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ABSTRACT: Twa diffenen: initial conditions — cold stan and Berkhofls linear solation — wre
compared, for a two-dimensional depth - integraed shallow water gravity surface wave propagation
model, capable of predicting wave shoaling, refraction, reflection, diffraction and breaking. The
rrodel i% based oo & finite element approximation of the dome dependent quasi-imotakional Boussi-
nesq equatbons with improved dispersion propertics. The numerical resofution of these: squations
leads to & wery fine discretization and 1o huge sparye matnces. A cold sart beads a5 well 10 relative
boag term simulations, kefore o siathonary KitUALicn 18 reached. To awaid this incomvensence, the e
of the linear sclition &5 indtial condition is discassed.

RESUME : Mous comparons ke solutions données par I"utilisstion d'un modéls Bidimeseionsl
inbégré sur In verticale, capable de prédire la propagation des ondes de sarface en eau peu profonde,
ke gosfbement, la réfraction, la réflexion, ls dxffraction o b déferbement, an utilisamt deux conditions
mitinles différendes: & repoa of [s solution findaire dommée par un modibs de Berkboff. Le modile et
basé sar une spprocmation par ééments finis des Squatioos quasi-rrotationelles de Boussinesy,
avanl $e3 canscigristiqoes dispersives amalionées. La résclution numerique de oo Squations nequiert
upe trés Gme discrétiaation of ["ufifisation de i grandes mairscss. Une initialisstion i partic du
repos conduit avssl 4 de longues simubations, Pour éviter o8 mconvénsent, nous discudons
|"usilisation de la sohesea lindaire da Eerkboff comme condition initiale

1. INTRODUCTION tros, always requires foag e simalations, for
& periodic pattern 10 be eatablished all over the
The flow charactaristics in coastal and estuarine cmmdMn.mFMN1su1m
regions i strongly influcnced by phencmens tant a the dmuq I:n;ph_u In;:_ in the wEve
inchced by propagating waves, lke refmaction,  POPSBAION dimelon, | i act 4o 10 PEE
diffraction, reflection, wave breaking, bottam e s by ™ L i i e
friciion, and nontinear wave-wave and wave- I'"MT o “Mi:il e "}“‘"ﬂ ':mdmm e the
: : & [ag1er convergence
current interations. A good knowledpe of these e e L d
phenomens is of vital impa i the Beld of the rumerical procedure with 8 considerbla

of comtal protection, and eebour design and VIR I COMPOEAg Fne-
e e [l 06 Firstly, In section 2, we describe both models

. ; and thedr numerical implenreniation, based on
Beskhofl mild slope cquation leads o solution 3 i
which, for waves propagating in shallew wa- e B . Jor e ¢

: tion. Secondly, in section 3, a case stdy is
ters, wre Far recnoved from reality. Om the other -
side, fho usage of » Boussinesq model, mod- presented for which the proposed metodology

ified for bener disperiive behavioar in deeper gt H.J:ﬁ“r:: ﬂll?d' ::‘h':]!mr.lﬂl:ﬁﬁg
waers, with a rest sodution as the nitial comdi- I - )
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Thirdly, in section 4, the results are analysed
in the time- and frequency domsins and com-
presd For both npproaches. Finally, in section 5,
comchusions are drasm on the effciency of the

proposed methodology. A few figures are pre-
sentod af eod.

2. WAVE PROPAGATION MODELS

Twg wave models were wsed In this work: an
extended Boussinesg model for the propagation
of nonbiees dispersive waves; and an elliptic
linear mild-shope model which was used bo gen-
ersie an initial conditon o the Boussinesg one.

11, Improved Bessssinesq model

Let the relative wave height ¢ = aff b a
measiire of the nondineariny, and et the relative
diepih # = &l be 3 messare of ihe digpersivity.
4 i4 B rypecal wave height, « is a chosdieristc
wave number and H is the mean waler depib.
For weakly nomlinear waves, & << 1, with the
relative wave height having a valoe chose io the
square ol the rebative depth, & () r= O} the
wave propagation is povemed by the Bouwssi-
ncs egquations. (6],

Herein we adopied an exiended Boussinesqg
mesidel [1, 2] which takes inbo accoant: an m-
even botiom; the bottom friction: the breaking
waves effects. Inproved dispersive charscieris-
tics, with a coeflicient depending on the locsl
value of o for the dispersive tesm, as dedwced
by Seabra-Sanios [12], have also been inchuded.
For 8 quasi-irrmiationial Bow, il reads:

ﬂ*ﬁ?-uru-?ﬁ=ﬂ.

it

g= (o F)u- gV iR+ - m,
r=u— %%, (1}

w3 = 4 (il 1) n -

wiE, w, ) = [u,v] is the bonzootal depth av-
eraged velocity field, 4 = H — £ + 7 is the
tolal defpah, £ = Eiz.y) is the boiom eleva-
pon, and 7 = flE. g, k) s the surface eleva-
e, Tp = |, Ty, ) A the botlom stredaes,
r = (r,s} is the bomzontal surfece webooiy
field ard p is the water density. For the sake

LE.1v]

of simplicity, some bobicmn derivaiives are nol
presemied.

.11, Weak formulation

The weak residoal formulation for modal {1),
afier discrefizstion in space by means of a fi-
niie ebement method and in ime through a fwo-
point findte difference scheme, reade: find A%
im W, and &' gnd P e W w0 WY, chae, for
all 1 i VY and for all o in V¥ = W, are such
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In the above stabement, ¥ is the usual space
of ¢ hilinear findte elemend interpolating fanc-
tienis [ 13], and X0 = gX0EE ) - B)XT,
with L5 = # < |, Equatsons {2-5) are sobved
uging a predicior-correctar schems and a direct
solver for matris inversion. Deeails on the weat-
ment of boundary snd dissipeiiee terma, and
o the ermtive scheme ean be found elsewhens
{121



Ll Mild-slope model

A linear approximation o the sea surface cleva-
tion camsed by the propagation of a small aim-
plitude fime-harmonic wave, = Re(fe ™,
can be ohizined as the salution of the exended
mikd-x lope equation (4, 5,9, 10]:

V- ler, Vi) + P+ iwW A =0
< 16}

where i = 7z, g i & complex function mciud-
ing bath tse amplivade and phase of the sorface
elavation. ¢ and ¢, are Airy's plase and groug
cederitbes, respectively, and o is the wave anga-
lar frequency. W is the malse bedwioen the energy
dissipation per surface unid arca per unit time
and the energy per undt arca. A lineas approx-
ienation for the velogity fiekl can be derived a
l=]=le|:—1:"?l;|f""'}.

121, Weak formulation

The weak residual feemulaton for mogel (6
afber discrelization m space by means of a finite
clement methosd, peads: find & in WY chat, for
all & in WY, 8 such chat

i [l:-r, i V- DA - iw W dn

_fr.:--f)%dr.
where B9 = ¥ V0
Tetails on the treatment of bogndary and
hissipative terms may be found claswhere |3],
The mesulting system of equations is selved by
meare of the Quask-Minimem Resdaal method
[} with ILLIT pre-conditioning [11].

Ly

A CASESTUDY

We applied the abowe referred model 1o 8 case
study; the propagarion and breaking of 2 2 m
high simussidal wave, with a pericd af € & at an
umbistierbed depth of 10 m, over a varying deph
domain, 500 m long by K m wide. The bat-
tom is formed by a shope ol 15 in the first 450
m. and a 50 m long korizomin! platform 2t shore
el A shore parallel breakwater 300 m long
by B m wide is Jocated s 220 e far from the

[L1

affelinee brul.nd.lr:,l A Marmang-Stnckler oneffi-
ciewl of 0025 (5.1 units) was adopled for bot-
om friction. The wave propagares (0 e posi-
tive r-dimeclion. Thanks 1o the symmetry, only
beali-dewmain weas consadesed (of, A, 61, A spa-
tial meeah with 12720 d-nnde bilinear slements
ardl & botal of 12984 poants was wied. The time
step was set 0 Af = 0.125 . Boundary con-
ditions wore olal rellection ab sotid walls and
symanciry bowmlery, and D595 emergy absarp-
o 1 shioie, .l.lilnnrningl:n.lﬂlrjl.rnd.i.l.r.im
el iion was comsideresd for the reflecied wawve_

Taen rums were performed with e differ
ent intial conditions: (A) cold dart — n" = @,
#* = 0 and " = i {B) lincar sobotion given
by moded {71

Numerical gauges were @ 20 5 diffenent
locatioms (cf. fig. 6), where surface clevatinn
amd welocity Beld caresian components wens
reglsred and analysed  Couge [ is affected
b shoalling and reflection from the sea wall.
Gange 2 is mainly affected by shoalling. A
gacge 3 both effects of diffraction and bresk-
img are evidents while gauge 4 is mamly affec
Ty reaking and wave refleciion from the beach.
Gunge 5 is importast dee w0 iis boeaiion af once
pratected and far from the offshore boundary.

4. RESULTS

The time-series for the surface elevation., 1§, and
far the velocity caresian components, o amd &,
were compared for (A) and (B), both by isual
inspection and through analysis of the Hme evo-
Tugion of U their Poarler hanmonics sl gasges.
In all figares, the dotted line stands for simuola-
o [A) while simulation (B 15 represented by
ihe comtimames line,

41, Time-domain pnalyxis

Figures |-5 represent the gaage registred time-
werics.  [he - And w-semes for (A) and (B
closely match esch other at ganges | and 2. A1
:llﬁﬂ-Enﬂd-l]urd’umdmiu[nt[ﬂ]hIMI
slight!y lower amplinade than the corresponding
{A) series, with alimost no phase erpor, while =
gaiage 5 the (B) amplinade is bower and a phase
h' s evident, The differences 1o the v-semas
urz nolorious for all gawges but gaupe 3, foe



which v ix aull.

4.2, Froguency-domain analysis

The esvolatiom of the harmonic components of
the lrme-serses was atudied by means of & FFT
analysia with a wme window of AT = 16&
Simee 1hia is twice the peried of the incident
wave, the odd hanmonic components, £, o
.E||;t:|- E; . E:['_I. .a.a T 118 and [fy = I £
i Lofd). ..., for w, aed ¥y = W),
Vi = ¥it). ..., for w, nest vamish bn time,
since they afe o conssquence of the transknt
phenomena — we assumed that the geoerded
lower-harmsomics (2ee 7], chap. T) have ne-
glectable amplinedes. Ey = Egit), [ = [aff)
¢ ¥y = ¥ylt) ore the zemth-order, meon val-
ues, for the surface elevabion and the velocity
CiHTpaEns, respectively, in the me nterval
[¢ = AT, 8. A stationary, periodic, Sitaatkon i
reached vwhen stable amplitisdes e sieained fioe
the even harmonics and the odd ones have van-
ished,

The amalysis of e graphics {cf. fips. 7-14)
show a faster convergence of simalstion (B).
Even for the w-series, simulsion (H) seems to
result im less disturbed amplesdes with moee
skable mean valoes, by, and main harmonics
amplitudes, ¥y, and quickly fading odd hasman-
jea. The somewhat different behavicor of (4)
and (B} @ gauges 3 and 4 might be due o their
locatson in the breaking zooe.  From the hars
monic analysis ar those two gauges (cof. gs. -
13y In seems evident thet simulaton (B) B
quickly converging. while (A} still hes oscillat-
img odd harmomics. This long tramsient in [A)
is probably doe o the large dhsfancs the wave
propagaies from the entrance boundary. Resulis
# gauge 5 (cf. figs, 13 and [4) seem to confirm
this ressomimg, alihough the strong oscillations
im (B} registred between t = SOsmd t = Ths
might isklicale thal soms of the mn phehom-
cna {nagmecly breaking) are poorly estimated by
[B) and thai seme improsement masi be made.

5 COMCLUSHINS

Severnl differemt paticms. are wisible ot five
pauages. The general fealure 1= the shortning an
samulation Bme neccssary for & siationany situs-

[}.F]

ticon 10 be resched when Berkbodl's finear salo-
Tict 18 wsed s an nital condition. This advan-
tage s as impaetant & the domaln cross-shore
length is large, as in most real life cases, The
mean values for the variables and the amplitsde
ol therir even Barmoaics have inthis case a faster
comverging behaviour, while the odd harmon-
ics mre, sinee the beginning of the siulotion,
of o reduced imporance, The sirulation time
far the mun of Boussinecg mode] for this stody
cage coild iherelore e redisced by about 50%.
Somi discrepancies exlst for thode zones wherne
brenking is the prevailing phenomenon (paapes
3 and 4. 'We cxpect that an improvement in the
breaking model mncloded m the Berkhaff moded
maght overcose this handicap.
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Figare T Time serics — gauge 5. Fignre & Domain and location of the paagr.
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Figure 10: w-velocity harmonics at gaugn 3.
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