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Stability of Pipes Conveying Fluid with Distributed Follower
Force on Two-parameter Foundation
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Abstract ; Stability of clamped pipes conveying fluid with distributed follower force on Paster-
nak two- parameter foundation is studied. The differential equation of the pipe movement is es-
tablished ,and transfer matrix method is employed for solving the dimensionless equation. Based
on the critical flow velocity and the variation of the complex frequency,the influences of the
distributed follower force and the flow velocity on the stability of pipes conveying fluid on two-
parameter foundation are analyzed for four foundation stiffness combinations. Numerical calcula-
tion shows that:the stability of the system with the same foundation stiffness varies greatly for
different distributed follower forces and different flow velocities; the foundation stiffness has

great effects on the stability of the system with the same fluid velocity and the same distributed
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follower force ,and the effects of the shear stiffness is greater than the linear stiffness.

key words: two-parameter elastic foundation; distributed follower force; fluid-conveying

pipe ; stability
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Fig.1 A clamped pipe conveying fluid with distributed

follower force on two-parameter elastic foundation

e B LB L TE AR S A B TR B8
RN
El%fw(L—x) 27’;’+MU2‘;7’;’+
0w
0x 0t
Hor o (a,0) WETERL AL 50 NI ET 9
YT WIBE ;L T K ¢ iR Y125 1)

2
2MU +(M+m)(2712”=0 (1)

FI A BE I TT s m A4S T B K B U s M oA PR
KB FE WA E U B N,
TEZL (1) i Pasternak M3 7 F.
F(x) = Fy(x) + F.(x) = Ku(x) - caz”a”#
(2)
TS EO L T 434 FE A6 T S i 8 1 1 32
S TR

E1841'U(9§,t> + [l](l —X) _ GJ aZW(DZ,t) +
ox ox
e ) oy PG
ox’ 0x0t
‘92“’(7’2“”“) +Kw =0 (3)
ot
Hirp KR G 43 1) by 25 555 28 vk i 55 W) 32 R0 BT 4]
Il EE .
IV NP
w x El t M
PE R T A e P T e

_q M _ KLY 6Ll
Y=gt =gtk = e = g )

BT (3) f o e i A

in, [ +y(1 -¢) -¢] i,
a¢! g
2w B LN 0 (5)
afaT 872

2 AL SE s
TG R Sk R (5) WA, B
mmﬂ=§mw (6)
R (6) [CAFRE(S) 15
a)‘: - [u2 +y(1 =§) —g]a)i +2u@wn +k =0
(7)

AR B vl A R R 0 B M |
BTT1 Q MRS w(x,0) ZIISEHRN

_ dw(x,t)
0 = 0x
17} O w(x,t)
M = El — = FI —=>+~
. Py (8)
0 __ oM __M
T 9 ox’



5508 £ 2 )

BORLTAE USRI 1A B /5 i O A S A R 105

A (6)RAK(8) IR (6) XAF 4 407
e, 5 RO T

w d, d, d, d, (A,
0 _ a,d, a,d, ayd; aud, || A, (9)
M b,d, by,d, byd, b,d, ||A,
Q cd, c,d, cdy cyd, )N,
Horp
d, = e ,a, =iv,,b, =-Elo., c, =- Eliw,
TRE(9) a5 e Mg
[Z] =[0(x)][A] (10)

RAXT T A A A n BOTE Y.
x =0,z =z, x =1,z =z,
TETTRE(10) 2 x = 0 IS,
A1 =[] [2],, (D)
D) FRA(10) P
[z], =[] [Q)] " [Z],, (12)
[LEGIEBE =S EN R UR S USE
w(0,t) =w(l,t) =0
ow(0,1) _ ow(1,t) _
0x 0x
B [R,] AT [R,] J000 g i Ui 48 16 2 A7 A
IR FRAT AT FRARA R (12) P15

0 (13)

[S][z] = [0] (14)
Ho [8] = [RJ[BI[R,]
A AT AR R AT
Det|S| =0

BECHI N R GE A T5 A
T SV

3.1 ZEKRIGFRE

T SRR R AT R R AR R A, 15 2 =10,
k=10;g =100,k =100;g = 1000,k =100; g =100,
k =1000 Fsf i I 5108 A 02K e TG o 4 i S0 7 e,
BETCHE Y73 AT BE N T y (y /T Z0 I 2 B O 3 7
] 5B M 7 I AH D) AR AE G R, ARl 2 .

I 2 Rl LUE Y DR EE ¢ 1k R R,
G TE R SRR T et 4 I SRR A b B A i
TT oy (3 TN 5 2 B I AE 2,20 13X A4S
JE RIS I AL 5 2 Bt DA g s i R B, 24 B M
H#2 20 5, % T g =10,k =10;2 =100,k =100;
g =100,k = 1000 11 75 , i B\ 7B K, %F il 54 3t 3
FRISZ IS /]S | 24 Bl I T (B I 100 BsF, Ifs 55 300 i 422
T BT R 55 Bl 77 77 [l R 52 A% i AR ki
AR A & A 2 Fa s T X g = 1000, & = 100 T

L BE T L 20 S5, O I 5 3 2 4 5 e A5 9K
B, AT LA 2 b 5 M 8 241 5 68 T i 9 A I
RAS e LA AR,

20
18f

—_—=10k=10
ey ----g=100,k=100
14g ——=10004=100
) N [ g=1004=1000

10 20 30 40 50 60 70 80 90 100
Y

2 AEMEN ET T 2RI iRERE
KERTTHBEMFEHIEL
Fig.2 Dimensionless critical velocity vs
dimensionless distributed follower force for

different foundation stiffness coefficients
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