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Hydroelastic vibration analysis of functionally graded circular plate in contact
with bounded fluid by Ritz. method
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Keywords Abstract

Circular plate This study investigates the free vibration of a thick FG circular plate in contact with an inviscid and
Natural frequency incompressible fluid. Analysis of the plate is based on First-order Shear Deformation Plate Theory (FSDT) with
Functionally graded material consideration of rotational inertial effects and transverse shear stresses. Dynamic transverse displacements of the
First order shear deformation plate are approximated by set of admissible Chebyshev functions which is required to satisfy the geometric
plate theory boundary conditions. Potential theory together Bernouli’s equation are utilized to obtain the fluid pressure on the

free surface of the plate. The governing equation of the oscillatory behavior of the fluid is obtained by solving
Laplace equation and satisfying its boundary conditions. The natural frequencies and mode shapes of the plate are
determined using Rayleith-Ritz method based on minimizing the Rayleith quotient. The effects of the geometrical
parameters such as plate thickness to its radius ratio, boundary conditions, fluid density, volume fraction index,
and height of the fluid on natural frequencies and mode shapes are investigated. Comparison of analytically
outcome of this study is made with results of the experimental modal test for homogeneous Aluminum plate.
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Fig. 1 Geometry of circular plate in contact with fluid and coordinate
system.
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Table 2 Comparison of analytical and experimental results for Al. plate
with radius 10cm and thickness 1mm
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Table 3 Comparison of analytical and experimental results for Al. plate
with radius 10cm and thickness 2mm
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Fig. 4 Modal test on circular plate in contact with fluid
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Table 5 Non-dimensional frequencies § = wb?\/p,,h/D,, for free

vibration of a FG circular plate in contact with fluid for various values
of nand p.

p [n| CF c-C F-F F-C
0| 28.37 43.12 21.52 34.09
0 1 94.47 117.75 | 79.35 100.56
2| 19541 | 225.5 172.68 | 201.71
0| 28.66 43.55 21.74 34.44
1 1 95.42 118.95 | 80.14 | 101.59
2 | 196.78 | 227.79 | 174.43 | 203.76
0 28.8 43.75 21.84 34.60
3 1 95.86 119.57 | 80.52 | 102.05
2 | 198.31 | 228.83 | 175.23 | 204.7
0| 28.97 44.04 21.97 34.82
5 1 96.47 120.25 | 81.02 102.70
2 | 199.55 | 23.27 176.68 | 205.99
0| 29.69 45.11 22.51 35.67
10 | 1 98.84 | 123.19 | 83.01 105.22
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Fig. 6 Variation of the non-dimensional frequency parameter ( 8 )
versus the ratio of thickness to external radius of the circular plate in
contact with fluid.
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Fig. 5 Comparison of the natural frequencies of FG circular plate in
contact with fluid and without contact with fluid.
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Fig. 9 Variation of the non-dimensional frequency parameter ( S )
versus the fluid density for various ratio of internal to external radius of
circular plate in contact with fluid.
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Fig. 7 Variation of the non-dimensional frequency parameter ( 8 )

versus the vessel radius for various thickness of the FG circular plate in
contact with fluid.
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Fig. 8 Variation of the non-dimensional frequency parameter ( 8 )

versus the fluid height for various thickness of the FG circular plate in
contact with fluid.
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