Assessment study of a Domain-Decomposition strategy for miae applications.

M. Greco'2:3
m.greco@insean.it

G. Colicchio!»?
g.colicchio@insean.it

C. Lugni'-?
c.lugni@inseat

1 INSEAN, Italian Ship Model Basin, Roma — Italy.
2 Centre for Ships and Ocean Structures (CeSOS), NTNU, Trondéim — Norway.
3 Department of Marine Technology, NTNU, Trondheim — Norway.

Grecoet al. (2011) tried to identify the proper numerical choices tog tievelopment of a three-dimensional Domain-
Decomposition (DD) strategy. It aims to study the violertemaction of FPSO ships with head-sea regular waves. The
present work represents a contribution in this directidme Tinder development DD solver combines a Boundary Element
Method (BEM) for the global linear seakeeping analysis @gtrency domain with a Navier-Stokes (NS) method for the
flow investigation in an inner sea region containing the mdvportion of the vessel. In this region, water shipping and
slamming events can be caused by the liquid-structureactiens, while it is assumed that the rest of the fluid domain
can be suitably described by the linear potential-flow solWéithin the NS solver, a Projection method is adopted with
a finite-difference scheme on an Eulerian grid and a Predi@torector scheme for the time evolution. The solver is
accurate to the second order. The evolution of the free i captured by means of a Level-Set (LS) technique
updating in time the normal distance (with-sign) from theewair interface. Moreover the influence of the air on the
water is neglected and the velocity field is smoothly extenlem the liquid to the gas domain. The non-slip body-
boundary condition is enforced through a hybrid Euleriamiiangian approach combining the body LS functigg,
(positive in the fluid) with point markers moving with the odnd initially defined on a uniform grid four times finer
than the minimum mesh size in the computational grid andimahand across the body surface six times larger than the
maximum mesh size of the computational grid. The body p@wbtdve in time carrying with them their distance from the
body surface and this allows a more accurate estimatgf, on the Eulerian grid by interpolation from the markers.
The coupling between the outer and inner solvers is impléedeas a weak and a strong strategy. In the former case,
the information travels from the outer to the inner solver ot vice versa in the latter, the information travels back
and fourth. The NS solver needs initial and boundary comitin terms of velocity, pressure and free surface elavatio
in the fluid and the body-boundary condition along the salidace. The seakeeping solver feels the nonlinearities and
possible viscous effects predicted in the inner domairutiindocal and global loads acting on the ship portion indhite t
region. The rest of the ship hull is assumed to be subjectdtkettnads provided by the potential-flow outer solver. For a
freely-floating vessel, the inner-domain global loads ateduced in the body-motion equations, so that the shipamot
can be affected by the inner-flow features that can alter theghttern in the inner domain in return.

The study in Grecet al. (2011) examined the application of the DD strategy to agbatrip tested at CNR-INSEAN
without forward speed and highlighted numerical challengéhey are connected with the boundary conditions of the
inner domain and with the prediction of the body loads by tf& $¢lver. Within that investigation, the loads on the
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Figure 1: Weak coupling. Left: forced-heave problem for &qdaship. Vertical force on the ship portion inside the inne
domain as estimated by extrapolation and interpolatioh wiirching-cube algorithm. Oscillation period correspogd

to a wavelength\ ~ 1.25L and motion amplitudé€s,/D = 0.1. Az/L = 0.006. Right: definition of the examined 2D
problem.B/D = 2.



body surface were approximated as a parabolic extrapol&ion the loads estimated at the three iso-surfaggs, =
0.5Az, Ax and 1.5Ax outside of the ship. This approach proved to be not optimahfoving bodies because of
numerical oscillations induced by errors in extrapolatimg pressure not exactly normally to the body surface. Toere
another strategy has been identified: the body pressureeipalated on the vertices of the triangles that identify th
body surface, then it is integrated along each triangle. tiiegles are identified at any needed time instant throhgh t
marching-cube scheme searching for the intersectionsabf gdd cell with the body surface. This avoids the temporal
oscillations in the integrated loads, the back side of thelahes given by greater CPU-time requirements. Left plot
of figure 1 shows a typical comparison between the result® fitee two methods in terms of the vertical force for
a forced-heave case of the patrol ship considered in Gee@h (2011). The results show that the two approaches
are associated with a different buoyancy contributionl@ided in the vertical force) and confirm a behavior free from
fictitious oscillations when using the developed interpiolamethod. A major change relative to the preliminary wiork
Grecoet al. (2011) concerns the boundary conditions for the inner diobaunded within a parallelepiped. A careful
analysis has shown that the most robust and effective gyragean inflow condition for the free-surface elevation, the
pressure and the velocity spread in, respectively, six, two and six cells closest ¢éosrtical boundaries. The first two
variables are sharply enforced from the BEM while the vejopasses linearly from the BEM to the NS solution. If the
boundary is crossed by the body, a mixed condition is apftiethe velocity: the inflow condition is modified smoothly
into an outflow condition going close to the body surface midinconsistency between the free-slip condition from the
BEM and the no-slip condition from the NS solver. On the botteoundary the BENp andw are sharply enforced on
the first cell.

To help the assessment of the numerical choices for the ladlypredictions and for the enforcement of the inner-
domain boundary conditions, the 2D geometry in the right gdifé 1 has been examined in the case of diffraction of
regular incident waves and radiation caused by periodoefibheave; and rollés motions assuming bea®=0.4 m and
draft D=0.2 m. For this problem, the DD is used as a weak-coupliredegy: the 3D BEM solver is applied to a cylinder
long L = 5B and provides the initial and boundary conditions to the N&Ssdblver describing the flow in the central
cross-section plane. The inner domain lgs = 1.5B,2.158 L,» = 0,1.58,2.15B, L, = 4.3B, and was studied
usingAy = 0.025B8. The frequencyw is set as 0.6, 0.8, 1 and 1,22¢/B. In the diffraction problem, the incident
wave amplitude is set aé = 0.1D and, in the radiation problems, the oscillation amplituglgs= 0.05D = 0.01m and

&1 = 0.05 rad are considered. The results are given in figure 2 usjng= L,» = 2.15B. These choices lead to linear
conditions which can be challenging for CFD methods bec#useesults are very sensitive to the numerical accuracy.
The solid and dashed lines in the plots represent the patdlaiv solution; in particular, the 3D and 2D data are obtdin
integrating, respectively, along the whole BEM cylindettwl, = 5B and along a central strip widie25B. But for b4y,

the DD results are globally consistent with the 2D BEM resaltd confirm a dominant linear potential-flow behavior for
the studied conditions. Viscous effects connected withiém along the body and with the vortex shedding causeddy th
small radius of curvature at the bottom edges of the crostsesecan partially explain the larger values of the DD réesul
for by4. The instantaneous vorticity field in the case of forcediméxamined in figure 3 as a function of the oscillation
frequency. Asu increases more intense vortical structures are shed frerhdally and the previous oscillation vorticity
is still visible in the fluid field. An exception is = 0.8,/2¢/B which is associated with the lowest vorticity. The 2D
numerical results in figure 2 are close to the experimenta g Vugts (1968), also given in the figure, with the largest
discrepancies in the region of law. There, the model tests are quite consistent with the 3D B&ddlts. Though the
physical cylinder was much longefk (= 10.475B) than in the BEM simulations, this suggests possible 3Dcedfan the
experiments. The model tests are associated with an addss-imroll much lower than the numerical results. This is
possibly due to experimental errors in calculating theadtled mass, as pointed out by Vugts (1968). In the experiment
it was difficult the properly estimate the moment of inertia dhis led taz44 smaller than in reality. For the heave motion,
a larger amplitudés, = 0.15D = 0.03m is also examined in figure 2. The added-mass and dampinticieets from
the experiments and the DD appear consistent and showshas dominated by linear effects whilgs shows some
nonlinearities as increases.

To assess the numerical choices made in the case of a bodyngrdise inner-domain boundat,» has been set to
zero so that only half of the body is inside the NS-LS domaiitsmmean configuration. The results are given in the top
plots of figure 4 for the case of heave with amplitugde = 0.15D andw = 0.61/2¢g/B. The vertical force on half of
the domain is consistent with half of the force acting on thwle body (left plot). On the other hand, as expected, near
the right overlapping region between the BEM and the NS-L®alas the pressure field deviates from the viscous-flow
solution. The results indicate that, within a strong-cingphnalysis of a seakeeping problem, to be on the safe side th
loads from the NS-LS solver should be obtained integratimg portion of the body sufficiently inside the inner domain,
say with a distance greater than the overlapping thickri@sel(s) plus four extra cells. A part from this area near the
boundary, the pressure fields in the two cases are consiSientar agreement is also observed in the case of forcéd rol
motion with&s, = 0.05 rad andv = 0.6/2¢/ B, as shown in the bottom-left plot of figure 4. The pressures tiee right
boundary of the narrower domain are more consistent fombesimulations than in the case of the forced heave. This can
be intuitively understood because the roll gives a motiaomabto the boundary while the heave leads to a motion paralle
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Figure 2: Top: heave (left) and roll (right) wave excitingatts. Center: added-mass in heave (left) and roll (right).
Bottom: damping in heave (left) and roll (rightlr = 0.9992BD is the cross-section ared.,; = Ly> = 2.15B)

to the boundary and so with larger sensitivity to the NS-L8 BEM description of the flow-boundary solution (velocity
and pressure must be furnished in an area seen as insidedié¥pthe linear potential solution). The bottom-right plot
of the figure examines the influence of the domain horizoritaédsions for the same forced-roll conditions. In this case
the body is inside the NS-LS domain in both simulations. Téeaewer-domain solution shows some unphysical behavior
of the pressure near the left boundary but it is quite coasiswith the wider-domain solution elsewhere. Instead, the
velocity field is more sensitive to the closeness of the bauyndnd appears somewhat different than the wider-domain
solution even besides the body surface. One must then figéiméi minimumL,; and L, to ensure a physical solution
near the body. It should be noted that the difference in thecitg is not much felt by the roll moment acting on the
body (not shown here). An even more critical parametdr,isOn the bottom, the inconsistency between the irrotational
potential flow and the rotational NS-LS can act like a poroogrigary, influencing the detachment and evolution of the
shed vorticity. This must be avoided either by dynamicatljagging the inner-domain extension or by introducing a
numerical diffusivity of the vorticity near the domain badary and sufficiently far from the body so that the physical
phenomena relevant for the liquid-structure interactinmescorrectly described. A parameter analysis is ongoingng

to obtain the proper dimensioning of the inner domain as atfon of the type and amplitude of motion and will be
presented at the workshop. The details of the developed Digrsare described in Great al. (2012) and will be also
discussed at the workshop.
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Figure 3: Forced roll motion witljs, = 0.05 rad: vorticity contours forv = 0.6, 0.8, 1.0 and 1.2/2¢/B. Snapshot
corresponding to maximugy. (L1 = Ly2 = 2.15B)
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Figure 4: Top: forced heave motion with, = 0.15D andw = 0. 6\/29/B Vertical force (left) and pressure field
(right) usingL,> = 0 (half left) andL,» = 2.15B8 (half right). Bottom: forced roll motion witlfs, = 0.05 rad and

w = 0.6/2¢/B. Pressure field (left) using,» = 0 (half left) andL,, = 2.15B (half right) and pressure and velocity
fields (right) usinglL,; = L,» = 1.5B (half left) andL,; = L,» = 2.15B (half right).

"Violent Water-Vessel Interactions and Related Strudtucads” project.
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