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Dynamic Stability of an E'lasticallv Restrained Cantilevered Pipe

Seong-Ho Jung, Bong-Jo Ryu, Oh-Seop Song and Jong-Won Lee

ABSTRACT

The paper presents the dynamic stability of a vertical cantilevered pipe conveying fluid and having an intermediaie

translational linear spring. The translational linear spring can be located at an arbitrary position. Governing equations are

derived by energy expressions, and numerical technique using

Galerkin's method is applied to discretize the equations of

small motion of the pipe. Effects of linear spring supports on the dynamic stability of a vertical cantilevered pibe

conveying fluid are fully investigated for various locations and
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with an intermediate linear translational Bl
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Fig. 2 Critical flow velocity and instability types
depending on the spring stiffness and spring

position( £,=0.1, 0.2, 0.3, 0.4).
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Fig. 3 Critical flow velocity and instability types
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Fig. 4 Critical flow velocity and instability types
depending on the spring stiffness and spring

position( &,=0.8, 0.9, 1.0).

Fig. 3¢ 2439 2238 YA &7t £=05
06, 079 wi, ~Zg Aghel Wald W dA
F&gke WalE Jegd 1ol

ol 1¥E T & 5 UE: AL Ao nAd
~xale] Ao =T F5ike %7M\ ﬂ‘rﬂ
g E<HF vt Fey e EUgA
A whatygee] Bty oz Holst. eg_omq_ 3
olty, F, 1ol 2 AKol, &=05% £,=06

o ASE 2=y A4l Sl wg EeHE
dosle dAREFel F/EGs} 5H 2=y
gl A AAFE;el AEPZE o] A
o) BotAE dogivh =%, dardEee Bl
dojud, ~xe) Agghel Frte wel JAFE
#e Zado adu, £=079 AAME 2=F
daarel okl wer BdAel dojde d4L
£,=05% £,=069 Z¢s Tdad, ey B
Ao f&gelA Az WAy BSAY o

A% 4 ke veba,

Fig. 4= 2323 93 £,=0.8 0.9, 1.0°14,

3 Aegs T GE AAFLge BaE U
Bl adolth of AYE £-079) Aol @
of A3z Aagrol K-10%E Zrbaol e =
dE Wele BAAM WAy BAPor Hol

7b dojubn, dAKE&akol FEEAsA g
80
70 -
O tst
60 - u=90 O 2nd
= 2 & 3
E 50 < 4
g 40+
3 6
s :
g 30+ 2 u=0; =7.42
W 201 4 :
8 10 § fog 1
104 /j 425u=°
84 e :
o 1 L) T T T
-50 40 30 -20 -10 o 10 20

Eigenvalues, Re(})

Fig. S5 Eigenvalue trajectories depending on the flow

velocities( £,=0.1, K=10").

Fig. 5% Fig. 62 ol® 54 233 45a%
zxel AANA, AFRe A 34 nfA
W e BelFe 1%35014

WA, Fig. 59 A$E #+% 2#=0001 4 &7}
ol w2} 1249} 32} REE "Jé%% HojF Ak
22 Rrol QoM E #,=7428 BAZ {530

A

=
=
nfAe et

z7 8wt 9k (positive) 2]
#ez ¥EHo Zoiy HHY BUHE do

-205-



L = x o 2
oz FHE CAFHS EUdAol dojds ¢ F
Ah
80
707 o st
O 2nd
01 u=0 a 3
_ 2
E 50 4 M
‘
; 40 -4
= 6 :
Z 304 42 u=0:
3 10 :
w20 g6 :
10 ~4 M
© u =635
° y T T r ./ T
-50 -40 -30 -20 -10 1] 10 20

Eigenvalues, Re{A}

Fig. 6 Eigenvalue trajectories depending on the flow
velocities( £,=0.9, K=10°).

4.8 =

9 AAY 4B FA55RY FHADA
FAHY 2 Bew ge BEE

32 ox

L4 2@
. s
0 f.?L

—
—

o>' rlr :ﬁ
21_4
rd

1shd —m‘el X &7F & <0494
%EH geo) EBerAuio] WA Axy
Fghol F7hgol whet AARSkol FUHETh
(2)1314 £,=050) 4ol M ~Ax8 Adghe] =
7hgel weh Zeledl A datd e *’o%zgosa
o] ezt dojdnh. EF, Wiy £AF
dojdFols 22y Frge Frbd we ¢

AfSae gt
AR
(1) Ashley, H. and Haviland, G., 1950, “Bending

of a Pipeline Containing Flowing
ASME,

Vibrations
Fluid”, Journal of Applied Mechanics,
Vol.17, pp.229~232.
Benjamin, T. B., 1961,
System of Articulated Pipes Conveying Fluid (I
Theory)”, Proceedings of the Royal Society,
Series A, Vol.261, pp.457~486.

Benjamin, T. B., 1961, “Dynamics of a
of Articulated Pipes Conveying Fluid
of the Royal
pp-487 ~499.

@

“Dynamics of a

(3)
System
(ILExperiment)”,  Proceedings
Society, Series A, Vol.261,

)

&)

(6)

M

®

®

(10)

(n

(12)

13)

-206-

Gregory, R. W. and Paidoussis, M. P., 1966,
"Unstable Oscillation of Tubular Cantilevers
Conveying Fluid(I. Theory) Proceedings of the
Royal Society(London) A, Vol.293,
pp-512~527.

Gregory, R. W. and Paidoussis, M. P.,
"Unstable Oscillation of Tubular
Conveying Fluid(I. Theory) Proceedings of the
Royal Society(London) A, Vol.293,
pp.528 ~542.

Hill, J. L. and Swanson, C. P., 1970, "Effect of
Lumped Masses on the Stability of Fluid
Conveying  Tubes", Journal = of
Mechanics, Vol.37, pp.494-497.
Sugiyama, Y. and Noda, T., 1981, "Studies on
Stability of Two-Degree-of-Freedom Articulated
Pipes Conveying Fluid", Bulletin of the JSME,
Vol.24, pp.1354-1362.
%%2 Z—]')—\'j’-‘- olo'{.v
& FAdg golz e %ﬂﬂs—’r AE A Al v
A FrbEEe A3, 343 E TS
A, A10AE, A2%, pp.280-290.

Becker, O., 1979, "Zum Stabilititsverhalten des
durchstromten garaden Rohres mit elasticher
Ouerstityung'’, Maschinenbautechnik, Vol.28,
pp.325-327.
Sugiyama, Y.,

Series

1966,
Cantilevers

Series

Applied

“FAFEl 9

1984,
-Freedom

"Studies on Stability of
Articulated
Effect of a Spring
Support and a Lumped Mass)", Bulletin of the
JSME, Vol.27, pp.2658-2663.
Sugiyama, Y., Katayama, T., Akesson, B. and
Sallstrom, J.H., 1991, "Stability of Cantilevered
Pipes Conveying Fluid and Having Intermediate
Spring Support”, 11th International Conference
on SMIRT, ToKyo, Paper J10/1.
M.P,,
Dynamics

Two-Degree-of Pipes

Conveying Fluid (The

Paidoussis, and Semler, C., 1998,

"Nonlinear of a Fluid-Conveying

Cantilevered Pipe with an Intermediate Spring

Support”, Journal of Fluids and Structures,
Vol.7, pp269-298.
Paidoussis, M.P., 1998, "Fluid-Structure

Interactions Slender Structures and Axial Flow",
Academic Press, Vol. 1, pp. 196-276.



