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Solution to Shape Identification Problem
of Unsteady Heat-Conduction Fields

Eiji KATAMINE™, Hideyuki AZEGAMI and Yasuhiro MATSUURA

** Gifu National College of Technology, Dept. of Mechanical Engineering,
Shinsei~cho, Motosu-gun, Gifu, 501-0495 Japan

This paper presents a numerical analysis method for shape determination problems of unsteady
heat-conduction fields in' which time-histories of temperature distributions on prescribed subboun-
daries or time-histories of gradient distributions of temperature in prescribed subdomains have
prescribed- distributions. The square error integrals between the actual distributions and the
prescribed distributions on the prescribed subboundaries or in the prescribed subdomains during the
specified period of time are used as objective functionals. Reshaping is accomplished by the traction
method that was proposed as a solution to shape optimization problems of domains in which
boundary value problems are defined. The shape gradient functions of these shape determination
problems are derived theoretically using the Lagrange multiplier method and the formulation of
material derivative. The time-histories of temperature distributions are evaluated using the finite
element method for space integral and the Crank-Nicolson method for time integral. Numerical
analyses of nozzle and coolant flow passage in wing are demonstrated to confirm the validity of this
presented method.
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Fig. 1 Determination problem of domain with
prescribed temperature on prescribed subboundary
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Fig. 2 Determination problem of domain with pre-
scribed temperature gradient on prescribed subdo-
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Fig. 4 Shape determination problem of coolant flow
passage in wing
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Fig. 5 Objective temperature distributions of coolant flow passage problem
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Fig. 6 Results of temperature distributions in the coolant flow passage problem

EeMby s ERLL. ZOMEICSIT A’ 722U, Eg, RO LI TEESN TV A,

PRI L B o Gy g S g
Eq, =Eg,(Vé ~gp, V¢ —

51 EME EHEDMELE 2 ORY, T @ ~Bap (¥4 =85, V4~ Io)

BB, EEEBON CBEARAERS =] (F9=) (F6-40) d= ()

Op N o MEINALMET e SDEE B 2ot a(g0), Hpew). ow). dw) O B
Bt=0d5t="T BT 5IENGE 2 TEER/N LU . FEIHEE w 0BT 5 BEEME0E
{ERIEIERD & ) st s s, HLRRETH D,
Given 2 and 3.2 ﬁéﬁk@ﬁﬂ%ﬁﬁ Z DA D Lagrange ﬂﬁgﬁ
. ) ' L(¢,w,T:) #52T, $EREHICHT 2 L OEBEH
k, p, ¢, f, ¢ ¢ ¢o : fixd in space  (15) I #5ET 2 L R0 &5 10EBLRS 09

find 2, or To(2) e D (16) i
A -
thot pinimon | S o 07) [ o) + b)) — dlw) }
4]
T

subject to. [ {afg ) + 8¢ - {6 0) + 6 0) — 2B, (99,9 — )}
0

—c(w) -d(w)} dt=0 $e¥, Vwe W,(18) He (V) @)

~—230—




EEEBEINEC B 3 BIRACHEOEE 231

Objective domain

Initi

Converged domain
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Fig. 10 Shape determination problem of nozzle
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Fig. 11 Objective temperature gradient distributions of nozzle problem
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Fig. 12 Results of temperature gradient distributions in the nozzle problem
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