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TEPMOJUHAMIYHUX CTAHLiN

2. Mathematical and computer modeling of heat exchange in the nanofluid heat transfer fluid of solar
thermodynamic plants

Pedepar:

1. MeTo10 po60TH € po3pobKa Ta y3arajlbHEHHS METOJiB MAaTEMATUYHOTO i KOMITIOTEPHOTO MOJIEJIIOBAHHS IIPOLIECIB
TENJIOMaCOIIEPEHOCY B CUCTEMaX MPUIOMY COHSYHOTO BUITPOMIHIOBaHHS COHSIYHUX TEPMOJUHAMIYHUX CTAHIIil;
IIOIIYK METOZ|B i BUIIEHHS TEIJIOBOi e(DeKTUBHOCTI CUCTeM IIPUIOMY; IOBEIeHHS [IEPCIIEKTUB BUKOPUCTAHHS
HaHOPiIMHMU B IKOCTi TEIJIOHOCIS 17151 inTeHcuikalii KOHBEKTUBHOTO TEIJIOOOMIHY B TEIJIONpUIMAadax COHSIYHUX
TepMOAVHAMIYHUX CTaHLiN; BU3HAYaHHS CIiBBiAHOIEHHS MiX TEMI0DI3UYHUMU Ta TiApOIUHAMIYHUMU
napameTpaMy HaHOPIAVHHOIO TEIJIOHOCIS, IIPY SIKOMY TEIJIOBa e(PeKTUBHICTb Oyje MaKCMMAJbHOIO, a riipaBilivHi

BTpaTu MiHiMasbHi. Briepie Ha OCHOBI Kylacu4HOi cuctemu piBHsAHb Hap'e-Ctokca po3pobisieHa 3D HesiHiliHA



MaTeMaTu4Ha MOJEJIb, CTBOPEHUM YUCIIOBUY aJITOPUTM Ta BiATIOBIIHUI BJIACHUN IIPOrPAMHUNA IPOAYKT [1JIsT
BM3HAYEHHS OCOOJIMBOCTEN TEIJIO0OMiHY B TeIJIONpUiMayi MapaboIoNuIiHAPUYHOI CTaHLil 3 HAHOPIAWHOIO B
SKOCTI TEIIJIOHOCIS. Briepiie Ha OCHOBI YACJIOBUX €KCIIEPUMEHTIB I0BEEHO, 10 NOLABAHHS HAHOYACTUHOK OKCULLY
aJIIOMIHIIO 10 6230BOT0 TEIJIOHOCIA (TepMIYHOI 0J1ii) NPpU3BOAUTD 10 iHTeHCcUdiKalii TeNJI000MiHy B TEIJIONPUIIMAYi,
IO MiJIBUIIYE 3arajibHy TeIyIoBY e(PeKTHUBHICTh CUCTEMU. Briepine Bu3HaveHi sIKiCHi Ta KinbKiCHI 10Ka3HUKY, SKi
[IOKa3yI0Th CyTTEBE 30iIblI€HHS BTPAT TUCKY B TEIJIONpUiMaYi 3 HAHOPiMHOIO Y ITOPiBHSIHHI i3 YMCTOI0 TEPMiUYHOIO
oJlielo. 3HalieHa 3ajexXHicTb yuces HyccesbTa Bif uncesn PeliHosbca 1J151 HAHOPINMHY Ta 0BeJleHa HEOOXiIHICTh
IPOBEIEHHS TEPMOIVMHAMIYHOI oNTUMi3alii cuctemu. Briepie, 6a3ylo4nch Ha IPUHLMUIAX HEPIBHOBAKHOI
TEPMOJUHAMIKY, TPOBEIEHNI €HTPOMINHUI aHai3 Ta BUBHAUYEHI ONITUMAaJIbHi 3Ha4eHHs yuces PeliHo/bACA, SKi
3a0€31e4yI0Th MAKCHMaJIbHY TEIJIOBY €(PEKTHUBHICTb IIPU MiHIMaJIbHUX IilpoAuHaMiuHuX BTpaTax. Ha ocHoBI
PO3PO6JIEHOTO YMCIIOBOTO AJITOPUTMY, 110 6a3yeThCsl HA METOMi KOHTPOJIbHUX 06'€MiB, 6YB CTBOPEHUI! BJIaCHUN
[IPOrpaMHUI KO, IKUI Mae y3araJjbHEHUN XapaKTep i, B pa3i HE3HAYHOI KOPEKIii, MOJKe 3aCTOCOBYBATUCH [J11
PO3paxyHKy Tedii B KpyIJINX KaHajaxX 3 HAHOPIJMHOIO, SIKi € eJIeMEHTOM Oy/Ib—SIKOTO TEXHOJIOTYHOro 06J1aHaHHSI.
Kpim Toro, cTBOpEHNI TPOrpaMHUi KO, Ma€e THY4Ky Ta IIPO30PY CTPYKTYPY, 1O 103BOJIsI€ 6€3 3MiHU CTPYKTYpU
[iJIaTOBYBATY MOT0 Mifl 6yb-SIKUI TUII TEMJIOHOCIS Ta O6yIb-5IKi YMOBY (PYHKLiOHYBaHHS CUCTEMU. Pe3ysbTaTi
IIPOBEJIEHOr0 [OCIiIP)KeHHSI MOXKyTb OyTH BUKOPHCTaHI IIifl 4ac IpOeKTyBaHHS Ta PYHKLiOHYBaHHS Cy4acHUX
COHSYHUX TEPMOJMHAMIYHUX YCTAaHOBOK Pi3HOTO TEMIIEPATYPHOIO PiBHSA Ta IIPU3HAYEHHS, B IKUX B SIKOCTI
TEIJIOHOCIS1 BUKOPUCTOBYIOTbCSI HAHOPIAMHMU pi3HOro TUly. TeopeTnyHi Ta MpakTU4Hi MOJI0KEHHS] pOOOTH CTaIU
CKJIaJIOBOIO YACTHMHOIO HaBYAJIbHUX OUCLUILIIH “Mogei i MeToau NpukiIagHoi MaTeMaTuky’, “Metongu
inenTudikauii napameTpiB MaTeMaTUYHUX MoZese”, sIKi BUKJIAZAI0ThCs AJ1s 300yBadiB BUIOi OcBiTH piBHS PhD
crietianpHOCTi 113 IIpukiagHa MaTeMaTHUKY B JIHIIPOBCbKOMY HalliOHaJIbHOMY yHiBepcuTeTi iMeHi Osiecs ['oH4apa.
[IpoBeneHi gocmigpKeHHS Ta iX pe3yJbTaTy CKIafaoTh BiATIOBIAHMI PO3/is iHiliaTMBHOI HAYKOBO-MIOCJIiTHOI pO6OTH
“IleTepMiHOBaHi Ta CTOXaCTUYHi aJIfTOPUTMHU KOMITIOTEPHOTO MOJEJIIOBaHHS 00’€KTIiB Ta MpoLeciB pi3HOi mpupogu”
(2022-2024, naykosuii kepiBHuK npod. Kuuw JI.I., nep>kaBHuil peectpaunitnuii Homep 0122U001467), sixa

IIPOBOJUTHLCS HA Kadepi KOMIT'IOTEPHUX TEXHOJIOTI (PaKyIbTETY NPUKIAAHOI MaTeMaTuku JJHY.

2. The purpose of the study is development and generalization of models of mathematics and computer modeling
of heat and mass transfer processes in the receiver system of solar thermodynamic plants; searching for methods
of heat efficiency increase of receiver systems; proving the prospects of using nanofluid as the heat transfer fluid
for intensification of convective heat transfer in heat receiver of solar thermodynamic plants; determination of
relation between thermophysical and hydrodynamic parameters of nanofluid heat transfer fluid, which ensure
maximum thermal efficiency at minimum hydraulic losses. The 3D non-linear mathematical model for
determination of heat transfer features in receiver system of solar parabolic trough plant with nanofluid heat
transfer fluid was developed in the first time. This model based on using the classical system of Navier-Stokes
equations. The numerical algorithm and correspondent the customer software was also created. The addition of
aluminum oxide to base heat transfer fluid (thermal oil) of solar parabolic trough plant leads to intensification of
heat transfer in receiver system that increase of general efficiency system. This is was discovered in the first time
using results of conducted numerical experiments. Significant grow of pressure losses in heat receiver with
nanofluid in comparison with pure thermal oil was fixed. This is discovered in the first time using the obtained
qualitative and quantitative parameters. The relation between Reynolds numbers and Nusselt numbers was found.
This relation probes the necessity of thermodynamic optimization of the system. The entropy analysis based on
principles of non-equilibrium thermodynamics was carried out in the first time. The optimal values of Reynolds
numbers which ensure maximum thermal efficiency at minimal hydraulic losses were determined. The numerical
algorithm which based on finite volume method was developed. The corresponding customer software was
created. This software has generalized nature and with some correction can be used for analysis of flow in circular
channel with nanofluid of any technological equipment. Moreover, the created software has flexible structure that
allows without significant changes to transform its in depend on chosen nanofluid type and function system
conditions. The results of presented study can be used during design and operation of modern solar energy plants
of different temperature level and purpose with different types of nanofluid heat transfer fluids. The theoretical



and practical provisions have become an integral part of educational subjects “Models and methods of applied
mathematics”, “Methods of identification of parameters of mathematical models”, which are taught to students of
higher education at the PhD level, specialty 113 - Applied Mathematics in Oles Honchar Dnipro National University.
Conducted researches and their results make up the corresponding section of initial scientific work “Determinate
and stochastic algorithms for computer modeling of objects and processes of different nature” (2022 - 2024,
research supervisor Prof. Knysh L.1.) (state registration number: 0122U001467), which is carried out on Department
of Computer Technologies, Faculty of Applied Mathematics, DNU.
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VIII. 3aKkJIl04Hi BiZoMOCTi

BiacHe IIpizBuie Im's I1o-6aTbKOBI T'yk Haranist Anaroniisaa

rOJIOBH pagu

Biacue IpizBume Im's ITo-6aTbKOBI T'yk Haranis AnarosniisHa

rOJIOBYIOYOTO Ha 3acigaHHi

Bi,lIHOBi,ZIaJIbHHfI 3a ninrOTOBKy XOﬂaHeH TetgHa BO]IO,QI/IMI/IpiBHa

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




