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Heat Conduction Problems in Solids by Explicit Conservative Finite Element
Method- I

Natural Coordinate Formulations

Hiroyuki Kikukawa*

Abstract

For the purpose to solve heat conduction problems in solids by explicit finite element
method, the conservation of heat quantity is seriously considered instead of adopting usual
weighted residual method. Only simplex elements are investigated and the area coordinates
(volume coordinates) are fully utilized in the 2-dimensional (3-dimensional) case. Since the
equation of heat conduction is not the starting point, the obtained finite element equations are
not the same as those of the lumped mass matrix method. Our explicit method is applied to the
heat conduction problems in the infinite (2-dimensional) and the finite (3-dimensional)

cylinders. The numerical solutions agree almost exactly to the analytic ones.
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Fig. 1. An example of a subdomain. P, are midpoints of sides and G, are the cen-
ters of gravity of the triangle elements. A, denote the areas of squares whose
vertices are a, P,, G, and P,,,. The temperature of the subdomain bounded
by dashed lines is determined by the quantity of energy incoming or outgoing

through the boundary of dashed lines.
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Fig 2. A part of a subdomain in a triangular element whose vertices are a, £ and
y. I'yand I, are two parts of the boundary of the subdomain. If the triangu-
lar element is one of the boundary elements of the whole domain and the side
of is a part of its boundary, I'. becomes also a part of the boundary of the

subdomain.
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Fig. 3. Two-dimensional simplex element a # 7 in the case of boundary element.
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Fig. 4. A division of an infinite cylinder with radius R by triangular elements. Be-
cause of the symmetry of the problem, only half of the cylinder is con-
sidered.
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Fig. 5. The results of the calculation. ~ The radius of the cylinder is taken to be 2 (cm).
The calculated results agree almost exactly to the analytic solutions (+) in Eq. (34).
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Fig. 6. A part of a subdomain in a tetrahedral element whose vertices are o, £, ¥
and §. P, are midpoints of sides, C, the centers of gravity of triangle sur-
faces and G is the center of gravity of the tetrahedral element.
surfaces defined by S,=0OP,C,GC,, S,=0C,P,C,G, S.=0C,P,C,G are
three parts of the boundary surfaces of the subdomain. If the tetrahedral ele-
ment is one of the boundary elements of the whole domain and Aggy is a part
of its boundary surfaces, S,=0aP,C,P, becomes also a part of the boundary

surfaces of the subdomain.
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Fig. 7. A division of a finite cylinder by hexahedral elements. Because of the
symmetry of the problem, only a quarter of the cylinder is considered.

Fig. 8. One hexahedral element is further divided by five tetrahedral subelements
in two ways.
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Fig. 9. The results of calculation. ~Both R and H in the figure are taken to be 2 (cm ).
The calculated results agree almont exactly to the analytic solutions (+) in Eq. (38).
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