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ABSTRACT

The paper presents both theoretical and experimental study for dynamic instabilities of a vertical
cantilevered pipe with two attached lumped masses conveying fluid. The two attached lumped masses
can be considered as valves or some mechanical parts in real pipe systems. Eigenvalue behaviors
depending on the flow velocity are investigated for the change of positions and magnitudes of an
attached lumped mass and a tip mass. In order to verify appropriaty of numerical solutions,
experiments were accomplished. Theoretical predictions have a good agreement with experimental

ones.
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Table 1 Dimensionless critical flow velocity of
pipes depending on M, @, &,

02 5.89 6.08 6.48 6.34
0.4 5.90 6.49 7.18 6.72
02 ] 06 5.92 8.23 7.81 7.07
0.8 5.94 8.38 8.30 7.38
1.0 5.98 8.39 8.67 7.67

0.2 5.58 5.61 5.90 6.11
04 5.57 5.7 6.39 6.58
04 06 5.56 590 7.02 7.00
0.8 5.56 6.23 1.75 737
1.0 5.56 7.09 8.46 7.70
0.2 5.67 5.64 5.85 6.14
0.4 5.65 5.66 6.16 6.58
06 | 0.6 5.64 5.73 6.59 7.00
0.8 5.63 5.87 7.15 739
1.0 5.62 6.08 7.84 7.74
0.2 5.86 5.81 5.96 6.27
0.4 5.84 5.79 6.17 6.67
0.8 | 0.6 5.83 5.81 6.48 7.06
0.8 5.81 5.88 6.89 7.44
1.0 5.80 5.99 7.41 7.80

0.2 6.09 6.02 6.14 6.45
0.4 6.07 598 6.28 6.81

1.0 | 0.6 6.05 5.97 6.51 7.17
0.8 6.04 6.00 6.82 7.53
1.0 6.02 6.06 7.21 7.87
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Fig. 7 Experimental setup of a
cantilevered  pipe  with
masses conveying fluid.
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Table 2 Details and properties of the pipe,
intermediate mass, tip mass and water.

Materials Silicon rubber
Total length L 0.545 (m)
Outer diameter d, | 0.0135 (m)
. Inner diameter d; | 0.0067 (m)
Pipe
Young's modulus E | 9.72 (MPa)
Internal damping 1723 x 10°
coefficient E* (N - sec/nt)
Mass per unit
0.139 (ke/m)
length m,
Water Density 998 (ke/ni)
Attached 5 Types 19(g). 38(g), 57(g),
masses ype 76(g), 95(g) (brass)
. 19(g), 38(g) 57(g).
[~
Tip masses | 5 Types 76(2). 95(g) (brass)

HEESF IR TR

Table 3 Comparison experimental results with
theoretical ones for crtical flow
velocity, U,,.

02 | 02 7.09 7.03 0.87
02 | 04 719 7.26 -0.98
02 0.2 06 7.80 773 0.86
04 0.6 8.46 857 -1.25
04 08 7.94 7.85 113
04 | 06 0.4 7.09 7.09 0.70
06 | 06 8.18 8.38 -2.39
06 | 04 7.09 6.84 3.69
06 06 7.94 7.87 098
06 08 08 8.75 882 -0.84
10 | 06 8.89 9.36 -5.02
06 | 06 7.85 7.73 147
08 08 8.84 888 -0.45
08 1.0 02 7.28 6.92 5.17
1.0 0.8 9.27 931 -047
06 | 06 7.89 7.77 1.61
08 08 8.84 8.99 -1.64
L0 1.0 0.2 7.37 7.18 2.64
10 | 08 9.08 939 -3.37
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