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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.
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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;
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Mopo3tok JLIL. - n1-p TexH. Hayk, npodecop;
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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;
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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



CEKIIA Ne 1. XOJIOAUJIBHI YCTAHOBKHU. KOHAUIIFOBAHHS ITOBITPSI.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

XOJIOAUJIBHA TEXHOJIOT'ISI
PO3POBKA TA JOCJIKEHHS POBOTH OXOJIO)KYBAUA
HAIIOIB
NIABUIIEHHS EGEKTUBHOCTI TPAHC®OPMAIIII TEIVIOTH
rO30BOI'O ABUI'YHA B X0J10J BAKOPUCTAHHSIM
CTYIIHYACTOI TPAHC®OPMAIII B EXM I ABXM
JIBOIMOTOYHA EXKEKTOPHO-ABCOPBIINHA CUCTEMA
TPAHC®OPMAIII CKUJHOI'O TEILIIA 'A3OIIOPIITHEBOI'O
MOJYJIs
MODIFICATION OF SHIP'S THERMAL INSULATION STRUCTURES
IN ACCORDANCE WITH REGULATIONS’ REQUIREMENTS FOR THE
FROZEN PRODUCTS TRANSPORTATION IN ORDER TO IMPROVE
REFRIGERATION SYSTEM EFFICIENCY
BUKOPUCTAHHS IMEPCIMHOI'O OXOJIO/KEHHSI BIHAPHUM
JIbOJIOM HA M'SICOKOMBIHATAX
MOKJNBOCTI BUKOHAHHS 3ABJIAHB ITAPU3BKOI YIT'OJIU TA
MOMPABKH KITAJII 1JIS1 HVAC&R CEKTOPY YKPATHH
3ATYXAHHS TEMIIEPATYPHOI XBUJII B KOHTEMHEPAX 3
NIABUIIEHOIO TEIIJIOBOIO THEPIIEIO CTIHOK
AHAJIN3 IPUYUH OTKA30B XOJIOJJUJIBHOI'O OBOPY/IOBAHUSI
HA KPYIIHBIX IPEJANPUSTUSX TOPIOBJIN

BIIJINB XOJTOJOAT'EHTIB HA HABKOJIMIIHE CEPEJJOBHUIIE

MOJIEJIOBAHHSA TA AHAJII3 POTOPHO-TA30BOI XOJIOIAJIBHOI
MAIIMWHA JJIA BUPOBHULTBA ITIOMIPHOI'O XOJIOAY

CEKIIIA Ne 2. XOJIOANJIBHI TA KPIOTEHHI MAIIIUHMA.
TEIIJIOBI HACOCH

IMPOMUCJIOBI YCTAHOBKH JJISI OTPUMAHHS KR TA XE 3
KOHIEHTPOBAHUX CYMIILEM
JJABOPATOPHA YCTAHOBKA JIJISI OTPUMAHHSA TBEPJIOI'O
HEOHY
HEYITKA CUCTEMA ONIITPUMKH IPUMHATTS PIIIEHD B
CUCTEMI YIIPABJIIHHSI PEKTH®IKALIMHOIO KOJIOHOIO
T'A3OJINHAMIYHI XOJIOANJIBbHO-HAT PIBAJIBHI ATIAPATH, II1O
IPAIIOIOTH HA IPUPOJTHOMY I'A3I
OIIPEJIEJIEHVE TEPMHUYECKOI'O COITPOTUBJIEHUS TBEPIBIX
OTJIO)KEHU HA OBEPXHOCTH BO3YIIHbIX
KOHJIEHCATOPOB KOMEPYECKHUX XOJIOANJIBbHBIX YCTAHOBOK
AHAJIN3 CUCTEM KOTEHEPAIIVM C JIBYMS TEMIIEPATYPHBIMHA
YPOBHSIMU ITIPON3BOJCTBA XOJIOJIA
CUCTEMA XJIAJJOCHABXEHUSI KAMEP XPAHEHUSI
PACTUTEJBHOH NPOJIYKIIMU ®PEPMEPCKOI'O XO3SIMCTBA C
COJJHEYHOM YHEPTETUYECKOMW YCTAHOBKOMN
DEVELOPMENT OF SYSTEMS FOR OBTAINING WATER FROM
ATMOSPHERIC AIR ON THE BASIS OF ABSORPTION WATER-
AMMONIA REFRIGERATORS AND SOLAR COLLECTORS

cTp.

114

116

118

121

123

125

128

131

133

136

cTp.

139

141

142

144

145

147

150

152



152
UDC 621.575

DEVELOPMENT OF SYSTEMS FOR OBTAINING WATER FROM
ATMOSPHERIC AIR ON THE BASIS OF ABSORPTION
WATER-AMMONIA REFRIGERATORS AND SOLAR COLLECTORS

Osadchuk E.A., Adambayev D.B., Maguryan N.S.
Organization: Odessa National Academy of Food Technologies (ONAFT)
E-mail osadchuk@gmail.com

Since ancient times, fresh water, in very limited quantities, has been obtained by collecting
condensed
One of the features of absorption refrigerators of all types is the interdependence of temperatures in

the characteristic processes of the cycle-the temperature of the heating medium t, , the temperature of the

cooling medium t ., and the temperature of the cooling object t . Of the three temperatures, only two can
be arbitrarily assigned. As practice shows, the operation of the refrigeration unit should provide a given level
of cooling (t,,), and the installation itself should operate under appropriate climatic conditions, that is, at a

given temperature of the cooling medium. Therefore, the real parameter that can change is only the
temperature of the heating source.

Modern calculation methods do not take into account such interdependence of temperatures in the
absorption refrigeration cycle, since they allow the presence of a source of thermal energy with only the
necessary temperature potential.

At the first stage of the research, an algorithm was developed for calculating AWCU pump cycles for
working with low-potential sources of thermal energy.

In Fig. 1. The simplest scheme of AWCU with two regenerative heat exchangers — solutions (RHS)
and ammonia (RHA) is presented. To the generator 1, which is filled with liquid WAS, low-potential heat is
supplied, as a result of which the low-boiling component (ammonia) with small particles of water vapor will
predominantly boil off from the solution. The steam enters the rectifier 2, in which the cooled saturated WAS
with the RHS 5 and the absorber 4 flows to meet the vapor stream that comes from the generator 1. At the
same time, less volatile water vapor condenses first, thereby increasing the concentration of ammonia in the
stream. Next, WAS pairs fall into the reflux condenser 3. On its cold tubes, the first condensed water vapor
that remained after the rectifier 2. The presence of the rectifier 2 and the refluxer 3 in the AWCU circuit
allows almost completely to get rid of the water vapor in the ammonia vapor stream that goes to the
condenser 7. Further ammonia vapor enters the condenser 7, liquefies with the removal of the phase
transition heat, enters the RHA 8, where the cold the ammonia vapor that comes from the evaporator 9 to the
absorber 4 is preheated, thereby increasing the thermal coefficient of the AWCU cycle.

Initial data for the calculation were adopted: a) temperature of the cooling medium t; b)

oc !
temperature of the cooling object t, ; c) temperature differences on elements that do not explicitly take into

account heat exchange conditions and under-recovery of heat: temperature difference between the weak
WAS and the generator's heating source of heat; temperature head in the condenser, absorber, dephlegmator
with cooling medium; temperature head between the fluxes of weak and strong WAS at the cold end of RHS;

d) refrigerating capacity of the evaporator Q, .

The variable parameter is the temperature of the heating source of heat th :
At the first stage of the research on the above algorithm, a search was made for the temperature
range of the heating source (th), which would satisfy the conditions of operation of AWCU (1,.) and the

requirements for the cooling object (tgp ).
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Figure 1: Scheme AWCU with two regenerative heat exchangers: 1 - generator; 2 - rectifier; 3 - a
reflux condenser; 4 - absorber; 5 — RHS; 6 - the pump; 7 - the condenser; 8 - RHA; 9 - evaporator

The relevance of this research was due to the fact that some modes of operation of AWCU can not be
organized because of the insufficiently high temperature of the heating source. So, for example, the level of

cooling temperatures in the evaporator requires an appropriate pressure level Po both in the evaporator and

"

in the absorber. The equilibrium temperature of the strong WAS in the absorber tkp_ 4 should be higher than

the temperature of the cooling medium in order to ensure removal of the heat of absorption. The mass
fraction of ammonia in the strong WAS &, is determined by the values of Py and t;, , , and for the
organization of the absorption process, a certain degassing zone is necessary-the difference in the mass

fractions of ammonia in the strong §,’<p_ and weak 5;7 WAS. In turn, the mass fraction of ammonia in the

weak WAS &/, is determined by the values of the condensation-generation pressure and the temperature of

the heating source.

The algorithm for searching the AWCU operating modes was as follows. At the first stage, the
temperatures of the cooling object were set tg, = minus 30 °C; minus 15 °C; minus 5 °C. For each valuetgy,
, a calculation was made with a fixed value with a range of 25 ... 43 °C in steps of 1 °C. For the given values,
we calculated the circulation multiplicity with a variable in steps of 1 °C.

In case the multiplicity of the circulation is a positive value, it was concluded that the operation
mode of AWCU can be realized, and otherwise, when the circulation multiplicity was negative, it was
concluded that the operating mode does not exist. An analytical relationship between the temperature of the

cooling medium (t,.), the temperature of the cooling object (top ), and the temperature of the heating

source (th) is obtained under the condition of the maximum value of the thermal coefficient. The
dependence has the following form [24]:

2 2 3
_a+ bt +ct. +dt, +ef’ + i
1+kt, + ItfU + e, +nr56
where: a = 47,74648658; b = —1,01853416; ¢ =0,013464939; d = —1,12675283; e = 0,02319431; f =
— 0,00017897; k = — 0,03803459; | = 0,00049505; m = — 0,00750582; n = 0,000151575; dimension of
temperature — °C.

The maximum error of the analytical dependence is 5.3%. The average error is 1.1 %.
The form of the surface constructed from the dependences is shown in Fig.2.

h , (Ea.1)
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Figure 2: Dependence between the temperature of the cooling medium (L,,..), the temperature of the

cooling object (Lo ) and the temperature of the heating source (1, ) under the condition of the maximum
value of the thermal coefficient.

Analysis of the obtained calculation results allows us to draw the following conclusions.

First, in the range of design parameters with increasing temperature of the outside air (cooling
medium), the necessary temperature of the heating source also increases. So, for example, with an increase
from 20 °C to 45 °C at a fixed temperature of 5 °C the temperature will increase from 65 °C to 110 °C.

Secondly, in the range of design parameters, the increase in the temperature of the cooling object, for
example, from minus 30 °C to 15 °C at a fixed outdoor temperature of 45 C, will result in an increase in the
required temperature of the heating source from 85 °C to 138 °C.

Thirdly, for operation in a tropical climate (t,.= 35 ... 45 °C) and a cooling object temperature of 5

°C (guaranteed "dew-point" temperature), the temperature of the heating source should be above 110 °C.

Currently, the main part of the market of equipment for the separation of water from air falls on
systems that have in their composition a compression refrigeration unit with an electric drive. A necessary
condition for the compression refrigerator operation is the availability of electrical energy. At the same time,
the vast majority of countries experiencing water shortages are also limited in energy resources. The only
available source of energy is the Sun.

For operation in systems for obtaining water from air, absorption water-ammonia refrigerators
(AWAR), which are operating from a low-grade heat source — solar collectors (SC), have been proposed.

It was shown that during the implementation of AWAR cycles there are modes with maximum
energy efficiency in practical temperature ranges of the cooling fluid (from 10 to 32 °C) and cooling objects
(from minus 25 to minus 5 °C). To achieve these conditions, an appropriate combination of the composition
of water-ammonia solution and temperature of the heating source is necessary.

As a result of the analysis an AWAR scheme with a booster compressor before a condenser for
operation as a part of systems for obtaining water from air is proposed. This scheme, despite the additional
energy consumption for operation of the booster-compressor, ensures the operation of AWAR with heat
sources with temperatures ranging from 80 °C to 100 °C.



