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Numerical Simulations of Rip Currents Under Phase-Resolved
Directional Random Wave Conditions

5120*

Junwoo Choi*

2 K| :Choi et al.(2015)2 < Boussinesq W72 F& <l FUNWAVEES ©o|&3lo, thidr Ef2 5

SandyDuck T3 319 ARJMEEFS FX| R s, ARMF 552 W ol Adabs 4 A LQW} &+
SAdet & AT Bolvk o] A7REE 7IMEO R SandyDuck AR tlEo] thidk 9142 s ate-
R = ARPERES] Dol HltEAo] olby el wX= g3k nEsl] HE FARE T
A Aol oJsf WAsk= olbrE XAl A v 2319 g thEEE EarA s f1e] Ae g mE =3
Z o]qhF o] WAool FrtEo] g B durfo At £HEES AEES &+ AT

M20] : SandyDuck A&, o|HF, Thi-&F E412 3}, 1] 3 Boussinesq 7 2], FUNWAVE

d

2

Abstract : Recently, Choi et al.(2015) showed that a numerical simulation of the SandyDuck experiment under a
directional random wave environment agreed well with the experimental data including the wave height distribution
of the random waves, the well-developed longshore current and its energetic fluctuation. Based on the Boussinesq
modeling, this study investigates the effect of the alongshore variations, which are induced by not only the field
topography but also the phase interaction of multidirectional random waves in the surf zone wave field, on the rip
currents. As a result, transient rip currents as well as topographical rip currents cause the complicated surfzone
circulation and mixing process due to their interactions in a multi-directional random wave condition while the
topographical rip currents are dominant in a monochromatic wave condition.
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S Agste] A o] gth(Bowen, 1969a, 1969b; Longuet- 2012; Feddersen, 2014; Johnson and Pattiaratchi, 2006;
Higgins, 1970; Longuet-Higgins and Stewart, 1962, 1964; Peregrine, 1998, 1999), 17 31545 z2h= T(relatively
Thornton, 1970). ©] Xt} Z o] 3} §)/4-& st Alrksh short-crested wave)2| 37} Q75 WA 7= TS o

I S E AR O 7 343H= Boussinesq B8-S 0|25 AU Z (Peregrine, 1998)°0.% <12E 31 ¢lth(Johnson and
AE2 ?j:[Lo]—jl SI71% &Ft} (Serensen et al., 1998; Pattiaratchi, 2006; Clark et al., 2012; Feddersen, 2014).
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Fig. 1. SandyDuck bathymetries for 04:00-07:00 EST, 2 October
1997, with observation locations (closed circles), computa-
tional domains, and boundary conditions for simulations of

waves and wave-induced currents (Choi et al., 2015).
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Fig. 2. The cross-shore profile of 3-h-averaged results for (a)
y=905m, (b) =828 m, and (c) y =703 m. The top pan-
els show the wave heights in the simulation with the
default breaking parameters (solid black line), the present
simulation with a constant friction factor (thick gray line),
and the present simulation with a varying friction factor
(dashed black line). The upper middle panels show the
longshore current velocity, and the lower middle panels
show the cross-shore current velocity for the present sim-
ulation. The bottom panels show the profile of the topog-
raphy. The circles indicate the observations in the
SandyDuck experiment (Choi et al., 2015).
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Fig. 3. Horizontal distributions of (a) instantaneous surface dis-
placement at = 4007,, (b) 3-h-averaged wave height, (c)
two peak wave-period-averaged current velocity, and (d)
its vorticity at = 4007, in the SandyDuck simulation.
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Fig. 4. Horizontal distributions of (a) instantaneous surface dis-
placement at #=4007,, (b) 3-h-averaged wave height, (c)
two peak wave-period-averaged current velocity, and (d) its
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Fig. 5. The wavenumber-frequency spectra obtained using mea-
surements of(A) cross-shore velocity and (B) longshore
velocity, and the computations of (C) cross-shore velocity
and (D) longshore velocity for the longshore array at
x=160m and y =704-906 m. The logarithmic grayscale
indicates energy density. The bold lines denote mode-0
edge waves propagating upcoast and downcoast with a
small wavenumber offset (0.0015 m™) (Choi et al., 2015).
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vorticity at #=5007 in the monochromatic unidirectional
wave with 1.01-m height, 6.67-s period, and 0.0° direction.
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Fig. 8. Horizontal distributions of (a) instantaneous surface dis-
placement at = 5007, (b) 3-h-averaged wave height, (c)
two peak wave-period-averaged current velocity, and (d)
its vorticity at = 5007, iin the multi-directional random
wave of y=33 and o0,=18" with 1.43-m significant
height, 6.67-s peak period, and 0.0° direction.
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Fig. 9. Horizontal distributions of (a) instantaneous surface dis-
placement at #= 500 7, (b) 3-h-averaged wave height, (c)
two peak wave-period-averaged current velocity, and (d)
its vorticity at £= 500 7}, iin the multi-directional random
wave of = 6.6 and o, = 6° with 1.43-m significant height,
6.67-s peak period, and 0.0° direction.
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