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00’emiB npu oxonomkenni Bix 500°C mo 20°C 3mimrororTees ictotHo. ToMmy Ha HBOMY
TEMIIEpaTypHOMY TPOMDKKY CTPYKTYpHI HAmpy)KEHHS MaTUMYTh XapakTep THUMYaCOBUX
HaNpYXXCHb, BH3HAYCHUX MHTTEBUMH 3HAYCHHSAMH TUIBKH THTOMUX O00’eMiB (ha3oBux
CKJIAZOBUX (MpU HASIBHOMY HE3MIHHOMY iX BiZICOTKOBOMY BMICTi, III0 BCTAHOBUBCS TP
oxosomkerni 10 500°C). BoHu icTOTHO 3aiekarh BiJ BMICTy BYIJICIIO i TEMIEPATypH, Ta
OylyThb aCHMOTOTHYHO TPSMYBAaTH 1O 3HAYCHb 3AJMIIKOBUX HANpYXEHb NPU 3HWKCHHI
TEMIIepaTypu JI0 HaTypajbHOI.

3a3HaynMO, IO TaKa TOBEIHKA 3aJHIIKOBHX HAINPY)XCHb 3AJICXKHO BiJl TEMIIEpaTypH
Moke OyTH BpaxoBaHa y BHUXITHIM Mojeni, TOOTO MH MOXXEMO JOCHIKYBaTH Y TaKOMY
PO3YMiHHI THMYacoBi CTPYKTYpHI HampyKeHHs, SKi 31 3MEHIIEHHSIM TeMIIEpaTypH
MEPETBOPIOIOTHCS HA 3AITUIIKOBI.

1. O.I'aukesuu,  T.Kozaxesuu, = P.Kywnip  BubGpani wmatemaTu4Hi  mnpoOieMu
TEPMOMEXaHIKM MAJIOBYTJICIICBUX HHU3bKOJIETOBAHUX CTAllEBUX IUIACTUH TPH HArpisi
PYXOMHUMH JDKEpEsIaMH TeTlla 32 BpaxXyBaHHS CTPYKTYPHUX 3aIMIIKOBHX Aedopmartiii. [Ipami
HayxoBoro ToBapuctso iMm. [lleBuenka. JIbBiB-2023, - T. LXXIV, - C.81-98 (230 c¢.)

STABILITY OF IDEAL FLUID MOTION IN SHELL STRUCTURES
Chondhary N, Sierikova 0.2, Strelnikova O.3, Kolodiazhnyi A.3

!Bennet University, Delhi, Republica of India
’National University of Civil Protection of Ukraine,
34.M. Podgorny Institute of Power Machines and Systems,
‘Kharkiv National University of Radio Electronics

This study investigates the stability of fluid motion in shells of revolution under the
influence of intense periodic loading. It is assumed that the fluid inside the shell is inviscid
and incompressible, and that its motion, caused by the applied loads, is irrotational. Under
these conditions, a velocity potential @ exists. To determine this potential, a mixed boundary
value problem for the Laplace equation is formulated. The boundary conditions for this
problem in the fluid domain Q include the impermeability condition on the wetted surfaces of
the shell structure S1, as well as the static and dynamic conditions on the free fluid surface So.
[1]. The implementation of the dynamic boundary condition leads to a system of differential
equations, specifically a system of Mathieu equations with respect to the coefficients
depended on time only. The stability of the solution is investigated, and zones and parameters
of unstable motion are identified using the Ince—Strutt diagram [2].

Mathematical models have been developed to analyse the stability of fluid vibrations
in tanks and fuel reservoirs. These models are based on the application of potential theory and
singular integral equations. To solve the singular equations, an efficient numerical method is
used, which involves their reduction to one-dimensional form and the use of properties of
generalized elliptic integrals. A system of differential equations is constructed, for which the
conditions of solution stability are analyzed. This made it possible to determine the parameter
ranges of loading that may lead to unstable behaviour of the structure.
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Modern engineering equipment operates under significant service loads, including
intense mechanical forces and elevated temperatures. Such operating conditions impose strict
requirements on the strength and reliability of structural components. A major challenge in
such analyses lies in the difficulty of accurately defining the parameters of external loading
acting on the structure. Often, these parameters are uncertain or variable, necessitating the
inclusion of uncertainties in the mathematical modelling [1]. This work proposes an effective
approach for analysing hydro-elastic vibrations of a blade in a reversible-blade hydraulic
turbine. The method combines potential flow theory for describing fluid motion with elements
of fuzzy logic. At the initial stage, the problem of forced vibrations is solved within a
deterministic framework. The fluid is modelled as ideal (i.e., inviscid) and incompressible,
and its motion induced by small oscillations of the elastic element is assumed to be
irrotational. This allows the introduction of a fluid velocity potential ®(x,y,z,¢), which satisfies
Laplace’s equation. To solve the problem, the given normal modes method is used [2]. The
blade’s vibrations are represented as a combination of its natural modes, neglecting the
influence of the added mass of the fluid. The fluid pressure on the surface of the blade is
determined by solving a hypersingular integral equation, obtained by representing the
unknown velocity potential using a double-layer potential. The numerical solution of this
hypersingular equation is performed using the boundary element method. Then loading
parameters were fuzzified.
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