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piguHU B 6aKax

2. Machine learning of hydrodynamic reduced order models on nonlinear resonant liquid sloshing

Pedepar:

1. lnHamika pe30HaHCHOTO XJIIONIaHHS PiIVHY € OJIHI€I0 3 HAMCKIAIHIIMX Ta HAUMIPUBAOIUBIIIKX TiIPOAUHAMIYHUX
CHCTEM Yepe3 Pi3BHOMaHITHI 3aCTOCYBaHHS B a€pOKOCMIYHIN, MOPCBKIil, UMBIIbHIN Ta XiMidHiN iHxKeHepil. Li
CHCTEMU XapaKTepU3YIOThCsl HEOTHO3HAYHUM YCTaJIEHNM XBUJIBOBUM PO3B'SI3KOM, MYJIbTUCTINKICTIO, XaOCOM Ta
iHIIMMU CUJIBHO HeJIiHIMHUMU SIBULIIAMHY, SIKi MOXKYTb 3aJ1€XaTH Bif| B'SI3KOTO 3aTyxaHHs. Mogesi 3MeHIIeHOTro
nopsAKy (HesiHilHI MojanbHi cucTeMu), ki, HalliMOBipHillle, 3a/IMIIAIOTHCS] €AVHUM aHAJITUYHUM IiIXOIOM 10
BMBYEHHS CKJIA/IHOI FiIpoaHaMIKY XJIIOTIAaHHS, OJIHAK [TOXOMTh BiJl HEB'I3KOI MOCTAaHOBKY 3a71a4i. SIK TOKa3yoTh
Cy4YaCHi eKCIIEPUMEHTH, BBE€IEHHS CIIEKYJISITUBHUX JIiHIMHUX YJIEHIB 3aTyXxaHHS B MOJIEJIi 3MEHILIEHOTO MOPSAKY He
MOXe 3a0e3[1eYNUTH TOYHUI OIMC PE30HAHCHUX BiJIl'yKiB CUCTEMHU, OCOOJIMBO KOJIU ileThCsl PO $a30Bi 3CYyBU MK
rapMOHIYHUM 30yPEHHSIM Ta BUMYILIEHMMH YCTAJIEHUMU XBUJSIMUA. 3aCTOCOBYIOUHM TaK 3BaHY KOHILEMIIiIO
IPUXOBaHOI (Pi3uKy, 15 AUCepTallisl Blieplie B JliTepaTypi poO3BUBAa€ MilXi, MAIMHHOTO HAaBYaHHS JIO BiJJHOBJIEHHS

HeJIiHINHYX 4ieHiB JeMndyBaHHs B aCUMITOTUYHUX HEJIIHIHHMX MOJAIbHUX cucTeMax Tuiy HapimaHoBa-



MoiceeBa, BUKOPUCTOBYIOUM OOMEXEHUH Habip eKCIIEPMMEHTAIbHUX JAHUX NPOo (a30Bi 3cyBu. OCHOBHA yBara
IIPUIiISIETHCS BEPTUKAJIIBHUM pe3epByapam MPSIMOKYTHOI (IBOBUMIPHI IOTOKU) Ta KPYIJIoi OCHOBYU (TPUBUMIpHI
XBWJIi), @ TAKOXK MTO3[JOBXXHIM 30ypKEHHSIM HalHIDKYOi BJIaCHOI YaCTOTY KOJIMBAHHS PifJUHY, BUNAIKaM, IJIs1 SIKUX

iCHYIOTb BUIEe3ra JaHi eKCIIepUMEHTAJIbHI JaHi.

2. Resonant liquid sloshing dynamics is one from most challenging and attracting hydrodynamic systems due to
various applications across aerospace, marine, civil, and chemical engineering. The systems are characterized by
non-unique steady-state wave solution, multi-stability, chaos and other strongly nonlinear phenomena which may
depend on viscous damping. Reduced order models (nonlinear modal systems) which remain, most probably, the
only analytical approach to study of the complex sloshing hydrodynamics are, however derived from inviscid
formulation. As present experiments show, introducing speculative linear damping terms in the reduced-order
models is not able to provide accurate description of the resonant sloshing responses, especially, when it comes to
phase lags between harmonic forcing and forced steady-state waves. By adopting the so-called hidden physics
concept, this dissertation develops, firstly in the literature, a machine learning approach to restoring the nonlinear
damping terms in asymptotic nonlinear modal systems of the Narimanov-Moiseev type by utilizing a limited set of
experimental data on the phase lags. The main focus is on upright tanks of rectangular (two-dimensional flows)
and circular base (three-dimensional waves) as well as longitudinal excitations of the lowest natural sloshing
frequency, the cases, for which the aforementioned experimental data exist.
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