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Research Progress on Fluid-Structure Interaction Vibrations

of Pipes Subjected to External Flows"
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Abstract Pipes are widely employed in marine, nuclear power, aerospace and other important engineer-
ing applications. The pipe is one of the most key structures for engineering equipment such as the oil pro-
duction platform and the steam generator. When the external fluid flows through the pipe, fluid-struc-
ture interaction vibration behavior of the pipe occurs, leading to vibration damage and fatigue failure of
the engineering equipment. It has become a key problem that must be solved in engineering design. As to
the scientific issues on nonlinear dynamical mechanism for fluid-structure interaction vibrations of flexi-
ble pipes subjected to external flows, this paper reviews the important research progress over the world
scholars, focusing on discussing the nonlinear fluid-structure interaction vibrations of flexible pipes sub-
jected to external cross flows and axial flows, respectively. The influence mechanism of external flows on
dynamic behaviors of the pipe is revealed from aspects of the experimental research, computational fluid
dynamics simulation and theoretical modeling. Finally, the current research status is briefly summarized

and the research difficulties and challenges still exist in this field are proposed.
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Fig.2 Experimental researches [21:2], (a, d) Experimental setup; (b) Vortex shedding condition; (¢) Griffin plot;

(e) Response frequency of pipe at different flow velocities; (f) Vortex shedding frequency at different flow velocities



6 8 %

5 &

M 2023 4E5 21 &

1.2 HERFE

BTS2 g0 B 5T 41, i AV 22 SRR T R S0 AR AU
T3 DB S I S M A T R R Bl A Al
CFD J7 71530 108 4 gl meg 1z g, 32 22 5% FH LLR 4
{H 77 15« fE = 4 J57 ¥ (Quasi-Three-Dimensional , Q-
3-D) B I 7 3 (Discrete Vortex Method,
DVM) P 4 = 4 FRICH (Finite Element Meth-
od, FEM)"" [ F5 B 1 B 32: (Finite Volume Meth-
od, FVMD Ry B A A1 24 243 46 52 37 ¥ (Finite
Analytic Navier-Stokes Method, FANS)®7 4,

Q-3-D H B A DL S i 7 = 4 =[] b, i A
RS B CE Z2 A —dE A A R R E
W= I JE RS R AT DA B ) 0 D) RAIE = 4

B DVM & —Fp ] F A5 50 = 4R 1T 45 2
PR 20 1 R B H B A% X R FEM fl
FVM X 15838 52 S B 35 Ny PR 4, 7T DA A6 8 400 i 2
Hh g A A A TR L DA EE A S il L (H FVM
B 25 M ey T B, R R R eR B S AR AR
BT 0 FANS 58 & =21, WA A I AT
] 20 Ak -3 48 v 0 5 R R T, RE 6% LS BN ORE R
T A 38 Y32 Fhme N CT Ll 5 CFD O 345 21 A R
Wiz Zh 0l , & 3 () s i & B Al LLUE 5
ANJRSHIE T AT X, 28 2P B, a3
() B R, IE U0 Wang 28058 Fr 48 W i, % A [
WA T BN AT R R R RS B
545 VF Z BRIk % Rk, 4 CFD 5 25 F 5% 57
B W EAR S A i — PR R,

— e
ot -
e i
. .
= 2
—
o o e e e s e e o e e L

B3 A REGAR S Sy 20T () BT K A 5 (b) 2R AR S L 5 (o) 8 i

Fig.3 Computational fluid dynamics (CFD) [7-38], (a) Simulation model and mesh structure; (b) Phase trajectories; (¢) Vortex contour
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(c¢) Displacement and frequency varying with time
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