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New Non-linear Modelling for Vibration Analysis
of a Straight Pipe Conveying Fluid
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Abstract

] 1 ), Non-linear Lagrange Strain(¥]
A% Largrange W3 &), Extended Hamilton’s Principle(Z33¥ Hamilton 2] &),

A new non-linear modelling of a straight pipe conveying fluid is presented for vibration analysis when the
pipe is fixed at both ends. Using the Euler-Bernoulli beam theory and the non-linear Lagrange strain theory,
from the extended Hamilton’s principle are derived the coupled non-linear equations of motion for the
longitudinal and transverse displacements. These equations of motion are discretized by using the Galerkin
method. After the discretized equations are linearized in the neighbourhood of the equilibrium position, the
natural frequencies are computed from the linearized equations. On the other hand, the time histories for the
displacements are also obtained by applying the generalized-o time integration method to the non-linear
discretized equations. The validity of the new modelling is provided by comparing results from the proposed
non-linear equations with those from the equations proposed by Paidoussis.
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Fig. 1 Schematics of a straight pipe conveying fluid
when both ends are fixed: (a) the pipe before
deformation; (b) the pipe after deformation;
and (c) the cross-section of the pipe
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Table 1 Convergence characteristics of the natural
frequencies (rad/s) when U=U =0

Transverse vibration Longitudinal vibration

N i 2nd 3rd 1 2nd 3rd

1 131.84 369.57 N/A 5252.81 10765.0 N/A

2 131.40 369.57 749.56 5218.49 10765.0 16786.8

3 131.40 362.31 749.56 5218.49 10440.0 16786.8

4 131.40 362.3t 711.38 5218.45 10440.0 15685.9

5 13140 362.19 711.38 521845 104369 156859

6 13140 362.19 710.06 5218.45 104369 15655.6
Exact 131.39 362.19 710.04 5218.40 104364 15653.5
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Table 2 Convergence characteristics of the natural
frequencies (rad/s) when U =15.0m/s and

U=0

Transverse vibration Longitudinal vibration
N Ist 2nd 3rd ist 2nd 3rd
1{ 48206 29592 N/A 5251.5 10762.8 N/A
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31383172 27650 67522 ) 52172 104374 167832
4138070 27578 62528 | 52172 104374 156823
5] 38.069 27546 62320 | 52172 104343 15682.1
61 38.069 27546  621.11 | 52172 104343 15651.7
71 38069 27544  621.01 | 5217.2 104343 15651.7
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Fig. 2 Variation of the complex eigenvalues for the
dimensionless fluid velocity: (a) the imaginary
part; and (b) the real part

— m,+m —— myg
1n=an2‘fp—f, T=UL f._l_
El El

U=04 o, tgs 734 143 of F3
#F4 £ZE Fig. 2 oA JEdt 9714 1k
29 34 BEE #o BHAEFFE Yehdn
o] 28L& PaidoussisVo| M & Al 7t} wher 3
ok it AFAIF ¥ AF-FE VHAHE, 1
#e EdAsgE AL Z 4y Alelr)
Fig. 2 dlAl & uie} Zo], 4 QnE5H At
g 94 #4 £55 U, =62830t} 283, 2
A& Paidoussis’e] YA & U, =272 9 AY

2o

29

o o

5. AlZb

oct
- O

=

A @nel 9 Fol o]ilstd v|dE F
WA o2 RE, WHY ATHFHL generalized-a
A ZE AEYOd o8] JojAr}. generalized-o Y
£ A&7 fEA, olitEE A 25F o
Zo] vt

Ma,, , +2UGv

+ (K + UZH + UGhnﬂ—nf + N(dm»l-af )= Fn+|~a/

n+l-agp

(30

4714

dn+l-aj =(1_af)dn+l +afdn!

vn+l—a! = (1 - af)vm—l + afvn’

GDh

an+1—a,,I = (1 —a, )an+1 +ta,a,,
Fn+l—a,,l = F((l - af )tn+l + aftn )’

o
2

Eu)
oo,
ot
T

T T T T T

0.0 0.5 1.0 LS 2.0
¢ (s}

Fig. 3 Fluid velocity profiles in the pipe
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Fig. 4 Dynamic rtesponses of the transverse
displacements for the linear model at x=L/2
when the fluid velocity is given by the profile
corresponding to (a) U =0.0,(b) U =50 and
(c) U=80 inFig.3
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Fig. 5 Dynamic responses of the transverse

displacements for the non-linear model at
x=L/2 when the fluid velocity is zero: (a)
the new model; and (b) Paidoussis’ model
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3. (a) the new model; and (b) Paidoussis’
model

B (19914 B AAHU =0 @, Fig. 5 °l
A B ukel o], ¥ ndoA dojx A7HE
g A9 zolrt gtk A, FHAESET} 0 9
obd o, o] EEAL Fig 6 oA Yeld AHH
A2 ozke] zto]lE BRIt} o] Paidoussis 9
2do fi3 $go] NEE 2y vugds o
g 7 F79 o #e 378 sMAYE AL B
&}

6. & &

de ggo] uFHIS
FAE olFdte AdTY AFHHoltt Euler-
Bernoulli B. o] &3 U4l Lagrange HE ES ALE
3t A% Hamilton & Y2 2He 293 3

£

SEEREEL ]
Z_I

W Wgl Ba MY o5 WAL 29
9. o4, EFUgd Pud Ags A2 A4

H At Galerkin HoZ @dojz olAksld WA 2
& /3 14 A5G F5A A +=3Ps)
Kt ‘3%°], AAE 2dH o ANAAL} Pai-
doussis o] 2P <] AldAHA] vt

2 dFdMY AHES thgn Zol 1
K%Y F 3o

() ANE 2de
el g ot} efikaid,
A8 3381 A ek, Paidoussis & A& order-of-
magnitude TAPET WA RYELS ALRHA &
=337 Wil

2 FAE= 0 o W, MR =24
Paidoussis ¢] B9 oFZo] u|E wMEFL o2

p

=

Paidoussis ¢ ZE@X¥T} ¢
AAE AL dx SHY



520 BESSIE

A, F% mde vAdgyes dojd N &
golE A9 Zol7h ok

(G) FASEZL 0 o] ofd B, 2 2EH
Paidoussis &) R de] v|A8 BEA #)4o] <7k

o o)zt AT

Hnes

(1) Paidoussis, M. P, 1998, “Fluid-Structure
Interactions, Volume 1: Slender Structures and Axial
Flow.,” San Diego, CA: Academic Press Inc.

(2) Thurman, A. L. and Mote, C. D, Jr. 1969, “Non-
Linear Oscillation of a Cylinder Containing Flowing
Fluid,” Journal of Engineering for Industry ,Vol. 91,
pp. 1147~1155.

(3) Dupuis, C. and Rousselet, J. ,1992, “The
Equations of Motion of Curved Pipes Conveying
Fluid,” Journal of Sound and Vibration,Vol. 153,
pp. 473~489.

(4) Lee,U., Pak,C.H.,, and HongS.C., 1995, “The
Dynamics of a Piping System with Internal Unsteady
Flow,” Journal of Sound and Vibration ,Vol. 180, pp.
297~311.

(5) Gorman,D.G., Reese,J.M., and Zhang, Y. L., 2000,
“Vibration of a Flexible Pipe Conveying Viscous

=
=0,
ot
=z

Pulsating Fluid Flow,” Journal of Sound and
Vibration, Vol. 230, pp. 379~392.

(6) Semler,C., Li, G. X., and Paidoussis, M. P., 1994,
“The Non-Linear Equations of Motion of Pipes
Conveying Fluid,” Journal of Sound and Vibration,
Vol. 169, pp. 577~599.

(7) Semler, C. and Paidoussis, M.P,, 1996, “Non-
Linear Analysis of the Parametric Resonances of a
Planar Fluid-Conveying Cantilevered Pipe,” Journal
of Fluids and Structures Vol. 10, pp. 787~825.

(8) Fung, Y. C., 1977, “A First Course in Continuum
Mechanics,” Englewood Cliffs, NJ: Prentice-Hall Inc

(9) Mclver, D. B., 1972, “Hamiltor’s Principle for
Systems of Changing Mass,” Journal of Engineering
Mathematics, Vol. 7, pp. 249~261.

(10)Chung, J. and Hulbert G.M., 1993, “A Time
Integration Algorithm for Structural Dynamics with
Improved Numerical Dissipation: th: Generalized-1-
Method,” ASME Journal of Applied Mechanics, Vol.
60, pp. 371~375.

(11)Chung, J., Kang, N.C.,and Lee, J.M., 1996, “A
Study on Free Vibration of a Spinning Disk,” KSME
International Journal, Vol. 10, pp. 158~145.

(12)Chung, J., Han, C.S., and Yi, K., 2001, “Vibration
of an Axially Moving String with Geometric Non-
Linearity and Translating Acceleration,” Journal of
Sound and Vibration , Vol. 240, pp. 733~746.

(13)Blevins, R.D.,1979, “Formulas for Natural
Frequency and Mode Shape,” Van Nostrand
Reinhold.



