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Background and Moti vation

Rough-seaconditionscanresult in shippingof wateron the deckof vessels.In particular, our ongoinginvestigationis
focusedonthebow-deckwetnessin head-seaconditionsfor amooredship,i.e. withoutforwardspeed.Thoughin practice
three–dimensionaleffectsmatter, two–dimensionalinvestigationsareundertakento gainbasicinsights,beforedeveloping
morerealisticthree-dimensionalapproaches.

In previousWorkshops,acombinednumerical-experimentalanalysishasbeenpresented.In particular, apotentialflow
modelhasbeenassumedanda Mixed Eulerian-Lagrangianmethodhasbeenadoptedto solve the unsteadyinteraction
betweenthe body andthe free surface. The BoundaryElementMethod(BEM) hasbeenusedasnumericalsolver. In
theexperiments,a two-dimensionalnearly-rectangularshipmodelhasbeenplacedin a narrow wave flume,andthefirst
water-on-deckeventdueto incomingwavesgeneratedby aflapwavemakerhasbeeninvestigated.Themodelis fixedand
resemblesthecenterplaneof a ship. Comparisonsconfirmedthevalidity of theadoptedflow modelandtheefficiency of
theBEM in capturingthewatershippingfrom a globalpoint of view aswell asin predictingsomelocal features,suchas
theinitial pressurealongasuperstructureundertheimpactof theshippedwater.

On theotherhand,importantlimits of themodelandresearchchallengeshavebeenevidenced:

A) Initial plunging wave,air cushioningand bubbly flow In theexperiments,thewatershippinghasbeenobserved
to startalwaysin theform of a waterfront plungingontothedeck.This stageis localizedbothin spaceandin time,and
it is responsiblefor waterimpactwith thedecknearthebow. A cavity, entrappingair, is formedandstretchedduringthe
flow evolution,andfinally collapsinginto bubbles(seefigure1). Froma simplifiedanalysisbasedon a combineduseof

Figure1: Two-dimensionalwater-on-deckexperiments. Water impactwith the deck andcavity formation during the
initial stagesof thewatershipping.

experimentalandnumericalmeans,we found that thecollapseof the air cavity may imply a substantialincreaseof the
pressurewhich canberesponsiblefor deckdamages.

Theinitial plunginghasbeennumericallycapturedby enforcinga ’continuous’Kutta-likeconditionat theedgeof the
deck(cf. [1]), with a goodagreementbetweennumericsandexperiments.Surface-tensioneffectshavebeennumerically
discussedin [2]. Theshort-timepost-impactphasewould requirea matchingwith a high-speedlocal solution,aswell as
theincorporationof a propermodelto accountfor theair compressionin thecavity. This stagehasnot beennumerically
investigated.Thefinal collapseof theair cavity into bubblescannotbehandleby theBEM.

B) Late water overtur ning and wavebreaking Lateron,theflow of theshippedwaterresemblesadambreaking-type
flow (cf. [3]). Oncethewaterreachesasuperstructure,asecondimpacttakesplacewith thedevelopingof afluid jet rising
the wall. Initially, flow accelerationsdominatethe pressureexertedon the structure.Later on, the gravity mattersand
finally determinesthewaterrun down. This backwardfluid motion is characterizedby wateroverturningandplunging
onto the underlyingwaterstill flowing towardsthe superstructure(seefigure2). This phenomenonis responsiblefor a
secondsharpincreaseof thepressureactingonthestructure,with asecondarypeakof thesameorderof magnitudeasthe
first onerelatedto the initial waterimpact,[1]. Sincepost-breakingcannotbehandledby a BEM, this secondstagehas
notbeennumericallyanalyzed.



Figure2: Two-dimensionalwater-on-deckexperiments.Wateroverturningandbreakingafter the water impactwith a
superstructureduringthelaterstagesof thewaterondeck.

Domain Decomposition

Themodelingof thefree-surfacefragmentationeventuallyfeaturedbothin stageA andin stageB requiresnew numerical
means.In theliterature,severalfield methodshave beenproposedto handleflowswith free-surfacebreakingfragmenta-
tion whicharenot treatableby theBEM. Also, viscouseffectscannotberecoveredeasilyby BEM. Ontheotherhand,the
latteris moreefficientandaccuratethanfield methodsto describefree-surfaceflows.

On this ground,we combineboth typesof solverswithin a DomainDecomposition(DD) approach,[4]. TheBEM
is usedto describemostof thefluid-flow domain,far enoughfrom thebody, while thefield methodcancapturetheflow
evolutionnearthebow andontothedeck.

Our implementationof the field methodis ratherstandard. The fluid-motion equationsare discretizedon a stag-
geredcartesiangrid, andsolvedfor theprimitive variablesvelocity andpressure.Viscousandsurfacetensioneffectsare
modeled,thoughthosetermsareswitchedoff in the presentanalysis. Consistently, the free-slipconditionalongrigid
boundariesandthe pressurecontinuity acrossthe water-air interfaceareenforced. The free-surfaceevolution is mod-
eledby a Volume-of-Fluid(VOF) technique,wherethe interfaceis reconstructedby meansof the passive scalarfield
f
�����
	���
�� �������

representingthelocalwater-volumefraction.Detailsfor thenumericalalgorithmcanbefoundin [5].
Within the domain decompositionapproach,BEM and VOF regions are connectedby a transmissionboundary,

throughwhich thetwo sub-domainsexchangeinformation.In particular, thevelocity distribution computedby theBEM
is usedin theboundaryconditionsfor thefield method.Thelatterreturnsthepressuredistributionwhich is used,through
theBernoulli equation,to updatethevelocity potentialenforcedalongthe transmissionboundary. In thenumericalim-
plementationthetime stepis governedby thestability constrainsof theVOF solver, morestringentthanthoserequested
by theflow evolution in theBEM region,whereastandardfourth-orderRunge-Kuttamethodis used.

As a preliminarystudyto verify thedomaindecompositionalgorithm,we considerthebreakof a dam(height � ) and
studythefluid motionalonga dry deck. Theinitial lengthof thereservoir of wateris � . A sketchof theproblemandof
the domaindecompositionis given in the left plot of figure 3. The VOF region is rectangularshapedandits boundary
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Figure3: Definition of BEM andVOF regionsfor theproblemof dambreakingfollowedby the impactwith a vertical
wall (left), andfor theproblemof wateron deckin shallow waterconditions(right).

is characterizedby the interface(left side),the ’deck’ (bottomside),andtwo otherrigid portions(right andtop sides).
As alreadymentioned,thevelocity computedby theBEM is enforcedalongthetransmissionboundary, while a free-slip
conditionis imposedalongthe remainingportionsof the boundary. At time

	 �!�
, the dambreaksandthe fluid flows

alongthedeck. At thebeginning,theVOF region doesnot containwaterandthefield computationsstartonly at a time	 �#" �
, after thewaterfront passedthetransmissionboundary. TheBEM solutionis usedto initialize velocity, pressure

and $ everywherewithin theVOF sub-domain.From
	 �

on, theBEM sub-domainwill belimited in therightwardextent


