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3M00YTTS HAYKOBOTO CTyMeHs MokTopa (imocodii 3a cremianbhicTio 113 Ipuknagna
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Hucepraiiito PUCBAYEHO TEOPETUYHUM JOCITIIKEHHSIM HOBOTO
YIIOCKOHAJIEHOTO METOJY PO3PaxyHKY BITPOCHEPTE€TUYHHUX arperaTiB 3 BEPTHUKAIBHOIO
BicCI0 0o0epTaHHs, a came, potopiB Jlap’e, KOTpHil I'PDYHTY€ThCS Ha ypaxyBaHHI
3MIHHOCT1 JIOKaJbHOTO 4YHcia PeifHombaca HaOIraro4oro BITPOBOTO IMOTOKY MPH
OOTIKaHH1 €JIEMEHTIB JIONATeN BITPOYCTAHOBKH.

CydacHU# CBIT CTHUKA€ThCS 3 HHU3KOIO TI00aNbHUX MpoOJeM, SIKI pOOJISTH
BITPOCHEPreTUKY HEBIJ'€MHOIO YAacCTHMHOIO CTpaTerii 3a0e3NeueHHs €HEepPreTUYHOI
O€3MeKH Ta CTIMKOCTI.

OpHa 3 caMuX BEJIMKUX IPo0JsieM 21-ro CTOJITTSA — 1€ TJI00aibHa 3MiHa KJIIMATY.
30UTbIIEHHSI BUKHJIIB MAapHUKOBUX Ta3iB, CIPUYMHEHUX CHAIIOBAHHAM BUKOITHHX
NaJuB, € OCHOBHOIO NMPUYUHOIO i€l mpoOiemu. EHepris BITpy Hagae MOXIIMBICTb
NEpelTH /0 BUKOPUCTAHHS EKOJIOTIYHO YHCTHX JIKEpeNl €Heprii Ta 3HU3WUTU
3aJIeKHICTD JIFOJICTBA BiJl BUKOMTHUX NanuB. Lle 3MeHIye BUKUIN BYTJIEKUCIIOTO Ta3y
Ta 1HIIUX MIKIJJIMBUX PEYOBHUH, KOTP1 CYMPOBOKYIOTh BUKOIHI MaJMBa CIPHUSIIOUH,
TaKUM YUHOM, YCIIXy Yy O0pOTHO1 31 3MIHOIO KJIIMATYy.

[IpupoaHi KOmanMHKU NaduBa, Takl sIK HapTa 1 TPUPOIHUN ra3, € 0OMEKECHUMHU
pecypcamu, 1 iX 3amacu 3MEHIIYIOThCS 3 KOKHMM JHEM. EHepris BiTpy, HaBMaKw,
3abe3reuye  peCcypcHy  CTIMKICTH 1  J03BOJISIE  TapaHTyBaTH  CTaOLIbHE
CHeprornocTayaHHs y MalOyTHbOMY, MOIIPH OOMEKEHICTh BUKOITHUX PECYPCIB.

3asexkHICTh Bl IMIIOPTY HAPTH 1 Ta3y CTBOPIOE BPA3IIMBICTh EKOHOMIK Oaratbox
KpaiH, OCKUIbKM I[IHU Ta JOCTYIHICTh LUX PECYpCIB MIJJAIOTHCS KOJMBAHHSIM Ta
30BHIMHIM (akTtopam. [lyxe roctpo 1 mpobOiema BigdyBaercs B Ykpaini. Lls
3aJIEKHICTh MOB'A3aHa MEPEBAXKHO 3 IMIOPTOM MPUPOIHOTO ra3zy, HAQTH Ta BYT1JUIA, a

TakoXk enexkTpoeneprii. CTBOpeHHs Ha MiBIHI Y KpaiHU BITPOEIEKTPOCTaHLI MOTJIO O



3HAYHO 3HU3UTH 3AJICKHICTh EHEPTOPECYPCIB B IHIIUX KpaiH. Y MUHYJIOMY YKpaiHa
Oyna CWJIBHO 3ajie)KHa BiJ MOCTa4yaHHS Ta3y 3 pocii, MpoTe micid MOMIA aHeKcil
KpuMchbKOro miBOCTpiBY Ta MOBHOMACIITAOHOTO BTOPTHEHHS POCii, YKpaiHa yKiagae
yroAu TpO TOCTa4aHHS Tra3y 3 PI3HUMH [OCTadyajbHUKAMH, BKJIIOYAIOYU
E€porneiicekuii Coro3 Ta CIIA.

BiTpoeneprerrka Takox Cripuse CTBOPEHHIO HOBUX POOOYHX MICIb Y CLIbCHKUX
Ta MICBKUX paiioHax, ne OyayloThCs BITpsHI pepmu Ta BUpoOHUYi 1ieHTpu. Lle cripusie
€KOHOMIYHOMY 3pOCTaHHIO Ta 3MEHIIEHHIO 0€3pO0ITTS, a TAKOK CTBOPIOE MOKIIUBOCTI
JUISL HABYAHHS Ta PO3BUTKY HABHUOK y c(hepl BUKOPUCTAHHS BiTHOBIIOBAHOI €HEPTIi.

PO3BUTOK BITPOEHEPreTUKH CYNPOBOKYETHCA IMOCTIMHUM TEXHOJIOTIYHUM
nporpecom. 3aBJsSKU 1HHOBALISIM Ta HOBUM TEXHOJIOTTYHUM JIOCIIIKEHHSIM BIA€ThCS
NIJBUIIYBAaTH €(PEKTUBHICTh Ta HAAINHICTh BITPSIHHX TYpOlH, a TaK0X 3HMKYBaTH
BapTICTh BUPOOHMIITBA BITPOBOI eHeprii. Lle poOuTh BITpoeHEPrito O1IbII TOCTYITHOO
Ta KOHKYPEHTHOCIIPOMOXHOIO.

bararo ypsiaiB kpaiH CBITY BU3HAIOTh BAXKJIUBICTh PO3BUTKY BITPOECHEPIETHKHU
Ta HAJAIOTh PI3HI BUAW MIATPUMKH, BKIIOYaOUHM (DIHAHCOBI CTUMYJIM Ta IMOJATKOBI
nineru. Lle monmomarae MPUCKOPUTH 3pOCTaHHA L€l ramdy3i Ta 3poOUTH ii OLIbII
MPUBAOJIMBOIO JIJIsI IHBECTOPIB Ta MiAIPUEMCTB.

3 ypaxyBaHHSIM YCiX BHUIIE3TaJaHUX acleKTiB, BITPOCHEPIETHKA CTA€ OLIBII
HEBIJ'€EMHOIO Ta aKTyaJbHOI YAaCTHHOIO CY4aCHO! €HEepPreTHYHOI CUCTEMH 0ararbox
KpaiH. BoHa He TUIbKY cipUsi€ €KOJIOTTYHIM CTIMKOCTI, aJie TAKOXK 1 CIIPUsi€ 3MIITHEHHIO
€HEepreTHyHoi 0e3MeKu Ta €eKOHOMIYHOMY PO3BHUTKY, 1110 POOUTH ii HEOOXIAHOW s
MalOyTHBHOTO MJIAHETHU Ta JIFOACTBA.

HaykoBa HOBM3HA OTpUMaHUX PE3YNbTATIB IUCEPTAIIHHOT POOOTH TMOJSATAE B
HAaCTYITHOMY: B JIBOJIMCKOBIM OJHOCTPYMEHOBIN aepoJMHaMIYHIA Mojaem  Tedil
MOBITPSI HABKOJIO BITpOarperara BIepIie BpaXxOBaHO HASIBHICTH TPABEPC SIK €JIEMEHTIB
BITPOYCTAHOBKHM Yy BUTJISA/I PI3HUX KJIACUYHUX CUMETPUYHUX TPO(]LTB, TaKuX, SK,
Hanpukiaa, npodpimi NACA 0012, 0015, 0018, 0021, Takox BpaxOBaHO BILIUB
3MIHHOCTI JIOKQJIbHOTO YMclia PeliHonbaca OOTIKAHHS €JIEMEHTIB JIomaTi, KOTpe

3MIHIOETHCS SIK B1J] TTOJIO’KEHHS JIOTaTi y BITPOKOJIEC, TaK 1 BiJl BITHOCHOT MIBUIKOCTI



HaOIraHHS BITPOBOTO TMOTOKY O€3MOCEPEeNIHbO Ha KOXKHUU €JIeMEHT JIomaTi B 30HI
oKpecieHoro 00’emy y BiTpokosieci. CTBOPEHO MPOrpaMHUN MOIYJb AJIs PO3PAXYHKY
BiTporeHepatopa tumy Jlap’e, KOTpuil J03BOJIsIE 3aJaBaTd TUIBKH TJI00AIbHI
reMEeTpUYHI TapaMeTpH BITPOYCTAHOBKH Ta 00MpaTH MpoQisib 13 BkKe OMpalbOBaHUX, a
came: NACA 0012,0015, 0018, 0021, a Takox 1ogaTH HOB1 Mpod 11l — MIJITXOM BHOCY
iX aepoaMHAMIYHUX KOe(DIIIEHTIB JIO0 BXKE CTBOPEHOI 0a3u aepoaMHAMIYHHMX
xapaktepuctuk aepoauHaMmiyHux mpodinie NACA. IlpoananizoBaHo BIUIMB Ha
eHepreTuyHi xapaktepuctuk BEY kyTa ycTaHOBKU Jjonarei, iX KUIbKOCTI, JOBKUHU
XOp/H, TOIIO.

VY nauiii qucepTaliiHiii po6oTi po3po0IEHO HOBY, YAOCKOHAJICHY, TOPIBHIHO 3
BIJIOMUMH paHillle METOJUKAMH PO3PaXyHKY €HEPreTUUYHUX XapaKTEPUCTUK POTOPY
Jap’e 3 ypaxyBaHHSIM 3aJIe)KHOCTI JIOKAJbHUX AaepOJMHAMIYHUX XapaKTEPUCTHUK
CJIEMEHTIB JIOMaTi BiJ JIOKAIBHOTO uucia PeiHonbiaca, ToMdl SIK Yy MOMEpeaHii
«KJIACHYHII» JIBOJUCKOBIM cxeMi po3paxyHky BOBJI He BpaxoByeThcs TOM (akT, 110
OKpeMI €JEMEHTH JiomaTi OOTIKAIOThCS KOXKEH 31 CBOEIO BIJHOCHOIO IIBUJIKICTIO
HAOKHOTO TIOTOKY 1 TOMY KOKEH €JIEMEHT JIOMaTl Ma€ CBOE OCOOMCTE JIOKAJIbHE
MiciieBe uuciio PeitHombica. BiTpoBuii moTik B OKpeciaeHOMY 00’€Mi BXKE € JeII0
“mom’aTUM”’, BIH BTpadae JIEAKy 4YacTKy CBO€i HE30ypeHOi MIBHJIKOCTI 3a PaXyHOK
pobotu mo mepemimenHio jgonateii BEY 1 mepemadi iM yacTHU CBO€T KIHETHYHOT
€HEeprii.

OTpumaHi aHAIITUYHI BUPa3W Ta MPOTPaMHI KO JOTIOMOTJIA AOCTIUTH BILIUB
PI3HHX T€OMETPUYHUX IMapaMeTpiB Ha poOOTy Mojeil BITpOycTaHOBKU. OTpuUMaHi
TEOPETUYHI Ta aHAJITUYHI JaHI MOXYTh OYTHM B3fTI 3a OCHOBY IPH NPOBEIECHHI
MOJATBIITUX EKCIIEPUMEHTAIBHUX JOCIIHKEHB Y TaTy31 BITPOCHEPTETUKH.

Bbyno BcTaHOBIEHO, LIO0 BapilOBaHHA KyTa YCTAHOBKHM JIONATI MOXYTh OyTH
pPEKOMEHJIOBaH1 Il MIABUINEHHA  €(QEKTUBHOCTI  poOOTH  BITPOTYpOIHH.
3anpornoHoBaHa METOJIOJIOTISI MOXKe OYTH BUKOPUCTAHA JIJISl TOAATBIITUX JTOCIIKCHbD,
MOB'SI3aHMX 3 TMPOCKTYBAaHHAM Ta (DYHKIIIOHYBaHHSIM BEpPTHUKAIHHO-OCHOBHUX

BITPOTEHEPATOPIB.



3a mepioJ HaBYAHHA B acHipaHTypl OyJlo KPUTHYHO BHBYEHO ICHYIOUl paHillIe
nigxoan 1o pospaxynky BOBJl 1 cTBopeHO mporpaMHUi MOAYNb 7Sl PO3PAXYHKY
BITPOYCTAHOBKH, SIKMI J03BOJISIE OTPUMATH OCHOBHI €HEPreTHYHI IapameTpu
BITPOYCTAHOBKH B 3aJIC)KHOCTI BiJl OCHOBHHX IJI00ATbHUX T€OMETPUYHHUX IMapamMeTpiB
BITPOJIBUTYHA, IIBUIKOCTI HE30YIPKEHOT0 HAa0Iraro4yoro MoToKy MOBITPS JJIS Pi3HUX
kiacuaHux cumetpuaHux npodim cepii NACA: 0012, 0015, 0018 Ta 0021,

Kniouosi cnoea: eepmuxanvro-ocvbosa eimpoycmanoska, pomop /Jlap’e,
0800UCKOBA IMNYIbCHA MOOenb, Jonams, uducio Petinonvoca, mamemamuute
MOOeNo8anus, Koe@iyicHm weUOKOXiOHOCmi, 8imposull nomik, KoegiyicHm

MOMeHma, Koegiyienm nomyHCcHoCmi, aepoOUuHAMIYHUL NPOQPInb.



ANNOTATION

Anton Rozhkevych. Development of an improved method of calculating wind
energy units with a vertical axis of rotation. Dissertation for obtaining the scientific
degree of Doctor of Philosophy in specialty 113 Applied Mathematics, Oles Honchar
Dnipro National University, 2023.

The dissertation is devoted to theoretical studies of a new and improved method
of calculating wind power units with a vertical axis of rotation, namely, Darrieus rotors,
which is based on taking into account the variability of the Reynolds number of the
oncoming wind stream when flowing around the blade of a wind turbine.

The modern world is faced with a number of global problems that make wind
energy an integral part of the strategy of ensuring energy security and sustainability.

One of the biggest problems of the 21st. century is climate change. The increase
in greenhouse gas emissions caused by the burning of fossil fuels is the main cause of
this problem. Wind energy provides an opportunity to transition to clean energy
sources and reduce dependence on fossil fuels. This reduces emissions of carbon
dioxide and other harmful substances, contributing to the fight against climate change.

Natural fossil fuels, such as oil and natural gas, are finite resources, and their
reserves are dwindling every day. Wind energy, on the contrary, provides resource
sustainability and allows to guarantee a stable energy supply in the future, despite the
limitation of fossil resources.

Dependence on oil and gas imports creates vulnerability for many countries, as
prices and availability of these resources are subject to fluctuations and external
factors. This problem is most acutely felt in Ukraine. This dependence is mainly related
to the import of natural gas, oil and coal, as well as electricity. The creation of wind
power plants in the south of Ukraine could reduce the dependence of energy resources
on other countries. In the past, Ukraine was heavily dependent on gas supplies from
Russia, however, following the events of the annexation of the Crimean Peninsula and
the full-scale invasion of Russia, Ukraine is entering into gas supply agreements with

various suppliers, including the European Union and the United States.



Wind energy is also helping to create new jobs in rural and urban areas where
wind farms and manufacturing centers are being built. This contributes to economic
growth and reduced unemployment, and creates opportunities for training and skills
development in the field of renewable energy.

The development of wind energy is accompanied by constant technological
progress. Thanks to innovation and research, it is possible to increase the efficiency
and reliability of wind turbines, as well as reduce the cost of production. This makes
wind energy more affordable and competitive.

Many governments around the world recognize the importance of wind energy
development and provide various types of support, including financial incentives and
tax breaks. This helps to accelerate the growth of this industry and make it more
attractive to investors and businesses.

Taking into account all the above-mentioned aspects, wind energy becomes a
more integral and relevant part of the modern energy system. It not only contributes to
environmental sustainability, but also contributes to strengthening energy security and
economic development, making it necessary for the future of the planet and humanity.

The scientific novelty of the obtained results of the dissertation work: in the two-
disk aerodynamic model, for the first time, the presence of a traverse as elements of a
wind turbine in the form of various classic symmetrical profiles NACA 0012, 0015,
0018, 0021 is taken into account, the influence of the variability of the local Reynolds
number of the flow around the blade elements is also taken into account, which changes
from the position of the blade in wind wheel and the relative velocity of the wind flow
directly on each element of the blade in the zone of the outlined volume in the wind
wheel. A software module was created for the calculation of a Darrieus type wind
generator, which allows you to set only the global geometric parameters of the wind
turbine and choose a profile from the ones that have already been worked out, namely:
NACA 0012, 0015, 0018, 0021, as well as add new profiles - by entering aerodynamic
coefficients into already created database of aerodynamic characteristics of

aerodynamic profiles. The influence of the blade installation angle, the number of



blades, their length, etc., on the energy characteristics of wind turbines has been
analyzed.

In this dissertation work, a new and improved method of calculating the energy
characteristics of the Darrieus rotor depending on the local Reynolds number was
obtained. In the classical two-disc scheme for calculating the air flow, the fact that
individual elements of the blade flow around each one with its relative velocity of the
oncoming flow is not taken into account, so each element of the blade has its own local
local Reynolds number. The wind flow in the defined volume is already somewhat
"crumpled", it loses some part of its undisturbed speed due to the work of moving the
wind turbine blades and transferring part of its kinetic energy to them.

The obtained analytical expressions and program codes helped to investigate the
influence of various geometric parameters on the operation of the wind turbine model.
The obtained theoretical and analytical data can be taken as a basis for further
experimental research in the field of wind energy.

It has been also established that o variation of the installation angle of the blades
can be recommended to increase the efficiency of the turbines. The proposed
methodology can be used for further research related to the design and operation of a
vertical-axial wind turbine.

Key words: vertical-axis wind turbine, Darrieus rotor, two-disk impulse model,
blade, Reynolds number, mathematical simulation, speed coefficient, wind flow, torque

coefficient, power coefficient, aerodynamic profile.
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