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Pedepar/anoTamis:

1. Inceprauifina po60Ta IPUCBIY€HA BCTAHOBJIEHHIO 3aKOHOMIPDHOCTE! BIIJIMBY YIIPABJISIOUMX ITapaMeTpiB Ha
Ter1o(i3uyHi Ta ONTHUYHI BJIaCTUBOCTI HAaHOMJIIOINIB HA OCHOBI dynepenHy C60, a TAKOX MIPOLecH NepeHocy
iMITyJIbCY i TEIJIOTY B HUX. AKTyaJsIbHICTh pOOOTH 3yMOBJIEHA I1€PCIEKTUBHICTIO BUKOPUCTAHHS HAaHOQJIIOIMIB SIK
TEIJIOHOCIIB y COHSIYHIl eHepreTulli, a came y KoM6iHOBaHUX (QOTOEIEKTPUYHUX / TEIIJIOBUX KOJIEKTOPAX,
TEIJIOEHEPreTUYHMX CUCTEMAaxX Ta CUCTEMAaX BiIHOBJIIOBAJIbHOI €EHEPTE€THUKH, a TAKOX HEJOCTAaTHbOIO BUBYEHICTIO
B32€MO3B'I3Ky MK yIIpaBJIi0uMMHU NapaMeTpaMu HaHOPII0iniB Ha ocHOBI Qpysnepeny C60 Ta ix TennodiznyHrMU
BJIACTMBOCTSIMMU 11 IIpoliecamy repeHocy 3 HUMHU. O0'€KTOM JOCIiIpKeHHs € HaHOQJII0iAu Ha OCHOBI pysepeny C60
Ta IPOLIECU IEPEHOCY B HUX. [IpeIMETOM JIOCTIiIKEHHS! € 3aKOHOMIPHOCTI BIIMBY YIIPABJISIIOUUX 1APAMETPIB
(kOHLIEHTpALlil HAHOYACTUHOK, TEMIIEPATypPHU, CTPYKTYPHOTO CTaHy CUCTEMMU) Ha TeNoQi3nyHi, ONTUYHI BIaCTUBOCTI

HaHO(JIIOIiB Ta XapaKTepUCTUKY IIPOLIECiB [IepeHOCY B HUX. MeTo10 poOOTH € BCTaHOBJIeHHS (i3UYHUX



3aKOHOMIPHOCTEH BIUIMBY YIIPABJISIIOUUX [TAPAMETPiB Ha TEIIOQPIi3UYHi Ta ONTUYHI BJIACTUBOCTI HAHO(JIIOILIB Ha
ocHOBIi pynepeny C60 i npoliecu nepeHocy B HUX. [171s1 OCSATHEHHs [1I0CTaB/IeHOi MeTH BUPilIeHo Taki 3ajayvi: —
IIPOaHai30BaHO CyYaCHUM CTaH JOCiIKeHb TeNa0(Qi3UYHUK, ONTUYHUX BJIACTUBOCTEN HAaHO(IIIOINIB Ta IpoLeciB
[IEPEHOCY B HUX; — PO3POOJIEHO TEXHOJIOTiI0 OTPUMAaHHS HaHOQJIIOIiB HA OCHOBI BYIJIEBOJHIB Ta Qyepeny C60,
c(POpPMOBAHO KOMILJIEKC €KCIIEPUMEHTAILHAX METO/IiB IOCi)KEHHS! BILJIMBY YIIPABJISIOYUX [TapaMeTPiB Ha
Ters10i3nyHi i oNTUYHI BiacTUBOCTI HAaHOQJIIIAIB Ha ocHOBI C60 Ta Npoliecu NePeHOCy 3 HUMU; — JOCHiIKEHO
BILJIMB TEMIIEpATypu Ta KoHLeHTpauii pynepeny C60 Ha onTuyHi Ta Tenno¢i3uyHi BIaCTUBOCTI HAHO(IIIOIiB Ha
OCHOBI BYIJIEBOJHIB; — TPOaHaJIi30BaHO BILJIUB TEMIIEPATypH Ta KOHLeHTpallii Ppysnepeny C60 Ha npolecu NepeHocy
iMITyJIbCY Ta TEIJIOTU IIPU Tedil HAaHOPIIIOINIB y pi3HUX peKUMax; — BUKOHAHO YMCeJIbHE MOJeJIIOBaHHSI [IPOLECiB
nepeHocy y niaockomy PV /T-kosnekropi 3 HaHO(0ioM Ha ocHOBi C60 3 psiMOI0 abCOPOLIi€l0 COHSIYHOTO
BUIIPOMIHIOBaHHS. MeTonu JOCiIKeHHS. Y poOOTi BUKOPHCTAHO CTaHIAPTHI €KCIIEPUMEHTAIbHI METOIOU
BU3HA4YEHHS TeIUIOQi3UYHUX Ta ONITUYHUX BJIACTUBOCTEN HAaHOPIIIOIIB, a TAKOK METOJ, PEHTT€HOCTPYKTYPHOTO
aHaJi3y. BUKOpHUCTaHO OpUTiHAJIBHI €EKCIIEPUMEHTAJIbHI METOIU NOCIiIPKEHHS KaJIOPUYHUX BIIACTUBOCTEN
HaHO(JIOifiB Ta IPOLECiB IEPEHOCY IMIYJIbCY Ta TEIJIOTH NPU Tevii HaHOQIIOILiB y KaHai. ] 06pooKu
PEe3yJIbTaTiB 3aCTOCOBAHO METOAM CTaTUCTUYHOrO aHaji3y Ta y3arajbHeHHs. [IJ1s1 aHali3y IpoLeciB IepeHocy y
HaHOMJII0IAaX 3aCTOCOBAHO TEOPETUYHI Ta YMCEbHI METOOY, 30KpeMa METOIN 00YMCTIOBAJIbHOI TiAPOIHAMIKH.
s iHTepnpeTalii oTpuMaHuX pe3yJIbTaTiB Ta GOPMYJIIOBAHHS HAYKOBUX BUCHOBKIB 3aCTOCOBAaHO METOIM
(dopmasizalii, NOpPiBHSAHHSA Ta JIOTIYHOT'O aHaJi3y, O JO3BOJIMIIO BCTAHOBUTY B3a€MO3B'SI3KY MIX YIIPaBJISIOUNMU
IapaMeTpaMH Ta BIACTUBOCTSIMU NOCJIIKYBaHUX cucTeM. HaykoBa HOBM3HA OLEP>KaHUX PE3yJIbTATIB [0JISATAE y
BCTaHOBJIEHHI B3a€MO3B’513Ky MK CTPYKTYpPHUMHU, TeNI0Di3UYHUMU Ta ONTUYHUMU XapaKTepPUCTUKAMU
HaHO(I0iiB Ha OCHOBI PysiepeHy C60 Ta BU3HAUEHH] iX BIVIMBY Ha IPOLECU [TIEPEHOCY. Y IIEPIIOMY PO3Aii
[IPOaHaJIi30BaHO CyYaCHUI CTaH JOCIiIKEHDb TeIIOQPI3UUHUX Ta ONITUYHUX BIACTUBOCTEN HAaHOQJIIOITIIB, a TAKOX
MIPOLECIB IEPEHOCY B HUX. PO3IJISHYTO OCHOBHI ME€XaHi3MU BIIJINBY HAHOYACTMHOK Ha MaKPOCKOIIIUHi BJIaCTUBOCTI
pinguH, 30Kpema posb MixkdasHoi B3aeMoJjii, 6pOyHIBCbKOTO pyxy, arjiomepallii Ta CTPyKTYPHUX e(eKTiB.
[IpoaHasnizoBaHO BIUIMB KOHLIEHTPALlii, TeMIIE€paTypH, PO3Mipy Ta (pOpMU HAHOYACTHUHOK Ha TEIJIONPOBiIHICTS,
B'$I3KiCTb, TEIJIOEMHICTb Ta ONTUYHI XapaKTePUCTUKY HaHOPII0iAiB. OKpeMy yBary npuiijeHo HaHO(IIoizam Ha
OCHOBI ByTJjlel|eBUX HaHOCTPYKTYP, 30KpemMa Ppynepeny C60, Ta nepcrieKTrvBam ix BUKOPUCTAHHS y CUCTEMaX
IIPSIMOTO TIOTJIMHAHHS COHSIYHOTO BUIIPOMIiHIOBaHHS Y KOMOiHOBaHUX (OTOEIEKTPUYHMX / TEIIJIOBUX KOJIEKTOPax. Y
Ipyromy po3zisi o6rpyHTOBaHO BUGIp 00’€KTiB HOCTiIKEHHS, PO3PO6I€HO TEXHOJIOTiI0 IPUTOTYBaHHSI HAHO(DIIIOIiB
Ha OCHOBI TeTpaJiny i TexHiuHoro napadiny 3 pyneperHom C60, a TakoX CPOPMOBAHO KOMILJIEKC
€KCIIEPMMEHTAJIbHUX METO/IiB AOCiIpKeHH 1. HaBeleHO MeTOIMKY BU3HAUYEHHS TeNI0Qi3UYHUX, ONITUYHUX Ta
CTPYKTYPHHUX BJIACTUBOCTEN HAHOQIIIOIiB, @ TAKOXK METOIY [OCIiIKEHHS IIPOLIECiB IEPEHOCY iIMITYJIbCY Ta
TEMNJIO0TH. [17151 aHai3y NPOLEeCiB NEPEHOCY Ta XapaKTEPUCTUK (POTOETEKTPUYHUX / TETJIOBUX KOJIEKTOPIB
POBIJISIHYTO 3aCTOCYBAaHHS METO[IiB YK CEJIbHOI'O MOZEJIIOBAaHHS Ta O0UMCIII0BaIbHOI rifpoguHamiky (CFD). Y
TPETbOMY PO37iJi BAKOHAHO KOMIIJIEKCHE €KCIIEPUMEHTAJIbHE JNOCIiIPKEHHS TeNI0Qi3UYHNX, ONTUYHUX i
CTPYKTYPHUX BJIAaCTUBOCTEN HaHOMJI0iNiB HA ocHOBI C60. JlocainkeHo BIIMB KoHLeHTpallii C60 Ha crieKTpasbHi
XapaKTepUCTUKY HAaHO(IIIOiNy Ta [10Ka3aHO [IePCIEeKTUBHICTb cucTeMu TeTpastiH/C60 1is 3aCTOCyBaHHS ¥
KOMOiHOBaHUX QOTOEIEKTPUYHUX / TEIIJIOBUX KOJIEKTOPAX 3i CIIEKTPAJIbHUM PO3[LiJIEHHSIM COHSIYHOTO
BUIIPOMIHIOBaHHS. BcTaHOB/IEHO, 10 BBeAEeHHS (pynepeHy C60 Npr3BOAUTD 40 3pOCTAHHS TUHAMIYHOI B'I3KOCTI
HaHOQJII0iNy Ha OCHOBI TeTpaJiHy, TOAi SIK T'YCTUHA, TEIJIONPOBIHICTb i NUTOMA TEIJIOEMHICTb Y MEXKax IOXUOKU

BUMIPIOBaHHS TPAKTUYHO HE 3MiHIOIOTHCS.

2. The dissertation is devoted to establishing the regularities of the influence of controlling parameters on the
thermophysical and optical properties of fullerene C60- based nanofluids, as well as on momentum and heat
transfer processes in them. The relevance of the work is determined by the prospects of using nanofluids as heat-
transfer media in solar energy applications, namely in hybrid photovoltaic /thermal collectors, thermal power
systems, and renewable energy systems, as well as by the insufficient investigation of the relationship between the
controlling parameters of fullerene C60-based nanofluids and their thermophysical properties and associated
transport phenomena. The object of the study is fullerene C60-based nanofluids and transport processes



occurring in them. The subject of the study is the regularities of the influence of controlling parameters
(nanoparticle concentration, temperature, and structural state of the system) on the thermophysical and optical
properties of nanofluids and on the characteristics of transport processes in them. The aim of the work is to
establish the physical regularities governing the influence of controlling parameters on the thermophysical and
optical properties of fullerene C60-based nanofluids and associated transport phenomena. To achieve this aim, the
following tasks were solved: - the current state of research on the thermophysical and optical properties of
nanofluids and transport processes in them was analyzed; - a technology for preparing hydrocarbon- and
fullerene C60-based nanofluids was developed, and a set of experimental methods for studying the influence of
controlling parameters on the thermophysical and optical properties of C60-based nanofluids and associated
transport processes was established; - the influence of temperature and fullerene C60 concentration on the
optical and thermophysical properties of hydrocarbon-based nanofluids was investigated; - the influence of
temperature and fullerene C60 concentration on momentum and heat transfer processes during nanofluid flow
under different flow regimes was analyzed; - numerical simulation of transport processes in a flat PV /T collector
with a C60- based nanofluid and direct absorption of solar radiation was performed. Research methods. Standard
experimental methods for determining the thermophysical and optical properties of nanofluids, as well as X-ray
structural analysis, were used in the work. Original experimental methods for investigating the caloric properties
of nanofluids and momentum and heat transfer processes during nanofluid flow in a channel were developed and
applied. Statistical analysis and data generalization methods were used for processing the obtained results.
Theoretical and numerical methods, including computational fluid dynamics methods, were applied to analyze
transport processes in nanofluids. Methods of formalization, comparison, and logical analysis were employed for
interpretation of the obtained results and formulation of scientific conclusions, which made it possible to establish
relationships between the controlling parameters and the properties of the investigated systems. The scientific
novelty of the obtained results lies in establishing the relationship between the structural, thermophysical, and
optical characteristics of fullerene C60- based nanofluids and determining their influence on transport processes.
The first chapter analyzes the current state of research on the thermophysical and optical properties of nanofluids,
as well as transport processes in them. The main mechanisms of nanoparticle influence on the macroscopic
properties of liquids are considered, including the role of interfacial interaction, Brownian motion, agglomeration,
and structural effects. The influence of nanoparticle concentration, temperature, size, and shape on the thermal
conductivity, viscosity, heat capacity, and optical characteristics of nanofluids is analyzed. Particular attention is
paid to nanofluids based on carbon nanostructures, especially fullerene C60, and to the prospects of their
application in direct solar absorption systems in hybrid photovoltaic/thermal collectors. The second chapter
substantiates the choice of the research objects, develops the preparation technology for tetralin- and technical
paraffin-based nanofluids containing fullerene C60, and establishes a set of experimental research methods.
Methods for determining the thermophysical, optical, and structural properties of nanofluids, as well as methods
for investigating momentum and heat transfer processes, are presented. The application of numerical simulation
methods and computational fluid dynamics (CFD) for analyzing transport processes and the characteristics of
photovoltaic /thermal collectors is considered.
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