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1. Governing equations

According to the newest opinions the hea condudion procealing in the biologicd tisaue
domain should be described by the hyperbolic equaion (Cattaneo and Vernotte equaion [1]) in
order to take into acamuntits nonhonogeneousinng structure. So, the following bio-hed transfer
equdion is conddered

({T(?ZT(X, t) +0T(X, t)jZXDZT(X, t)+Q(X, t)+‘rm

ot? ot ot

where ¢, A denote the volumetric spedfic hea and therma condictivity of tissue, Q(x, t) is
the cgpadty of interna hea sources due to metabolismand blood perfusion, t is the relaxation time
(for biologicd tiswe it is a value from the scope 20-35 s), T is the tissue temperature, X, t dencte
the spatial co-ordinates and time. The function Q(x, t) is equd to

Q(x 1) =Guto[To~T(%, 1)]+Q,
where Gg is the blood perfusion rate, cg is the volumetric spedfic hea of blood, Tg is the artery
temperature and Qn is the metabolic hea source It shoud be pointed out that for t = 0
the equation reduces to the well -known Pennes bio-hea equation.
The equationis supdemented by the boundiry condtions
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where I';, I, are the surfaces limiting the doman, q(x, t + 1) is the boundry hea flux, Tp(X), du(X)
are the known boundxry tenmperature and the boundry hea flux and Tp is the known initial
temperature of the biologicd tisaue.

2. Dual reciprocity boundary element method

For transitiont "™ _ t " the standard boundary element method|eads to the integral equation [2]
B(g)T(;,tf)+jT* (&.x)q(xt")dr :fq* (&X)T(x.t")dr -
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where & is the observation paint, B()0(0,1), T (& x) is the fundamenta solution,
q(x, t") =-1 aT(x, t "Yonisthe hea flux, g (€, X) = -1 8T (&, X)/on.
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In the dual redprocity methodthe foll owing approximaionis proposed [2]
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where a(t ") are unknown coefficients, Py (X) are approximating functions fulfilli ng the equations
R (x) =20, ()

and N + L corresponds to the total number of nodes, where N is the number of boundry nodes
while L isthe number of internal nodes. After the mahemaicd manipulations one obtains

B(&)T(&t")+[T (& x)a(xt")dr =[q (&X)T (xt")dr +
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where Wk (X) = -2 n0Uk(X). This equation is solved in numericd way.

3. Example of computations

The biologicd tissue domain of dimensions 0.01 m x 0.01 m (L = 0.01 [m]) has beean
considered. The initial temperature of tissue equals Tp = 37 °C. On the boundiry x; =0, 0 < %< L
the Dirichlet condtion in the form Ty(x2) = 37+ (50—Tp) /L has been asaimed, on the remaining
part of the boundhry the temperature Ty, = 37 °C can be acceted. The inpu data have been taken
from [1]. The boundry has been divided into N = 40 constant boundary elements, at the interior
L = 100internal nodes have been distinguished. Time step: At =10s.

In the Figures 1 and 2 the heaing curves at three points (0.0035 0.0035, (0.0055 0.0053,
(0.0075 0.0079 from tissue domain for t = 0 s (Pennes equation) and t = 20 s (Cattaneo-Vernaotte
equetion) are shown. The diff erences between the temperatures for these two models are visible.
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