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Abstract

Error vector propagation method is applied to the elliptic mild slope equation in order to reduce
the computation time. Results from the elliptic, parabolic, and hyperbolic models are compared
with experimental data for an elliptic shoal. Also, results of the elliptic and hyperbolic models
are compared with experimental data for a detached breakwater. As a result of applying this model,
it is concluded that the present model satisfactorily reduces the computation time compared with
other numerical models. In the accuracy of solutions, there are some oscillations but the trend
compares well with other models.
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H 1. Grid size and total number of grid {elliptic

shoal)
Total no.
Model Grid size .
of grid
Elliptic Ax=0.10m, y==0.5m M=223, N=41
Parabolic |Ax=0.25m, Ay=0.25m | M=90, N=281

Hyperbolic |Ax=0.15m, Ay=0.25m,| M= 150, N==81
At=0.05 sec

¥ 2. Comparison of CPU time (IBM PC, 386DX)

Model CPU time
Elliptic 36.0 sec
Parabolic 416.3 sec
Hyperbolic 28126 sec
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¥ 3. Grid size and total number of grid (detached

breakwater)
Total no.
Model Grid size .
of grid
Elliptic Ax=0025m, Ay=04m | M=201, N=11

Hyperbolic |Ax=0.05m, Ay=0.05m,| M=107, N=81
At=0.02 sec
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13 5. Bottom configuration of hydraulic model
(Watanabe & Maruyama, 1986)

HE 4. Comparison of CPU time (IBM PC, 386DX)

Model CPU time
Elliptic 9.7 sec
Hyperbolic 7523.7 sec

5™ Section | Goann experimentol
aanas elliplic

4 - @¢-020 hyperhoiic

7/’& LTS E: ﬁ«/

E3- f
G e,
3& 504004 Wﬁ-@iok 9? ‘Q‘s"&/‘g
y -
¢ i T T ! I T T T T 1 ¥ T T T T 1
00 0.% 1.0 1.5 20 25 30 3.5 4.0
(a) ¥ (m}
5 Section 2 cesan expermental
B asaea elliptic
4 - 00990 hyperbolic
Ty

- Z:;ggg‘mﬁan om”&‘#,@_"{ﬁ@\

Bymoones

\3%? 347%4%'

AN 0.5 vo 1.5 20 “.: 30 3.5

BI26 319924 94

51 Section 3 BBeue experimental
e asaao elliplic
4 - 00000 hyperbolic

5 @eesa experimental
._ sasun elliptic
4 44460 hyperbolic
E 34
o
w2

2 apeea
. , {#mm"‘e 400
o W ‘““MM
T R A ¥ T ] T T T
oo 0.5 1.0 1.5 2.0 25 3.0 35 40 45
(¢ X (m)

awasa expenmenlul
ﬁ anertrs eliiptic
¢4980 hyperbolic

51 Section &

@889 experimental
seceaa eliptic

4 - 04449 hyperbolc
E
& "*&
: ‘ “rA
| LA R [ A H A L
DO 0.5 10 15 20 2‘3 30 3%; 40 45
0] X im)

gl 6. Comparison between numerical model re-
sults and experimental data for the deta-
ched breakwater

BFE vl nt EERfEel Wihigh Rl An}
o wlashd C1owstrh ehekslA debda ok

of AR 1Y 6(d)~Doll vhebd AA g 4
& IREMHLS Kol gk

5. %

F‘Eﬂﬁ/ RIBF TS g 2= 9
3 GHEESS M) Slske] WSEIN kehodg
0‘; Falf ks ﬁ‘(ﬁ%ﬂ}' BT B Y RS

—-237—



EVP d¢ ol&3to] RS stmy ME,
MY B R KRR KRS YT e
Lo fME AU

HEA IO BRAK Emoz Ads:
EVPAkg AMStEas N Zgfd AN
WA BRI} MR MRS u)8) 3B
¢ By A4AoE MY 5 AUk mEN K
HHuEe L ARt Ye Yo s
2A 2 MERES BAL 8 5 JAe Ao Bw
gk 28 B a7l e Axel e ozte
$2H FEEEKo) TARAL o9 e ie
EVP %4isl ek zadel s AyE o7t 3A Hd
397 wgolck amE EVP wWhEe Ay =
7ol wheh EHEEGE, BOEMRS KEE 8T BER
o] wEEe] 4% BHNow 88 Hue
Azpddo] AFstaio} Fh,

2 XM

1 RB#ER, BES SElM S FRETY 83 BB
ESRE, FEBE, RLEBOMIL 1991, 8.

2. SHMER, BEE SRR, “Tio| Fadle BEs
ol A o] BIRENT-RESRRIR, BERN - B
FTRRE, 244 195 1992, pp.10-17.

3. Berkhoff, J.C.W, “Computation of Combined Ref-
raction-Diffraction”, Proc. 13th ICCE, ASCE, 1972,
pp.471-490.

4. Berkhoff, J.C.W., N. Booij and A.C. Radder, “Ver-
fication of Numerical Wave Propagation Models
for Simple Harmonic Linear Water Waves”, Coas-
tal Eng., Vol6, 1982, pp.255-279.

5, Booij, N., Gravity Waves on Water with Non-uni-
Jorm Depth and Current, Rep.81-1, Delft Univ. of
Technology, 1981.

6. Copeland, GJ.M, “A Practical Alternative to the
Mild Slope Wave Equation”, Coastal Eng., Vol.9,
1985, pp.125-149.

7. Cushman-Roisin, B., “Analytical, Linear Stability
Criteria for The Leap-Frog, Dufort-Frankel Me-
thod”™, . of Computational Physics, Vol.53, No.2,
1984, pp.227-239.

8. Ebersole, B.A., “Refraction-Diffraction Model for
Linear Water Waves”, J. of Waterway, Port, Coastal
and Ocean Eng., ASCE, Volll, No.6, 1985, pp.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

939-953.

. Ito, Y. and K. Tanimoto, “A Method of Numerical

Analysis of Wave Propagation-Application to
Wave Diffraction and Refraction”, Proc. 13th
ICCE, ASCE, 1972, pp.503-522.
Kirby, J.T., “Rational Approximations in the Para-
bolic Equation Method for Water Waves”, Coastal
Eng, Vol.10; 1986, pp.355-378.
Kirby, J.T. and RA. Dalrymple, “A Parabolic
Equation for the Combined Refraction-diffraction
of Stokes Waves by Mildly Varying Topography”,
] of Fiuid Mechanics, Vol.136, 1983, pp.453-466.
Liu, PL-F. and TK. Tsay, “Water-Waves Motion
Around a Breakwater on a Slowly Varying Topo-
graphy”, Proc. Coastal Structure 83, Specialty
Conf., ASCE, 1983, pp.974-987.
Liu, P.L-F. and T.K. Tsay, “Numerical Prediction
of Wave Transformation”, J of Waterway, Port,
Coastal and Ocean Eng., ASCE, Vol.11, No.5, 1985,
pp.843-855.
Lozano, C. and P.L.-F. Liu, “Refraction-Diffraction
Model for Linear Surface Water Waves”, ] of
Fluid Mechanics, Vol.101, 1980, pp.705-720.
Maruyama, K. and R. Kajima, Two Dimensional
Wave Calculation Method Based on Unsteady Mild
Slope Equation, Rep. No.384041, Electric Central
Research Institute, 1985.
Panchang, V.G, B. Cushman-Roison and B.R.
Pearce, “Combined Refraction-Diffraction of
Short Waves in Large Coastal Regions”, Coastal
Eng., Vol.12, 1988, pp.133-156.
Radder, A.C., “On the Parabolic Equation Method
for Water Wave Propagation”, | of Fluid Mecha-
nics, Vol.95, 1979, pp.159-176.
Roache, P.J., Computational Fluid Dynamics, Her-
mosa Publisher, 1976.
Roache, P.J., “Marching Methods for Elliptic Pro-
blems: Part 17, Numerical Heat Transfer, Vol.1,
1978a, pp.1-25.
Roache, P.J., “Marching Methods for Elliptic Pro-
blems: Part 2”7, Numerical Heat Transfer, Vol.l,
1978b, pp.163-181.
Watanabe,A. and K. Maruyama, “Numerical Mo-
deling of Nearshore Wave Field under Combined
Refraction, Diffraction and Breaking”, Coastal
Eng. in Japan, Vol.29, 1986, pp.19-39.

(% 0 1992. 6. 2)

e X g e





