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A Study on the Numerical Radiation Condition in the Steady Wave Problem
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Abstract

The numerical damping and dispersion error characteristics associated with difference
schemes and a panel shift method used for the calculation of steady free surface flows by
a panel method are analysed in this paper. First, 12 finite difference operators used for the
double model flow by Letcher'V are applied to a two dimensional cylinder with the Kelvin
free surface condition and the numerical errors with these schemes are compared with
those by the panel shift method. Then, 3-D waves due to a submerged source are
calculated by the difference schemes, the panel shift method and also by a higher order
boundary element method(HOBEM). Finally, the waves and wave resistance for Wigley’s
hull are calculated with these three schemes. It is shown that the panel shift method is
free of numerical damping and dispersion error and performs better than the difference
schemes. However, it can be concluded that the HOBEM also free of the numerical
damping and dispersion error is the most stable, accurate and efficient.
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Table 1 Weights and error coefficients for 12 first-derivative difference formulas
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Table 2 Dispersion and damping characteristics of 12 difference operators
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Fig. 1 Computed wave elevation { due to a submerged doublet at 3 speeds
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Fig. 5 Wave cut profiles for Fig. 4

Wigley 418

Ay A7}t wol deiAl WigleyAldoll dlsh Al
% %3 2 AL Adsidoh P RE
$2E Lpp/28 A8l x=-1.0& FP, x=1.0
€ APZ 9ot Aal 272 3stel =Yg 74
AlZa, Adbel AHEE WigleyAd RS 2344 413
< g3 o] Fojzlich

= E-(8) - (5]

A714 L, B, HE 242t AAY o], %, T4F

vetla glem —L/2<x<L/2, -H<z<0, B/L
= 0.1, H/L = 0.0625°]c}.

A #d B g9 we £ A
A g3 A9 $Y2AE FE 3

e

R

3t52m Table 3o Fct. F¥3] +48 A&
T3] 3 Eel FojAl dgelA side Ex:
HollA dFsteha xgro 2 199765 257
RAEe] IS AL T, AL L4 shza ]
= aAde) /P kA AeE 2= 12 39
ot A AQdEzE AfER FE N 3§
FHe FA Ugted $2Y FUNE FE

2EE A4 BT

& 52
Al rlo

s W7 A

I g i/ N

“0 - ‘.”,'lcn [ 1200 1800 20.00 24.00
1.08
iat
] £ §
R Y
e f] 4 \\ ,1/’ \\ v O o
=Y N
v~ z
—— 4Pui FOM \l
1.0 -I‘— :-T-:r“ 1\‘ T T T T T
40 " “w e 1200 5.0 2000 un
1.9
\
* . /‘f:\ /'rf\\‘
- 3 Val
TPPW=20] \J \./ N
J—— revaseune
-~ - 3Pamroe
J— — AP FOM
e S ‘r-u--mo . . : i ﬁ—‘

400 Ao 172.00 16.00 2000 %0

Fig. 6 Wave cut profile variations at y=0.5 due
to panel number per wave length Point
source

Fig. 7& Fn = 035414 WigleyAd3el =}3
(wave contour)& BoqF3 o) 44 AN}
S A3k A% A 97} g ARE
& e ols Bl i golxle 9%
£ e, ddej 5 g AgstE Ate

fo i r-}n:

S0k o £ o

k



sk FAS WAz At A

AL E e A3 o 2T A%

Fig. 8ol RodF3 glh. A o7 a3
olgdel 7MY F= Uz gled, Adrlge
ARA AN A7 Mg FE 2 5+ A
ColEA =2 vehde B dis xaixedgh

HZE v 32§ dva £

al e

hsi

BLH%nLA&m\moﬁ.

High-Order BEM
T Fn=0.35

4-Point FDM
1} [Fn= 035

Fig. 7 Wave contours for Wigley hull at Fn=0.35

Fig. 9ol A¥E Jd9xZA=, 2Ad(thin

—107—

ship)o] 2, 3, 43 Fax, didol 5w, a7
ALl o35 A 2R ASES w2}
3 gieh 2ol BE whsh o] 3, 44 HUAE
3 L ol Btig AdATe A4 AF
e HAZ Ade g XS AHeshd, 444
sl ol o) A4 F3E JEXEle 2aA g
o] BE 7he 1o 2 SuFL o 4 9k ol& 4
A% ATpolw WEY =TT AN BE ¥
Aol veive AL 83 FHEHA g2

&l

¢

o r]o il H

FE MY ez AE. = shi Fold
TARA 2] T&Ho2 BHE ZAAYY

At sdel Bgel €T ApAAuct 2ge
F3 9w 2 A ol 2 AxtAnst vl
£8¢ % 4 Uk B FAA BALHE A
Agrel Bye) Aol s gFetn FAT AoH
A de el BAR)E Folok kel 2
Aol AFE ey el sy Ase 2
2) oA Aol7t e A AFol YL uHal
oF YR Brh ALET Aol FHAN 54
el B4 248 gl Qe FEe A A
42718 AHgstEY] WEd dAzAE FE
o1 ok WS Fouk ARAIYL) WA ob
7t Azee,

N

b
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computation
Fn Lw Range in x Range in y
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Table 4 x-directional panel numbers per wave
length which give good converged
results at different speeds

Fn (Lw=27n+ Ug| Lw/h =22z *Fn}
0.17 0.3631 10
0.20 0.503 12
0.25 0.785 20
0.30 1131 30
0.35 1.539 34
0.40 2.010 40
0.45 2545 46
050 315 64
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