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Pedepar:

1. Incepranifiny po60Ty IIPUCBSYEHO AOCIiI)KEHHIO IPOLIeCiB BUHUKHEHHS CTiIKMX aBTOKOJINBaHb [IPY B3a€MO/Iii
IIOTOKY 3 TBEPAUMMU TiJlaMH, & TAaKOX JOCJII)KEHHIO ITPOLIECiB BUIIPOMiHIOBaHHS 3ByKY IIOTOKOM. B po6o0Ti reTanbHO
OIMCYIOTbCS 3aKOHOMIPHOCTI i MEXaHi3MY BUHMKHEHHS aBTOKOJIMBAHb i TigpOAMHAMIYHUX KaHaJIiB 3BOPOTHUX
3B'3KiB, PO3PaX0OBYIOTbCSI XapAKT€PUCTUKY 3BYKOBUX I10JIiB, 1II0 T€HEPYIOThCS NIPY HATiKaHHI IOTOKY Ha TBepJe
Tino. [TpoBeeHO po3poOKy MaTeMaTUYHUX Mojieslel i MeTOZB, 0 NAITh MOKJIMBICTD KiJIbKiCHOI OLIiHKU
€HepPreTUYHMUX Ta IPOCTOPOBUX XapaKTEPUCTUK 3BYKOBUX I10J1iB, 110 BUHUKAIOTh ITPY OOTiKaHHI TOTOKOM TBEPIUX
nepekos pisHux Gopm. [IpoBeeHo po3poOKy METO/IIiB ONMCAHHS BUXPOBUX JIKE€PEJ 3ByKY B 30BHIITHIX ITOTOKAaX Ta
B IIOTOKAax B KaHaJaxX CKIanHoi reomeTpii. [IpoBemeHO po3poOKy TeXHIKM po3paxyHKy 3BYKOBHX II0JIiB, 10 6a3y€eThCs
Ha CY4YaCHUX MiAX0[ax KOMITIOTEPHOI MEXaHiKY PilMHY i lae MOXJIUBICTb IPOBOAUTY YUCEJIbHI pO3PaxyHKU Ha
KJIACTEPHUX CYIIEPKOMITIOTepax. UncesbHi po3paxyHKu IPOBOIUIIMCH Ha KIIACTEPHOMY CylepKoMIT'torepi CKit, 1o
3HaxXoOuThCs B IHCTUTYTI KibepHeTnkyn HAH Vkpainu. 3 meToro inoctpalii MoXInBoOCTeN 06y10BaHOTO HaMU

aJITOPUTMY PO3B’S13aHO Psif, 337124, 30KpeMa TPUBUMIpPHY 3a/1a4yy PO reHepaliiio 3ByKy IIOTOKOM IIpU OOTiKaHHI



chepu. JoCIiIKEHO Teuilo B's13K0i HECTUC/IMBOI PiilHY B IIJIOCKOMY KaHaJli 3a HassBHOCTI B HbOMY PO3TalIOBAaHUX
OJIVH 32 OJHUM JBOX CTEHO3iB (3By’KeHb). ONKCaHO Mpoliec reHeparlii CTiiKuxX aBTOKOJIMBAaHb B MIXKCTEHO3HIN

0071aCTi, 110 TOPO/KYIOTh 3BYKOBE I10JIE.

2. The thesis is devoted to the study of the stable self-oscillation generation in the course of the interaction
between the flow and solid bodies, as well as to the study of the sound radiation processes by the flow. The
mechanisms of the self-oscillation generation and the hydrodynamic feedback channels are described. The
characteristics of the sound fields generated when the flow dashes against a solid body are estimated. The
mathematical models and methods for accurate estimation of the energy and spatial characteristics of the sound
fields generated when the flow interacts with solid obstacles of various forms are developed. We develop the
methods for description of the vortex sound sources in both the external flows and the internal flows in channels
of complex geometry. We also develop the technique for estimation of the sound fields generated by the flow. The
technique is based on the modern approaches of computer fluid mechanics and allows us to perform numerical
calculations at cluster supercomputers. The algorithm of solution which belongs to the class of hybrid methods, is
constructed. The hybrid methods allow us to decompose the problem of sound generation by a flow into two
stages. At the first stage the hydrodynamics of the flow is calculated, at the second stage the characteristics of the
acoustic field generated by the flow are evaluated. For numerical simulation of two-dimensional fluid flows we
used the DNS technique. The required accuracy of calculations was achieved by improving the computational grid.
In the case of three-dimensional flows, the DNS methods were used only in laminar flow regimes. In turbulent
regimes, we used the LES technique. The reason is that the three-dimensional problems require an order of
magnitude more computer resources and consequently it is impossible to achieve the required accuracy of
numerical simulation by simply increasing the number of nodes in the computational grid. The MPI technology was
used for parallel computing. The parallelization was carried out on the principle of geometry parallelism. When
performing numerical calculations we used the computational procedures of the open source toolbox OpenFOAM.
At the second stage of the constructed hybrid method the acoustic problems were solved. For this purpose, the
analytical solutions of the acoustic problems were constructed. For the purpose of verification of the constructed
hybrid numerical algorithm we solved a number of problems. First, the sound field of the Aeolian tones was
numerically calculated. Then, the problem of sound generation (wedge tones) by a submerged jet running against a
sharp wedge was solved. And then the problem of the self-oscillations generation in the flow past a cylinder with a
flat splitter attached to the rear side is solved. Since the vortex formation and shedding behind a cylinder can lead
to undesirable vibrations of the body and even to the destruction of structures, it is necessary to have possibility to
control the process of vortex shedding. One of the methods for controlling the flow is placement of a flat splitter
behind the cylinder. The problem of sound generation by the flow past a sphere is solved in the wide range of the
Reynolds number. Although the problem is three-dimensional, the modern methods of parallel computations at
cluster supercomputers allow us to obtain adequate numerical solutions of the problem. At small Reynolds
numbers the DNS technique is used, at large Reynolds numbers the technique of LES. The constructed numerical
algorithm allowed us to adequately describe the flow in all known regimes. It was shown that our results are in
good agreement with the experimental and computational results of others authors. The range of Reynolds
numbers within which self-sustained oscillations arise in the flow and therefore the flow can generate sound was
determined. It was found that in the laminar regime the amplitude of oscillation of the lateral force applied to the
sphere is approximately five times greater than the amplitude of the drag force oscillation. The flow of viscous
incompressible fluid in a plane duct with two stenoses located sequentially was studied. Nature of the flow in the
region between the stenoses, depending on the Reynolds number, is analyzed. In particular, it was shown that in a
certain range of Reynolds number the vertical structures appear in the shear layers between the jet and the
cavities formed by the stenoses. These oscillations can fundamentally serve as a source of sound vibrations in the
channel. The problem of sound generation by the flow in a duct with two successive stenoses is considered. The
method of partial domains was used for solution of this problem. The methods of controlling both the flow and the
sound energy emitted by the flow in an irregular duct containing two stenoses are considered. It is shown that one
of the effective methods is the rational choice of the domain geometry.
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