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Gravitational Effect on Eigenvalue Branches and Flutter Modes of a
Vertical Cantilevered Pipe Conveying Fluid

Bong Jo Ryu®, Si Ung Ryu’ and Kwang Bok Shin""
ABSTRACT

The paper presents gravitational effect on eigenvalue branches and flutter modes of a vertical cantilevered
pipe conveying fluid. The eigenvalue branches and modes associated with flutter of cantilevered pipes conveying
fluid are fully investigated. Governing equations of motion are derived by extended Hamilton's principle, and the
related numerical solutions are sought by Galerkin's method. Root locus diagrams are plotted for different values of
mass ratios of the pipe, and the order of branch in root locus diagrams is defined. The flutter modes of the pipe at the
critical flow velocitics are drawn at every one of the twelfth period. The transference of flutter-type instability from one
eigenvalue branches to another is investigated thoroughly.
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1 A mathematical model of a vertical
cantilevered pipe conveying fluid
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Fig. 5 Flutter mode configurations for the gravity
parameter p=0.1 (y=0.0)
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Fig. 6 Flutter mode configurations for the gravity
parameter p=0.1 ( y=0.001)

o 0.2

3.3 ol-glki A'{E

Fig. 72 %3 delvE 7} p=0.10131, W 23
E FAG AS$G U 2 E ned A9 A4
Axolth Fig. 7@ WERY FA® AL
04B<0.3859] Tl M 23t H-x) B0 A Fe
El7} HAEt T, p=0.386004] 23k LHX] E7)oA
3} B2 Afo] @A uwebA
0.386<B<0.5289) FH A& 33k R E7]9A

EE 7} ST T8 0.529<8<0.613N A= o
Al 2z 3HFA Br7lA EEs gAsD,

0.614<p< 1M & 12 ZRHA ErldM E=E
A RS ¢ F AUt

oA =2



FEE2 7% - A5

VL TREHA A3 A4z

0.614
20 /| i/
} t 1 1stBranch
u, 0.386 105291 |
: 2nd'
1 Branch
15 b ! 3rd >
2nd Branch Branch 1 !
-« > [ i
! E
| i
Flutter ' :
10} i i
: i
, isthl
quasi-mode
' Stable : > <
i T
5 ! 3rd quasi-mode
ond | Quasi-mode i€~
quasi-mode i‘ ’,l !
3 v
0.297 i 0696 | 0.924!
0 1 \ 1 1 \: 1 \L
0 0.2 0.4 0.6 0.8 ﬂ 1
(@ vy =0.0
20 /l
1
u, 0.608 }
2nd Branch | _ 1stBranch
< e A
| -
15 |
1
1
Flutter |
|
|
10

1
1
1
i
t
Stable ;
i 4th
i quasi-mode

2nd

quasi-mode ! quasi-mode
€

i
0302 0.719;
0 \ L [l \I 1
0 0.2 0.4 0.6 08 5

I
I
I
: 3rd
I
I
I
I

(b) ¥ = 0.001

Fig. 7 Stability map and the critical mass ratios for

p=0.1

0.598
20 I/
/' 7\ L8t Branch
u 03177} os65” |t
cr I 3rd 11
2nd Branch ! Branch !!
15 [ .
]
]
]
5
10 :

| 5th

quasi-mode
! Stable an
5 i ard quasi-mode
I —>!
n i quasi-mode | :
quasi-mode; ; i
i i !
0.255 ! 0.634 ! 0869 |
0 N 1 &' N
0 0.2 0.4 0.6 0.8 1
B
@y =10.0
0.495\l
20 — :\
u 0404, | 10593
cr 13rd - 1
Brangh 1 1stBranch
>
1 2ndi
15  2ndBranch 1 Branch
> (—)I

|

|

I

Flutter :

10 B t

Stable :

1
5 i 4th
i 3rd quasi-mode
2nd i quasi-mode | ———>
quasi- mode-<———-—>l
<>
0.258 | 0.652,
0 I\I L I% L
0 0.2 04 0.6 08 1
B
(b) ¥ =0.001
Fig. 8 Stability map and the critical mass ratios for
= 10

72



FHE - RAS - A%E  EFHUTYAR ABY A4s

Fig. () WS #2 g neid Z$=E o
ME 0¢8<0.6072 TFoA 22 IL{FA E7
ol X Eeleiz} LAstm, g=0.608°04 22 2
x £719A4 12 3FA BIE AFe] TG
o}, g9, ynx] BE FRAME 1A IH
27104 ZeE7} 2Aste AT ¢ F Ao

Fig. 7% 9% dgez Fsevest
p=10¥ W WE ZHE FAg A4 WlF 7
28 n81d A9 Y HEE Fig 89 YEk
weltk, F¥sieinig aM & Solof wheh T4
7} A BLE gE ALE ARSA sl A

AN
N

2 rq' Jo

S RED U, P Qe A4, 2
27] 257t BolgeE ¢ F A
3.4 Ay ZYEI
Flg 99’]' Flg 10T0: 7—]'7—}' "H 7‘-*“‘] }' oiTl:‘ 76"?" 0 1 1 I L 1 1 1 el
9 Q= A%, A% pol Wzl B FAX 0 02 04 06 08 , f

3% yed a9Eelth

Fig. 10 Critical flow velocity depending on the mass

= k=1 (o)) =7
O]l%s o ii:‘lj 7:“;}1 ‘47;;_7‘3}54;2 :‘5;;‘:%&22 ratio of the pipe and gravity parameter
B¢ ¢ 4 Yok (v =0.00D
20 4. 48
Uer E =RodE Wy #35HA9 538 wE
Az 9B £5@e FAAAAMA v FH=
15| }g gEgon e g 288 U
MUEZE g A9 dE 2S¢ EF 5Y
Agulo) Wal a7 242 AAHE RS
Z7tac
10 » @ZFEEY Fe A4t 2 AE 2E o],
e WRel fFo @AY Teles wAgse

i1

afA B719 Avs BHR RES A5

[AE AR Feoh

5L .2 Stable

gz
0 . : ’ N A ) 1 . 1. Benjamin, T. B., “Dynamics of a System of
0 0.2 0.4 0.6 0.8 B 1 Articulated Pipes Conveying Fluid (I. Theory),”

Proceedings of the Royal Society, Series A, Vol
261, pp.457-486, 1961.

2. Benjamin, T. B., “Dynamics of a System of
Articulated Pipes Conveying Fluid (II. Experiment),”

Fig. 9 Critical flow velocity depending on the mass
ratio of the pipe and gravity parameter

(y =0.0)

73



LN

Eil
ol
)
0
2
ofo

VRALEHYA A23F A4

Proceedings of the Royal Society, Series A,
Vol. 261, pp.487-499, 1961.

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

. Gregory, R. W. and Paidoussis, M. P.; “Unstable
Oscillation of Tubular Cantilevers Conveying
Fluid (ILExperiment),” Proceedings of the Royal
Society  (London), Series A, Vol.293,
pp-528-542, 1966. '

. Sugiyama, Y., Tanaka, Y., Kishi, T. and
Kawagoe, H., “Effect of a Spring Support on
the Stability of Pipes Conveying Fluid,” Journal
of Sound and Vibration, Vol.100, pp.257-270,
1985.

. Ryu, S. U, Sugiyama, Y. and Ryu, B. J,
"Eigenvalue Branches and Modes for Flutter of
Cantilevered Pipes Conveying Fluid,” Computers
and Structures, Vol. 80, pp.1231-1241, 2002.

. Ryu, B. J, Ryu, S. U, Kim, G. H. and Yim, K.
B, “Vibration and Dynamic Stability -of Pipes
Conveying Fluid on Elastic Foundations,” KSME
International Journal, Vol.18, pp.2148-2157, 2004.

74



