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Pedepar/aHoTanis:

1. Inceprauiiina po60Ta IPUCBIYEHA BUPIIIEHHIO aKTyaJbHOI HAYKOBO-TIPUKJIAIHOI 3aa4i - MiABUIEHHIO €KOJIOTO-
€HEPreTUYHUX XapaKTEPUCTHK MIPOLECIB MyJIbTUTEHEPaLlil TEIIJIOTU Ha OCHOBI 3aCTOCYBaHHSA OPTraHiYHUX
TEIJIOHOCIIB i3 omimkamu dynepeny C60. PO3BUTOK cucTeM MyJIbTUTeHepallii TeIJIOTU Ta XOJI0Ny Bimirpae
KJIIOYOBY POJIb y IIEPEXO/li 10 BiIHOBJIIOBAHUX JPKEPEJI €Heprii, OHAK iXHs TerioBa e(PeKTUBHICTb 3a/INIIAETHCS
HEJIOCTAaTHbOI0. 3aCTOCYBAaHHS HAHOYACTOK JIa€ 3MOTY iHTEHCU(]iKyBaTH IPOLIECHU TEIII000MiHY, IPOTE
eKCIuTyaTanis 6inb1mocTi nomupeHux HaHO(JIIIOIiB HA OCHOBI OKCUIiB METaJIiB YCKIIATHIOETHCS IXHBOIO
CcelMEHTAliliHOI0 HeCTabiIbHICTIO 32 BUCOKMX TEMIIEPATyp Ta CyTTEBUM 3POCTaHHSM TifIpaBJliuHOro ONopy B
LUMPKYJIALIMHUX KOHTYPaX COHAYHUX €HEPreTUYHUX YCTAHOBKaX. 3 OIJISAY Ha CTiMKi BUMOTY [0 TEPMIYHOI CTIMKOCTI
TEIJIOHOCIIB Y BUCOKOTEMIIEPATYPHUX I'eJliOKOHTYpax, ePCNEeKTUBHUM HalPSIMOM € BUKOPUCTaHHS Qysepeny C60.

Ha BigMiHy Bin ky1lacuyHUX cycrieHsiii, QysiepeHu yTBOPIOOTh CTabiibHI MOJIEKYJISIPHI PO3YMHM 6€3 BeJIUKUX



KOJIOIIHUX arperaris, 0 [03BOJIs€ IPOTHO30BaHO MOKPAllyBaTH XapaKT€PUCTUKN COHSTYHUX €HEPreTUYHMX CUCTEM
6e3 CyTTEBUX BTpAT €HEPril Ha LUPKYJISLi0. Y po60Ti BOCHIIKeHO Tery1odi3sndHi, ONTUYHI, rigpoauHaMivHi Ta
TeIJI000MiHHI BJIacTUBOCTI HaHOTemoHociiB Dowtherm RP/C60 i TeTpanin/C60, a TaKOK BUKOHAHO €HEPreTUYHY,
€KCEPreTUYHy Ta €KOJIOrO-€KOHOMIYHY OLIiHKY JOLJIBHOCTI iX 3aCTOCYBaHHS B COHSTYHUX KOJIEKTOPAX.
BcTraHOBII€HO, 0 AOMIIKY (yJlepeHy iCTOTHO 30iIbIIYIOTh ONITUYHE [TOTJIMHAHHS Y BUAMMIN 0671aCTi ClIeKTpa Ta
BOJIHOYAC BIJIMBAIOTh HA I'YCTUHY, B'SA3KICTb i TENIJIOEMHICTh TeIJIOHOCIIB. [ToKa3aHo, 110 0AaBaHHS HAHOYACTOK
dyneperHy C60 He CIIpUYMHSIE XapaKTEPHOTo 1J1s1 6araTboxX HaHOQJIIIiB 3pOCTaHHS KiHEMAaTUYHOI B'SI3KOCTI.
ExcriepuMeHTaJIbHO BCTaHOBJIEHO HASIBHICTh BIUIMBY HAHOYACTOK ¢ysiepeny C60 Ha poLecu BUMYIIEHOI KOHBEKLi
TeTpaJliHy B TOPU3OHTAJIbHIN KPyIJIifi TPy6i. Y mianazoHi Temmneparyp Bin 45 1o 90 °C 3adikcoBaHO HiaBULIEHHS
KoedinjenTa rernosignayi Ha 20 % MOPIBHSIHO 3 YACTUM TeTpajliHOM [IpakTH4yHe 3HaYeHHS pOOOTU NOJIsArae y
MOXJIMBOCTI LIiJIECIIPSIMOBAHOIO BUKOPUCTAHHS OTPMMAHUX €KCIIEPUMEHTAJIbHUX 1 PO3PaXyHKOBUX [AHUX,
HEOOXiIHUX 1151 TPOEKTYBAHHSI T PO3PAXyHKy COHSIYHMAX €HEPreTUYHUX CUCTEM 3 OpPraHiYHUMU
HaHOTEIJIOHOCISIMY, 110 MiCTATh moMimku gynepeny C60. OTprmaHi 3aI€XKHOCTI Ta 3aCTOCOBAHI TOKa3HUKU

e EeKTUBHOCTI LO3BOJISIIOTh IPOBOAUTU HE JIMIIE TEIJIOTEXHIYHY, @ 11 KOMIJIEKCHY €KOJIOTO-€HEPreTUYHY OL[iHKY
JOLJIBHOCTI 3aCTOCYBaHHS HAHOTEIUIOHOCIIB y CUCTEMAaX MYJIbTUT€HEPALlil TENIOTU Ta X0y104y. OCHOBHI
pesynbpTaTi: 1) Po3po6seHo Ta y3arajJbHEHO TEXHOJIOTiI0 BUTOTOBJIEHHS OPraHiYHMX HAaHOTEIJIOHOCIIB 3 ¢pyepeHoM
C60 6e3 yspbTpa3ByKOBOIO AUCHEpryBaHHs. 2) BctanoBIeHO 3aKOHOMIPHOCTI 3MiHM Ten0¢i3UYHUX BJIACTUBOCTEN
opraHiyHoro HaHoTemnoHocist Dowtherm RP/C60 y cepenHboTeMepaTypHOMY AianasoHi (Big 45 7o 90 °C). 3)
Po3po6ieHo anpokcuMaliiiigi 3a71eXKHOCTI [71s1 pO3PaxXyHKy TeII0()i3suuHMX BIACTUBOCTEN 11711 HAHOTEIJIOHOCIIB
Dowtherm RP/C60 i TeTpanin/C60 4) OTpuMaHO y3arajbHIOI04i KpUTepiaabHi 3aJ1€5KHOCTI J71s1 OTIUCY
TEIJIOBiAayi HaHOTeIIoHOC i TeTpasiH/C60 y 1amiHapHOMY Ta TypOyJIEeHTHOMY pekumax Tedii. 5) Po3pob6ieHo

METOJIUKY KOMIVIEKCHOI EHEPTreTUYHOI OLIIHKY [OLJIbHOCTI 3aCTOCYBAHHSI HAHOTEIJIOHOCIIB.

2. This dissertation focuses on solving a relevant scientific and applied problem: improving the environmental and
energy performance of multi-generation thermal processes based on the use of organic heat transfer fluids with
C60 fullerene additives. The development of multi-generation heating and cooling systems plays a key role in the
transition to renewable energy sources, but their thermal efficiency remains insufficient. The use of nanoparticles
allows for the intensification of heat transfer, but the operation of the most common metal oxide-based nanofluids
is complicated by their sedimentation instability at high temperatures and a significant increase in hydraulic
resistance in the circulation loops of solar power plants. Given the strict requirements for the thermal stability of
heat transfer fluids in high-temperature solar circuits, the use of C60 fullerene is a promising direction. Unlike
classical suspensions, fullerenes form stable molecular solutions without large colloidal aggregates, which allows
for predictable improvements in the performance of solar power systems without significant energy losses due to
circulation. This study investigates the thermophysical, optical, hydrodynamic, and heat transfer properties of the
Dowtherm RP/C60 and tetralin /C60 nanofluids, and performs an energy, exergetic, and eco-economic
assessment of the feasibility of using them in solar collectors. It was found that fullerene additives significantly
increase optical absorption in the visible region of the spectrum and simultaneously affect the density, viscosity,
and heat capacity of the heat transfer fluids. It was shown that the addition of C60 fullerene nanoparticles does
not cause an increase in kinematic viscosity, which is characteristic of many nanofluids. It has been experimentally
confirmed that C60 fullerene nanoparticles influence the forced convection processes of tetralin in a horizontal
circular pipe. In the temperature range from 45 to 90 °C, a 20% increase in the heat transfer coefficient was
observed compared to pure tetralin. The practical significance of this work lies in the possibility of the targeted
application of the obtained experimental and calculated data, which are necessary for the design and
thermohydraulic analysis of solar energy systems using organic nanofluids containing C60 fullerene additives. The
obtained dependencies and applied efficiency indicators allow for not only a thermo-technical but also a
comprehensive environmental and energy assessment of the feasibility of using nanofluids in multi-generation
heating and cooling systems. Main results: 1) A method for manufacturing organic nanofluids containing C60
fullerene without ultrasonic dispersion has been developed and systematized. 2) The variation patterns in the
thermophysical properties of the Dowtherm RP /C60 organic nanofluids in the medium-temperature range (from



45 to 90 °C) have been established. 3) Empirical correlations for calculating the thermophysical properties of
Dowtherm RP/C60 and tetralin /C60 nanofluids have been developed. 4) Generalized dimensionless correlations
were obtained to describe the heat transfer of the tetralin /C60 nanofluids in laminar and turbulent flow regimes.
5) A methodology was developed for a comprehensive energy assessment of the feasibility of using nanofluids.
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