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Numerical Analysis of the Hydraulic Characteristics of a Boundary Layer
Streaming over Beach Cusps Surf-Zone Using LES and One
Equation Dynamic Smagorinsky Turbulence Model
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Abstract : In order to investigate the hydraulic characteristics of a boundary layer streaming over the beach cusps
appeared in swells prevailing mild seas, we numerically simulated the shoaling process of Edge waves over the
beach cusp. Synchronous Edge waves known to sustain the beach cusps could successfully be duplicated by gen-
erating two obliquely colliding Edge waves in front of beach cusps. The amplitude 4; and length L; of Beach
Cusp were elected to be 1.25 m and 18 m, respectively based on the measured data along the Mang-Bang beach.
Numerical results show that boundary layer streaming was formed at every phase of shoaling process without
exception, and the maximum boundary layer streaming was observed to occur at the crest of sand bar. In RUN 1
where the shortest waves were deployed, the maximum boundary layer streaming was observed to be around
0.32 m/s, which far exceeds the amplitude of free stream by two times. It is also noted that the maximum bound-
ary layer streaming mentioned above greatly differs from the analytical solution by Longuet-Higgins (1957) based
on wave Reynolds stress. In doing so, we also identify the recovery procedure of natural beaches in swells prevail-
ing mild seas, which can be summarized such as: as the infra-gravity waves formed in swells by the resonance
wave-wave interaction arrives near the breaking line, the sediments ascending near the free surface by the Phase 11
waves orbital motion were carried toward the pinnacle of foreshore by the shoreward flow commenced at the
steep front of breaking waves, and were deposited near the pinnacle of foreshore due to the infiltration.

Keywords : beach cusp, synchronous edge wave, boundary layer streaming, LES (Large Eddy Simulation), one
equation dynamic smagorinsky turbulence model
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(a) boundary layer streaming under non—breaking waves
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Fig. 1. Schematic sketch of two dominating mechanism-boundary
layer streaming and under tow- on the cross shore sediment
transport under low waves and high waves [from Chang and
Cho (2019)].



LES®} One Equation Dynamic Smagorinsky tH5.33= ©]-8-3t Beach Cusps 3t of| 4] 2] AA|Z:

’dE A Ath(Pope, 2004). ©]21$t SPS(Sub Particle Scale)
W5 32 DNS(Direct Numerical Simulation)ol] =53t
Y =5 A|F3HH(Cho and Lee, 2007; Cho and Kim, 2008;
ho et al., 2008; Meneveau et al., 1996).

o

@)

2. WHE 5HH] Beach Cuspl| M-MIPY

L 3|8t AlollA= beach cusp edge wavesell 23]
AE= Z1 07 K= AZbo] 75 © T} Beach cusp?]
71702 edge waves®] 7s S W A5 Al71E o=
Guza(1974)%, Guza(1974)2] 1A} w2 E24] sl
29 7 Tt (low tide terrace)2} SliQE Alolol] HAZT 1/10
LHQ/]O] :L7ﬂ}\]./] 7z H]o] b‘ﬂ/ﬂﬂ‘_ o‘T‘(Flg 2 1—1) xiﬂ] =
9] I % mode T U] edge waves’| EA A==
T = Aol wia g 7P A A4 5 Qe
Edge waves 77|+ A} £712] 28] 2 ©]= Hasselmann

(a) Snapshot of the Mang—Bang beach and its associated

beach cusps

1 . . . - -
tidal terrace

depth h [m]
o=
SR

-30 \

0 200 400 600 800 1000 1200 1400
x [m]

(b) Beach profile

fore shore
€—>

o, { berm height

L714-8 fidlal terrace e

depth h [m]
n

A
>

=
P

700 200 300 400 500 600
x [m]

(¢) Zoom—in

Fig. 2. Layout of the Mang-Bang beach and its beach cusps, meas-
ured beach profiles across the shore of Mang-Bang.
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Fig. 3. A diagram in wave number, frequency space illustrating the
four components that satisfy the quartet resonance condition
where the dispersion relation, @ =+ ./gh, is represented by
trumpet shaped surface in three-dimensional spaces follow-
ing Phillips (1977).
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Fig. 4. Definition sketch of synchronous edge waves, which would
sustain the beach cusps formed along the shore-line [mod-
ified from Cho (2019)].
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Fig. 5. Schematic sketch of numerical basin.

Fig. 6. Bird-eye plot of the numerical basin and its corresponding
mesh used for the numerical simulation.

Table 1. List of wave conditions used in the numerical simulations
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Cases H [m] T [s] Wave type

RUN 1 0.15 12 Two colliding Cnoidal Waves
RUN 2 0.15 1.5 Two colliding Cnoidal Waves
RUN 3 0.15 1.8 Two colliding Cnoidal Waves
RUN 4 0.15 3.0 Two colliding Cnoidal Waves
RUN 5 0.20 1.5 Normally attacking Cnoidal Waves
RUN 6 0.15 1.8 Normally attacking Cnoidal Waves
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Fig. 7. Sequential snapshots of numerically simulated free water surface when the short-crested waves formed by two obliquely colliding

Cnoidal waves of T=3.0 s are shoaling over the beach cusp.
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Fig. 8. Sequential vector plots of numerically simulated velocity field when short-crested waves formed by two obliquely colliding Cnoidal
waves are shoaling toward the beach cusp.
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Fig. 9. Sequential vector plots of numerically simulated velocity
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formed by two obliquely colliding Cnoidal waves are shoal-
ing toward the beach cusp for 7=1.8s.
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Appendix A

(a) t=275 s

(c) t=28.3 s

(e) t=294 s

(b) t=28.1 s

(d) t=28.8 s

Fig. Al. Sequential snapshots of numerically simulated free water surface when normally attacking single Cnoidal waves of 7=2.4 s are

shoaling over the beach cusp.
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Fig. A2. Continued.
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