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(c) Experimental result'?

Fig.12 Spatial distribution of normalized
wave heights (Case B1)

18 \
1.0
15
12
9 —
6 —
3 —
0 T
0
x (m)
(a) without diffraction
-. 1.0
15
12
g -
S —
3 -~
o} T T
0 15
x (m)
(b) with diffraction
18.76
YN AEAAS
J/ . r_: N
iy ]
13.72 L) Q{’:_,‘(uﬁ /
\ 02 ! s,
10 11~
by S /J
1067 10 s Lo ¥4
305 610 914 1219 1524~



-4 - Exp. of Case N1

" - = = Cal. of Case N1
"' A —--Cal of Case N1 atx=10m

€ P -
=
B
T
]
T
s
0.8 =0~ Exp. of Case B1 Y
¥ —— Cal. of Case B1
08 T T T T T T 1

y (m)

Fig.13 Comparison of normalized wave heights
along transect 4

B a LH/JELoTwA, #2T, x=10m
ZBY By FROERSAEE 7Oy P LTARD LR
DEHICEY, EBREE OHEHFEL 5.

LB, AFHEERE MM L CHRENE
FEITELEME NS BXUBS IR LRERERY
Fig.14 |27,

F72, Figl5 2 x=12m BT AEBOFTH %R
T. COEBERII y=9m TOEZINIE{RY
TETWT, ThETOHBEFLVTIIIOES
DAEHPATEZEBTELRNE M 3 Kt
FLIKE>THHEMTELR VY, EREEIPLE
PLWEHICLBbNAA, Z0k) REEAHE
ELr— AL TIES o AERICL AR
BETHA.

6. T

K7L, BT AR E I L CEIEE
FALL, A F— P FRAICB L CTRITEYE
A L7z, ZoEHREIC 325 BRI 2.5 ANEY T
Hole, TITRELLHEEFVEHESEST,
PORECTHS.

BAepy2ple LT, EFRAOBRRERHOMRE

R % 17V, Sommerfeld DEFEM, fERDT I
FE@EHFRAEACLHEER, L R
FEA LAV FEHARA LAV EER
IE - RE L. toR, RFEESAL IR
M —EHERAEF AL L, EROZALE-F
AR, HEOEEF I ER L Fa~0L
FNF— OFEDSA L, Sommerfeld DEGHE L D
WIEHR (b Edibhsi.

KA, FEFIREIC X 54 FIAAER O LR ER
MRLEEERE B, AARY P VRBE -
RAEMGEABRMNEOEMEIH LTIE, BTz E

Hug/(H)e (m)

186

15
x (m)

Fig.14 Spatial distribution of normalized
wave heights (Cases N5 and B5)

02 T T | — T T 1
y (m)

Fig.15 Compariron of normalized wave heights
along transect 4

3-18



BLEWIALF—FHABRKXTHVS L, M
HHEO B E CERTERM 15 b ko TE
BERLDEERNKE VD, OFEETS L,
MEATEBOMEITIZIZERBRELALC IS L
Mhhote, INARY FVREE - KRS AR
Al O &M LT, T4 F—FHAERICE
FRRFEALTHIL AL T, FHEKEREHIY
DA, FEMHICR B L NIRRT ) AR
PEDEBER L I FTHZ&hbdoa7z, A
Sh@mAKE < L ) BEMEE L TR PEEIL L
BEMII LTI, RO M, FHEEs
EBEONICIRB L hdold, 0L RRKk
PHELRy— AL TRELCRLERICL B
FPLETH A,

RiRiC, RFARTAT I YA, EREiEiEE
W FEERE LI EHRFEIC O VLW THEE
AT BE It ErET L.

&E VM

1) Peregrine, D.H. : Long waves on a beach, Jour. Fluid Mech.,
Vol.27, pp.815-827, 1967.

2) Karambas, Th.V. and C. Koutis : A breaking wave propaga-
tion model based on the Boussinesq equations, Coastal
Eng., Vol.18, pp.1-19, 1992,

3) Berkhoff, J.C.W. : Computation of combined refraction-
diffraction, Proc. 13th Int. Conf. Coastal Eng., ASCE,
pp.471-490, 1972,

4) Radder, A.C.: On the parabolic equation method for water-
wave propagation, Jour. Fluid Mech., Vol.95, pp.159-176,
1979.

5) Karlsson, T. : Refraction of continuous ocean wave spectra,
Proc. ASCE, Vol.95, No.WW4, pp.471-490, 1969.

6) WAMDI group : The WAM model - a third generation
ocean wave prediction model, Jour. Physical Oceanogra-
phy, Vol.18, pp.1775-1810, 1988.

7) Booij, N., Holthuijsen, L.H. and Ris, R.C.: The “SWAN”
wave model for shallow water, Proc. 25th Int. Conf Coastal
Eng., pp.668-676, 1996,

8) Booij, N., Holthuijsen, L.H., Doorn, N. and Kieftenburg,
A.T.M.M. : Diffraction in a spectral wave model, Proc. 3rd
Int. Symp. on Wave 97, ASCE, pp.243-255, 1997.

9) Rivero, F.J., Arcilla, A.S. and Carci, E. : An analysis of
diffraction in spectral wave models, Proc. 3rd Int. Symp. on
Wave '97, ASCE, pp.431-445, 1997.

10) BILAE, HEKR, Pl Biks LR
BLUCRBEREE, BERm R, 4305,
% 18, pp.21-67, 1991.

11) FAHZE | LA F R HRR OGS Blls
BICoWwT, $34 AR LF#BESRTE, pp1l-15,
1987,

12) Vincent, C.L. and Briggs, M.]. : Refraction-diffraction of
irregular waves over a mound, Jour. Waterways, Port,
Coastal, and Ocean Eng., Vol.115, No.2, pp.269-284, 1989.

13) FI#8 B, EHEER, 4 & MPSE Y ERT 5
ZHAAHRRBOBESAEIC X BB - @ - B
WEREE, BETFRTE, $£39%, pp.116-120,
1992.

14} Ozkan, H.T. and Kirby, J.T. : Evolution of breaking direc-
tional spectral waves in the near shore zone, Proc. 2nd Int.
Symp. on Waves Measurement and Analysis, New Orleans, *
pp.849-863, 1993.

(1998.8.31 Zft)

MULTI-DIRECTIONAL SPECTRAL WAVE TRANSFORMATION
MODEL INCLUDING DIFFRACTION EFFECT

Hajime MASE, Tomotsuka TAKAYAMA,
Shoji KUNITOMI and Toyoaki MISHIMA

This paper proposed an energy balance equation including the effect of wave diffraction as a multi-directional ran-
dom wave transformation model. The term of wave diffraction was included explicitly in the model, which was formu-
lated based on a parabolic wave refraction-diffraction equation. The present wave model is easy to solve numerically
and is stable. The wave model was employed to estimate wave transformations through the mouth between two break-
waters, and the estimated results were compared with the predictions by the existing energy balance equation without
wave diffraction effect and with the Sommerfeld solutions. The comparison between the wave heights shows that the
present wave model is the good predictor. The present wave model was also applied to the experiments of wave
transformation due to an elliptic shoal, and it was found that the model predictions agreed well with the experimental
observations excluding the cases where the wave breaking on the shoal was scvere.
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PHASE AVERAGING MODEL FOR MULTI-DIRECTIONAL RANDOM WAVE
TRANSFORMATION BY HIGH ORDER UPWIND DIFFERENCE SCHEME

Hajime MASE, Kazuya OKI, Tomotsuka TAKAYAMA and Tetsuo SAKAI

A numerical model, based on an energy balance equation with wave breaking and diffraction effects, is proposed to
predict the transformation of multi-directional random waves over a varying bathymetry. In the numerical model, a
high-order difference scheme called QUICK is employed to suppress numerical diffusions. The numerical predictions
were compared with the theoretical predictions of wave heights behind breakwaters and with experimental results of
wave transformations due to a circular shoal conducted by Chawla et al. (1998). The comparison showed that the
numerical model performs well as a whole, except a poor reproduction of abrupt decrease in the wave height due to
breaking and subsequent increase near the top of the shoal.
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