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Characteristic of Wave Diffraction and Reflection for Irregular Waves
in SWASH Model Around Small Port Structures
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Abstract : The numerical model of Boussinesq approximation, which is mainly used for evaluating the port calm-
ness due to the irregular waves, has a limit of applicability of lattice size in ports such as marinas with narrow port
openings of around 30 m. The SWASH model controls the partial reflection according to the depth, porosity coef-
ficient and structure size when applying the reflected wave incident on the structure and terrain. In this study, the
partial reflection evaluation at the front of the structure according to the bottom shape and the shape of the struc-
ture are examined. In order to evaluate the reproducibility of the model due to the diffraction waves entering the
term, the area of incidence at right angles and inclination of the structure is constructed and compared with the
diffraction theory suggested by Goda et al. (1978). The experimental results of the sectional structure reflectances
calculated as the depth mean show reflectances similar to the approximate values of the reflectances presented by
Stelling and Ahrens (1981). It is considered that the reflected wave is well reproduced according to the control of
the reflected wave at the boundary and the shape and topography of the structure. Compared with previous stud-
ies to examine the diffraction of the wave incident from the breakwater opening, the wave incidence angle and the
shape of the diffraction wave are very similar to the theoretical values, but both oblique and rectangular incidence
In the case where the direction concentration is small, the diffraction degree is underestimated in some sections
with the crest ratio of 0.5 to 0.6.

Keywords : SWASH model, reflection, diffraction diagram, irregular waves
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Fig. 2. Two-Dimensional Grid of SWASH and Bouss2D model
near the Breakwater in Numerical Model Experiments (Left:
Reflection boundary of the SWASH model, Right: Reflec-
tion boundary of the Bouss2D model).
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Table 1. Computational information of wave reflection numerical

simulation
Information
Grid size (m) 2.5m
Incident wave height (H,) 4.0m
Peak wave periods (7, 15.16 sec
Simulation time 2 hours
Spectrum JONSWAP
size 30m
Porosity structure 2162280 ?010
wper 15.16 s
Cl1 Equal bottom level (20 m)
C2 C1+ Real Bottom level (1:40)
Case C3 C2+ Upright wall
C4 C3+ Impermeable slope layer
Cs C4+ Poros structure
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Fig. 4. Breakwater cross section reflection simulation results.

Table 2. Comparison of breakwater cross section reflection simulation results and theoretical values (Stelling and Ahrens, 1981)

CASE H, e (M) H, ,../H, Approximate value of reflections
Cl 4.1 1.0 -
C2 4.4 1.1 -
C3 82 2.0 0.7~1.0 (Up right wall)
C4 6.8 1.7 -
C5 5.6 1.4 0.3~0.5 (wave dissipation concrete block)
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Table 3. Relation with Mituyasu spreading function (S,,,.), direc-
tional spreading factor (o,) and Directional distribution

(ms)
y=33
Wave conditions
Sy 0y (DSPR, in°)  ms
Wind wave 10 32.46 1.8
Swell with long decay distance 75 13.29 172
D(6) = A(cos )" (15)
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Fig. 5. Definition sketch of wave diffraction numerical simulation.
Table 4. Computational informations of wave diffraction numerical simulation
Model information
Grid size (m) 40m ¥ (peak enhancement factor) 33
Depth (m) 120 m Minimum frequency 0.05 Hz
Incident wave height (/) 1.0m Maximum frequency 0.30 Hz
Peak wave periods (7,) 10.0 sec Time cycle 2 hours
Spectrum JONSWAP Number of waves 750
Table 5. Diffraction simulation plan (case)
CASE D1 D2 D3 D4 D5 D6
ms (S,,..) 1.8(10) 17.2(75) 1.8(10) 17.2(75)
Incident wave direction 90° 30°
Vertical layer 1 2 1 2
wy (cut off frequency) 0.29 0.58 0.29 0.58 0.29
—— : Theory — — : Model
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Fig. 6. Diffraction diagrams for ms = 1.8, one vertical layer (D1).
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