55 30 B4 7 JIE AR 2 Vol.30 No.7
2026 4 7 H Journal of Ship Mechanics Jul. 2026

LEHS: 1007-7294(2026)07-1206-15

FLARE B 7T B B R4 T S iR TR 1 43 A

ZE N HER,BEZLTEE L BEHRA
(1. BBHE K2, 30X 430065; 2. U E K i # 2, #7 430073)

FEEE A SCHR A — P AR B 12 LA LA S RS (48 B IR B IR . 6 T 03 i e () RELG , 45 1R
PRI 2 AR AL B I Bl . 77, 3543 B AR 5 A L Pt 80 S SR BB o , 1 NI 7E 2 TR 2
A FR TS s BOM IR S N o 5 =GRS LR W 125 VA AE ORASr T A 2 1 [ e dl 25 AR T 17 LB
S EE RS LI UEFR W 125 VR R A TR LAR A B T B SRR . RO R RO AL
PRI 43R L s R X FLAR SRR B0 DX B T s 168 DX AT e P oA, 45 SRR FLAR S T il ) 7 5558 088 X
I 8 dnf > SE BRI, LA AT DL 22 . AR SCRTSR O IR T MR, 3 T T I R e T F LR IR R B A Pk
T 5B, ANTT e 2 HA S R BB

KGR LR, TREIRD); PR, SR, PURTIR

RES%ES: TB535.1 CERFRINED: A doi: 10.3969/.issn.1007—-7294.2026.07.014

Rapid prediction and excitation source characteristics analysis
of flow-induced vibration in an orifice plate pipeline

GONG Jing—feng', YANG Zhi—ming', XU Zhi—yun’, DIAO Ying—bo', CHEN Xiao—feng'
(1. Wuhan University of Science and Technology, Wuhan 430065, China; 2. Hanjiang National Laboratory, Wuhan
430073, China)

Abstract: To address the problem of pipe flow-induced vibration caused by orifice plates, an efficient
prediction method is proposed. Based on the idea of the separation solution, combined with the detailed
simulation of the time-domain fluctuating pressure of the pipeline using Computational Fluid Dynamics, the
time-domain excitation load is mapped through segmented integration and Fourier transformation into the
frequency domain. Subsequently, the vibration response is rapidly predicted in the finite element model based
on the beam theory. Compared with the three-dimensional model, it is shown that this method significantly
reduces the simulation time while maintaining the calculation accuracy. The comparison with the
experimental results shows that this method can accurately predict the flow-induced vibration characteristics
of the orifice plate. By leveraging the efficient computing advantage of this method, the excitation source is
divided into the upstream high-pressure area, the local disturbance area of the orifice plate, and the
downstream strong vortex area for qualitative analysis. The results indicate that the axial force at the orifice
plate end face and the circumferential force in the strong vortex area are the main excitation sources, and the
other loads can be approximately ignored. The proposed method has strong universality and is applicable for

the rapid prediction and design evaluation of the orifice plate structure in pipeline systems, and can also be
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extended to other types of pipeline accessories.
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Fig.18 Comparison of FIV responses at Points A and B under Cases 1 and 3
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Tab.6 Comparison of calculation time for different cases
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Fig.22 Velocity profile distribution ) -
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