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The Vibration of an Elastic Rectangular Plate in a Fluid
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Abstract

It is a well-known phenomenon that, in the case of vibrations of an elastic body in a fluid such as
water, the presence of the surrounding fluid has the effect of lowering the natural frequencies of
the vibration as compared with these in air or vacuum on account of the increased inertia, i.e.
added mass. In this report, defining the mass increase factor as the ratio of added mass to vibration
mass of the body in air, the author investigated the mass increase factor of an elastic plate
vibrating in a fluid. It is assumed that the edges of the plate are simply supported, and that the
surrounding fluid is an infinite ideal one.

For the problem formulation the elliptical cylindrical coordinate system is adopted, so that a
rectangular plate may be represented by a sheet degenerated from an elliptical cylinder. By virtue
of the coordinate system adopted, plates which are chordwisely finite and lengthwisely contineous

could directly be treated, but plates which are finite in both direetions could not be treated directly.

For the latter, hence,

investigated as an appropriate approximation.

platés which are chordwisely finite and lengthwisely semi-finite are

Some examples of the mass increase factor are numerically calculated for the fundamental mode

and modes of zero or one nodal line in each direction with the range of the aspect ratio from 1

to 10 or more.
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Table 2. Values of NI of plates which

are chordwisely finite and lengthwisely contineous.
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10.0 0.83804  0.80398 0.356869| 0.35712
50.0 0.85370] 0.85121) 0.35921] 0.35914

Note: m=1 or 2 corresponds to zero or one lengthwise
nodal line, and =1 or 2 to zero or one
chordwise nodal line,
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NP 3 | 5 B 3 5
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3 1/3 : —0.233872 | 4 —0.330797 —0. 144157
5 —0. 206748 1/5 6 1/3 0. 189207
7 0. 0826993 —0.155915 | 8 —0.236284 —0.207887
9 0 0.108118 10 0.103374 1/5
11 —0.0295355 —0. 0630689 12 0 ~0.170089
13 0.0206748 0. 0259858 14 —0.0413497 0.126138
15 0 0 16 0. 0275664 —0.0776233
17 ~0.0118142 —0.0141741 18 0 0.0334103
19 0. 00939765 0.0180197 20 —0.0181757 0
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Table 4. Values of —-—‘B'L— of plates which are chordwisely finite and lengthwisely semi-finite.
(pw/pp)(a/h)
T ) W | (1.2) [ @1 | (2.2)
’ , _ _
PO T T T T A T
1.0 0.60705,  0.61115 0.38238{ 0.38468/ 0.33123 0.33156| 0.28098  0.28193
2.0 0. 72669 O.72826i 0.55227  0.55470/ 0.34946] 0.34967] 0.32659| 0.32730
3.0 0.77547; 0.77654  0.64527) 0.64766] 0.35438) 0.35452) 0.34184| 0.34234
4.0 0.80048 0.80137  0.70126 0.70349  0.33635 0.35645 0.34856 0. 34892
6.0 0.82438  0.82497, 0.76203 0.76334) 0.35789| 0.35794 0.35410] 0.35430
8.0 0.83516 0.83550] 0.79246 0.79395| 0.35846| 0.35849  0.35624| 0.35637
10.0 0.84099| 0.84137 0.80986/ 0.81103 0.35873( 0.35876 0.35728/ 0.35737
15.0 0.84782 0. 35902
20.0 0.85034 0. 35911
30.0 | 0.84736 0. 35902
50. 0 0. 85151 0. 35915

Note: m=1 or 2 corresponds to zcro or one lengthwise nodal line, and z=1 or 2 to zero or one

chordwsie nodal linc.
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Table 5. Some comparisons of values obtained by Kito with those by the author : (m,n)=(1,1)

(pulp pp) (a/B)
Modelin Chordwisely contineous, Chordwisely finite, Chordwisely finite, Chordwisely semi-finite
g Lengthwisely contineous|Lengthwisely contineous/Lengthwisely semi-finite|Lengthwisely semi-finite
Sources } Kito [3] The author The author Kito (3]
b =10 0. 450 0.5054 0.6112 0.684
2.0 0.570 0.6767 0.7283 0.930
3.0 0.600 0.7482 0. 7765 1. 056
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