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Abstract

A solution of heat transfer problems of composite materials has been tried using homogeniza-
tion technique. Homogenization technique, which was derived by applying asymptotic expansion
to the standard finite element method, helped compute the equivalent thermal conductivity
matrices of base cells which constituted the composite material with repeated patterns. The
homogenization technique made it possible to compute the solution of the heat transfer problem
of composite materials with lower degrees of freedom compared to those of other numerical
methods. The equivalent thermal conductivities computed by homogenization technique are also
applicable to other numerical methods such as finite difference method.
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Fig. 1 Composite material with repeated pattern and
base cell
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Table 1 Homogenized thermal conductivity matrices

Base material]Base materiallHomogenized/Homogenized
A B (analytic)

100 10 0 07 |[1.8180 0 ]|[1.8180 0
010 0 10 0 0 550 0 5590
001 0 016 0 055 0 055

{(numerical)
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(a) Base cell with [ shaped B
(b} x: for base cell with [ shaped B
(c) x: for base cell with [ shaped B
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Fig. 4 (a) Base cell with % shaped B
(b) x: for base cell with /4 shaped B
(c) x2 for base cell with "y shaped B
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Fig. 5 (a) Base cell with inclined bar shaped B

(b) xa for base cell with bar shaped B
(c) x: for base cell with bar shaped B
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Table 2 Shape of B and homogenized thermal
conductivity k*

4 Shape(Fig. 3) | ™ Shape(Fig. 4) | Bar shape(Fig. 5)

15910 0 [1.4793 0 1.2805 0.1508}
0 14168

0 1.3155] | {0.1508 1.2805
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Fig. 6 Concrete-steel composite and boundary condi-
tion
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(a) Finite element mesh (conventional method,
459 QUAD{ elements, 520 DOF), (m)

(b) Finite element mesh (conventional method,
1234 QUAD4 elements, 1330 DOF), (m)

(c) Finite element mesh (homogenization tech-
nique, 32 DOF for microscale model, 121
DOF for macroscale model), (m)
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Table 3 Concrete-steel composite and thermal
conductivity matrices(W/mK)
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(c)
Fig. 8 (a) (T—T,)/(T,—T,) resulted from the mesh
of Fig. 7(a) (conventional method, 520
DOF)
(®) (T—T,)/(T,—T,) resulted from the mesh
of Fig. 7(b) (conventional method, 1330
DOF)

(c) (T—Ty)/(T,—T,) resulted from the mesh
of Fig. 7(c) using homogenization tech-
nique (32 DOF for microscale model, 121
DOF for macroscale model)
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