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A Numerical Method for Analysis of the Sound and Vibration of
Waveguides Coupled with External Fluid
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Vibrations and wave propagations in waveguide structures can be analysed efficiently by using waveguide finite
element (WFE) method, The WFE method only models the 2—dimensional cross—section of the waveguide with finite
elements so that the size of the model and computing time are much less than those of the 3—dimensional FE models,
For cylindrical shells or pipes which have simple cross—sections, the external coupling with fluids can be treated
theoretically, For waveguides of complex cross—sectional geometries, however, numerical methods are required to
deal with external fluids, In this numerical approach, the external fluid is modelled by the boundary elements (BEs)
and connected to WFEs, In order to validate this WFE/BE method, a pipe submerged in water is considered in this
study. The dispersion diagrams and point mobilities of the pipe simulated are compared to those that theoretically
obtained, Also the acoustic powers radiated from the pipe are predicted and compared in both cases of air and water
as an external medium,

Keywords: Waveguide Finite Element Method, Waveguide Finite Element/Boundary Element Method, Fluid Coupling,

Pipe, Dispersion Diagram, Point Mobility
ASK subject classification. Structural Acoustic and Vibration (11.2)
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Fig. 2. Comparison of dispersion diagrams of the empty pipe predicted from WFE and theoretical analyses. —, theoretical; *

WFE analysis (model 1); X, WFE analysis (model 2).
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Fig. 3. Cross-sectional deformation shapes of the waves and their cut-on frequencies. (@) n =1, 0 Hz, (b) n = 2, 343Hz,

(c) n=3, 973Hz, (d) n=4, 1874Hz.

A shAste] 3t mia ()9} SiF mholAf o] REY
el e (U,)E o18af 4 (229 o] 2AT 4> Qlt.

N .
V(z,w) =iw E a, 0, e "

m=1

for £ =0 (22)

71 az 952 271 (amplitude) S HERUP N2
Fe] & WFo R dohs uhgo R A, WFE BY
o] 7} A A= (degree of freedom) 4] ZH}o|
it 9k 7] ok

if}m I F(/{)

0, = o (23)
UmL K UmR

2 ;L_g}qtq’ SHEEAF L3} RE ZFZF 12 0-G9E (left
eigenvector) 2} Q223198 E (right eigenvector)S L+
E]—LHD:] K'=dK/dx = —2rK,— jK,, J18)1 F= 1

chollA] Eale B ZFeolet, 7H 5,0 il
he 4200 = 94T, (5 Sl et

3.2, YR fHgt HdE mojx

93§} U B Aedrie] AFLS 2,47
oIzl A4 (19), A} (19), 12)aL 4] 20) o2 RE 2
S, 4] (19)0] 2:) Ko} Gz s} Safss Bl
= %M\r, = H(mu), G(mw) O oF HojlA

Jeahat AT 7He 31
A Aol 2 29 9 A5 6 L
A 4= gk, oA, 2 Holals T8 49} o]
£19] 5i2) 9flo] 24t ) Falel 7o)
HRIPEIE nlgddollx] 3}, o374 FR1A (resonance
peaks} 58 o} T3k FAMIES FAIS}C,
2 dolde o fAR =5 aEsien A
= 1) vepd A3t ek

17 5oflz o Allel g Tholzof| dish WFE/BE
wpo 2 ok AMES ol 2ajo v]msio] ki)
9 59 o] Eall= ukrt W2 G0l Hisl AaEd
Bl AR AN RN vpr} S7HE QAL 2
=tk 13 50l FAE 7 2ARAE B S v
Sfofl 4 WRE/BE 2t} ol sel & QAR < 4 Sick

C' FU

Foz




454  TH=ESESIB(R| M29A M7= (2010)

ot}
0.05f
E o
N
008
o4k
o1 01 00 0 005 o1 015
y (m)
T2 4. 95 |2t ¢ME mo|=9| LErREILA/AHR4. Y.
(oo, I=ZHIRA)

Fig. 4. Cross—sectional model made by WFEs and WBEs for the
pipe coupled with external fluid. (-, WBE).
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the pipe and in air (--, acoustic wave in air), (b) in
the water coupled pipe and in water (--, acoustic

wave in water).
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