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ABSTRACT

In this research, we derive equations related to the fluid-structure interaction of pressure vessels

containing fluids from previous research. Moreover, we analyze the changes in the dynamic charac-

teristics based on parameters specified through the dimensions and material properties of the pressure

vessel. A fluid is composed of acoustic elements that are adaptable in the frequency domain, and

changes in the dynamic characteristics are examined through mode analysis based on the selected

parameters. Specifically, the variables selected include the thickness of the fluid compared to the

structure, the density, and the stiffness of the pressure vessel. These are selected as the upper and

lower limits of the various arrangements of each cylinder and the variation of the material property’s

value. In conclusion, the smaller the ratio of the thickness of the fluid to the structure, the more

noticeable the natural frequency reduction effect (or added mass effect), and it is also confirmed that

the change in Young's modulus of the pressure vessel does not contribute to the change in the dynamic

characteristics in terms of reducing natural frequencies.
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Fig. 1 Dimensions for the pressure vessel

Table 1 Specifications of the FE model
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Pressure vessel

- Structure : SA240 TP304

- Fluid : Water

- Solid 186 (Quadratic order)
- Fluid 220 (Quadratic order)
- Node 44,384 EA

- Element 9810 EA

=
I
1
1
1
1
1
1
1
1
I

Node merge

Fig. 2 Schematic configuration of FE model

- Value Unit Table 2 Specifications of each variable cases
. 3
Water density 998.2 kg/m Variabl Thickness | Normalized | Normalized
Sound speed 1482.1 m/s ariables ratio E Density
. 3
density 8030 kg/m Case original 1.01 1 1
SA240 TP304 E 172.8 GPa
: - Case 1 0.81 0.86 0.86
Poisson‘s ratio 0.31 -
di 3980 mm Case 2 0.67 0.71 0.71
do 4140 mm Case 3 0.48 0.57 0.57
Di 4634 mm Case 4 0.3 0.43 043
Di .
fmensions Do 5224 mm Case 5 0.11 0.29 0.29
H 9562 mm Case 6 0.04 0.15 0.15
h 200 mm Case 7 0.02 0 0
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Table 3 The results of modal acoustic analysis for the case original
Part Inner cylinder Outer cylinder
Mode shape (n, m) (1L,1B 21 (€N (3,2) (1L,1HB (2,1 3.1 (3.2)
Natural freq.| FS! 33.96 6.671 17.7 26.09 33.96 273 66.54 83.08
2] Structure | 31.49 16.86 33.72 48.59 34.87 30.54 74.83 92.62
Diff. [%] 7.853 -60.43 -47.49 -46.31 -2.603 -10.61 -11.07 -10.29
(1,1HB (2,1) 3.1) 3.2)

Fig. 3 Mode shapes of main modes on FE model
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Fig. 4 Differences of natural frequencies for each mode shapes according to of structure
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