‘ » z 2 / El. Scopus Iz
. Scopus
. 2 PO

Chinese Journal of Theoretical and Applied Mechanics

P S R SR B A A BT 5T

M, B, RmrMe, TR, M

STUDY ON NATURAL CHARACTERISTICS OF FLUID-CONVEYING PIPES WITH ELASTIC SUPPORTS AT
BOTH ENDS

Yan Xiong, Wei Sha, Mao Xiaoye, Ding Hu, and Chen Liqun

TEZR B2 View online: https:/doi.org/10.6052/0459-1879-21-566

HEAT BRRRNER IR At SO

Articles you may be interested in

izl I A AU AN U
DYNAMICAL ARTIFICIAL BOUNDARY FOR FLUID MEDIUM IN WAVE MOTION PROBLEMS
J12F2E. 2017, 49(6): 1418-1427

EATIR B S A R AR AL R B A6
LOW-FREQUENCY VIBRATION ISOLATION AND ENERGY HARVESTING SIMULTANEOUSLY IMPLEMENTED BY A
METAMATERIAL WITH LOCAL RESONANCE

J12FeEAR. 2021, 53(11): 2972-2983

— 71 D ROASEAD 381 3 e A O R PR S AU P 2ok O T

A TRANSITION METHOD FROM DISCRETE SIMULATION TO ELASTIC FEA OF CONTINUOUS MEDIA

J12 4R, 2021, 53(11): 3080-3096

BN G SRS

STUDY OF THREE-SHEAR STRESS UNIFIED STRENGTH THEORY

J12FEAR. 2017, 49(6): 1322-1334

SRRV R AT RE RS O AR

OUTPUT CHARACTERISTICS INVESTIGATION OF AIRFOIL-BASED FLUTTER PIEZOELECTRIC ENERGY HARVESTER
F12feEAR. 2021, 53(11): 3016-3024

7 BREIIN BT et B A e H B B B R AR R IR Bl 4 AT

VIBRATION ANALYSIS OF A PIEZOELECTRIC CIRCULAR PLATE ENERGY HARVESTER CONSIDERING A PROOF MASS
Ji2FeEA. 2021, 53(11): 2950-2960

KEMFE AT, PAFELZBHEE



54 4 5 W o F F R Vol. 54, No. 5
2022 45 H Chinese Journal of Theoretical and Applied Mechanics May, 2022

AR X AR S E A R

B B WY FmM T BRaLE
(bR )% 5 TR =R, g 200444)
(g T R RTBCE N ) 2 00E 58 i, 3 200072)

WE  MEE 2N TR A A E R R U, FUR SR I JC o AR G A
B [ A A BT AR s . AR SIS T A S 5 A SR A ) A B 1 A R, TR A AR AR
FRPE SR I R GE AT R L. AP e WU LA B 1 AL T (R T R ML A, I R RTEAR B T
AT PR R R, DUILARE D AL <89k R 35 B8 BORASL b IO e P IR 7 2R e 5 1 U RESEAT AT AR B 23 #7775
RIFRSCARNIEE « P AR RS AR NI 0 8 DA A TR O AR GE A A IR S i e, FE e 1
B P AT BE A R AR PR SR AR AT AR R A A A 45 SRR, K IR AR SR M BE I 7T 1A 58— [l
AT AR 2 A P i S D EE AR A I, 6 TR 5 1 A7 A0 A 4 i S T P AR 25 I B B L X T Y
S AR PR SR KV TE T 5, 3 SO W EREEE, 55— AT AR B A, it LA N 4 s 7 0 /) A
(TR, L A {1 0] R 28 SR R T T A 0 PR 5 S A B A

REEIA BRI, AR, SR SOR, B RS, SRR PRI S

hESES 0327 EFFIETE: A doi: 10.6052/0459-1879-21-566

STUDY ON NATURAL CHARACTERISTICS OF FLUID-CONVEYING PIPES WITH
ELASTIC SUPPORTS AT BOTH ENDSY

Yan Xiong Wei Sha? Mao Xiaoye DingHu Chen Liqun

( School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)
( Shanghai Institute of Applied Mathematics and Mechanics, Shanghai 200072, China)

Abstract  Fluid-conveying pipes have been widely used in aerospace, petrochemical, offshore and other important
engineering fields. The vibration characteristics of the fluid-conveying pipes, especially the natural characteristics of the
system, have been an important issue in the research of scholars around the world. This study investigates the natural
characteristics of transverse vibration of a fluid-conveying pipe with elastic supports at both ends. In particular, the
natural characteristics of the fluid-conveying pipe with asymmetric elastic supports at both ends are discussed. The
governing equation and boundary conditions of the fluid-conveying pipe system are derived by the Hamilton’s
principle. The modal functions of the static pipe are obtained by the complex modal method, and then they are used as
the potential function and weight function for the Galerkin method to truncate the control equation of the linear derived
system. The effects of symmetrical support stiffness at both ends, asymmetric support stiffness at both ends, pipe length
and fluid mass ratio on the natural frequencies of the system are discussed. The discussion focuses on the variation of
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natural frequencies under the condition of asymmetric supports that may happen at both ends of the pipe. Results show

that a fast decrease in the first natural frequency for large symmetrical support stiffness. When the support stiffness at

both ends of the pipe changes, the natural frequencies of each order of the pipe obtain the maximum or minimum value

when the support stiffness at both ends is equal. For the pipe with asymmetric supports at both ends, the closer the

support stiffness at both ends, the faster the first natural frequency decreases, and the smaller the corresponding critical

flow velocity. The greater the flow velocity of the fluid, the more significant is the effect on the natural frequency of the

pipe supported by asymmetric supports at both ends.
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Table 1 Physical parameters of the pipeline

Name Notation Value
outer diameter D/m 0.02
inner diameter d/m 0.016
Young’s modulus E/GPa 72
density of fluid pel(kg-m™) 1000
density of pipe py/kgm™) 2700
length of pipe L/m 1
viscoelasticity coefficient #/(MN-s-m™2) 5
support stiffness on the left Kk /(kN-m™") 10
support stiffness on the right fe/(KN-m™") 10
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Table 2 The results of the first four orders eigenvalues of the
system with large support stiffness and simply supported

boundary conditions

Boundary First-order Second-order Third-order Fourth-order

conditions eigen-value eigen-value eigen-value eigen-value
k= kg =

1 %102 N/m 3.141588 6.283177 9.424590  12.566 140

simply supported 3 141507 6283185 9424777 12.566370

boundary B4
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Table 3 The results of the first four orders eigenvalues of the

system with small support stiffness and free boundary Conditions

Boundary  First-order ~ Second-order  Third-order  Fourth-order
conditions  eigen-value  eigen-value eigen-value eigen-value
ky=kg=
1 %10 N/m 4.730041 7.853204 10.995607 14.137165
free
boundary B4 4.722389 7.853982 10.995574 14.137167
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