA/IZKEHHSA I3OBYTAHY B SAKOCTI XOJIOJJOAT'EHTA B MAJII
XOJIOANJIbHI MAIINHHU
INIABUIMEHHA ECEKTUBHOCTI TYPBOKOMIIPECOPIB IBC B
YMOBAX EKCILTYATAILII
MOJIEPHI3AIIA T'A3OTPAHCIIOPTHOI CUCTEMH YKPATHH
AHAJII3 METOAIB NIABUINEHHSA E@EKTUBHOCTI POBOTHU
ITOPHIHEBOT'O BYI'VIEKUCJIOTHOI'O KOMITPECOPA
JOCHIIKEHHS EOEKTUBHOCTI POBOTHU BE3INATYHHOI'O
INOPHIHEBOT'O KOMIIPECOPA HA AJIBTEPHATHUBHHUX
EKOJIOI'TYHO BE3IIEYHUX XOJIOAOATI'EHTAX
MPO®LIIOBAHHS MPOTOYHOI YACTUHHU COILJIA AKTUBHOI'O
ITOTOKY PIIMHHO-ITAPOBOT' O EZXKEKTOPA
AHAJII3 XOJIOANJIBHUX HNUKJIIB 3 PTO ITPOMIKHOI'O TUCKY

cTp.

155

158

161

164

167

169

172

cTp.

175

177

179

180

182

185

188

191
193
195

197

199
200



155
UDC 621.575

THERMODYNAMIC ANALYSIS OF PERIODIC OPERATION AMMO-NIA-
WATER ABSORPTION REFRIGERATION UNITS IN ATMOSPHER-IC WATER
GENERATION SYSTEMS

Ozolin N.E., Kravchenko V.V.
Odessa National Academy of Food Technologies, Dvoryanskaya 1/3, Odessa, 65089, Ukraine
Fax: + 38(048)725-32-84, e-mail: nikita_ozolin@mail.ru

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. [Alekseyev V.V., Chekarev K.V. 1996.]

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. [Pearlstein B.H.
2008.]

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, .

Prax

., .
Qi}, Ih

b)
Figure 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
component (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 (
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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 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
devaporates out of it. The cooling process takes place until the establishment of thermal equilibrium in zones
G-Aand A-E.

For the practical implementation of such a device, it is necessary to estimate its specific cooling
capacity q, 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 maximum 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-E
w

A and A-E zones are assumed equal. Considering equal temperatures of all system elements tv‘f‘A =1

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

beg _ Me_a x A _ beg _ Mu-E x A
XG-A - A B XA-E - A
Mg-a x + Mmeg_a x My_E x + My_f x
1)
b) for the vapor phase:
A A
Vo_al9 = MG6-Aw) = Ya-g"®? = TAZED)
Mg_an® + M-a® Mgt + My_pyy®
(2)

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:

A A
max — Ma-Ex)” T Am(x)

XA-E
mA_E(X)A + Am?‘x) + mA_E(X)B + Am?x)
©)
Respectively, the mass in the G-A proceeds to decline:
; mg— X‘L\—Am‘t“X
Xg_a™" = G-Ak) [€3) (4)

mG_A(X)A—Am?X) +mG_A(X)B—Amg()
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where Am(ﬁ) and Am(BX) — respectively, the mass of ammonia and water in the liquid phase,
transferred from G-A to A-E, kg.

min

The values of Xg', 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:

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.

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
increases along with the temperature of heating source, and at lower ambient air temperatures, this trend
is more obvious.

4. At low 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.

5.
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