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ARTICLE INFO ABSTRACT

Article History: Coastal walls (dyke) are one of the methods of protecting the coast against coastal
Received: 21 Jul 2022 erosion and destructive forces of waves. The purpose of this study is to simulate the
Accepted: 26 Oct 2022 wave collision with the coastal dyke and compare the results with the laboratory model.
Ke ) Open FOAM open source software and K-o SST turbulence model were used to

ywords: _ L

Coast protection simulate the amount of wave consumed by the coastal dyke. Taking into account the
Power of the wave different conditions for modeling, a total of 45 experiments were selected to run the
Numerical modeling program. Modeling was performed in two general conditions with and without
Dyke structure structures and for 3 heights of the structure, 3 different positions of the structure and 5
OpenFOAM wave heights. The results showed that the absorption of forces has increased compared

to the unstructured state and it can be said that the presence of the structure has been
able to play a role in the dissipation of wave force up to 10 times compared to the
unstructured state. The intensity of force changes in the structure is a function of wave
height and this effect decreases with increasing wave height. Under different wave
heights, the farther the structure is from the wave generating tank, the less force is
applied to the structure.



http://dx.doi.org/10.52547/marineeng.18.37.1
https://dor.isc.ac/dor/20.1001.1.17357608.1401.18.37.1.6
https://marine-eng.ir/article-1-962-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1401.18.37.1.6 ]

[ DOI: 10.52547/marineeng.18.37.1 ]

OpenFOAM l8ls 5 5l ooliul b (Aol slajlns 52 35800 laol 51 20 sl Ol sp I8 i pladl e mnds Lo oD 51 (g (i

slo OS5 zoe » glosl Slagys o) p @ i aad e
el g ol b (So)l slaosle b (S8 oo aiiBlo (S
Sz Jole b ssee D50 4 Yoans witis Dglite la
iyl azdem b ol K G (ol dilane Sy 5l sl
[f] 0 o aislos glgal 5| cblas g

bl » glosl S als a5 wo)S ol paiie 8 5 (5,8
oo Jleda Sl (pwdige )3 e Dlegdge alex I JoLe
oo Sizge Jolds wobla> aliss slats) 9 51500 9,000 5l -9,
5485 518 adlllas 950 egian gloo s 5 )l ¢ lao,Sial
Lol wlazsly aswgs

ojbe o5 JSaie oS S e S35l LB 5 SO
g 23,8 ool aily (slagge (6351 Sl (sl ot 5 2 S
el damads (iol)l 4y (65,8 Sl ol5e a5 Widges cdalie
syl 4z j2 0)ls (S 3 S el 4y iz 5 lag ] S8
6551 2Bk yiion s laged (had g el )| iz g i 2 S
171 o oo Slpgs s oo

Seeliad I8l 5l esliinl b g Guiiod )3 Gl s g wie o
3 =g Toe 9,Yb g )lal podinl shiie (Slawlne DY
s Toe 3l (oSS Olge @ 05k oo bawgs ol (o3
IV] ss 5 sloacs |, calises Lyl o

OSETEye sy Ly (Sesludg e o Sles ) Sen 5 swge
Cely Jodss ulidl win S Jow zlgel b oy95 5 50 1, oy
"oSimgse Gl Grizee S9dse DUk s JUl o 2l
Il 38 156 (6550 SVl o b T glis )| g lad o

5 (2bg)oyiin 9o o lie Sl (o) @ ol Sen 5 92 S0
dw go0e Jow K wanlllas ol o By obs sl lgs
2485 (obgw 4 3 i glsel (o2 sl podinl alol 22 s
drwgi ¢ Wgh go piiie SO bt ahaie b (2b)d s 9,

["\] A eals

OS8 gae S5y (o) il zoe slagys )en 5 (ol
Zll Aol swy o |y g00e g5l Jow sl ol b g slo
Cizon Sils Zlgal (5955 3510 50 goae Jaw sl S
ot zge diald b g, a5 auals ol 0gd cwyp yo Ll
Dy g W ale so 05 03le 4y (6 yien Lo (9 o0 atuS
@lizes o ojlw anglin b ol peai 5 tdl Gl (6,500 sy o
Slad g s b ojle a5 wisls lis goae Jow 3l eolaiul
Toe S Sl 0 GLaSs Lulpd o (penS o3le b analie o

DT ogto doooss il 0y 2 (6 e (59,00
ot sy S boyep 1) sk gleal hlSes 5 2 Sl
ol Slastin g s )5 Jaw pedcpl Jli8le 5 1o (gogee o8

doddo — )

oo (owiin Cundy nni 5o Jele (e glosl 095!
mo3le 5 anl T ol b 45 (glodas il (gllo 3 5 dien
sladil,S o loal 5505 (stezrgs S jlade it (JoLo sla
—ab (ol (2OUSE 4 e oS 058 o0 Shettns Lo
S 4l Jolo om0 1) B g9 lge pbmlr 5 S0
a4 oals bl (gbag s 51 (6 ke Jlosl g Jolos slaal jo b g Lo
slaghs) Olgies B S y0 09b 0 (Aol 5 2k )s slaojle
=55 9 shojle (( Silom (I by, 4w 4]y Jobo bl
Loy, 5l plS 5o a4y aods jobo ay aslol )5 a5 5,5 (Goky el
Sl ool aiSlo

Sblie 5l )l 0 (b Bl SO Glye 4 Jolo idy
Sibed g gee Sl Blie po ey Ldlre plyie 4 ol
9318 o0 0 zoe ol 2 obe digy S oafee A>Lo
el 485 O )90 sy 0508 )3 E9d9e (nl 4 b ye Slalllas
INT sl 55 105 zge cianis s Boae a5

b Jolpw cblis Lol o a5 Wages ol ol Sen 5 (2));
039 Sl Cusll 4 glojle (slos,Sus, l yets Al 90
Iyl e

5 e Suwj solatl Ll 5l alS idg oS Wiz e
bl e lae (S n belo)ls 50 lojlo Ghg) » S olas
ged osliinl by, Gl 5l el (o0

23S 3l (srg P Sidens g S 3ble Sl 4 4y L
alsg) gk slaw g phael A (plplo was oo S5 1) L
Oz o1 5l S a9 009 Ol 08l Jlo Jsb 0 ol sl
(e Cadge 5 bulpd ay az i b gycnl 5wl SWl 55 alS
@ Shglen S 5 (2L bg Sl esliiul ojlse 65k o
SlSe 03l gl b el p3¥ g 0391 cslin LIS 03l Ll
Dgd Sl ailsog; 4ndl> b Jobe odgue (oS 5 by g
el i Gmles &5 Slacand s bl wss oyl
il 3 45 lacand 10 5 05 o solitul blis sla iy
ool Npoe ot Sielem slaghy) 5l wede &) s eS
diny 2l 5 59b5 Dlalllas a5 0d ol 4 i Jolgus 5| bli>
Slojlw e 5 lojlo slagts; Coom @ ladige 9 95 &9
Slalao 3l 550 iz 4y dalsl jo a5 wiid, Jolew cblas ol
D9 g0 AN 5y Ay (] 50 0ulds ploxl

Sundg et 50 Jole (n Pt Elosl &5 WS oo Lo (ebla
manlpl ol (b 5o Slodes A 5 s wies o lge cwiia
I¥] )l obys slayls plo g dolo cblis> slaojlu o


http://dx.doi.org/10.52547/marineeng.18.37.1
https://dor.isc.ac/dor/20.1001.1.17357608.1401.18.37.1.6
https://marine-eng.ir/article-1-962-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1401.18.37.1.6 ]

[ DOI: 10.52547/marineeng.18.37.1 ]

O=VONFNY Gl g 5l woazs Jlo doyd (pmdige 41725 (Saae (628 plodl uad Lopade ()50 (g (o

ST o g 5 Consl s sl 2ol (30,570l 5 oy poi 4y 5L
530S Sl iz § lsS ) SISl 5l solisl 39 s
oy )90 Eg090 dlex 3l oz Ll (ay a5 g 8l e 5 cpl yo

ol 15381 0 5l sl eslawl 4y bles Yo 51 Badss ol o

Bz by Gilwdae sbsig, V)Y
oS Cewl el et 0318wz (galis jo J> )0 85 (sl
Batas 050l ol sl 15 g b F509 4> (slls sl o) 51 S5 50
— &bl Ghey 5 ' GHLSY — ookl gy (Glewlme oy, 90

g oo ooliil 5B wix slagl > e skl

(VOF) Jlww px> S o9, -Y-)-Y
oolaul b of5T mhaw 385 (53lwdnd S SESS S Jow oyl
Jbw 0z bgo Sux by, opl Sl Zob bl e S
oS ey b VOF el oads slb S0, L biesl L6,
Dygots Jlws 55 S pidie pe ] j0 a5 el gy (s o>
P A O CaeS (55, 5l S Ghsy cnl 00 wediee (2bS) (St
aiie CoaS (il 5 S5 oo ateiie S5 se 0,033 (5 gl S
ol g Cpnd )0 0500 024 K o1 5o Jlw plas as REL PN
i gt e o0liul (s T oz o) 0L pb s puito s S 5|
lso 51 5 By S Joleo aily Jlw 5l Johoo (85 o] Hlaie
oo et 6 e 32k Sl 5158 5] o5 5 S 5 s Jola i

099 ..\.Q:‘P u_i; 9

Sl ool -Y-Y
lad (iludinns Cu dgaome x> g 3l podcnl IRl
- oo oolatnl gy OYolee 4y Jiliays SYolae a5 asels
0,559, boler Al oST5 Jlow SYoles 5l cadlllas cpl jo 0uS
A b ol 3l Joe lsie @ (VOF) Jlw o 58
ot 5 JBS w0 il 5155 alor J| Sldp o585
Toe Siledie 4 a2 95b) ol slaiul ;0 e CnSd g AL 35d5
ol oy DV oles el ooy oolaiwl ey Sl oasdy sl
ol 50 ey 950 Jlow el 0S8 > o3lail T Stgn Yolee

ol 0alaid I a5 50 (Sgised (3aio

ol o¥olwe —)-Y-Y

63 9 Sl pgdcnl SlPles s siledee ke a
Jo wsilige Sl o > ol .l sals oolaul interFoam
bl g oS Cl (xla 23S 595 Jleel b ol e 5 S
S oo Jos pitiage 5 (Swgn SYolee

V.u=20 Q)

WSS sy o Sy S slp LS s et el S,
2l b s baad Gl @ gl a5 WS ol g
D] el 165,56 65 50 Sl

5 Seolnosyiee) Jol sone Jus Sl oliSen 5
o Sl SVl Sl sl o (K398
dolo S0 ke mse Ko plz ileand Gl (rdinhil
Ivel 23,5 ool jlocuds

—zse o olpen 4 aAlSul S eals o)y byl oz g SSlse
Ol Ol @oe Wl Gl Lo S il e aed (S5
(g g gl balie jo b IEN e 5
—;.)T 6ok ol 4 Cul Swogld g shls a8 ‘_;ZEM
Dolass oo pals 1, S

o S L 5 e o b sligpensmssST oL b
YO alols jo oler Cumen jl aoys Yo cogsiw [NF-VAL wias
EIONIC R PRIIRERRISICIUCE IRV SN
VO 5 ol 5 pBS S 0o, VY Sl i 0929 e 5 Lo
dolsw sl cblas 56« Jole 2l jo Gl 55 b JS as
OlFsr e ox 5 oo Jloel 5 (b @lie 65l 0 )
Soskw b zlasl 0565 1 50,5 Jow aslllas ol 5l Bas 0,5 S po
Ozt 5 sle Tojle a0 )ly 9y e oy s S
e el 9o (51 SVl jo (>l gojle 36 (o) 2
D9 oo dmnlio aBisle;] i b sdel s 4 slesls

gy 9 olge —¥

alicico Lo Y-
oS Sl gloaie) 0255 5l (o Gllre DYl Sl
3 Sl (g Glagansily 5 abl) pgle 1) mad Sl
S¥olae had b by, cnl )3 WS (o0 oy (63Ve dyu oo
U el gy Voles 5 SVl oS glol il o
A 0550 4l i b G 9500 pal B SYslee (ol (goue
o5 sly i Ll Jlesl s 2S2sS slaplall a el sl
Cewd s S¥olas oSiws G ploco,& Jloel b 55,0 sl
g ,Lid (s o (s (g e D¥olae olfws pl > b aS W o
sl oy .A.J‘ﬁ.‘c Cewd A T 0j50 4zl o Lo
KVONPRTIP E R T VEL VNG WX S VIR SPSON IS WA PR WO EER PR WS
L s3ae slosis, 5 6eSore b limbons SVl Saalis 5
Azg 350 wdiipy (ARILLT la- by, b anslie ;o YL cés
)l g pme 51 (o podenl JRle s culasd 58
5 Ll daailiolss do Sl oles il CFD oo 547 i
Cowloass 4t ++C camgiaal p )b 5l eoliiwl b jl580s 5 slaas
DYl S jlazlis 5 2 g3l sl pgdinl 38l 50


http://dx.doi.org/10.52547/marineeng.18.37.1
https://dor.isc.ac/dor/20.1001.1.17357608.1401.18.37.1.6
https://marine-eng.ir/article-1-962-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1401.18.37.1.6 ]

[ DOI: 10.52547/marineeng.18.37.1 ]

OpenFOAM l8ls 5 5l ooliul b (Aol slajlns 52 35800 laol 51 20 sl Ol sp I8 i pladl e mnds Lo oD 51 (g (i

sl k= due glacuze 5l @i Y 09,0 5 beelss
Sges LS el el [¥e gV ] el 00,8 ool ol3T slab >
oolaiwl HoSde Jowo g0 3l S5 Dyge 4 SYolae ol CuS
G 90 opl oSy b S SS W S Sjge cpl A aS o
i Y ooy g ojlazx oo j0 oS ead oS 5 Aol
51e g ol Glanb,a ,0 g 00,5 colaiwl K — @ &Yolas
Sy e bl jo i8S oo eoliiwl K — & w¥olas i oo, las
o5l YU yo logas ) > 5l cise aS (g5ldus cauzey avais
A logas Lol JUK 5l bl & 5 g ails o8 biwd ol
WjeSamy 3230 drulbre jolite 4y s ol hes azmys
5l ool e &8ly 0 0 eoliiwl K — w SSE Jow 5 Ssas]
Jos (295 4 odomy slrawaie o Juw cpl aS cl ol Joe oyl

Wise oo Sy |y (FasT a5y ke 5 03,8

Goue Jow wlasiw -F-Y
lad (iludinns Cu sgaome w2 by 3l podcnl IRl
-0 oolaiwl (g OYobae 4y fewdlians OYolae o g aisls
Sl Ble sl e 63 g slaolr J> sl oS
i S sl 51 gilwans opl 40 08d e oolarl iNterFoam
51003 solaul dwaie gou 4l cg> (Hexahedral) o>
S8 59 Cudgazma 0929 pae 4 Blg o0 (o 40 (nl slay 5o
09 0Ly Gl Sl sblie 0 aSeh (0,5 5, (Sl g J S oo

Iyl o5 o)lal g LB by &y
L aS cel Gamdw pls G (gl Jon opl jo alins avns
Ll 0ol (glwand Julais caSe SO Al olad

T
|
|
|
|
T
I
|
|
|
|
. Lo -
i 4
z

pold silw]ue glas - s

Gilwdae (LS slad s @l Y IS o a5 (gile Joe slas
LY JS8) el 00l ol Sgly ai a4y l38le 5 0 a4 el
Silodse slad by Sl o stle 7 a5 pold 550 4 az g
b X=0 gakass 5l .ol o HY U o /Y 51 Z jemme slinsl, yo
S XZA.2 5 X=2 abaii 5l azge an el 35 Job e X=2
e X=5.2 5X=4.2 wilo 4 zg0 8,65 5 5l L3 Jole Job
350 ol o3k 5l am . canl il b oads cblis Jolu Job oo

Al a)S I yo alols je VoolgSds jsb 4 oo (o)

Ou
2+ V. () = -V, +V.T +f )
t

D05 Ly pii gy Dy 4 pdl eSS

T =2vs Ay
25 Dyge & 85 Cel VS 0l £ eSle S 45

335 (o0 iy 25
S =0.5[V, + (V,)7] %)

oyt 5 (o Sl 6l (V0) dolae o 25 oy
@ Mg lop Slaslons j3 il lae S5 L g0 |y o515
D)5y yi 5 D0
V.T=V.(vV,) +V,.V, )
Sy Jols a5 el (25 (59, i (V) doles o f
9 AReSuy Ve lop U (B 5lail Wlgi oo mo 215
s, S s g s |y (1) pyz JUanl aloles aiies [lad P
3,5 (o 5 () alaly e yd 4 (0)
a(g—j) + V. (uu) — V. (vW,) — V.V, = =V, +
f )
% + V. (uu) = —%Vp +V.(v(Vu+ (V)h)) +
F.
g+
)
el b (S (5555 Sk B
Oliee (V) (Ko alaly 9 (V) poiioge alal) SaS 4 Calyd )0
25 Jo 1 ol ol

‘;MT SilwJuo -Y-Y

o35 55 Gl ele 5l o)lgem w22l slagl 2 s3ledoe
Sl s Jlew slas )5 Jalis Jiluwo yrion a5 beil 5l el
L:aul.;).> &9_\ LJ"‘ J.‘> (5‘)" L;\wy., u,..a){) o)‘w ol 4.».0.....\1
Tohe 03,15 jobas 059l 45T goae lal) 95 0 D90
5wl e wigd o solawl Loyl 5l 5 004

(RANS) 50050, oo (65 Lawgio w8 giwl 1ol Yolas —
(LES) "S5, slawsls 5 s3lwaccs g, —

(DNS) " v ites (s30e (53lwacd —

] 00l oolawl

arwgs V¥ yie g b opdgl sl kK — w oSSt _San] oYl
Soop lpk = @ Jow sbaca e 5l SYolae cpl [Vl ool


http://dx.doi.org/10.52547/marineeng.18.37.1
https://dor.isc.ac/dor/20.1001.1.17357608.1401.18.37.1.6
https://marine-eng.ir/article-1-962-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1401.18.37.1.6 ]

[ DOI: 10.52547/marineeng.18.37.1 ]

OV NFN-Y s 5 5mb ¢ e Jlo b)o cwdige 4,85 1 saoe (5,08 plodl o uals Lo pode 5y (Jg u>

pold sy Sal ogoni Y IS

Sls golw Slybl g pgld (gus e Glaled - JSb

olee Y Gasos ol jo gloj pl8 bl oo Jo (g5l LG 45 aad
GO0 Ainiog 4 dxgi b gloy p5 ol ol a8 5 Jlai o 4l
I St cnl 5 ool I3 B 5 85 asmlona 55
Sy e oolitwl e ,lid oS sl Pimple o,
oS 5 D90 4 g ol Cawds SiMple 4 Piso s 5 5l Pimple
Bale ol @l Simple a8 o Jae 0255 50 0ol o
&lp el unsteady) ,Euib . b ,> sl Piso g (Steady)

T oped s et ik 5l Gl Jsl Grie e

Gro o 10)) C21eiSy pulo b e leiSy e 5l 059 (ilwaned )

Ol s 4l 50,5 53 ,) aSed ojlales ol JGT 51 e

Sl i slaws J5 50 Lo les a8 ai solitl (ail 5t o mbs

SilyeS sae 3l gl S sl 1580 a0 ol o .ol YVYOA

SSOle calyeS sae .0u0 )8 eolaiw! glej a8 iSlas dwlos 1y
d

5 VY] VU ey 0,3 e p aily 55,50 G 5l sae ol ST
Gl 05 oo hgme Jobo 5l Sloj o5 S 5l 2eST 0 0,8 90


http://dx.doi.org/10.52547/marineeng.18.37.1
https://dor.isc.ac/dor/20.1001.1.17357608.1401.18.37.1.6
https://marine-eng.ir/article-1-962-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOR: 20.1001.1.17357608.1401.18.37.1.6 ]

[ DOI: 10.52547/marineeng.18.37.1 ]

OpenFOAM l5ila i 5l ool b oL slolgss 2 3o zlsal 51 b oo e comyt [ 55208 (6 o8 pledl e s Lo ol 155 g cps

5 e oll b1y 053 (65,5 oo ainSls zge o [YF]oo )8

20,8
259 ik glyel (st oal )0 (eesn 2550 el o5 Ll
ze 4 5l ol e (dolo o o5 glacT eogamms jo ((saliges
50 o eolatul oBiule;] ;o Zlgel ol (o5le i 5,90 40 5,400
SIS Ere ] (e Sl 4 4oy b (al b G
5 a5 ok eolawl (g3le Al (glp 0y glsel 5l et ol
@ byye gildos 5l zoe 2o nl ildoe Sl g30e Joe
oo e CaSl Bl 0 a8 x> al solaiul o cllSl onsyy
PRasles] Bz 50 00l obul zae b alie coale b SLST

[Y0]osi o0 sl oy 2 2l 4 boge yo
Siyo Ll -V-F-Y

56T 5 (o2 31 g o0l 950 (5550 Ll 5 ¥ o )lods Jpuz 5o
ol o @) ke (65 ym Ll &) ol

b ey 5 Lol 5 slae 5 51, 5 Euler Crankicolson
oliy0 slae 5 6lp 90,5 solai.l Gauss Linear b (9,0
A a8 SIS 4 Gauss Upwind sl as e #,b 5

zoe Sibdoe 1 -F-¥
o 415 gl a5 o plins ol anlllas laal 5,51
Rl i 525 (ko b g el Rali8l e gl )] (o850l o
ol a pomie o o pS e (Jol )0 Zae (s ptey wlie) 2L
3 Saleg 50 a8 0ud zae latl Sy RS g zge D)5 Cee s
Sd e es 285 oy b 015l e 5 2y 99 0l 60l Ol
Mol b g (o5hs 2 4 o @ae b S S sl zge ald 5o
Ol 03 eap osse eddy 53 (LS sk b alst mae CeSS
Sl 4l )0 goe g5piay b aS col a2 (B8 58 Gl
G2l B3 als il o ge Dlyd e pes ol Bos oS
GilS 5 zse (o) S Sy il (38 (O Boe
Alrgge sl e b zge DS S pu oS lablazd ol o

5 b oo Lil38l T (65 wools s 1) 093 a5 g 0,5

o gilw e yo 0 kulpd -V Jou

3y U P K o € alpha.water

Left wall noslip fixedFluxPress kgRWallFunct omegaWallFu  epsilonWallFu  zeroGradient
ure ion nction nction
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ure ion nction nction

bed slip fixedFluxPress kgRWallFunct omegaWallFu  epsilonWallFu  zeroGradient
ure ion nction nction

Atmosphere pressurelnletO  totalPressure inletOutlet inletOutlet inletOutlet inletOutlet

utletVelocity

dike noslip fixedFluxPress kgRWallFunct omegaWallFu  epsilonWallFu  zeroGradient
ure ion nction nction;

Front and back  empty;//noSlip  empty;//fixedF empty;// empty;//omega empty;//epsilo  empty;//zeroG
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3- Volume fraction

4- Continuity Equations

5- Momentum Equations

6- Deviatoric stress tensor

7- Mean rate of strain tensor

8- Divergence operation in vector calculus
9- Reynolds Average Navier- Stokes (RANS)
10- Large-Eddy Simulation (LES)

11- Direct Numerical Simulations (DNS)
12- Menter

13-Open Source Field Operation and
Manipulation

14- Computer Aided Three-
dimensional Interactive Application
15- Drag force
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1- Euler-Langrange approach
2- Euler-Euler approach
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