27 2 Vol. 27 No. 2
2006 3 ACTA AERONAUTICA ET ASTRONAUTICA SINICA Mar. 2006

:1000-6893 (2006) 02-0280-05

( , 710072)
Huid-and-Sructure Interaction Analysis of Pipe Axial Vibration by the Traveling Wave Method
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Abstract : The axial vibration of liquidfilled pipe is analyzed on the base of beam model considering Possion
coupling and junction coupling. Wave propagation equation and nodal scattering model of thefluid-structurein-
teraction(FSI) system are formulated. Based on the scattering model , a new approach of the traveling wave
method is presented to study the coupling vibration of pipes. The wave-guide equation of the liquidfilled pipe
i's deduced by adopting the axial displacement as basic variable. The dynamic model of the FSI systemis assenr
bled according to the nodal scattering equation. Based on the above works, the effects of Possion coupling and
junction coupling are investigated accounting for severa different boundary conditions. Numeric smulation in-
dicates that the traveling wave method is very convenient to model structures and it gives high numerical preci-
son. S this method can be applied to complicate pipe modeling and controlling.
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Table 1

Natural frequencies of the system with different
Poisson ratios when the valve is congrained

(wm) (TMM)
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13 06
38 49
64. 05
89 61
115 09
131 81
141 26
166. 59
192 14

12 93
38 47
64. 08
89. 68
115 25
130 21
141 1
166. 63
192 23

12 85 12 82
38 47 38 46
64 10 64 10
89 73 89 75
115 35 115 39
129. 23 128 9
141 04 141 03
166. 66 166. 67
192 29 192 31

131
38 5
64 0
89 6
1151
131 8
141 3
166. 6
192 1

12 9
385
64 1
89. 7
115 2
130 3
141 1
166. 6
192 2

128 128
385 385
641 641
89.7 897
1153 115 4
1293 128 9
141 0 141 0
166 7 166. 7
192 3 192 3
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Table 2 Natural frequencies of the structure with different

Poisson ratios when the valve isfree

(WMm) (TMM)
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12 40
31 82
55 69
73 17
96. 92
116. 19
140. 99
160. 53
184. 52

12 04
32 41
55 21
73 38
96 09
116 38
140. 45
160. 9
183 79

12 70 11 39
33 03 33 67
54 78 54 41
73 64 73 96
95 34 94 65
116 62 116 9
140. 02 139. 68
161 38 161 98
183 2 182 77

12 4
318
557
73 2
96. 9
116 2
141 0
160. 5
184 5

12 0
32 4
55 2
73 4
96 1
116 4
140 5
160. 9
183 8

1127 11 4
330 336
548 544
736 739
953 947
116 6 116. 9
140 0 139. 7
161 4 161 9
183 2 182 8
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Fig 4 Frequency responses of the fluid pressure
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Fig 6 The efect of support location on the vibration power
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Fig 7 The efect of support stiff ness on the vibration power
of the pipe
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