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We compare the efficiency using indirect methods of boundary and near-boundary
elements for building numerical-analytical solution of three-dimensional stationary heat
conduction problems considering the difficult conditions heat and intensity of inner sources.
We built discrete-continual model for problems with boundary conditions of the first, second
and third kind using integral representations for the temperature. The computing experiments
are presented to estimate errors of discretization and mathematical model approximation.
Influence of the thermal flat and three-dimensional internal sources on the distribution of
temperature field in the object was investigated.
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Introduction

Simulation and optimization of thermal processes are essential in a variety of industries and
technology particularly in instrument-making and mechanical engineering in the design of microelectronic
devices, a cover construction and equipment by fireproof materials.[7,8]. Mathematical modeling of
temperature fields in such objects remove the need for test experimental research for predict their
durability and reliability requires the development of well-known and development of new computational
methods for finding the stationary thermal fields in not canonical form area and conduction on this basis of
detailed fundamental research. The basis of a mathematical model of a heat stationary process, as filtering
incompressible fluids, electrostatics, serves as a differential equation in partial derivatives of elliptic type
(the Laplace and the Poisson), supplemented by the boundary conditions of the first kind, the second kind,
the third kind and mixed (at their combination).

Since exact analytical solutions of these problems can be obtained for a small number of objects,
numerical-analytical and numerical methods are used, which include finite difference and finite elements,
integral and boundary integral equations, boundary and near-boundary elements, which have advantages
and a disadvantages [1, 2, 4, 5, 9-12]. In the indirect method of boundary and near-boundary elements
integrated image output differential equation written to a fold of its fundamental singular solution of
intensities "fictitious" sources distributed on the edge of an object or external to it near-boundary region.
By themselves, the intensity functions have no physical meaning, but when they are found, the value of the
desired temperature inside the body can be obtained by using integration.

In this paper, by modeling of stationary heat processes in the parallelepiped we compared indirect
boundary and near-boundary elements methods. Discrete-continuous model for the intensities of the
unknown source are introduced onto the boundary or near-boundary elements and approximated by
constant, is reduced to a system of linear algebraic equations (SLAE), formed as a result collocation of
satisfaction of boundary condition in collocation forms.
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Mathematical model for finding the thermal field

We consider a homogeneous isotropic parallelepiped in Cartesian coordinate system X; X,X3, in

region
Q={(x1,X2,X3) 181 <X <ap,by <xp <by,c; <Xz<cy}. (1)

with a boundary =084, where T ={(x1,xp,%3) 1% =aq,by <xp <by,c; <Xg<Cp},
r(2) ={(Xq,Xp,X3) X =ay,by <X, <by,c; <x3<cCy},
T3 —{(xq,Xp,%3 )81 <X <@p,Xp =by,C; <X3<Cp},
T ={(x. %z, %3) 18 <X <@z,%p =bp,¢; <X3<C2 },
T —{(xq,%2,%3 )18y <X <@p,by <Xy <by,x3=¢;},
r(®) ={(X1,Xp,Xg )@ <Xy <ap,b; <Xy <by,x3=cCy}.

To find the unknown temperature 6(x) we have an original equation
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and boundary conditions of the first kind, second kind and third kind:

o(x) = £ (x),xeo0®, % Zgixi_fr(z)(x),mag(z), 3)
~ %o SGEX;”(X)G(X) o(x) 3 (x), xe 803, (4)

Where w(x)=wy(X)/Ag; w(X) — the intensity sources in QuncQ; Q,y — rectangle (n=2) or

parallelepiped (n=3); x., — characteristic function in area Q2 , for example x, =1 at xe %, x, =0 at
xey,; oM uoa?) Laal® =r - boundary of Q; x=(x,X2,X3); fr(l)(x), fr(z)(x) — known

functions describing the temperature and heat flow at the boundary of the parallelepiped; fr(3) x) —

ambient temperature; Aq, v(x) — coefficient of the thermal conductivity of the material and coefficient of
heat transfer from the surface of the object.

Integral representation of solution

To construct an algorithm for solving the problem (1)-(4) we use an indirect boundary (IBEM) and
indirect near-boundary elements methods (INBEM). According to the main provisions of these methods on
the boundary of the object I" or to the external near-boundary Q area G we introduce unknown functions

¢"(x), v e{l',G}, describing the distribution of fictitious heat sources.

After the expansion of the function 6(x) domain on the whole =0.95; (e) on the front and (f) on the top
faces of parallelepiped

Conclusions

We realized the approbation of the proposed approaches that are based on the combined use of the
advantages of analytical and numerical methods. They include the fundamental solution of the Laplace
equation, the basic idea of indirect boundary and near-boundary elements methods and collocation method.
The error of satisfying the boundary conditions decreases when the number of boundary elements or near-
boundary elements increases. However, complications of the procedure of numerical integration (using, for
example, the distribution of unknown functions within the boundary or near-boundary elements as
continuous functions, and not constant) would significantly reduce the computational error, even with a



smaller number of elements. Note also that the benefits of both approaches include the fact that they do not
require differentiation of numerical values.

For the calculation of research instruments C# was used. To visualize the results research, we use
Gnuplot.

The approach can be extended for consideration of three-dimensional solid of arbitrary shape, then
we must calculate integrals over 8 nodes of boundary element instead of 4 and 24 nodes of near-boundary
element instead of 8.
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