OJECBKA-HAIIIOHAJIBHA AKAJIEMIA
XAPYOBUX, TEXHOJIOI'IA

/
[

/

/

MATE PIAHI/I
o XVII Bceyxkpaincbkol

f'HaYKOBO “TeXHiYHOI KoHQepenuii

AKTVAIII:IIICITI'IIBIIEMH
EIIIEI’[ETVIKWIA EKONOrI

26-29 BepecHA 2()*18 POKY, M. Oneca

o
|

AKTYAJIBHI NPOBJIEMUW EHEPTETUKHW TA EKOJIOFII |

B _lzlnnm 2018 poxy, M. lm” ,
I
]
¥
N/




Ooecora HAYIOHATHA AKAOEMIs XAPHOBUX MEXHO102]1l

VIK 620
BBK 31451
A43

Pexomenoosarno 00 opyky Hayroso-mexniunoio paooio Hasuanbro-nayko6o2o
IHemumymy xon00y, Kpiomexnonoziu ma exoenepeemuxu im. B.C. Mapmunoscvkoeo,
npomoxon Ne 1 6i0 25 eepecus 2018 poxky.

OPI'KOMITET KOH®EPEHIII:
I'onosa:
€2opos bocoan Bikmoposuy — pekrop Onecbkoi HamioHaIbHOI akaaeMii XapdoBHX TeX-
HOIIOTiH, 1.T.H., podecop.
3aCTYNHUKH I'0JIOBH:
Tosaposa Hamanis Mukonaiena — npopextop 3 HaykoBoi pobot O1echKol HalliOHAIIb-
HOT aKajieMii Xap4OBHX TEXHOJIOTIH, K.T.H., JOICHT;
Kocoii bopuc Borooumuposuu — nupexrop HapuaapHO-HayKOBOTO iHCTUTYTY XOJOLIY,
KpioTexHoJoTiil Ta ekoeHepreTnky iM. B.C. MapruHoBChkoro Onechbkoi HalioHAIBHOT

akazeMii XapaoBHUX TEXHOJOTIH, I.T.H., mpodecop. IIVIEHAPHA J1OIIOBIAb

UneHHn OPrKOMITETY:

Bomkosa I.J1. Kpycip I'B. Titnos O.C.
Toroms M.I. Jlyx’ssHoB ML.M. Imupro T.B.
XKenesuuit B.II. Masyp B.O. Xmiesa O.41.
Sanepkisaanit M.M. Onbmescoka O.B. Iukamo A.JIL.
IBuenxo J1.0. Carana T.A. Sxy6 JL.M.
Konorpusos M.M. Cewmenrok 0.B.

AKTyanbHi NpodjeMy eHepreTHKU Ta eKoJorii /
A43 Marepiamn XVII BceykpalHChkOi HayKOBO-TEXHIYHOI KOHGepeHLii. —
Opneca, bonaapenko M. O., 2018.—196 c.
ISBN 978-617-7613-26-7

YK 620
BBK 31+51

Bionosioansnuii 3a sunyck: Cementox FO.B., 3a8i0ysau kagpedpu meniogizuxu ma
npuxnaonoi exonozii OHAXT
3a 0ocmosipuicme ingpopvayii ionosioac aemop ny6nikayii

© OnecrKa HalliOHATBHA aKaIeMisi XapuOBUX TEXHOJIOTIN
© HargambHO-HayKOBHH IHCTUTYT XOJOY,
KPIOTEXHOJIOT1i Ta eKOCHEPTETHKU

im. B.C. MapTrHOBCBKOTO

ISBN 978-617-7613-26-7 © QakynbTeT HadTH, a3y Ta eKOIOrii

36ipuuk npaus XVII Beeykpainehkoi HayKOBO-TeXHIMHOI KOH(pepeHwii
«AxTyanbHI ipobiiemu eHepreTuky Ta exonorii», Oneca, OHAXT, 26-29 Bepecns 2018 p.



Ooecora HaYIOHATLHA AKAOEMIs XAPHOGUX MEeXHO.1021il

Ooecora HAYIOHATHA AKAOEMIs XAPHOBUX MEXHO102]1l

Ilns pekyniepatopis Oe3 iHTeHCH(DiKaIlil TEIIOBI Iyl Ha CTOPOHI MPOIYKTIiB 3rOPSIHHS 32 JI0-
MOMOTO10 BCTaBoK (up = 1,0) rpaHuyHa TemmnepaTrypa HarpiBy MoBiTPs B BUCOKOTEMIIEPATYPHOMY
paiaiiiHo-KOHBEKTUBHOTO peKyreparopi oyue:

— B TpyOuacTomy pekymneparopi:
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Jinsg pekyneparopiB 3 KOHBEKTHBHOTO TEIUIOBIIIA4YEI0 HA CTOPOHI MPOIYKTIB 3TOPSHHSA
(Sk = 0) rpaniyHa Temneparypa noBiTps:
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6 =1+ |, - P
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PiBusnus (3) - (5) cnpaBennMBi A1 MPOTHTOYHHMX CXEM PYXY TEIUIOHOCIIB, KOJM MaKCH-
MajlbHa TEMIEparypa pO3ALIOBOI CTIHKM B MiCLi BXOJY HPOJYKTIB 3rOpsSiHHS B PEKyleparop, a
T) =0 T, ne T)- TemmepaTypa IPOAYKTIB 3ropsSHHSA Ha BXOJI i B pekymnepatop [4].

Hageneni opmynu cripaBe UTHBI 1 UTSt IPSIMOTOYHUX CXEM PyXY TEIUTOHOCIIB, SKIIO 6e3p03-
MipHY TeMIIepaTypy MiirpiBy NOBITPs BITHOCHTH JIO JIOKAJIFHOTO 3HAYEHHS TEMIIEPATyPH NMPOIYKTIB

3TOpPSHHS, 30KpeMa, 10 TEMMepaTypH MPOAYKTIiB 3TOPSIHHS Ha BUXOI1 3 peKyneparopa, e Ma€ Micle
il
.

. . . T .
MaKCUMajbHa TeMNepaTypa po3inosoi crinku. Togi 07 = 7 ne T —Ttemmneparypa npoayKTiB

PR
ne

3ropsiHHS Ha BUXOJI 3 pekymneparopa, K.
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TEPMOJAUHAMIYHI BJIACTUBOCTI OTBEPAIJIUX METAHY CHa,
NEP®TOPMETAHY CF4 TA IEPXJIOPMETAHY CCL4

SAxy6 JL.M., 1.T.H., npodecop, bogron O.C., cT. BuKiIaga4
Ojecbka HAIOHATBHA AKAJeMisl XAPYOBHX TEXHOJIOTIi

Metan CHq, nepdTopmeran CF4 Ta mepxmopmeran CCly € HAUMPOCTINUMHU NPEICTABHUKAMU
MIMPOKOTO KJIACY PEYOBHH, YTBOPEHHX MOJIEKYIaMU TeTpaepuuHoi cuMeTpii. JlocimkeHHs Tepmo-
JIMHAMIYHUX BJIACTUBOCTEH TBEPJOTO METAHy IIPU BUCOKOMY TUCKY € aKTyaslbHOIO MPOOJIEMOIO B ra-
Jy3i HETPaAMLIHOT €HEPreTUKH. TaKoK iHTepec 10 PevyOBUH METAHOBOTO PsAdy OOYMOBIICHMII 1O-
IIIYKOM HOBUX €HEPrOEMHHUX MOJEKYJBIPHUX CHCTEM Ha OCHOBI BYIVIELIEBMX MaTepiaiis, MPUIATHUX
Juist 30epiraHHs Ta IeTKOro BUNy4eHHS 3 HUX MOJIEKYSIPHOTO BOJHIO SIK nManuBa. TerpadropmeTan
CF4 (bpeor R14) € MOTEKYTAPHUM aHATIOrOM METaHy. 3aB/SKH CBOiif IPOCTOTI Ta BUCOKIii CUMETpIi,
BIH PHUBEpTaE yBary 6araTboX AOCTIAHULBKUX IPYI. Bil3HauaeTbest 3011bIMEHHS KiJbKOCTI J0CTi-
JUKEHb BIACTHUBOCTEH 1IbOTO KPUCTalla B Pi3HUX IHTepBaTax TeMIeparyp i TUCKiB. Lle nos'szaHo B
TOMY HYHCITi 3 THM, IO HOro KOMepIiifHe 3HAYE€HHA OCTaHHIM YacoM 3POCTaE y 3B'I3KY 3 PO3POOKOO
TeXHOJIOT11 CyXOro TpaBJIEHHs B MIKPOEJIEKTPOHHIIT npomucioBocTi. TeTpagropmeran Takox € 1o-
OIYHHM MPOAYKTOM AETOHALIii, @ PO3YMIHHS HOr0 XiMIiYHHX 1 (DI3MIHUX BIACTUBOCTE Mac BUpilIa-
TBHE 3HAYEHHS U1 MOAeMoBaHHsA (pisuky BuOyxosux pevosuH. Tetpaxnopmeran CCly (ppeon R10)
BIZIHOCUTBLCA 0 YUCIIa BUCOKOKHIUITYMX PEYOBUH. Moro TepMoaMHaMidHi BIaCTUBOCTI 100pe BU-
BUCHI B PiKIH $a3i Ta Ha JiHIT HACHYEHHS, ale 00CAT EKCIIePUMEHTAIBHUX JAHHX JUL TBepIoi (asu
BKpail 0OMEKEHHUIA.

OOMeKeHI MOJKIIMBOCTI €KCIEPUMEHTATIBHUX JOCHIUKEHb B 001aCTi HU3BKMX TeMIepaTyp i
BUCOKOTO TUCKY POOJISATH aKTyaJlIbHUM MPOBEICHHS PO3PaXyHKOBO-TEOPETUYHUX JOCIIUKEHb BJlac-
THBOCTEN METaHy 1 I0ro MOXiJHUX, @ TAKO)K KOMITFOTEPHOTO €KCEPUMEHTY. Y poOOTI, Mopsij 3 po-
3paXyHKaMK TEPMOJMHAMIYHUX BJIACTHBOCTE!N, OCHOBAHUMU HA 3aCTOCYBAHHI TEOPETHYHO OOIPYyH-
TOBAHMX PIiBHSHB CTaHy, Oyra 3po0ieHa cripoba 1epeBipuTr HaiiiHiCTh 3aCTOCOBAHNX PO3PAXYHKO-
BUX METO/(iB MOPIBHAHHSAM 3 NPAMHMH OOYMCICHHAMH TEPMOAMHAMIYHHMX BIACTHBOCTEHl METaHy Ta
iioro ranoinonoxigHux metonoM MonTte-Kapio.

Byno BUKOpHCTAHO MOTEHLIHY MOJENb B3aEMOIi MOJIEKYI, V sKiii moTeHuian JleHnapaa-
JlkOHCa I0MOBHEHO HELCHTPAILHOIO OKTYMOJIb-OKTYIOJIBHOKO B3aEMOJIEI0 MOJEKYN MeTany. Jlist
AHAITHYHOTO TIPEJICTABICHHS OYJI0 BUKOPUCTAHO TOUHMI BHPA3 OKTYNOJIb-OKTYIOJIBHOT B3aEMO/Ii{
MOJIEKYJI METaHy, OTpuMaHuii B podoTi [1]. ¥ podorax [2, 3] npu gociimKkeHHi BIaCTUBOCTE TBEp-
JIOTO MeTaHy OyJ10 3ampornoHOBAHO KAHOHIYHE DIBHAHHA CTaHy /Uil BijabHOI eHeprii ['embmro-
abua F(V, T). PiBHsiHHS cTaHy Oy/10 BUKOPUCTAHO 1151 IPOTHO3YBAHHS JIiHIT MIABJIEHHS MeTaHy [4].
Cijy BIAMITUTH, 10 €1MHA iHpOpMaLLis, HeOOXiIHA [UIS PO3PaxXyYHKY TEPMOANHAMIYHHUX BJIACTHBOC-
Teil TBEPAOro MeTaHy i fioro rajnoinonoxiIHuxX 3a po3po0JEHUM PIBHAHHAM CTaHy NOJArae y BUOOpi
napameTpiB noreHuiany Jlennapaa-/loHca Ta OKTYHOJIBHOTO MOMEHTY.

OckinbkH B poOOTI 3aIPONIOHOBAHO PIBHAHHS CTaHy, IO JI03BOJISE MPOBOUTH PO3PAXYHKH B
00J1acTi BUCOKHX TUCKIB, JI€ €KCIIEPUMEHTANIbHI JJaH1 HEUNCIIEHH] a00 BiACYTHI, OyJIO NPOBEAEHO MO~
PIBHSIHHS Pe3yJIbTATIB PO3PAXyHKIB 32 PIBHSAHHIM CTaHy 3 pe3yJbTaTaMi KOMIT IOTEPHOTO MOJEIO-
BaHHA MeToJ0M MoHTe-Kapiio BUKOPHCTOBYIOUH OJIMH i TO¥ camuii Hadip MOTEHIIHUX MapaMeTpiB
e/k =148 K, 6 = 3.77 A. Jlna po3paxyHKy TepMOAMHAMIYHMX BJIACTHBOCTEH TBEPAOrO METAHY Ta
nepxyopmerany CCly y ¢dasi 3 rpaneunentposanolo kpucraniynoro (I'LIK) pemitkoro Oyio creuia-
JIBHO PO3pOOJIEHO Mporpamy Ut MOJCIOBaHHA MeTo10M MoHTe-Kapio, B OCHOBI SIKOT IEKUTH Ki1a-
CHYHHMIT anroput™ MeTporosica Ta NepioANYHI rpaHu4HI yMOBH. JIesiki pe3yibTaTt po3paxyHKY Biia-
CTUBOCTEH MeTaHy [5] Ha iHii maBjaeHHs MeToJoM MoHTe-Kapiio Ta OLiHKY iX MOXUOKU HaBeIeHO
B Tabnumi 1. Crif BiAMITHTH 700pE MOTODKEHHS MiZK pe3ybTaTaMH PO3PaxyHKY Ta KOMIT FOTEPHOTO
EKCIIEPUMEHTY, SIK JUISl THCKY, TaK i I TEPMIYHUX KOS(illiCHTIB.

Kpim poknaHoro Monre-Kapio 10ciiJpkeHHS TEPMOAMHAMIYHUX BJIACTUBOCTEH KpUCTalid-
HOTO METaHy, 0yJ10 MPOBEICHO KOMIT'IOTEPHI €KCIIEPUMEHTH ISl MOHOKJTIHHOI CTPYKTYpH niepdTop-
metany CF4 na ninii cyonimauii as B-¢paszu npu T =60 ... 76 K [6] Ta ana kpuctaniunoro CCly y3-
nowok Jiinii asnienns y [HK-dasi Big T =245 K g0 T =320 K [7]. BincyTHicTh eKkcriepuMeHTalb-
HMX 3HAueHb TYCTHHH Y TBepAiil (asi B poOoTax, 10 NPUCBIYEHI JOCTIMKEHHIO (ha30BOi aiarpamu
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CCly, 3anMImaioTh MOKIIMBICT TIOPIBHIOBATH PE3YJIbTATH PO3PAXYHKY 00’ €My 3@ TEOPETHYHHUM piB-
HSIHHSAM CTaHy 3 JQHUMHU, OTPMMAaHUMH METO/I0M MAIIMHHOIO ekcrnepumenty Monre-Kapio. Takosxk
Pe3yABTATH KOMIT IOTEPHOTO MOJeoBaHHs, oTpuMaHi 1uist CF4, Oyno MopiBHAHO 3 €KCIEpUMEHTa-
neHUMH taHumi [8] (puc. 1, 2).

Ta6suus 1 — BigHocHa noxubka po3paxyHKy MOJBHHX 00 €MiB METaHy Ha JIiHii TIaBIeHHs
metooM MonTte-Kapiio Ta 3a piBHSIHHSIM CTaHy.

V, em3/Moab
LK P.Tlla Meton Monte-Kapio PiBHSHHS cTaHy 8. %
90.7 -0.008 32.87 32.81 -0.18 %
111.3 0.087 31.75 31.80 -0.16 %
131.8 0.186 30.92 30.88 -0.13 %
156.97 0.323 29.97 29.87 -0.03%
180.36 0.465 29.09 29.04 -0.17%
212.85 0.677 28.16 28.02 -0.50%
237.58 0.866 27.47 27.33 -0.51%
260.85 1.049 26.88 26.74 -0.52%
100 50
48
95 46
£" i : & & "
f-: B E_ -
5 B
w! = = 8w
» Mona Eare .
7 .
240 60 0 300 320 340 S R L
Tesmmeparypa, K Temueparypa, K
Puc. 1 — TlopiBusiHHS pe3yabTariB po3paxyHKy Puc. 2 — TlOpiBHSHHS pe3yJIbTATIB PO3PAXYHKY
06’emy CCly 3a TeOpeTHUHUM PIBHSHHAM cTaHy (— 00 emy CF, METOZI0M Moute-Kapao

)3 IaHUMH KOMIT' FOTEPHOTO MOJIENTIOBAHHA METONIOM () 3 EKCIIEPUMEHTANILHUMU IaHUMMU [6] () o
Mownte-Kapno () -

BucHoOBKH

Tepmoaunamiuni snactusocti CHs, CF4 Ta CCls Oyno po3paxoBaHo Ha MiHIIX cyOiimarii Ta
TUTABJICHHS 3 BUKOPUCTAHHSM JIBOX ITi/IXO/IIB: 32 TEOPETUYHUM PIiBHAHHAM CTaHY Ta MOJCTIOBAHHAM
MeTo0oM Monte-Kapio. Otpumai pe3y/ibTaTti 100pe y3roLKyIOThes 3 HasBHUMU €KCTIEPUMEHTAlb-
HUMHU AaHuMH. CITiT BIIMITUTH, IO OKTYNOJb-OKTYMOIbHA B3AEMO/Iisl MOJEKYIT MPH BUCOKUX TEMIIC-
parypax Jae NuIne Manuil BKJIAX B TEPMOJMHAMIUHI (PYHKIIT, ane MpW HU3BKHX TeMmeparypax ii
BIUIUB CTAHOBUTHCS CYTTEBUM.
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THE SEARCH OF ENERGY-EFFICIENT OPERATION MODE OF
AMMONIA-WATER-ABSORPTION REFRIGERATION MACHINES

Kirilov V.Kh., Dr.Sc., Prof., Osadchuk E.A., assistant, Titlov A.S., Dr.Sc., Prof.
Odessa National Academy of Food Technologies, Odessa

The object of the research is the absorption water —ammonia cooling units of the pumping
(AWCU) and non—pumped type — absorption—diffusion cooling units (ADCU).

To achieve this goal, it is necessary to accomplish the following tasks:

1. To develop a methodology for thermodynamic calculation of AWCU and ADCU cycles in
the extended, in comparison with the traditional, operating temperature range, both in the part of the
heating source, and the environment and the cooling object.

2. Conduct an analysis of the calculation of thermodynamic parameters in AWCU and ADCU
in the extended range of operation parameters.

3. To develop the perspective schemes of AWCU and ADCU in the extended range of opera-
tion parameters when working in systems for obtaining water from atmospheric air.

One of the features of absorption refrigerators of all types is the interdependence of tempera-
tures in the characteristic processes of the cycle-the temperature of the heating medium ¢, , the tem-

perature of the cooling medium ¢, and the temperature of the cooling object ¢, . Of the three tem-

peratures, only two can be arbitrarily assigned.
As practice shows, the operation of the refrigeration unit should provide a given level of cool-
ing (¢,), 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 consider such interdependence of temperatures in the ab-
sorption 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 par-
ticles 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 7_; b)
temperature of the cooling object 7, ; c) temperature differences on elements that do not explicitly
take into account heat exchange conditions and under-recovery of heat: temperature difference be-
tween 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 O, .
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