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1. MopziestoBaHHS €HePreTUYHUX [1I0TOKIB B TEIIJIOBUX aKyMyJIsITOpax 3 (pa3oBUM [1epeXo/ioM “TBEPHE Tijlo — pifuHa’

2. Modeling of energy flows in thermal energy storage systems with “solid - liquid” phase transition

Pedepar:

1. MeTor0 po6oTH € po3podKa Ta y3arajlbHEHHS METOZiB MATEMAaTUIHOTO i KOMITIOTEPHOTO MOJIEIIOBAHHS IIPOLIECiB
TEIJIOMacoIlepeHOCY B CUCTEMax aKyMyJII0BaHHs TeIlJI0OBoi eHeprii 3 pa3oBUM NepexosioM “TBepe Tijlo — piguHa’;
MIOLIYKY METOZiB MifIBUIIEHHS TeII0BOi e(peKTUBHOCTI (a3olepexifHIX TeIJIOBUX aKyMyJISITOPIB; 1OBeeHHS
[epPCIIEKTUB BUKOPUCTaHHS (pazornepexifiHNX TeIIOBUX aKyMYJIITOPIB Y CKJIaZi COHSYHUX TEPMOIUHAMIYHIX
CTaHLil; BU3HAYEHHIO Halbibil eHeproepeKTUBHUX T€OMETPUYHUX, TeIIOQI3NIHNX Ta rifpOANHAMIYHNAX
napaMeTpiB ¢azonepexigHux TENJI0BUX aKyMyJISITOPIiB TUIly “Tpy0Oa B Tpy6i”. Briepiie po3pobsiena 3D maTemMaTtuyHa
MoJesb cupsbkeHoi 3agadi CtedaHa, CTBOPEHUH Bif[IOBiIHUI YMCJIOBUI aJITOPUTM Ta BJIACHUI TPOTrPaMHUN
IIPOJYKT [171s1 BUBHAUEHHS OCOOIMBOCTEN TEIJIO0OMiHY B TEIIJIOBOMY aKyMyJIATOPi 3 pa30BUM [1epexoioM “TBepIe

Tizo - piguHa” Tuny “rpy6a B Tpy6i”. Briepie po3pobaeHo MeTo 1 BpaXyBaHHS BiIbHOI KOHBEKLi B pO3ILJIaBi



TEIJI0aKyMYJII0I04OTr0 MaTepiay 1J1s TEMJIOBOrO aKyMyJIsITOpa TUITy “Tpy6a B TPy6i”, BU3HAUEHO BILJIMB PEKUMY
Tedii Ten0HOCIS Ha iIHTEHCUBHICTD BiJIbHOI KOHBEKILii B pO3ILJ1aBi. Briepiie 3anponoHoBaHi METOLY BUPiBHIOBAHHS
PO3II0ZiNy TeMIIEPATyp y TEIJI0aKyMYyJII0I040MY MaTepiadli, 1o 6a3yloThCsl Ha Bapiallisx WBUAKOCTI TEIJIOHOCIS B
IIPOCTOpi Ta Yaci. Bnepie, 6a3younch Ha IPUHLUIAX HEPIBHOBAXKHOI TEPMOJMHAMIKY, TPOBEIEHN €HTPOIIHNI
aHaJsi3 Ta BU3HAYEHI ONTHMAaJIbHI 3HaYeHHS uncesl PeiiHobACa, SKi 3a6€311e4yI0Th MAKCUMAaJIbHY TEIJIOBY
ePeKTUBHICTb (pazornepexinHOro TENJI0BOro aKyMyJsiToOpa IIpy MiHiMalbHUX TiApOIMHAMIYHMX BTPaTax TEIJIOHOCIS.
Ha ocHOBi po3p006s1eHOro YMCI0BOrO aArOPUTMH, 10 6a3y€ThCsl HA METOM1 KOHTPOJILHUX 00'€MiB, OYB CTBOPEHUI
BJIACHUY [IPOTPaMHUIL KO, IKUI Ma€ y3araJIbHEHUI XapaKTep i, B pa3i HE3HAYHOI KOPEKIIii, MOXKe 3aCTOCOBYBATUCS
17151 pazonepexigHuX TeMJI0BUX aKyMyJISITOPIB TUILY “Tpy6a B TPyOi” Pi3HOTO TeMIIepaTypHOTO PEKUMY Ta
npusHayeHHs. KpiM Toro, CTBOpeHui NporpaMHuil Koj, Mae rHy4Ky Ta IIpo30py CTPYKTYPY, 10 03BOJIsI€ 6€3 3MiH
CTPYKTYpH MiJIalITOBYBATU MOro mif 6yab-sikuil Tun TAMy i TenyioHoCis Ta 6yAb-s1Ki yMOBU (PYyHKLIIOHYBaHHS
cucreMu. Pe3ynbTaTyl IPOBEIEHOTO AOCTIIKEHHS! MOXKYTb OyTH BUKOPUCTAHI Mifl 4ac IPOEKTyBaHHS Ta
(YHKIIOHYBaHHS Cy4aCHUX COHSIYHUX TEPMOJVHAaMIYHUX YCTAHOBOK Pi3HOI'O TEMIIEPATyPHOTrO PiBHS Ta
IIPU3HAYEHHS, B SIKUX B SIKOCTi TEXHOJIOTIYHOTO 00J1aJlHAaHHS BUKOPUCTOBYETbCS (PA30NePEexiHNI TeII0OBUI
aKyMyJIITOP “TBEpJe Tio — piguHa”. TeopeTuyHi Ta NPaKTUYHi IOJIOKEHHS POOOTH CTaJU CKJIAI0BOI0 YACTUHOIO
HaBYAJILHUX AUCUUILTIH “Mopesni i MeTonu npukiaagHoi MaTeMaTuku’, “MeTtoau ineHTudikanii mapameTpin
MaTeMaTU4YHUX MoJiesiell”, ki BUKIanaloThCs 17151 31,00yBayiB BUL0i ocBiTU piBHA PhD cnenianpHocCTi 113
[IpuknagHa MaTeMaTuka y JJHITpOBCLKOMY HalliOHaJILHOMY YHiBepcuTeTi imeHi Oneca 'onyapa. I[IpoBeneni
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 methods of mathematical and computer
modeling for heat and mass transfer processes in latent heat thermal energy storage systems with phase change
“solid - liquid™; search of methods for increase of thermal efficiency of latent heat thermal energy storage
modules; proof of prospects using of latent heat thermal energy storage models as part of solar thermodynamic
plants; determination of most energy efficient geometric, thermophysical and hydrodynamic parameters of the
latent heat thermal energy modules double-tube design. The 3D mathematical model for coupled Stefan problem,
the correspondent numerical algorithm and the customer software for determination of heat transfer features in
latent heat thermal energy storage module “solid - liquid” of double-tube design were developed in the first time.
Method of taking into account of free convection in the melt of phase change material of the latent heat thermal
energy storage module of double-tube was developed in the first time. The impact of the heat transfer fluid flow
regime on the free convection intensity in the melt was found. The methods of equalizing temperature distribution
in the phase change material, which based on heat transfer fluid velocity variation in space and in time were
presented in the first time. The optimal Reynolds numbers, which ensures maximum thermal efficiency of latent
heat thermal energy storage module at minimal hydraulic losses of the heat transfer fluid were determined. These
numbers were found in the first time based on the principles of non-equilibrium thermodynamics and the carried
out entropy analysis. The customer Python software was created using the developed numerical algorithm, which
based on the finite volume method. The software is generalized and can use in case of minor correction for
analysis of parameters of latent heat thermal energy storage system of double-tube design, which operate in the
different temperature regime. Moreover, the created software has flexible structure that allows without significant
changes to transform its in depend on chosen phase change materials and heat transfer fluids and the system
functioning conditions. The results of presented study can be used during design and operation of modern solar
energy plants of different temperature level and purpose in which use the latent heat thermal energy storage
systems “solid - liquid”. 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.I.) (state registration number:
0122U001467), which is carried out on Department of Computer Technologies, Faculty of Applied Mathematics,
DNU.
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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




