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Rectangular Plates Coupled with Fluid
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Abstract

In order to study the vibration characteristics of fluid-structure interaction problem, two rectangular
plates coupled with bounded fluid were investigated. Experimental modal analyses were carried out to
extract the modal parameters of the system. Additionally, finite element modal analyses performed using
a commercial computer code, ANSYS. The FEM solutions were compared with the experimental
solutions to verify the finite element model. As a result, the comparison between the experiment and
FEM results showed excellent agreement. The transverse vibration modes, in-phase and out-of-phase,
were observed alternately in the fluid-coupled system. The thickness effect of the plates on the
fluid-coupled natural frequencies and mode shapes was investigated for two different cases with the
identical thickness and the unequal thickness. It was found that the coupled natural frequencies increase
with the thickness for the identical plates regardless of the mode phase. The experimental and the finite
element analysis results showed that the out-of-phase mode shapes were deviated from the symmetrical
mode shapes in the plate transverse direction for the unequal plate thickness case.
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Table 1 Modal parameters of the fluid-coupled two rectangular plates
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No. mode FEMT Experiment mode FEM Experiment mode FEM Experiment

shape frequency | frequency | damping shape frequency | frequency | damping shape frequency | frequency | damping
(Hz) (Hz) (%) (Hz) (Hz) (%) (Hz) (Hz) (%)

1 (2,1)out 383 356 0.29 | (2,1)out 81.9 829 0.76 { (2,1)out 483 50.7 043
2 [ (1,2)out 68.1 63.1 0.51 | (1,2)out 145.3 143.9 0.45 1 (1,2)out 85.0 822 0.49
3 (1,Din 76.1 7.3 0.70 {(1,Din 154.9 156.7 0.23 | (1,1)in 116.7 115.0 0.62
4 | (3,1)out 101.9 95.5 0.49 | (3,1)out 215.7 2133 0.21 | (3,1)out 1322 133.0 0.37

5 1(2,2)out 109.7 102.2 0.57 [ (2,2)out 2327 2282 0.23 |1 (2,2)out 134.6 - -
6 | (2,D)in 129.1 1193 0.22 J1(2,1)in 262.6 263.5 0.11 | (2,Din 206.3 207.4 0.17

7 | (1,2)in 182.8 165.1 0.35 || (1,2)in 3713 368.3 0.11 |1 (3,2)out 2225 - -
8 | (3,2)out 188.0 176.7 0.54 || (3,2)out 3952 3893 0.20 §| (1,3)out 237.7 2313 0.23
9 [ (1,3)out 199.2 184.9 0.44 | (1,3)out 4182 409.2 0.16 | (4,1)out 251.5 253.8 0.19

10| (4,))out 204.9 194.9 0.50 || (4,Dout 429.0 4272 0.18 | (2,3)out 300.2 - -
Il (3,1)in 2189 207.0 0.27 || (3,1)in 4443 446.7 0.12 || (1,2)in 304.9 295.6 0.12
12| (2,2)in 233.6 2202 0.24 | (2,2)in 474.0 470.4 0.11 | (4,2)out 3446 351.6 0.16
13 | (2,3)out 256.7 240.1 0.50 [ (2,3)out 536.7 527.8 0.18 | (3,1}in 354.0 361.3 0.16

14 | (4,2)out 305.8 284.7 0.80 || (4,2)out 636.3 626.9 0.24 | (3,3)out 401.7 - -

15 | (3,2)in 3213 309.3 0.26 | (3,2)in 650.8 652.4 0.09 || (2,2)in 402.5 - -
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