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Numerical Conformal Mappings by the Charge Simulation
Method and Their Application to Potential Flow Problems

KANAME AMANO," MASAYUKI TAMAIL* DAI OKANO,*
HIDENORI OGATAT and MASAAKI SUGIHARATt

In this paper, we propose a method of conformal mapping w

f(z) of an unbounded

multiply-connected domain D subject to the condition f(v) = oo, where v is a given finite
point in the problem domain. In the method, we reduce the mapping problem to a Dirichlet
problem of a pair of conjugate harmonic functions and approximate them, using the charge
simulation method, by a linear combination of complex logarithmic functions. The method
can be applied to the analysis of a potential flow with a vortex pair past obstacles. A typical
example shows the effectiveness of the method. Besides, the idea described here is applicable
to some other comformal mappings which are important in potential flow problems.
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Fig.1 Numerical conformal mapping onto the circular slit
domain by the charge simulation method.

n N
=Qo+ Y ) Qulog(z — Gi) (5)
=1 =1
0000000000, 000000000QK: O
00o000ooooooooooooooooo ¢goo
00o0oooooo pooooooooog ¢ o
o0oo0 N 00000000oooo (s)ooooo
oo 300b0ooog
() 1000000000 (5) 000000000
gooooo Do 1|IIDEIDEIEIEIEI

/chH / dZZlearngle)

m=1 i=1
Ny
=21 Qu=0,
=1

oood

Ny

Y Qu=0 (=12..n) (6)

i=1
gooooboooo
(i)0000000 (3)00
G(v) +iH (v)
n N;
=Qo+) ) Quloglv—Gi) =0,
=1 i=1

goooo

=3 Quitog(v — Gi) (7)

=1 i=1
00000000000000 (B) 00000 Qo0
ooDoo

ZZQMO% —&®

=1 i=1

G(z)+1iH(z



1324 goooooooo

oooo

(i) 000000000 Cp (m=1,2,...,n) 0
0000000 N, 00000 2,; 0000000
000000000000 (4)0000

ij N

IOg 'U(ij _ 'U) ‘ + G(z’mj) lOg Rm7
oooo
Z Z Quilog | CQZ — log Rm
=1 i=1
P
—1 __mJ
8 | oy =) 9)

(2mj €ECm; j=1,2,...,Npm; m=1,2,...,n)

ooooRrR,0 r, 00000O0DOODOODODO
0 (6)0(9) 000 Qu1,Qi2,...,Quy, 0000
ooO0ooo00d0 logRi,logRs,...,logR, 0000
Ni+No+---+N,+n 000100000000
gbooobobooboobobooboooboobobo
gboooboooboooo
23 00O00OOOOO0OO
O0o0oUoUooUoooooooooooo (8)
O log((z — Cu)/(v—¢u)) 0 o000O0O ¢, 000
0000 {¢i+texp(iarg(¢ —v))|t >0} 00 2mi
goobooooobobooboooooobooo
goobooboboooboooo
00000000000000 Cy,Cs,...,Cp O
00000000 10 Cio,Caoy..-,(ro 000000
00000000000000 (6)000000 (7)0

n N
Y Qs )

=1 =1

n Ny
+ Z (Z in> log(v — Gio)
=- Z Z Qui log C“ , (10)

0ooo (8)O
G(z) +1iH(z)
= Z Z Qui(log(z — Gii) — log(v — i)

=1 i=1

= iZQh log 2=+ Q (1)

l =
oooo I:ll EI& (11O log((z—Qi)/(z—Qo)) oo

00000 [¢6: ¢ 000000000000000
DO 100000000000000000000

May 2004

ged
oboooooooboooooboooooboo
gooooooo

F(z) = exp(G(z) +1H (z)), (12)

v(z —v)
G(z) +1H(z)

0+ S o log 22 (13)
=1 =1

n

Z Z Qui log QZ (14)

=1 i=1

oooooooo Qii,Qi2,...,QnN, 000000
00000 logRi,logRa,...,logR, 0 Ni+ N2+
-+ N,+n 00010000

Ny
S Qu=0 (=12...n), (15)
i=1
n N
S Qulog |28 | 1og R,
, — Gl
=1 i=1
.
= —log | —" 1
8 | s =) (16)

(2mj € Cmi §=1,2,..., Nyn;
opooooooag
000F(c0) =

m=12,...,n)

(1/v)expQo OO OO
3. 0 0O O

oooooos3ooboo

|27Cl0‘:pl7 p1:1'57 P2:1-07 p3:0'53
20 —-1) 4+ 1)7i
Go = 2exp ZLZW DT
3
000000 poOodooCO00 w=00 v=40O
gooobooooooboog

(1=1,2,3)

2(7 — Dmi

215 = Co + prexp %»

2(7 — )mi

Cij = Go + qpu exp%
(Gj=1,2,....,N; 1=1,2,3)

gobobooooboobo<xg< 1OO0O0O0O0OOO
goobooobooooooboboooooooooga
ooooo

[F(21511/2)]

-1
R;

Ezyn = maXx
1<j<N

I

U 0pooooD0D000D000Y DoODODOOOO000O
gooooooooooo



Vol. 45 No. 5 obooooooooooooooboOoooooooooobooo 1325

00 v=4000000000000000000
0000 —ilogF(z)00000000000000
—log|F(z)| 00000000

4. 0D 0O 04

oobooboby.0000000oooooooooon
fv)=cc00OOOOOO0ODOOOOOOODOOO
gobooobooooooooooboooooooban
gooooobobooooobooboooooooon
gobooooobooobooboobooooboooboood
gooobboboooooobooooooooooon
ooooooooo

0000000000000000000 f(oo) =00
gboocooooboooobooooooooooobooo
0000000000000 D0Y000000000
oooooooooooooooooooboooo

02 booboooooooooooooooo J0000dboooOoooO0o00000o0ooOooonD
Fig.2 Numerical conformal mapping w = F(z) onto
o . . . . dddddoooooboooobobooooooo
1e circular slit domain and contour lines of
—log |F(2)|, i.e., streamlines of a vortex pair flow. goooobobbobooobobooooobooobogon
O000oo0d0oooooooboobooooooooa
01 0OoOo ogooooooooooobooboobo2000004
Table 1 Errorestimation(cond:1.2><105,N:64, 0000000000 0o0Oo0oOooooooooo
= 0.8).
=09 oooooooo®o
Enn Ery R;
— 5 00 0Od0b0OoObOOooOOobobOooooooboooda
Cq 3.8 x 10 9.8 x 10 0.194527861
Cy 6.8x1078% 1.9x10°8 0.159889298 000000 BM2M0000 1534003300000
Cz 14x107% 15x1078 0.237455547 Oooooo
o 0o o o
— l _ —
Em‘ﬁw> I (=123 1) 00 0000 0000000000000
1

0000000000000000000000
0000000000000000000000
000 Vol.42, No.3, pp.385-395 (2001).

000000000241, 0 G;00000 2,0
2,1 00000000RPY 00000 NOO 2N

ocobobooob R ODODOOOOD 2) 00 000000O00O00000000000
0200 10000000000000000 R 0 (1989).

O R, — RZ(QN) O00000000O0OoO0oooooon 3) Nehari, Z.: Conformal Mapping, McGraw-

O0O0cond 000 100000 L, 0000000 g&mmw‘%“ (1952); Dover, New York

02()0 (b)000000000000000

4) Ogata, H., Okano, D. and Amano, K.: Com-
000D000ooOoboOoobD pooooObDOOoOO

putations of the forces on obstacles in two-

000000000 w=F() 000000000 dimensional potential flows by the charge
joo0oooo0oooo0o c;000booo0oooooDoon simulation method, Information, Vol.5, No.3,
C,00000000000Cs0000000000 pp-307-318 (2002).

5) Okano, D., Ogata, H. and Amano, K.: Stag-
nation point analysis by the numerical con-
formal mapping using the charge simulation

0000000 (b)00D0000 (0000000
0000000 x O F(oo) ~ 0.30 4 0.086i 0 OO

oooo method, Theoretical and Applied Mechanics,
02(c)0000 ChOC0Cs 0 000O0OOOO Vol.50, pp.303-309 (2001).
00o0do00ooDooooooooDo0oooooooo (OO0 150903000)

oooooooooobD0 vw=000000000 (D0 160 305000)



