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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 : olaFLOW, 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-RE5 -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 P His (em) Tis ) U (cmis)

WCN-IRS 0.0

WCEF-IR5 S Modified 5 10.0

WCO-IRS ceuar waves Bretschneider- -10.0
————————— by superposition . 1.4

WCN-IRY of linear waves Mitsuyasu 0.0
I — (Goda, 1988)

WCEF-IR7 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.
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Fig. 4. Spatial distribution of simulated wave heights according to y direction.
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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. Conve.argmg (From head of breakwater to (From middle of breakwater to ToFal transport ?OW
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

Converging

CASE No. -
point

Transport flow discharge (cm’/s)
(From head of breakwater to

middle of breakwater)

Transport flow discharge (cm’/s)
(From middle of breakwater to
head of breakwater)

Total transport flow
discharge (cm’/s)

WCN-IRS y=10.0m
WCF-IR5 y=10.0m
WCO-IRS y=100m
WCN-IR7 y=100m
WCF-IR7 y=100m
WCO-IR7 y=10.0m

3,854.33
3,404.60
3,211.89
11,638.88
10,725.36
6,611.632

0 3,854.33
3,404.60
3,211.89

11,638.88

10,725.36
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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