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Dynamic Characteristics of Two Identical Circular Plates
in Contact with Water
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ABSTRACT

An analytical method for evaluating the free vibration of two circular plates coupled with water
was developed by assuming the clamped boundary condition of the plates and an ideal fluid.
The method was applied to analyze the transverse vibration modes, in-phase and out-of-phase,
and the results were compared to those obtained by the finite element method (FEM) using a
comercial ANSYS 5.2 software. It was found that the theoretical results can predict well the
coupled natural frequencies for all in-phase modes with good accuracy. However, the
analytical method shows some discrepancies compared with FEM analysis in predicting the
coupled natural frequency of the out-of-phase modes, except when m = 0, the zero nodal circle.
The analytical method also applied to evaluate the characteristics of the natural frequency with
respect to the major parametric variation in mode numbers and distance between the circular

plates.
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Table 1. In-phase mode natural frequencies of

circular plates coupled with water for d =

40 mm
" coupled natural frequency (Hz)
method | m=0 m=1 m=2 m=3
FEM 162.7 676.9 | 16450 | 3157.0
0 Theory 162.8 7372 [ 1712.0 | 32034
Discr. 0.06 8.91 4.07 1.47
@,/ o, 0.471 0.503 0.546 0.591
FEM 348.3 | 1077.5 | 2308.4 | 4120.1
Theory | 3483 | 1073.6 | 2405.1 | 4177.0
Discr. 0.00 -0.36 4.19 1.38
@,/ @, 0.485 0.524 0.569 0.613
FEM 589.0 | 1553.6 | 3059.0 | 51713
2 Theory | 589.1 | 15458 | 3012.7 | 5239.0
Discr. 0.02 -0.50 -1.51 1.31
W/ @, 0.500 0.544 0.589 0.632
FEM 889.5 2109.7 | 39015 |6319.9
Theory | 889.6 | 2096.1 | 38329 |6390.4
3 Discr. 0.01 -0.64 -1.76 1.12
/o, 0.516 0.563 0.608 0.648
FEM 1253.4 | 2747.5 |4836.0 | 7565.5
4 Theory | 1253.3 |2726.0 | 47402 | 7629.9
Discr. -0.01 -0.78 -1.98 0.85
@,/ @, 0.532 0.581 0.625 0.663

Table 2. In-phase mode coupled natural frequencies

of circular plates coupled with water for d =

20 mm
coupled natural frequency (Hz)
n | method { m=0 m=1 m=2 m=3
FEM 2054 | 813.7 1873.7 | 34412
0 Theory 205.6 | 864.7 1927.5 | 34843
Discr. 0.10 6.27 2.87 1.25
w,/ @, 0.595 | 0.605 0.622 0.644
FEM 430.6 | 1261.1 | 2569.2 | 44159
1 Theory | 430.8 | 1260.2 | 2642.9 | 4463.1
Discr. 0.05 -0.07 2.87 1.07
/o, 0.599 0.614 0.634 0.657
FEM 711.9 | 17749 | 3339.5 | 5468.7
2 Theory 712.5 | 1773.8 | 3323.0 | 55245
Discr. 0.08 -0.06 -0.49 1.02
w,/ @, 0.604 0.621 0.643 0.668
FEM 1050.7 | 2359.0 {41913 [ 66119
3 Theory | 1052.2 [ 23574 }|4166.6 | 6670.9
Discr. 0.14 -0.07 -0.59 0.89
/o, 0.609 0.629 0.653 0.678
FEM 14483 | 3015.1 | 5126.1 | 7846.3
4 Theory | 1451.1 | 30124 | 5090.1 [ 7902.8
Discr. 0.19 -0.09 -0.70 0.72
o,/ ®, 0.615 0.637 0.662 0.687

Table 3. Out-of-phase coupled natural frequencies
of circular plates coupled with water for d

=40 mm
n coupled natural frequency (Hz)
method | m=0 m=1 m=2 m=73
FEM N/A 399.7 | 13393 | 2869.4
0 Theory | N/A 561.6 | 1459.7 | 2761.9
Discr. N/A 40.51 8.99 -3.75
w0,/ o, N/A 0.297 0.445 0.537
FEM 147.3 786.7 | 20189 | 38509
1 Theory 146.9 550.4 | 2225.8 | 39242
Discr. -0.27 -30.04 10.25 1.90
/@, 0.205 0.383 0.498 0.573
FEM 365.8 1282.5 | 28024 | 4929.1
2 Theory 364.8 1119.5 | 1842.1 | 5066.1
Discr. -0.27 -12.71 | -34.27 2.78
/@, 0.310 0.449 0.540 0.602
FEM 667.0 1872.5 | 3683.5 | 6108.8
3 Theory 664.0 17443 | 3068.6 | 62636
Discr. -0.45 -6.85 | -16.69 2.53
@,/ @, 0.387 0.499 0.573 0.627
FEM 1046.2 2548.0 | 4656.0 | 73857
4 Theory | 1040.0 24354 | 41729 |7533.1
Discr. -0.59 -442 |-10.38 2.00
@,/ o, 0.444 0.539 0.601 0.647
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Table 4. Out-of-phase coupled natural frequencies
of circular plates coupled with water for d

=20 mm
n coupled natural frequency (Hz)
method | m=0 m=1 m=2 m=3
FEM N/A 308.0 { 11329 | 2602.6
0 Theory | N/A 4470 | 1222.1 | 23582
Discr. N/A 45.13 7.87 -9.39
w,/ @, N/A 0.229 0.376 0.487
FEM 107.3 633.7 | 1770.7 | 35764
1 Theory 107.0 4092 | 19592 | 3542.8
Discr. -0.28 | -35.43 10.65 -0.94
/o, 0.149 0.308 0.437 0.532
FEM 2774 | 1073.8 | 2526.0 | 46549
Theory | 276.7 884.6 | 14159 | 4705.7
2 Discr. -0.25 [ -17.62 |-4395 | 1.09
w/w, | 0235 | 0376 | 0486 | 0.569 ]
FEM 5274 16209 |3391.3 | 5839.7
3 Theory 5247 | 14473 |[2541.7 | 6670.9
Discr. -0.51 -10.71 -25.05 14.23
o,/ @, 0.306 0.432 0.528 0.599
FEM 8599 |2268.6 |4359.7 [ 71263
4 Theory | 853.0 |2098.9 [36212 [ 72109
Discr. -0.80 -7.48 -16.94 1.19
o,/ o, 0.365 0.480 0.563 0.624

upper circulor plate

rigid cylindrical vessel

lower circulor plate

Fig. 1. Two circular plates coupled with water in a
rigid cylindrical vessel.

Fig. 2 Mode shape of a circular plate for nodal
circle m = 1 and nodal diameter n = 0.

Fig. 3 In-phase mode shape of two circular plate
coupled with fluid for nodal circle m =1,
nodal diameter n = 0, and d = 40 mm.

Fig. 4 Out-of-phase mode shape of two circular
plate coupled with fluid for nodal circle m = 1,
nodal diameter n =0, and d = 40mm.

Fig. 5 In-phase mode shape of two circular plate
coupled with fiuid for nodal circle m = 1,
nodal diameter n =0 and d = 20 mm.

Fig. 6 Out-of- phase mode shape of two circular
plate coupled with fluid for nodal circle m = 1,

nodal diameter n =0 and d =20 mm.
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