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ABSTRACT it usually stays at the same location for 20 years or more. Speci

Results of computer simulation of wave and green water design requirements are needed for such a system. Over the I
loading on floating offshore structures are presented. The sim- few years, several incidents have shown that these floating sy
ulation program used is a CFD code which solves the Navier- tems suffer from green water on the deck and impact from wave
Stokes equations that describe flow of incompressible viscous at the bow, like slap or slam events. An example of a damag
fluids. The Navier-Stokes equations are discretised using a Fi- incident is the wave impact by a relatively small but steep wave
nite Volume method on a Cartesian grid with staggered vari- at the Schiehallion FPSO which is located in 395 m deep wate
ables. The free surface is displaced using a Volume Of Fluid to the West of the Shetland Isles (Gorf, 2000) .

based algorithm combined with a local height function. In this In January 2001 a project sponsored by the offshore industr
paper results of validation and sensitivity tests of simulation of 414 the European Union has been started to develop risk asse

green water on the foredeck of an FPSO are presented. Here, thenent procedures and guidance tools to improve safety, reliabilit
waves are modeled as a dam of water around the deck which is;ng ayailability of floating offshore structures. In this project,

suddenly released. Furthermore, wave loading from impact of (he focus is on extreme events with loads that should be include
regular waves on a SPAR platform is computed and compared , the design of FPSO systems. As part of the project a cal
with experimental results. The program is found to be robust and jjation method will be developed to predict green water anc
the computational results show good agreement with the experi- 4.0 impact loading. This method is incorporated in the CFD
ments. tool ComFLOW which is developed at the University of Gronin-
gen. The ComFLOW program is based on the incompressibl

Navier-Stokes equations that describe the motion of a viscou

INTRODUCTION fluid. Originally, ComFLOW has been developed to simulate
Ever since the beginning of the oil industry at sea, the off- the coupled liquid-solid dynamics of spacecraft in a micro grav-
shore industry was challenged to explore and extract oil in wa- ity environment, see (Gerrits, 2001). Besides that, ComFLOW
ter of increasing depth. Therefore, an increasing use is made of has already been adopted in several areas, like the medical r
floating systems like Floating Production Storage and Offloading search by simulating blood flow through vanes and in the mar
(FPSO) systems. After such a floating system has come into use,itime industry where water flow in stabilising anti-roll tanks was

1 Copyright 0 2002 by ASME



simulated(Van Daalen,2000). At the moment,the possibilities
of ComFLOW arebeingenlagedby including moving objects.
Oncethis hasbeenincorporatedComFLOW will beableto sim-
ulatefor exampleamoving shipatsea.

In this paper resultson the predictionof greenwateron the
foredeckof anFPSOandwave loadingon a SFAR platformare
presented. In the greenwater simulations,a wall of wateris
placedarounda fixed ship which is suddenlyreleased. Then,
thewaterstartsto flow ontothe deckwhereit hits a structureon
thedeck.First, resultsarecomparedo anexperimentperformed
at MARIN. Then,robustnes®f the programis testedby doing
anumberof sensitvity checks.Thesesensitvity testsconsistof
grid refinementand somevariationsin the size of the structure
on the deck. In the secondtests,simulationsof regular wave
loadingon a fixed SFAR platformarecomparedo experiments
performedat MARIN. The resultsof thesesimulationsgive a
firstideaof predictionof loadingcomingfrom waves.

MATHEMATICAL MODEL

The motion of fluid flow is describecby the Navier-Stokes
equationscoming from consenration of massand momentum.
Applying theseconserationlawsto avolumeV (partially)filled
with incompressible viscousfluid, gives the following equa-
tions:

fu-ndsz 0, 0
ov

/%dV-l—%uuT-ndS:—Ef(p—pDu)-ndS+/FdV. 2
v v pav %

Here,dV istheboundaryof volumeV, u= (u,v,w) is thevelocity
in the threecoordinatedirections,n is the normalof volumeV,
p denotedensity p is the pressure[] is the gradientoperator
Furtherp denotesdynamicviscosityand F = (Fy, Ky, F,) is an
externalbodyforce,for examplegravity.

Solid wall

Boundaryconditionsarerequiredfor thesolidwalls,thefree
surfaceandthein- and outflow boundaries.On the solid walls,
eithera no-slip conditionu = 0 or afree-slipconditionu-n =0
and Z—‘g = 0 is prescribed Here,n is thenormalon the wall and
L is the componenbf thevelocity tangentiako thewall.

Free surface
At the free surface, continuity of normal and tangential
stressess demandedwhich canbe describedy the equations

ou
—p+2u"t = —po+ 2y 3)

Oun  Ou)
u(EﬂLm)—O. 4)

Here, uy is the normal componenof the velocity, po is the at-
mosphericpressurey is the surfacetensionand2H denoteghe
total curvature.Furthermorean equationis requiredfor the dis-
placemenbf the free surface. Supposehe position of the free
surfaceis givenby s(x,t) = 0, thenthemotionof thefreesurface
is givenby

Ds 0s
Dt — at + (u-0)s=0. (5)
In- and outflo w boundaries

At the inflow boundary velocities are prescribedfrom a
givenvelocity profile. To generatea regularwave pattern,Airy
wave theoryis usedto determinevelocitiesandwave heighton
theinflow boundary

At the outflow boundarytwo differentconditionsareused.
Thefirst one reads% = 0 andworks fine whenthereis a uni-
form flow. Whentheflow hasawave-like patterna Sommerfeld
basedboundaryconditionis appliedwhich is explainedin the
next section.

NUMERICAL MODEL

To performnumericalsimulations the flow domainis cov-
eredwith a Cartesiargrid. The exactflow domainis determined
by introducing a volume apertureF? and edgeapertures AX,
AY and A?, thatindicatewhich part of the cell volume andcell
facesrespectiely is opento flow. In every cell of the grid that
containsfluid, the discretisedNavier-Stokes equationswill be
solved. Therefore,informationis requiredaboutthe natureof
thecell: is it afluid cell, acell atthe free surface,anemptycell
or a boundarycell. To indicatethis the cells are labeledusing
a color function F* which is calledthe Volume Of Fluid (VOF)
function. The volumeaperturedor the geometryandthe VOF
functionarerelatedas0 < FS < F? < 1. Cellswith F° = 0 are
labeledasboundary(B) cells. Interior cells containingno fluid,
i.e. FP > 0 andFs = 0 arecalledempty(E) cells. Cellsthatcon-
tain fluid andare adjacentto emptycells arelabeledassurface
(S) cells. Theothercellsarelabeledasfluid (F) cells. In Figure
1 anexampleof thelabelingis given.
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Figure 1. Labeling: dark grey denotes solid body, light grey is liquid

Discretisation of the Navier-Stokes equations

The Navier-Stokes equationsare discretisedusing a finite
volume methodwhich startsfrom Equationsl and2. The dis-
cretisationis performedon a staggeredyrid, i.e. the pressuras
definedin cell centerswhereaghe velocitiesare definedat cell
faces.

As an exampleof discretisationin cut cells, the discretisa-
tion of the continuity equationwill be explainedin detail. Con-
sidera computationatell, asshavn in Figure 2, with partof it
solid body and the other part liquid. Discreteconseration of
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Figure 2. Conservation cell for discretisation of continuity equation

massmpliesthatthe sumof the massfluxesthroughthe bound-
ary of theconserationcell V equalszero. This resultsin

UeASDY + VnAYOX — UpAR DY — VsAYOX+ 0-1 =0 (6)

wherethe notationis explainedin Figure2. Becausdhe mass
flux trougha solid boundaryis always zero, Equation6 canbe
appliedto all computationatells.

The discretisationof the momentumEquations(2) is per
formedin thesamemannerbut it would gotoofarto explainthe
detailsin this paper

For the temporaldiscretisationof the Navier-Stokes equa-
tionsthe explicit forward Eulermethodis exploited. This results
in thefollowing equations:

Mutt =0, (7)

n+1 n
Uy =~ — Uy

Q ot

1
+C(upup = —B(MTpﬂ“ —uDy) +Fp. (8)

Here,the time level is denotedby the superscripandM, Q, C
andD are coeficient matricescomingfrom the spatialdiscreti-
sation.The continuityequations discretisecbnanew time level
to ensurethat the velocity field is divergencefree at that time
level.

To determinghe pressureandvelocitiesat the free surface,
the boundaryconditionsgiven by Equations3 and4 arediscre-
tised.In Equation3theterm2p% is neglectedbecausghisterm
is smallcomparedo the othertermsin the equation.Fromthis
equationthe pressuratthefree surfaceequalspss = po — 2yH.
Using this, the pressureén surfacecells is calculatedas an in-
terpolationof the pressureat the free surfaceand the pressure
in an adjacentfluid cell. A velocity at the interface of an S-
cell andanE-cellis calculatedby demandingnassconsenration
in S-cells. Sometimesyelocitiesat the interfaceof two E-cells
arerequiredbecausehey areusedin the discretisednomentum
equationsThesevelocitiesarecalculatedusinga simplifiedver-
sionof Equationd. For amoredetailedoverview of the discreti-
sationof the Navier-Stokesequationsve would like to referto
(Gerrits,2001).

Outflo w boundar y condition

At theopenoutflow boundariesgitheraNeumanror aSom-
merfeldbasedboundaryconditionareused. In this section,the
Sommerfeldconditionwill be explained.On openboundariesa
conditionis neededwvhich givesa continuationof the flow with
a minimum of reflectionsinto the domain. Thesereflectionsdo
easilyoccurwhenthevelocitiesof thefluid insidethedomaindo
not fit nicely to the velocitiesobtainedat the outflow boundary
A Sommerfeldbasedconditionis usedwhich is a simplemath-
ematicalcontinuationhaving the form of out-goingwaves. For
anoutflow boundaryin the positive x-direction,the Sommerfeld
conditionstartsfrom the wave equation

Ju ou

E-’-C&_O 9

whereu canbe any quantity To usethis equationas an out-
flow condition, we mustapply it to the flow variablesat every
locationontheoutflow boundary After theideaof Orlanski(Or-
lanski,1976)this conditionis usedtwice: first, thephasespeecd:
is determinedvhich is thenusedto calculatethe new boundary
values. To make this possible the assumptioris madethat the
samephasespeedappliesat the boundaryand at one cell avay
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from the boundary The wave equationis discretisedasfollows:

1
1‘ uin+l_uin+uinj_l _uin—l)+01'(
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)=0
(10)
wherei is the boundarygrid point, n+ 1 is the lastknown time
level, &t is the time stepand ox is the grid size. The temporal
discretisations takenat placei — % andthe spatialdiscretisation

attimelevel n+ % Rearrangindhis expressiorgives

(U —uM e un  —odt/dx(—uME 4+ uh -l )
1+ cdt/dx

uttt = (11)

To determingthe phasespeed:, Equation10is adoptecbnegrid
nodeto the left (by replacingi by i — 1), whereall valuesare
known. After that,the phasespeeds usedto determinethe new
boundaryvalueui”Jrl from Equationl1. It is assumedhatatthe
outflow boundaryonly outgoingwavesoccut This restrictsthe
phasespeedto ¢ > 0. Becauseof stability requirementof the

numericalschemethe phasespeeds alsorestrictedby ¢ < gt_x_

Solution method
To explain the solutionmethod thetermsin Equation8 are
rearrangedo

1
urtt =+ em—lawpgﬂ, (12)

where

0N = U — atQ-Y(C(uf)ud EDUH —FD) (13)

First, a temporalvelocity field T is determinedusing Equation
13. Next, Equation12 is substitutedn Equation7 which results
in a Poissonequationfor the pressure.From this equationthe

pressuras solved usingthe SOR (Successie Over Relaxation)
methodwhere the optimal relaxationparameteris determined
during the iterations(Botta, 1985). Oncethe pressurefield is

known, thetemporalvelocity field {if) is adjustedusingthe pres-
suregradientto a new velocity field.

Free surface displacement

Oncethevelocityfield is known, thefreesurfacecanbedis-
placedusing an donoracceptormethodwhich is basedon the
Volume of Fluid method(Hirt, 1981). In the adoptedmethod,
the free surfaceis reconstructedising a piecevise constantre-
constructionwherethe fluid surfaceis alignedwith one of the

coordinateaxes. The fluxesbetweencells are computedby ve-
locity timesthe areaof the cell, afterwhich they areusedto cal-
culatethe new fluid apertures=s. Whenthis methodis adopted
without further adjustmentsflotsamand jetsamthat are small
bits of fluid which get separatedrom the fluid, appearin the
neighborhooaf thefreesurface.This mustbeavoidedto have a
goodworking method.Therefore additionalto theoriginal VOF
method,in free-surbcecells a local heightfunctionis adopted
which displaceghe heightof the columnor row corresponding
with the surfacecell (Gerrits,2001). Oncethe new fluid config-
urationis known, the free surfacelabelingcanbe adjusted.

The CFL condition

For stability, the time step is adjustedduring the com-
putation using the CFL-condition. Therefore, the Courant-
Friedrichs-Lery (CFL) numberis introduced:

[ulot |v|ot  |w|ot
= +=—+ :

CFL OX oy 0z

(14)

For stability of the ForwardEulerdiscretisatioomethodthe CFL-
numbermustsatisfythe conditionCFL < 1. During the simula-
tion the time stepis automaticallyadjustedusing userdefined
restrictionson the CFL-number

GREEN WATER LOADING ON AN FPSO

In this sectionresultsof simulationsof greenwateron the
foredeckof anFPSOwill be presentedGreenwateronthedeck
of a ship occursbecausef a complec interactionof theincom-
ing wavesandthe motion of the ship. To geta first ideaof the
possibilitiesof the numericalmethodemployed by ComFLON
the problemhasbeenrigorously simplified. Firstly, the shipis
fixed. Secondlythe incomingwavesare modeledasa wall of
waterstandingaroundthe deckof the vessel. Thenthe wateris
releasedasin a dambreakproblemand startsto flow onto the
deck.To checkthe performancef thenumericaimethodin cap-
turing the physicsof the problem,sometestshave beendone.
First,thecodehasbeenvalidatedusingmodeltestsperformedat
MARIN. Next, the sensitvity of the methodto the grid sizeand
to smallvariationsin the geometryhasbeentested.

Validation against experiments

To be ableto comparethe impactloadingof the greenwa-
ter on a deck structurewith modeltestsperformedat MARIN,
theinitial conditionhasto be tunedto the conditionsin the ex-
periment. This is doneby a comparisorof the contoursof the
waterfrontin themodeltestswith the contoursin the simulation.
The modeltestwhich hasbeenusedfor the validationis a reg-
ular wave teston a vesselwith a bow flare of 30 degreesand

Copyright [0 2002by ASME



deckwidth of 47 m. The waveswere characterisedy a wave
amplitudeof 8.65m andwavelength/shigength= % =0.75.0n
thedeckof thevessela verticalstructures placedwhich canbe
lookedat asa deckhouse.See(Buchner 1995)for moredetails
onthemodeltests.Usingthedambreakmodelingof thewaves,a
rathergoodapproximatiorof the conditionsin this testappeared
to beaverticalwall of wateraroundthedeckof thevesselwhich
was 13 meterhigh at the mostforward point of the bow andde-
creasedinearlyto 5 meterbelow thedecklevel behindthis point
asshavnin Figure3.

Figure 3. Initial fluid configuration

Figure 4. Contours of the water front; left: model test, right: ComFLOW

In Figure4 the contoursof the waterfrontat the deckof the
simulationandthe modeltestwith atime stepof 0.31sarecom-
pared. From the contourlines in both the experimentand the
simulation,we seethatthewateronthedeckformsahighveloc-
ity watertonguewhich smashe®n the rectangulamdeck struc-
ture. In thesimulationthis watertonguelooksa bit sharperThis
is only dueto a very thin layer of water so this hasnot much
influenceon theimpact. Theglobalbehaior of thewateron the
deckis similarin simulationandmodeltest,sowe concludethat
thedambreaknitial conditionis areasonable@pproximatiorfor
theconditionsin thetest.

During the experiment,somemeasurementisave beenper
formed, which can be usedfor the validation of ComFLON.
First, at threeplaceson the centerlineof the deck(H1, H2 and
H3), thewaterheighthasbeenmeasuredndatoneplace(Pdeck)
the pressurehasbeenmeasured.Furthermorethe wave forces

on the rectanguladeck structurehave beenmeasuredandfour

pressurepanelshave beenplacedon the front of the structure
(seeFigure>5 for anoverview). The measuredvaterheightand
pressuratthedeckhasbeencomparedvith thewaterheightand

pressurealculatecoy ComFLON in Figure6.

P3 15

P2 .75

Figure 5. Measurements on the deck and the deck structure
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Figure 6. Water height and pressure on the centerline of the deck

From this figure we seethat the waterat H1, H2 and H3
risesvery rapidly, which is well predictedby ComFLON. The
water height at positionsH2 and H3 hasa secondpeakwhich
occursdueto the waterthathassmasheanto the structureand
flowsbackagain.Theseseconcpeaksarealsopredictedoy Com-
FLOW albeitnot atthe sametime andwith the sameamplitude.
Thetime traceof the pressuratthedeckshovs a similar behar-
ior asthe waterheighton the deck. After a shortrisetime, the
pressureslownly decreasesSincethe shipis fixedin the simu-
lation, the pressureon the deck calculatedoy ComFLON only
exists of the hydrostaticpressure.Thatis why the amplitudeof
the pressurén themodeltestandthe simulationdo not have the
samemagnitude.
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Finally, the wave loadson the deckstructurecalculatedby
ComFLOWN canbe comparedvith measurementaie will only
shaw the resultsof the horizontalforce and the pressuretime
seriesof panell andpanel2 (seeFigure5). Thetime seriesof
panel4 are comparablewith the seriesof 1, and the seriesof
panel3 is not very interesting becausehe waterdoesnot reach
this panel.In Figure7 theresultsarepresentedAs canbe seen,
almostno waterreachegpanel2, bothin the modeltestandin
the simulation. Panel1 is hit by a large amountof water The
resemblancéetweerthe modeltestandthe simulationis large.
Both reachthe maximumpressureat the sametime afterwhich
a secondpeakoccurs.The samebehaior hasbeenfoundin the
total horizontalforce.

P1 P2

— simulation
--- model test

pressure (kPa)

time (s)

FX

force (kN)
Y
3
8
8

Figure 7. Pressure time series and total horizontal force on the structure

Recapitulatingheresultsof thevalidationcasewe cancon-
cludethatthe global behaior of the wateris well predictedby
ComFLOW. Somedifferencesanbe seengspeciallyin theam-
plitudeof thepressurd¢ime seriesandhorizontalfforce. Thereare
several possibleexplanationdor this difference.First, it should
be notedthat the impactloadsare sensitve to variationsin the
amountof waterand velocity of the water Whenusingwaves
in steadof a dambrealof awaterwall thesequantitieswill have
differentvalues.Further the simulationsaresimplified by using
afixedshipinsteadof a moving one,which certainlyhashadan
influenceon theresultingloads.Finally, the pressurdime series
of the simulationaretaken in cell-centersof the cells adjacent
to the geometryinsteadof at the geometry This may give some
differentvaluesand shouldprobablybe improvedin the future
by extrapolationof the pressure.

Grid refinement study

The accurag of the simulationresultsdependson the size
of thegrid. A finer grid naturallygivesmoreaccurateesults.To
shav thedependengof thegreenwatersimulationto the sizeof
the grid, a grid refinementtudy hasbeenperformed.For these
tests,similar geometryand liquid configurationare usedasin
the testdescribedabove. Calculationshave beenperformedon
threedifferentmeshes:

| Mesh | Cellsx | Cellsy | Cellsz | Totalnr. of cells |
Coarse | 66 72 32 191,520
Medium | 100 110 50 640,224
Fine 136 148 68 1,532 160

Theresultsof thetotal horizontalforce onthe deckstructureare
presentedn Figure 8. It canbe concludedthat the resultsare

Wall breakwater - sensitivity checks
Horizontal force vs. mesh resolution quality

Horizontal force, MN

Figure 8. Total horizontal force calculated with three different grids

equialentfor the threedifferentgrids. The coarsesgrid is fine
enoughfor thiskind of simulations.If afine enoughgridis used,
the simulationis insensitve to changesn the grid size. In the
signalof theforce,spikesarepresenthataredueto thehandling
of surfacecells. Mostof thecause®f spikesarealreadyremoved
in thenewestversionof ComFLOWN ascanbeseenin theresults
presentedn the next section.

Sensitivity to geometrical changes

To seehow ComFLOWN reactson smallchangesn the ge-
ometry simulationshave beenperformedof greenwateron the
deck equippedwith a cylinder the diameterof which will be
altered. A robust computerprogramshouldreactsmoothlyon
smallchangesThe diameterof the cylinder on the deckwill be
seton 6, 12, 18 and 24 meter In Figure9 a movie is shovn
of greenwateron the deckequippedwith a 6 m diametercylin-
der. In this movie, the high velocity watertongueis clearly visi-
ble. After that, the waterimpactsthe cylinder andstartsto flow
aroundit. In Figurel0theimpactloadsonthecylinderswith the
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four differentdiametersareshovn. Theresultsareasexpected:
theloadonthecylinderincreasesvith the diameterof the cylin-

der It canbe concludedthat ComFLON reactssmoothlyon
smallchangesn thegeometry

Figure 9. Snapshots of a green water simulation, time step 0.8 s
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Figure 10. Total horizontal force on cylinders with altered diameter

WAVE LOADING ON A SPAR BUOQOY
To validatethe programon theissueof wave loading,simu-
lationshave beenperformedof regularwave loadingon a SFAR

Buoy. At MARIN, experimentswith a SFAR have beendone
wherethe SFAR wasfixedwhile regularwaveshit the structure.
In full scale the SFAR hasatotallengthof 220m anda diameter
of 35 m, thedraftis 200m in a waterdepthof 290.35m. The
SFAR hasbeendividedinto threehorizontalsggmentson which
forceshave beenmeasuredseeFigure11). The characteristics

20 m, upper segment

water level
12 m, mid segment

188 m, lower segment

Figure 11. Configuration of the SPAR buoy

of the wavesusedin the simulationwhich hasbeenperformed
aregivenin thetablebelon. The directionof the wavesis 270
degrees.

TestNo. | frequeny | period | amplitude | wave length
101 0.26rad/s| 24.17s | 5.383m 866m

The SFAR buoy hasbeenplacedon the distanceof one wave
length behindthe inflow boundary Behindthe cylinder some
extra metersareaddedto the domainbeforethe waterflows out
throughthe outflow boundary On the inflow boundarythe left
wall of the domain,the velocity profile and water height have
beenprescribedusingAiry wave theory

The simulationshave beenperformedon a grid with about
100 cells in the wave length, 20 cells in the trans\ersedirec-
tion and 60 cellsin the total heightof the domain. The grid is
stretchedn the z-directiontowardsthe free surface. In Figure
12 the calculatedwaterheightat 290 meterin front of the buoy
hasbeencomparedo the measuredvaterheight. The waterin
front of the buoy increasesluring the simulation,which is also
the casewith thetotal amountof waterin the numericaldomain.
Thishappendecaus¢hewaterdoesnotperfectlyflow outof the
domainat the outflow boundaryon the right. This sameobser
vationcanalsobe madewhenlooking at the pressuretthefore
sideof thebuoy 18 meterbelow thewaterlevel asis shavnin the
right partof Figure12. The meanlevel of the pressureéncreases
in time becausehewaterlevel hasincreased.

A comparisorof the calculatedandmeasuredorcesin the
direction of the waves on the SFAR buoy is presentedn Fig-
ure 13. The calculatedandmeasuredotal force on the structure
matchvery well. The predictedmaximumof the force on the
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wave elevation in front of the buoy pressure on the fore side of the buoy

pressure (kPa)
|

wave height (m)
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Figure 12. Test 101: wave elevation (left) and pressure on buoy (right)

upperseggmentis larger thanthe measuredne. More wateris
flowing aroundthe uppersegmentbecausef the increasedva-
terlevel. In the forcessomepeakscanbe obsened. Partly, they
aredueto pressurén emptycellsthatchangedo afluid cell in
onetime step(for examplethe peakat about24 secondsat the
mid segment). At the lower sggmentsomeother peakscan be
obsened(alsoattimeis 24 secondsjhathave influencein more
thanonetime step. Thesepeaksaredueto the treatmentof the
outflow boundary More investigationis requiredto solve this
problem.

< 10° total force on buoy
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Figure 13. Test 101: forces on the total structure and the segments

CONCLUSIONS

The simulation program ComFLON which solves the
Navier-Stokes equationshas beenvalidatedusing experiments
andit hasbeenchecledon sensitvity to changesn grid andge-
ometry Lookingattheresultsof greenwaterflow onthedeckof

avesseljt canbeconcludedhatComFLON canwell predictthe
physicsof greenwater Thenumericalmethodsadoptedn Com-
FLOW have shaovn robustnesgo meshrefinement:whenafine
enoughgrid is used,the resultshecomegrid independentAlso
robustnessvith respecto greenwaterimpacton differentcylin-
dersis showvn. The next stepin the simulationof greenwateris
to replacethe dambrealstartingsituationwith realwaves.

The secondtopic of this paperhasbeenthe validation of
ComFLOW usingexperimentof regularwaveloadingonafixed
SFAR buoy. The comparisorbetweenthe calculatedand mea-
suredforcesis very satishctory Someproblemswere encoun-
teredat the outflow boundarywherea local Sommerfeldcon-
dition hasbeenused. Not enoughwaterflew out of the domain
whichcausedaraiseof thefluid level. Also, peaksvereobsened
in the pressuresignaldueto the numericaltreatmenbf the out-
flow boundary Whenthe problemsat the outflow boundaryare
solved, someattentionneedsto be given to the inflow bound-
ary wherereflectionscanoccurcausedy wavesreflectedby the
SFAR buoy. Then,we will be ableto simulatemore periodsof
wavesimpactingon offshorestructures.
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