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Background and Moti vation

Rough-seaonditionscanresultin shippingof wateron the deckof vessels.In particular our ongoinginvestigationis
focusednthebow-deckwetnessn head-seaonditionsfor amooredship,i.e. withoutforwardspeed Thoughin practice
three—dimensionaldffectsmatter two—dimensionainvestigationsareundertalento gainbasicinsights,beforedeveloping
morerealisticthree-dimensionapproaches.

In previousWorkshopsacombinechumerical-aperimentahnalysishasbeenpresentedin particular apotentialflow
modelhasbeenassumednda Mix ed Eulerian-Lagrangiamethodhasbeenadoptedto solve the unsteadyinteraction
betweenthe body andthe free surface. The BoundaryElementMethod (BEM) hasbeenusedasnumericalsolver. In
the experimentsatwo-dimensionahearly-rectangulaship modelhasbeenplacedin a narrov wave flume, andthefirst
wateron-deckeventdueto incomingwavesgeneratedy a flap wavemaler hasbeeninvestigatedThemodelis fixedand
resembleshe centerplanef a ship. Comparisongonfirmedthe validity of the adoptediow modelandthe efficiency of
the BEM in capturingthe watershippingfrom a globalpoint of view aswell asin predictingsomelocal featuressuchas
theinitial pressuralonga superstructurendertheimpactof the shippedwater

Ontheotherhand,importantlimits of themodelandresearcithallengediare beenevidenced:

A) Initial plunging wave, air cushioningand bubbly flow In the experimentsthewatershippinghasbeenobsened
to startalwaysin theform of a waterfront plungingontothe deck. This stageis localizedbothin spaceandin time, and
it is responsibldor waterimpactwith the decknearthebow. A cavity, entrappingair, is formedandstretchedluringthe
flow evolution, andfinally collapsinginto bubbles(seefigure 1). Froma simplified analysisbasedn a combineduseof

Figure 1: Two-dimensionalwateron-deckexperiments. Waterimpactwith the deck and cavity formation during the
initial stagef thewatershipping.

experimentaland numericalmeanswe found that the collapseof the air cavity may imply a substantialncreaseof the
pressuravhich canberesponsibldor deckdamages.

Theinitial plunginghasbeennumericallycapturedoy enforcinga’continuous’Kutta-like conditionatthe edgeof the
deck(cf. [1]), with agoodagreemenbetweemumericsandexperiments Surface-tensioreffectshave beennumerically
discussedn [2]. Theshort-timepost-impacphasewould requirea matchingwith a high-speedocal solution,aswell as
theincorporationof a propermodelto accountfor theair compressiorin the cavity. This stagehasnotbeennumerically
investigatedThefinal collapseof theair cavity into bubblescannotbe handleby the BEM.

B) Late water overtur ning and wave breaking Lateron,theflow of theshippedvaterresembles dambreaking-type
flow (cf. [3]). Oncethewaterreaches superstructurea secondmpacttakesplacewith thedevelopingof afluid jetrising

thewall. Initially, flow accelerationslominatethe pressureexertedon the structure. Later on, the gravity mattersand

finally determineghe waterrun down. This backward fluid motionis characterizedy wateroverturningandplunging

onto the underlyingwaterstill flowing towardsthe superstructuréseefigure 2). This phenomenoris responsibldor a

secondsharpincreasef the pressureactingon the structurewith a secondarypeakof thesameorderof magnitudeasthe

first onerelatedto theinitial waterimpact,[1]. Sincepost-breakingannotbe handledby a BEM, this secondstagehas
notbeennumericallyanalyzed.



Figure 2: Two-dimensionalvateron-deckexperiments. Water overturningand breakingafter the waterimpactwith a
superstructureuringthelater stagef thewateron deck.

Domain Decomposition

Themodelingof thefree-suricefragmentatioreventuallyfeaturedbothin stageA andin stageB requiresnew numerical
meansIn theliterature,severalfield methodshave beenproposedo handleflows with free-surbicebreakingfragmenta-
tion which arenottreatabldoy the BEM. Also, viscouseffectscannotberecoseredeasilyby BEM. Ontheotherhand,the
latteris moreefficientandaccurate¢hanfield methodgo describdree-surficeflows.

On this ground,we combineboth typesof solverswithin a DomainDecomposition(DD) approach[4]. The BEM
is usedto describemostof thefluid-flow domain,far enoughfrom the body, while the field methodcancapturethe flow
evolution nearthebow andontothe deck.

Our implementationof the field methodis ratherstandard. The fluid-motion equationsare discretizedon a stag-
geredcartesiargrid, andsolvedfor the primitive variablesvelocity andpressureViscousandsurfacetensioneffectsare
modeled,thoughthosetermsare switchedoff in the presentanalysis. Consistently the free-slip condition alongrigid
boundariesand the pressurecontinuity acrossthe waterair interfaceare enforced. The free-surficeevolution is mod-
eled by a Volume-of-Fluid (VOF) technique wherethe interfaceis reconstructedy meansof the passie scalarfield
f representinghe local watervolumefraction. Detailsfor the numericalalgorithmcanbefoundin [5].

Within the domain decompositionrapproach,BEM and VOF regions are connectedby a transmissionboundary
throughwhich the two sub-domaingxchangeinformation. In particular the velocity distribution computedby the BEM
is usedin theboundaryconditionsfor thefield method.Thelatterreturnsthe pressuralistribution whichis used through
the Bernoulli equation to updatethe velocity potentialenforcedalongthe transmissiorboundary In the numericalim-
plementatiorthe time stepis governedby the stability constrainsof the VOF solver, morestringentthanthoserequested
by theflow evolutionin the BEM region, wherea standardourth-orderRunge-Kuttamethodis used.

As apreliminarystudyto verify the domaindecompositioralgorithm,we considerthe breakof adam(height ) and
studythefluid motionalonga dry deck. Theinitial lengthof thereserwir of wateris . A sketchof the problemandof
the domaindecompositioris givenin theleft plot of figure 3. The VOF region is rectangulaishapedandits boundary
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Figure3: Definition of BEM andVOF regionsfor the problemof dambreakingfollowed by theimpactwith a vertical
wall (left), andfor the problemof wateron deckin shallov waterconditions(right).

is characterizedby the interface(left side),the 'deck’ (bottomside),andtwo otherrigid portions(right andtop sides).
As alreadymentionedthe velocity computedby the BEM is enforcedalongthetransmissiorboundarywhile a free-slip
conditionis imposedalongthe remainingportionsof the boundary At time , the dambreaksandthe fluid flows
alongthe deck. At the beginning, the VOF region doesnot containwaterandthefield computationstartonly atatime
* , afterthewaterfront passedhetransmissiorboundary The BEM solutionis usedto initialize velocity, pressure
and everywherewithin the VOF sub-domainFrom * on,the BEM sub-domairwill belimited in therightwardextent



