=3 QF - 3l o3 8 3] =5 #/ISSN 1976-8192(Print), ISSN 2288-2227(Online)
Journal of Korean Society of Coastal and Ocean Engineers 29(3), pp. 139~146, June 2017
https://doi.org/10.9765/KSCOE.2017.29.3.139

sflekxleo]] F3leE Tk A T ool s EE A= eald
Laboratory Observations of Nearshore Flow Patterns Behind
a Single Shore-Parallel Submerged Breakwater
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Abstract : In order to understand the efficacy of submerged breakwater constructed for the beach protection,
laboratory experiments were carried out by observing the characteristics of flow around a single shore-parallel
submerged breakwater. The velocity field near the shoreline was measured by utilizing the LSPIV (Large-Scale
Particle Image Velocimetry) technique, and mean surface and wave height distributions were observed around the
submerged breakwater, according to various combinations of incident waves and submerged breakwaters. In this
experiment, it was found that the mean flow pattern behind the submerged breakwater was determined by the balance
among the gradients of mean water surface and excess wave-momentum flux (i.e., radiation stress tensors) which
interact with the wave-induced current developed by the gradients on the rear and the side of the submerged
breakwater. The divergent and convergent flow patterns behind the submerged breakwater (i.e., accretion and erosion
response) of the numerical study of Ranasinghe et al.(2010) were observed in the measured velocity distributions, and
their empirical formula mostly agreed with the experimental results. However, for some cases in this experiment, it was
difficult to say that the flow pattern was one of them and was agreed with the empirical formula.

Keywords : laboratory experiment, wave-induced current, submerged breakwater, LSPIV mehtod, flow pattern,
accretion response, erosion response
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Fig. 1. Sketch of experimental bathymetry and a submerged break-
water model where its length (L), its width (w;), its height
(hggw), the distance from the shoreline (x;), the distance from
the water surface (s;), the water depth at the submerged
breakwater (/).
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Table 1. The experimental parameters of the incident waves and the submerged breakwater and the resultant shoreline response of Ranas-

inghe et al. (2010)

No. H, (m) T, (s) Xz (M) sz (m) hy (m) Empirical function*
1 0.15 32 4.65 0.1 0.27 Erosion
2 0.17 32 4.65 0.1 0.27 Erosion
3 0.20 32 4.65 0.1 0.27 Erosion
4 0.15 32 6.25 0.1 0.33 Erosion
5 0.17 32 6.25 0.1 0.33 Erosion
6 0.20 32 6.25 0.1 0.33 Erosion
7 0.15 32 7.65 0.2 0.38 Accretion
8 0.17 32 7.65 0.2 0.38 Accretion
9 0.20 32 7.65 0.2 0.38 Erosion

10 0.15 32 7.65 0.1 0.38 Accretion
11 0.17 32 7.65 0.1 0.38 Accretion
12 0.20 32 7.65 0.1 0.38 Accretion
13 0.15 32 9.65 0.3 0.44 Accretion
14 0.17 32 9.65 0.3 0.44 Accretion
15 0.20 32 9.65 0.3 0.44 Accretion
16 0.15 32 9.65 0.2 0.44 Accretion
17 0.17 32 9.65 0.2 0.44 Accretion
18 0.20 32 9.65 0.2 0.44 Accretion
19 0.15 32 9.65 0.1 0.44 Accretion

20 0.17 32 9.65 0.1 0.44 Accretion

21 0.20 32 9.65 0.1 0.44 Accretion

22 0.17 1.8 9.65 0.1 0.44 Accretion

23 0.17 2.5 9.65 0.1 0.44 Accretion

24 0.17 1.8 9.65 0.2 0.44 Accretion

25 0.17 2.5 9.65 0.2 0.44 Accretion

26 0.17 1.8 9.65 0.3 0.44 Accretion

27 0.17 2.5 9.65 03 0.44 Accretion

28 0.17 1.8 7.65 0.1 0.38 Accretion

29 0.17 2.5 7.65 0.1 0.38 Accretion

30 0.17 1.8 7.65 0.2 0.38 Accretion

31 0.17 2.5 7.65 0.2 0.38 Accretion

32 0.17 1.8 6.25 0.1 0.33 Erosion

33 0.17 2.5 6.25 0.1 0.33 Erosion

34 0.17 1.8 4.65 0.1 0.27 Erosion

35 0.17 2.5 4.65 0.1 0.27 Erosion

*: Ranasinghe et al. (2010).
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Fig. 3. (a) Mean surface elevation (cm) (b) wave height distribution (cm) (c) Lagrangian flow velocity vector (cm/s) of case 23 presenting
the erosion response (convergent flow pattern): Hy=17 cm, 7,=2.5s, x; =9.65m, s; =0.1 m.
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Fig. 4. (a) Mean surface elevation (cm) (b) wave height distribution (cm) (c) Lagrangian flow velocity vector (cm/s) of case 4 presenting the
accretion response (divergent flow pattern): H,=15cm, 7,=3.2s, x; =6.25m, s, =0.2 m.
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Fig. 5. (a) Mean surface elevation (cm) (b) wave height distribution (cm) (¢) Lagrangian flow velocity vector (cm/s) of case 12 presenting
the transient response: Hy,=20cm, 7,=3.2s, x, =7.65m, s, =0.1 m.

Table 2. The experimental cases disagreed with the resultant shoreline response of Ranasinghe et al. (2010)

No. H, (m) T, (s) Xz (m) sy (m) hy (m) Empirical function* Present experiment
9 0.20 32 7.65 0.2 0.38 Erosion Erosion/Accretion
12 0.20 32 7.65 0.1 0.38 Accretion Erosion/Accretion
18 0.20 32 9.65 0.2 0.44 Accretion Erosion
25 0.17 2.5 9.65 0.2 0.44 Accretion Erosion
29 0.17 2.5 7.65 0.1 0.38 Accretion Erosion/Accretion
32 0.17 1.8 6.25 0.1 0.33 Erosion Erosion/Accretion
33 0.17 2.5 6.25 0.1 0.33 Erosion Erosion/Accretion

*: Ranasinghe et al. (2010).
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