Experimental study of the diffracted wave pattern around a fast displacementvessel
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Intr oduction

Thereis a large interestin the developmentof numeri-
cal toolsto predictloadsandmotionsof a shipin waves.
For mostof thesemethodsyeri cation andvalidationare
usuallyprovided by measuredesponsamplitudeopera-
tors. Suchglobaldataarenot necessarilyndicative of the
actualaccurag of the consideredsolver becausepften,
theshipbehaior is determinecy thegross uid dynam-
ics involved, which can be capturedreasonablywell by
several methodspresentlyavailable. On this ground,the
availability of localdatais a valuablesupportfor develop-
ing numericatechniquego describehe ow eld around
ashipin waves.

Fromamorefundamentapoint of view, wave-bodyin-
teractionis by no meansa phenomenoffully understood
anddescribedThe elementanphysicsis well interpreted
by the linearscatteringtheorybut the actualobsenation
of the o w aroundthebow of ashipsailingthroughwaves
shavstheextremelyrich andcomplex uid- o w phenom-
ena.

In this framework, we are pursuing a theoretical-
numericaland experimentalinvestigationaimedto give
amorecompletedescriptionof thewave patternarounda
shipsailingthroughregularwaves.

We have selectedhe Model 54150f the DTMB which
is representatie of a classof frigates,with slenderhull,
sharpstem,andrelatively fastoperationspeed. For this
hull form alargesetof referencedataareavailablefor the
steady-veve pattern[7] andthe scopeof theactuity is to
provide wave datafor the unsteadycase. A preliminary
setof seakeepingtestshave beenalreadydevelopedto get
con dencewith thebehaiour of suchshipin waves,[2].

Experimental Method and Analysis

The main tool of our experimentalinvestigationis the

unsteadywave-patternanalysis(UWPA) introducedby

Ohkusu[4, 5, 6]. Thekey ideais to assume mathemat-
ical structurefor the unsteadywave eld around
theshipof theform

@)

Here, is the meanwave pattern,while the remain-
ing terms are the componentsoscillating with the fre-
gueng of encounter andits multiples.In caseof calm-
watertests, is the steadywave pattern.This is not
arymore true in presenceof incident waves since non-
linearinteractioneffectsbetweeroscillatingcomponents
imply a contributionwith non-zeramean.

This analysisallows theidenti cation of the termsen-
teringin (1). In details,cf. g. 1, the methodis based
onusinganarrayof x edwave probesuniformly spaced
alongthelongitudinaldirectionof thetowing tankandat
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Fig. 1. Sketch of the experimental set up and main symbols
adopted.

a speci ed distancefrom the ship centerplane. During
the test,eachwave gaugerecordsthe free-suraceeleva-
tion in the towing-tank referenceframe. To reconstruct
the wave elevation relative to an obsener mov-
ing with the ship model,we collectthe sampledrom alll
the wave probescorrespondingo the time instantwhen
the obsener is passingthrough eachwave-probeloca-
tion. The time interval betweentwo successie samples
is the time neededfor the obsener to move from one
gaugeto the next one,i.e. . Therefore,in
this analysis,the longitudinal spatialresolutiondepends
onthesamplingrateof thewave elevationmeasurements,
whilethedistance amongthewave gaugegsle nesthe
time resolution in the frame of referencemoving
with theshipmodel. Thefrequeng componentsf there-
constructedime history areidenti ed by standard
Fourier analysis. In the presentexperiment,we adopted
twentywave probesandtheFourieranalysishasbeenper
formedupto thethird harmoniccomponent.

The proposednvestigationdiffers from that presented
in [3], wherethe lineardiffractionwave eld is deduced
from the total wave elevation by subtractingthe incident
wave eld andthe measuredneanwave elevation.

Setup

The testshave beencarriedout at INSEAN towing tank
No.2 (length: 220m, breadth:9 m, depth:3.6 m). Regu-
lar waveshave beengeneratedy a ap-type wavemaler
hingedat 1 8 m above the tank bottom. The wave maler
is controlledby a computerand providesa good quality
of the waveswithin the frequeny range0 1-13 Hz. A
woodenbeachwith a parabolicshapeensurea contribu-
tion of there ected waveslessthan7%, within the speci-
ed frequeng range.

A modelsimilarto Model 54150f DTMB [1] hasbeen
towedrestrainedo move andkeptin evenkeelcondition.
The geometricakcaleis 24 824, andthe actuallength of
themodelis m.

The investigatedwave eld aroundthe model (see
g. 1)is long in the longitudinal direc-
tion and wide in the trans\ersedirection.
The considered~roudenumberis Fr , andregu-
lar wavesin the range are adopted.



Nonlineareffectsareinvestigatedy increasinghe wave
steepness: . Accordingto theselected
wavelength, the trans\erse spacingon the free-suraice
grid variesin therange .

For the measurementshome-deeloped capacitance
wave gaugeshave beenadopted. To reducenoise and
avoid phaseerrors, a miniaturized driving/acquisition
hardware was located on top of the wave wire and
equippedwith an on-boardmemory able to record the
measurediata. Thesehave beendownloadedat the end
of eachtest. The samplingratewas50 Hz. Twentywave
probeswere x ed equallyspacedalonga motorizedarm,
whichis shiftedtrans\ersallyaftereachrun.

By anerrorsourceanalysisjt wasfoundthattheaccu-
ragy of the measurementis dominatedby the precision
of thewave probes.Thelatteris of orderof 1 mm.

Numerical computations

The experimentalanalysiswill be complementedby nu-
merical simulations. A frequeng-domainapproachhas
beenadoptedto solve for the three-dimensionatliffrac-
tion problem. In the method,the problemis linearized
aroundthe double-bodyo w andrecastinto integral form
by a sourceformulation. Flat panels,with piecavise-
constansourcestrengthareusedo discretizedhebound-
ary domainand the integral equations. An example of
computationgs givenlaterin the discussion Also anin-
vestigationby meansof 2.5D (or 2D+t) theory for fast
andslendershipswill be performedto gainfurtherinfor-
mationon the role of nonlinearities. A mixed Eulerian-
Lagrangiarmethodbasedn boundaryintegral equations
will beusedto solve numericallytherelatedproblem.

Preliminary obsewations

Figures2-4 presentthe analyzedresultsfor
andincreasingsteepness, ,0land
tively.

In each gure, the top plot shovs the meancompo-
nentdeducedrom UWPA comparedvith thesteadywave
eld obtainedby testingthe modelin calmwater As we
canseefor thesmallesisteepnesthetwo wave elds are
in reasonableagreement. We note that, for this model
scale and the selectedFroude number wave-breaking
phenomenare not visible both in calm-watertestsand
during testsin waves. As the wave steepnesfcreases,
the meancomponentobtainedby UWPA divergespro-
gressvely with respectto the wave patternin calm wa-
ter. In particular in theformerthe divergentbow wave is
"attenuated'with respecto the calm-watercase.On the
contrary thewavesdown thetransomsternarelarger, es-
peciallyfor . Bothfor bow andfor sternwaves,
the crestsform a larger anglewith respectto the longi-
tudinal direction. This could be connectedvith periodic
wave-breakingphenomenaisible during the passagef
theshipbow throughthewave crest.Thephotographice-
guencen Fig. 5 shavs onebreakingcycle for

For theconsidered ,the , and components
of the diffractedwave patterare shavn respectiely in
secondto fourth plots of gures 2-4. The incidentwave
eld is notshovn. Theupper(lower) portionof eachline-
contourdiagramgivesthereal (imaginary)partof thecor
respondingharmoniccomponent.

, respec-

As expectedthethird harmonicsaarethosemoresignif-
icantly affectedby the accurag of the measurementdn
particular for , cf. gure 2, the presencef a
de nite wave patterncanhardlybedetectedndjustasort
of "shadav” behindthe hull canbe seen.The signal-to-
noiseratioincreasessthesteepnesmcreaseandclearer
results,even at third order, canbe seenfor larger steep-
nesses.

For all the componentsthe qualitative structureof the
obseredwave patternis consistenwith the physicalin-
tuition: the wave crestsaredistributedinsidea V-shaped
regionandcurvedaheadn theforwarddirection.Clearly,
thewavelengthis shorterfor the higherharmonics.

For , gure 6 shawvsthecomparisorbetween
the numericalsolutionof the linearizeddiffraction prob-
lem andthe presenimeasurements he overall patternis
in qualitatve agreementThe numericallypredictedpeak
valuesalongthe ship centerlinearelargerthanthe exper
imentaloneswhile thoseobsenednearthe V-shapedio-
mainareof thesameorder This differences visible both
alonganddownstreamthe hull. We arestill speculating
thepossibleorigin of thisdiscrepang.

As thewave steepnessicreasesthe rst Fouriercom-
ponentdecreaseselative to the higher ones. This is
emphasizedy the chosenscaling, wherethe amplitude
of the -componentis divided by With these
premisesas  increasesthe amplitudesof the  and

componentsncreaseat the expenseof the com-
ponent. By comparingthe resultsfor and
, we obserethatthe is alsodecreasings
thesteepnesmicreaseshaving a sortof saturatioreffect
of the lower Fourier componentdn favor of the higher
onesasthe nonlinearitieof thephenomenomrelarger.

A fuller discussionof the datawill be given at the

Workshop.
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Fig. 2. Unsteadywave pattern for . From Fig. 3: Unsteadywave pattern for . Fromtop

top to bottom: comparison betweenthe measued meanwave pat- to bottom: comparison betweenthe measued mean wave pattern
tern and the steadycomponentof the wave eld; rst Fourier com- and the steady componentof the wave eld; rst Fourier compo-
ponent; secondFourier component;third Fourier component. nent; secondFourier component;third Fourier component.



Fig. 4: Unsteadywave pattern for , . Fromtop
to bottom: comparison betweenthe measued mean wave pattern
and the steady componentof the wave eld; rst Fourier compo-
nent; secondFourier component;third Fourier component.

Fig. 5: Phasesof the cyclical wave breaking at the bow during the
ship passagehr ough the wave crest. The interval betweenthe pic-

turesis 0 34 the period of encounter Top: the bow hasjust passed
the wave trough. The divergent wave similar to that of the steady
wave pattern in calm water is visible. Center: the bow stem has
reachedthe wave crest. A jet is formed at the hull and starts falling

down againstthe freesurface. Bottom: impact of the plunging jet

againstthe freesurface.

Fig. 6: Unsteadywave pattern for , . Compar-
ison betweenthe measued rst Fourier componentand linearized
numerical computations. Top: imaginary part. Bottom: real part.



