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2. Study of the influence of compressor oil impurities in refrigerants on local heat transfer coefficients and boiling
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Pedepar:

1. Inceprarnisi IpUCBAYEHA €KCIIEPUMEHTATIBHO-PO3PaXyHKOBOMY JOCJII)KEHHIO JIOKAJIbHUX 1 cepefHix
Koe(illieHTiB TeNI0BiAAaYi, peXXUMIB KUIMIHHS Ta TEMI0()i3UYHUX BIACTUBOCTEN pobounx Tin R245fa i R1233zd(E) y
MOZIeJIbHOMY reHepaTopi rapu JJ1s1 yCTaHOBOK, 1[0 peasidyloTb opraHiuynuil uukia Penkina (OPC) i3 BUKOpUCTaHHSIM
HU3bKO- i cepeHbOTEMIIEPATYPHOI COHSIUHOI eHeprii. Oco6IMBY yBary NpuiiJieHO BUBYEHHIO KUIiHHS PO3YMHIB
R1233zd(E) y nomiedipaomy (POE) macTtusi Planetelf ACD 100FY, 1m0 € akTyasbHUM [1J151 BLOCKOHAJIEHHS TeIJIOBUX
HACOCIB i MigBUIEHHS eHeproepeKTUBHOCTI COHIYHUX CUCTEM. 3 METOI0 KOPEKTHOI iHTepIipeTaii pe3ysibTaTiB
IOCJiI)KeHO BIVIMB MacTUJIa Ha TUCK HACUYEHOI 1apy, T'YCTHHY, B'SI3KiCTb, TEIJIOEMHICTb i €HTaJIbIIiI0
XOJIOMOAreHTy. AHaIi3 MiATBEPIXKYE, 1O r7106ajIbHa €HEPreTUKa A0Ci 3HAYHOIO MipOIO 3aJI€XKUTh Bij BAKOITHOTO
[IaJIMBa, 0 3yMOBJIIOE€ BUKUY NTAPHUKOBUX ra3iB. PO3BUTOK ajIbTEPHATUBHOI €EHEPTE€TUKYU — KJIIOY [I0 3HMKEHHS

AHTPOIOTre€HHOr O BIUIMBY. 30KpeMa, IePCIEeKTUBHUM HapsiMoM € BuKopuctaHHs OPC, 31aTHOro e(peKTUBHO



[IEPETBOPIOBATH €HEPTilo 3 HU3bKOTEMIIEPATYPHUX JKepes Ha esleKTpuiHy. OPC BUKOPUCTOBYE OpraHiuHi po6o4i
Tizla 3 HU3BKOIO TeMIlepaTypolo KumiHHA. [IpoTe eeKTUBHICTh TAKUX YCTAHOBOK 0OMe>KeHa HU3bKUM piBHEM
TEeMIIEpaTyp i HEPiBHOMIPHICTIO HAJ X0 KEeHHs! eHeprii. ToOMy aKTyaslbHUM € CTBOPEHHS TEXHOJIOTIN 30epiraHHs
eHeprii i nigBuIIeHHs €(PEKTUBHOCTI TEMJI000MiHY. ABTOpP CIIMPAEThCS HA HAyKOBI IIpalli MPOBiIHUX BYEHUX,
3okpema llIsn-mane by, Kedzierski M.A., Bin Sun, Bartelt K., Sharif M.Z., Azmi W\.H. Ta iH., s5Ki nocnimxysanu
TEIJIO0OMIH 3 JOMIlIKaMU MaCTHUJI Ta HAHOYACTUHOK. PO3p006J1€HO HOBY €KCIIepUMEHTAJIbHY YCTAHOBKY ZJIs1
IociimKeHHs KoedilieHTiB Terosigaadi npu kuminHi R245fa, R1233zd(E) Ta ixHix po3unnis y POE-macTuii.
Briepie oTpMMaHO €KCIIepUMEHTasIbHI JaHi PO TUCK HACUYEHUX NapiB, TYCTUHY, B'SI3KIiCTh i TEIJIOEMHICTb CyMillli
R1233zd(E) /Planetelf ACD 100FY, a Takox JIOKaJbHi Ta cepeliHi KoedillieHTH TeloBianadi Mpyu MacoBUX BUTpaTax
1-50 xr/(Mm?-c) i ryCTHHI TENJI0BOTrO NOTOKY 10 4 KBT/M2. 31iliCHEHO MOZIE/II0BaHHS TEIMJI00OMIHHMX IIPOLIECIB 117151
Pi3HUX TepMOJIMHAMIYHMX YMOB. [10Ka3aHo, MO JOMIIIKM MACTUJIa CIIPUSIIOTD MiJBUIIEHHIO KOeQillieHTiB
TeIIOBiANavi B cexuisx BUnapHuKa. [IpakTuyHe 3Ha4eHHs POOOTH I10JIAra€ B MOKJIMBOCTI 3aCTOCYBaHHS
OTPUMAaHUX AaHuX AJs rpoektyBaHHsl OPC i TernysoBrx HacOCiB HOBOTrO ITOKOJIiHHS. BuB4eHi TernyiodiznyHi
BJIACTMBOCTI PO3YMHIB MaIOTh BUCOKY iHK€HEPHY LiHHICTb /1J14 HiJBUIIEHHS €(PEKTUBHOCTI KOHCTPYKLiH
BUIIAPHUKIB. 30KpEeMa, pe3yJIbTaTy JOCiIXEHb JO3BOJISIIOTh OOIPYHTOBAHO BM3HAYATH ONTUMAJIbHI yMOBU
neperpiBy po6ouux Tiz. OCHOBHI pe3yabTatu: 1. PO3po6JeHO eKcriepUMeHTaslbHI CTeHIU 171 JOCHTiIKeHHS
TeroBiAaayi i TennodisnyHux BracTuBoctel po3unHiB R1233zd(E) /Planetelf ACD 100FY. 2. Bniepuie nocigkeHo
Ternsonepenady mija yac KumniHHs xonogoareHTiB R245fa ta R1233zd(E) nmpu pisHHX MacoBUX BUTpATax i TEMIOBUX
IIOTOKax. 3. BU3Ha4eHO BIUIMB NOMIIIOK MacTH/Ia Ha KoedilieHTH TeIIoBifnadi Ta e(peKTUBHICTh BUIIAPHUKIB. 4.
CdopMoBaHO 0BiIKOBY 6a3y TeI10()i3NIHUX XapaKTEPUCTUK PO3YUHIB [IJI1 YMOB BUCOKOTEMIIEPATYPHUX TEIJIOBUX
HacociB. 5. Po3po6s1eHO Mojiesli po3paxyHKy IIPOLeCiB TeI000MiHy 3 ypaxyBaHHSIM (a3oBUX TpaHCPOpMaLlill i

3MiHM TEPMOJVHAMIYHUX [TAPAMETPIB.

2. The dissertation is devoted to the experimental and computational study of local and cross-sectional average
heat transfer coefficients, boiling regimes, and thermophysical properties of working fluids R245fa and R1233zd(E)
in a model steam generator of energy systems implementing the Organic Rankine Cycle (ORC) using low- and
medium-temperature solar energy. Special attention is given to the investigation of boiling processes of R1233zd(E)
solutions in Planetelf ACD 100FY polyol ester (POE) oil, which is relevant for improving heat pump systems and
enhancing the energy efficiency of solar-powered installations. To correctly interpret the obtained results, the
influence of the oil on the saturated vapor pressure, density, viscosity, specific heat capacity, and enthalpy of the
refrigerant was studied. The analysis confirms that the global energy sector remains heavily dependent on fossil
fuels, leading to increased greenhouse gas emissions. The development of alternative energy sources is essential
for reducing anthropogenic impact. In this context, the ORC appears as a promising solution for efficiently
converting low-grade thermal energy into electricity. The ORC uses organic fluids with low boiling points.
However, the efficiency of such systems is limited by low-temperature energy and intermittent availability.
Therefore, developing technologies for thermal energy storage and enhancing heat transfer efficiency is highly
relevant. The author relies on the scientific work of leading researchers such as Sheng-shan Bi, Kedzierski M.A.,
Bin Sun, Kristen Bartelt, M.Z. Sharif, W.H. Azmi, and others who studied heat transfer involving oil and nanoparticle
additives. A new experimental setup was developed to investigate heat transfer coefficients during the boiling of
R245fa, R1233zd(E), and their solutions with POE oil. For the first time, experimental data were obtained on the
saturated vapor pressure, density, viscosity, and specific heat of R1233zd(E) /Planetelf ACD 100FY mixtures, as well
as local and average heat transfer coefficients under mass fluxes of 1-50 kg /(m?s) and heat flux densities up to 4
kW /m?. Models of heat exchange processes under various thermodynamic conditions were developed. It was
shown that the presence of oil additives enhances the local heat transfer coefficients in evaporator sections. The
practical significance of the study lies in the potential application of the obtained data in designing ORC-based
solar systems and next-generation heat pumps. The studied thermophysical properties of the refrigerant-oil
solutions have high engineering value for improving evaporator designs. The findings also allow for the
determination of optimal superheating conditions for working fluids. Key results: 1. Experimental test benches
were developed to study the heat transfer and thermophysical properties of R1233zd(E) /Planetelf ACD 100FY



solutions. 2. Heat transfer during the boiling of R245fa and R1233zd(E) under varying mass flow rates and heat
fluxes was investigated for the first time. 3. The influence of oil additives on heat transfer coefficients and
evaporator performance was established. 4. A reference database of thermophysical properties was created for
working conditions of high-temperature heat pumps. 5. Models for calculating heat exchange during phase
transitions and varying thermodynamic parameters were developed.
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