FFLSUESTEE 0049 EASGetf3=EF, pp. 282~

H 8AE

o4 oz FE-SF AYHA

Structure-Acoustic Coupling Analysis of a Pipe Using the Beam Element
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ABSTRACT

Noise and vibrations in the pipe systems may be arisen from pumps, compressors, etc. The source mechanism is classified with
the mechanical and hydraulic. Mechanical vibrations may be excited by the unbalance in rotating machinery. Hydraulic source may
be generated in the turbulent flow. The vibro-acoustic behaviour of flexible, fluid-filled pipe system is a very complex and
determined by two parameters: the frequency and the mass ratio of fluid and pipe wall. As the frequency increases, the mode number
in the pipe increases. The mass ratio is close to one, the structure and the fluid are strongly coupled. In case the diameter is very small
to the length of pipe, the behaviour of pipe is same as a beam. The finite element formulation when the fluid and the structure are
coupled is derived by using beam element. The Numerical results are compared with the package (Sysnoise) which is using the shell

element.
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Fig.1 Unit Forces and Moments Acting upon
the Thin-Shell Element
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Fig. 2 Average Variables at the Center of the Shell
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1) Axial motion of pipe and flu1d
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2) Bending motion of pipe and fluid
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Fig. 2 Analysis Model by Beam Element
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Table 1 Natural Frequencies of Fluid [Hz]

Mode Sysnoise Present Model
1 0.00 0.00
2 750.77 684.00
3 1506.18 1372.23
4 2270.87 2068.92
5 3049.56 2778.36
6 3846.97 3504.86
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Fig.5 Natural Frequencies by Mode Number
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Fig.6 Receptance of the Pipe
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Fig. 7 Pressure of Fluid in the Pipe

5 &

rhu

frEste} 47

FA7E Q= A9 EFHRAS

wern Zo] Wwg REE o] g3t HE M
o} ubg el vlsiA Zelst 71 Aol thsiA n=0,
n=1Q RZo] thaiA FolZ AFE 134¥ B
QAE olg3le §8 24We AL HA
9 Al ALT2 A Sysnoise 9 Bl I3}k
Aoky Wi gRAde AFeAch F $F 7t
el o Tz T dHTH FF KA
&% 49 &AM Tz AFTEY B4
Age] dEg wolrd TA FoFrt ALEZET
W3} ekzk xpo]E Holx sHAe i Fx §F
o AL £ IR Fasg F29 I FIHF

[e)

(1) Markus, S., 1988, The Mechanics of Vibrations of
Cylindrical Shells, Elsevier, Amsterdam.

(2) Jong, C.AF, 1994, Analysis of Pulsations and
Vibrations in Fluid-Filled Pipe Systems, PhD Thesis,
Eindhoven University of Technology.

(3) Petyt, M., 1990, Introduction to finite element vibration
analysis, Cambridge University Press, Cambridge.

(4) Junger, M.C., and D. Feit, 1986, Sound, structures and
their interaction, MIT Press, Cambridge.

-287-



