LS A 53 A A 69 A 235, pp. 233~244, 1996.

5 O % O 33
ZHAEHES T3

i 5

) to] Ao EE

ELE o7

Chaotic Vibration of a Straight Pipe Conveying Oscillatory Flow

ub g 3

S Z] *
o A

T Ok ®x
A%

Chul-Hui Pak, Sung-Chul Hong and Wook Jung

<1996 24

Key Words : Oscillatory Flow (2 %-$-%), Averaging Method (3 Ein: R
g3 %), Melnikov Method(MelkaV uial)

clinc Orbit (3.2 =2

2991 4119964 49 49 A4}

2
o
N

Chaotic Motion (&%-2%), Homo-

ABSTRACT

In this paper chaotic mothions of a straight pipe conveying oscillatory flow and being subjected to

external forces such as earthquake are theoretically investigated. The nonlinear partial differential

equation of motion is derived by Newton’s method. In this equation, the nonlinear curvature of the pipe

and the thermal expansion effects are contained. The nonlinear ordinary differential equation transfor-

med from that partial differential equation is a type of Hill’s equations, which have the parametric and

external exciation term. This original system is transfered to the averaged system by the averaging

theory. Bifurcation curves of chaotic motion of the piping system are obtained in the general case of

the frequency ratio, n by applying Melnikov’s method. Numerical simulations are performed to

demonstrate theorectical results and show strange attactors of the chaotic motion.
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and solid lines on -3/ 8w space

2400 32 ASESHEEX A 6H A 25, 19969



ZHAFHEE EYPI Aol LAY FELE oI

Wste] wel szl 224 3/00=R. (a7, Fig. 8 n=1.759 w} 2§42 A (24)o] o}
Qiv) s 27 Aezs Falo] $lEe] EERFo 7}#) Awoh:} Fig. 8(a)i= Fig. 79] s.m=zeld 2
dhAsts ofdelch n=13} n=3 o|4al AH5d H 7124 ofefed Ao E'YH‘%“}% w7 kel -2 4
$oll= Melnikov g7} fol]l fAIGle] AF AF57) FF7) A8 %% e Hal 3RI] B7)F
of EEggo] WASA Tk a=13 n=3 o] A vk sledo) s kel 4 $= Fig. 8(b) 9}
Aol Apal Ao el Ae obA AFE alrp wx zrol  F7]wl 7} 7] & 4 (period doubling bifurca-
womy otoge] olFxefo} sz}, Fig. 79 4 tion)o] WS o 4= gt} Fig 8(c) & 3=
el o] AFgu| pell uwel FELFO Eaoiod o RIS Absbededo) e S gkl wolt), o)
o] o]gHog deolEglermg, o Axe c}Lg] e M EEA E7 (chaotic attractor) & whA
TR ML Tl st gt & = olrh Fig 89 Zolahe] A4k Esle] &=
TEOR ks ARVE F7)uiE Bl o 4 )
5. x| sHA t}. Fig. 92 Fig 8¢ sjwsle= x| zk-&we|c}, Fig
10a), (by= HdA2®e] J-¢ F7k3 r-s F7HAF
Fig. 7e] Asjse} zro] 255w noll e} &2 ol e Zelzte] Abge @] HFA]AEle] vo]al
Zo] Eajeiodo] o2 o g motElgjorng, o] A E7Y (strange attractor) S ¥} w&s)A] st ==
2 agAlAE Al (24)9} HFA|sE A (33) 9] sith. Fig. 113} Fig. 123 2b7F ,—0.2590 o 35
T g T3l AEstaxat gk 2F5Hl xo) Alzwlzh PFA| AL molvbe] AbAFo. @ g —
03 291 79 oHalx= Yangasaki'™“eo] 1% 17581 799 mprbRE mfAaEle]  zolyle
3l #HEE H} LB, & Aol duk "P‘“ﬂ/ﬂ Tl 7k o] WS B 4 glow,
]l R FH] 259F n=1.75%1 7ol sl A Fraely B34 Adakod o) sjejnle|ghel A o

LA e 3t ﬁé‘&*]i*ﬁé}ﬂ Zotate AR (Poincaré A BEEEO] wage o 5 glr)
map) #} A]7H-g-5} (time response) & & 54 olg} 2 FANMN AT} TELFo] LAY A
o] Wizle} EEEFo EAME mAsn)h AlE vieldl= Fig 79 32 38)Y 2734 Abure

0.1 0.5

0.063

D oL

9" 0025

) .
N

-0.012

-0.05 I -0.5

-0.7 -0.657 -0.615

)

(a)

-0.572 -0.53 -1.4 -0.975

=0.19; (¢) 3=0.45 when ;,=1.75.

PR [ o I

78.528K 79.561K £0.594K 81.627K 26K 78.528K 79.561K

-0.55
)

(b)

Fig. 8 Poincaré maps of the original system (24) with 7=02, 7 =0.15, » =114, § =

£0.594K

ke

-0.125 0.3 -4 -2 0 2 4

(c)

0.004386, and (a) 3=0.025; (b) 7

81.627% B266K 78.561K 20.594K 81.627K 22668

Fig. 9 Time responses of the original system (24) with g=0.2, 7=0.15 w=1.14, §=0.004386, and (a) F=0.025; (b)

F=019; (¢) 3=0.45 when ,=1.75.

SI2LSFEZTEEX| A6 A 2%, 19964241



3.531 +

2.665

0.934

#/en T

(a) {b)

Fig. 10 (a) Poincaré map on ¢-J space (b) Poincaré
map on ;-5 space, for the averaged system with
a=2, y=15,2=3, 1,=20, pg=19, and pdw=
05 when »=1.75.

l

-

0.053

9" 0.035

)
/

0.018

:
|

o !

" ]

0 |

-0.64 ~0.627 -0.615 -0.602 -0.675 -0.35

9 9

(b)

-0.025

JR S S— .

(c)
Fig. 11 Poincaré maps of the original system (24) with
@=0.2, y==0.15, »=1.14, § =0.004386, and (a) 5
=0.025;(b) 3 =0.82; (c) 3=1.25 when »=0.25.

7.8¢ g
! " |

1.971

0.00¢

0.3

-0.5 0.25

-0.25 0 -
w/2m T

(a) (b)
Fig. 12 (a) Poincaré map on ¢-J space (b) Poincaré
map on r-s space, for the averaged system with
@=2, y=135, @=3, v,=20, y3=12.5, and péw=

0.05 when 12=0.25
242 /3t A

SrEZetsx /A 6B A2z, 19969

ozl Ase 2

X

do o fe

o

=5

A

et
arzazgd A%
orbit) o} 12 s LA st= lo] ZA
FAdAdE ol

=

EHoR &

?m_{>_%§20}nJ

lo
id
Ju

wowd X0 N o M o0 o T o

2o

B ool 199 s s s draidal ()
Ag-8F . ME 94-D-09) ol °]3}e] ad7-= 9l

a4

©-
i}

1kl

P2

(1) Housner, G. W., 1952, “Bending Vibrations of a
Pipe Line Containing Flowing Fluid,” Journal of
Applied Mechanics, Vol. 19, pp. 205~209.

(2) Pdidoussis, M. P., 1966, “Dynamics of Flexible
Slender Cylinders in Axial Flow, Part [ and |,”
Journal of Fluid Mechanics, Vol. 26, pp. 717~751.

(3) Chen, S. S., 1972, “Vibration and Stability of a
Uniformly Curved Tube Conveying Fluid,” Jour-
nal of Acoustical Soc. of America, Vol. 51, pp. 223
~232.

(4) Chen, S. S, 1972,
stabilites of Curved Pipes,” Nuclear Engineering
and Design, Vol. 23, pp. 29~38.

(5) Chen, S. S., 1973, “Out-of-Plane Vibration and

“Flow-Induced In-Plane In-



.
EETE AT

Stability of Curved Tubes Conveying Fluid,” Jour-

nal of Applied Mechanics, Vol. 40, pp. 362~ 368.

(6) Pak, C.H., S.C. Hong, and T.Y. Kim, 1991, “Out-
of-Plane Vibration of Angled Pipes Conveying
Fluid,” Korea Nuclear Society, Vol. 23, pp. 306
-315.

(7) Chen, S. S, 1971, “Dynamic Stability of a Tube
Conveying Fluid,” Journal of the Engineering
Mechanics Division, Proc. of ASCE, Vol. 97, pp.
1469~ 1485.

(8) Pdidoussis, M.P.,, and C. Sundarajan, 1975, “Par-
ametric and Combination Resonances of a Pipe

Trans. of ASME,
Journal of Applied Mechanics, pp. 780-784.

(9) ukH fs] el &, 1991, “ul =]
A w"r%% i%‘ g J} l Aol AN, "

, A53, pp. 1512~1521,

(10) &4, 1992 ]Xé% Wifres 2 g

el A% o A dskesta

Conveying pulsating Fluid,”

o] © Al BAA,

(11) Lee U.,, CH. Pak, and S.C. Hong, 1995,
“Dynamics of Piping System with Internal Un-
steady Flow,” Journal of Sound and Vibration,
Vol. 180(2), pp. 297~311.

(12) Pdidoussis, M.P. and F.C. Moon, 1988, “Non-
linear and Chaotic Fluid-Elastic Vibrations of a
Flexible Pipe Conveying Fluid,” Journal of Fluid
and Structures, Vol. 2, pp. 567~591.

(13) Piidoussis, M.P., G. X. Li, and F.C. Moon, 1989,
“Chaotic Oscillations of the Autonomous System
of a Constrained Pipe Converying Fluid,” Journal
of Sound and Vibration, Vol. 135, pp. 1~19.

(14) Pdidoussis, M.P., G.X. Li, and R.H. Rand, 1991,
“Chaotic Motions of a Constrained Pipe Convey-
ing Fluid,” Journal of Applied Mechanics, Vol. 58,
pp. 559 ~565.

(15) Melnikov, V.K. 1963, “On the Stability of the
Center for Time Periodic Perturbations,” Trans-
actions of the Moscow Mathematical Society, Vol.
12, pp. 1~56.

(16) Holmes, P.J. and J.E. Marsden, 1982, “Horse-
shoes in Perturbations of Hamiltionian Systems
with Two Degree of Freedom,” Communications
in Mathematical Physics, Vol. 82, pp. 523 ~544.

(17) Yagasaki, K., M. Sakata, and K. Kimura, 1990,

“Dynamics of a Weakly Nonlinear System subject-
ed to Combined Parametric and External Excita-
tion,” Journal of Applied mechancis, Vol. 57, pp.
209~217.

(18} Yagasaki, K., 1991, “Chaos in a Weakly Non-
linear Oscillator with Parametric and External
Resonances,” Journal of Applied Mechanics, Vol.
58, pp 244 ~250.

(19) C. Semler, G.X. Li and M.P. Pididoussis, 1994,
“The Non-linear Equations of Motion of Pipes
Conveying Fluid,” Journal of Sound and Vibration,
169(5), pp. 577 ~599.

(20) Pdidousiss, M.P., Issid, N.T., 1974,
Stability of Pipes Conveying Fluid,” Journal of
Sound and Vibration, Vol. 33(3), pp. 267~ 294.

(21) Guckenheimer, J., and Holmes, P.J., 1983,
Nonlinear Oscillations, Dynamical Systems, and
Befurcations of Vector Fields, Springer-Verlag,
New York, Chap. 4.

“Dynamic

= =)

*E"JE_LQ'] }l} (46)% ] ]—Ui E]——g— ]— Lo] % _’,: 31

o},
M. () = M) + M) + M) +ME(H)
+M{(h) (A1)
o] 7] A
Mt :f”wlm{m, B cosua (= 1)
— (A~ B)siny (f + t) ) ¥, (A2a)
M2t :f:wh(n{ Q- 3ar. ()
ycos¢
TR G) 0
><{ Aycosyy(t =+ f) — Assinyy (f + £) }(/f.
(A2D)
M;’(ro):fzawun{ .Q+2 . (1)
COS q‘u(l‘) .
- '"V??j’] }(/f B (AZC)
M2k */ if( {Q S gt >}{—erm
a0 — Hy | x{ Aicossli+ 1)
— Ausinyg ({ + t) }dt, (A2d)
SR ASTNESSEEX A 641 A 2%, 19963 243



"3 A S
L ]
o ¢ 2 b + : +
M2 :/ _ZBJ;Z(I) {—.Q+%a/]r(z‘)} fé;smhg(élyo@o /3ap) }As (A3b)
- » .
x{ Ascosy (¢4 f) + Assinug (1 -+ 1) }dt, M (lo) = Ja { g oaT 2 } (A3c)
(A2¢) M) = 287AL [ 812 cosh (418 /3ap)
=Ny sinh (47ve/30) | 27
o] uf 3 9
- < (,Q——ajz)<9+——ajg)—u§}
_ nsin(nr
A= (=D 7 cosum), 8Voj2 sinh (41,65 /3ap) /Q a'/ )2]
3a z
_ nsin(nr)
A=y sin(nr), (A3d)
z sm(?Z?{L , ersy — BrAa { 16v0j2 { >2
As= —Dr sin(n7), ME(h) y? sinh (4 7v0/32p) a 2= a/]z
A= 2(}5112{(21?}%—605(;171), X cosh (4vo 65 /3ap)
: _ 16 . 2
Bxiéﬁl%fﬂ)cos(nn), +M2W{ 18“-Q]Z<Q “%‘d/z>
B— sin{nr) ) Gin (). +<Q+gajz><_(2—-3—ajz>u§
nr 2 2
oltt, - }sinh(z{yuﬁ(ﬁ/ Sap)} (A3e)
BEL A B9E A (A2l disista A E N . .
gl 4 (Al 4% Wshd chget ol m o W=b =G garcosl(n )/
(ri—r)1, p=(—rir)Wolx
o},
A=A sin(nf) +As cos(wb),
Me(t) — 7378w sxr;lh 4106 /3ap) AB,  (A3a) Ags= As 08 (volo) + As Sin (yots)
83; sinh (47/3ap) ABp= (A~ By)sin(voh) + (As— By) cos (vol)
_/T—{
k) = Sasmh 0/ 320) —3vpcosh(4uel5/3ap) o]},
244 /S22 ASFE2EE|X| A6 A 2E, 1996




