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Nonlinear Irregular Waves-current Interaction on Flow Fields with Wave Breaking
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Abstract : In this study, the nonlinear interaction of irregular waves with wave breaking and currents around
permeable submerged breakwater was investigated with the aid of olaFlow model which is open source CFD
software published under the GPL license. The irregular wave performance of olaFlow applied in this study was
verified by comparing and evaluating the target frequency spectrum and the generated frequency spectrum for
applicability to irregular waves. Based on the applicability of this numerical model to irregular wave fields, in the
coexistence fields of irregular waves and currents, the characteristics of wave height, frequency spectrum, breaking
waves, averaged velocity and turbulent kinetic energy around porous submerged breakwater with the respect to the
beach type and current direction versus wave propagation were carefully investigated. The numerical results
revealed that the shape of wave breaking on the crown of the submerged breakwater and the formation of the mean
flow velocity around the structure depend greatly on the current directions and the type of the beach. In addition, it
was found that the wave height fluctuation due to the current direction with respect to the wave propagation is
closely related to the turbulent kinetic energy.
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Fig. 1. Calculated wave profiles at wave source position and comparison of target and calculated wave frequency spectra.
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Table 1. Conditions of wave and current applied to numerical anal- T E 9] ZZFo] F43] ZAaH AS Belgk 4= 31, 9]
this FHE| WG2SH WG3 Afole] $iH|ellA] 9} i gieks
Case WEN  WeE WeO APALE A 4 QT WG3eIA 9 9Bl s &
Current velocity (cm/s) 0 5 -5 o) Fol9)ar, vt o] Hekslo] AjH oz ware] 7
Wave type Irregular : Linear superposition o)7} 1A Ve g Akale] ulth A (Kurtosis)o] v, &
Spectrum e toggy ™ & Wa2ol sk o] ARol 245-2) 4] (Skewnessy
A vERdTE WG42] A9 3 A At o w e B

Number of waves 150 B B e
P —~ o AR el g E <lstol el
o~ - WG3HER 2 ehed, 15 el 34 51 gstel v
o] fA1% AL lek WGSsE FHA| w52 skge] a1
Fapdito] 2ekE o] YehARE 9o AP S S8t

Table 12> &2 9ke] FA A 283 Zuto]&, 9 ool #-9-9] vt dol 7idE s B 5 Sk
Abke] Al 9 EEEES Wkt A7]E 747 et & Prtapre] el ks 742te] fiA]oA o] Fulr A E
M= ZF0] flar @4 sputo] EAjshs 495 WCN HE AR WG 7735 = 0.93/s7F o534
o7, 55} 9Fe ko] A SHEl A9E f= sk AT )d el Fola, Tk AT ER] A
WCFZ, 557 g2 7lagao] A= vl okl 7 A7F AFaFd G o oFgh o) sd s vehditt, o] 9}
-5 WCO= 37| B Agofstthelst &9). o] Al AT o R olFHs S WG2~
WG5Sl veRb, ko] sfel] whet B} Asle = o
322 FeHE s Foe A EY = AT = Qlvh ZFEE] whE T A ER Y W
(1) WiFApo] Bl -5 Wds AR A AEF WGIeA = WCONS] Fake24

Fig. 3& vl §-Apo] Rl 7-¢-of

A H AEZo| Hlsl] WCO7} 23, WCF7} 22 kS YRy qk
S FuEATER ] AvE e Flo|th £=9WFY] S %
=
B

AA 2 &2 WCF, WCN, WCO08] 0% HFFukr 21l
A FIAFERo] ks YR, 53] A ded 4

(WG1, x=8.0m), FAI-Ee] A2 (WG2, x=8.575m), Hj ol A a1 - AT o oz gtgei A7) 24k
AAe] FHWG3, x=9.0 m), AT ERE (WG4, H= 28 B 5 Qv o714, WG4SE WG5S Sl £~ 0/
x=9.425m) % A °] FHF(WGS, x = 10.0 m)el] 212} 3 sellAl 23] S7kE= 71 719 shgelluA] s &
8, FAARIE T For A Ed o] 18] AlddE & UL, o]i= Lara et al.(2006)°l] 23X = #]2H vig} 3to]
AEE 2 EA7F 50 (200 5~250 5) E<ko] FHE5E 98-S o F1Fo) ost AJRolut vhde|, 1A uke] sjAelM = st
o w skt o] Fup AENES 7B R o] et BRF A YEh}

FYHFS AR A AHE WGl = A & A = Aoz 4 A tH(Garcia et al., 2004; Lee et al.,
ALk} Q1T o= Ao T WE 2016).

o] - whAlish, Al Ee] Al2H WG2elM = A% ¢ 7t
Z

&
2
1o,
=
=
]
ﬁ:‘
=
>
P
5
[>
18,
i
uits)
1o
[
N
rE
i
S~
E
e
s
<
®)
V)

Ao] ko] E HFMF o7 WGl vlE] Bok 2 9 oA F43] A5 F 3, Whdo WG2ollA WGSZ 4
Hgo] Yeha, A - F2 vt Adoe] & udgart 34 5 ek 2 ahs 247 ekt 53], WG29 WG3
He AL B 5 Utk vl 2, A ] wWGselM = Atolof] A3 343 AR R He3th uie} o] o]



43

T10 ——wcnN
L ———wCF
3 ——wco
S 6
T4
22
w o
N
8 -2
)
S o
200 202 204 206 208 210 212 214 o B3 % % o =
Time(s) f(Hz)
(@) WGl
10
T10
Q
= 8 8
S 6 —
T 4 N
3 2 S
@ o >
N
8 -2 2
)
2 o
200 202 204 206 208 210 212 214 o B 5 5 5 -
Time(s) f(Hz)
(b) W@
1.2
T10
% 2 0.9
o6 s,
S @
g 4 NE 0.6
o 2 =N
w o w
§ 2 0.3
0
=4 &
200 202 204 206 208 210 212 214 2 a
Time(s) f(Hz)
() WG3
0.4
T10
S
r3 8 0.32
o6 —
s &L o.24
: : MM S
o 2 S
@ o 5018
.
S -2 0.08
S 4
= o
200 202 204 206 208 210 212 214 2 5 4 =
Time(s) f(Hz)
(d WG 4
0.4
T10
S
= 8 0.32
o6 —
5 D o.24
g 4 £
o 2 S
S lPvRcAE IR AT Soe
.
-2 0.08
S 4
2 o
200 202 204 206 208 210 212 214 o 1 2 2 P 4
Time(s) f(Hz)
(e) WG5

Fig. 3. Water surface elevation fluctuations and wave frequency spectra according to the direction of current for sandy beach.
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Fig. 4. Water elevation fluctuations and wave frequency spectra according to the direction of current for graveled beach.
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Fig. 5. Snapshots of breaking waves according to the current direction for sandy beach.
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Fig. 6. Snapshots of breaking waves according to the current direction for graveled beach.
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Fig. 8. Spatial distribution of time-averaged velocities around submerged breakwater.
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Fig. 9. Spatial distribution of time-averaged turbulent kinetic energy around submerged breakwater.
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