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Numerical Analysis of the Hydraulic Characteristics of a Boundary
Layer Streaming over Surf-Zone Using LES and Dynamic
Smagorinsky Turbulence Model
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Abstract : Natural shoreline repeats its re-treatment and advance in response to the endlessly varying sea-condi-
tions, and once severely eroded under stormy weather conditions, natural beaches are gradually recovered via a
boundary layer streaming when swells are prevailing after storms cease. Our understanding of the boundary layer
streaming over surf-zone often falls short despite its great engineering value, and here it should be noted that the
most sediments available along the shore are supplied over the surf-zone. In this rationale, numerical simulation
was implemented to investigate the hydraulic characteristics of boundary layer streaming over the surf zone in this
study. In doing so, comprehensive numerical models made of Spatially filtered Navier-Stokes Eq., LES (Large
Eddy Simulation), Dynamic Smagorinsky turbulence closure were used, and the effects of turbulence closure such
as Dynamic Smagorinsky in LES and k—¢ on the numerically simulated flow field were also investigated. Numeri-
cal results show that due to the intrinsic limits of k—& turbulence model, numerically simulated flow velocity near
the bottom based on k—¢ model and wall function are over-predicted than the one using Dynamic Smagorinsky in
LES. It is also shown that flow velocities near the bottom are faster than the one above the bottom which are rela-
tively free from the presence of the bottom, complying the typical boundary layer streaming by Longuet-Higgins
(1957), the spatial scope where boundary layer streaming are occurring is extended well into the surf zone as
incoming waves are getting longer. These tendencies are plausible considering that it is the bottom friction that
triggers a boundary layer streaming, and longer waves start to feel the bottom much faster than shorter waves.

Keywords : cross-shore sediment, boundary layer streaming, LES (Large Eddy Simulation), Dynamic Smagorinsky
turbulence model, beach accretion, spatially filtered Navier-Stokes Eq
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Table 1. List of wave conditions used in the numerical simulations
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Cases Slope (1/m) H [m] T [s] Turbulence closure Beach type

RUN 1 1:8 0.2 1.5 LES Uniform slope
RUN 2 1:8 0.2 1.5 k—e Uniform slope
RUN 3 1:8 0.15 12 LES With sand bar
RUN 4 1:8 0.15 1.5 LES With sand bar
RUN 5 1:8 0.20 1.5 LES With sand bar
RUN 6 1:8 0.15 1.8 LES With sand bar
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Fig. 4. Sequential snapshots of numerically simulated free water surface in RUN 1.
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Table 20+ free stream velocity u,, @} | 7 A|S: streaming
velocity u, =& J2|8l°1 535131t} Holmedal and Myrhaug
(2009)2] A-d 7ol oJshd v E shte] A vae 5
7kt A EA1gbo] g 1) nhgel A ulde] vlsf stom

A &A1 71 vtRA 02 A71F streaming velocity> 3}

Table 2. List of free stream velocity u, and maximum boundary
layer streaming velocity u,  under Cnoidal waves of
T=12s,1.5sand 1.8s.

Cases U, Uy, Amplitying ratio
T=138s 0.2185 0.2547 1.165
T=15s 0.1759 0.2245 1.276
T=12s 0.15 0.081 1.851
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Fig. 6. Comparison of vertical profile of # under Cnoidal waves
and sinusoidal waves of 7'=1.2s when the shoreward
velocity reaches its maximum.
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Fig. 7. Variation of the vertical profiles of horizontal velocity at Station 1, 2, 3 and 4 over a wave period for T=2.4sin RUN 1 and 2 (@

denotes period averaged velocity).
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0[1

85k st el| X ] AT Streaming G| 34 75
$-dsHA A5E A0 =2 81 21 (Holmedal and Myrhaug,
2009), ©]=13t /2= @8] Cnoidal waves®] 7-$-ol|x F7|
#A=5E I}, o]H ek 2}o]i= Holmedal®} Myrhaug(2009)2] <1
TAIRE A W AYAE GO R S, =] AT
]k ZAAbHA B E = FE }/\]'9} Hnlct o 7 3
F18h= under-towel] 71‘d sh= Zow et olHF &
= HAAY ol vlsl tha AT BEow AYuie] 7
G v Aoket A @ 53 A Wige] Avber, webA wnt
U o2 2]9)8k= under-tow’s Bl R Sl
Uhe ARS 4718 8 7hsall Belth

4.2 Turbulence closure? | AHZ
ol 0|xl= I
Fig 7°li= Wave Station 1, 2, 3, 49|14 #4543t Wk
TR WS & 710l Azl wslkds S o
715 & oI 719 frame S ® Lol Q1 55 Wt
A Eeu=S s o, AT SAS tetsb] 4
3l 7] Bt fEE WA BAEI TS v g 918
k—e FRERS ARgslo] 2] 2] @ {5
T A skl
Fig. 8ol o3&
QA0 AA vpsE 8

streaming =X| 22|ZA

559} under-tow

E7] $3ll AT streaming®] T T3

ST w)2] g F7]0l Az Helkds
EAJEHI oM, Fig. 9°ﬂ" 71l AR A Q1ZellA w
=¥ 75 WEZF 22l A%e 2AISIT Fig. 1000 1]
W= flEl Nl AR o]F WS 7hssl] flal] AR o
& 7] WAt Al e 552 sl kel A o] Wsl S
T A5kt

Fig. 7,9, 10914 & = Q15%, 289 g o] wet &
,x10°
~ + +
9 &0
£ 0 M@ d O Station 1
B X Station 2
+ Station 3
4 ) ) ) < Station 4
-4 -2 0 2 4 6
u [m/s] x 107
(a) Dynamic Smagorinsky and LES
-3
1X 10 .
2 ¥ *
N
£ 0 < O Station 1
> P o 4 X Station 2
<1 + Station 3
P % Md—d ‘ . . < IStat/on 4
-8 —6 -4 -2 0 2 4 6
u [m/s] x 107

(b) k—e€ eddy viscosity model

Fig. 9. Comparison of the evolution of near bottom velocity vector
during the unit wave period at Station 1, 2, 3 and 4 for
T=15s (RUN 1& 2).



76 85

0.8 - : : ' ol @ 5 Al wlAlst Mgk}t 1A=, AsteldS 4
0.6+ *_* ° @Q P E]‘S]-t\,i ‘:}%jq- ZE].-‘:]-:
E‘O ) © Station 1 A, k—e HrEBe Ak AT A TR ¢
N O. i g;:::gzg 3 A HA A2 20 <z" <2000 FESR= log-law teo]
0.2r < Station 4 AR =™, vlEoli= wall function®] d-E%7] vlgdo]}, o]
-04 0.4 0.6 A% A Aol thATEe 2771 WAl 4= QlthRodi,
(a) Dynamic Smagorinsky and LES 1993). o]g]@— k¢ \;_1-1‘?,"—_‘?_55]94 ?ﬂ—ﬁli _/':;‘(] Eﬂ # xi?i i
0.8 . . : : = 52 ta AusHl AkEE AR fuy e o]2 <l
0.6 | 3| Station 12] F-- % HWEIZ} (u, w) HF3ZHANA 18]
Tod o Station 7 = AA e A7L LESOl Blsl vha dehabA 2o H ok
N * Station 2 (Fig. 9 &x0).
0.2r Y Station 3 - Y= L o
: < Station 4 A, o5 M AlFEE A5 (Under-Tow)e A U]
04 0.4 0.6

(b) k—e eddy viscosity model 0.05

Wave Station 1
Fig. 10. Comparison of the period averaged shoreward velocity at
varying heights across the shore for T=1.5s (RUN 1& 2)
(at Station 1, 2, 3 and 4).
0
u[m/s]
0 1
B ]
-0.86 0 05 11.2

w [m/s]

W G o= ~ 0085 - == oy
u [m/s]
m (a) Probe 4 at 0.0751m from the bottom
0.04
Wave Station 1
Ll -
W s . e—"" 0.02
~
w
N
" _ £ o0
1 1 1 1 1 ) 1 1 1 1 1 J g
= 14 m
x=6m 10m 0.02
(a) Shoreward velocity
w[om/ fz] . 0% 02 0 0.2 0.4
‘..\.0;5\\ £z \‘v ditu ity u [m/S]
0654 0 05 0748 (b) Probe 3 at 0.0501m from the bottom

T N 002
0
-0.02

w [m/s]

-0.04
. ' — 0.4 -0.2 0 0.2 0.4
x=6m 10m 14m u [m/s]
(b) Vertical velocity (¢) Probe 2 at 0.0251m from the bottom
Fig. 11. Sequential contour plots of the numerically simulated Fig. 12.1. Evolution of velocity vector during the unit wave period

shoreward and vertical velocities in RUN 1. at the varying height (Wave Station 1).



LES®} Dynamic Smagorinsky T 5.33< ©]-8-8 sfjatodo| A 2] AL Streaming $-X]3114] 77

B=)

oA 7155t e ko 2 Sale] Zdoj]
el stojslel 1 A7l A ok, ke dRE
G 1019 A3 A% AT thas do]

1<)

oft ok

td

[e]

&

y
2 o
O

& #5T 5 thFig. 10 Fx). A& 2lol= 71
Q1 Station 4042 AUXA WS AR, TE5 T
Station 1°1412] AtjA o2 =2 AFoA &<l
(Fig. 10 &%),

ol e =25 Tk V&l s o] k- Fr i d
& 2 oA o 9 oolx 2] BAIF streaming T
Rolof| xRk 739 thAke] et o 1E Qe A
O % b o]9 4=X] K.23= Dynamic Smagorinsky LES
R ek g H

A oox e ot ot
b

i

J
2

et
30
)

=
T

(
=

0.1

Wave Station 2

0.05 Y 7
-

w [m/s]
S

-0.05 g

044 -0.2 0.2 0.4

0
u [m/s]
(a) Probe 4 at 0.0751m from the bottom

0.06
Wave Station 2

0.04
0.02

0

w [m/s]

-0.02

-0.04

-0.96 4 -0.2

0 0.2 0.4
u [m/s]

(b) Probe 3 at 0.0501m from the bottom
0.06,

Wave Station 2
0.04

0.02

0964 -0.2 0.2 0.4

0
u [m/s]
(c) Probe 2 at 0.0251m from the bottom

Fig. 12.2. Evolution of velocity vector at the varying height during
the unit wave period (Wave Station 2).

4.3 Tk Sli2H0f| A 2] BHIE streaming

Fig. 1115 RUN 1°f|A] #=5E= slib Wk 57 7]
W 7459 s B AR BAIEleH, Fig. 12.1,
12.2, 12.3, 1240 vk o 2 HE] 712} 0.0251 m, 0.0501 m,
0.0751 m gl Aol -5 HE 7} sfke] F7]of 4
A (u, w2 TAE A a2l A4 Al
ATt

uetat 747k Probe 20014 2] 9k 8 Wk f-o] A
Zoll Y)AI5ke] niete] gk o 2 RE H|w A AF-ZE2- Probe
39149 51T 9-98) Hol= Flo] 4] Fn]EThFig.
11(a), 12.1, 122, 12.3 #x). o]=]gt 732 Wave Station
1, 2, 391 2% I=ZHY, back-wash’} A|9iAQ1 Wave

oft

(o3

Wave Station 3

-0.2
-0.3
0.4 -0.2 0 0.2 0.4
u [m/s]
(a) Probe 4 at 0.0751m from the bottom
0.15
Wave Station 3
0.1
0.05 \
~
w
N
£ o S
b3 [ \
-0.05
-0.1
- [~
O'Z .4 -0.2 0 0.2 0.4
u [m/s]

(b) Probe 3 at 0.0501m from the bottom

0.06
Wave Station 3

0.04

0.02

-0.4 -0.2 0.2 0.4

0
u [m/s]
(c) Probe 2 at 0.0251m from the bottom

Fig. 12.3. Evolution of velocity vector at the varying height during
the unit wave period (Wave Station 3).



78

0.15

Wave Station 4

0.1
0.05
0

w [m/s]

-0.05

-0.1

-0.15

-0.5 0.5

0
u [m/s]
(a) Probe 4 at 0.0751m from the bottom

0.1
Wave Station 4

0 0.5
u [m/s]
(b) Probe 3 at 0.0501m from the bottom

0.06
Wave Station 4

0.04

0.02

0

w [m/s]

-0.02,

-0.04;

-0.06

05 0.5

0
u [m/s]
(c) Probe 2 at 0.0251m from the bottom

Fig. 12.4. Evolution of velocity vector at the varying height during
the unit wave period (Wave Station 4).

Station 4¢A1&= #53 F Il A= @742 Longuet-
Higgins”} ©]oF718H= A5 streaming 2]l E2] 3418
T gl BAIF streaming®] WESH= 2|1} ofollA 2] A
= 7= 419) 229%(0.5/0.225)00 ©] 5 LR AFgeirh=
e o Sl
ks 7HEA E= el 2] AT streaming WSS A
H1E7] 913l Fig. 130lli= vt Q1 9 ollA shte] F7]0
AA (u, v)= 773 a3l 755 et 2= A4
HZL d H1S of-2 = A= A7
streamings TS5 4= 1o Fjote]| QI $F Wave
Station 4ollX|= mulc} Wako 2 o] 39 77} 943t A

.
2
= & 2=
=g & 9.

=

-
1l

4x10°
Wave Station 1
2
~
(2)
N
Eo
2
-2
w3 2 - 0 1 2 3
u [m/s] x 10°
4X 10
Wave Station 2
3
2,
~
w
N
£ 1
2
0
-1
.
2
6
Wave Station 3
4
> 2
N
&
2 0 ¢
-2
4 -2 0 2
X100
Wave Station 4
2.
~
Q
Eo <
2
-2r
2 -1 0
u [m/s] ¥ 10°

Fig. 13. Variation of velocity vector near the bottom during the unit
wave period across the shore.

4.4 A 20| M2 BHIE streaming
4373094 1T upEs} QIFIRE =lelX 2] Z7AIS: streaming

fE = e

= B 28] A R7) ffel] AAdsfelel A AlE



LES®} Dynamic Smagorinsky %+

x=8m 10m 12m 14m 16m
(a) Shoreward velocity
vz

- u“"*w

-0.661 0.428
Ty e
P T
DT

et et

X= 8m 10m 2m 14m 16m

(b) Vertical velocity

Fig. 14. Sequential contour plots of numerically simulated shore-
ward and vertical velocities in RUN 3.

St glitellx] 2] Mg S F7)oll MEkE Fof 7] B
sl o Rl Av= Fig. 14, Fig. Al, Fig. A2, Fig. A3°]
gttt F717F A & - RUN 32 A5 ZAIF
streaming:> 2|RIOIARE BA5EL, S7]7F 21 RUN 49 7Z3-9-
QIRIEEE ofugh, A RlAME #5521 & & AT

Fig. 15¢1% RUN 3oll4 #5513 f41S A2 24
SEOITE Al A A50] o 75 EH Hela] A4
¥+ 2 (forced vortex)2] ©]&IH-S E1E 4= Qi) Fig.
16.1, 16.2, 16.3°:= v o 2 KE] 217} 0.001 m, 0.0126 m,
0.0251 m, 0.0376 m Bolxl X HNA (u, w)E 7-3€ 217
A 5 WEE shte] 0ol AA TEE AdE =

JX,OL o >E

25L ol 88 sstelel o] A%

Streaming /311 "
I LSS e e
A e esme
NS e vesaey
(A SO iy
RSV E W - ¥ 8
S iw%hkawm~ﬁ~

L 1 1 )

L 1 1

x=8m 10m 12m 14 m

Fig. 15. Sequential snapshots of streamlines in the numerically sim-
ulated wave field in RUN 3.

Aatoie.
Station 5, 6, 7¢] 7% vletg} 717 Probe 1614E %
gl 218 vpsE S<=o] wHuprh Wpek SEnth LA AAI=

streaming= =3 5= S1tH(Fig. 16.1, 16.2, 163 3x). AFF
7l sldsli= Station 58] - A&t HAS streaming

S AZ=R(Az=0.0251 m7HA] SlEE 2S4S o,
Az=10.0376 moA= A 771 S-AlSkSIt AR #13 (trough)
of 3lld3ti= Station 69 74-¢- &5 W F= A3 F55
2 AAH o7 7ash, HAS streaming BIE] 71 7}
77k2- Probe 10419 == S Th,

A Hleof| gFsl= Station 7°14= F717F 7 #2 RUN
9] A9 AAIZ streaming> RISl 717 71712 Probe 191
ARt ASE, F7) 71 )‘L‘:H;ﬂ ©% 21 RUN 5, 62 8% 4
A% streamings 2|3} & Z1&017kR] AAdEk ol A=
F Uh(Fig. 16.3, Fig. Al, Flg A2 FZ).

Fig. 17¢15= Probe 1914 #5%== b 18 ek -5
A ek 559 AAIYE AF5E E=AI8FI B (Station 1, RUN
3). ol A BF F AR AR 222 SR
o AAE At vie QIS A9 #10 A

W

streaming®] %



80 =

0.04

Wave Station 5
0.02
~
»
N
E 0
N \
-0.02 X
094 -0.2 0 0.2 0.4
u [m/s]
(a) Probe 3 at 0.0376m from the bottom
0.03,
Wave Station 5 /
0.02
0.01
~
Q
E 0
3
-0.01
-0.02
0.052 -0.2 0 0.4
u [m/s]
(b) Probe 3 at 0.0251m from the bottom
0.03
Wave Station 5 \
0.02
0.01
~
(%)
N
E 0
S
-0.01
-0.02
0.8 0.2 0 0.4
u [m/s]
(c) Probe 2 at 0.0126m from the bottom
ex 10°
Wave Station 5
4
@ 2
N
s /
2 0 /
-2
4 R

0 2 4 6
u [m/s] x10°
(d) Probe 1 at 0.001m from the bottom

Fig. 16.1. Evolution of velocity vector at the varying height during
the unit wave period in RUN 3 (Wave Station 5).

e
ok
e
N
N
N
)
0%
=
)
o
H
N
o
o
oY
e X

0.03
Wave Station 6
0.02
0.01 K\
~
w
b
E 0
3
-0.01
-0.02
-| 3! ’ n
0.9 4 -0.2 0.2 0.4

0
u [m/s]
(a) Probe 3 at 0.0376 m from the bottom

Wave Station 6
0.02

0.01
0
-0.01

-0.02

0.03

w [m/s]

0054 -0.2 0 0.2 0.4
u [m/s]

(b) Probe 3 at 0.0251m from the bottom

0.03
Wave Station 6
0.02

0.01
0
-0.01

w [m/s]

-0.02|
- 2 i "
0.954 -0.2 0 0.2 0.4
u [m/s]
(¢) Probe 2 at 0.0126 m from the bottom
x10*
Wave Station 6
2
~
w
Y
£ 0
2
-2
2 -1 0 1 2
u [m/s] x 10°

(d) Probe 1 at 0.001m from the bottom

Fig. 16.2. Evolution of velocity vector at the varying height during
the unit wave period in RUN 3 (Wave Station 6).

T St} olelst A= AT streaming®] T /3 7]2to]
aiek QItol| A &= = vk QI dlgoux|alo)r =
717F 71 789 A o] I Al ARLE 71k



LES$} Dynamic Smagorinsky Y35 ]85k 2ol €] AAIS Streaming 313114 81

0.06
Wave Station 7
0.04
_ 0.02
Q
E 0
B3
-0.02
-0.04
006255 0 0.2
u [m/s]
(a) Probe 3 at 0.0376 m from the bottom
0.06,
Wave Station 7
0.04
_ 0.02
w
N
E 0
B3
-0.02
Y/
-0.04 Z
. A
0.06——5 0 0.2

u [m/s]

(b) Probe 3 at 0.0251m from the bottom

0.04

0.02

w [m/s]
S

-0.02

Wave Station 7

- 4 "
0.9%3 0 0.3

u [m/s]

(c) Probe 2 at 0.0126m from the bottom

0.03

0.02

0.01

0

w [m/s]

-0.01

-0.02

Wave Station 7

- QA
0.985 -0.1 0 0.1 0.2

u [m/s]

(d) Probe 1 at 0.001m from the bottom

Fig. 16.3. Evolution of velocity vector at the varying height during
the unit wave period in RUN 3 (Wave Station 7).

T3]

oJellE 571

3] =8 753l ®.o]™, Longuet-Higgins(1957)2] 314
el A5 ol

318 AAIS streaming®l] tgt Longuet-Higgins

oX 10° % 10"

“o 772 7

Fig. 17. Time series of numerically simulated shore-ward and ver-
tical velocities measured at Probe 1 of Wave Station 5 in
RUN 3.

(1957)2) 314 a8 §7) o gt gon,

U,
up =/=* (14)

A7IA upy = AAF At Fol 2] ZAZ streaming A7,

U= AAZ 7oA el 3 AA| A sfige] 7118t 75
NE 5= BAS FAE 247 e}, 6= Stokes AOl=
27|% st g5 o] 7led 4 Qi)

- [ s
9]

214, (150 o= I 2F T34, fi= alk,ol T8
v AlFRE 0.4 W] s AU, A71A a= BAIT A
wellA 3 U5 Al AP = AlF e X0 R St
538+ Alel|A+= Excursion amplitude® &2™, k= S7F
Nikuradse =% Z4o]|& Z}z} Yepdit},

= RHEEEb 1 sk

of o5 3H‘E”Ol 1’41%1?& A ek FFo] golzar Y
53 ARA o7 Hd%

olggk 3“‘1 EYS HAS streamingS F3l| ©]F] 7T}, 3
Qof| A 71§35k 3EALS] thiito] B EE Tk SellAe] A
A% streaming®ll et 9-2]2] ofalli= o] As] F=53 B
oln], o]e1dt Fa2 AA F3lollA 7P M AFE =
Bailard(1981)%] 3tk ¥A} 2 AT AAS streaming®]
= Qehs AR OM S ER1SE 4= Qlt}. oA ko) &7
o] HX|X] Z3f kA sfiwlel] 77k e Ad W AL
A2l 73 2017 & A7]e] ¥l Alo] 543] F7Fald
TH(Chang and Cho, 2019). H%=3F 717ke] 23518t afjofehd 2}
aligtel] @o] Fzho® wigsh skgo] AujAlollvh= AM S
a#sh= A s oAl sinl WA o) JA4s S



82
7Z3A1% streaming®] 2J3l] 3t 2 3|F = FAwt FAL| 7]
Ql8l= A o7 FWATHCho et al, 2019). o] A H ZAAZ

e 1S 17 A4 Yotk @

shekell Jet WakE = 5

streamingoﬂ oI5t FA} o
Z13bell AA A =
0101 one-line 28 ¥} 7+ 7] A% E.& (morphology model)
= w@ehs Aol RkEA] e wojof & Zlow i)
ol Q1A of| 7|Fato] - y=tellM= kel et el
A&] AT streaming 5435 AR 218l W altelA
#5E = 9 AREo] 80% W] siFEE S e s o
Z et} Apdsfiele]] A3 AFES LEFe)E el Aol A
T Y& 2] B tH(Cho and Kim, 2019). 3] &9
= OpenFoam 7|8} Tool box?! IHFoam< AHg-sho] 433 5]
%o (Losada et al., 2008), THE 32 Spatially filtered
Navier-Stokes Eq. 3} 2% BE 2] 02 P xf-502
VOF(Volume Of Fraction) = &30 F4313ict Wi
F3 S 2= RANS(Reynolds Averaged Navier-Stokes Eq.)
olA1€] eddy viscosity THIRE 2] SHAIE ZHtAF 28-H
AART; 2R R o] U= SHbX o] A= /\]71-0111\1
LES(Large Eddy Simulation), ZF2} -5-8]2 Smagorinsky <
< Largrangian Dynamic Smagorinsky X8 &-&3lo] 1L
oapaint. o Il Tz sfitke] ¢ A
A5l Sl 7o) AsHd k—e BRE S -85
o= Walsle] 4=851oq turbulence closure”} K24 3}e] 1]
A= L I A E T
oA} A YRRl et 2.2 ¥ f-s Alell=
s AE 7 Aslom, Msleds sk o

3%

&
]

£

-
i

o
o
[o

log-law T3 o] AX| =], H}Q"ﬂ‘: wall function
o] Ag%7] uidolu, o] - AW Qe thAike] @
F7F A 5 9k o] @ ks R SR AW
&S tha ZostA 2o H i

S, A 98 oA A2 S AR (Under-Towys 7]
sl #gollM 7HSE T #4lo] Zlojxd 55 W)= g
Ha 72 A7 AR okl k—e HREES A 7 T

Ql

R

L
R

Zrl M= AUAA w2 A 745 el A i o2 g
Al A57F B2 Fof, 7]|Eo AEH oL k- P FEES 4
3} AofM 2] AAIZ streaming %] T2l AL ¢ TF

23Fe] @ F7F op] ¥ =

G2 Sfoks o ® §F A Bojo M= vigat 7k
Foloxe] figo] npete] ko RARE] vl A AR A
oM 9] 5K 923t Longuet-Higgins(1957)7} ©]oF

Ao g Ty}

78Rz A3 AT streaming®] G Z{1F-olAFE 2
1} o Zlso)7hA] EASh= A& gRlskint. ol st AAIE

streaming A -5 gRIsk= 1S FEHE T} (v, w)E
TAE et 1= AR A8 7IEo R Jdyst
o] AFHOE et AAA-S WAl T sfiqtellx] &

=

FAoM 2] AAIF streamings T+

- = = o =l=
E‘F)(j?j_'/‘ = -
=

=
0=
Y
)
)

fr
[}
;

ol A== ot (forced vortex)] oI E ERIEIITE.

olde] w=eleM & = % FIF Ao ® 71
AlZ streaming®] A|7]1e} A L] BliQE ko ® S
] o] 3t HE2 HAIS streaming®| HFEF Q1A 18y
F717F 71

© R QIS 37 dUX] &A 2 Ay %!
3 0% 30] A ATk ARLE APIkE FRE)
4 7138 Bol™, Longuet-Higgins(1957)2 314 soll - =
2L AEE G 5 Uk

e 3
AR 2
QA SRR elet 32 A1 Ayt 5

References

Bailard, J.A. and Inman D.L. (1981). An energetics bedload model
for a plane sloping beach: local transport. J. Geophys. Res.,
86(C3), 2035-2043.

Cho, YJ. and Kim, GS. (2008). Development of 3-D nonlinear
wave driver using SPH. Journal of the Korean Society of Civil
Engineers B 28(5B), 559-573 (in Korean).

Cho, Y.J., Kim, G.S. and Ryu, H.S. (2008). Suspension of sediment
over swash zone. Journal of the Korean Society of Civil Engi-
neers B 28(1B), 95-109 (in Korean).

Cho, Y.J. (2019a). Numerical analysis of the beach stabilization
effect of an asymmetric ripple mat. Journal of Korean Society of
Coastal and Ocean Engineers 31(4), 209-220 (in Korean).

Cho, Y.J. (2019b). Grand circulation process of beach cusp and its
seasonal variation at the Mang-Bang beach from the perspective
of trapped mode Edge waves as the driving mechanism of beach
cusp formation. Journal of Korean Society of Coastal and Ocean
Engineers, 31(5), 265-277 (in Korean).

Cho, Y.J. (2019c). Preliminary study on the development of a plat-
form for the optimization of beach stabilization measures
against beach erosion Il - centering on the development of phys-
ics-based morphology model for the estimation of an erosion
rate of nourished beach. Journal of Korean Society of Coastal
and Ocean Engineers, 31(5), 320-333 (in Korean).

Cho, Y.J. and Bae, J.H. (2019). On the feasibility of freak waves
formation within the harbor due to the presence of Infra-gravity
waves of bound mode underlying the ever-present swells. Jour-
nal of Korean Society of Coastal and Ocean Engineers. 31(1),
17-27 (in Korean).



LES®} Dynamic Smagorinsky 5.3< ©]

Cho, YJ. and Kim, L.H. (2019). Preliminary study on the development
of platform for the selection of an optimal beach stabilization mea-
sures against the beach erosion-centering on the yearly sediment
budget of the Mang-Bang beach. Journal of Korean Society of
Coastal and Ocean Engineers, 31(1), 28-39 (in Korean).

Cho, YJ. and Lee, H. (2007). Numerical analysis of nonlinear
shoaling characteristics over surf zone using SPH and lagrang-
ian dynamic smagorinsky model. Journal of Korean Society of
Coastal and Ocean Engineers, 19(1), 81-96 (in Korean).

Chang, P.S. and Cho, Y.J. (2019). Preliminary study on the devel-
opment of a platform for the optimization of beach stabilization
measures against beach erosion III - centering on the effects of
random Waves occurring during the unit observation period, and
infra-gravity waves of bound mode, and boundary layer stream-
ing on the sediment transport. Journal of Korean Society of
Coastal and Ocean Engineers, 31(6), 434-449 (in Korean).

Deigaard, R., Jacobsen, J.B. and Fredsoe, J. (1999). Net sediment
transport under wave groups and bound long waves. Journal of
Geophysical Research, 104(C6), 13559-13575.

Germano, M., Piomelli, U., Moin, P. and Cabot, W.H. (1991). A
dynamic sub-grid scale eddy viscosity model. Physical Fluids,
A3, 1760-1765.

Holmedal, L.E. and Myrhaug, D. (2009). Wave-induced steady
streaming, mass transport and net sediment transport in rough
turbulent ocean bottom boundary layers. Continental Shelf
Research, 29, 911-926.

Holmedal, L.E., Myrhaug, D. and Rue, H. (2003). The sea bed
boundary layer under random waves plus current. Continental
Shelf Research, 23, 717-750.

Jensen, B.L., Sumer, B.M. and Fredsoe, J. (1989). Turbulent oscil-
latory boundary layers at high Reynolds numbers. Journal of
Fluid Mechanics, 206, 265-297.

Justesen, P. (1991), A note on turbulence calculations in the wave
boundary layer. Journal of Hydraulic Research, 29, 699-711.

Lee, H.J. and Cho, Y.J. (2019). Numerical analysis of synchronous

ztedolxe] AAIS Streaming T3] 3114 83
Edge wave known as the driving mechanism of beach cusp.
Journal of Korean Society of Coastal and Ocean Engineers,
31(6), 409-422 (in Korean).

Longuet-Higgins, M.S. (1957). The mechanics of the boundary
layer near the bottom in a progressive wave. Proc. 6th Interna-
tional Conference on Coastal Engineering, Gainesville, Palm
Beach and Miami Beach, Florida, December 1957, 184-193.

Losada, 1.J., Gonzalez-Ondina, J.M., Diaz, G. and Gonzalez, E.M.
(2008). Numerical simulation of transient nonlinear response of
semi-enclosed water bodies: model description and experimen-
tal validation. Coastal Engineering, 55(1), 21-34.

Meneveau, C., Lund, T.S. and Cabot, W.H. (1996). A Lagrangian
dynamic sub-gird scale model of turbulence. Journal of Fluid
Mechanics, 319, 353-385.

Pope, S.B. (2004). Ten equations concerning the large-eddy simu-
lation of turbulent flows. New Journal of Physics, 6(35), 1-24.

Rodi, W. (1993). Turbulence models and their application in
hydraulics - a state of art review, International Association for
Hydraulic Research, Delft, 3rd edition 1993, Balkema.

Smagorinsky, J. (1963). General circulation experiments with the
primitive equations. Monthly Weather Rev NWB, 91(3), 99-164.

Trowbridge, J. and Madsen, O.S. (1984). Turbulent wave boundary
layers 2. Second order theory and mass transport. Journal of Geo-
physical Research, 89(C5), 7999-8007.

Yoshizawa, A. and Horiuti, K. (1985). A Statistically-derived sub-

grid-scale kinetic energy model for the large-eddy simulation of

turbulent flows. Journal of the Physical Society of Japan, 54(8),

2834-2839.

Received 7 January, 2020

1" Revised 14 February, 2020
2" Revised 24 February, 2020
Accepted 25 February, 2020



®
BN
&

Appendix A.
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Fig. Al. Sequential contour plots of numerically simulated shore-
ward velocities in RUN 5.
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Fig. A2. Sequential contour plots of numerically simulated shore-
ward velocities in RUN 6.



