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1. HecraujoHnapHi 38’3aHi 3a7ja4i AUHAMIKY PilMHY, ra3y Ta HU3bKOTEMIIEPATYPHOI [1J1a3MH1

2. Unsteady coupled problems of the dynamics of a liquid, gas, and low-temperature plasma

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO AOCIiIPKEHHIO HECTalliOHAPHUX IIPOLIECIB IMHAMIKM PiyHY, rasy Ta
HU3bKOTEMIIEPATYPHOI [1J1a3MU IIPYU PO3B'sI3aHHI 3B’13aHUX 3a71a4. BuBYeHO (PisnyuHi 0CO6IMBOCTI LIMPOKOTO KJ1acy
BiIpUBHUX Tedill 32 JOIIOMOI0I0 PO3POOJIEHOTO CIIel}iali30BaHOro MakeTy OOYMCIIIOBAJIbHOI aepoJHaMiKU i
€JIEKTPOJMHAaMIKU. Po3p0o6sieHO HOBY (Pi3MYHO O6I'PYHTOBAHY MaTeMaTUYHy MOZEJIb PO3BUTKY B Yaci IPOLEeCiB
aepoAMHaMiKH, eJIEKTPOIMHAMIKY, AMHAMIKM YaCTUHOK i XiMiUHOI KiHETUKHU 171 MOJIe/II0BaHHS OCOOJIMBOCTEN
B32€MOJii CYLIIIBHOTO B'SI3KOT0 CepelOBHUINa 3 MIa3MOI0 JieJeKTPUIHOro 6ap'epHOro po3psay. Y monesti
BPaxXOBYIOTbCS €JIEKTPOHHO-30YPKEHI Ta MeTaCTabiIbHi CTaHU MOJIEKYJI a30Ty Ta KMCHIO, aTOMU KUCHIO, €JIEKTPOHH,
a TaKOX IMO3UTUBHI Ta HETATMBHI 10HMU, Y LiZIOMY 14 4aCTUHOK i 97 MIa3MOXIMIYHMX pEaKIil, BKI0Ya0YM IIOBEPXHEBI
npouecy. 3anponoHoBaHo Mogudikario cxemu Rogers-Kwak 11711 KOHBEKTUBHUX YJI€HIB II€PIIOTO Ta TPETHOTO

nopsaKy ToyHocTi. OCHOBHA BigMiHHICTh MopudikoBaHoi cxemu Rogers-Kwak Bi kj1acM4HOI oJ1Ira€e B TOMY, 110



IIOTOKU PO3PAXOBYIOTHCS 3 BAKOPUCTAHHSIM METPUYHUX KOedillieHTiB Ha rPaHsIX KOHTPOJIBHOTO 00'eMy 3a
3HAYEHHSIMU TiIpOANHAMIYHMX [TapaMeTpiB Y TouKaX. [106yZoBaHO HESIBHUY alTrOPUTM 1711 MOAM(IKOBaHOI cCXeMU
Rogers-Kwak nepmoro i1 TpeTboro nopsiiKy TOUHOCTi. B po60Ti IpoBejeHO YncesibHe BUBYEHHS Pi3MUHUX
0Cc06IMBOCTEN TypPOYJIEHTHOrO OOTiKaHHs J-NIpo(isio A1 NOBiNBHOIO KyTa aTaku. Briepie BUSBIEHO BILJIUB
CTYI€HSI 3aMKHYTOCTi J-1tpodinto Ha KoedillieHTH cuin J060BOrO ONOPY i MiANOMHOI CHJIY, A TAKOXK HA CTPYKTYPY
00TiKaHH4 B 11isioMy. [TokazaHo AuHaMIKy Ta aepoanHaMiKy TpboxesemeHTHoro npodimo 30P30N npu #ioro
POBKPUTTI 3 Kpericepcbkoi KoHPiryparii Ta nepexogi y 3/1iTHO-110caiKoBy. [IpoBeieHO po3paxyHKU TypOyJI€HTHOrO
00TiKaHHS KOHTYPY TPaHCIIOPTHOrO 3aC00y [106JIN3y €KpaHy. BCTaHOBJIEHO, 10 HasBHICTL poTopa CaBoHiyca B
LIEHTPaJIbHIN YaCTUHI BePTUKaJIbHO-0ChOBOI BEY Npu3BOIUTh 10O iCTOTHOrO 3aTiHEHHS NiABITPSHOI AiNSHKA
TpaekTopii 1onari poropa Jap’e, i 10 3HUKEHHSI KPyTHOIO MOMEHTY, 110 FeHepyeThcs. [IpoBesieHo cepito

004U CII0BAIbBHUX €KCIIEPUMEHTIB 3 MOJEJIIOBAHHSI HECTALIOHAPHUX [TPOLIECiB HU3bKOTEMIIEPATYPHO]
HEPiBHOBAXXHOI IJ1a3MU JieJIeKTPUYHOTO 6ap'e€pHOro po3psify, a TAKOX ii BIJIMB HA KEPYBAHHS CTPYKTYPOIO IIOTOKY
NoBiTps. [IpoBeneHo napaMeTpuyHi JOCIiIKEHHS T€OMETPUYHYX [TAPaMETPIB IJIa3MOBUX aKTyaTOPOB Ta iX BIJIMB
Ha IIBUJKICTb IOBITPS, 10 reHepyeThes. [ToKazaHo MOXK/IMBICTb 3MEHIIEHHS KoeillieHTa onopy LUIiHApa 3a

IOTIOMOTOIO IMJIa3MOBUX aKTyaTOPOB 33 PaXyHOK IIPUAYIIEHHS BUXPOBOi AOPDKKU KapMaHa.

2. The dissertation is devoted to the study of unsteady processes of the dynamics of a liquid, gas, and low-
temperature plasma in solving the coupled problems. The physical features of a wide class of separated flows were
studied using the developed specialized package of computational aerodynamics and electrodynamics. New
physically based mathematical model of the development of aerodynamics, electrodynamics, particle dynamics
and chemical kinetics processes over time was developed to model the interaction features of a continuous
viscous medium with plasma of a dielectric barrier discharge. The model takes into account electronically excited
and metastable states of nitrogen and oxygen molecules, oxygen atoms, electrons, as well as positive and negative
ions, a total of 14 particles and 97 plasma-chemical reactions, including surface processes. Modification of the
Rogers-Kwak scheme for convective terms of the first and third order of accuracy is proposed. An implicit
algorithm for the modified first- and third-order Rogers-Kwak scheme is constructed. The numerical study of the
physical features of the turbulent flow around the J-airfoil for an arbitrary angle of attack is carried out. For the
first time, the influence of the closure degree of the J-airfoil on the coefficients of drag and lift force, as well as on
the flow structure around as a whole, was revealed. The dynamics and aerodynamics of the three-element airfoil
30P30N are shown when it is opened from a cruising configuration and transferred to a landing. The turbulent
flow around the vehicle contour near the screen is calculated. It was established that the presence of a Savonius
rotor in the central part of the vertical-axis wind turbine leads to a significant shading of the leeward portion of
the trajectory of the Darrieus rotor blade and to a decrease in the generated torque. A series of computational
experiments were conducted to simulate the unsteady processes of a low-temperature nonequilibrium plasma of a
dielectric barrier discharge, as well as its influence on the control of the air flow structure. Parametric studies of
the geometric parameters of plasma actuators and their influence on the generated air velocity are carried out.
The possibility of decreasing the cylinder drag coefficient using plasma actuators by suppressing the Karman

vortex street is shown.
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