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Synopsis

In this paper, the rip current field equations are formulated using the
expressions of wave induced nearshore driving forces, which are derived employing
the so-called mild slope equation (MSE). The MSE is capable of expressing both
wave refraction and amplitude decay. By introducing the wave-current interaction
into the MSE, and employing a perturbation method with a scale parameter of the
beach slope, a set of rip current field equations was mathematically derived for both
the shoaling and surf zones. The eigenvalues for the rip current spacings were
determined by the matching condition at the breaking point. Furthermore, the
integration constant for the solution was solved using the wave energy flux
conservation between prebreaking and postbreaking states.

The rip current spacings were then expressed in terms of Dalrymple-Lozano’s
parameter and by the so-called surf similarity parameter. The theoretical rip
current spacings agreed well with field data in the region where the surf similarity
paprameter is greater than 0.2. Compared with laboratory data, however, the
theoretical spacings were about half. This discrepancy was believed to exist the
influence of the littoral boundaries in the laboratory basins. A thoretical solution of
the rip currents, which include the littoral boundary effect, was then developed.
Consequently, the theoretical curve of rip spacings agreed well with the
experimental values.

Numerical calculations of the theoretical rip current solutions were performed in
order to desplay velocity profiles along the center line of the rip current and the rip
current circulation patterns at the scales of laboratory and field. The theoretical
velocities of rip current were found to reasonably compare with laboratory and field
measurements.
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Fig. 5. Relationship between the surf similarity
parameter, £5, evaluated at the breaking
point and breaker index, s, with
changes in the beach slope s.
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DOMPRICKS L1, L KAHRETHRE T I2BEROER R I NS0 S b REEWBERTH 2 &
KEBLBTAER SN,

AR T RTOBRMT— 2t LT, Thiaikd sagsxRL, RREFBRELTVL 3,
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SUHE, LOh A infragravity wave SERER 2RI BVT, WEROLEY LV —KERT
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MR =1 BXT1/2108 LT, FhFhe/m=00]1, s=0.1BLCx/m= 10003 s=005DEL
KOVTHELALODTH S, ThoOBERIBIR E<02MTEICBVWTAKLTVLEY, bbb
infragravity wave $EIRICE I BEL ARKOERAICIR - TV AL SMBRIZRL TV B, RETEMEER,
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FROERCRERR YV /x 3B8LF28LU06 tOR0EE2ED, X5 edge AT DB 0.6 <
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Fig. 6. Comparison between the present theoretical curves of
dimensionless rip current spacing for the case of g=
1/2 and the surf similarity parameter evaluated at the
breaking point, with field data.
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Surf Similarity Parameter at B.P,

Fig. 7. Comparison between the present theoretical curves of
dimensionless rip current spacing for the case of g=1
and the surf similarity parameter evaluated at the
breaking point, with field data.
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KFEHICRE LB hiER o0, Z0HKE1/2<g<1THEEHESN S,

%Iz, Fig. 3R L7 Dalrymple 84 U Lozano A W/-Bll 7 — 7 ic> W TEEJ 5, Fig. 9ic
RO SMEW Balsillie ic X 287 — ¥ 2 BB L, BEROEISTRAERR % surf similarity
parameter £ & DB TRT, Balsillie ick 3 Z0HMF - 9 3T X THAEBLUBhEZEMI ST
56DTHBEBNONTVEY, TNTOF— 2 3EESOHBHREL O THIEMRSh, WbW3
infragravity wave $EIBICE T B4 KOERR LB EA LRI LEMERYT, £/, B|RTREMRR
FEEHEBICB I 3BAICEBMROPNELRY, BELALDF— DY /2= 1AL -TVWE, &
NODT L %#EZ 2L, Dalrymple 8L U Lozano 3L UEE S oBGihE & OLBONRICIZT <X
TRREVWbDENL B,

62 BEROREFTELURRSDH

AAETEIAL LHRIC L » TRD SNBERRORNERII T NTOBHSERMBEDShTVBDT,
BEROMENHLLEEHBET L LNTES, BEHMEAZHVT, K (72) KBVLWTEERL OB
koL ricgzh s,

AU, =SEU =5 T, =51 A3y E(X) €O Ay +ereereersessesscrroemiiiimminiiii s (112)
—%, BEROFERN (33.0) IK&-T,
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Fig.8. Comparison between the present theoret-

ical curves of dimensionless rip current
spacing for the cases of q=1/2 and q=1,
with Sasaki's empirical curves in the
regions of infragravity waves, instability,
and edge waves and their upper limit
together with field data.
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Fig. 9. Comparison between the present theoret-

ical curves of dimensionless rip current
spacing for the cases of q=1, with the
data of Balsillie in terms of surf simi-
larity parameter at the breaking point,
together with Sasaki’s empiricalrelation-
ship of rip current spacing in the region
of infragravity waves.
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U=s'/2(sU,+SZU2+...) ........................................................ eune eessseeraserrantane (113)
TH5Zoh s, R (112) HEL T 1 OEMIEE T2EHTAE, BRERORRIKRAOL I itk
aha,

dU=SS/2/'lAsu,f5(x) COS A tevveteerrssennsetmnmntmmninriittii ittt sttt entaenes (114)

WD EWNBS, TOFRRARTRD SWBHR AU ZFFKEL TEHWL, BEHROBENEONS,
Fig. 10 i 3—#l& L THRABIMOMARIA 2R T, COBA, BHOLDIC Aw=1, BEHEs=
1/20 & L CTHNBIMESTEL, & BRROPLRITRS Z0oMARESHE LTRIRLTH S, Ih
P OASHIEE S CHNBRIFEHERAC B TEENIICERL, BEENICBV T >0BEKES L
B bbb 3, t, COBERBICL > THEINABFEROBENHCHBIHPRL TERBLU
BMIA 5y — Vit BOTEET 3L BHBIC > TV AN E I D EELD B 1HIC, Tables 1 BXU2
KRTEORERNEELABIEIKT 3, $HhbL, FMBERIBEAIR /20 0BEENRET 2ERR
F—NThHY, BERBEMA Y- e L TOBEREELMRE L TO 3,

¥9, Fig. 11 IC3BERROBIRTTRERR Y,/2= 220, 294 BX U 4.36 & L BAOBEHRO &KX
TREDHETRT, CORicknid, BEROBERXTREMBIKEES L, MEROBRTRE /D
X1y, HoOWR, THOBKEBED Y - A AL TV ERERYT, DX, Fig.
12 {2 Table 1 IR LAERR 7y — AV ERRE L DT, BHEAAIE x3= 746 en & L BAOBRKRO
RBAGEZHEL IR TH S, COBA, BEROERTTREMRIZ 2EES LORL, HEELEL
TH3, %7, Fig. 133BEARs=1/20 %—F& L THEPAREELSEEEOHBEERTH S
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dulRICHY S B, WENH% Figs. U BXU 15 RL, FHBREROBRTRERRBICEL > TERR
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Fig. 10. Offshore distribution of the dimension-
less stream function, where the beach
slope is 1/20 and the breaking point is
located at % =20, Asws=1, and the
dimensionless rip current spacing is
equal to 4.40. ’
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Table 1. Diineni;ioill:§s Wav; lgor;ldit.io'nst' iior mm}lleri- b — VDB DEIE Table 3 I &7
calculation in 2- orizontal nearshor :
ca CArSION®  whTuwB, ChmLHLANE S,

circulation at the laboratory scale v
Al CRERRORRFEHH 19 en

T (sec) Ho/Ls s Ts Js BT, TR G B £
0.80 0.025 1/20 0.46 A
0.97 0.006 1/20 0.49 DREYITRISL R CHE L P,

ZOHRANHOBEERRA Y -~V TH

Table 2. Dimensionless wave conditions for numeri- SNZHOIEVEDLEDND, &
cal calculation in 2-D horizontal nearshore 7:, BHRIBEMA Ay~ THBH, [6

circulation at the laboratory scale " HERRATRLTED, &< Iclkd
T, (sec) Ho/Lo s Ts % DB R OBOFITIR S BRATLE
10 0.019 1/30 0.41 p2m/sBETHY, FMBRTE

' ZoNBA—FTHDHIEMNDYSB,

TS OB ERERED S, BRIRICH I KFEERIEIFEHREELT, Wb 3 BKETHEEA LK -
TVAHI LMy, TTREREMICBLTERL TV LI, ThidBKERAERIsVL TR
BRRICBERBOVELER L LD THA5, 5%, IS5IKEREHEOBAMAREE LN, O
FHEIOFHE/ s — v REABESNBETH S I,

6.3 BEMOREICRIITARBREREOER

BERRORE BT 2 R TIIENBROREAMOE I MEMI W 315805 <, BE/KEOmHTEE
DIREERANE LTHET 3, ZORE, HERoR, &Iz oREBBSREEREKCE->T
R ENBTEMEZLND, bbb, KEOmAEEIHERGRICBI 3FHOEVRNIcHL Tk
WHWARHERE LTIEHT 2 & 3, FEEHEOPOERERD 3H% Fig. 16 ioRT, T, #
FigiE3ARL1/20 THY, Run2-113KiEh,= 30cn, ik H,=6.18cm, A 7= 0.798s, Run
2-212 h,=30cm, H,=447cm, B T=0.798s, BLU Run3-213 h,=244cn, H,=444cem, T=
0599 s DIFATH Y, HhicidBRROTBIRAE F V- —DRBFICK > TRLTH 3,
BRBEOEE.X I L L, n Y OBRRAARAETIEEING, HERORAERREY, LHEER] &
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. 11. Changes in offshore distributions of rip
current discharge with different dimen-
sionless rip current spacings, Y,/x;=
2.20, 2.94 and 4.36.
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Fig. 12. Offshore distributions of rip current dis-
charge along the rip center with chang-
ing dimensionless rip current spacings
(laboratory scale: the beach slope is
1/20, the deep water steepness is 0.025
and the breaking point is located at

74.6 cm).
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Fig.13. Offshore distribution of rip current discharge
with different wave steepnesses, where the
beach slope is fixed at 1/20 and the variation

in the breaking point location x:=33 cm and
74.6 cm.
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Fig. 14. Theoretical result of the horizontal circulation
pattern at the laboratory scale, where the
beach slope: 1/20, the deep water wave steep-
ness : 0.025, and the dimensionless rip current
spacing : 4.40 are used.

DOFRE LT, Fig. 1TIRARTEOICABLU B modes D2 oDEENEAETHLICHD, Fhoo
SRk TREN B,
A model:f(q‘l,f, l=(n—1)Y,+2yb ......................................................... (115.a)
B model:ﬁ LT, lz(n_l)yr .................................................................. (115.b)
TTIT, ¥, WKIERREED SR GTVE CHICRET 28R E COEM TS 5,
PHEHAN B L CBRAKEAERIC BT, R (74) » S5BEARORNEHOKS 2, ROEHAHERT
Bz oha,

YW+AZY:0 ................................................................................................ (116)
ZORBRBRATRI NS,
Y(9) =@, Sin AY+dy COS Ay «+reerrereemmtemnitisiiiiiiii (117

TR, aBLUa 3BEAEHTH, 1 3EEHET, HEFRLOBBTEDSNS, MABENELT
A7, y=0BLUy=l1cBVT, KAOHAKEMERINBITHTL SO,

arQ) =0 BLY YD | () oot (118)
dy ly=o dy ly=

ZhER A1) KHVWhiE,
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Fig. 15. Theoretical result of the horizontal circulation
pattern at the field scale, where the beach slope :
1/30, the deep water wave steepness : 0.019, and
the dimensionless rip current spacing: 2 are
used.

Table 3. Maximum rip current discharge in terms of
the dimensionless rip current spacings for
the case where the beach slope is 1/20 and
the breaking depth is shown

Ta hs (em) Y./xs dU (et /sec)
0.46 - 3.73 2.18 66.47
0.46 3.73 2.97 49 .91
0.46 3.73 4.39 48.66
0.49 1.65 2.16 30.95
0.49 1.65 2.94 23.22
0.49 1.65 4.35 22.66

Y=0ITBUT, @m0 crorererererer
Y=L ITEBT, @y SIN A0 cooererrrnrrireet e
L1, Lichi-TEEE A BROBIREH S 2T NEE S0,
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Fig. 16. Rip current formation processes by Tsuchiya, Kawata,
Shibano, Dadang and Shishikura™.
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& 115.a) i (1200 HVWAHIE, A modeicBif 28
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FRIROFLERR Y, BRATRS N5, Fig.17. The width of beach span
! and observed rip current
_ﬁ(l_zlb_> .............................. (121) spacings, two modes, A
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Fig. 18. Changes in dimensionless rip current spacings with the dimension-
less distance between longshore boundary and the nearest rip
current center relative to the intrinsic rip current spacing. The
data indicate the experimental results of two and three rip currents.
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3,

BB et et e bbb
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R, CThREIR L&) cEREEO—HERCHNT 2F/RE L 5,

IOBRERERIET 5 0ic, AR HyL,= 0082 THESE s=1/20 £ LT, KEOE%L 4.8
m» 5 2.5 mE TREMIELS T, BEROREMBEUEL - EES"ORBRERINET 5, K
BRI, Z0oHPI%E Fig. 151RLk i, BICIWha s s, FLIHBERORENRE
RIREEREEDOHEBEZI LIS, IO DOERERE BRI E OHE% Fig. 18 iT/R L 7o4s,
AZERPBY I BT B EMBbh b, O EhSTNIE, Fig. 18 IR L L REROERE & RS
BLOMRICBBOTH L BEROBERBEANES R >TVEORIDRDTHSH LHEEIN S,

1. 8 B

Pk, ARTE, gEzhicksRmnEOBREEREIEET LI Lickd, EEREBICBT K
R ER & LT OBERICET 2 model BEEE N, ZTOREMAEARRE, 2KkELLbi-
TR SNCEEFRER, EHEIRER, wave action REAIB L UEEEREFEM S5, HEThi
LBHENEOEEERE, FhicksikoBIRZ T TR, EHEE T % radiation stress 12 &
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% work done & LTODIH% b&W, WHEHFICH VT wave action RIE D SEEELLEHEL, Fh
OHEICLAHOBIETEEIcT 2L S EB L, TOMRE, BRiBRoBRREERLT 2 EMT
&, ZTOEEEMEL L THRROBGREE KD, Ell7- s Tzo@ABEHL TS
EEbic, EBRF -5 LOMBICBLWTREEROREICKREITHREERKHOLEBIGEHET I 2R
HL, ZOEROAELITY, EREBLHE L, BOoNKEER2EHTIAE, KOLITH S,
1) BERFSOAERE Z OB

AR TEE L LHEROBR TS, HEESIELJEDHEL driving  forces IHE OSBRI D
&Ny, BRFRBOAFERSFRINL, COBE, BREIBEARNEOHEEREEY T, MSE
Z M\ T radiation  stress DAL SER[LE i, THhEFBICEOERIS, EEFHBEF X AU
HIEBER VIS & » TR 5 3 O HBIHRRK B L UEFREOHKOREFSHV 51, SRMAED
Bk Wi B0 T wave action REFANICH L GERBERVW AR S, LI, JOBARMOREE
& > THESTREHTE B L O BEROBRFROIURVICEE L, TOHER, /oML TRELD
ORICER U - EFHBHEFRICEEKE S RN & R ERA LT, POKkE%2RTEEHET S
TEickb, BRENCRNBIS I TRRS WBERRBOFERARSFERS B EERLL,

WOERIRBHRNE L UBKEERIcBVLWTREL 200, BRRBOAEXSEERICBVTENX
ftant, BEFR s 2HNIBH/ <7 7 - LTHWEBHEEICXD, §ohBERBEOFERR
EREALT, BRRBOHTEREF"TLILEHSTEL, ZTLT, ToHEAORERD DI, &
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BKERHERICBOTRER SN/ Bessel B cRI N 3, C0EA, BEERES L CERRIEL
T5bicid, BNEBEBEERICBLT, D LEL 1 >OBKEERE Y, BKEEERIcBVTIE
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B 7 — 5 EO—BUITRHERITESDTH B LR T 6N,

—7, Dalrymple XU Lozano /¢35 2 # — it D WTHERT 5 &, EFEELOBEBAIEHRL o &
IEEDNS A — 9 DEMWNSREE, 2WT 2@ %ERTH, Dalrymple 8 & U Lozano Ol
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