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2. Statistical modeling of energy flows in the systems of solar energy concentration

Pedepar:

1. MeTo10 po60TH € po3po6Ka Ta y3araJbHEHHS METO/iB MATEMATUYHOTO i KOMITIOTEPHOTO MOJIEJIIOBAHHS IEPEHOCY
€HEePreTMYHMX IOTOKIB Y COHSIYHUX €HEPIeTUYHNX CUCTEMAX 3 KOHLEHTPAaTOPaMy, BU3HAYEHHIO CIIiBBiIHOLIEHD
MiXX F€OMETPUYHUMU Ta €HEPTeTUYHMMY NTapaMeTPaMU TaKUX CUCTEM 32 7151 3a0e311eYeHHST MaKCUMaJlbHUX
3Ha4eHb €(EKTUBHOCTI BifTIOBIIHOTrO LMKJIy IEPETBOPEHHS, BIUIUB HA Lii CIiBBiIHOIIEHHSI HETOUYHOCTI I0BEPXHI
KOHILIEHTPATOPiB Ta epeKTy po3oKycyBaHHs. Ha 0CHOBI y3arasbHEHOI MaTEMaTUYHOI MOJieJli pO3PO6IEHU
4YucaoBUi anroput™m MoHTe-Kapsio Ta CTBOpEHUI BJlaCHUM IIPOTPAaMHUM TIPOAYKT A1 BUSHAYEHHSI OCHOBHUX
E€HEPreTUYHUX XapaKTEPUCTUK B CUCTEMAX KOHLEHTPALlil COHSIYHOIO BUIIPOMIHIOBAHHS 13 ypaxyBaHHSIM HETOYHOCTI
IIOBEPXHi KOHLIEHTpaTopa Ta e(peKTy i1oro po3pokycyBaHHs. Briepiie B3HauY€HO BILJIMB CyMapHOi HETOYHOCTI

[IOBEPXHI peajbHOro KOHLEHTPaTOpa Ha LIiJIbHICTh TEIJIOBOTO IIOTOKY B HOro okasbHil IIomyHI pu ¢ikcarii



HETOYHOCTI B YaCTKax KyTa po3KpuTTs CoHL. [TopiBHAHO 3HAYEHHS LWIiNIbHOCTI TEIJIOBOIO IIOTOKY Bifl pEaIbHOTO
KOHIIEHTpATOpa MpU PiBHOMIPHOMY Ta HOPMaJIbHOTO 3aKOHY PO3IIOJIisTy HETOYHOCTEH MOBEPXHI. Briepiie
BCTAHOBJIEHUN (PaKT B3a€MHOI KOMIIeHcallii HETOYHOCTi IIOBEPXHi KOHILIEHTpaTopa Ta edeKTy oro
PO3(QoKyCcyBaHHSI. 3HaiiIEHO, 1O PeasbHi KOHLIEHTPATOPH i3 HE3HAUHUMU HETOYHOCTSIMU Ta PO3(POKYyCYBAHHIM
MOXYTb OYTH 6iJblll EHEPreTUYHO €(PEKTUBHI, HXK MaTeMaTUYHO ifjeasbHi 3 po3¢dOKyCyBaHHSM. Briepiie npoBeneHO
Bepudikallilo oTpuMaHux MeTooM MoHTe-Kapiio yncioBux AaHuX [J1s MiJIbHOCTI TEIJIOBOTO ITOTOKY IIJISIXOM
IIOPiBHSIHHA i3 JaHMMU 3HAIIEHOTO aHAJIITUYHOTO PO3B’SI3KY, B IKOMY HETOYHICTb [TIOBEPXHi BPaXOBYETHCS HA OCHOBI
3HAYEHHs iHTerpasbHOi IMOBIpHOCTI. Ha OCHOBi PO3p06I€HOTO YMCIOBOTO anroputmy Monte-Kapio 6yB
CTBOPEHUI BJIACHUI NMporpamMHuil C++Kof, IKUM Ma€ y3araJbHEeHUN XapaKkTep i MOXKe 3aCTOCOBYBATHUCH, B pasi
HE3HAYHOI KOPEeKIlii, 1711 pO3paxyHKy KOHIEHTpaTopiB Oy ib-s1K0i reomeTpii. KpiM TOro, cTBOpenuii nporpaMHui
KOJ, Ma€ THYYKY Ta [IPO30PY CTPYKTYPY, IO AO3BOJISIE Or0 TPAaHC(POPMYBATH B 3aJIEXKHOCTI BiJl TUILY OOpaHUX
IPUIYLIEHb Ta METOJiB BpaXyBaHHSI HETOYHOCTI 6€3 CYTTE€BUX 3MiH. Pe3ysbTaTi NPOBEAEHOTrO AOCIiIKEHHS
MOXXyTb OYTU BUKOPUCTAHI Mif Yac NpOeKTyBaHHS Ta QYHKIIOHYBaHHS Cy4aCHUX COHSIYHMX €HEepreTUYHUX
YCTaHOBOK Pi3HOrO TEMIIEPATYPHOrO PiBHS Ta MPU3HAYEHHS], B CKJIAJi SKUX 3HaXOUThCS KOHLIEHTPATOP COHSIYHOIO
BUIIPOMIHIOBaHHS Bif[IOBifHOI reomeTpii. TeopeTuyHi Ta NpakTU4Hi 0JI0KEHHS POOOTH CTaJIM CKJIaJI0BOIO
YaCTUHOI HAaBYAIBHUX OUCHUILIIH “Moperti i MeTonu MpukjagHoi MmaTemaTuku’, “Mertoau inentudikarii
IapaMeTpiB MaTeMaTUYHUX Mogesiel”, sIKi BUKJIAJaoThCs OJ1s1 30,00yBaviB BUIIOi ocBiTy piBHS PhD cnenjanpHOCTI
113 TIlpuknagHa MaTeMaTyKy B JIHITPOBCHKOMY HalliOHAJILHOMY yHiBepcuTeTi imeni Osecs 'onvapa. [Iposeneni
OOCJIiIKeHHS Ta iX pe3yJIbTaTy CKJIaAAl0Th BiATIOBITHMI PO37in iHiNiaTnBHOI HAYKOBO-AOCIITHOI po60TH
“IleTepMiHOBaHi Ta CTOXaCTUYHi aJIrOPUTMU KOMITIOTEPHOTO MOJEJII0OBaHHSI 00’€KTIiB Ta MPOo1LieciB pi3HOi mpupongu”
(2022-2024, naykosuii kepiBHuK npo@d. Kuuw JI.I., nep>kaBHui peectpauniitnuii Homep 0122U001467), sixa

IIPOBOAUTLCS Ha Kadepi KOMIT'IOTEPHUX TEXHOJIOTIH (paKybTeTy npukiagHoi maTemaTuku JHY.

2. The purpose of the study is development and generalization of models of mathematics and computer modeling
of radiative transfer in solar energy systems with concentrators, determination of correlations between geometric
and energy parameters of such systems in order to ensuring of maximum efficiency for corresponded conversion
cycle, influence on these correlations of errors of concentrator surface and defocusing effect. The Monte Carlo
numerical algorithm was developed and the customer software was created for determination of general energy
parameters in system of concentration of solar radiation taking into account errors of surface of concentrator and
defocusing effect. The numerical algorithm and software are based on generalized mathematical model of process
of concentration. The impact of the total errors of surface of real concentrator on heat flux density in its focal area
was determined for the first time. Heat flux density values from real concentrator with uniform and normal
distribution law of surface errors were compared. The fact of mutual compensation of errors of concentrator
surface and defocusing effect was established for the first time. It is founded that real concentrators with
insignificant errors and defocusing can be the most energy efficient than mathematical ideal concentrators. The
verification of the Monte Carlo numerical data for heat flux density is conducted for the first time using the found
analytical solution. The errors of surface are taking into account in analytical solution based on integral probability
value. The customer C++ software was created based on developed numerical algorithm. The software is
generalized and can use in case of minor correction for analysis of concentrators of any geometry. Moreover, the
created software has flexible structure that allows without significant changes to transform its in depend on
chosen assumptions and methods of taking into account of errors. The results of presented study can be used
during design and operation of modern solar energy plants of different temperature level and purpose with solar
concentrators of appropriate geometry. 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
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