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COMPUTER SIMULATION OF FREE AND FORCED VIBRATION OF
COMPOUND FUEL TANKS

Choudhary N*., Strelnikova E.,* Sierikva O.*
Bennet University, Republic of India
2A.M. Pidhorny Institute for Mechanical Engineering Problems NAS of Ukraine
% National University of Civil Defence of Ukraine, Ukraine

The new analytical method and computer technology are elaborated for numerical
simulation of free and forced vibrations of compound fuel tanks in launch vehicles at
different stages of mission: at overloads and in microgravity, with considering the
liquid sloshing impacts. The technique is based on original computational schemes
and advanced finite and boundary element methods, analytical approach and their
theoretical background. The proposed numerical method, more precise and effective
compared with known analogues and program complexes, will be implemented for
refined simulation of fuel tank vibrations. It allows us to consider coupled effects of
elastic wall deformations, fuel sloshing, changing liquid level and gravitational
acceleration, different variations in free surface at different stages of mission, taking
into account rigid and elastic internal baffles, installed to damp sloshing. To solve the
above mentioned problems of free vibrations for an elastic shell of revolution coupled
with liquid sloshing it is necessary to determine three systems of basic functions:
modes of liquid in rigid shell under the force of gravity; own modes of the empty
shell; modes of the fluid-filled elastic shell without including the force of gravity.
Thus, the problem under consideration involves the following steps. First, we obtain
the sloshing frequencies and modes using rigid wall assumption [1]. Second, we
obtain the natural frequencies and modes of the empty tank with elastic walls [2].
Third, we define the free vibration frequencies and modes of the elastic tank without
considering effects of sloshing. Finally, the second order system of differential
equations is received for determining the dynamical characteristics of fluid-filled
shells in coupled formulation. The numerical simulation of the system obtained will
be done using finite and boundary element methods and 7-8 order Runge-Kutta
method. The computer technology is based on coupled usage of reduced finite (FEM)
and boundary (BEM) elements methods together with analytical approaches
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