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Abstract: As an important fluid transportation equipment, flexible pressure pipeline is widely used in
temporary or mobile engineering due to its applicability. However, as its pressure level and flow rate
continue to increase, the vibration of the pipeline becomes more and more prominent, and slamming
accidents often occur. In this paper, the ANSYS Workbench platform was used to numerically simulate the
flicking behavior of flexible pressure pipeline tripping. Based on this, the effects of pipeline flow rate, fluid

physical parameters, pipe bending length and bending radius, and restraint position on the flicking motion
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were studied. The results show that the slamming motion of the pipeline has strong nonlinear
characteristics, the deformation displacement and slamming speed at the tripping end are the largest, and
the equivalent stress at the fixed end is the largest. With the increase of the flow velocity, the deformation
displacement, the slamming speed and the equivalent stress of the pipe slamming increase, and the strain
energy changes at a high power. With the increase of fluid density, the main parameters of the pipeline
slamming movement increase linearly and the viscosity of the fluid increases, resulting in more intense
slamming of the pipeline. The longer the pipeline length, the longer the motion cycle. With the increase of
the bending radius, the main parameters of the pipeline slamming movement are reduced. The constrained
position of the pipeline safety buckle mainly affects the length of the pipeline and the bending radius, thus affecting
the slamming movement. The shock vibration of pipeline is dominated by the second order mode.

Keywords: flexible pressure pipe; flicking motion; fluid-structure coupling; numerical simulation
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Table 1 Pipe geometry parameters

L/mm R/mm a/(®) D/mm d/mm 0/mm

1 885 1 200 90 38.1 25.4 6.35

TR S B MR B S B0, R B 22 MR A5 T8 WG 2 BN 22 0 22 0 A T A . G BE T RE K
TAEHR 18 25 MPa, EHEMNHMAE K, BASEIE 2,
®2 MHYESH

Table 2 Material parameters

K

VR TN

Wi H W/ (kg-m *)  HMERIE/GPa WA E ¥/ (Pa-s)

Hil 3150 40 0.4

7K 998 0.001 003
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Fig. 2 Schematic diagram of meshing
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Fig. 3 Comparison of pipe displacement
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Fig. 4 Deformation displacement and velocity change curves of flexible pressure pipeline
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Fig. 5 Total deformation displacement, slamming speed and various components change curve
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Fig. 6 Amplitude-frequency curve of flexible pressure pipeline
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Table 3 System natural frequencies

B % A7 44/ Ha B % & A7 3R/ He

1 6.499 4 32.533
2 6.745 5 99.933
3 31.017 6 102.060
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Fig. 7 Equivalent stress distribution
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Fig. 9 Strain energy distribution
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Fig. 10 Curves of maximum deformation displacement and slamming speed at different speeds
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Fig. 11 Variation curve of maximum stress at different flow rates
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Table 4 Maximum sports parameters

W/ (mes ) R ZEIE /mm AR/ (mes™ D) S5 AU 71/ MPa J3 A2 i /m]
20 61.969 1452.4 50.434 4.1632
30 132.45 3092.8 106.72 18.054
40 221.58 5293.3 176.48 48.280
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Fig. 12 Amplitude-frequency curve of flexible pressure pipeline under different flow velocities
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Fig. 13 Natural frequencies of system under different flow velocities
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Table 5 Basic properties of the three fluids

BT ES P/ (kg-m ™) FiE/(Pa-s)
7K 998 0.001 003
i 800 0.040 480
K 1 200 0.001 003

Pl 14,15 43 2 R Ry il A 25 B R K s S 37 v =20 m/s By 250 R 32 M ) 8 3 P o 3k R v i AR TR A7
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Fig. 14 Variation curve of maximum deformation displacement and slamming velocity under different fluids
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Fig. 15 Variation curve of maximum stress under different fluids
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Table 6 Maximum values of parameters of flicking motion of flexible

pressure pipes under different fluids

KL MF/mm  JUEEE/ (mm-s ) FRY S/ MPa W AERE/m]

7K 61.969 1452.4 50.434 4.163 2
o RK 76.420 1771.6 61.723 6.122 6

bt} 116.470 3 085.0 116.660 22.331 0

33 HETHKE
ZVEE N EERES R, B RS PRETRAS  T IR A R A il B X 2 vk R
BiEH LGB, BT 3 S FEK RS B, K50 600,900 Al 1 2007, W& 16 Frzs .,



% 8 IR L R R ) B R A R A 97

=600 =900 ™
90° - 135°
T I I T
! R=1 200 mm R=1200 mm ! R=1200 mm |

El16 3MARNEHKEETEERR
Fig. 16 Three kinds of pipe models with different bending lengths
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Fig. 17 Variation curve of maximum deformation displacement and flicking speed under different bending lengths
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Fig. 20 Amplitude-frequency curve of flexible pressure pipeline of different lengths
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Table 7 The maximum value of various parameters of flicking motion of

flexible pressure pipes under different bending lengths

B/ B /mm  JBEEE/(mmes ) FRN I/ MPa [AERE/m]

90 61.969 1452.4 50.434 4.163 2
135 176.650 1 855.8 50.448 6.874 6
180 433.900 3 457.3 154.310 35.454 0

.
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Fig. 21 t=1s, the equivalent stress distribution of the pipeline when the bending section of the pipeline is 9007 long
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Fig. 22

Variation curve of maximum deformation displacement and flicking speed under different bending radii
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Fig. 23 Maximum stress variation curve under different bending radii
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Table 8 The maximum value of various parameters of flicking motion of

flexible pressure pipes under different bending radii

A/ mm B/ C) fiR%/mm  FHFHEE/(mm-s ) ERY S/ MPa

N A% g/ m]
900 127.0 127 3 105.1 99.703 14.003
1 200 95.5 124 2 455.8 98.753 12.802

1500 76.4 99 1 870.6 72.158 10.904
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Fig. 24 Natural frequencies of system of different curvature radiuses
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Fig. 25 Amplitude-frequency curve of flexible pressure pipeline of different curvature radiuses
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Fig. 26 Geometric models with different constrained positions
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Fig. 27 Curves of deformation displacement and slamming speed under different constrained positions
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Table 9 The maximum value of parameters of flicking motion of flexible pressure

pipes under different constraints

d/mm fi#% /mm AR/ (mmes™ ) S5 )] / MPa N AE g/ m]

0 61.969 1 452.40 50.434 4.163 20
300 21.193 531.94 57.362 1.512 20
600 16.625 350.24 44,559 0.762 56
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Fig. 29 d= 300 mm, t = 1 s, the distribution of deformation and equivalent stress of pipeline
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