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об’ємів при охолодженні від 5000С до 200С змінюються істотно. Тому на цьому
температурному проміжку структурні напруження матимуть характер тимчасових
напружень, визначених миттєвими значеннями тільки питомих об’ємів фазових
складових (при наявному незмінному їх відсотковому вмісті, що встановився при
охолодженні до 5000С). Вони істотно залежать від вмісту вуглецю і температури, та
будуть асимптотично прямувати до значень залишкових напружень при зниженні
температури до натуральної.

Зазначимо, що така поведінка залишкових напружень залежно від температури
може бути врахована у вихідній моделі, тобто ми можемо досліджувати у такому
розумінні тимчасові структурні напруження, які зі зменшенням температури
перетворюються на залишкові.

1. О.Гачкевич, Т.Козакевич, Р.Кушнір Вибрані математичні проблеми
термомеханіки маловуглецевих низьколегованих сталевих пластин при нагріві
рухомими джерелами тепла за врахування структурних залишкових деформацій. Праці
Наукового товариство ім. Шевченка. Львів-2023, - Т. LXXIV, - С.81-98 (230 с.)

STABILITY OF IDEAL FLUID MOTION IN SHELL STRUCTURES

Chondhary N1., Sierikova O.2, Strelnikova O.3, Kolodiazhnyi A.3

1Bennet University, Delhi, Republica of India
2National University of Civil Protection of Ukraine,

3A.M. Podgorny Institute of Power Machines and Systems,
4Kharkiv 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 Φ 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 Ω 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 S0.
[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 Φ(x,y,z,t), 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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