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Introduction

For effective use of the dynamical effects in the
vibrational transportation devices it is important to utilize
the knowledge of their eigenfrequencies and eigenshapes.
The excitation element for the effective performance of the
desired dynamical functions is to operate at the frequency
nearly coinciding with the eigenfrequency and its location
is to be chosen by taking the corresponding eigenshape
into account.

Here the eigenpairs of the fluid-structure system are
determined by solving the axisymmetric problem using the
finite element method. The analysis is based on [1, 2, 3].

Model of the fluid-structure system
The mass matrix of the fluid or the structure is:
M = J' NT pNV | )

where p is the density of the corresponding media, N is the
matrix of the shape functions defined from:
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where U, v are the displacements in the directions of the
axis of coordinates X and Y, J is the displacement vector,

that is:
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where N; are the shape functions, the volume element is
defined as:
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where:
y=> Nivi, )
where Y; are the nodal y coordinates.
The stiffness matrix of the structure is:
K = J' BT DBV, (6)

where D is the matrix of elastic constants for the
axisymmetric problem:

16

T+iG T—EG T—EG 0
3 3 3
2 4 2
T-=G T+-G T-=G 0
D=1" 3 3 3 : ()
T—EG T—EG T+iG 0
3 3 3
| 0 0 0 G|
where the modulus of volume compressibility is given by:
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where E is the modulus of elasticity and v is the Poisson’s
ratio, and the shear modulus:
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The matrix B is defined from:

©)

0

y (10)

u
OX
ov
0
v
y

ou ov
_+_
oy OXx

that is:

an

oN,
L oy

The stiffness matrix for the fluid is:
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where p is the density of the fluid, ¢ is the speed of sound,
A is the penalty parameter for the condition of

irrotationality. The matrix B is defined from:
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that is:
B= Ny [%er] o (14)
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The matrix B is defined from:
NN _gs, (15)
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that is:
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Numerical investigation of the fluid-structure
system

The rectangular domain as a fluid-structure system is
analysed. The lower boundary is the axis of symmetry and
the displacements normal to it are set to zero. In the lower
part of the rectangle we have the fluid and on the upper
part the elastic structure. The displacements in the normal
direction at the fluid-structure interface are assumed
mutually equal, while the tangential ones may be different.
The corresponding displacements on the left and the right
boundaries for the same values of the y coordinate are
assumed mutually equal.

The first two eigenmodes correspond to the rigid body
motions and are shown in Fig. 1. The seventh and the
eighth eigenmodes both of the same frequency are shown
in Fig. 2.
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Fig. 1. The a) first and b) second eigenmodes corresponding to the rigid body motions (the eigenmode is in black, the structure in the status of

equilibrium is grey)
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Fig. 2. The a) seventh and b) eighth multiple eigenmodes (the eigenmode is in black, the structure in the status of equilibrium is grey)
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Experimental analysis of the axi-symmetric fluid —
structure system

A number of experimental studies are needed in order
to ensure high dynamic accuracy of operation of the
vibratory dynamics of the flow of liquid substances. In
most cases the exciting frequencies of the axi-symmetric
working tube are quite high, and the amplitudes
corresponding to them are measured in micrometers.
Therefore the holographic method can be effectively
applied for the visual representation of wave processes
taking place in the tubular vibratory valve ([4], [S]). The
most effective method for studying the standing wave
processes is the method of holographic interferometry with
time averaging ([8], [9]). It should be noted that the most
clearly expressed bands in the holographic interferograms
are those recorded at the positions of minimum amplitudes
([10]). It is important to obtain the distribution of the
vibration amplitudes not only in the middle of dark
interference bands, but also at arbitrary positions on the
surface of the tube.
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Fig. 3. The structural diagram of the holography stand: 1 - the axi-
symmetric fluid — structure system; 2 - the high frequency
signal generator; 3 - the amplifier; 4 - the frequency meter; S -
the voltmeter; 6 - the source of coherent radiation; 7 - the
beam splitter; 8, 9 - mirrors; 10, 11 - lens; 12 - the
photographic plate; 13 - the camera

The amplitudes of vibration of the structure are
determined using the methodology presented in [11], [12].
Fig. 3 presents the structural diagram of a stand for
experimental analysis of the axi-symmetric fluid -
structure system. The stand contains a vibratory valve for
controlling the flow of the liquid which consists of a
tubular working tube which is harmonically excited by the
high-frequency signal generator 2 and the amplifier 3. The
signal frequency is monitored by the frequency meter 4,
the voltage amplitude of the power supply is monitored by
the voltmeter 5. The optical circuit of the stand includes a
holographic installation with a helium-neon laser which
serves as a source of coherent radiation. The beam from
the laser 6 splits into two mutually coherent beams passing
through the beam splitter 7. The object beam, reflected
from the mirror 8, is split by the lens 10 and illuminates the
surface of the tubular working tube 1 and, after reflecting
from it, impinges on the photographic plate 12. The
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reference beam, reflected by the mirror 9, and expanded by
the lens 11, illuminates the holographic plate 12 where the
interference structure is recorded.

Fig. 4. Holographic image of the vibrating tube, angle of illumination
/2

Fig. 5. Holographic image of the vibrating tube, angle of illumination
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Fig. 6. Interpretation diagram of the axi-symmetric vibrations of the
analyzed tube
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Holographic interferograms of the axi-symmetric
vibrations of a vibratory tube are presented in Fig. 4 and
Fig. 5. Fig. 6 presents the interpretation diagram for the
holographic image presented in Fig. 5 and makes it
possible to conclude that transverse vibration of the tube is
sufficiently uniform. It should be noted that the frequency
of excitation must be selected with care, as the best
performance of the vibratory valve is taking place at the
resonant frequencies. If the excitation of the transverse
vibrations is far away from the resonance frequencies of
the tube, the operation of the tabular valve turns to be
hardly controlled.

The obtained results enable to optimize the design of
the axi-symmetric fluid — structure vibratory systems for
controlling and dosing the liquid flow. The following
parameters of the system are analyzed and optimized: a)
selection of the material of the working tube; b) selection
of the area of the transverse cross section of the axi-
symmetric tube; c) location of the transverse vibration
nodes in the tube; d) determination of the transverse
vibration amplitudes along the tube. Maximum uniformity
of the transverse vibrations in the axi-symmetric vibratory
tube is achieved due to this optimization which leads to
more stable operation of the whole system.

Conclusions

The main feature of the presented analysis of the
axisymmetric problem of fluid-structure interaction is that
the displacements in the normal direction to the fluid-
structure interface are assumed mutually equal, while the
tangential ones for the ideal compressible fluid may be
different.



The obtained multiple eigenmodes for the analysed
periodic system may be effectively used for the excitation
of wave motion in the fluid transport systems.

Experimental investigations of the axi-symmetric
vibrating tube proved the validity of the numerical model
used to describe the analyzed fluid — structure system.

References

1. Tershov N. F., Shahvierdi G. G. The method of finite elements in
the problems of hydrodynamics and hydroelasticity. Leningrad:
Sudostroienie. 1984. P.240.

2. Eibl J., Stempniewski L. Dynamic analysis of liquid filled tanks
including plasticity and fluid interaction - earthquake effects, in Shell
and Spatial Structures: Computational Aspects, Proceedings of the
International Symposium. July 1986. Leaven, Belgium, Berlin,
Springer-Verlag. 1987. P.261-269.

3. Bathe K.-J. Finite element procedures in engineering analysis. New
Jersey: Prentice-Hall. 1982. P.738.

4. Cho K. J. and Recinella D. K. Pattern of dispersion from a pulse-
spray catheter for delivery of thrombolytic agents: Design. theory and
results. J. Academic Radiology. 1997. Vol.4(3). P.210-216.

5. Miller P. and Ellis M. Effects of formulation on spray nozzle
performance for applications from ground-based sprayers. J. Crop
Protection. 2000. Vol.19(8-10). P.609-615.

6. Huang Y. and Hsu C. Dynamic behaviour of tubes subjected to
internal and external cross flows. J. Shock and Vibration. 1997.
Vol.4(2). P.77-91.

7. Caillaud S. and de Langre E. The measurement of fluid elastic
effects at low reduced velocities using piezoelectric actuators. J. of
Pressure Vessel Technology — Transactions of the ASME. 1999.
Vol.121(2). P.232-238.

8. Brodeur P. Motion of fluid-suspended fibres in a standing wave
field. J. Ultrasonics. 1991. Vol.29. P.302-307.

9. Coakley W.T. and Zamani F. Cell Manipulation in ultrasonic
standing wave fields. J. of Chemical Technology and Biotechnology.
1989. Vol.44(1). P.43-62.

Riera-Franco de Sarabia E. and Gallego-Juarez J.A. Ultrasonic
agglomeration of micron aerosols under standing wave conditions. J.
of Sound and Vibration. 1986. Vol.110. P.413-427.

11. Vest C. Holographic Interferometry. Moscow: Mir. 1982.

10.

19

ISSN 1392-2114 ULTRAGARSAS, Nr.1(46). 2003.
12. Palevifius A., and Ragulskis M. Holographic interference method
for investigation of wave transport systems. SPIE Proc. of the 2-nd
Intl. Conf. on Vibration measurements by laser techniques. Ancona,
Italy. 1996. P.225-231.

Ragulskis M. Vibroconveyance of cylindrical bodies by a conveyor
executing transfer and elastic oscillations. J. Vibrational Engineering.
1989. Vol.3(3). P.48-53.

Lichnov P. Dynamics of a system with cylindrical shell. Moscow:
Mashinostroenije. 1988.

13.

14.

15. Dandliker R. Two-reference-beam holographic interferometry.
Springer series in optical sciences. Heidelberg, Springer Verlag

Berlin. 1989.Vol.68.

Vasiliauskas R., Palevi¢ius A. and Ragulskis K. Analysis of
holographic interferograms of ultrasonic piezoelectrical transducers
in the investigation of three-dimensional vibrations. J. Soviet
Physical Acoustics. 1988. Vol.34(6).

Palevi¢ius A. Tomasini E. P.and Ragulskis M. Vibromotors
optimisation using laser holographic interferometry. Proc. of. The
SEM 17" Intl. Modal Analysis Conference. Florida, USA. 1999.
P.1012-1015.

Palevi¢ius R., Ragulskis M. and Palevi¢ius A. A system for
holographic interferometry experimental data processing. J.
Information Technology and Control. 1999. Vol.4(13). P.47-51.

Palevicius A. and Ragulskis M. Considerations about chaotic
dynamics of exhaust tube and its design optimisation in respect to its
dynamic properties. SAE Proceedings of the 1999 Noise and
Vibration Conference. Traverse City, Michigan. 1999. P.59-63.

16.

17.

18.

19.

K. Ragulskis, A. Palevicius, A. Bubulis, L. Ragulskis

Skaitinis—eksperimentinis aSiasimetrio skys¢io transportavimo
irenginio tyrimas
Reziumé

Gautos tampraus kiino ir skyséio asiasimetrio uzdavinio pirmosios
savosios formos. Kartotinés formos periodinéje konstrukcijoje taikytinos

banginiam transportavimui. Eksperimentiniai holografiniai tyrimai leido
pagristi skaitinio modelio pritaikomuma.

Pateikta spaudai 2002 12 20



