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Numerical Analysis on Wave Characteristics around Submerged Breakwater
in Wave and Current Coexisting Field by OLAFOAM

o] sg-i_* . HHZIS_z“s:]_** . q_]_-/\al_f.}** . 7‘:]],:_)#*** . tu] /\é****
Kwang-Ho Lee*, Ju-Hyun Bae**, Sung-Wook An**, Do-Sam Kim*** and Kee Seung Bae****

®

2 Xl :OLAFOAME 3R59J8te] AlE#|o]dS $181] OpenFOAM™S €F¢3t 73k CFDI=°]™, OpenFOAM

thekst Boko| A zhzt A AALY] B2 o ﬂ%%%‘ & A= WS Solvers ATkl gtk OLAFOAMS] 7]
AL VARANSH] 71254, S0 0 s RAAAEE A 8o, TR Crz 5ol Lmux%ﬂ
AAA A Ech A= OLAFOAMS o]8-3te] WA 1) ©haks} 12 okt Fadr2EolA ko] ¥, 2)
Tt Al o] e tﬂfﬂ 4 3) 353 rFuke] My AFFEEE disl] 710 7t APAnel v
FE3t] OLAFOAM?] EFE % iok’ﬂt} o] 25 AF7HA] A< 74EEI?<1 B AT} E50] FE] A
29 FAEA tial] wEAANS BRI 52 R CR wed B9 S5 5o Wl uE JA 5
WollA 91, shan, FaeAdEY, At FiS 9 GRselux] o) MEEAS Wds] HEsSith A
HE EEUgcdEy 9udhel ue slashs Lhm*icﬂ]ﬁﬂﬂ UHg MAE e A TS S 5

SHAIR0] : OLAFOAM, B35, ZAl, 12 3, dF-5 v A

rlo

Abstract : OLAFOAM is the powerful CFD code and is an expanded version of OpenFOAM®, for wave mechanics
simulation. The OpenFOAM® 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.

Keywords : OLAFOAM, current, submerged breakwater, regular waves, turbulent kinetic energy
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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.
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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
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Fig. 7. Water surface elevation fluctuations and wave frequency spectra according to the direction of current for impermeable beach.

gue 2e o 5 sk st YOI (RG] S

S, PGl WE vho MBS FEARER] 7] oA & 5 9l nhel o] o 550) A5l A AT
B 2 AU PR 3 A opielp] Pl A BAREEAAL 8 3o
Sl o] g 399l shusl vl Py 576 7 kb, ol Q18 FABFARLEADAL AA ol
S 2 S, ST 53O A A A0 ek HX]MM ek 27 B wEe) R0 ek
ARk, A A 8 e 58] gl 390 3 ot vk} o] sstepielr] BRG] ool

9 = X}Olﬂ vreRar, sukz OlﬁP ol x| Akeke] 2jo)
ks o 7191EhE e4% i Aow watdn,



(US)
N
=)
o
3

j=s)
==
ol
DOJE
o
o,
Ho
o
bl
b

j=d)
==
N
oX,

B ——WCN
K3 — WCF
= ——wco
) ‘
s2A\ /AN /AN AN AN AN S S
w
2
=
T PN ' ;
.53 2 3 5
Time (s) f(Hz)
= |
S [ T S A
S |
S ;
Wol I AN NN /NN NN NN\ e Fooos
g 1
e |
A .
2 3 4 5
f(Hz)
— 8 6 0
5 6] s
S 6 a8
S . 1
= 3.6 f----f-----+----------- Lo----
g H 3
w & 2.4 3
2 :
124 ----f4-----b-----b----- e
s A §
° o 2 3 A 5
f(Hz)
— 2
£
L 1.6 -}f-----c-----t-oob o
S -
N~ w1.2
k- H
w & 0.8
g,
(1 0.4
g -4 T T T T o A -
50 51 52 53 54 55 56 ° 1 2 3 s
Time (s) f(Hz)
— 1.5 -
5 1
S 1.2 :
S o 1
-~ w 0. h
3 H %
w o 0.6
g :
& -2 o3 | 4
S |
-4 T 1 T T o A i
50 51 52 53 54 55 56 ° 1 2 3 2 s
Time (s) f(Hz)
©) WG 5
Fig. 8. Water elevation fluctuations and wave frequency spectra according to the direction of current for permeable beach.
(2) MlFAPH o] F3Ad Rl 75 EdolA olgh @42 Bt e eld = Qi) 997]
Fig. 82 HIFAbI0] F319Q1 5o QoA Al Fe] A, jFAbEe] BRabYel B0} thas Aoldt Ak 58
TS} FaeAd B o] AvE yehdl Zlot), At o] 3= 7A-F-oll nlsl ke SERTE U SFoA I
HlFatuo] RIETAS wlol fAbekAl A AW B GO P ATiA o 2ol AL, Al vlEel A
o] 2t who] WA, Ant APl nAagTe] W] FslwliEo] ArjHow Arhs 21 o 4 Qi) olel# 2
wheh TS 2 9] |4, e o= wte] Xde] w h= T3 wiFAREo] Zh= uke WhAlEof] 7]RIsh= Ao

e}
e} s g 8 o] W wlAge) wek 7 Fol v % gk

s 2ls & 5 Qo 13 959 dlldete Tk Uhero 2, Mgt nel o] Fupe A ER o] 7] Faler



55

ok

Z:Z]—LH xl—;q]

1O i=

3 ‘jol 2= JJra“ﬂLﬂXl”‘i—r El i—‘%‘ﬂ(}f‘f}ﬁ] w2 vhaLe]

FHoll 4] OLAFOAM®] 23t 3541 9] 4

T 341

Akeke] Ao

17 2 fsiopite] Ajolo] me st °

ofa Wyst= Ao et

3.2.3 A3

ey (‘)r 7&‘:)«1 %5@31 21 Aol Aol Fig. 9= Al w5l 2533 Abdo] f1x|sh= =xds})
0.42 0.42
=035 =035
& &
N o.28 = N o.28
0.21 : 0.21
8.55 87 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.67s t=55.77s
0.42 0.42
=0.35 =0.35
& &
N o.28 N o.28
0.21 0.21
8.55 87 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.87s t=55.97s
(2) WON.
0.42 0.42
=035 =0.35
g g
0.21 ‘ 0.21
8.55 8.7 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.63s t=55.73s
0.42 0.42
=0.35 =0.35
& &
N o.28 N o.28
0.21 0.21
8.55 87 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.83s t=55.93s
(b) WCE.
0.42 0.42
=035 =035
& &
0.21 . : 0.21
8.55 87 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.69s t=55.79s
0.42 0.42
=035 =035
& J & J \
N o.28 - N o.28 -
0.21 ‘ 0.21
8.55 87 8.85 9 9.15 9.3 9.45 8.55 8.7 8.85 9 9.15 9.3 9.45
Distance from Wavemaker (m) Distance from Wavemaker (m)
t=55.89% t=55.99
(0 WO,

Fig. 9. Snapshots of breaking waves according to the current direction 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)

distance x from position of wave maker

wave height for permeable beach (cm)

WCN WCF WCO WCN WCF WCO

WGl x=8.000 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 2.397 2.576 3.210 2.404

WG4 x=9425m 1.441 1.730 1.204 1.380 1.659 1.071

WG5 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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Fig. 13. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 14. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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