SPH MODEL TO SIMULATE MOVEMENT OF GRASS MEADOW OF POSIDONIA UNDER
WAVES

Thibault Oudart and Philippe Larroudé

The objective of this paper is to try a new apphocsimulate the interactions between waves agkealThe chosen
method is to simulate waves and plants through &thbothed Particle Hydrodynamics, SPH). In this ehothe
algae are defined as a solid that respects HoaWswhich is in direct interaction with the fluicagp. Given the
properties of this method especially in terms ahpatation time, the dimensions of the simulatiores lamited. A
successful representation of the movement of algaler waves or/and current by SPH will permit tegedmination
of coefficient of friction corresponding to a typtalgae, that can be used in a different largalescode.
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INTRODUCTION

The seagras$osidonia oceanica, is present in a lot of Mediteranean sandy betdh.crucial in
protection against coastal erosion. The importafceea grasses regarding physical aspects has been
well recognized; due to their capacity to dampea Wave effect. Sea grass meadows are of great
importance regarding the coastal protection aspectuse sea grasses have the capability to capture
sediment and so to participle at the shorelineilstabon. The Sea grasses meadow slow water motion
and attenuate the sediment transport in suspenbimeffects of sea grasses are a lot studiedass cr
shore flows especially about the wave-sea grassesaction. The degree of wave attenuation depends
both on the sea grasses characteristics (the getigtheight and the capacity of the shoots taltzemd
the wave classical parameters (wave height, pexfmtidirection). The quantification of wave energy
dissipation over plants does not have a trivialreggion (Mendez, 2004). Numerical modeling for such
wave-sea grasses interaction is tricky becauspatameters of the plant stiffness and movementrunde
waves are difficult to define with a mathematicabdal. Therefore most of numerical studies
approximate the grasses as to be rigid using diftevalues for the drag coefficient (Dalrymple1984)
Some experimental studies on wave dissipation duhis sea bed vegetation have been performed,
with large variability of the results for wave daimg over Posidonia or other meadows that confiren th
difficulty to represent this flow system.

DESCRIPTION OF THE FSI APPROACH WITH SPH METHOD

The SPH method is based on the theory of interpolgMonaghan, 1982; Monaghan, 1992; Benz,
1990; Liu, 2003; Monaghan, 2005). Its formulatignoiten divided into two parts: the first being the
integral representation and the second "the pardipproximation” (particle approximation).

The first condition is thenormalization condition, the second condition is theelta function
property that is observed when the smoothing length appesacero and the third condition is the
compact condition where K is a constant related to the length of smoothimg) defined the effective
area of the smoothing function

The stability of the SPH algorithm depends heawilythe second derivative of the kernel (Morris
et al, 1997). There are different kernel functiadhg, most known is a Gaussian function. In thislgtu
we use primarily the function of the third order dbnaghan and Lattanzio (Monaghan et al, 1985)
known as the B-spline function.

The accuracy of the SPH method can be improveatrgasing the number of neighbors, which
also significantly increases the computation titnethe case of 2D, a number of neighboring paicle
between 20 and 30 is a good compromise betweemaagcand computation time.

Fluid-solid interaction

There are several methods to calculate fluid-sirecinteraction in the SPH method. Easiest
method is to consider that the constraints of soédidicles at the interface are directly equahtase of
fluid particles. The second approach is to buildraarface area between the fluid and solid paticl
where forces are calculated on the forces exenatébfluid particles. These forces are then appie
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solid particles, as well as fluid particles by npilation at the interface. The second method &stbat
seems the most compatible with the code used daaddtconsider the both domain (fluid and solid) a
a boundary one with respect to the other to caleuls forces of action and reaction.

Solids and fluids are differentiated and those tiedanore than I2 from the interface zone are
interacting only with particles of the same spe¢fticlea, Fig. 1). On the other hand, the particles
near the interaction zone interact with all paesclThe simplest approach in this case is to extead
summations of equations for the fluid and partpaet to all particles b regardless of their natures

Figure 1: Fluid interaction (blue, left) solid (green, rigimear the interface and convention of the
normal to the interface

In principle the interpenetration of different tygef particles is possible, but the correction XSPH
can prevent it. This coupling method is equivalenthe conditions at the interface between the two
types of particles:

Ut = Uis (1)
OijsNis = =0 Ny (2)

where the subscripts s and f represent the satid$laids and the sign convention is that usedgaorg
1. Note that this approach is only valid for fluidkere the viscosity is taken into account.

In the second approach (proposed by Antoci et @)7® the velocities of the fluids and solid
particles at the interface are coupled as the caings:

Uy =un, (3

TiNaNjs = Py (4)

ijs'is’ 'js

These equations need the precise position of teeface and the direction of the normal. One way
to define the interface and the normal is giverRaydles et al, (1996) However in our case, it is no
necessary to take into account the fragmentatiadhenbolid part, the latter remaining connectedctvhi
makes the identification of the interface easidre Tnterface is defined at a distance d/2 to thiel so
particles as shown in figure 1 (where d represingslistance between the initial particles) :

For all solid particles at a distance less thafr@m the interface, we define the unit tangenteec

Xa+l B Xa—l ’ ya+1 - ya_l
|)_<a+1 - Xa—l| |ya+1 - Va_1|

£ =(taty)= (6)

and the unit normal vector:

A

Ay =ty tac) ©6)



COASTAL ENGINEERING 2012 3

The position of the interface for each particlalso defined by:
Xie, = Xa +[r| + jdn (7)
wherer! is the number of lines between the partideand the particle interface.

Definition of the condition of dynamic interface

The condition of dynamic interface that is equival® the principle of action reaction is imposed
by applying the fact that the force exerted byfthiel on the solid has the same magnitude as treefo
exerted by the solid on the fluid, but the opposiieection. For the force exerted by one phase to

another, we consider the pressure gradient oridhie® limited by the surface”
(Op(x)) = p(xW(x-%',h) +j (x)DOW(x-x',h)dQ" (8)
which when discretized by SPH method becomes:
(Op(x)) = [ p(x)OW(%-xi, h)dr'+;2—zpbwab ©)

Mo

Assuming that the pressure varies linearly and ttiatsupport of the core is limited to a group of
particle, we can define a pressure at the interiacehe sum of pressure points in the length of
smoothing kernel. By applying the divergence theoamd using the approximation of SPH after (Ha et
al. 2011). We can rewrite the surface integral as:

met;S == pinta J. |:|>'<W(>a(ima - X" h)jQ (10)
Q¢
Flnft;S == pinta Z ﬂl]>'<W()a(inta - Xb’h) (11)
beQ b

Ff

nta fepresents the intensity of the force imposedhayfluid on the point of interface and the
pressure exerted by the fluid particles on therfate is interpolated by:

z Sb PW( |nta - Xb’h)
_ by Mo

z mbW( |nta _Xb’h)

bea; Pb

(12)

inta —

F,r:ta can be directly brought back to the correspondinid particle @ and added to the

equation of motion:

fos
'a _Zm) ( a +_J5 +S]a +Slb +|—| ij+ijqu' aWab +gi+Fia (13)
Ioa Iob Ioa pb ’ aaan Ioa

Finally, the reaction force on the fluid particissnterpolated using the symmetric particle ofteac
solid particle with respect to the interface.

- f f o
Fai - _Fa ) (14)
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Lt N My cso vl o -
Fas - Z pa Fai W(Xa - Xa* , h) Xa 0Q f (15)
a* a*

This reaction force is then added to the equatfanadion of fluid particles:

so f

%:Z - i+i 1o) _aWab +g + Fia* (16)
Dt % ™ piop)")oox T p,

However, this method requires the creation of fatar points that are difficult to create with thae.
In addition, the algae did not prevent the passddeid particles across the frond.

The third method is based on the repulsive fortegs method draws heavily on the previous, but
has the advantage of not requiring intermediataighes. It is based on the method presented by
Monaghan (1994). From the normal to the solid pkesi calculated as previously, we consider them as
boundary particles with respect to the fluid paesc that allows the calculation of reaction force.
Finally, the inverse of this force is applied tdidgarticles. The force exerted by a fluid pasicin the
solid particles and calculated on the normal iggilsy Rogers and Dalrymple (2008):

7 = R(d, P(E)e(zu.) an

where N is the normal solid particles, the distand% is the perpendicular distance of the particle

fluid to the solid particles¢ is the projection of the distance between thedgudirticles andu is the
fluid velocity of the particle projected on the mal. The function of repulsiorR(dD) is calculated

from the normalized distance to the solid particles= d /2h, as following (modification to
Monaghan and Kos (1999) original development):

1
R(d.)=A—=(1-q) (18)
O \/a
1 )
A= 001 (19)

where C, is the speed of sound for the particle

The function P(f) is chosen so that the repulsive force is constadtparallel to the particles on
the edges of the solid part:

P(&)= %(1+ CO{%D (20)

Ab

with Ab the distance between two solid particles on edgeslly, S(Z,UD) is used to adjust the

force exerted by the fluid particle according te teight of local wateh0 and normal speed of the

fluid particle:
e(z,u,)=£(2)+£(u,) (21)
002 z=20
g(z)=1|z/h|+ 002 0>z2-h, (22)

1 |2/hy| >1
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0 u; =0
g(u,)=1[20u,|/c,  [20u,|<c, (23)
1 120u,| > c,

with Z elevation above the water level Iodad. The normal are calculated according to equations
(5to 7). This force is then applied to the solidtjzles by reaction.

The code SPHysics is an open source SPH code gedelly Gémez-Gesteira et al, (2010) for the
study of free surfaces including waves. Severakmothpen source codes have been developed from
SPHysics, including a parallel code "parallelSPEysiand codes using the computing power of
graphics cards (GPU) as "GPUSPH". SPHysics codmapily uses the language Fortran 90 and
consists of three main parts to perform all thestequired to process a case.

CALIBRATION AND EXPERIMENTAL DATA COMPARISON

The first test comparison was to calibrate anddeddi the Fluid Structure Interaction (FSI) that we
use for the movement of algae. We compare the SBHyssults with those obtained numerically by
Antoci et al, (2007) and in laboratory experimemssng the SPH method. The experiment consists in
the deformation of an elastic beam acting as atdaswater column. The beam is fixed at one end and
free at the other.

The experiment is described in detail by (Antocakt2007). The figure below (Figure 2) shows a
diagram of the experiment.

8 plexiglas channel A

rigid wrall

rubber elastic gate
plate

OOV ANV NN

T N SRR

TLLLLLLTLULY
m

Figure 2: Schematic of the experimen? conducted by Antoai €2007

Table 1: Dimension of experiment

A(m) 0.1
H(m) 0.14
B(m) 0.1
B*(m) 0.098
L(m) 0.079
s(m) 0.005

All dimensions of the experiment are given in Tabl& he elastic properties of the beam could not
be determined precisely by Antoci et al, (2007) &mel value chosen for the Young's modulus in the
simulations is the one giving results closest tpegiment. The data on the fluid and elastic used ar
summarized in Table 2:
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Table 2. Properties of the fluid and the elastic moduli used

Fluid property

Densityp(kg/nT) 1000

Compressibility modulus (N/m?) 2x10°

Solid property

Densityp (kg/m°) 1100
Young modulus E (N/f) 1.2x10
Shear modulug (N/m?) 4.27x16
Bulk modulus K (N/m) 2x10'

To compare the results with those from the expedesf Antoci, as well as with their simulations,
we can trace the movement of the end of the pktpife 3). Note that the results match those obthin
experimentally. However, as SPHysics can not udéerdnt particle sizes, we chose to use
compressibility one hundred times less than thatrgin Table 2 to reduce the time step. Despite thi
difference in the compressibility, the displacemsestitained seem correct (see Figure 3). Moreover, w
note that the behavior of the free surface is ctostne real case (Figure 4). The computation tisne

approximately 36 hours to 0.4 seconds of simulation
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Figure 3: Horizontal displacements of the free end of theteplaf the Antoci et al.(2007)
experiment W), different value of the bulk modulus in our thB®H FSI approach ¢k, 4 ande) and
the test with the first approach described in plaiper @)

To study the influence of compressibility, we haalso varied its value. We can see that its
influence is small, but it is difficult to know wreethese differences based on several elementsciAnt
et al. could not determine experimentally the @agstoperties of the gate. The distance between the
bottom of the elastic and the ground is not giviglereover, the method with the pressures gives
permanent deformations in the plate (Figure 3, @j®pat t = 0.09 seconds, which eventually break at
t = 0.3 seconds, for a displacement not more inapbriWe therefore retain only the repulsion force
method.

RESULTS
In this section we will compare the results onievement of algae with the SPH method against
experimental results. The Posidonia oceanica is uaderwater plant very prevalent in the
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Mediterranean and plays an important role in mitigathe waves and sediment transport in nearshore
areas by reducing the current velocity of sea fldbrhas the distinction of growing in tufts, or
herbarium (Figure 4), which will be a problem foetsimulations

\4}75 r:::..’ . ‘:;&.
graphy of a plant

To model the Posidonia, it is necessary to knowpitsperties, including its density and elastic
modulus. These data have been recorded by Folk@@b] (Table 3). However, Poisson's ratio is not
known, it generally ranges from 0.3 to 0.4 for tiyise of solid.

To perform our simulations we have encounteredrsépeoblems with the thickness of Posidonia.
The first problem is that the thickness of alga@.&smm, while the particle size used in the sirioies
is 5 mm. Moreover, it is necessary to model attlélasee rows of particles for solids in order to
construct the normal to the front and thereforeethe a ratio of 150 between the modeled thickioéss
the algae and its actual thickness. We have twmmgptto handle this problem. We can reduce the
particle size by dividing by 150. Or modify the pesties of the algae modeled. Reducing the particle
size results in dramatically increasing the totamber of particles and also greatly increases the
computing time. In addition, since the code doesatiow use of several different particle sizesg th
water particles must also decrease in size. Unldeset conditions, the memory needed to run a
calculation is too large and it is therefore implolgsto use this method. We chose to use the second
solution of modifying the properties of the alghmtially, we modify only the Youngs bulk and shiar
moduli and isostatic compressibility. Another stughould be conducted to determine the impact on
density. The new parameters are obtained diregtlyividing the initial parameters by 150 (Table 3).

The second problem is the fact that Posidonia ssaggrow in tufts, which can not be simulated in
a 2D model; however we simulate several algae dwsach other, representing a broad meadow

Table 3. Properties of real and modified Posidonia oceafticaumerical simulations

Property Real Algea Modified Algea
Densityp (kg/n?) 910 + 110 kg m™3 910 kg m™3

Young modulus E (N/R) 4.7 4+ 0.6 x 108 N m~2 3.13 X 10° N m ™2
Thickness (mm) 0.1 mm 15 mm

Bulk modulus K (N/m) 3.92 + 0.6 x 10° N m~2 2.6 X 10° N m™2
Shear modulug (N/n) 1.81 + 0.5 X 10° N m™? 1.2 x10° N m?

Figure 5 shows what happens when we use the fisbach of FSI with the algae movement. The
plants keep the deformation and can also definiteBak in two or several part. The effect of the
Young modulus through the change of the bulk ma&ldannot avoid this breaking of the plant
phenomenon. The only way to obtain a good defoonaind movement is to apply the third approach
for the FSI.



8 COASTAL ENGINEERING 2012

Figure5: Movement of four plants under waves with the fagproach of FSI SPH described in
this paper

Luhar and Nepf (2011) studied the flow-induced rdiguration of buoyant, flexible aquatic
vegetation through a combination of laboratory #uexperiments. The laboratory experiments measure
drag and posture for model blades that span thealatnge for seagrass stiffness and buoyancy The
also compare with a theoretical model. They testtydrodynamic forcing: one small compares to the
restoring forces and one with a forcing which exisethe restoring forces, in this case the blades ar
pushed over by the flow. In this first study of lapiof our approach to simulate the plant movement
we compare in a qualitative point of view our siatidns with several experiments. They we
constructed model blades from two different matsyisilicone foam (Young modulus E= 500 k&a;
= 330 kg.nT (the density of seawater is assumed to be 1026 %and thickness equal to 1.9 mm) and
high-density polyethylene, HDPE, (Young modulus 83 GPaAp = 50 kg.n? and thickness equal
to 0.4 mm).

The figure 6 shows the qualitative comparison véth experiment of Luhar and Nepf on the
artificial sea plant movement under waves. OuriRfplementation in the SPH code is able to simulate
the shape and the phasing of the movement dueetwdlie crossing over the plant. This works is the
first step it has to be continuing with a more ditative approach. The figure 7 shows that we &le a
also to simulate a sea grass meadow under waves.

Tot7s

Figure 6: Movement of the artificial plant under waves atesaVtimes (left) with the third
approach of FSI SPH presented in this paper agtt{riMular and Nepf experiment
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Figure 7: Movement of the sea grass meadow under waves atadewvnes with the third approach
of FSI SPH.

We compare the results for differenftag.e ratio (hy is the reference water level in the channel)
with one algae located at x = 1.2 m (Figure 8)uFeégl0 shows that the wave height generated with th
piston paddle is influenced at x = 0.6 m from thedie and before the algae.

The height of the wave at x = 1 m and x = 1.3 mragarly identical for all simulations with an
increase in wave heights at the approach of algdesasignificant decrease afterwards. However, when
approaching the area of the channel slope (at x7=m), there is another increase of the wave height
which varies according to the ratig/thyge The presence of the algae created a decreabe ofave
height, due to a lost energy by friction. This gaelrequires some complementary simulations wigh th
foot of beach slope farer from the end of the seaagymeadow to avoid the influence of it.
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Figure 8: Wave height relative to the reference level ingdhannel (h= 0.2m) in function of the
cross shore position for the ratighggaeranging from 0.32 to 0.5. The green line showsallgae’s
position at x = 1.2 meters.

CONCLUSIONS

The SPH with FSI gives reasonable results for tlagious simulations, although several
improvements are still needed. Indeed, we showaw s test case of deformation of a elastic plate
over the a water column, the SPH method, with fleidid interaction model worked and gave the
results for the movement of the solid part. Nextsimaulate the movement of algae in a numerical wave
flume. The different curves on the attenuationveélts, we can say that the presence of algae dags p
an important role. In our first simulation over &adow the damping of the wave height is significant
but we need more numerical experiment with longel/ar higher sea grass meadow to compare with
existing experiment in the literature. The influeraf non-rigid behavior of the algae was highlighte
by the comparison of results. However the resulitained for the attenuation of waves remain
qualitatively given the sizing problems mentionedthe previous chapter. Moreover, the cost in
computation time of the SPH method is too importanperform simulations on very large areas now,
but should determine an equivalent viscosity thatilel be used in simulations using other method. If
the attenuation of waves obtained numerically fosiéonia is identical to the in-situ measurememas t
will simulate the influence of any type of alga@dadetermine an equivalent viscosity based on its
properties.

Although the initial results seem consistent wikpectations, many improvements are possible
especially in terms of comparison with experimemésults, but also in terms of computation time in
order to launch 3D calculations. The results of etical simulations are currently difficult to conmpa
with experimental results given the differencednitial parameters due to the limitations of theHSP
method, particularly related to computation timexef the first improvements might be to compare
more than simple theoretical cases, dimensions ricatly feasible, with the displacement of the doli
and the fluid part of the known, to determine wietto add a coefficient in the law Interaction. The
second element is the computation time is very mgmd for the SPH method. One of the futur
improvements would be to use the code GPUSPH wimichthe advantage of being an open source
SPH code which also uses the immense computafavedr of graphics card.
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