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Fig. 1 Dispersion relations in the flow fields
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Thbd, i#(e) TRINBHLIIT, ZOR
RFEEL ECHmEORNANE WG ST,
HREDOR R E®ZT, WRIGELETE RN,

ERRNE@LEHITE, EaeRE XL,
IHIRKRELBDERKET D, FOI X
F—oW ENAHE LTINS wave blocking 2%
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Chawla and Kirby (1998) ic &> Tfrd
NEERNEBREEOLBEEB IS, Fig. 2 1
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EDTEBKBOHRRIMICKKIEZES
LEEEZBL, KEBIHUC THENENLT
5, KBEERELTOWREIZ U = -0.53m/s, &
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ET 2B TRRES LD SNICELL TW
5, KEIX 0.5m T, AWsNEAFNEDE
MIX 1.2s, AHEEIT 1.223~12.61cm I
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9, HEMN1HENI W 1.223cm O —
Z (Testl) Tld wave blocking 12 & D #H®
K LEZDIZ, ERIZBWTIIFEL KR
InThwhwnw, AfFESEN 1.8cm TH D
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FTEER ONERERZ2EZTIHEFRITS

WTHE, BoRENKX (B)iIck->THELSNS
0.60
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wave flow
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Fig. 2 Experimenta setup (Chawla and Kirby, 1998)

wave blocking DE U5 MEDOHEHME U = -
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MERRERD, TR EEN#EL TV
FRMDEHTWS, EBRMAERTIE, x = 14.8m
METHENRKER D EZHE-KIKEBEL T
B, FEBREERERIIS —FHL TW
N
KIZCAHEEN 3.344cm TH B Test3 O
MR Z Fig. 4 TxRdT. AFNEENS XK
BREETOERIIBWTEDLDLRWEZ D,
wave blocking WA U2 HEDOHEGMP L K
ZOEMIZEDLSRW, FEBERTIE, x =
14.8m fETHEENRRAKERD, wave
blocking MELTW, ERERICHBNT
1, x = 15.0m 2@ A 200 THE &N & KME
LD, TOBRABMICEEL TWS, FHEH
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Fig. 3 Wave height distribution (Test 2)
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Fig. 4 Wave height distribution (Test 3)
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Fig. 5 Wave height distribution (Test 4)
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3, EBREREHFEZERITI LIS —FHL TNV S,

Fig. 5 IC Testd ORZRT, AFHEE
X 6.607cm TH2, aFERR T, x =
14.8m f}i T wave blocking WAL TW3
N, EBRERTIIx = 15.0m 13T T &2 &
KEERBDN, TORITO B 0TGN
ZELTW3, 512, wave blockig O f &
3, E0HEEFOREVWMNBEBABITHL TNV S,

RSN, Testh ODEBRIMERT
BFEENRKERBIMBEIZ LR — A A
Do H DD, wave blocking ZFE A& L T
W7, Test6 THFEAEIC wave blocking
MIEALTOWRVWDY, AETITRINS Z
HETLH2IEE3TERN, TNOOEBRER
EEFER R O & WO K IF, L (5) 2N R 18
FH@MIIEOVWTWDI D THD., FRIERE
WHEm T, o #MBEARRNITESOBEKICTKR S,
Chawla and Kirby (1998) I3 XD A k —
JAWEHBRITELVEFHEZIT VN, Test3 BV
Test4 IZH 5 wave blocking DAL iE DZE
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D& DI, wave blocking WAE U WiERIT
HETELo =,

AT, AMETIERENEEZEELZ 3
HOMEMEETI)VE LR OGFE OB ICHEA
LTHiaEZfTFo7=. TOOEDIF, BiEE
REICIFEILS (1991) OEFZH W, K
AROEZEEZWMD AN Miche @ ¥R R
REMAGDLELEZET T, BERAXITX
RTINS,

H, y 2nh

— =0.14tanh ——

L, an (0.88 L, (6)
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IZT, L, B#KEE, B RBEAR TS
%5, SA7DHIX, Battjes and Janssen
(1978) O WHMEET I T, WEFREITKRK
TERINS,

B, [8N
&, =7k E; (8)

CIT, BRENTA—ITHDB, IV ED
i, XA THEIN S Chawla and Kirby

(2002) KX AWMEWEETINTH S,
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oV
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IZT,BBEIY yRANITA—F, 5 BLWY
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H, BESEOBEREEMETHD, ZIITRL
EHEHET T, MERSNEKEL
THESENTOLARLDY, Bk (b2 0WiIEHE
E)BIUVABRICZOEEREEIN TN S,
WIFNOET NV ZHERALEZSBGICBWVTD,
AFHBEESDNENWT —2ITH W TIEFERER
EiFIEFE %L 7. £, Battjes and Janssen
(1978) ®EF )L IE Test3 B W TH Fig. 4
KRTEDICEBRBREES KL T3,
WMRINDINIA I EZLEBTLHIHEND -
oo MOWMEHEETIVICBWTHFEEIC,
NIA—FZLEBLE, BLWiEZBREREETT
VIO EREL THEARDEENT
W70, —HRKEOKRBRBEOHRBEIHRIC
E—BOBRENEVWIENEZ I 5N 5,

3.2 AHRABEREBRLEDELER
AHAFEZEZH R ELUTFEFAS (1998) K
EoTITbhEENER DR ZEZITS, E
BT, KHE N O F 3K R o R A A0
EEEHLONDD, KEHERIBZ I &L
KXo TAKEBRNICENZREEZIE S, KEIZ
0.5m ThD, EFRICAVWLGENEZSHZ
Table 1 IR T, WL ~ W3 2127z Wi
HEOLMBT, SEEOAXRYZ MILE—7 M

Table 1 Test particulars (Tegaet al., 1998)

Test Tp (sec) H (m)
W1 0.97 0.080
W2 1.40 0.096
W3 2.22 0.095
U (m/s)
Cwi1 0.97 -0.32
CW2 1.40 -0.32
CW3 1.40 -0.264
Cw4 0.97 -0.18
CW5 1.40 -0.18
Cwe6 2.22 -0.18
CwW7 0.97 -0.18
CW8 1.40 -0.18
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Fig. 6 IC T, =0.97s DHHF DO H A XY
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(a) Measurements (Tegaet ., 1998)
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(b) Calculation
Fig. 6 Wave spectral density distributions (Tp =0.97s)
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(a) Measurements (Tegaet a ., 1998)
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(b) Calculation

Fig. 7 Wave spectral density distributions (Tp = 1.40s)
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S5, EELERTIR, ¥RoLHECS
WTIERNDOHAHEH LN NVHEBE D
BERTHENEE T B INTWVS,
T,=1.40s OHEEOEMANRT MV OAEA
Z Fig. 7 R . EBEHER T, #R1PmE< R
HEEARIIMNVIFNF—DEPILTNS
MW, T,=0.97s OHED XKD ITAXRT Ml
E—U0B#HITsI L3R, £, BHRD
BHETHBARZ MV E—T7REBHET, AR
JRNVIRIF—MEHLILTNWD, —F, &
BHRRBEICBVWTHHRNICE > TART ML T
FNF—MNEALATHERFIRIFEHINTHD,
EBREREILI-H LTV,
ABEAFOREBCIEIR ST T LIC wave
blocking OREN R 2D, HRE2EH
KLTWas, BREHFOERMERN S, B
Ko TZRxNF—NEBAEERMABZLEHL T
WsEE25050, AEFTIVITBWVTIIR
SEBOIRXNF—BHZZREL THRNE
O, TOLOIBBHFIHHTER N, BEN
FETRAWVWSEITBWTIE, RHEAK OIS
BBV THARY MV A OFEHEIT X W,
FES (1998) WHMEHEBIT> T DN
T,=0.97s OFMHTREMEHMNEL THZ
BTWwhw, £/, MNORBRWHEE EKENOD
HOLEHEOBERTRET 0T, KEBE
EHLODHENOERZZ T TWVWELED, A
RZMVIHRNVF—RBEELE—-VENBHO
ANZXLADHERHIZIE, NS5O EZZT
TWRBWT—INDLETHDELTWVS, L
Mo T, KWETHWEZETILTIE, Bk
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— 513 —



(DEME) ICRKRESKETDIHRELD Z &N
THEINS,

4. RBNICKDBEDRENR

W 2RITMEEEZEZD E, WNOEEI
Ko THMENERT 2., LFTIEENITEK
D OoOBFICOVWTHRIET 5. A5
(2007) IC&E > T—HWOEBITDWVWTHIES
NTWaMN, ZZTRENSHED THEMIC
FANXRD,

4.1 £
MNOEZEBIIIL2BBNLGRERTH 5ERK
MFICBTH2HEORBFTHRICDODNTHRS,
Fig. 8 (b) THHK LT HEEICHBIT2MED
MZERT, Xx FHOAOFENETHD, v I
EoTHENREL, x HFHICIE—KTDH S,
(a) BZOHWNBICH2AETAHTZHE
DEMEROENLZEZRLEZEDDODTH D, A H
REBBALAZEREIKENICE TEITL AN
5 B HimAmbIN, x HrEEks k&
X FMKEHEO —HFECLOHIC—-ETH 5.
JEHTIC K > Ty g ks k, d/ha <7k
5, °MNT CRTW y HIMBEHEMRD k, i$ 0
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DEE,y FMEERRDMN 0 &7 5 HHT 7k
LDEZNUEEN Yy OIEDARIANELED S Z
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ZEMTET, y OADFRANERBITT %,
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@ U

o——

(b)
Fig. 8 Wave ray changein the flow field
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78V, o AR, h ITKE, g ldED
MEETH S, EHICBWTIE y F AR
M0 ERDHED, pBEBRIARTERS
ns.

o —kU = (gktanhkh)"? (11)

LMo T, oA (AT AR T
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k, @3®ic—EThsd &5, X (11) &0
ERICBUI2RENERBWITRD SN D,
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Fig. 9 WRTHEHEZSRET S, HOWRE
Z (b)) WRT LI y = 200m IZBWVTH
KAE U (>0) &720, x Fmicid—4k7sn A
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Fig. 9 Calculation setup in the following current
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Fig. 10 Wave ray change (6 = 60°)

200+

150

y (m)

100

50— Caustic Line

0 50 100 150 200
x (m)

Fig. 11 Wave ray change (6 = 30°)
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Fig. 13 12, 8 = -50° TAH L =LA DM
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]

Fig. 12 Calculation setup in the opposing current
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Fig. 13 Wave ray change (6 = -50°)
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Fig. 14 Wave ray change (6 = -30°)
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ooFmEk - WHFE R REAR (2003) 1K &
WNOME T %EZEL M= Boussinesq 5
Mok s kMmin, MIEMERIE, B
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Study on Wave Refraction dueto Steady Current and its Energy Dissipation M odel for Wave Breaking

Kazuya OKI
Graduate School of Engineering, Kyoto University

Synopsis
Waves propagating on a current field are affected by the ambient current. Firstly, wave is refracted by the
current. In a particular condition, wave cannot cross the strong steady current and is refracted back in the opposite
direction. Secondly, wave cannot go upstream against the strong adverse current. In this study, the applicability of
wave action balance eguation model in these situations is verified by comparing the calculated result with theoreti-
cal solution. As aresult, the model can predict the wave refraction and the phenomena around the caustic line due
to the current. As for wave blocking, some characteristics are derived from the numerical calculations.

K eywor ds: wave action balance equation, refraction, caustic, wave breaking, wave blocking
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