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1. Source Term Identification in Inverse Heat Conduction Problem Using Variable
Metric Method, Presented at International Symposium on Computing in Science
and Engineering, 3-5 June 2010, Kusadasi, Turkey.
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X Method Version Objective RMS Iteration
Function Error(%o)

0.1 VMM BFGS 9.7950e-008 0.0230 184
SR 1 9.7940e-008 0.0229 164
CGM Polak-Ribiere 9.9770e-008 0.0253 273
0.2 VMM BFGS 9.9696e-008 0.0582 202
SR 1 8.5484e-008 0.0567 151
CGM Polak-Ribiere 9.9680e-008 0.0402 428
0.3 VMM BFGS 8.7417e-008 0.1363 216
SR 1 8.9060e-008 0.1314 141
CGM Polak-Ribiere 9.9143e-008 0.0800 545
0.4 VMM BFGS 9.1064e-008 0.2380 230
SR1 9.4356e-008 0.3004 122
CGM Polak-Ribiere 1.7462e-007 0.1684 479
0.5 VMM BFGS 9.0171e-008 0.3953 226
SR 1 7.5986e-008 0.4642 114
CGM Polak-Ribiere 9.9770e-008 0.2583 532
0.6 VMM BFGS 8.6433e-008 0.7827 174
SR1 8.7703e-008 0.6788 96
CGM Polak-Ribiere 9.2604e-008 0.4157 522
0.7 VMM BFGS 9.2759e-008 1.2303 174
SR 1 8.9735e-008 1.1691 73
CGM Polak-Ribiere 9.8789¢e-008 0.9792 340
0.8 VMM BFGS 9.3043e-008 1.9885 170
SR1 9.9503e-008 1.6894 65
CGM Polak-Ribiere 9.7789e-008 1.5686 509
0.9 VMM BFGS 7.4879e-008 2.2095 193
SR 1 5.4807e-008 2.1653 81
CGM Polak-Ribiere 9.8870e-008 1.9665 476
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X, Method Version Objective RMS Iteration
Function Error(%o)

0.1 VMM BFGS 9.6589e-008 1.0283 268
SR 1 9.9498e-008 1.0304 219
CGM Polak-Ribiere 2.4227e-007 1.1852 328
0.2 VMM BFGS 9.7126e-008 1.7357 334
SR 1 8.6698e-008 1.7154 197
CGM Polak-Ribiere 1.1348e-007 1.7845 635
0.3 VMM BFGS 9.9961e-008 2.3432 347
SR 1 8.9098e-008 2.3184 178
CGM Polak-Ribiere 2.0654e-007 2.5021 586
0.4 VMM BFGS 9.8810e-008 2.9099 339
SR 1 8.0173e-008 2.8634 173
CGM Polak-Ribiere 1.5009e-007 3.0081 618
0.5 VMM BFGS 8.8537e-008 3.4491 300
SR 1 8.6753e-008 3.4439 150
CGM Polak-Ribiere 2.1186e-007 3.6393 747
0.6 VMM BFGS 8.6041e-008 4.0681 270
SR 1 8.6023e-008 4.0625 135
CGM Polak-Ribiere 1.5817e-007 4.1955 620
0.7 VMM BFGS 9.2576e-008 49739 208
SR 1 8.2502e-008 4.9926 115
CGM Polak-Ribiere 1.3752e-007 4.9294 770
0.8 VMM BFGS 9.6137e-008 5.7190 230
SR 1 7.2985e-008 5.7420 104
CGM Polak-Ribiere 1.0519e-007 5.6233 635
0.9 VMM BFGS 9.2103e-008 6.5686 244
SR 1 9.3354e-008 6.4979 128
CGM Polak-Ribiere 9.9410e-008 6.4447 536
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Ste Method Version Objective RMS Iteration
Function Error(%o)

0.5 VMM BFGS 9.7950e-008 0.0230 184
SR 1 9.7940e-008 0.0229 164
CGM Polak-Ribiere 9.9770e-008 0.0253 273
1 VMM BFGS 9.6765e-008 0.0340 220
SR 1 9.6987e-008 0.0343 187
CGM Polak-Ribiere 2.2419e-007 0.0416 255
15 VMM BFGS 9.7233e-008 0.0503 264
SR 1 9.5466e-008 0.0502 198
CGM Polak-Ribiere 1.2945e-007 0.0479 359
2 VMM BEGS 9.4445e-008 0.0732 270
SR 1 9.4234e-008 0.0731 195
CGM Polak-Ribiere 2.0053e-007 0.0739 325
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Ste Method Version Objective RMS Iteration
Function Error(%o)

0.5 VMM BFGS 9.6589¢-008 1.0283 268
SR1 9.9498e-008 1.0304 219
CGM Polak-Ribiere | 2.4227e-007 1.1852 328
1 VMM BFGS 9.8021e-008 1.0316 329
SR1 9.4401e-008 1.0272 252
CGM Polak-Ribiere | 1.8871e-007 1.1488 389
1.5 VMM BFGS 9.8504e-008 1.0320 437
SR1 9.6488e-008 1.0295 295
CGM Polak-Ribiere 1.5314e-007 1.1328 480
2 VMM BFGS 9.9327e-008 1.0336 421
SR1 9.8167e-008 1.0319 295
CGM Polak-Ribiere | 3.2644e-007 1.2153 453
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o Method Version Objective RMS Error(%)
Function

0 VMM BFGS 9.6589¢-008 1.0283
SR1 9.9498e-008 1.0304
CGM Polak-Ribiere 2.4227e-007 1.1852
0.002 VMM BFGS 1.9948¢-006 0.6218
SR1 1.9895¢-006 0.6224
CGM Polak-Ribiere 1.9989¢-006 0.6177
0.005 VMM BFGS 1.2432¢-005 0.8208
SR1 1.2425¢-005 0.8170
CGM Polak-Ribiere 1.2480e-005 1.0486
0.1 VMM BFGS 0.0049 1.9264
SR1 0.0049 1.8607
CGM Polak-Ribiere 0.0050 2.2127
0.2 VMM BFGS 0.0200 1.9112
SR1 0.0200 1.8877
CGM Polak-Ribiere 0200 2.0964
0.3 VMM BFGS 0.0444 2.7614
SR1 0.0444 2.7705
CGM Polak-Ribiere 0.0445 3.1589

VY




-14

Ry
wan\dﬁ qmg’}qﬁﬁ&mﬁhuﬁm
i &
-16 »fi
f
18} %\\\ J |
N,
20F B ). i
b /
& 22 y F 1
Q0 % &
T o) \ 4 1
% e
\\h“\ 4:?
261 i
’\.{\% é[ Exact
—-=—5=0.005
-28 4 =02 |
Vi ---=03
_30 | N‘.{ | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
Time
|
'8 T I T I
N . o Exact
et Ty Fio TR, w —= - Sigma=0.005
-10[% o bu,u*ﬁ.,‘%“ F‘* z“\naﬂ..w 1‘,% F’\],a . F%ﬂﬂbn%ﬁﬂ\H Sigma=02 ||
; ; A 1! - - Sigma=0.3
’ e
-12 al _
i
y
|
H
5 -14- ‘. -
[ b
‘la ]
T 6L % i
i
i
.18 “ _
LR :
15, o .
-20- :dqﬂgaﬁasﬂﬁ&u\nzpﬂq‘f\uﬂ"‘ J'a-g:i‘fﬂ\f\’aj‘\f‘ 'F\u"?\ F\EE}‘\
_ | | | | |
22 0.05 0.1 0.15 0.2 0.25 03
Time

Gl el s (g e )i (Gl gog5 ,o Loliae! alisee pyolie clil 4y ), Lo

YA

S5 L (Y-8 IS



)L..u 59,9 L_SLQOO‘& B uuLm...c‘ ol B )Lu Sjy90 (_SLDJ)SJ 9 Uas .la.w}a.o RV el) )JOLQ.A (o(—?) J5u\.’>

slab
o Method Version Objective RMS Error(%o)
Function
0 VMM BFGS 9.6589e-008 1.0283
SR1 9.9498e-008 1.0304
CGM Polak-Ribiere 2.4227e-007 1.1852
0.002 VMM BFGS 1.9927e-006 1.4781
SR 1 1.9975e-006 1.4787
CGM Polak-Ribiere 1.9910e-006 1.5024
0.005 VMM BFGS 1.2497e-005 1.8561
SR1 1.2494e-005 1.8566
CGM Polak-Ribiere 1.2496e-005 2.0044
0.1 VMM BFGS 0.0050 3.5473
SR 1 0.0050 3.5994
CGM Polak-Ribiere 0.0050 3.9417
0.2 VMM BFGS 0.0200 4.2626
SR 1 0.0200 4.2674
CGM Polak-Ribiere 0.0199 4.7099
0.3 VMM BFGS 0.0444 5.1401
SR 1 0.0444 5.1509
CGM Polak-Ribiere 0.0450 5.4916
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Abstract:

Today, Inverse heat transfer problems (IHTP) are considered by many scientists in different
branch of technologies. The solidification of metal is one of the applications of this method.
In solidification the quality of the material is mainly depend on interface velocity.
Therefore, by controlling this parameter during the solidification process we can get a
desired quality. The aim of solving inverse problems in solidification processes is to
estimate the heat flux in boundaries so that the desired quality is obtained.

Different methods are suggested for solving IHTP in solidification. The Conjugate Gradient
Method (CGM) is known to be the best method until now. The Variable Metric Method
(VMM) which is experienced in this investigation is found to have higher convergence rate
and accuracy between the other methods of IHTP. Here, the VMM is used to control the
solidification of pure material. Also to decrease the cost of solution, the enthalpy
formulation is applied to solve the direct heat transfer problem.

For evaluating the VMM performance, the results for various parameters, affecting the
inverse solution, has been compared with CGM. The obtained results indicate that the

VMM has more efficient than the CGM in solving inverse problem of solidification.

Key words: Inverse heat transfer problems (IHTP) - Variable Metric Method (VMM) -
Conjugate Gradient Method (CGM) - solidification of pure material- enthalpy formulation
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