I%Yvy—F1 H3%
20043 A

TR S 3L

FHAMEZ & oREHRITEANEICKH T 3 KAERE

Charge Simulation Methods for Partial Differential Equation
Problems with Spatial Periodicities

®OhF F OB
Hidenori OGATA*

In this paper, we present an extension of the charge simulation method, a solver for the problems
of partial differential equations, to the problems of partial differential equations with spatial periodici-
ties, especially to the problems of numerical conformal mappings of periodic structure domains and the
problems of viscous flows (Stokes flows) past obstacles in a periodic array. In our method, we present
approximate solutions expressed by linear combinations of the periodic fundamental solutions so that the
solutions including periodic functions are approximated accurately. Some numerical examples show the
effectiveness of our method. ‘

Key words: charge simulation method, spatial periodicity, periodic fundamental solution, numerical
conformal mapping, Stokes flow
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[ 1: A periodic structure domain % and a domain .% with periodic parallel slits.

B4 2: A two-dimensional domain D among obstacles in a two-dimensional periodic array.
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[4 3: The domain 9, and its images by the numerical conformal mappings.
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% 1: The values ¢ for the error estimations of the numerical conformal mappings of the domain 2.
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LR R e b B ettt o T R 14 -o..‘\ﬂ»—'r"'—v-.\,‘“..a/'l—n
................... _._.\.\.$_,—vﬂ/'a..‘\“_.»2/a
(73 S S < . 12 a s P T T (e o
....... N T R v e
1 .. . 4 1 - -
08F « « o>t o - o L LY 7. . Y 3 S R N
................................
[T S I I SR a e P S Y Y e I e RV
e e s s prrr s s e P Pb b s O Rl SV o 2 P R
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.................... e el TR adnd
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U T T U DU VU P Y-S Tt X 2
04 02 0 02 04 08 0B 1 12 14 04 02 0 02 04 08 OB 1 12 14

4: The velocity fields of the Stokes flows in the domain with a square lattice array of cylinders (Ds)
and in the domain with a triangular lattice array of cylinders (Dt) obtained by our method.
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5: The values ¢ for the error estimations of our method applied to the flow problem in the domain Dg
(¢) and to the flow problem in the domain Dt (+).
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X 6: The drag force on spheres in a square lattice array (¢) and in a triangluar lattice array (+).

02

025

1
03

area concentration

1
035

I
04

N
04S

05

[3]’3@?%, MEFK, HEBH, TEHEE, CELE: RAEMEICE2EFRBZEEREHOK 10
REEEASHOFE, HWHRLEZEERIGE, 42, pp.385-395, 2001.

[4] Ewald, P. P.: Die Berechnung Optischer und Elektrostatischer Gitterpotentiale, Ann. Phys. 64,

pp-253-287, 1921.

[5) Hasimoto, H.: On the Periodic Fundamental Solutions of the Stokes Equations and Their Application

to Viscous Flow past a Cubic Array of Spheres, J. Fluid Mech. 5, pp.317-328, 1959.

[6] 453 . FfEh¥ Rk , HHEFE, 1973 F,
(7] MEEfT : KAEFEETOIRA, HILHAR, 1983 .

[8] Murashima, S. and Kuhara, H., An Approximation Method to Solve Two-Dimensional Laplace’s

.Equation by Means of Green’s Functions on a Riemann Surface, J. Inform. Process, 3, pp.127-139,

1980.

[9] Ogata, H., Okano, D. and Amano, K.: Numerical Conformal Mapping of Periodic Structure Domains,

Japan J. Indust. Appl. Math., 19, pp.257-275, 2002.

[10] Ogata, H., Amano, K., Sugihara, M. and Okano, D.: A Fundamental Solution Method for Viscous
Flow Problems with Obstacles in a Periodic Array, J. Comput. Appl. Math., 152, pp.411-425, 2003.

[11] Singer, H., Steinbigler, H. and Weiss, P.: A charge Simulation Method for the Calculation of High

Voltage Fields, IEEE Trans. Power Apparatus Systems, PAS-93, pp.1660-1668, 1974.

Annual Journal of Eng,
Ehime Univ,, M. Mar, 2004

117



