FMBRETR 20224 6 J1 457 85 2 : 252-260 I.'@ AT TR K
[ |

Petroleum Science Bulletin

DIREBBEER R il i ARk sl o B F i g

RPN, mERK, AR, R, NF, G

1P AR (It ) Il AU TE i 2 4 R 8 T RE SO0 2 / A1 T TR T 0 B A S0 / 3 Tl AU B R AR A T B 5080 %, kst 102200
2 FOEB TR Tl B A 25 R 3BT R R A S0 I0 %, K% 116024

3 ARIEVE TR IR A, IR 518000

BI51E#, ychen@cup.edu.cn

Wik H 389 : 2021-02-05
5 A SRR 543 (52171285, 51779265), IR TR Tl B A5 24 43 # [ 58 J ol S B S T iR 42 (GZ19119) . A il (s B
W4 (2462020YXZZ045) FlJ ARG M40 2 e L I8 4 (IR 4 U5 % e FH & ) (GDOE[20191A39) A 7R Bl

WE ARTHA¥ATERRARATLY, TRRELH LI RLEMAR, FEMRE A FRENITE T %
EXEE, ARTRIAREELE ZARTRGER, ity R EamtREEE, ATREA
THWRREAZEFINGHY, HAKKRIAXZRERRESERAREEFLE TN EZR. ETHERRE
HEREIAMTHERAT IR LARAEENRA RS TE, BALBERERFTREMA — T LWAFTRE B
R, IRFEERARLGRBLER, SHTEATAARLAGENAAETEE R RAEENEREX, ETHA
AT A BB R T R frde SR R g Al R REN R E, LR R ET RNER
HATX U, BIE T 4 W AT TH T R R A . AT R R A TRk Rk, RE AR T R R E v,
BHEER, TUEFENFIRARERRMERREE, AATHSTRLE;, AMEAN IR ERNY
ERTHMRERE Wls RREL S AT RN AT EIR, ETRERERE; HEFATEEERNY
TR Tl Fm AT &M m A ER TH ke Fmk, ERERTRNE i, WHENZERFEAR; A F
FUHRA, BRAFRLBREAZHRTERA, Bl RTRER TRRE RS E L F5HAF TR
B RGN E M. A SUHR W 09 3T #0021 R I R AT 7 A AR B3 °T DA R AR B VE
Hle i, ARFTHEATAREERARN R ZLTNRT SFRHE.

Kot W hE AR, SRS B RRE; R

Structural vibration analysis and critical velocity of FGM pipeline
conveying fluid system using Homotopy Analysis Method
CHEN Yanfei'?, GAO Modi', HU Dong', ZONG You', YU Liu', FENG Wei’

1 National Engineering Laboratory for Pipeline Safety/MOE Key Laboratory of Petroleum Engineering/Beijing Key Laboratory
of Urban Oil and Gas Distribution Technology, China University of Petroleum-Beijing, Beijing 102200, China

2 State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology, Dalian 116024, China

3 CIMC Offshore Co. Ltd, Shenzhen 518000, China

SRS B e, s Bk, WA, S0, XUTE, 1 . SRERE EEAT Rk i A A A IR B J M Rl S . ARl 22d 4, 2022, 02: 252-260
CHEN Yanfei, GAO Modi, HU Dong, ZONG You, YU Liu, FENG Wei. Structural vibration analysis and critical velocity of FGM
pipeline conveying fluid system using Homotopy Analysis Method. Petroleum Science Bulletin, 2022, 02: 252-260. doi: 10.3969/
j.issn.2096-1693.2022.02.023

©2016—2022 TP EARZE (e IHERRZE N NG A BLA F www.cup.edu.cn/sykxtb



DI RERREE R T 25 M4 3 20 H A e S 253

Abstract Pipes conveying fluid is frequently applied in the oil & gas industry. Excessive flow velocity in the pipe will
give rise to instability of the pipeline structure. It is highly significant to determine the critical velocity for structural
stability design and safety evaluation of those pipes. In practical engineering, pipes conveying fluid is often affected by
thermal load, such as heating crude oil pipeline and heating pipeline. The natural vibration frequency and critical flow
velocity of pipes conveying fluid under thermal load are different from those of the ordinary flow transmission pipeline.
Based on Hamilton's principle, the vibration partial differential equation of pipes conveying fluid supported at both ends
under thermal load is derived. By separating variables, the equation is simplified into a univariate quartic homogeneous
ordinary differential equation, the general solution is obtained according to the critical velocity conditions, and the
analytical expression of critical velocity of pipes conveying fluid suitable for different boundary conditions is given. Based
on numerical examples, the effects of linear thermal stress and nonlinear thermal stress on the critical velocity of pipes
conveying fluid under different boundary conditions are analyzed, and compared with the results of differential quadrature
calculation method to verify the accuracy of the analytical calculation method. The research demonstrated that compared
with the differential quadrature method, the proposed analytical method is simpler and more accurate, and can more
conveniently obtain the critical velocity of pipes conveying fluid system, which is conducive to guiding the engineering
practice. Under the action of linear thermal stress and nonlinear thermal stress, the critical flow rate of the pipes conveying
fluid system decreases with the increase of thermal load, and the decreasing speed is faster and faster. In the same case,
the critical velocity under nonlinear thermal stress is greater than that under linear thermal stress, and the gap between
them gradually increases with the increase of thermal load. Compared with the boundary conditions, it is found that the
fixed boundary conditions can bear the largest thermal load. Therefore, the application of fixed boundary conditions to
pipes conveying fluid system under thermal load is conducive to improve the stability of the system. The analytical method
of critical velocity of pipes conveying fluid under thermal load proposed in this paper can easily and quickly obtain the
accurate critical velocity in the engineering field, which provides a reference basis for the design and safety evaluation of
pipes conveying fluid system under thermal load.
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