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Vibration Characteristics of Pipe Element Containing Moving Medium
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Pipe (v} 3), Transfer Matrix (A3 &),
($-A%4), Critical Velocity (Y Al4-%), Frequency Mode(A %5 =x)
Abstract

In this study, vibrational behavior of uniform pipe carrying a moving medium is studied by
using a transfer matrix and the displacement function derived from the conventional beam theory.
In various boundary conditions, flow velocity and mechanical property change on the variation
of natural frequency are investigated. The Coriolis term in the original differential equation of
motion has been ignored in the investigation. This method is used to study the variation of natural
frequency with flow velocity for clamped-clamped, cantilevered, clamped-pinned, pinned-pinned,
free-free straight pipe element. It is shown that clamped-clamped, free-free pipe have the highest
natural frequency and critical velocity values while cantilevered pipe have the smallest natural
frequency for the same mechanical properties. From the vibration effects of mechanical property
variation, it is shown that bending stiffness and pipe length variation has large influence on
natural frequency and critical velocity. Since the order of transfer matrix is not changed with
boundary conditions of pipe element, this method proposed can be easily applied to personal-
computer for vibration analysis of pipe element. Furthermore, this method can be extended to
three-dimensional system by using a coordinate transformation for the analysis of piping systems.
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Table 1 Mechanical properties of pipe element

Young’s modulus 3.9786 X 10°N/m
Pipe internal dia. 22.225mm

Pipe wall thickness 1.5875mm

Pipe length 1511mm

Mass of pipe per unit length 0.1415kg/m
Mass of fluid per unit length 0.3874kg/m
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Fig. 2 Variation of natural frequency of
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Table 2 Natural frequency of cantilevered, free-free, clamped-clamped, pinned-pinned, clamped-pinned
pipe with flow velocity and comparison with Blevins results

Frequency mode [Frequency mode 1 [Rad/sec]  Frequency mode 2 Frequency mode 3
Bound
oun ar.'y' Velocity Bievins Present Blevins Present Blevins Present
condition
v=0 m/s 12 12 75 76 210 215
v=10m/s 13 13 72 74 207 212
Cantilevered
v=15m/s 15 15 68 70 203 207
v=20 m/s 16 18 63 64 197 201
v=0 m/s 76 78 210 215 411 422
Free-free, | v=10 m/s 74 75 206 211 408 418
Clamped
clamped | v=15 m/s 70 72 202 207 404 413
v=20 m/s 65 67 195 201 398 407
v=0 m/s 34 34 134 137 302 310
Pinned
-pinned | »=10 m/s 29 29 129 133 297 305
v=15m/s 20 21 123 127 292 299
v=0 m/s 53 53 170 174 355 364
v=10 m/s 49 50 166 170 354 359
Clamped
-pinned | y=15m/s 44 45 161 165 345 354
v==20 m/s 36 37 153 157 337 347
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Table 3 Critical velocity of cantilevered, free-free,
clamped-clamped, pinned-pinned, claniped-
pinned pipe at natural frequency mode 1
with flow velocity and comparison with
Blevins results

Critical velocity [rad/sec]
Boundary condition
Blevins Present
Cantilevered 35 28
Clamped-clamped 38 38
Free-free 38 38
Pinned-pinned 19 19
Clamped-pinned 27 27
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Fig. 3 Natural frequency of cantilever pipe with
flow velocity and pipe length variation
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