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Holmes! % , «
. Paidoussis| " ,
) 4 y
1.2
Bajajl”! Paidoussis' ' Lundgren!® ,
v B; o ( )
( )s ; Hopf
Bajaj  Sethna!* ' , ,

2 ?

Rousselet ~ Herrmam! " Krylov_Bogoliubov ,
) S_ §
Paidoussis! ' , Hopf .
1.3
Paidoussis ~ Moon' ™! -
, * Paidoussis  Lil™
) , Hopf
Heinsbroek Tijsse]ing[ 3] ,
Paidoussis  Cusumano! ' (fractal dimension) .
, d.= 1.03 ;de= 1.53 ;
de= 3.20 .

1.4

Hamilton
(Poisson Junction  Friction LTy L8],
mu 4+ myip+ mf[v‘?u’+ 2qu/>+ v}u”+ L‘L‘LL/]+ Py + LH/C%'—
[(1=2V)P(1+ & )] = g(1- 2V)d'w - gmi(1- 2V)(1+ ' )w' -

EI(Tw'w®r w'w ) - EA[,(u”+ 3 + wlw”) =0,
mo + my(vpw’ + oS+ wr + viw )= mp(1— 2V) 1w+ Py ¢k -

(1)
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[P(1=2V)w ] = gmi(1= 2V)(w'w+ w'?) = EI(d"w + 6u@" +

90 wB+ 4u'w )+ Elw - EAP(u”w/+ u/w”)— mg = 0, (2)

oyl (1= 2V)(wr o)l = (i + )] -

mi(1- 2V)(+ Wb+ wid) = 0, (3)
P+ mp(i+ v+ mpww + gnrw + %Q‘Q‘I ol =0, (4)
, u ;W ,;m + s my
ur ; P ;v Poisson ;K ;R
of ;D s E o ;8
;A ; CF Korteweg .
, , [19] [20] .
v o w 5_ D < z o 6
u = La w = L; D_ L; g_ L’ 6_ L;
2 2 2
vr = %ﬂ, cr = %C[v‘, T= n%t, P = ILZ’_]P’
m o |mL? _ M,
¢= g = JE® P
, O ;L sl . , § <

D, EAy = GAGEI/D’* (1)~ (4)

u+ Bp+ ﬁ[v?u/ + 21fu/>+ 1]f2u”+ iiu/]+ P+ uﬁ/czF—
[(1=2VP(1+ u )] - gB(1- 2V)u'w- gB(1-2V)(1+ u )u -

(7ww@+ w/w””)— 646(u+3uu+ww)— 0 (5)

W+ Blow + v+ we + vp ) — B(1— 2V) ot Pu G-

(1= 2V)(Pw' | - gB(1- 2V)(ww+w )+w - (uw + 6u@” +

/ 7 6485 » o

9u'wd 4u'n’”") - Dg(uw u/w”)—g: 0 (6)

Po— B3(1-2V)(w+ v)u' - (b + v)] -

BE(1-2V)(wo+ dvd+ wwb) = 0 (7)
P+ Blu+ vp)+ Bow + ng/ + %U%Z 0 (8)
(8) [0, & :
P 8 s v i+ Lf|dem o+ Posr s %)
, Po wo y (7) (9) (5)

(6). :
[1+ U«B]u+ 11§1?+ B[vﬁz’ + 21}/L1§+ vfzu”+ iiu/]+ U«B(q’+ u?(ua”+ ufu”+
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Bt uie+ w/u)é)+ Wuw” + Uﬁ]v%— gllB(u”w+ u/u)’) -

(7w”w@+ w/w””) - 6(u1/+ 3 + wlw”) = 0, (10)
w+ Blow’ + v+ vjiw’ — we] + W+ Dwn + Mef b + i ] -

Wow' - Wywow + W' [+ w+ ww + w}]-

nn 7 7 nn n

(u w + 6u@” + 9w+ 4u'w )+ w - 5(u”w’ + u’w”) -

V4 g .. .o /
g+ Wby jo[(u+ P + ww + Ovj%]diz 0, (1)

, M= (1-2V),a= /D, 8= 648/D°

» V0

(1),

U= vo+ v, (12)
;v . (12) (10)
, wo= 0, :
[1+ W]+ B2+ Wood+ B(l+ Wodu' = & + B(l1+ Wjo>
B[m’ + 208 + (vov + vz)u”+ iiu/]+ U8uw + Uﬁ)o(ua”+ o+
Wi+ wud) + WB(v+ LH[IRL”+ (vo+ U)u”+ >+ W+ W]+
abB(vi+ 2vov + v7) - gUB(u//w+ u/w/)— (7w”w@+ w/ww/) -
§(3u'u + w'w') = 0, (13)
w+ 2B+ Wawdw + (Bi- BPo+ BPo+ Mwi&)w + w” +
W o + Brow' + 2wPv+ (2000 + vz)w”— we> | +
WB(v+ wwn + MRo(ubu + v )+ BB [+ >+ ww +

nn s rnn

a(2vov + 1}2)]— (W + 6u@ + YU wOr 4uw ) - S(u”w/+ u/w”) +

3
um”fo[(a'Jr v+ ww + a(2v0v+ ) ]dE— g = O (14)

€> 0 , u=0w=0 v=20
, uww v ST ST N ),

[1+ BBJu+ B2+ Wb+ B(l+ Wodd - & =

- B(1+ B>~ 2abBov - 8[3(1)21/+ 2wE+ o + wu ) -

e B+ ww’ ) - SUBUO(ZIRL”+ 2ou’ + U ub+ w'ib) + by’ +

?gUB(u”w+ Ww' )+ 8(71,0”10@4- wlw””)+ 86(3u/u”+ wlw”) + 0(€), (15)
w + 2Boud + Wawdw + (- BPo+ BRwiS)w + o' =

- eBwr + v+ wom” — Wb ] - e o — e’ (4 + v 2mwev ) +

nn s ’nn

&u w + 6u@ + 9 wd 41w )+ 86(u”w/ + u/w//) -
3
sum”J.o[(iH v+ 2awov] ds+ O(€)s (16)

[1+ BB+ B2+ Wb+ B(1+ Wodu' — & = 0, (17)

w+ 2B+ Wowdw + (Bi- BPot+ Wwiw + v = 0, (18)



955

(1+ B)>+ 2abyor = O° (19)
(19) :
2aky
v = UOACXp[— li ST] * (20)
s T=0 , . (17) (18)
Ve )
, vo ( ) [3]
(17) :
)
M= M- [voB(2+ U)ﬂ%,,l(l)]\[4joﬂo, n(é)dé] , (21)
B }\O,nz 1(*)n . W, = (271— I)JTCP/Z
. :To.a(&) = sin/(2n~ 1)T&/2] @,
v = e SR (2)
(B+ ll}v%— S
* 1+ B uz= 0,
(3)
284+ B

>+ 14 poou2— ul= (0

. B2+ Wk - 1+ HB) N,
N2 &) + B(i:uﬁrhz(@ + mﬂuz(i) =0, (24a)
B o
(%) = %mz(é)— XNa( &) (24h)
_ _ (RPV), n
&, .
R e A [P T (25
Ain€Pw B(2+ u) V0 M . .
Nin(&) = exp/— ¢Wu] (cos Wun— CSinwm)[ 1+ bB oS Gy~ %Lsmwm%
(25b)

G )\ (1+ U%! .o 1 B2+ Bwo
N+ Whi- & 2 [rB1+ Wod— & (1+ u8)’

de‘l)oﬂ

P, = Bcw()Aexp[— T U

(26a,b)

W= - Hadwa— (Bd— BP0+ Vwi&wr— wn,
= — 2Bliow/2+ wi°®
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Moo &)+ (Bd— Wo+ MBawdE) Ma(E) +

(280N + MBawd)No(E) + BNa(E) = 0, (27a)
N(&) = AT2(E) + 2BoT2( &), (27b)
Mo 0) = Ta(0) = Ta(1) = 1(1) = 0, (28)
})Un: })U(),n_ ['U()an%(),n(l)]\[él'.roni'o’ ”( a)dq: (29)

B }\00, n = lwwn 5 Wyn
1+ cos [ Wuncosh m =0
. (27a)
b= Wb+ N = - (Buo+ Uaf 5E) 62— (2B o) + Habg) b (30)
V0 , , b= bo+ vob()
4 2 2 1 _ }MO)!OI"' B)M)bo
bo— HPobo+ No= 0, b = WP obo — 2b0 (3la,b)
(31a) bo 4 Moo= 190
bor = J_ J ’U2P0+ 4wuo+ WPy, by = 1_ J IU2P0+ 4(*)30— HPy,
[)032 J,IU2PQ+ 40)u0+ I'P(), [)04—— 1 J ]H2P0+ 4(0%4 - HD()
(28), bi= boi+ vobi (z: 1,2,3,4)
N,(&) = Ciexp/ b1&] + Caexp[ b2&] + Csexp[ b3&] + Caexpf bs&], (32)
bs3— b1 ba— b2 bi— b2 ba— b2
Ci=10C=- b2— b3 b2- b3C4’ Cs = b2 - b3+ b2 - b3C4’
oo (b2- bs) biexp/ bi] + (bs— bi)biexp/bo] + (bi— by)biexp/ b3]
T (ba— by)blexp[bs] — (ba— ba)bexplbof + (ba— bs)biexp/ ba]
(25a) (32)
RPV , , I* 1~ 4
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1 RPV
L=10m K= 21GPa
R =0 026m 9= 1000 kg/m*
6= 0003 m By = 0 001 Pas
E = 210 GPa Hy,= 10m

P, = 7900 kg/m?
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Analysis of Nonlinear Dynamic Stability of
Liquid Conveying Pipes

ZHANG Li xiang', HUANG Wen_hu’
(1. Department of Engineering Mechanics, Kunming University of
Science and Technology , Kunming 650051, PR China ;
2 School of Aeronautics, Harbin Institute of Technology, Harbin 150001, P R China)

Abstract: Nonlinearly dynamic stability of flexible liquid conveying pipe in fluid structure interaction
was analyzed by using modal disassembling technique. The effed¢ of Poisson, Junction and Friction
couplings in the wave flowing vibration system on the pipe dynamic stability were induded in the ana-
Iytical model constituted by 4 nonlinear differential equations. An analyzing example of cantilevered
pipe was done to illustrate the dynamic stability charaderistics of the pipe in the full coupling mecha-
nisms, and the phase curves related to the first four modal motions were drawn. The results show
that the dynamic stable characteristics of the pipe are very complicated in the complete coupling
mechanisms, and the kinds of the singularity points corresponding to the various modal motions are
different.

Key words: piping flow; fluid structure interaction; nonlinear vibration; bifurcation



