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FORCED GAS-STRUCTURE VIBRATIONSIN A RECTANGULAR TANK
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1. Introduction

Redangular thin elastic plates are often used as structural components closng or covering
paallelepiped cavities filled with compressble fluid (gas) and subjeded to dynamic loads Such
mechanicd systems are applicable in the glassskin technology of tall buildings, as outside skin
plates of supesonic air crafts, as covers of different tanks in chemicd indudry, etc. In [1] the
method of Bubnov-Galerkin together with the method of the crossed strips of G. Warburton is used
and it is elaborated in theform of an easy scheme for applicaion to the dynamic problem aboutthe
stationary vibrationsof a spedal fluid-structure interadion system. It condsts of a thin elastic plate,
inserted into a redanguar orifice of an arbitrary wall of a paraleepiped tank, filled with an
aooudic fluid.

Figure 1. The geometry of the gas-structure interadion g/stem unde condderation

2. Formulation of the problem

Thin linealy elastic redangular plate EFGH with sizes a and b and surfaceS is inserted into
an orifice of the absolutely rigid wall ABCD of aredangular paralelepiped tank, al its other walls
are abolutely rigid (Figure 1). The tank volume is fill ed with gas with given sound velodty and
mass dengty. The mass dendty per unit area of the plate, the flexural rigidity, the thickness
Young's modulus of éasticity and Poison’s ratio of the eastic plate materia are given. Two
redangular co-ordinae systems DXY Z and Hxyz are used (see Figure 1). The problem about the
stationay forced vibrations of the gas and the elastic plate unde the adion of a source being
situaed in thegas tank, is unde condderation. Let the source have arange of sizes which are small
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in comparison with the lengths of the excited waves: then it is possble to be acceted as a point
source It is suppogd that the produdivity and the frequency of the source are given and are not
influenced by the ealier excited waves. The problem is conddered in a linea approximation
withoutgiving an acount of the disspaing forces. Then the velocity potential fundion of the gas
motion and thefundion, describing the middle surfacevibrationsof the plate, satisfy corresponding
patia differential equationswith bounday conditionswhich describe the way of suppoting of the
elastic plate as well as some compatibility condition [1].

3. Analytical solution

The point source is presented by the Dirac ddta fundion. The velocity potential fundion of
the gas motion and the fundion, describing the middle surfacevibrations of the elastic plate, are
separated into spacedependent modes and time-dependent terms, where the trial fundionsas well
as the wave nunbers or the dispersion equations are chosen correspondingly to the suppoting
conditionsaongthe four plate edges [1]. After satisfying the compatibility condition and usng the
Bubnov-Galerkin method, some infinite system of nhonhonogeneous algebraic equations about the
unknown coefficients is obtained. Taking the determinant of the homogeneoussystem equd to zeo,
the equdion about the determinaion of the natural frequendes of the consdered gas-structure
interadion system is obtained.

4. Numerical calculations

The theoreticd solution is very complicaed - tha is why an approximate solution is made at
based on ignaing diffradion by the elastic plate waves. The approximate solution can be used
when the frequendes of the source are not close to the resonance frequencies of the gas-structure
interadion system and when the cavity isfill ed with ar.

Some numericd examples are made and they are represented graphicdly. If the frequency of
the source tends to zero, very strong increase of the amplitudes appeas except at the resonance
points. The approximate formula cannotbe used if there is aheavy liquid in the redangular tank.

5. Conclusions

In this pgper aclosed rigid redangular parall elepiped tank is fill ed with gas as a part of oneof
its walls is a thin linealy eastic redangular plate. The problem about the stationay forced
vibrationsof the gas and the el astic plate unde the adion of a source, being situated in the gas tank,
is unde condderation. A combindion of the use of the method of the crossd strips of G.
Warburton and the method of BubnowGalerkin is made to investigate the dynamic behavior of this
gas-structure interadion system in the cases of arbitrary suppoting conditions of the plate. Some
numericd examples are given which demondrate the necessty of taking into acountwhich part of
the spedrum of the natural frequendes of the dastic plate the forced frequency is locaed in.
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