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Abstr&xtper i mental and numerical investigati-ons wer e
fixed horizont al porous wave barrier in regular wa
coefficients, energy faircei pvetrieo ne,x aam ch ede rvteircsauls wvda v
barrier. Numerical simulatiofd olkeasecdqummt 3lbonBRe win o hd
R dé-eturbulent closure and volume of fluid approach were accomplished and cdmpate h t he exper i mi
results conducted in a 2D wave tank. Experiment al

be in satisfactory agreement. The qualitative wave
as wawe, rtwaeaki ng, air entrapment, j et fl ow, and

computation. Through the discrete harmonic decompo
nonlinear characteristics weded rtetvatafliexdeedq shaonrtiaztoantti
barrier is more effective in dissipating wave ene
conversion was observed from the first harmonic t
presenitcanlumepproach will provide a predicti-ve tool

fixed horizontal porous wave barrier

Keywordesner gy dissipati ofnijxedphlornimeantsal sporfawcse ba
forcerefwbheeti on; wave transmission

1. I ntroducti on

The tradi ttiyogrealb  rgraskwiattyer s o fefveermtgmainryc cardivrag t vaay\
but suffer from the setwtklighentangr ebféemseabdetdo (Tl
barrier |l ocated below or on the free surface co
by dissipatingnehgyincemuhtyi wgvVg eddudinmsg atlH e dt
front of thh@heslepawrad dycei tt hesiwlatvee noasrciinasatamc
consequently avoid broken mooring I|ines, damag
admtnage of the horizontal barrier |ies in allow
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ani mals for the benefit of the environmei
re, owing to the dfnttemeshoil inzo mthalr emar rc
ed/ porous barriers can enhance the effe
oving the effect of wave energy dissipa
frameawoekf ¢otthapeaigohnt af porous barrier
nbisa,gianad emopdeerli ment al wor ks are widely
bedmcmoesibadl ntghe r el ati onshi p fleetemeen atnhle
d passing velocity at ttloe cpporsouwsrbduhrede
oimen of the researrcdhdleatsi hmvmopeloposcsaldl ad |
ang 1994, Cho add Kvman2z0@a&sd Pieweand®Oolil, 2
nd somer abdapted modebhdasatacpet.oals9 7bdo,un d a
Livesey 1978, Mol in 1992t. M20D895 MoMod In
wleery (a2n0dl 2Bhor An and Faltinsen 2012, Po
apprbascskds naméer ipodlenmiodke!| s (Boussin
cannot explain the complex wave inte
involve wave breaksmgfacetf fhomenh:i
ment , and effects of fluid turbulence
flow physics bet wéen 3vdavea rdbrud emdr anod el a
peri mental tests.

application of the computatiopahbhsél i owdy
em ctahdee pabhbededeschdlpapidaosr afh et bheo rfilzocown t a | p
erafl2014)t hceo nygewtrtaidc ad n t h eb wholrii tzaoornyt awa ypd au si r
Operation and Manipul ation (OpenFOAM) bas
; not abl vy, they i gnoraerd itnhtee reafcftea @tn ff Wihs
ont al plate with solitary wave was -i nvest:.i
Cartesian grid method using VOF method; it
nvol ving diifghetrsenandvayeb nmeered e nacke0 1®¢ pt hTsh e(y Y opur e
mportant nonlinear wave characteristics such
entrapment . Pogul uri and Cho (2020) studied a
wavaebsorber through analytical and nufttokesal ap
RANS) based CFD solution was wused to estimate
orce on the sl-opteandl| &atoe,| zwavadlr bwalcle fomr t die
ubmergence dept hs, porosities, pl ate | engths,
ompared with thkkasaeatdhhegrt cbhbatd ebbebfones.tiohme expa
umeri cal resul tesismp wtelde trhlaat éo ys wWllemeregence dept
armonic waves and the inception of wave breaki
cale vorvtoceex aad boph ends exist with differe
tén porosity of the horizont al pl at e. I n total,
sati samdtoonysi stent with the CFD results.

The present study adimssitmataincan yefféefxeedidte hoafm éaz @ :u
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porousg ebaby investigating the reflection and tr
on t he porous barrier. Form thD swawe tcaomlkbuathedn
simul ations base@Chb#Aa K¥FDchanggn§whRrerichbarpect @sg ii t
I n particular, to understand the complex flow p
propagating over the horizontal barrier with d
surface fragment att i folngw,aiandenvaratpame ngengreati on
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CFD simulation. The time series of the vertical
of nonlinearity of the wave force-deasmpaseisteinanre
met hTorde anal yti cal s dliIxwetdi ornisgiadn barsurefrade Lint
validate the CFD solution along with experi ment

conclusions of the results obtandedumbroboogh eap

2. Experimental wave tank

The experiments were carried out in a 2D wave tank (0.8 m wide, 1.0 m deep, and 20 m long) at
Jeju National University. The pistagpe wavemakeat one end of the tank can be operated to
generate waves by a usggfined timevoltage input. The inclined porous wave absorbing system
was equipped at the other end to efficiently reduce the reflected waves. The water depth is
maintained at 0.6 m.

2.1 Experimental setup

T h leorizontal porous barrier model is a punched steel plate with circular holes arranged in a
staggered manner as shown in Fi@).1A plateis punched uniformly with the fixed circular hole
of diameter 2r) 3 mm and the center to center distance of adjacent holés§cB, and 12 mm
which correspond to thearrierporosities P) of 0.2267, 0.1275, and 0.0567, respectively (see Fig.
1(a)). The barrier was fixed on the free surface with the help of fourcaédieel rods attached to
the wave tank (Fig.(b)). To obtain the wave reflection and transmission coeffici¢gntegwave
probes on the wave generation side and one wave probe at the lee side of the model are installed.
The first wave probe (WP1) isxid at 2.55 m from the barrier front and the spacing of the second
(WP2) and the third (WP3) was set to 0.175 and 0.768 m from the first,gaagectively The lee
side wave probe (WP4) is at 1 m from the barrier. The location and spacing betweenaobage pr
are selected to avoid singularities in the separation process of incident and reflected waves. Fig. 1
presents a schematic view of the porous barrier and positions of the wave probeganethank.
The measured wave elevation data from the waviegsravere fed to the wave frequency amplifier.
Then, the data logger is used to store them into the computer for further analysis. The noise from
the data is removed using a lpass filter.

3. Numeri cal model i ng

Tosi mul ate nenlriucé¢ar ewawnwe eracti on, the fl ow of
governed by the conti nui-S8tyokensd eRewatoildmrss aas rfaglel

W, M, Wy (1)
M

X
R R TR Y RUR SR P N
o gy zu x W i Oy T Ot Rus 8
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Incident wave direction WPIWP2  WP3 WP4
—

Wave absorber

Horizontal porous barrier

P =0.0567 h
q Where
P=0.1275 Water depth
a: Barrier length
c: Center to center spacil

r: Radius of the hole
WP : Wave probes
SWL : Still water level

(b)

Fig. 1 (a) Schematic view of the experi ment
install ation of a porous barrier in a wave
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wheuvanware the vel opdaédryotceosmptodiesnptrdees saucrcee !l er at i
grawkwtheg; turbul ent moil eetul arevegsgwpiviyscanidty. To

the eddy vi st oRda wyalturtaulerd disaipatiba) madel is adopted.

A 3nbumeri cal wave tank ( NWT) simulations wer e
Cartesian coor di nCaxtyez hfarsa nibee eonf sreelfeecrteendc,e o(r i gi n |
porous xbmarrherwave propagatciohl| adi rzele¢ icicn ) olmaedi v

still waterz=Devled grSaililhe adtiomgl at i ons, an effecti
absorption in a small computation domain of NWT
Thepresent study applied a gradual forcing solut

boundariets. d&E@®HLirc 2017) .-s urhfeacienielievatfiroene and
incident wave arerappl iSaedbuesiompviEbeson®tdhce t he ¢

ti me, t has uirriatcieale!|l eveade i on in the NWT was activa
at the front tip of the barrier. NWT i s govern
i mposed onh tveli axchieteyy wutl et and top as pressure
witklng condition; and sides as symmetric bound
study is to deal with the viwdwatakiubdgi puref sgmal l
jetwvoand ces fTor rheasnéddrp |l €k wave evolution, an acc
interface tracking is needed. Thesol ubheoVOF nme
capturing scheme (HRIC) is adopted.
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Fig. 3 Closer view o09umfeadeuds stdarrprdiretri-tobyng seee

4. Results and discussion
4.1 Numerical convergence test

The performance asfsiexsesdnemar iozfo ntthael spuorfocauwcse barr
waves often requires nonlinsbaruanaft gsi atéereaaube
numeri cal estimation of iwsaovelvel lowmaltse ca nfdo rwaare @ fnft
of the horizont al porous barrier. Accordingly,
on parameters, such as mesh size, to ascertain
of CFD stohleuwt iwenrse, compared with experiment al res
Section 3. The aut dimat ¢ dreoayms/(eCcFtLi)v et i Qroeu rsatnetp  wa
ensure a sufficient time step throaghowwumble §$in
the full computational domain with a mean value

of the interface is based on the VO&ndvidihr twb.
kg/Amalong with HRIC dahgéteesnatbesndy0dtiO&) .f do v
| onger per-ooder ausetcoadly i mpMiinai ts csheehmemef oan d han
space were used, respectively. Tioe diemi Sit ok ewa wea
The NWT of 630 t @ W h/digernvglénth) were selected. For effective wave
generation, wave forcing was gradually applied
of the NWT with the osnguaasr es hoofwnt hien cFoisgi.ne2 f(uansc tri
The computational domain was divided into finit
surface remesher, tri mmer cell mesher, and prisr
reémants at the free surface, porous barrier,

respective detantiet gy videaasierdndosnb IMe silh t ype 2 show
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Table 1 Details of grid convergence tests
Boundary | Mesh refineme
y+ < 3)
Tot al n
Type of <cel
Prism | aye Free sur Porous
Thick T*cell d
D/
Dz’ d
Mesh 0.00 3 oy [?Z(’_@aono 790, 37
Y/ =aan 6 :
D>/Dz’ and
Mesh 0.00: 3 oy D[z)(—'lgo o, L.083,
/32:4an+di/l( :
DZl
Mesh 0.00 3 oy e D(’_Daonmgo 3,504,
—_ L - .
%)Z—Zanl-dyl\

The porous barPRoifer0 .wi2t5o fp oleo@®sgithhy and t hi ckness
hosen the rid converdemcs8t okss i wagve TWas5s¢ganer
erT5dl. 6 sec anH// wa02e Bitgepéheshows the time F
urface elevation at posithgnsi { WP1LheWRBZXpeWPBe!
i stinguished in a solid-durnfeac eNodlaebv-tytlyipe h e@ sciom
nd 3 shows good agreement with-ttyhpee €lx p eTrhiemernd s
how good conver gmeissiicatur ehe ChtnyspeguZ nwd gy, u Med hf
est sofmutl.ladg i on

ST 0mwoO o wnm T O

4.2 CFD validation

The numerical validation was conducted at the
as given in Table 2. nUmeracalbr &P mbdeheshdaopde
comparing a variety of si musluartfiaocnes .waFvier setl,e vtahte c
the measurement and calculation at four differe
compared 5n Notgabl e agreements between them den
n

umeri cal model -dworf adce pEroopilleex gaste the rigid
mo d e |

For the separation of tpr wibdkeen t( WP dh d 'M\ARMR213 9 ¢ tmeed h
based on the | emass asdaumtred teMadm8 Gluce ®WWhdl Eub ke i
wave passes t Hrioxueegdh htohrei zoownmrtfadcepor ous barrier,

through the viscosi tnyecdhfanwatmerofand iaitri blogM nvg rtth
and wave breaking. Accordingly, the reflected
porous barrier. The reflection and transmission
f or tchteeds etlieme range as given in Fig. 5. Tabl e

and 2 of reflection and transmission coefficien
analysis is 4% and 2% mor e, wh r%e areo rteh ea ntdr abrs nhi
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cases 1 and 2, respectively compared with the
satisfactory agreement s.

— Experiment --- [CFD-Mesh1] --- [CFD-Mesh2] --- [CFD - Mesh3]
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Table 2 Teéeeresdopawame and porous barrier

Case 1 Case 2
Wave stlidepne 0.01 0.02
Wave pare ]
Perissod ( 1.0
Type Rigid Porous
Lenaga(n, 0.8
Thi c kb{ren s, 2
Barrier
0.0567
PoroRity, 0.0
(c= 12ranm3 mi

— Experiment ® @ CFD
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Fig. 5 Compari son -safr ftaicrme elhiesstadriyonofbet ween
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Tabl e 3 Comparison of measturraends mainsds i coanl ccuoleaftfe dc i reenftise c
barriers

R T
Experim 0. 747 0.478
Case
CFD 0.718 0. 468
Experim 0.451 0.266
Case
CFD 0.441 0.283
4.3 Reflection and transmission coefficients
Fig. 6 shows the CFD results, along with the
P =0.0567,0.127. , and 0.2267. The prpdoptehedytCrFeDn ds od fu t t
experiment al resul ts, regarRdlaends -eanfesglceoep 6 i o s ie

e=1-R T increase wi tklh, awh érnecarse atshee itnr B shmiwss i on

a contrary trend. As the Dbarrier porosity incre
transmission coefficient does not change signi f
barri er aits tdiree gto@dBtiltty nmefans t here exi st an opt

for maxi mum energy dissipation. Il rrespective of
horizont al porous barrierenergnorien esfhcrctt i preer ii and
| opgeri od waves. kWpeoirtviacmalsl yz,eras i ncoming wave

through the porous barr iR, &bdtawkekexpehémese ahbg

and CFD results were noted.
To shed a deeper understanding of the compl ex

horizont al porous barrier, the snapshots of the
present ed pfoarosditfi feesr. e AR =O®DYyadni dn gtl hyr, e e i dgii fdf e(r ent p
( P=0.0567,0.127 and 0.2267) were cha«s2m phdr wavegi ve
st eeph/és®02gn@. 04). A snapshot twas3.t9®k esrecat atnidmes |
Fig. 7. When a wave propagates toward the barri
wave profile to I|Iikely adjust t o sthhoer tleorc awa vceol nedni
and higher wave heights (commonly known as wave
forward and forms a | et plunging into the trouf(
breaker (see Fig.s,7)th®©Onstr omge mwawlei meaeraki nt er a
occur over the barrier. Two strong tip vortice
directions to each other were observed. eThe int
and | ess for the porous barriers. -sH@awev evro,r tti ltee

associated with jet flow throughPtEO267)s Mmahdwhol e
hi gher velocity magrist udcdeaan ttthredo edgPhhOc@bb7ed wid p or 0 S

0.1275). Stronger vertical forces were noted in
strong jet flow through the hh@l ediandvtohette pfolr aawm ¢
were considerably stronger wH/£R00Mhe wave steepn
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fragmentation, small jet fl ow, and vortex gener
4.4 Vertical wave force

To gquantify the nonlinear rwawe bfaorrder e x pvartihe
parameters as Fhgw 7TheFiigme Bi amdr @ of the vert:i
of wave force shows that the increase in barrie
For a quantitatliivree aars sweaswenefnar coed, nfFoonur i er deco
extract the .Mhgherebaenmositasy only retains the
Il ndeed, Figs. 8 and 9 show that intrinsic nonldi
fmgr st to higher harmonics. The rate of energy c
increase in porosity for both the wave steepness
in frictional |l oss enervatedethobabghvehei bal efo
an increase in porosity of the barrier. The ver:
the increase inHVaEDO2tsl/ée@ldg seef Fom. 9) .

|l nddai ti on, the vertical wave forcekkhstismatwinon
in Fig. 10 for f ®w0.0,0i0567,Or12/ratn dp Or. Xi6t7i)es F(i g. 1
the experi ment al data, and tkewankl yeD0o6a) 6ofFuti
of a rigid barrier. The analytical solution prc
expansions ahdsrebed@prefebgus 10he CFD solution
anal ytical solution forlbshews ighe OGRDrselut wher
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(a)

(b)
Fig. 8 Time history and firesnh theebahai momsi .
por osiH/i 2602f or

barrier with diff el)entNptoamlsy ,t itelsea)asggyee almsgntt olidne
good between CFD Thadbainit en' #wi=0.88pgbetnsesriatlyl yo fs h o w

the | owest force estimati o) am@ngh ot ke r itphoer ®@ 3 $ ¢

wave forces exerted on the porous barirfifeer antso
porosities show ipiegherd fr®rgé ® khgeongddsh et edc sheggshee ra sv a |

5, Concl usi ons

The present study has been i nvépositntgarn &dt ieoxnp ea
monochromatic wdvesedwihtohh i osndurafla@@er ous wave bar
barrier pordoismetniseisonaanld wavnel engt hs. The | aborato

a 2D wave tank at Jej woNatuiso nbaalr r Wreir wse rwsiitthy . d i Tfhf
manufactured by varying the distance between th
di ameter of the hole. A 3D NWT computation was f
fluiddgdwerRFAeNS equati ons.



