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Following our previous work (Makriset al, 2010), o |
SPHySiCS code v.2 (Gémez-Geste'H!H al, 2010) has %0:040 | o nfiuct,rms sim
been thoroughly calibrated and validated against; |
experimental data for wave propagation and weak= |®
plunging breaking on a smooth mild sloping beacitgtl

o nfluctrms exp

0.025 - o g
inside a laboratory scale wave flume (Stansby &dgren £ ..l Cog® g,
2005). The LES-type Smagorinsky model is used Her t 0015 | 0

viscosity treatment. Spatial resolution is basedhensize
of expected turbulent eddies. Discretization valdes
approach the demarcation range between integra oo
turbulence length scales (energy-containing eddies) 06
Taylor micro-scales (inertial sub-range).

Remarkable visual output (Fig. 1) is further supedry
extended quantitative validation through comparison
between experimental data and SPHysics resultthisn R A T A T Sk e
framework, several classic and more sophisticate e, //
hydrodynamic features are investigated. Plausiblet -
agreement is achieved in terms of wave heightssahap, :
r.m.s. free-surface elevation fluctuation, wavestrand o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
trough envelopes, throughout the whole computationa 54 56 58 O ot e e T 72 T4
domain (Fig. 2). Relevant Pearson correlation dciefits _ _ ' )

Figure 2 — Comparison between experimental data (exp) and

vary from 0.9 to 0.97 for most cases. Moreover, SPHysics output (sim), for wave heights and s om of
ensemble-averaged free-surface elevation and depthﬁrevious page], r.m.s. free-surface elevationltﬁatibn
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averaged velocities are generally well predicted.(8). [upper], wave crest and trough envelopes [lower].
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Figure 1 — Consecutive depictions (PV-Meshless) of simulated

SPHysics) weak plunging wave breaking and cons#que -0
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Figure 3 — Comparison of experimental (exp) against

o 0 1 2 3 4 5 e 7 8 SPHysics (sim) output for ensemble-averaged (bhshdand

blolZenia DRaee g ™ real-time (red dash-dot) values of free-surfacevatlen
[upper] and depth-averaged velocity [lower].



ated turbulent comemt
urface level is derived
Fig. 4), revealing a trend that follows the —5I8pg on
the log/log scale, typical of isotropic (inertialbsrange)
turbulence. This is the case for turbulent waveremb
values off = 10Hz, somehow continued until the Nyquist
filter limit f = 25Hz. Improvement of our previous results
(Makris et al, 2010) is clear for high frequency bands,
that correspond to either the SPS-treated scaletheor

Evolution of the relevant vorticity field is similéo that

of experiments (Stansby & Feng, 2005; Nadaekal,
1989). The period-averaged values are as expedthd w
a thick layer of clockwise (positive) vorticity anod the
trough level and counter-clockwise (negative) nbar
bed (lower Fig. 6). Concentrated ensemble-averaged
vorticity is also apparent in the surf zone (rqolidunger

and bore regions) shown as multiple turbulent camer
structures (Fig. 7).

smaller of the resolved large eddies. Besides that,

preliminary results of residual normal and sheeesses
reveal a mild anisotropy in turbulence especiatiythe
vicinity of the initial plunging breaking region.

In addition, we focus on the simulation of the wave
induced mean flows in the surf zone, namely the
undertow and the Stokes drift (Fig. 5). The period-
averaged kinematics for the surf zone is very simib
that of Stansby & Feng (2005), for velocity vecfmid
averaging both over the ‘wet’ period (the time fdrich a
point is immersed in water for a wave cycle) and th
actual one. Moreover, the shoreward inversion @& th
mean flow near the bed (streaming), is qualitayiveéll
predicted by SPHysics.
volume flux over one period is close to zero, iatiing an
acceptable level of accuracy for our simulations.
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Figure 4 — Fourier spectra of simulated turbulent comporént
horizontal velocityu” for the incipient breaking region at still
surface level.
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Figure 5 — Time-averaged vertical distribution of velocity a
gauges in the surf zone for ‘wet period’ [uppert aeal-time
[lower] data. Depiction of undertow and Stokes'ftdregions,
delimited by envelopes of wave trough (red dashgstc(blue
dash), and setup (green dash-dot).

Recurring patterns of periodically concentratedticiy
in a 2D cross-sectional plane are investigated fom 6).
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Depth-averaged  horizontaligyre 6 — Recurring vortical patterns during wave breaking

[upper graphs]. Period-averaged vorticity field Hecent
turbulent structures) [lower].
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Figure 7 — Ensemble-averaged vorticity contours (coherent

turbulent structures) at gauges in the incipieraking region
[upper] and inner surf zone [lower].
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