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A Study on the Treatment of Open Boundary
in the Two-Dimensional Free-Surface Wave Problems
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Abstract

This paper deals with the open boundary problems, and two numerical schemes are used
for the implementation of open boundary condition. One is to add the artificial damping
term to dynamic free-surface boundary condition. Determination of suitable damping coef-
ficient and the damping zone is the most important in this scheme. The other scheme is a
modified Orlanski’s method. This will be useful for the problems with unidirectional waves.
A few typical free-surface wave problems are modeled for the numerical test. Method of
solution is fundamental source-distribution method and the fully nonlinear boundary
conditions are applied. The computed results are compared with those of others for the
proof of practicality of these schemes.
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Fig.2-1 Coordinate system of wave-maker problem
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Fig.2-2 Surface elevations generated by wave
maker with various damping zone( zcr=8.
38, d=1.0)
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Fig.2-3 Surface elevation generated by pulsating
pressure patch
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Fig.3-1 Coordinate system of solitary wave problem
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-20.00

Fig.3-2 Generation of solitary waves from onitial
hump xni/ d=40.0, a/ d=0.5, %/ d=5.0,
At=3.92

Amplitude

Velocnty
Fig.3-3 Speed vs. amplitude of solitary waves

Fig.3-4 Propagation of solitary wave in open -
boundary domain a/ d=04, x/d=
5.0, At=3.136

1.50
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-
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Fig.3-5 Wave passing-through on open boundary
a/ d=0.5, x/ d=50, At=0.44
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Fig.3-7 Time variation of elevation at fixed X-coor-
dinate xn¢/ d=40.0, a/ d=0.6, x/ d=5.0
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Fig.3-9 Comparison of wave elevation with
salvesen’s result
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(iii) 74 filtering
7 =1/64(7_3— 67 ,+157_,+44y,
F157i41 — 67427 743)
R=1-sin%(2zAx /1)
(iv) 94 filtering
771 /256( — 7 _ 4873287 _o 567,
+1867;+567+1 28742 t 8743 7i4de)
R=1—sin%(2xAx /1)

B ALF-A 2] 7§ o] & filtering 7IHE ¥ Al
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I H$7] HEg e g8x g 4 A
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Fig. A-1 Amplitude ratio vs. wave length
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Fig. A-2 Effect of filtering(free oscillation test)
h/ B=0.5, linear initial elevation, maxi-
mum height/ B=0.1

£ B. MEXREHIIEM < Thatz

4t

AYAGEA o] T gzt e} e 712
) AgolEo R ¥E 4 & 4 Atk ol 9l o
&3 go] HASE MY AFEAS £AE B2
B,

o

EARR 3

V 20=0 ARG J2 (B.1)
O+ +g®, =0 ZFEHEF(y=0) (B.2)
o= A A A (y=—d) (B.3)

d=X(x)Y(y)T(t) (B.4)
b B oy Q= v}

Al kel it & T(t) =
2] whEaof drh

o] thgel Al

Tyt uT,+62T=0 (B.5)
oo,
ot =gk; tanh(kid) (B.6)

i, k, o AFEANM BASE wel B4
(wave number) t 21§ %ol th. makA, T(t) & the
2 BH9Y 5 9on, ol s, s,& oo A7E F
ZYsg AYsten ARH 714 A 9e @
% gleh,

T(t)=C, exp(s;t)+Coexp(syt) (B.7)
sy, 2=1/2(ptV 1 2—40?) (B.8)
=, A A 72 A= (ciritical damping coefficient), s

;4C=20' (B.Q)

olx, ol g9l iz AE e HAE RAAT,

& 5ol, Fo| Boli gol7kdd B el &
Sol tals HAAH AFFE cheol AoiA FalA
o}.

o=V gr tanh(rd /B) /B (B.10)
Fig.B-1olE ®alolA 7] AfEHe ¥ S

7FA & Aol g 2Hf3 5 (free oscillation)-& Al
28 Atz A A EE PN Aol whe} @
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Fig. B-1 Free oscillation test in rectangular tank

d/ B=0.5, linear initial elevation, maxi-
mum height/ B=0.2
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Fig. B-2 Free-surface elevation in rectangular tank
sway motion, 50% filling, motion ampli-
tude/ breadth=0.0083 exciting fre-
guency/ 0,=1.018
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