G as35533A A 43 A 235, pp. 163~175, 1994,

(%A

)

Fourier g4/ E o] &3 H-&-o2 {A)7}

Key Words : Free Vibration(z2-§31%),
quency (3L%1-§<), Circular Cylindrical Shell(1%3 A1), Fluid-Structure Interaction (-] 2}

AN QEY A 14 oA

Fourier Series Expansion Method for Free Vibration Analysis
of a Partially Liquid-Filled Circular Cylindrical Shell

7]

3
Jeong, Kyeong-Hoon and Lee, Seong-Cheol
(19949 289 7 A 1994w 49 79 AALSERD

A F* 0] A A+

Partially Liquid-Filled (4517} #¥xeoz 2,

TFZ2E7te] A3 2H4), Stokes Transformation(Stokes
(Fourier &=#7l), Velocity Potential (%X X elAd)

H &),

ABSTRACT

An analytical method for natural frequencies of a partially liquid-filled circular cylindrical shell with
various boundary conditions is developed by means of the Stokes’s transformation and Fourier series
expansion on the basis of Sanders’ shell equation. The liquid-shell coupled system is divided into two
regions for convenient formulation. One is the empty shell region in which the Sanders’ shell equations
are formulated without the lipuid effect, the other is wetted shell region in which the shell equations are
formulated with consideration of the liquid dynamic effect. The shell equations for each regions are
combined by the geometry and the force continuities at the junction of the two regions. For the
vibration relevant to the liquid motion, the velocity potential of liquid is assumed as a sum of linear
combination of suitable harmonic functions in axial direction. The unknown parameters are selected to
satisfy the boundary condition along the wetted shell surface. The natural frequencies of the liquid
filled cylindraical shells with the clamped-free and the clamped-clamped boundary conditions examined
in the previous works, are obtained by this analytical method. The results are compared with the
previous works, and excllent agreement is found for the natural frequencies of the shells.
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Table 1 Natural frequencies of partially liquid filled
cylindrical shell with clamped-free boundary
condition (Hz) (Maguire' (reference (4)) : finite
element method using Karadenitz axisym-
metric shell analysis program, Maguire?
(reference (4)) : experiment) [60% liquid level,
R=7654mm, L+H=135m, L=081 m, h=2.
286 mm, £=200 GPa, x=0.3, o=7850 kg/m?,
00=1000 kg/m?]

Circumferential mode number ()

m’ | Method
1 2 3 4
1 | Maguire! 715 197.1 492.4 985.9
Maguire? - - - -
Theory 74.4 195.3 4916 983.5
2 | Maguire! 3213 262.2 561.7 | 1,018.0
Maguire? - 252.0 520.0
Theory 319.8 2619 557.5 | 1,015.8
3 | Maguire! 817.0 386.5 698.0 | 1,088.0
Maguire? - 361.6 - -
Theory 808.1 382.6 691.3 | 1,086.3
4 Maguire! | 1,392.0 640.7 726.1 1,219.0
Maguire? - 616.6 - -
Theory 1,387.7 639.4 725.3 | 1,205.3
5 | Maguire' | 1,944.0 943.9 817.8 | 1,370.0
Maguire? - - 795.9 -
Theory 1,935.1 1 937.5 818.3 ; 1,361.5
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0.002286 mojc}, Ao} sfAL AwAH 27| &
AAIFE= 200%x10° N/m?, Poisson ¥+ 0.3, X<
7850 kg/m’olc}, 28]lx A9 WEE 1000 kg/m’
ol Alell YA FA9 Fele 0.81mojth, o] A
o thaled B =FollA AARE o]EAQ WS o]

g23le] A7} BEAHoz HPA AFel HajA 1
2R E5E 73tn Table 194 #HuFH (99 3t
%4 vl 3tgdr}. Table 1ol 4] B wje}l o] A

g zhe Ao diste] £ =EelA A7 o

Table 2 Natural frequencies of partially liquid filled
cylindrical shell with clamped-clamped bound-
ary condition (Hz) (Yamaki (reference (1)) :
Galerkin’s method) [50% liquid level, R =100.0
mm, #=0247 mm, E=5.56 GPa, ;x=0.3, o=
1405 kg/m®, 0,=1000 kg/m?® For case 500-a: L
+ H=0.1138 m, L=0.0569 m, For case 2000-1:
L+ H=0.227 m, L=0.1135 m]

Circumferential mode number (%)
m’ | Method
11 (Case : 500-a) 8 (Case : 2000-1)
1 Yamaki 125.4 58.78
Theory 125.8 56.2
2 Yamaki 300.0 145.5
Theory 3125 150.6
3 Yamaki 5185 268.3
Theory 544.3 280.6
4 Yamaki 716.3 387.4
Theory 749.3 404.0
5 Yamaki 856.7 478.5
Theory 883.7 495.7
6 Yamaki 1,022.0 548.0
Theory 1,072.0 567.3
7 Yamaki 1,272.0 640.3
Theory 1,354.0 661.1
8 Yamaki 1,548.0 735.4
Theory 1,637.9 764.6
9 Yamaki 1,728.0 858.8
Theory 1,810.3 867.3
10 | Yamaki 2,056.0 1,062.0
Theory 2,225.6 1,073.3
11 Yamaki 2,411.0 1,545.0
Theory 2,426.6 1,632.4
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