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ON THE VIBRATION CHARACTERISTICS OF CYLINDERS
PLACED IN OPEN CHANNEL FLOWS

By Hirotake IMAMOTO and Masato TAKEYAMA

Synopsis

This paper deals with the vibration characteristics of hydraulic structures, using poli-
carbonate plastic cylinders placed in open channel flows for the first step of the whole
research programs. The basic vibration characteristics of an isolated test cylinder by fluid
forces, and the interaction effects of neighbouring cylinders to the vibration of the test
cylinders are investigated.

The experimental results are as follows. 1) As the vibration phenomena are very
important in this experimental conditions, it can not be treated the fluid forces only by
the static approaches. 2) The interaction effects of neighbouring cylinders are much com-
plicated, and it must be accounted of the fixing conditions of cylinders, in upper side or
in lower side. 3) The dominant frequency of the drag direction is in accordance with
the natural frequency of the test cylinder, but that of the lift direction is mainly controled

by the frequency of Karman vortex.
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Fig. 2-1 The block diagram of the measurement system for cylinder
vibration.
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Fig. 2-2 The arrangement of cylinder.

Table 2-1 Hydraulic ccnditions for 3 experimental cases.

. Water Water Eddy Reynold's Fround Mean
Case | Discharge depth temperature | viscosity number number velocity
(1/sec) (em) C) (cm?/sec) | Re=UH/v Fr=U/vgH| (cm/sec)
54.5 v 30.0 11.6 1.250x102 . 8.71x10* 0.212 ‘ 36.3
2 46.2 30.0 11.6 1.250%x1072| 7,39x10* 0.180 | 30.8
3.7 | 30.0 1.6 [1.250x10%| 5.71x10* | 0130 | 23.8

KROPEIOEDOBY THB, Thbb, B @=54.51/cec itffh, #/d=0, 3, 5 D3 r—AED
W, FRhEFR I/d=-30, —20, —15, —10, —6, —3, 0, 3, 6, 10 DI10EY, SE30E b DELZLP
BOY L TOTHEDOUMELRITR > e MR LTk, LTOKBLEDMIZ2EOKELEDL &
TEBHTle o1y, &7 —ACRTBKEBELMHEY Table 2-1 iR,
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Fig. 3-1 An examle for damping vibration of cylinder.

Table 3-1 Natural frequency and damping coefficient.

Fized point Natural frequency E Damping coefficient
of test cylinder in air in water ratio I in air l in water ratio
(frva) (faw) (faw/fr) | (e | (aw) (aw/aa)
Upper Side 19.3 cps 14,2 cps 0.736 1.25sec™! | 2.60sec™! f 2.08
Lower Side 20.1 16.5 0.821 1.70 i 2.32 : 1.36

Table 3-1 LR b5 X 5k, ERAMNEIKPIZRE SNIEE, EREEMARE S XOTREEMED
WTRIZEWT S, ZheRBEINES LI L T, BERBERYT 5 & &R EEIEmT 5
HErRbhD, oA, KRAMEIVKPIERE Sh - BE kT 2 IR EEI 7 5 REE
EnZheRHBEINCBATHELREL LB L, KbURKDBERENES ORI Lixs2i
REVWZ LI D HSROFEREEL DN D, T, FEBTHV LA EREIEMAE S O THEERECS
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STfEEZRLTWAL, ZOFRAE LTI LTERBAROHBEORE I B30LELLND,
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B (fyw/frd) 5 I0BEREL (aw/as) HHETS &, FBCOWLUITHRECHE, #Ec>
W FREEAREDOFIKREL o T BH, AEBREBCREVWTRKOMEC I ZBEIDOE— 2V
HHVIEHEEOAE XA, RHEEME CIEES KT E 3cm 1255 2 0 BEORTIZR L -
TdbDEinh, BREEMARENDOYHREIEDL LWedEELXDRD,
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Fig. 3-2 Flow caused by pressure difference in the case of the
presence of local mean velocity component.
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Fig. 3-3 Relative velocity gradient.
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HEZERO—G% Fig. 3-4 \r$, Fig. 34 WABhB L5, B BT 20748 S@) i3, &
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Fig. 3-4 The vibration of isolated cylinder.

ABFIC I\ TiE, USD, USL, LSD, LSL 040D 04280 WEEE LY, ThFh, SO=
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Table 3-2 The vibration characteristics of isolated cylinder.

353

Case | USD USL LSD LSL
1 ‘ 59.1x 10 3.61x10°% | 102.0x107® 35.6 %1078
S 2 34.3 5.93 51.7 17.8
3 ’ 20.7 2.49 — 19.1
1 | 847 4.752 5.226 3.943
a 2 | 89% 2.181 26. 080 4.569
3 7.395 2.654 — 1.961
1 338.9x10® | 171.1x1076 80.48x107% |  60.33x 10
Sa 2 348.0 85.06 430.32 77.67
3 88.0 33.18 — 8.83
1 1.884 2.278 2.358 2.018
v @z 2 1,050 0.725 1.474 1.118
3 5.558 1.613 — 0.714
1 75.36 x 107 81.99x 10" 36.31x10°6 |  30.87 x 10
V' 52 2 40,65 28.27 24.33 19. 00
3 66.14 20.16 — 3.21
Dominant 1 15.5 7.7 17.3 8.5
frequency 2 15.0 14.7 16.8 16.8
(cps) 3 14.1 14.3 — 16.5(5. 0)
] .
Natural = fn 14.2 16.5
frequency irx1
(cps) Water 19.3 20.1
Stroxéhal 1 0.427 0.212 0.477 0.234
num ef’D 2 0. 487 0.477 0.545 0.545
St=4 3 0.592 0. 601 — 0.693(0. 210)
5
x0
80
: /
60 of—
40 [g USD {:y
USL
® Lsp g
e [® st - ]
R |
[o] 5 1oxw‘Re

Fig- 3-5 The relation between S of isolated cylinder and

Reynolds numbers.
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Fig73-6 The relation between Sa or 4/ 5% of isolated cylinder and
Reynolds numbers.
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Fig. 3-7 The vibration of test cylinder affected by neighboring cylinders.
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Fig. 3-8 The relation between @/dr.i-0 of test cylinder with neighboring

cylinders and I/d.
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Fig. 3-9 The relation between /g% /4/g%,.,., of test cylinder with

neighboring cylinders and l/d.
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Fig. 3-10 The relation between dominant frnquency of test cylinder
with neighboring cylinders and™//d.
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Fig. 3-11 The spectra of vibration of test cylinder with neighboring
cylinders.
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