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ABSTRACT. The aim of the paper is to apply the boundary element method
to solve the problem of the Stokes flow, in fact to solve the second step in ap-
plying this method, the system of singular boundary integral equations the
problem is reduced at, using linear isoparametric boundary elements of La-
grangean type.
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1.INTRODUCTION

The boundary integral method (BEM) is a powerful numerical technique
used to solve boundary value problems for systems of partial differential equa-
tions. It has the ability to reduce the problem dimension by one, and it has two
major steps. The first step is to formulate the problem in terms of a boundary
integral equation, or a system of boundary integral equations and the second
step is to solve the boundary integrals obtained (see[1]).

We apply the boundary element method for solving the problem of the
steady slow viscous flow of an incompressible fluid over an obstacle, a fluid
that has the uniform subsonic velocity ugat great distances. We consider that
the uniform steady motion is perturbed by the presence of a fixed body of a
known boundary, noted X, assumed to be smooth and closed. We want to find
out the perturbed motion, and the fluid action on the body.

A boundary integral representation for the velocity is obtained in [2] ,using
an indirect technique, so the fundamental solution of the mathematical model
of the Stokes flow, and an integral representation of the pressure is obtained
in [3]. The problem is reduced to a system of singular boundary integral
equations. Because the singular integrals that appear exist only if we assume
that the unknown function satisfies a holder condition on the boundary, so it
is at least continuous on it, the system obtained is solved in this paper using
linear isoparametric boundary elements of Lagrangean type.
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Both, the geometry and the unknown, have local a linear behavior, and
the solution obtained is continuous on the boundary. After the discretization
of the boundary, we choose a linear model for approximating the unknown
on each of the elements involved. We obtain a linear algebraic system whose
solutions are the unknowns on the nodes chosen for the discretization.After
solving this system we can find the velocity in any point of the boundary and
everywhere in the fluid domain. Using this technique it can be also obtained
the pressure on the boundary and the fluid action over the obstacle.

2. THE SYSTEM OF BOUNDARY INTEGRAL EQUATIONS

The mathematical model of the problem is described by the following equa-
tions for the perturbed motion ( v is the coefficient of the cinematic viscos-
ity)(see [4]):

Vp—vAu=0, V-u=0 (1)

and the boundary conditions: w; (Z) = 19,7 € X, uy(T) = u3z (¥) = 0,T €
¥, limy, (T, p) =0

Assimilating the body with a continuous distribution of sources on the
boundary, having an unknown intensity f, and assuming that fsatisfies a
holder condition in any of the arguments we obtain a boundary representa-
tion for wu; (EO), Qo (f(j being an arbitrary point situated on . Introducing
the boundary conditions, the problem can be reduced to the following system
of boundary integral equations (see [2]):

i (€1, &, 5 5 §) - f(&1,6,8)
S7v //f S 52 53 87”/ // (TO))?, ’ do = —v,,
(2)

forv=1,2,3,

N

where vy =150 =0, ¥ = [(51 - 5(1])2 + (& — 53)2 + (& — fé))ﬂ .

For the pressure on the boundary we obtain(see [3]):

50 = i // 5 _5) —;f@o)'no- (3)
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The sign ”’ 7 denotes the principal value in Cauchy sense of an integral.

3. THE DISCRETE FORM OF THE EQUATIONS

A collocation method is used for example in [7] for solving the system of
integral equations to determine the perturbation velocity and pressure, but
the unknown is there constant on every boundary element, so it is not even
continuous on the boundary, as the representation asked. In the boundary
element approach used herein, for solving the system of integral equations (2),
the body surface, ¥ , is approximated by N triangles, noted 7; , 7 = 1, N ,
with straight lines; the extremes 7', i = 1, M of these triangles being on .
The system of integral equations becomes:

N

87”/2//]% 51,52,53 (4)

N f f f £) - f(&,6,8)
SFVZ// (7“0))3 d

1
J= T

0 = —Uio,i = 1,2,3. (5)

Considering EO =7 ke {l1,2,.., M}, we have:

N

87WZ//fz 51,52753 (6)
1 N (E_Tk)z <E_T ) '?(517§27€3) . _

+87T,,321/T[ (rk)3 do = —vy,i=1,3 (7)

We have to calculate two types of integrals on T}, with, and without singu-
larities. If Z%is a corner point of the triangle T}, the integral calculated on T
has a singularity, otherwise it doesn’t. We calculate the integrals using a local
system of coordinates. We consider that the corner points (nodes) of an arbi-
trary triangle T are noted with ji, jo, j3. Denoting by Aq, A2, A3 the intrinsic
triangular coordinates ()\,» €0,1] ,i=1,3, M1+ X2+ A3 = 1) ,we have for an
interior point of the triangle the relation:

E =7 + (sz _ le) Aoy + (Tjs _ le) As3.
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Using the parametric representation: Ay = rcosf, A3 = rsinf, 0 €
[O,g] ;7€ [0,p],p(cos® +sinf) = lwe get: € = ' + (772 — %) rcosf +
(77 — 2 )rsinf. We also have da = 2Sd\1d)\y = 2Srdrdf), where S is the
area of the triangle. For describing the behavior of the unknown f, we use a

linear model:

? _ ?jl + (?jQ _7j1> rcosf + (?Jg — ?jl) rsin 6 (8)

where F,1 = 1,3 is the value of the unknown f for the node j .
The system (5) becomes:

N . . N . . . N . . . N B —
S AL A S BL (- )+ (- )+ 2Dy P
=1 j=1 = j=1

J=1

S N
+E?c (fm . fj1> + ZF?@ (fj3 . f]l) — vy (9)
j=1
The coefficients have the following expressions:
; 1 1 ; 1 r cos 6
Ay = | [GdoBl=— [ ] d 10
ki Sty ) Ay J T (10)

. 1 ing ;1 & —af) (€T
= o [t DT

Ei, _ 87T1V/T/ (fi - ) ((ik;xk> rcosf - (12)
Fi _ 871”//:/ (fz — xf) Efk;)’xk> Tsinﬁdg (13)

For evaluating the system’ s coefficients we consider the two types of in-
tegrals that appear: the nonsingular and the singular ones. First we evaluate
the nonsingular integrals, so we consider the triangles that have no corner
point in Z". Denoting by €; [0] = (772 — 79) cos § + (% — T9')sin b, €; (0] =
(e{,eg,eg) we get: rF = Hé — T’“H = Hfjl — 7" + 1, (9)” Var? +2br +c,

where a = || (0)||*,b = (7 —7*) -2, () ,c = ||z — zkHQ
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We also have the relations: da = 2S-d)\ 1dAg = 2S;rdrd0, Where S; is the
area of Tj,j = 1, N . We obtain: A, 47”/ le( )db, Bl = 47w fJg( ) cos Odf

Ci, =2 sz( ) sin 6d6),

D - S (a3 — o) (7 — 7" / I, (0) df +
0

4y

j:‘y 2] 0/ cos 01, (6) df + i - [o23] 0/ sin 01, (0) 6 +
+45er 6] O/ sin 0 cos 01 (6) dO +
+4ijy (a2 = al) (7 — 7)) 0/ cos® 01 () db +
+ 2 (k=) (75— )] / sin? 61, (6) do
Bl = 3 (o —af) (7~ 7) / cos 01 (6) d6 +
S; ; ;-

oy {q%lk} /20052 015 (0)do + i [C]@]k} /sin 0 cos 613 (0)do +
0

Sj [ 23 : 2
+E {qijk} sin 6 cos” 01, (9) df +

O\w\ﬂ o

cos® 014 (0) df +

O\w\ﬂ

o et =) (2 - 2)]
+jrjy [(xf’ - xf) (Tj?’ — le)} sin? § cos 01, (0)do
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S, ‘ : z
J J J1 J2 =J1 __ =k :
Fk_47rl/ (Z‘Z —xi)(xj x)o/smelg(@)d@—i—
+i [qzl} jsin@cos 015 (0)do + 5 {qs-l} /ZSin2 013 (0) do +
Ay LT3 / Ay LT3k /
T 5 {q?.?’} /Qsinzﬁcos 61, (0)do +
4o L1

cos? O sin 01, (0) df +

o — s ©

i (ot =) (o)

R
NE

0

o) (- 2) o ) ()
31 ] K\ (s _ =i ‘ 1) (it _ ok
Tijrk = (arfl - ZBz) (:1:Jd — :)371) + (93{3 — x{l) (.rh -7 ) :
) , N , N
= (- 27) (= 20) (o 1) (o )

The coefficients noted Ji, Js, J3, I1, I, I3, [ycan be computed analytically
and they have the expressions:

J1(0) = 1v/ap? + 2bp + ¢ — % —2b

a

Ty (0) = 22 \/ap” + 2bp + ¢ + 25 /o + 2L ).

2ap? — babp + 15b* — 4ac 156% — 4ac 5b% — 3be
Js (0) = 63 v ap? + 2bp + ¢ — 63 Ve — 53 J.

1 i +b
J = — arcsin ap

L b
NG Vac—0  Va o  Vac— R
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1 b . b+ +\/W
11(9)25 ap2+2bp—|—c—\éz—a\/al ap b+a\p/_ p ¢

1 2 2
]2(9):£_ i =, I3(0) = — P +*12—éf4
0 Vap*+2bp+cd avap? +2bp+c  a a

(b —8)p+be b\/_ 1 \/a(ap2+2bp+c)+ap+b
I (0) = In (14)
ab/ap® + 20p + ¢ a5 T av/a b+ ac

We evaluate the singular integrals. Considering now that the triangle,
noted T} , has a corner point in Z¥, which we take as node number one after
a renotation, we calculate the singular integrals occurring in (10) using the
following relations: & = " + (le — T"“) rcosf + (TjZ — Tk> rsinf | f = ?k +
(?jQ — ?k> rcosf + (?]5 — ?k) rsiné. Denoting by €5 [0] = (Eﬂé — T’“) cosf +
k

(fj -z )sin@ we get rF = Hﬁ—x H |lre. (0)|| = 7 e (9)|], and the
coefficients have in this case the following expressions:

NIE]

oo = (o = t) (0 ~7) + (oF ) (-2
S,
T

Di = i ] | etesindd 3 (o — at) (w2 = )] [ it +

™ 2@
S [( s _ gf) (ﬂg_ kﬂ 2 sin?0
B A gHéjk(mlP
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us

. ) , 2 3 2
+ 2 (= ab) (9 — )] Hejzswf”g "D gy

Ju

S, . 1 [sin?fcosd p? (6)
—f-ﬁ [(:(:J — x].“) (xj - Ikﬂ Sﬁzj‘k (Z())ﬁg P 7 de

. bl
F‘I?c 47rz/ [qwk] g Sm29cos€ s (6 d9+

@]

jus

_'_i [(:Uﬂz _ x’?) (fjs _ Tkﬂ / COSzesinﬁpz (9) do + (15)

dmp L0 e (O)° 2
i (a2 = af) (7 — 7" / s 9 ik e)de (16)
Arv o llege (0

As shown in the previous paragraphs all the system’ s coefficients depend
only on the coordinates of the nodes chosen for the boundary discretization,
and on some simple integrals that are one-dimensional and can be evaluated
with a math soft or with the usual rules of the numerical integration. Af-
ter some manipulation we obtain a linear system of 3M equations with 3
M unknowns, the scalar components of the M nodal values of the unknown
functionf, f’ ( ff , fg, f§ ) , 7 =1, M , having the following form:

ZAJf%LZB] 7 =—vpi=13 (17)
7=1
where A{f is the coefficient of ff ,i=1,3, j = 1, M obtained as a sum of
all the contributions that exist.After solving the system we may compute the
velocity for the M nodes chosen for the discretization of the boundary, and
everywhere on it, and also in the fluid region, and further the pressure on the
boundary and in the fluid region.
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