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ABSTRACT

In this study, the natural frequency separation phenomena found in the dynamic analysis of piping
systems with internal fluids were identified, and methods for efficient seismic time history analysis
were studied. We conducted a dynamic analysis of a piping system with consideration for the effect
of its internal fluids using the coupled model, which incorporates the fluid-structure interaction effect.
Owing to the mode separation effect, modes were divided into the fluid mass added (FMA) mode,
generated by the added mass effect of the fluid, and coupled mode, which is created by the reso-
nance of the internal fluid. The response contribution of the FMA and coupled modes was confirmed

to be effective for efficient seismic time history analysis.
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Table 2 Coupled model modal frequency [Hz]

1000 kg/m’, ] W= 7800 kg/m?, 4] Y- Mode # | 1 1 2131415161 713
24 1000 m/s, B4 714 200 GPa, Fo}5H] 0.3S A Case 1-1 | 14.7]15.0(21.3]27.3]478
4319tk Coupled modelol e WY FAIS S32 Case 1-2 | 19.3]20.0]28.7]40.8
AR BAVELY] A W A9 2uE D/\],{g}.(/bj\ Case 1-3 [13.3|13.3|19.2|24.0(43.0
T g S olfdte] 94 o3 weNES Case 1-4 [20.7]21.9[31.049.2
Case 2-1 |18.9]20.328.1
Case 2-2 | 7.3 | 7.5 | 12.5|15.0 | 24.7|29.0 | 41.9
Cross-section Case 3-1 [10.7]10.7[15.8|21.9|36.8
Case 32 | 74 | 74 | 114|173 (273 |37.1|41.6|47.1
F
Outer
Diameter Table 3 FMA model modal frequency [Hz]
Mode # 1 2 3 4 5 6 7
Case 1-1 | 14.6 | 15.0 | 21.1 | 27.2 | 47.2
Case 1-2 | 193 | 20.3 | 28.5 | 41.3
Case 1-3 | 13.2 | 13.5 | 18.9 | 24.0 | 423
Case 1-4 | 20.7 | 22.1 | 30.9 | 50.4
Case 2-1 19.2 | 20.2 | 27.7
Case 22 | 7.3 | 7.5 | 129 | 149 | 245 | 289 | 41.4
Case 3-1 | 10.7 | 10.8 | 15.6 | 22.0 | 36.4
Case 32 | 7.4 | 74 | 113 | 174 | 27.1 | 37.0 | 40.6
Fig.1 Schematic diagram of finite element model
Table 1 FEM cases geometry & FMA density Table4 Fluid acoustic frequency [Hz]
( fmm] | L [m] | RC [m] | pralke/m’] Mode # | g% Hue (Caltuared o Brmor %)
Case 1-1 5 3.88 0.45 22056.94 Case 1-1 54.49 5438 0.18
Case 1-2 15 3.88 0.45 12062.96 Case 1-2 54.47 5438 0.16
Case 1-3 3.75 3.88 0.45 27056.28 Case 1-3 54.49 54.38 0.19
Case 1-4 30 3.88 0.45 9577.77 Case 1-4 54.46 54.38 0.13
Case 2-1 5 1.94 0.45 22055.71 Case 2-1 69.34 68.93 0.60
Case 2-2 5 7.76 0.45 22059.01 Case 2-2 3827 38.24 0.07
Case 3-1 5 3.88 0.9 22055.72 Case 3-1 47.18 47.14 0.08
Case 3-2 5 3.88 1.5 22054.99 Case 3-2 40.04 40.02 0.04
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Table 6 Finite element model information

(6)

Fo] 7ejsu,

List

Information

Used elements

Solid 185 (structural element)
Fluid 30 (acoustic element)

Mesh division
(Elem. / nodes)

Coupled model
207118 / 217678
FMA model
99390 / 115488

Loading condition

Acceleration loading (Fig. 6)
time increment: 0.005 s
total time: 20's

Damping

Rayleigh damping
value : 4%
band frequency: 8.04 (Ist mode) / 50 Hz

Material properties

Pipe (coupled model)
density : 8030 kg/m’
young’s modulus : 175.4 GPa
poisson’s ratio : 0.31
Fluid (coupled model)
density : 744 kg/m’
sound velocity : 1019.4 m/s
Pipe (FMA model)
density : 9353.8 kg/m’
young’s modulus : 175.4 GPa
poisson’s ratio : 0.31

Boundary condition

Top, Bottom

fixed condition in all direction
Snubbers & sway (Fig. 4)
fixed condition in one direction

116 | Trans. Korean Soc. Noise Vib. Eng., 30(2) : 112~118, 2020

kinetic energy’} St} o]

3 coupled mode”}

&
Q- 7hde gk FRES] Sl ulg- A2 7|o%
71 Aoz oAdad® = coupled modelT
FMA model> A% S5 aiAolA FA S92
B Ao,

=

o

get AnE 15387 93] coupled model

FMA model®] A% A|Zto]2] sjA5 = 3igict. A

Table 7 Pipe model modal frequency

Modal Coupled model FMA model
Mode # Freq. [Hz] Freq. [Hz]
1 8.0461 8.0866
2 11.186 11.239
3 12.835 12.893
4 19.634 19.767
5 20.696 23.93
6 23.905 27.138
7 27.415 29.696
8 30.183 33.931
9 34.266 40.908

10 40.838
Fluid acoustic Model Calculated
frequency [Hz] frequency [Hz]
1 22.02 21.71
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(a) FMA model

(b) Coupled model
Fig. 7 Stress distribution at maximum response

Table 8 Maximum stress value(elbows)

FMA Coupled model
Max. Max. E[(r];)cir
Time [s] stress Time [s] stress
[MPa] [MPa]
7.44 6.17 7.44 6.02 2.57%
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