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Table 1  Effect of fluid stiffness on the free vibration frequency of the wet membrane evaluated

using the variational formulation for diametrical and circular nodes of 1 to 4

circular node, wet membrane
mode number discrepancy
diametrical node
N i accounting for fluid stiffness ignoring fluid stiffness 6 /%
1 1,1 19.374 17 19.150 2 1.16
2 1,2 53.093 2 52.895 4 0.37
3 1,3 94.765 5 94.598 4 0.18
4 1,4 159.066 7 158.905 9 0.10
5 2,1 32.945 1 32.729 7 0.65
6 2,2 70.977 2 70.797 1 0.25
7 2,3 115.8357 115.681 0 0.16
8 2,4 186.061 9 185.910 4 0.08
9 3,1 46.868 1 46.668 3 0.43
10 3,2 89.077 3 88.910 5 0.19
11 3,3 136.932 4 136.787 6 0.11
12 3,4 212.898 2 212.754 6 0.07
13 4.1 61.413 8 61.227 9 0.30
14 4.2 107.484 4 107.328 3 0.15
15 4,3 158.130 5 157.994 0 0.09
16 4.4 239.670 0 239.533 1 0.06

2 LUEL TR Rayleigh ik ML 730EA5 B (4 JE A [T A7 A503 , JHe rp 20 17 O (A I 2 1) 52
Wi, AT DL A 36 TR, PR 7 A B B4 R SR 22 5. 102 R XTI
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AR A, X R IR B A RS T R A A R X WG T 07 R (16) HRHTEERS f 2k
TUER 7R I B4 Jo e R B R R SR, AR TSR I, 220 XS f iR (Rayleigh By
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AW

P2 P 3 A TR A i RS IBR A A 1) A S R AR A T AR . BT LU
Ao 1) B 1 Y RN, 5 22 LSRG N, S PO A — A TR EIRAR B SRR TE]
AOARELAE F 5220080/ T RR ARG A b PR Sl e, a1 BRI B iR SR AR Y U8,
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Table 2 Comparison of the free vibration frequency (Hz) evaluated using the Rayleigh quotient and

the variational formulation accounting and ignoring off-diagonal terms

circular node,

mode number

diametrical node

Rayleigh quotient method

variational method

wet membrane accounting

N o dry membrane wet membrane dry membrane a
i,] for off-diagonal terms
1 1,1 87.476 9 19.377 6 87.4713 19.150 2
2 1,2 160. 164 7 49.986 6 160. 146 6 52.895 4
3 1,3 232.258 9 88.666 8 232.220 8 94.598 4
4 1,4 304.177 3 149.848 5 304.110 8 158.905 0
5 2,1 117.244 7 33.004 2 117.244 7 32.729 7
6 2,2 192.162 9 69.228 7 192.162 7 70.797 1
7 2,3 265.277 6 112.103 7 265.277 8 115.681 0
8 2,4 337.789 6 181.310 1 337.792 0 185.910 0
9 3,1 145.658 7 46.970 0 145.660 1 46.668 3
10 3,2 222.841 6 87.805 9 222.842 0 88.910 5
11 3,3 297.134 3 134.164 7 297.135 6 136.787 6
12 3.4 370.379 2 209.972 2 370.381 5 212.754 6
13 4,1 173.239 3 61.543 4 173.239 1 61.227 9
14 4,2 252.604 8 106. 466 7 252.605 7 107.328 3
15 4,3 328.1212 155.951 7 328.121 8 157.994 0
16 4,4 402.169 7 237.724 7 402.172 1 239.533 1
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Fig.2  Evolution of free vibration frequency Fig.3  Evolution of free vibration frequency

with number of nodal diameters and

circles in dry membrane
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Free Vibration of Membrane/Bounded
Incompressible Fluid

S. Tariverdilo', J. Mirzapour', M. Shahmardani', Gh. Rezazadeh®
(1. Department of Civil Engineering, Faculty of Engineering,
Urmia University, Urmia, Iran;
2. Department of Mechanical Engineering, Faculty of Engineering,

Urmia University, Urmia, Iran)

Abstract ; Vibration of circular membrane in contact with fluid had extensive applications in the
industry. The natural vibration frequencies for asymmetric free vibration of circular membrane
in contact with incompressible bounded fluid were derived. Considering small oscillations in-
duced by the membrane vibration in incompressible and inviscid fluid, velocity potential func-
tion was used to describe the fluid field. Two approaches were used to derive the free vibration
frequencies of the system. These included a variational formulation and an approximate solution
employing the Rayleigh quotient method. Good correlation was found between free vibration
frequencies evaluated using the two methods. Finally, the effects of the fluid depth and mass
density, and radial tension on the free vibration frequencies of the coupled system were investi-

gated.

Key words: Rayleigh quotient; asymmetric free vibration; membrane; variational formulation
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