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Optimization of Heat-Transfer Coefficient Distribution for Relaxation
of Thermal Stress in a Rotating Disk by Genetic Algorithm
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*3 Department of Mechanical Engineering, Iwate University,
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Heat-transfer coefficient distributions on both surfaces of a rotating disk are optimized to
minimize Mises equivalent thermal stress by the combined use of genetic algorithm and analytical
solutions to transient heat conduction and thermal stress problems in the rotating disk subjected to
local heat generation near the outer radius. The transient temperature field in the rotating disk with
arbitrary, radial change in the heat-transfer coefficient distribution is analyzed by the application of
Vodicka’s method. The optimized heat-transfer coefficient distributions show three patterns of
distribution depending on the heat-transfer coefficient on the outer radius, the disk thickness and the
area of the heat generation. Furthermore, it is discussed whether it is possible to realize the
optimized heat-transfer coefficient distributions or not.
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Fig. 1 Analytical model for a rotating disk with arbitrarily

variable heat-transfer coefficient
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Fig. 2 Coding of a chromosome
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Table 1 Specifications of GA
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Scaling Power scaling
4. BEFRHEEER
Y, ROBITERZEAT 5.

c=rir,, t=r!r}, T(c.20)=T,(rt)/T,, 0=0r} IT,A

0y =0,/ EsayTy, By =hury/ A, Boy =hour, /A (20)
ZZ7T, B,,B, dRIMIEOEA—E, E, 00ld#]
HIBEICBI 5V JREBERITHY, 11D
LHEEEETHS. T, WNIMIEDEREEERZ
BL L. BIEEEZETITI IO DOEREIE B
LT, ROEERAT .

b=b/r,=0.01,0.05, §=T./T,=0, B, =<,

B,,=0.1,1,10, 0=1,5,10, r,/r, =0.1, @1

r/r,=0.73,0.85
FRMENCIE TR 7 VI U L2RAL, MER
BEMI A& Uk, ARESTE TR, HnTw
BEIDERADEGERE S, KEIHS _WHERT «
A7 TL—Fu—20¥EO, MR OBEERH
OHEL THREmO LA -V 04EEL BT &

NI | -Electronic Library Service



The Japan Soci ety of Mechanical Engineers

[ETEE FI AR D BE AR % B L 7 BAE RS0 DRI 7V I ) X LIS & % RETL 1443

Mo, &0 5% B OLBETHS B, %2 1 & LT
I, BUEESRMEL LT, 5=005, B, =1,
0=10, ry/r, =0.73 ZRA LB EORE A 55
R 3@ISRT. HPICE GAIK &3 BE({katEI
BHLAHEHABLRLTWS., BRERELEEORL
£>0.64 &, REBEMFBED 01<KL0.19CBNTHERVWE
F—EEEFD, 028<(<046ICBNTENWE A —%
RLUTWD. K3b)EIEEEHYIEHSHEZRLTS
D, EAROmBREHRERE O A — B, A —EE
LODBE, ERIBELINCA—ErHORs
DTS5 TTH5. BE—EMLLIEE, BORE
FD FRETH 5 B=1.0 DBEFIBUSHIB/NMNC TS
N, BmER (EA4A—8 2HOREIcE>T, B

1.2

1k
08 [

06 [

Biot number

0.4

0.2 [ Generation number:163 ]

%102 04 08 08

4

(a) Optimized Biot number distribution

0.1 . : r
— Optimized Biot number DO
---- Constant Biot number 1.0 ,:ﬁ'

0.08

-\ Steady-state
006 et

Dimensionless equivalent stress

(b) Equivalent stress distribution

0.2 r T r
——Optimized Biot number

] ---- Constant Biot number 1.0
2 -/ 1=0.05
s 015} Steady-state /4 =00 4
g f
t 01k b
° 1=0.01
c g
.° /,,‘
% 005 [ s =0.005 -
£ & ]
(=] 7=0.001

0 e —— . .

01 02 0.4 0.6 0.8

4

(c) Temperature distribution

Fig. 3 Optimal results for b =0.05 , Boy=1,

Q =10 and r/r,=0.73
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Fig. 4 Optimal results for b=0.05 , Bow=10,

Q =10 and ry/r,=0.73
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Fig. 5 Optimal results for b=0.05 , Bow=0.1,
0 =10 and ry/r,=0.73
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Fig. 6 Optimal results for b=0.05 , Bou=1,

Q =10 and ry/r,=0.85
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Fig. 7 Optimal results for b=0.01 s Bom=1,

Q =10 and rv/r,=0.73
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Fig. 9 Flow of air over a heated rotating disk
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