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A Study on the Boundary Element Method
for Numerical Analysis of Nonlinear Free Surface Waves(l)
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Abstract

Nonlinear free surface flow phenomena have been studied by several kinds of numerical
methods, of which boundary element method has been known as most promising one. There,
however, remain many difficulties to be solved in the numerical procedures by boundary
element analysis. In this paper, an efficient calculation of elemental integrals and iterative
solution algorithm for the resulting system of equations were thoroughly investigated in order
to enhance the procedure of the boundary element analysis. Advantages of the herein
developed boundary element analysis code are demonstrated in terms of accuracy and
convergence for typical boundary-value problems with free surface.
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Fig.1 Nine nodes bi-quadratic element
and its parameter space
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Fig. 2 Geometric parameters to determine
the order of quadrature
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Fig. 3 Triangle polar coordinate
transformation
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Fig. 4 Possible triangulations in the
self influence evaluations
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Fig. 6 Convergence of QBEM for mixed
Dirichlet Neumann problem for rectan
-gular box with wavy top surface

5.2 Gauss 2 HEI GMRES 251215

Mg Aol 777} Nojgtn & of, dvhH
°% Gauss 2AEL NP9 QAE Fgw 3
ot a2l iR Myguba A gk vHEsy
He O(N?) 9 du4E Hew sk ez
g ok B HojMe HHoA AHE A
o thsled, GMRES ¢ilFe AirgE A
B Gauss 243 wws) R z8ln My
Aao] i WHEHEES AAPo) ot 7H:
g ¢ Jded, /FE de ARdHE dXerie o
ZtM 2l 7)(diagonal  preconditioner)$t  SSOR
(symmetric successive overrelaxation) 4] 7|o]
o}, webrd A A2 7|(preconditioner) & H713hod
GMRES ¢x2]&9 di& ZES Bt

Fig. 7 Gauss 2A¥H% GMRES &i2}&2]
Ak =& A)RME vlag 740]"4. e o) A
GMRES 21859 AAAdS & 4 Ak ALt
AE gEoM 7A4°1-Tl, AR AL
43 MFLOPS?| IRIS7Z|Folvh. AgAe =77t
16029 =, AHg717b ¢l GMRES Zate|gol
oate] MEWANS F 9wt gz 7|7t

KREBEMEBEERIE £ 4 & % 4 90 1997F 117

€ A$7F 10do] wauo, gk H¥AY A
7b AN AAFE GMRES & dAg7|e) &
é% HE Fudd

- ) T
——d—~ Gauss climination

—4p— GMRES with no preconditioner

—@)— GMRES with diagonal preconditioner '
500

T (sec) | A

w0 —

300 |

-: A
° 7—!‘;/ —

Fig. 7 Gauss elimination and GMRES
algorithm
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