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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

HaykoBO-TeXHiuHi IPUHIMIIN 3HUKEHHS a€POJIMHAMIYHOTO LIyMY JIOIIaTel BiTPsSIHUX TypOiH

Ha3sBa po6oTH aHIJIilICbKOIO:

Scientific and Technical Principles for Reducing Aerodynamic Noise in Wind Turbine Blades

PedepaT ykpaiHCbKOIO:

Y Mesxax pob0TU BU3HAYEHO HAYKOBO-TE€XHIUHI IPUHLIMIY 3HKEHHS aePOJMHAMIYHOTO UIyMY JIONATe ManX i
cepeJHix BiTpoBUX Typ6iH. PO3p0o6ieHO Ta BepU(iKOBAaHO YACEIbHO-EKCIIEPUMEHTAIbHY METOAUKY JOCiIPKEHHS
aepoJMHaMiYHOrO HIyMy CEIMEHTA JIONATi, IPOBEeIEHO YMCeJIbHI Ta eKCIIepUMEHTAbHI JOCiI)KeHHS 6a30BUX i
Moa1piKoBaHMX a€pOAUHAMIYHUX NPOQiiB. [JOCTiIKEHO MOKIIMBICTD LiJIECIIPSIMOBAHOTO BILIUBY HA (POPMYBaHHS
i PO3BUTOK BUXPOBHUX CTPYKTYP LIJIAXOM OpPTraHisallii BHYTPIlIHbOTrO NePETIKaHHA MOBITPS. EKCIIEpUMEHTANLHO
IOCJIiIKeHO [1Bi KOHCTPYKTHBHI KOHLEILii: T0eHAHHS BHYTPIIIHBOI'O KaHAJY i3 3a3yOpeHOI0 334HbOI0 KPOMKOIO Ta
CHACTEMY BHYTPILIHIX KaHaJiB 3i CTYNiHYaCTUMU BUXiTHUMH ejleMeHTaMu. JI71s1 060X MigXomiB 3a I€BHUX PEXUMIB
o6TikaHHS 3a¢iKCOBaHO 3HIKEHHS A€POIMHAMIYHOTO MyMY Bif 2 1o 5 4B B OKpeMUX YaCTOTHUX [1ialla30Hax.
BcTaHOBIEHO AOLINBHICTD OCIILOBHOTO BILJIMBY Ha BUXPOBI CTPYKTYPU Ha Pi3HUX CTaAigX iX pO3BUTKY. [lepmui
CTYIiHYaCTUH BUXif, BMEHIIyE €Heprilo BUXPOBUX CTPYKTYP, 1110 GOPMYIOTbCS Y 30HI BilpHBY, @ HACTYIIHUI 3MEHILye
iHTEHCHUBHICTb iX B3aeMoyii i3 3a1HbOI0 KPOMKOIO. Ha OCHOBi BCTaHOBJIEHUX 3aKOHOMIPHOCTEH po3pobJIeHO CrIocio
3HIDKEHHS a€pOJIMHAMIYHOTO MIyMYy JIONATi BiTPOBOi Typ6iHM IIJISIXOM KEPOBAHOTO BIUIMBY Ha IPUMEKOBUI AP
Yyepes3 CUCTEMY BHYTPIIIHIX KaHAJIB i ClleljjaJIbHO PO3TAallOBAHMX CTYIIHYACTUX BUXIIHUX e€1eMeHTiB. CTBOPEHO
pedepenTHy i MonuQikoBaHy eKCIIEPUMEHTANIbHI MOZei sionaTi. Po3po6s1eHO MeTOIUKY JOCIIiKEHHS
MaclITabHUX MOZesIell JIonaTel Ha 06epTabHIN YCTAaHOBL B 6€3JIyHHIN KaMepi 3 BiATBOPEHHSIM €KBiBaJIEHTHUX
pPeKuMIB POGOTH MajIOTo BiTpoKosieca. PO3pobieHi TeXHIUHI pillleHHS MMOKJIaeHO B OCHOBY 3asiBOK Ha BUHAXOIM Ta
KOPUCHI MofeJli, OKpeMi MeTouYHi po3pOOKU 3apeECTPOBAHO SIK 00’'€KTU aBTOPCHKOTO nmpaBa. ChopMoOBaHO

peKoMeHpalii IoA0 MPOEKTYBaHHS MaJIOUIyMHUX JIONIaTe MaJIUX i CepelIHiX BiTpOBUX TYPOiH.

Pedepar aHIJIiHCBKOIO:

The work identified the scientific and technical principles for reducing the aerodynamic noise of blades of small
and medium sized wind turbines. A numerical and experimental methodology for studying the aerodynamic noise
of a blade segment was developed and verified, and numerical and experimental investigations of baseline and
modified aerodynamic profiles were carried out. The possibility of targeted control of the formation and
development of vortical structures by organizing internal airflow was investigated. Two design concepts were
experimentally studied: a combination of an internal channel with a serrated trailing edge and a system of internal
channels with stepped outlet elements. For both approaches, under certain flow conditions, a reduction in
aerodynamic noise from 2 to 5 dB was recorded in selected frequency ranges. The feasibility of sequentially
influencing vortical structures at different stages of their development was established. The first stepped outlet
reduces the energy of vortical structures forming in the separation region, while the subsequent outlet reduces
the intensity of their interaction with the trailing edge. Based on the identified relationships, a method for
reducing the aerodynamic noise of a wind turbine blade was developed by means of controlled influence on the
boundary layer through a system of internal channels and specially positioned stepped outlet elements. Reference
and modified experimental blade models were created. A methodology for studying scaled blade models on a
rotating test rig in an anechoic chamber was developed to reproduce equivalent operating conditions of a small
wind turbine rotor. The developed technical solutions formed the basis for patent and utility model applications,
while individual methodological developments were registered as copyright protected works. Recommendations
for the design of low noise blades for small and medium sized wind turbines were formulated.
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