December 19, 2020 13:50

WSPC/S0218-1274

2150010

International Journal of Bifurcation and Chaos, Vol. 31, No. 1 (2021) 2150010 (12 pages)

© World Scientific Publishing Company
DOL: 10.1142/80218127421500103

A New Solving Procedure for the Kelvin—Kirchhoff
Equations in Case of Falling a Rotating Torus

Sergey V. Ershkov*
Plekhanov Russian University of Economics,
Scopus number 60030998, Department of Scientific Research,
Stremyanny lane 36, Moscow 117997, Russia
sergej-ershkov@yandem.m

Dmytro Leshchenko
Odessa State Academy of Civil Engineering and Architecture,
Odessa 65029, Ukraine
leshchenko_d@ukr.net

Ayrat R. Giniyatullin
Nizhny Novgorod State Technical University n.a. R.E. Alekseev,
24 Minina st., Nizhny Novgorod 6031 55, Russia
araratishe@gmail.com

Received ; Revised

We present a new solving procedure in this paper for Kelvin-Kirchhoff equations, considering
the dynamics of falling with rigid rotating torus in an ideal incompressible fluid, assuming
additionally that the dynamical symmetry of rotation for the rotating body, I1 = I2.

The fundamental law of angular momentum conservation is used for the aforementioned
solving procedure. The system of Euler equations for the dynamics of torus rotation is explored
for an analytic way of presentation of the approximated solution (where we consider the case of
laminar flow at slow regime of torus rotation). The second finding is the Stokes boundary layer
phenomenon on the boundaries of the torus also assumed during the formulation of basic Kelvin—
Kirchhoff equations (for which the analytical expressions for the components of fluid’s torque
vector {T2,T3} were obtained earlier). The results for calculating the components of angular
velocity {Q i} should then be used for full solving the momentum equation of Kelvin-Kirchhoff
system. The trajectories of motion can be divided into, preferably, three classes: zigzagging,

helical spiral motion, and the chaotic regime O

f oscillations.
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1. Introduction, Equations
of Motion

Kelvin—Kirchhoff equations describe the dynamics
of rigid body motion in an ideal fluid [Kirch-
hoff. 1877; Ershkov et al., 2020a], expressing the
conservation of linear and angular momentum for
the coupled fluid-to-body interaction problem (and
vice versa).
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The variability of the aforementioned mo
observed in the trajectories during falling or asc
ing of particles (or of bodies) can be divided ]
preferably, three classes of motions: zigzage
helical spiral motion, and the chaotic regim
oscillations. We should mention the recent ¢
prehensive works [Mathai et al., 2018; Pan e
2019; Ern et al., 2012; Novikov & Shmel’tser, -



