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Boundary Shape Determination on Steady-State Heat Conduction Field

Eiji KATAMINE, Hideyuki AZEGAMI and Masami KOJIMA

This paper presents a practical method of numerical analysis for boundary shape design of
steady~state heat conduction fields to control temperature distribution to a prescribed distribution.
Reshaping was accomplished by the traction method that was proposed by one of the authors as a
solution to domain optimization problems in which elliptic boundary value problems were defined. In
this paper, we formulated a temperature square error norm minimization problem between pre-
scribed distribution and actual distribution on prescribed boundaries and theoretically derived shape
gradient function for this problem. We developed a convenient numerical method using a general-
purpose FEM program for the temperature prescribed problem. The successful results for two-
dimensional problems of a erosion surface on blast furnace hearth and a coolant flow passage in
turbin blade show the validity of the presented method.

Key Words: Inverse Problem, Optimum Design, Numerical Analysis, Heat Conducticn; Finite-
Element Method, Domain Optimization, Shape Identification, Traction Method
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kij ¢,inj=: -h( ¢- ¢f)

kij B,i n=q,

Fig. 1 Boundary value problem of steady-state heat
conduction field
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Fig. 2 Algorithm using general-purpose FEM code
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Fig. 3 Shape estimation problem of erosion surface
on blast furnace hearth
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Fig. 4 Target shape and temperature distribution
for shape estimation problem of erosion surface on
blast furnace hearth
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Fig. 5 Results for shape estimation problem of erosion surface on blast furnace hearth : Comparison between -

shapes, temperature distributions (upper) and distributions of shape gradient density function (lower) at

initial state (left) and at converged state (right)
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Fig. 6 Results for shape estimation problem of
erosion surface on blast furnace hearth : Iteration
history of objective functional
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Fig. 7 Shape optimization problem of coolant flow
passage in turbin blade
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Fig. 8 Results for shape optimization problem of coolant flow passage in turbin blade : Comparison between

shapes, temperature distributions (upper) and distributions of shape gradient density function (lower) at

initial state (left) and at converged state (right)
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Fig. 9 Results for shape optimization problem of
coolant flow.passage in turbin blade : Iteration his-
tory of objective functional
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Fig. 10 Results for shape optimization problem of
coolant flow passage in turbin blade : Temperature
distribution on boundary of turbin blade
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