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Abstract : OLAFOAM is the powerful CFD code and is an expanded version of OpenFOAM®, for wave mechanics
simulation. The OpenF OAM" does provide many solvers to correspond to each object of the numerical calculation
in a variety of fields. OLAFOAM’s governing equation bases on VARANS (Volume-Averaged Reynolds-Averaged
Navier-Stokes) equation, and the finite volume method is applied to numerical techniques. The program is coded in
C++ and run on the Linux operating system. First of all, in this study, OLAFOAM was validated for 1) wave
transformation inside porous structure under bore and regular wave conditions, 2) wave transformation by
submerged breakwater under regular wave condition, and 3) regular wave transformation and resultant vertical
velocity distribution under current by comparison with existing laboratory measurements. Hereafter, this study,
which is almost no examination carried out until now, analyzed closely variation characteristics of water surface
level, wave height, frequency spectrum, breaking waves, averaged velocity and turbulent kinetic energy around
porous submerged breakwater in the wave and current coexisting field for the case of permeable or impermeable
rear beach. It was revealed that the wave height fluctuation according to current direction(following or opposing)
was closely related to the turbulent kinetic energy, and others.
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Fig. 1. Comparison between simulated and measured water surface elevations.
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Fig. 2. An illustrative sketch of wave flume and submerged structure for numerical analysis.

N

Ik

gl
VS

A 02 OLAFOAME] A ALE B tha &
T gl Yoo Al-g3k

X
T X o238 =gl

3T

u Lo,

oX T
NS
o
il

3.12 T AT HE stEwE AQde)] B3t 1S

Ranasinghe et al.(2009)> 3 A oF 7hA)) vl $-of] &5
T ZAbAo] S1x|ekE Aol tiste] ks AEA1A
Al FHAAN FHHs-S 22T A o 25 E S48
T AME 22 E 2] 30m, & 0.6 m, 0]
0.8 mo] ™, Zukoll A 11.45m ©]AF X FAHE 1:302]
EFe] AAbaE AAsIGict. AR stk 3.3 em,
7= 1.0s, 4 25.5 emo|t}, s, A9 3552 0.44,
4372 2 emo]th(Ranasinghe et al.(2009)4] A& Ao]
2 Ex01_AO.1).

Fig. 2= OLAFOAM?] F3]8l|4 ol ARGl 3] Zapa 29
Alda F2E0 ARE 27 vERdIt) ghR, AL 8] 7
A2 98 %2 A7)E 4o] 21 m, 0] 0.42 mE TA S}
AL, A7 = 23R EE] 7.05-10.95 m H] ol A=
Ax=0.75 cm, Az=0.75 cm&] FLHAAE 243}k, 71 9]
9] o= Ax=1.5cm, Az=0.75 cm?! 7PAZAR}E A

ST A9 Stokes 5AFF O] &, W2 LESE
AR S 22 A&l T Aol uhE A
T ast pE WAL B, 0] e wjd e WUk el 9
d dFS WA, van Gent(1995)7F AASRAL Sl
a=1,000, =115 2&38ict. Felddazele] njus 9
3 S4€ FHNEe] 21X E Fig. 2(b)ell AlAISkL qlow,
Ao st ApA|SE AR Ranasinghe et al.(2009)<]
Ex01 A0.1% Za1 ulgic),

Fig. 3:& OLAFOAMe] ] $F 5=%] 8|41 #}9} Ranasinghe
et al.(2009)°] oJst AHAAIE v sk A FRlolA 74
W52 UEekd Zoltt. Fig. 39 A ALHA 2R E gely]
= 1k} o] Al AT Al E = SR oA e 2k o

o

S Rsshaa aEule] nlaAdg Aite] wdsh, 2hA|
Ao = g1do] G A 22 E3e gede ojsh 4=
ANFAHE wl$- AL B4 A5 S-S Fd 5= 9l
o} wWEhA, OLAFOAM®| 2]t x84 A = whaint o}
Y s g o] ol AR E ulg- s Aldstan
Qo FA9) e FATRER S FHeAo] mlf- =&
7o 7 gt




336 ojlgT - T -

4 T
= e e ¢ ¢ ¢Ranasinghe et al.(2009)
s 3 ' OLAFOAM|LES)
= ]
£ 4
m-T3
g o
§—1

-2

4
—_
Es
5=
= ]
g 4
-] 4
E o
E_‘:J

-2 t t

o a.5 1 1.5 2 2.5 3
Time (s)
(©) WG 3

4
=3
S 3
Sz
g .
W,
B ]
= ’

-2 t |

[»] a.5 1 1.5 2 2.5 3
Time (s)
(€) WG 5

g
S—
S
=}
g
R
. .
z |

-2 :

o 0.5 1 1.5 2 2.5 3
Time (s)
(d) WG 4

4 [
=
S @
S 2
4
a ]
B
g ]

-2 t

o 0.5 1 1.5 2 2.5 3
Time (s)
() WG 6

Fig. 3. Comparison between simulated and measured water surface elevations.
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Fig. 4. Comparison of simulated and measured water surface elevations in wave-current interaction.
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Fig. 5. Comparison of simulated and measured mean horizontal velocity profiles in wave-current interaction.
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Table 1. Condition of wave and current applied to numerical analysis.

Case WCN WCF WCO
current velocity (cm/s) 0 5 -5
wave type regular
wave maker theory Stokes V
H (cm) 75
T() 1.0

Sgio] A vERb] wiitel gt
o807 F49 A7|H3P) A veht
t}. o] 3t W3lulgdell ] OLAFOAMe®l 2]
ﬁﬂﬁéi}ﬂ ARAAANE Z e Sshs AS FRIT &
el elA] T siA el o3t AfolE B
oﬂ A A2 zle)7h SAIRE, 73 A
Lol Axbdake] xjo) 7} tha WleE Bl
9}1, AAZ O ZE k—@SSTE D o3t Aujr}p A
48t A& YERdT
© TP 2E ) G o3t 557
A8, 9fs} ﬂxﬂa‘r e R FREYe] Je A o
FE3o] s Aol thell OLAFOAMS] 284S &
=313 0, o]l A= OLAFOAME ©]8-3F 4]
all Am7kA] ALl HEEHA] ok ¥}
Ao} TP A o] e AE-S ARG o] u), %‘xﬂ
S-of @l L% et AAra-E Agah, A A A=
= ‘l“‘/]'i 7Jr7# 7Hg8te] A NS
n)2)= s Wl

30, o

HJE

AR, =

il

i

lo
ooz

o %2

¢
ol

T

o o

o% o

———E/\ =
.‘L'—TI:TS

,ﬁ
12

)

rl

PHOE:%EOWULE

g
i

954 h=255cmE ZH= 9Hggel] A
| A= T‘/H”Oi 2R ds s st 2

of wiAFAL] $1X] W AL, FHAE] AT, TEA
=5 9 Z=x}e] 57]%= 2143 Ranasinghe et al.(2009)3}2]
AZFolA 283t Ay} Fdah, A F x5 A

A

s O

FEst7] A8l 92 njgH FALE LR
]'_T_’, xd%a%t 0.85 mz 2-g33ict. v FAbHo] B2

5 uldoz 77t Aleida, sl Aol F
A& AT
LESE. 2]

= do

o
L& ’ﬂ%o}?iﬁﬂi RIS

319] xﬂl% al
NME= T80l Qi

& w7t %‘ﬂo@% 255 WCFR, 353 o7} ekl

322. 59
(1) < A}‘ﬂ o] &Fel
Fig. 7:& Hl-Ap0] ol QlojA] FhA) FH 2
TS T ER ] A YEpith 79HE0]
=74 91213= Fig. 6(b)ell Yebli= ukel o] Ao i
(WG1, x=8.0m) , de] A2 (WG2, x=8.575m),

9] T4 (WG3, x=9.0m), Ao EFE (WG4,
x=9.425 m), FAS] FHF (WGS, x=10.0 m)ell 27} 3l
e},

TS AR A AUE WGl njAEsie)

RS A o] YeRA] 9RAak, Heke] A2 WG2olM = 1]
APapt FASH waEo] vjoisbrt A= A, weba] §-
=9 T A EY O 2 RE & 4 9l vk} o] 28)) W
3HH91 7RI (TRl kA Hok Ak
T WGl = At whast 218 oF = 9, ujebs] 3t
Z.Hﬂ FRbE ), njAgute] whdo] 5 Tk AS
e g it} o]of] tialiA= 59 Tk AdEG o R
] gals] B 4 Qlnk v R, ek 5.l WG4
A WG3SF AR A e JERAE, 9te] Z18 7} o
o 7k 7F O A B, Al v sk A
5 fhashs A3E vERdnh mpHRto R A o] SR
WG5eIA= WG4elIA 2] 318do] 2419 F7tel| e Whatal
o] JFo R Wt v S 2= gt FAH o] vlT= A

é%ﬂﬂﬂ
lul

o oE rU

Mr e



55 FEG A TRl OLAFOAMe] 2)gt shd5Al o] 52]3l4] 339

= [——wen
= |——wcF
= 30 |— WCo
2 | f T
S 5
g 2
F Eazo
uw ©3
-
o i e
©
=
o Fat T o : .
o 2 EY 5
ftHz)
— 35 -
5 |
£ 28 C
= !
2 i ]
- w21 3
bz Lo ] g
2 5 ;
w &4 ;
P ]
2 e o |
I} ;
= E
-4 : t f o T
50 51 52 53 54 55 56 & i i
Time (s)
(b) WG 2
a8 1 -
-
5 5
= agf--—-o Pl [
= b
2 — :
b W 3.6 ¥
W Lo ] {
3 kS 5
[ &Hza ;
b t
% - 1.2 :
= |
-4 - t t o . -
50 51 52 53 54 55 56 - 4 =
Time (s)
7 p
(c) WG 3
-3 2 -
b= '
E |
‘s‘.!. 6 1.6 v
5 :
] g 5
w &5 0.8 !
i :
‘g 2 0.4 :
= |
.4 - t f o t
50 51 52 53 54 55 56 o 4 5
Time (s)
. 1.5 -
£ :
S 1.2 !
s :
3 Fos |
@ g :
uj & 0.6 -k -
T H
& 0.3 i
SO 5
=4 |
-4 T T T o .
50 51 52 54 55 56 o 4 =

53
Time (s)
© WG 5

Fig. 7. Water surface elevation fluctuations and wave frequency spectra according to the direction of current for impermeable beach.
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Table 2. Comparison of wave heights at WG1, WG2, WG3, WG4 and WGS.

wave height for impermeable beach (cm)

wave height for permeable beach (cm)

distance x from position of wave maker

WCN WCF WCO WCN WCF WCO

WGl x=28.000 m 7.921 7.610 8.199 8.006 7.827 8.210

WG2 x=8.575m 8.054 8.104 7.719 7.707 7.748 7.680

WG3 x=9.000 m 2.708 3.429 2397 2.576 3.210 2.404

WG4 x=9425m 1.441 1.730 1.204 1.380 1.659 1.071

WG5S x=10.00 m 1.301 1.401 1.085 1.236 1.470 0.909
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Fig. 12. Spatial distribution of simulated wave set-up and set-down levels.
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