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ABSTRACT

An analytical method for linear free vibration of fully liquid-filled circular cylindrical shell with
various bondary conditions is developed by the Fourier series expansion based on the Stokes’ transfor-
mation. A set of modal displacement functions and their derivatives of a circular cylindrical shell is
substituted into the Sanders’ shell equations in order to explicitily represent the Fourier coefficients as
functions of the end point displacemetns, forces, and moments. 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 the axial directions. The unknown parameter of the velocity potential is selected to satisfy
the boundary condition along the wetted shell surface. An explicit expression of the natural frequency
equation can be obtained for any kind of classical boundary conditions. The natural frequencies of the
liquid-filled cylindrical shells with the clamped-free, the clamped-clamped, and the simply supported-
simply supported boundary conditions examined in the previous works, are obtained by the analytical
method. The results are compared with the previous works, and excellent agreement is found for the
natural frequencies of the shells.
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| Circumferential Fourier component number (m)

™| wave numbertn) [ 10 | 20 | 50 | 100 | 250 | 500
1 519 504 49.4| 49.1| 489 488

1 2 152.5| 152.7) 153.2] 153.5| 153.7| -
3 464.2| 464.5) 465.0| 465.2| 465.3| -
1 292.9] 285.3| 279.3| 277.7) 276.8 276.6

2 2 189.6| 187.3| 186.5| 186.3 186.3 -
3 472.7) 4729 473.8) 4745( 4750 -
1 721.2) 706.0[ 691.8 688.4] 686.8 475.2
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4 2 583.2| 557.8| 544.5] 541.0| 539.3| -
3 577.9| 568.9| 565.3| 564.6/ 564.4] -
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Table 2 Natural frequencies of fully liquid-filled circu-
lar cylindrical shell with clamped-free bound-
ary condition (Hz) (reference (8)':finite ele-
ment method using Karadenitz axisymmetric
shell analysis program reference (8)*: experi-

ment)
Empty shell Liquid-filled shell
m'| Method
n=1 [n=2|n=3| n=4 | n=1 |n=2|n=3 | n=4
Reference(8)' | 82.2| 255.8) 710.9/1370. | 48.3| 158.6) 481.6| 9834
1| Reference(8? | - |247.5) 6969 - - 115394659 -
present 82.3] 256.0| 719.71379.1}  48.9| 153.7| 465.3] 955.7
method
Reference(8) | 460.7 304.9) 716.3/ 1394. | 274.3| 190.2| 491.9) 992.0
2| Reference(8)* | - |[291.3 706.6] - - 18214753 -
present 461.0¢ 305.1] 729.31386.1) 276.8| 186.8| 475.0[ 969.8
method
Reference(8)' | 1133. | 509.1) 758.1 1411. | 682.6| 318.4| 515.7) 1004.
3| Reference(8)’ | - |484.2! 7412 - - | 3045]502.3 -
present 1131.8| 509.7| 763.6| 1402.0{ 686.8| 318.2| 501.6 994.9
method
Reference(8)' |1928. | 853.6| 836.7) 1496. | 1172. | 536.7, 577.0| 1027.
4 | Reference(8) | - |823.8827.5 - - | 5177|5584 -
present 1923.7| 854.6| 854.0] 1433.4] 1176.3| 539.3) 564.4| 1036.4
method
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Fig. 2 Natural frequencies of fully liquid-filled circular
cylindrical shell with clamped-free boundary
condition (R=0.07654m, H=135m, h=0
002286 m, x=0.3, E=200 GPa, p= 7850 kg/m?,
020=1000 kg/m?)
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Table 3 Natural frequencies of fully liquid-filled circu-
lar cylindrical shell with clamped-clamped
boundary condition (Hz) (reference (7) : Galer-
kins method)

n=10
' Empty shell Liquid-filled shell
Reference (7) | Present method | Reference (7) | Present method
1 - 468.1 95.42 88.0
2 - 9124 182.1 180.3
3 - 1407.7 292.6 296.1
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Fig. 3 Natural frequencies of fully liquid-ﬁlled circular
cylindrical shell with clamped ends boundary
condition (R=0.100m, H=0.114m, %£=0.00025
m, x=03, E=556GPa, p=1405kg/m? p.=
1000 kg/m?)
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Table 4 Natural frequencies of fully liquid-filled cylin-
drical shell with simply supported boundary
condition at both ends (Hz) (reference (4):
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Fig. 4 Natural frequencies of fully liquid-filled circular
cylindrical shell with simply supported ends
boundary condition (R=0.90m, H=22.482m, A
=0.015m, x=0.3, £=203.4 GPa, p=7844.2 kg/
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