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Natural Frequency of Two Rectangular Plates Coupled with Fluid
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ABSTRACT

An analytical study is presented on the hydroelastic vibration of two rectangular identical plates coupled with a
bounded fluid by using the finite Fourier series expansion method. It is observed that the two contrastive modes, the so
called the out-of-phase and in-phase modes appear. The proposed analytical method is verified by observing a good
agreement to three dimensional finite element analysis results. All natural frequency of the in-phase modes can be
predicted well by the combination of the dry beam modes. The theoretical prediction for the out-of-phase mode can be
improved by using the polynomial functions satisfying the plate boundary conditions and fluid volume conservation

instead of using dry beam modes.
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Table 1. Comparison of FEM and theoretical natural
frequencies for a clamped rectangular plate in air

Mode Natural Frequency (Hz) Error
n|m FEM Theory (%)
0 242.6 243.4 0.33
0 1 570.8 5733 0.44
2 1069.9 1074.2 0.40
3 1736.3 1742.4 0.35
0 407.0 409.1 0.52
! 1 722.3 726.9 0.64
2 1216.0 12235 0.62
3 1879.9 1891.1 0.60
0 677.6 681.3 0.55
) 1 978.2 984.2 0.61
2 1462.5 1470.3 0.53
3 2121.3 2133.0 0.55
0 1047.3 1053.0 0.54
3 1 1336.5 13455 0.67
2 1810.6 1820.0 0.52
3 2463.1 2474.9 0.48

Figure 1 Two identical rectangular plates coupled with
fluid

gt2

Table 2. Comparison of FEM and theoretical natural
frequencies for two identical rectangular plates coupled
with fluid for the in-phase modes

Mode Natural Frequency (Hz) Error (%)
ni{im FEM Theory
0 113.3 114.1 0.71
0 1 192.5 194.5 1.04
2 326.5 330.9 1.35
3 516.1 524.7 1.67
0 2724 2754 1.10
| 1 3484 3539 1.58
2 479.6 488.5 1.86
3 668.8 683.8 2.24
0 525.9 5333 1.41
5 1 603.0 614.7 1.94
2 735.4 751.4 2.18
3 926.7 949.9 2.50
0 882.8 898.4 1.77
3 1 962.8 985.1 232
2 1099.0 1127.6 2.60
3 1294.5 1332.5 2.94

Table 3. Comparison of FEM and theoretical natural
frequencies for two identical rectangular plates coupled
with fluid for the out-of-phase modes

Mode Natural Frequency (Hz) Error (%)
n|m FEM Theory
0 N/A N/A N/A
0 1 58.6 59.4 1.36
2 155.0 159.4 2.84
3 310.1 287.2 -7.38
0 104.0 106.6 2.50
1 1 167.6 170.1 1.49
2 286.2 281.3 -1.71
3 463.2 4659 0.58
0 301.7 307.8 2.02
s 1 389.2 381.9 -1.88
2 510.7 494.5 -3.17
3 719.3 710.5 -1.22
0 625.0 593.4 -5.06
3 1 722.9 725.6 0.37
2 883.3 890.7 -0.84
3 1106.9 1122.5 1.41
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