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A LSPIV Measurement of the Unsteady Rip Current at Successive Ends
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Abstract : The experiment of unsteady rip current generated at the successive ends of breaking wave crests of
honeycomb pattern waves was conducted in a laboratory wave basin, and its time-varying evolution was observed
by using ortho-rectified images. The present experiment utilized the generation of a quasi nodal line of the honey-
comb-pattern waves formed by out-of-phase motion of two piston-type wavemakers arranged in the transverse
direction, instead of the original honeycomb pattern waves which are generated when two wave trains propagate
with slightly different wave directions. The velocities of rip current were measured by using the LSPIV (Large-
Scale Particle Image Velocimetry) technique. As a result, the unsteady rip current was generated between succes-
sive ends of wave crests, and evolved with its shear fluctuations in this experiment. Also, the time series of LSPIV
velocity of the unsteady rip current showd its short component due to waves and its long component due to wave-

induced currents.
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Fig. 1. Schematic sketch of honeycomb-pattern wave crests on an
ortho-rectified image of the Haeundae coast at 15:32 of the
10th of August, 2012 (Shin et al., 2014).
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Fig. 2. Sketch of wave basin, wavemaker and experimental bathymetry.

Choi and Rho(2020)°14] #|QFsFaL Fig. 201 A8k
o] FAF T2 TS A ste] Aaint. 9~
WA E 50 em (M-S FaL F IFOE o] 1
UEF A, T Z|E AZ o o E 2T
vpste] WA 913} 2 dge vl Eeks 4
Ak, FAF T2 98 2o e, A TR
o] ey} 2 shaie] B Gl o) 54
Aol AL ofol whE st Mol vEhk= xle]7t 9
th 2o E kAl oF 20% s Ao AA
ATz ARG el tiste] A< T daE Adslvt
(Choi and Rho, 2020). Far 2, A4 AFZ vh= F vk
o] zjolof upe} ek vhau B} Wlslar, fAF AT
Z 9t0] 75 3 e] o] v QX2 HE Q] Al uket
ek vhu Byt Wglsle 2 T dake] 93k o]k
A A g A ellA ] FEF shadarel o& 4
gt 2 o]bT Aol AR A B TR 9
o YAl shars} F71= H=15em, T=24s5 AHE-3I9ith

o] QHF2] AT} M3} 2 -S Large Scale Particle Image
Velocimeter(LSPIV) 7|H-& ©]§-3t0] 4313t 575
of W& {7t ol FE U5 HH o APFx v oy

)
% 1z B

il

el

o BN A B

>

B o gm 3£o]o] 4B el F srhel Fhles HAs
oA} 7} Fholleks A 9A1E Zol7) S8 B9l S
FH0z Bstes YSITh. 7} Ahlehs x BoR o
6m, y WEOE oF §me] PoIe BT Y3t} B
gol AAL TVF F Y% HAx, BAE I

=

oo

— 0
o] st W, A5 4 cm= 8 m A ZhdlElel

olal F&3| AHo] 7Fs ALk 10 x 10 pixels 77]), 3}
37¢2] 1/100 olste] 2173l afdstt, Q] elA o] Esh=
Trgo] gliz 4 AR} vlwate] A HE Sel] A o
Fob7] wltel A FHRis) el S Qe &
glo]d dxdo] HAaskd = Qi YA olFel wE {5
7ol o Agabrkal Adaielet. 2uh A, s Aol oF
20007H2] J=FE wlE] S ar, 29t $ ]l flelA oF
2000712] IS AA8] WESIITE & Fheleke] VS
APdE| A 1A ) T4 otolely] FhHlek(SND-K2083R )01, 2
Fdel Zd FAE 1920 x 1080 pixels, 2| A
60 fpso|t}. o]k whAo] o Zu)= 2] SEuH
flall 471 71sd A AR T x 9 a0k sERE A%
R, A 99 Fekd g 1=0sE sho] 3% ke

248 =318 ek. AL, Choi and Rho(2020)014= o]k

1=

ﬁ
ru

g5

r\l

o

o

&

=

P

1o

>,

=

W

W

(e

z

o

joi

T

)

M 4 b
_é: X Jjﬁ bt
o U o2 O o | w

32 x 32 emE ARESIGI AL, AIFAARE 0.1 55 ARESho] 24
It ZEYd 5 60 fpsol AT A Fh|E) k)2 sk
AR s S5 Zyglo] ERIEo], o]F Flahy] fl8f =
#S) 67l A9 ArAALE AFSSESITE o] u]A] Al
Matlab(image processing toolbox)= AF&-3l3ith. =3l%
Ao RHE &3 o|n|x| = Mgl W oS IS ¥
317] $l8ll AR &} o (Heckbert, 1989), ¥ 4¥ 5% o]
Ao ol Fsh= YARE FAlste] SRS LSPIV 7S
2 APgelith(Fujita et al., 1998; Kantoush et al., 2011).

o el AR A FEEE 3 YL EAs

o



414 #

I R ool HisiARE Zhs st AlS Fx]A 54
AP A7 713F F]E EAHA A TEEA o 5
Aol AS ol 9l = vk o] -, et el
8l AP 0w AISE AFREe] Betaks ol8ste] Bt
SRz B 7IE AREte] nek

&5 Ak, 27 71
Shich. Fat f45 AP BRI QA el 37
O

= At Aupt) Aol w2 Aol 54 iAok
3ol OﬁﬂJ‘ 32 A 7go] AulARl B eapt & 5 9l
e R, 3 AxfeA AISARTE AAIE L] 50%
oV T‘:ZHO]“— 73l sl 55 ARteRltt, =3, olbd
F 501 0.05m/s o)1 Gl AlFo] e Fiol
tisto] FHAA; BkE a9 AAGA ] e ok
5% “olm, thi- v 7350l W2 oot
Kennedy and Thomas(2004)°l4] 2| 4]38kaL Q1= A€,
FA YA ] o] FHERNE ASE 452 Lagrangian 55
o7 1L X9] Eulerian f-%:°l Stokes ©]5<&% 4 v}
ofl Ik =i olg St ARl frol B o] tigt o]
a7F B stk 1euh A Algto] ol kel Wy W=
ARILE] 452 Lagrangian 1550 22 1 A3 9] AlS5-f<50]

t=0T t=5T

T

°3e ¥ Fom3 §-5d 5 3l

3.1 0|2HR0ll 2fet XL OlS
Fig. 201 T=A]8E whe} gho] ek 5 155 0% v £}
]E Az A e T FFEAA R H=15¢cm, T=24s
=2 180s B9k 29190, A%g THEA Zdo] FekAlo)
"J/\}ﬂ%“’ﬂ upe} rshs v olbRE Atk 29t
ojxell YJoj= ExAR) —Zr@ UAke} 29} Fof] kAl 21
A WES 74 YA ol sS Aol AAE FhetE &9
gk 945 Fig. 390 AA] 0}913}. Fig. 32 Z9be 31 WA st
71EORE 0~55T F3bell sTtrke] 97
= 8l o]Fe] W elA o] Eshe F4 Ak ol
= HolFaL vk TR o RN W2 QlAbee] Holxl gk
A AtelE F3l g ghos whuke} 21 410 Slsl| =
ol Fshz A 1T 5 qlrk. o= e FWES A A
olE ol FEE ook EF0] WAshs e FRIE < 3l

At

t=35T

Fig. 3. Snapshots of time-varying particle motions due to the rip current with the incident intersecting wave trains of H=15cmand 7=2.4s

during #=0~55T.



o=
A= |

51 )5} s34 L] b]

‘——j:H

)

3.2 A|ZHof| w2t Weeh= 010MRe| SR
ok Ao AAIE PAIRA FAARE 71O Z LSPIV 7]
HE o]838l0] A7t we) Wslsh ddshs o]bFe] 125

= I O ~H i =2
5, 5T B3 A58 Es

A A8 Fig. 4= 5T, 107, 157,

207 AR 5T Ft F53E300]m, o] 7 474 9 g

O N

ST ol

a7

X (m)

Hol vebsitt. Al wA
Al A37g ol vl WA

o] A E AT A SEe] =107 w, Ex
G e el sdshs -, AL vk 3 A
B5-S 83 feeder current’} B4, a0 50| 4
de] ¢= 1574 w, o7} 5
ae] =207 W, o]etF7} 2

N

dat] oldde] th37
sk,

Fig. 591 25T, 307, 35T, 4079] Ate]l 125 Ht
, 0] A|7HE0k o)ekET} Qa7 weksle] 3

= AABIA L
H
[e}

JAF 09k LSPIV AlZAT

X

Z0kA

el nithE o= o) Wby} Lt

415

O 2~1Y 3zt
T

F&F Qso] Aol vERth A A g = A gd o)
t=25~307 wl, 3] vl 558 Holr efF-o Wy}
HEo] &50] 72Xz oFdg ®olck 1eu Al A 2
ul WA 28] 1=35~40Td , ohA] thH AR SRS
s|Eatr 7)E e WEko R 550 7&olflo] YElitE

== =] = == 02 d
=, ddshs o] 55 =

0 +=05T +=10T =15T 1=20T
FEREREEER | NG | F7ZSRERSN | FaSYE NN

7] SN \ SN TN SN VNN At AN

\ N N \ . N/ . . S\ )/

SEEEEEEEEEEE [ EEREEE R SRR LR St

apoiiiooiiiiin. SRR EEEEE EEER R "1.

Y REPIEIE | DN | TR R N Py
R SRR R SEEEEEEEEEEE I EEEERE NN

-] TR I T B T B T NN

ofp SRR REE R SEEEE R R T

i SEREEEESEENE

14

16 I':O.Zm/s

9 11 13 15 17 19 21
Y (m)

9 11 13 15 17 19 21
Y (m)

9 11 13 1517 19 21
Y (m)

9 11 13 15 17 19 21
Y (m)

kel
N
N
oldt
oZ
o%
|o
ll
N
o
N

Fig. 4. 12-sec averaged velocity vectors of the unsteady rip current evolved by the incident intersecting wave trains of H=15cm and
T=24s during t=0~20T.
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Fig. 10. Time series of (a) longshore and (b) cross shore component of the instantaneous velocity (black) and 12-sec averaged velocity (red)
obtained by LSPIV measurement of the unsteady rip current due to the incident intersecting wave trains of H=15cm and 7=2.4 s
atx=7.0m, y=11.75m.
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Fig. 11. Time series of (a) longshore and (b) cross shore component of the instantaneous velocity (black) and 12-sec averaged velocity (red)
obtained by LSPIV measurement of the unsteady rip current due to the incident intersecting wave trains of H=15cm and 7=24s

at x=7.0m, y=1525m.
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