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Abstract

The canonical boundary reduction, suggested by Feng Kang, also can be applied to the
bidimensional steady Stokes problem. In this paper we first give the ropresentation formuls for the
golution of the Btokes problem via two complex variable functions. Then by means of complex analysis
and the Fourier analysis, we find the expressions of the Poisson integral formulas and the canonical
integral squations in three typical domains. ¥rom these results the canonical boundary slament method
for solving the Stokes problem can be developed.

§ 1. Introduction

Since Feng Kang suggested the canonical boundary reduvtion, which reduces
a boundary value problem of an elliptic equation to a gsingular integral equation on
the boundary via Green’s formula and Green’s funciion, this method already has
been applied to the harmonic boundary value problem, the biharmonic boundary
value problem and the plane elasticity problem™3%®, Thig kind of reduetion.
conserves the essential characteristics of the original boundary value problem and
occupies a partioular place in all boundary reductions. From thig, a new nnmerical
method, i.e. the canonical boundary element method, has been developed™-4.67  Tj
also has many distinctive advantages and is fully compatible with the classical
FEM=5-7, |

Now we congider the steady Stokes problem, which repregents the steady flow of
an incompressible viscous filuid with a small Reynolds numbsr. We will study the
canonical boundary reduction of the bidimensional steady Stokes problem, and find
its Poisson formulas and its canonical integral equations in three typical domains.

§ 2. The Principle of the Canonical Boundary Reduction

Consider the boundary value problems in a plane domain Q with a smooth
boundary I;

—vid+grad p=0,
. in £,
div =0, (1)
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where the toeffivient »>0 is the dynamie viscosity of the flow, the un]mﬂwns are
the velomty @ of the fluid occupying £2 and its pressure p,

(m, p) € (HMQ) P LA /R for Q2 bounde&
(1, p) € (WiQ))*x L? (Q) for 02 unbounded,

or

where
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oy (8, ) = — Byp+2vey (u) g, =1, 2,
1= (n,, ng)7T is the unit ontward nurmal to L. Wa knnw that Green s formula for
the steady St@kes prublem 15““ |
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from this we can obtain the second Green’s formula

N

§=l
'ﬂ%lj oy (s, p)nyv—oy (D, ) nyts] ds. (4)
Now by putting in (4) (®, p)= =(u(w), p(m)), the solutions of the BStokes
problem, and (v, ¢) = (G (=, g, Qi(z, o)) or (Gaw, o), Qulw, = ) regpectively,
where Gy = (G411, G1a), Ga= (Ga1, Gaa), Gy(z, &) and Qi (z, o), %, =1, 2, are Green’s
functions of the Stokes problem in domain 2, which satisty

| -ra64(@, o)+ Qo 2) =8B @—), 4§12

J}Z*—G;;(m z)=0, ¢=1, 2, (8)
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where 8(z—2’) is the Dirac delta function, we obtain the Poisson integral formula
for the Stokes problem in 0,
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From (6) and the corre&pﬂndmg formula for p, we can get the relation hetween
g=(g1, g2)" and ty: |

e

where

ﬂ":l.%"ﬂu,f : A s . (7)



