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The Effect of Skewness of Nonlinear Waves on the Transmission Rate
through a Porous Wave Breaker
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Abstract : It has been presumed that highly nonlinear skewed waves frequently observed in a surf zone could
significantly influence the transmission behaviour via a porous wave breaker due to its larger inertia force than its
nonlinear counterparts of zero skewness [Cnoidal waves]. In this study, in order to confirm this perception, a
numerical simulation has been implemented for 6 waves the skewness of that range from 1.02 to 1.032. A numerical
simulation are based on the Tool Box called as the ihFoam that has its roots on the OpenFoam. Skewed waves are
guided by the shoal of 1:30 slope, and the flow in the porous media are analyzed by adding the additional damping
term into the RANS (Reynolds Averaged Navier-Stokes equation). Numerical results show that the highly nonlinear
skewed waves are of higher transmitted ratio than its counterparts due to its stronger inertia force. In this study, in
order to see whether or not the damping at the porous structure has an effect on the wave celerity, we also derived
the dispersive relationships of Nonlinear Shallow Water Eq. [NSW] with damping at the porous structure being
accounted. The newly derived dispersive relationships shows that the phase lag between the damping friction and
the free surface elevation due to waves significantly influence the wave celerity.

Keywords : highly nonlinear skewed waves, transmitted waves via a porous wave breaker, ihFoam, Cnoidal waves,
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(a) Cnoidal waves

(b) Skewed waves

Fig. 1. Comparison of the Cnoidal waves with skewed waves.
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Fig. 2. Trajectories of damping coefficient 4 and B by varying d,
for specific void ratio.
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Fig. 4. Schematic sketch of the numerical wave flumes.
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Fig. 5. Comparison of the numerically simulated transmitted waves with the measured one in the hydraulic model test [green solid line:
hydraulic model test, blue solid line: openFoam].
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Fig. 7. Snapshots of numerically simulated wave field over the submerged wave breaker.
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Table 1. List of wave conditions used in the numerical simulation

H&T Wave type Breaker Slope
RUN1T A 0.11m, 22s Stokes 1 Undeployed Sloped
RUNI B 0.13m,2.2s Stokes | Undeployed Sloped
RUNI C 0.15m,2.2s Stokes | Undeployed Sloped
RUNI D 0.11m, 1.7s Stokes | Undeployed Sloped
RUN1 E 0.13m, 1.7s Stokes 1 Undeployed Sloped
RUN1L F 0.15m, 1.7s Stokes 1 Undeployed Sloped
RUN2 A 0.11m,22s Stokes 1 Deployed Sloped
RUN2 B 0.13m,2.2s Stokes | Deployed Sloped
RUN2 C 0.15m,2.2s Stokes | Deployed Sloped
RUN2 D 0.11m, 1.7s Stokes | Deployed Sloped
RUN2 E 0.13m, 1.7s Stokes | Deployed Sloped
RUN2 F 0.15m, 1.7s Stokes 1 Deployed Sloped
RUN3 A 0.0793m, 2.2s Cnoidal Deployed Flat
RUN3 B 0.0859m, 2.2s Cnoidal Deployed Flat
RUN3 C 0.0926 m, 2.2 s Cnoidal Deployed Flat
RUN3 D 0.0680m, 1.7s Cnoidal Deployed Flat
RUN3 E 0.0727m, 1.7s Cnoidal Deployed Flat
RUN3 F 0.0773m, 1.7s Cnoidal Deployed Flat
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Fig. 11. Snapshots of numerically simulated wave field.
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Fig. 12. Sample time series of the numerically simulated water sur-
face displacement at Gauge 14.
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o714 ()= Ensemble mean, *3= Hilbert transforms

Table 2. List of the measured skewness and asymmetry of the
numerically simulated wave field at Gauge 14

Wave  Measured Measured
H&T
type skewness  asymmetry

RUNI_ A 0.11m,22s Stokes I 1.0266  —3.1325¢-018
RUN1 B 0.13m,22s Stokes I 1.0304 8.6196e-018
RUNI C 0.15m,22s Stokes I 1.0320 6.9366e-018
RUNI D 0.11m, 1.7s  Stokes I 1.0201  —3.1325¢-018
RUNI E 0.13m, 1.7s  Stokes | 1.0215  —8.7034¢-020
RUNI F 0.15m, 1.7s  Stokes I 1.0234  —8.5429¢-020
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Fig. 13. Results of the regression analysis between the measured
wave heights and target wave heights [RUN1_A, B, C].
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Fig. 14. Contour plots of the horizontal components of numerically
simulated wave induced velocities in RUN1_C, RUN2 _C,
and RUN3_C.
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Fig. 15. Variation of mean water level [MWL] due to set-down and
set-up [RUN1_A, B, C, see Table 1].
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Fig. 17. Comparison of the transmitted waves at the down-wave
side of breaker by skewed waves for varying wave heights
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Fig. 18. Comparison of the transmitted waves at the down-wave
side of breaker by Cnoidal waves of varying heights
[RUN3_A, B, C].
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Fig. 19. Comparison of the transmitted waves at the down-wave
side of breaker by skewed waves of varying heights
[RUN2_D, E, F].
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