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ABSTRACT

This paper discusses evailable da for voriex-induced Uft, drsg, sng displacement ampli
tude from aumerous experiments which have betn conductsd over the past several years, 1 i
slear from the revults that there is & limiting amplitude of oscillaton (#1 or more dinmeters)
as the wansverse sxciting force {and foree coefBeient Cpp) fBrst increases from zero @ & max-
imum (Cpy = 0.5 tv 0.6) and then decreasss agrin 1o 1ero 4 the limiting amplituds of dispiace-
ment is approached. The mesn in-line drag force also i increassd ss & resst of (he vibratons.
Recent measurements of the hydrodynamic drag on [reely-vibrating cyiloders have shows that
the drag coefficient is ampiified by &5 much as 250 percent in water a1 large viboation arnpiitidey
near the Hmiting vaiue. For both the Hft and dag messurements e Reynolds numbers wers
in the rangs Re = 10° 10 10* end stighy higher. Thus the resuits are suitable for many practi

cal appiications for swructures both i aif and in water.

INTRODUCTION

A common mechenism for resonant, dow-excited oscillations is the organized and periogic
shedding of vortices as the Jow separales alternatively from opposite sides of & long, biufl body.
If the swucturs is fiexible and Hghty damped internally, ihen resonant osciilations can be
excited pormoal of parallel 1o the incident Oow direction. For the more cotrenon cross Now
oscillanions, the body and the wake usuaily osciflaie in ynison at 4 frequendy near one of the
charscteristic freguencies of the swucture. This phenomenon is known as "lock-on” or "waie

CRpTUre.

The voriex-sxcited oscillations of marine cabies. commonly termed srumminy, tesull in
sarly fatigua, increased sitady ind uansieady hydrodynamsc foroes. and amplified scouste [ow

aoise. They sometumes lead to souctursl dhmage and (o fadlure, Flow-excited oscillationy very
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predicied reference curve. Ong exempie of the results obtained is given in Fig. 4. Flow veioci-
uey above the hreshold vaiue ceused sieady deflections of up o twice e model’s value
predicred by assuming Cp = 1.2, At the higher values of reixtive dansity of the model strue-
wre 1o the density of water, the steady deflections of the model diverged from the predicted
surve, reached a maximugs veiue as shown in Fig. 4, 2ad then returnsd to the pradicied curve
obtained with Cp = 1.2. The pile tip was deflecied in line abous 1.3 dinmeters at & water velo-
ity ¥ of 0.6 it (0.3 m/s) for the conditions of Fig. 4. At this same Oow velocity the cross flow
dispiscament amplitude was 1.5 dismeters. If the pile was tesmained from oscillsting, then
the sweady in-ine deflection of the tp was predicied t0 be 0.6 dismerers at the same flow velo-
city. The predicied tp deflectons for the oseiliasing pile in Fig. 4 were computed using a
meibod described by Every, King and Griffin (9),

The mean voriex-induced drag coefcient Cp on & [resiy-oscillating, spring-mousted
cylinder i3 plotsd against the reduced velocity ¥, in Fig, 5. The messurements were made by
Overvik (19) a2 a baseline case in & more extansive smdy of the effects of voriex shedding on
marine risers. The drag on ihe cylinder clearly undergoes & resonant-like behavior in touch the
saune menner & the cross Jow displacement amplitude. Comparzbls measurements by Overik of
the displacement amplitude T/D correspond directly with the behavior of the drag coefficient
Cp. At the peak vaiue of the responss, ¥ ~ 1.1 D, the drag coefficient ia Cp = 2.5. Thisisan
amplification of sbous 250 percent, which is of sufficient magnitude 0 cause severs probiems
for the Gesigner of marine structuryi members of cylindrical cross section. Less severe prote

lemas develop in the case of sructures in air because of the smaller vibration ampiitudes which
are corarhon thern.

The dray amptification Cp/Dps, where Cpg is the drag coefficiens for the statiopary
cylinder, {rom s variety of recent experiments is plotted in Fig. § as & functon of the *wake
reEpause” prrameter

wow (442 FDY V.S (8}

This pararneser was proposed by Skop, Griffin and Ramberg (16) s a means for correlating the
drag amplification that accompenies vortex-induced vibradons. In the particulsr {orm shown
e factor S acts 10 eorrees for any varistions in Strouhal number (snd Reynolds aumber)

smong the various sets of da. Afl of the date in Fig. § refer 10 conditions of lock-in berwesn
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the voriex and vibration frequencies. A previous drag amplification-wake response pacamersr
plot (18} for the deflection predictions shown in Fig, 4

[t is interesting 0 note the wvarety of datk which are corrsiated s e fgure. For
instance, the drsg coefficients {rom Griffia 2nd Rambery (20) were dorived from wake mens-
urementt with a forced-vibrating oyiindsr in air. The drag messurermenis from Sarpksys 121
and Scharget (22) were made on @ forced-vibrating cyilnder io watr, Moe (8) and Overvik
(19) messured the drag on x [reely~vibrating cylinder iy water. Al of these different experi-
menis resulted in substantiad amplifications of the drsg coefleient, with Cp/Cpe > 2 not

unconimon for botht free and forced vibrations in water,

Similer levels of hydrodynamic drag ampiification were wd during the recent Seit
experiments reporied by Vandiver and Goffin (23,245, Both a 23 m (75 ) long pipe and @

cable with and without asiached masses underwent large-amplitude vibrations { ¥ — 2 1) due
w vortex shedding in & siesdy current. Mean drag coeflicienny of Cp = 2.4 0 1.2 were mess-
ured during the tms inservais when the pips and cable were soumoung i these oge ampl-
tudes. In apother recen: serics of experiments Davies and Daniei (25) messured the soum-
ming vibrations of submersible umbilicsl cabies. The model cable of 1/D = 100 o 300, which
was lastod in & large water channel, consisienty was excited ioto large-ampiitude cross fow
caciliations which wers coraparable in level o those reporied by Yandiver and Griffin. Conse-
queady the normad meswn drag coclficienss messured by Davies and Duniefl were in the rage

Cp = 2.5 10 3.4 This is an amplificadon lactor of 7 1w 1.8,

The overall implications for pracucal appiications are that the reiativeiy large amplitudes of
vibraton caused By vorex shedding, and the ampiifications of the tnsteady and siesdy fuid
forces which are & consequencs of the vibrasions, can Gause boil lge sieady deflections and

sreases and tishe dependent, falgus-reiated dosteady forces and siresses

SUNMMARY AND COMCLUDING REMARKS

Uatil recent years problems ssseciated wish voner shedding in marioe applicstions were
investigated on an ad hoo Sase-BY-Gase Deas, largely Decsuss reiable experimenral dasa and
design procedures were not avaiiabie for gesersl use, However, the dynamic analysis of soruc-

tures and cabie symems hay become incressingly imporiens and sophistcated becsuse the
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amplitudes of vibration for 2 cylindrical structure such as 1 riser or pipeiine in wates are an
order of magnirude greater than for & similar suctuse in air. The small mass ratio (structurs
to displsced Suid) in water produces in rurm small velues of the reduced damping which then

contribute w the reistiveiy iarge vibration smplinades shown here in Fig. 1.

There is & large range of reduced damping over which biuff eylindrical structures in warer
undergo large-smplicude vibrasions (F > = 10} due 10 vorex shedding. Thus it is net possi-
bl 10 Suppress thess oscilistions by means of mass and damping control, and some form of
exiernal device such 4% & helical seake winding or fairing is required. The unsiesdy componen:
of e lift coefficient which drives the vibration is increased, a2 is the mean in-live drag
coefficient which is incresssd by as much 25 250 percent

Structures in air sxperiemce vibration smplitude leveis much smaller in magnitade, and
consequently the drag ampiificetion i no1 as exXireme a8 in waser. Mass and damping control
aften is used 1o suppress g in-air vibrations of cables and siender pipes; external devices such

a3 helical strakes aiso are used on sacks and the protruding iegs of jack-up drilling rigs under
ww,
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