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Characteristics of Velocity Fields around 3-Dimensional Permeable Submerged
Breakwaters under the Conditions of Salient Formation
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Abstract : This study numerically investigates the characteristics of the velocity field including the average flow
velocity, longshore current and turbulent kinetic energy acting as the main external forces of the salient formed
behind the permeable submerged breakwaters. Shoreline response is also predicted by the longshore-induced flux.
In this paper, a three-dimensional numerical wave tank based on the OLAFOAM, CFD open source code, is utilized
to simulate the velocity field around permeable submerged breakwaters under the formation condition of salient.
The characteristics of the velocity field around permeable submerged breakwaters with respect to the gap width
between breakwaters and the installing position away from the shoreline under a range of regular waves for different
wave height are evaluated. The numerical results revealed that as the gap width between breakwaters increases, the
longshore currents become stronger. Furthermore, as the gap width becomes narrower, the point where flow
converges moves from the center of the breakwater to the head part. As a result, it is possible to understand the
formation of the salient formed behind the submerged breakwaters. In addition, it was found that the longshore
currents caused by the gap width between breakwaters and the installation position away from the shoreline are
closely related to the turbulent kinetic energy.

Keywords : permeable submerged breakwater, longshore currents, gap width between breakwaters, salient, turbu-
lent kinetic energy
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Fig. 1. lllustrative sketch of wave basin and submerged structure for numerical analysis.

Table 1. Incident wave condition and 3-dimensional layout of submerged breakwater

CASE Wave Wave Wave Gap Submerged Distance between Wave breakin
No maker height period width breakwater shoreline and submerged L/S on crown &
’ theory H (cm) T (s) G (m) length L (m) breakwater S (m)
CASE 1 3.0 7.0 1.08
CASE 2 5 2.5 7.5 1.15 No
CASE 3 2.0 8.0 65 1.23
CASE 4 3.0 7.0 ) 1.08
CASE 5 Stokes II 1.4 2.5 7.5 1.15
CASE 6 2.0 8.0 1.23
- 7 Yes
CASE 7 5.5 1.36
CASE 8 2.5 7.5 6.0 1.25
CASE 9 7.0 1.07
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Fig. 2. Spatial distribution of mean velocities at three vertical layers of horizontal plane.
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Table 2. A longshore current’s inflection point on shoreline and total transport flow discharge due to longshore current

. Transport flow discharge (cm’/s) Transport flow discharge (cm’/s)
CASE No. lnﬂe.ctlon (From head of breakwater to (From middle of breakwater ToFal transport ?OW
point middle of breakwater) to head of breakwater) discharge (cm’/s)
CASE 1 y=10.0m 8,155.42 0 8,155.42
CASE 2 y=10.0m 6,227.68 0 6,227.68
CASE 3 y=10.0m 2,579.38 0 2,579.38
CASE 4 y=10.0m 25,631.62 0 25,631.62
CASE 5 y=9.0m 22,857.21 219.85 23,077.06
CASE 6 y=8l1lm 8,490.11 2,073.05 10,563.16
CASE 7 y=10.0m 20,343.89 0 20,343.89
CASE 8 y=2838m 23,161.30 1,713.69 24,874.99
CASE 9 y=8.64m 25,411.64 1,075.66 26,487.30

AT £E7t (HellA ()R Wk WS ATl Table 21| AIA 8 5=

M Ak FREE A ow sakelar, 1 Ao 7t Aol Akl A w

WA TR A7 02 e Wk AIRoA] A =i} 18] a1, CASES 29} 3¢] A% Fi
FR=07 gkah= ek o 7 Akt b £hE s f o] =ghAllef| 23 <IqkR7h

S A8 3ko] Table 201 7 3k A EHC} 7} s RS A ol

X Direction(m)
X Direction(m)
X Direction(m)
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Y Direction(m) Y Direction(m) Y Direction(m)
Turbulent Kinetic Energy (cm®/=*)
o L ) 8 | |‘e | Z‘A az
(i) CASE 1 (G=3.0m) (ii) CASE 2 (G=2.5m) (iii) CASE 3 (G=2.0m)
(@) H=5cm
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(b) H=Tem

Fig. 7. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane.
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Fig. 8. Spatial distribution of time- and depth-averaged turbulent
kinetic energies in longshore current region.
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Fig. 9. Spatial distribution of time- and depth-averaged turbulent kinetic energies in horizontal plane.
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