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Table 1 The temperature sensitivity of plate problem

Time Node 63 Node 42 Node 20
Difference  Direct  Error/% Difference Direct Error/% Difference Direct Error/%
20 0.1108 0.1102 0.541 2.43%x1075  2.42x1075 0.412 —0.2227 —0.2205 0.997
40 0.2212 0.2202 0.452 9.70x1075  9.65x10~5 0.515 —0.4447 —0.4402 1.011
60 0.3314 0.3297 0.513 2.18x10~%  2.17x1074 0.459 —0.6659 —0.659 3 0.991
BO0 2 AR v R IR R R R .
2 R A BB B, o,y 0 E 75 T
RILTMEME. A TOCTE, 7MY XL D s — —p
A 1.0mx1.0m K75 B XK. A RE KPS H- -
b= b= 1W/mK, pe, = pey = 13/(m" K). A2 I N N A A A
BA T, =273+0.01K, L =0.25J/ke, ®IHEE .
¥)5 Ty = 273.3K, sa 4. CD Fl BC il A4 P - L -
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RBEAEOERLE 2, FHIHT 21,22,23 4 - - -
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. ZN B RBEITREERERE, 5Z0%
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Fig.2 Condensation problem of corner area
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Table 2 The temperature sensitivity of corner problem

Time Node 21 Node 22 Node 23

Difference  Direct  Error/% Difference Direct Error/% Difference Direct Error/%
0.001 0.4755 0.4787 0.672 —0.0344 —0.0346 0.581 —0.00028  —0.00028 0
0.002 0.7596 0.763 1 0.461 —0.1212 —0.1220 0.660 —0.00155 —0.00154 0.645
0.003 0.9145 0.9167 0.241 —0.2340 —0.2357 0.726 —0.00453 —0.00451 0.441
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5.75W/(m?-°C). 411 #fE 55K T, = 240 W/(m-°C),
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T,, = 696 + 1°C, %P p = 2707kg/m?, HLHE

cs = 896J/(kg-°C), e = 1050J/(kg-°C), AHHZ %

L = 3956440 J /kg. HATFHR s, 23 51 75 [ 25 F1 8
A BB A MXIARE, FUBOL 1/2 #m
W, AT 5.
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Fig.3 Flywheel model
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Fig.4 Geometry of the cross section of flywheel
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Fig.6 Temperature distribution at 200s for the original design
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SENSITIVITY ANALYSIS AND DESIGN OPTIMIZATION METHODS FOR
PROBLEMS OF HEAT TRANSFER WITH PHASE CHANGE"

Gu Yuanxian

Zhou Yetao

Zhao Guozhong?)

(State Key Laboratory of Structural Analysis for Industrial Equipment, Department of Engineering Mechanics,
Dalian University of Technology, Dalian 116024, China)

Abstract The design optimization and sensitivity analysis methods for the problems of transient heat transfer

with phase change have been researched in the paper. On the basis of phase-change temperature field solution

with the finite element, time difference, and equivalent heat capacity methods, the numerical method to compute

the first-order derivatives of temperature with respect to design variables is proposed. Two computational

schemes of the direct method and the adjoint method have been given, and their characteristics have been

discussed. The optimization model and algorithm are built for the transient temperature filed with phase

change. These methods have been implemented within the software JIFEX for finite element analysis and

design optimization. The numerical results of example problems are given to illustrate the accuracy of sensitivity

analysis and the effectiveness of design optimization.
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