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Abstract. In the paper the temperature field determinatiothe domain of complex shape
is presented. The boundary of the domain considieretkscribed by the NURBS curves
and the temperature field in this domain is catedldby means of the boundary element me-
thod. Such approach allows to determine the chawfeemperature due to the local
change of boundary configuration. In the final paft the paper the examples of
computations are shown.

1. Boundary element method for L aplace equation

The steady state temperature fidldx, y) in 2D domain is described by the
Laplace equation

(xy)0Q : 0°T(xy)=0 (1)
supplemented by the boundary conditions
(x,y)dCL: T(x,y)=T,
(xy)0C2: q(xy) =-AmI0T(x,y) =0, (2)
(xy)JC3: q(xy) =-AI0OT(xy)=a[T(xy)~T,]
whereA [W/(mK)] is the thermal conductivityT, is known boundary tempera-
ture,n is the normal outward vector at the boundary pbiny), q, is given bound-

ary heat flux,a is the heat transfer coefficiefit, is the ambient temperature.
The integral equation for problem (1), (2) i$dwing [1, 2]

BEMTEW +[THEmxy)a (y)dC=
C

) 3
[a'emxy)T &y)ydc
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where g, n) is the observation point (source point),§f Q) O C thenB (&, n) is
the coefficient connected with the local shapehefboundary, if§, n) O Q then
B(E, n)=1,T (& n, x y) is the fundamental solution, while

g (& nxy)=—Am00TYEn X, Y) 4)
and
q(xy)=-AnlOT(xY) %)

Fundamental solution has the following form

1.1
TEEn, % y)=——In= 6
Emn.xy) Tl (6)
wherer is the distance between the poirgs) and &, y)
r =y (x=8)2+(y-n)? )
It should be pointed out that the functi®n(&,n x y fulfils the equation
AO2THEN, X Y) ==8(&n, % Y) (8)

whered (§,m X .y )is the Dirac function.

Heat flux resulting from the fundamental soluti@nde calculated analytically
and then

qEmnxy) = 9)

2nr?
where

d = (x-¢&)coso +(y—n)cos (10)

while cosr, co$ are the directional cosines of the boundary noxmetorn.

To solve equation (3) the boundary C of the donsaimsidered is divided intid
boundary elements and then the approximation oftému (3) has the following
form

BEm)TEM)+Y. [TEm xy)a ky)dC; =

=l g
. (11)
>, Ja'Em xy)a &y)dc,

= Cj
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For constant boundary elements, namely

TY)=T(X,y;) =T,
x¥0E, {q(x,y)=q(xj,y,-)=q,- 42

the equation (11) can be expressed as follows{, 2, ...,N)

1 N
ST+ 250, [T m xy) dC; =
= ¢

N (13)
2T fqu(éi,ni X,y) dC;
= g
or
N N
Z Giiqi 22 HijTj (14)
i=1 i=1

The solution of the system of equations (14), thi&ans the values of temperatures
or heat fluxes at the boundary nodes, allows toutatle the temperatures at internal

nodes using the formula
N N

T =2, HiT =2 Gyq, (15)

=1 =1

2. Description of the boundary and its discretization

We consider the 2D domafn of complex shape. The segments of its boundary
are described by the NURBS curvesn-£h degree NURBS curve is defined as [3]

DN Ow; P
C(t)="22

r )

Z Ny () Wi
k=0

ast<b (16)

whereP; are the control points forming a control polygen,are the weights and
N; n(t) are the B-spline basis functions

1, t<t<t;,

Nj,O(t):{

0, otherwise
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t-t, G 1
Nj, )= =N O+ Ny ) (17)

j+n Y tj+n+1_ j+1
defined for the set of nodes
T={a,a, thas thazseo tuenegy Do b | (18)

at the same time the valuagndb appeamn+1 times. It should be pointed out that
the number of control points equaksl and corresponds to the number of nonzero
basis functions.

In Figure 1 the domain considered with marked adrpoints P, = (0, 0.04),
P, = (0.06, 0.04),P, = (0.06, 0),P; = (0.1, 0),P, = (0.1, 0.1),Ps = (0, 0.1),
Pes = (0.03, 0.08),P; = (0.045, 0.08),Ps = (0.045, 0.07),Py = (0.075, 0.05),
P1o=(0.085, 0.05)P,;; = (0.085, 0.035) is shown.

01

0 0.02 0.04 0.08 0.08 01

Fig. 1. Domain considered

The boundary is described by the following NURB$®ves

)= (1—t)2wgP0 + 2t (L-t)wPR, +22W2P2
@-t) w, + 2t @A -t)w, +tw,

C2: C,(t)=@-t)R,+tR,

C3  GCy(t)=@-t)R+tR,,

C4: C,(t)=@1-t)P,+tR,

C5  C(t)=@1-t)R+tR,

CL Cyt

WO:\le:L W2:2
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C.()= @A-1)2 WP, + 2t(L-t)W,P, + t2w,P;
Cé: ¢ L-t)2w, + 2t(L-t)w, +t3w,
C (1) =Ce(t), Wo=Lw =-1w,=2

, Wo=w, =1L w,=2

C.(t) = A-1)? WPy + 2t L - t)W,P,, +t2W, P,y
C7: 8 L-1)%w, + 2t(L-t)w, +t3w,
Co(t) =Cq(t), wWo=1w, ==L w,=2

o Wo=w, =1L w, =2

The successive segments of the boundary are dividie@dl;, N,, N3, N4, N5, Ng, N7
boundary elements. In Figure 2 the boundary noddsnthe assumption that
N;=6,N,=4,N;=10,N;= 10,Ns=6,Ns= 12,N;,= 12 are shown.
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Fig. 2. Boundary nodes
3. Determination of temperaturefield

It is assumed thak = 30 W/mK. The following boundary conditions oreth
successive segments of the boundary have beenitd&eatcount

(x,y)OCL: T(x,y) =300
(x,y)OCc20C30C5 q(x,y)=0
(x, y)OCA4: T (X y)=20

(x,y)oce C7: g(xy) =50(T(x,y) —10
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In Figure 3 the temperature distribution in the damntonsidered is shown.
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Fig. 3. Temperature distribution

It should be pointed out that the boundary elenmapthod coupled with the
NURBS curves introduction is very useful, amongeosh in the case of shape
sensitivity analysis applied in the heat transfescpss modelling [4, 5]. These
problems will be in future discussed.
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