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Abstract

The vibration of a curved pipe conveying fluid is studied when the pipe is clamped at both ends. To
consider the geometric nonlinearity, this study adopts the Lagrange strain theory for large deformation and the

extensible dynamics based on the Euler-Bernoulli beam theory for slenderness assumption. By using the

extended Hamilton principle, the non-linear partial differential equations are derived for the in-plane motions

of the pipe. The linear and non-linear terms in the governing equations are compared with those in the

previous study, and some significant differences are discussed. To investigate the vibration characteristics of

the system, the discretized equations of motion are derived from the Galerkin method. The natural frequencies

varying with the flow velocity are computed from the two cases, which one is the linear problem and the other

is the linearized problem in the neighborhood of the equilibrium position. From these results, we should

consider the geometric nonlinearity to analyze the dynamics of a curved pipe conveying fluid more precisely.
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with both end clamped.
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Table 1 Convergence characteristics of the dimension-
less natural frequencies when U =0.
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N First Second Third
5 4.4862 9.9683 19.5900
6 44138 9.8072 18.3573
7 4.3994 9.7149 18.1107
8 43913 9.6699 18.0181
9 43862 9.6564 17.9392
10 43851 9.6444 17.9382
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Fig. 2 Eigenfrequencies € versus the flow velocity
U results from the linear equations: (a)
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Fig. 3 Natural frequencies versus the flow velocity U
results from the linearized equations.

797

L
REE

2(b)ell A o] A HER A2"E
WFALE] E-QFA(divergence) Y-S YERA )
e frEs S27F S F7keke] 3.93 o] EHW A
282 AHA R} FHA Rl JEiido
2 93l ZeE EoHA(flutter) A4S YERA
Hrh o] o] A= H|E vlo]zeoy FAldo] <l
A E=EF AolAwE, A &7}
Hhe-S- & Chen®2] o-FAzte}l {-AFSICH

o HYP x| Hito| A A ste

R

=]

K
Ho
L
off
i
1o

iR
&
il

i
>
rr
1 = 1
[o
)
X
oft kI

N
bl
ol\
N
-
ol
-/
6:)

s

o,

e o2
o, r% =

L g

[ReA.

-

i
o
I3

~
(o]
o
Ir

o 2

N

o
o

Ir
P
)
juiin

[o

Q
~

Misra

o 2
= =~

olft
dpx
N K @

lo

2o o
~N

\n}

oftt 19, 01-['1 F-?l’l
(o

Y
0,

¢

o
[0 = o
e 2% o

N
Ho
ofl
1
ﬂ‘
©
E
o L

rob
£

oft
oX,
o

g
ol
ol
X

2

ot fKl -

ox et
ol
o
X

o rh @ 4 rfu
ol
ol
=
o
o

LN

ot

ol

ol

K

i

oft
1 i, W

et rO

£
i

|

o,

o

2

o
ox
1>

O O
o

T,
(o
ot

=l

My oot xS Y ul

—?L
Ny
=
[-4 1
ok
>

o o M ooff 1%
g2

p
R
ox
tlo
k
v
ol
2 N o

ook g T @

&
-/

Foob 4o o
o oft

4o N ox oo

2
9

i

to
il

>

32

o

ot
Lo

4

%
=

&l
_O|L
52

=

ol

ol

s

| fo
ol
k2

2, i ox
2

Y T o

T
)
ol

2

(

™
F{Uolﬂﬁ._ﬂoﬁﬂ

=0 Jo do

N
K3

¢ (

o
o
o

o A
o

e/
e

I
o
-
S 2oy & Jo o

>rlru_LJ
B o N

o Off
ox, off
offh N, ob =

ol

Rl

2 :{o
to 22

e

2
off
J|m
B
>
o
b
9



2004

Fero]l AA g WAY TP Boby AFES
A g2 o 4 Ak
% 7|
BodvE dFasld Aousheeei
2] 90 A 7-(R05-2003-000-10305-0)= =8 = gom,
oo 7+ =@uTh
Hnesl

(1) M.P. Paidoussis, 1998, Fluid-structure interactions,
Volume 1: Slender structure and axial flow,
Academic Press.

(2) V.A. Svetlisky, 1977, “Vibration of tubes conveying
fluid,” Journal of Acoustical Society of America, Vol.
62, pp. 595~600.

(3) S.S. Chen, 1972, “Vibration and stability of a
uniformly curved tube conveying fluid,” Journal of
Acoustical Society of America, Vol. 51, pp. 223~232.

(4) S.S. Chen, 1973, “Out-of-plane vibration and
stability of curved tubes conveying fluid,” Journal of
Applied Mechanics, Vol. 40, pp. 362~368.

(5) J.L. Hill and C.G. Davis, 1974, “The effect of initial
forces on the hydrostatic vibration and stability of
planar curved tubes,” Journal of Applied Mechanics,
Vol. 41, pp. 355~359.

(6) A.K. Misra, M.P. Paidoussis and K.S. Van, 1988,
“On the dynamics of curved pipes transporting fluid.
Part I: inextensible theory,” Journal of Fluid and
Structures, Vol. 2, pp. 211~244.

(7) AK. Misra, M.P. Paidoussis and K.S. Van, 1988,
“On the dynamics of curved pipes transporting fluid.
Part II: extensible theory,” Journal of Fluid and
Structures, Vol. 2, pp. 245~261.

(8) C. Dupuis and J. Rousselet, 1992, “The equations of
motion of fluid conveying curved pipes,” Journal of
Sound and Vibration, Vol. 153, pp. 473~489.

(9) C. Dupuis and J. Rousselet, 1993, “Hamilton’s
principle and the governing equations of motion of
fluid conveying curved pipes,” Journal of Sound and
Vibration, Vol. 160, pp. 172~174.

(10) C.H. Pak, S.C. Hong and T.J. Kim, 1997, “Chaotic
vibration of a curved pipe conveying oscillatory
flow,” Trans. of KSNVE, Vol. 7, No. 3, pp. 489~498.

(11) S.I. Lee and J. Chung, 2002, “Nonlinear vibration
characteristics of a curved pipe with fixed ends and
steady internal flow,” Trans. of KSME (4), Vol. 26,
No. 1, pp. 61~66.

(12) SI. Lee and J. Chung, 2002, “New non-linear
modelling for vibration analysis of a straight pipe
conveying fluid,” Journal of Sound and Vibration,
Vol. 254, No. 2, pp. 313~325.

(13) R.D. Blevins, 1979, Formulas for natural frequency
and mode shape, Van Nostrand Reinhold.

798



	Paper List
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장

	Author Index



