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Numerical Simulation of Three-Dimensional Wave-Current Interactions Due

to Permeable Submerged Breakwaters by Using olaFLOW
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Abstract : This study aims at numerically investigating the water-surface characteristics such as wave height
distribution depending on the current direction around the three-dimensional permeable submerged breakwaters in
wave-current coexisting field which has not been considered in detail so far. In addition, the characteristics of the
velocity field including the average flow velocity, longshore current and turbulent kinetic energy, which act as the main
external forces of formation of salient, are also examined. For numerical analysis, olaFlow which is open source code
of CFD was used and the numerical tests included different types of target waves, both regular waves and irregular
waves. Numerical results indicated that wave height variation with wave following or opposing a current behind the
submerged breakwater is closely related to turbulent kinetic energy. Furthermore, it was found that weaker longshore
currents are formed under wave-current coexisting field compared to the non-current conditions, and transport flow is
attenuated. As a result, it was possible to understand the influence of current existence and direction (following and
opposing) on the formation of the salient formed behind the submerged breakwaters.

Keywords : 0olaFLOW, 3-dimensional permeable submerged breakwater, wave-current interaction, wave height,
longshore current, turbulent kinetic energy
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Fig. 1. Illustrative sketches of wave basin and submerged structure for numerical analysis.

Table 1. Regular wave and current conditions applied to numerical analysis and wave breaking on crown

CASE No Wave maker Wave height Wave period Current velocity Wave breaking
’ theory H (cm) T (s) U (cm/s) on crown

WCN-RES 0.0

WCF-RE5 5 10.0 No
WCO-RES -10.0

Stokes 11 1.4

WCN-RE7 0.0

WCF-RE7 7 10.0 Yes
WCO-RE7 -10.0
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Table 2. Irregular wave and current conditions applied to numerical analysis and wave breaking on crown

Wave maker Significant wave height Significant wave period Current velocity
CASE No. Spectrum
theory i His (em) Tis ) U (cmis)
WCN-IRS 0.0
WCEF-IR5 S Modified 5 10.0
WCO-IRS ceuiar waves Bretschneider- -10.0
———————— by superposition . 1.4
WCN-IR7 of linear waves Mitsuyasu 0.0
WCF-IR7 (Goda, 1988) 7 10.0
WCO-IR7 -10.0
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Fig. 2. Spatial distribution of simulated wave heights according to change of current direction.
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Fig. 3. Snapshots of wave diffraction and velocity behind submerged breakwater on water surface contour.

Avjolt), AyE Aund And oz FAZ Q) A Hj
FolA shazt Fhassbe, A0 Al el A HE] 3]
Aupzp A= 28 81E 4= Qlk B, sl A 3t
o] Aol b, o] skgellux|7t A5 Est
of WiFE HeEE= 2E & F vk a5kl wet AT
oS E AgyE ggeuA= A ZpoluhA] kARE
WCN, WCF, WCO02] =02 ajglol|#|7} 7Haato] A wl)
FolA] Bk ghaehe AS o F lom, AR wlj e
A1€] kil WCF7F WON®| 291t} 4], 18]35 WCO
7} WCN®] 21} GHA] 217 ehoi= 218 oF 5= Qlt, o]

125

10

-~
in

X Direction{m)

25

5 5 15 10
¥ Direction(m)
1=5235

(c) WCO-RET( U=10.0cm/s)



olaFLOWE -85 FaMdzalol] o1gh 3ahel4) vp-55.9] A1 Eeo)Ad

gt

o]

i,

= AP AT Lee et al.2016)014 AFH HEs}
BdiesolluA7E S553EeTS) v
AEA) Yehk= Al dAgit o] 25 7|
0] weE AeEE 3oy Ali= WCO, WCN, WCF2]
o= A 9] doako 2 FIPHSIF AR ZE FIF
=
Fig. 2(b)% Fig. 2(a)ell ¥Idl QAN 7F 57kt H=7 cm
ol 9o th3t I3t R EE Yepd ol byl
H=5cm®| Fig. 2(a)¢} A 7770l ko] 53 7i+-
HoalS2 g x]e] g gRlst = glow, S5
o whE JiT- B2 g s gegelluA 9] e FA
zto] 7t 4] o=tk ek, A vl ol A whars 7hz)
WCF7} WCNE T} 57|, WCO7F WCNKEUE A YR, o]
ZHE WCO7} WCNZ} WCEETH AT o 7 Zoako 72
A AR = 2 gR1E 4 QT
Fig. 32 JAM}A7F H=7 em?] 7% S5Wako] up 3
Al et 2 2 RS Eete] A w2 duts e gt
Al - S0 B I 9 A G552
= Uekd Zlojt}. 359] fiol whet 917de] oFk Aols)
AR ASn|wE flal o Aok o] s 7hs s w9l W
A A] dolot, T o ZHE FA 9] AME A}
7t A Ak el A 7 A% Al AaE HotEa, F
z THEo| Sk, milFE Mapgl w
TAT T STER /I8t o] el @5 Fig.

ol
FIF

2~
=
o]

oy omy
o

m

A
=)

10 (o

B &

¢

[-—~WCN-RE5==<WCF-RE5 ——WCO-RE5

171

3o RREE gela 5= Qlv), 18]l Fig. 2(b)2] AufelM:
A28k v} o] AR v FE S EEre] e Tl
o] zlo] 2 WCF= WCNKELE & £55, WCO= WCNETH
2o H2 Zb7 yepilch, wsh, A w5l At wid
O] APNAANA Feell A T4 A= oyt e A,
WCO7} WCN#F WCFELT} At 2] o 2 f&ro] 4| vpehut
™, B el A= AR sl FFE Aol
ARPERO R o) Fshs Zls gRIE = 9lal, WCO7F WCN
7} WCFHIH JlA 0% /§4:9] o]Fo] Ark= Z1& & 9l
t} ol FE3HE Aok 9 el S Xt

Fig. 4= 717} AL H=5 em®} H=7 em2] 7-5- it
AollA eyt Tl 552 f-ef Wkl sl y
w2 Fu Rt EE YERH Zlolth 7] 4, Fig. 4(a)7f
H=5cm?] 7-$0]1l, Fig. 4b)’} H=7 cm&] 7-$-oH, 2t
Zrol| A (iy} ZAl ek FHE A H O ZRE] x =4.445 mQ]
A7, (iyF AR AP S EIAH O ZNEH x=9.0 mR]
AR, 283 (iiy7F A @GR S = E x = 11.47 mQ]
253)e] 7 -§-olrt.

Fig. 4(a)2] 7% A A T4 x=4.445m<! Ao
A= 552 WEkel] BAIgle] AT FdelA Hx 6.4 em€]
AQ] sdst g YRR T Al7HellA= WCF7F WCN
Bt =7, WCO7F WONETH S| A7 sk shazt vrepdoh,
AR AAPE 441 x=9.0 m] Aol Aol 3
Ao 7 A3 Feke] v yE YehfA] o9 WCF

-
w

[-—~+WCN-RE7 ~=<+WCF-RE7 —WCO-RE7

'E" 8 '§12
’.};: 6 [ e, }:: 9
T 4 D6
T b T
% 2 3 3
So go
-2 -3
5 6 7 8 9 10 5 6 7 8 9 10
Y Direction(m) Y Direction{m)
(i) At cross section of 2=4.445m
10 15
Ts E12
o o
E 6 g 9
4 T 6
s £
[ . -
=0 =0
2 ezl 3
5 6 7 8 9 10 5 6 7 8 9 10
Y Direction(m) Y Direction{m)
(i) At cross section of x=9.0m
10 15
§s En
T 4 T 6
X £
e 2 oo =tacas 23
§ o [ reereess Theleeesy  §  FPPETEERIRNER SR TSRS R R RRRRERRENY
2 3 L
5 6 7 8 9 10 5 6 7 8 9 10
Y Direction(m) Y Direction{m)
(iii) At cross section of z=11.47Tm
(a) H=5cm (b) H=Tem

Fig. 4. Spatial distribution of simulated wave heights according to y direction.
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Fig. 7. Spatial distribution of time-averaged and depth-averaged mean velocities in x-y plane (Regular wave conditions).
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Table 3. A longshore current’s convergence point on the shoreline and total transport flow discharge due to longshore current

Transport flow discharge (cm’/s)

Transport flow discharge (cm’/s)

CASE No. Convr;.argmg (From head of breakwater to (From middle of breakwater to ToFal transport flOW
point middle of breakwater) head of breakwater) discharge (cm'/s)
WCN-RE5 y=10.0m 8,155.42 0 8,155.42
WCF-RES5 y=10.0m 7,168.65 0 7,168.65
WCO-RES5 y=10.0m 6,077.12 0 6,077.12
WCN-RE7 y=10.0m 25,631.62 0 25,631.62
WCF-RE7 y=10.0m 24,712.77 0 24,712.77
WCO-RE7 y=9.03m 16,091.86 175.87 16,267.73
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Table 4. A longshore current’s convergence point on shoreline and total transport flow discharge due to longshore current

Transport flow discharge (cm’/s)

Transport flow discharge (cm’/s)

CASE No. Conve.rgmg (From head of breakwater to (From middle of breakwater to ToFal transport ?OW
point middle of breakwater) head of breakwater) discharge (cm'/s)

WCN-IRS y=100m 3,854.33 0 3,854.33
WCF-IRS y=100m 3,404.60 0 3,404.60
WCO-IR5 y=10.0m 3,211.89 0 3,211.89
WCN-IR7 y=10.0m 11,638.88 0 11,638.88
WCF-IR7 y=10.0m 10,725.36 0 10,725.36
WCO-IR7 y=100m 6,611.632 0 6,611.632
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Fig. 11. Spatial distribution of time- and depth-averaged turbulent kinetic energies in x-) plane.
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kinetic energy in longshore current region.
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Fig. 14. Spatial distribution of time- and depth-averaged turbulent
kinetic energy in longshore current region.
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