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BUKOPUCTAaHHAM BOJOBUITAPDHUX TE€XHOJIOTI

2. Development of methods to improve energy efficiency and environmental friendliness of refrigeration machines
using water evaporation technologies

Pedepar:

1. Y nuceprauiiiHiil pob0Ti BUpilIEHO aKTyajbHE HAYKOBO-TIPAaKTUYHE 3aBIAHHS MMiBUIIEHHS €HeproeeKTUBHOCTI
Ta €KOJIOTIYHOCTi XOJIOAUIbHUX MalKH (XM). BusHaueHO OCHOBHI 3MiHEHHS Y pOOOTi X0JI0AUIbHOI MAlIMHU [IPU
petpodiri (3amini) xonmonoarenTiB HCFC ta HFC 3 notenunianom riobansHoro norernsinas GWP > 500 Ha
xonopoarenTy HFC, HFO ta HFC /HFO rpynu A2L 3 GWP < 500. A came, 3MiHEHHsI IOKa3HMKIB KOMIIpECOPa, 3aMiHa

MAaCTWJIa, BPaXyBaHHS BIUIMBY TEMIIEPATYPHOTO «IJIAlAy», 3MiHEHHS Y POOOTi KOHAEHCATOPA Ta BUMIAPHUKY. [ly1g



MiABUILEHHS XOJIOLONPONYKTUBHOCTI XM npu peTpoQiTi X0JI040areHTy 3allpONIOHOBAHO METOY MiIBUILIEHHY ii
eHepreTnYHoi e(peKTUBHOCTI Ta BU3HAYEHO Halo6inbll e(eKTUBHUN METOJ; 3MEHILIEHHS IIepernany TeMIepaTyp MK
TeMIlepaTypaMu KOHZeHcallii Ta BUIIapOBYBaHHs y Hai6i/1b1iil KiJIbKOCTi FOJMH PiYHOTO LUKIY LIJISIXOM
3aCTOCYBaHHS [1€PEOXOJIOIPKEHHS IIOBITPS Nepe]] XOJI0UIbHOI0 MAIIMHOIO Ta IEPEOXOJIOAKEHHS PiTKOrO
XOJIOJ0areHTy. 3allpOIIOHOBAHO HOBUI KPUTEPIil OLIHKK e(EKTY Bif| 1€pEeOXOIOIKEHHS, SIKUI 103BOJISIE
IIPOBOJIMTH €KCIIpec-aHasi3 nukiiB XM npu petpoditi xosomoareHTy. Po3po6eHo HOBUI METO/I, BU3HAUEHHS
XOJIOAWJIBHOTO KoedilieHTy LUKy XM 3 [1epeoxX0JIOIKEHHSIM X0JI0[I0areHTy [IpY PO3PaxyHKy TEPMOJMHAMIUYHNX
IapaMeTpiB IPOCTOro LUKy 6€3 IepPeOX0JIOIKEHHS IJ1s1 Pi3HUX XO0JIOHO0AreHTiB. [IpoBeieHo aHai3 Ta
CHCTEMaTU30BaHO Cy4acHi BOJOBUIIAPHI TEXHOJIOTI] OXOJIOI’KEHHSI ITOBITPS Ta BU3HAYEHO IIP06IeMU BOJOBUIIAPHUX
CHCTEM, 1110 BUHUKAIOTh IIPU iX eKcIulyaTalii. BusHaueHo kiiMaThyHi 0CO6JIMBOCTI BUKOPUCTAHHS afjiabaTUYHOrO
OXOJIOIPKEHHS SIK NONIEPEIHbOTO OXOJIOAKEHHS IIOBITPsI Ilepe]] KOHAeHcaTopoM XM 11st pisHuX MicT YKpaiHu Ta
[IPOBEIEHO NOPIBHSAHHSA BUKOPUCTAaHHS TEXHOJIOTIY 3HMKEHHS TEMIIEPATYP KOHAEHCAlil OgHOCTaliiHUM Ta
IBOCTAIiTHUM OXOJIOIPKEHHSIM. OTPUMAaHO Ta IPOAHaJIi30BaHO JaHi AUCTAHIITHOTO MOHITOPUHTY Iil0YMX
aniabaTUYHUX CUCTEM CTOCOBHO ix €(peKTUBHOCTI 11 HaZlaHO PeKOMEHALii 1[040 BUKOPHUCTAaHHS B XOJIOAUJIbHIN
rajy3i BOLOBUIIAPHUX TEXHOJIOTIN MIONEPEIHBOTO OXOJIOIKEHHS MIOBITPS. 3alIPOIIOHOBAHO CXEMHI PillIEHHS
BOJOBUIIAPHOTO NEPEOXOJIONKEHHS PiAKOTO XOJON0AareHTy 3 BAKOPUCTAHHSIM ABOCTALiNHOIO OXOJIOIKEHHS

IIOBITPSI Ha BXOZ B IEPEOXO0JIOMIKYBaY 7151 JOCSITHEHHS TEMIIEpaTyp HIUXKUMX 32 TEMIIEPATyPy MOKPOIO TEPMOMETpPaA

2. The dissertation addresses a relevant scientific and practical problem of improving the energy efficiency and
environmental performance of refrigeration machines (RMs). The main changes in the operation of the
refrigeration machine when retrofitting (replac-ing) HCFC and HFC refrigerants with a global warming potential
GWP > 500 with HFC, HFO and HFC /HFO A2L refrigerants with GWP < 500 are identified, including variations in
compressor parameters, lubricant replacement, the influence of temperature “glide”, and operational changes in
the condenser and evaporator. To increase the cooling capacity of RMs during refrigerant retrofitting, methods for
improving its energy efficiency are pro-posed. The most effective method has been identified: reducing the
temperature difference between condensation and evaporation temperatures during the majority of annual opera-
tion hours by implementing air subcooling before the refrigeration machine and subcool-ing of the liquid
refrigerant. A new criterion for evaluating the subcooling effect is pro-posed, which allows for rapid analysis of RM
cycles during refrigerant retrofitting. A new method for determining the coefficient of performance (COP) of an
RM cycle with refrig-erant subcooling is developed, based on thermodynamic parameters of a basic cycle with-out
subcooling for various refrigerants. An analysis and systematization of modern evaporative air cooling technologies
were conducted, and the problems of evaporative systems that arise during their operation were identified. The
climatic features of applying adiabatic cooling as a pre-cooling meth-od for air before the condenser of RMs in
different cities of Ukraine were determined, and a comparison of single-stage and two-stage condensation
temperature reduction technolo-gies was made. Data from remote monitoring of operational adiabatic systems
regarding their effectiveness were obtained and analyzed, and recommendations for the use of evap-orative air
pre-cooling technologies in the refrigeration sector were provided. Schematic solutions for evaporative subcooling
of the liquid refrigerant using two-stage air cooling at the subcooler inlet were proposed, enabling the
achievement of temperatures below the wet-bulb temperature.
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