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Abstract: A general numerical model is presented for the interval inverse transient heat conduction problem
with interval parameters. The homotopy method and interval finite element method based on the element and
interval extension theory were used. The inverse problem was formulated implicitly as an optimization problem
with the homotopy functional of squared residues between calculated and measured quantities. A time stepping
scheme was used for transient analysis. An eight-point finite element model was given with interval finite element
method based on the element. Single and combined identifications can be carried out for thermal parameters and
boundary conditions etc., taking account of inhomogeneity and parameters distribution. Satisfactory numerical
validation was given. The results show that the proposed numerical model can be applied to solve the inverse heat
conduction problem with interval parameters in a transient state, showing its high computational precision and
efficiency.
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Table 2 The effects of data noise on the inverse solution for homogeneous material when & and ¢ were unknown

SAE( o =0.0)

S HE( o =0.01)

S HAE( o =0.05)

AR
By /B,/B; By B, Bs B B B
i DX [ [18.00,22.00] [18.08,22.10] [18.08,22.10] [18.08,22.10] [18.38,22.50] [18.38,22.50] [18.38,22.50]
T 5 At 20.00 20.09 20.09 20.09 20.44 20.44 20.44
q I ) gt [1800,2200] [1824,2230] [1824,2230] [1824,2230] [1920,2351] [1920,2351] [1920,2351]
iff 7 il 2000 2027 2027 2027 2135 2135 2135
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Table 3 The effects of data noise on the inverse solution for homogeneous material when & and 7 were unknown
et S (o =0.0) A (o =0.01) SHEAE( o =0.05)
B B1/B,/Bs B By Bs B B Bs
P XA [18.00,22.00] [17.72,21.67] [17.72,21.67] [17.72,21.67] [16.63,20.42] [16.63,20.42] [16.63,20.42]
i A 20.00 19.69 19.69 19.69 18.53 18.53 18.53
7 KIAf#  [0.900,1.100] [0.9512,1.148] [0.9512,1.148] [0.9512,1.148] [1.169,1.352] [1.169,1.352] [1.169,1.352]
Tif A 1.000 1.050 1.050 1.050 1.260 1.260 1.260
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Table 4 The effects of data noise on the inverse solution for heterogeneous materials when k& was unknown
e SiifE( o =0.0) (o =0.01) R i{H( o =0.05)
o B1/B,/Bs B B Bs B B> Bs
K 5 0 it [18.00,22.00] [17.48,21.47] [17.48,21.47] [17.48,21.47] [15.48,19.42] [15.48,19.42] [15.48,19.42]
iff o fi# 20.00 19.47 19.47 19.47 17.45 17.45 17.45
, 5 [0 it [27.00,33.00] [26.58,32.51] [26.58,32.51] [26.58,32.51] [25.01,30.63] [25.01,30.63] [25.01,30.63]
iff 7 fi# 30.00 29.55 29.55 29.55 27.82 27.82 27.82
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Table 5 The effects of data noise on the inverse solution for heterogeneous materials when k£ and g were unknown
s (o =0.0) At ( o =0.01) R o =0.05)
" B1/B,/B; B B, B; B B, Bs
k, X a] it [18.00,22.00] [18.08,20.08] [18.08,20.08] [18.08,20.08] [18.38,22.38] [18.38,22.38] [18.38,22.38]
iff 72 fi# 20.00 20.07 20.07 20.07 20.38 20.38 20.38
k, X [a] gt [27.00,33.00] [27.10,33.13] [27.10,33.13] [27.10,33.13] [27.49,33.62] [27.49,33.62] [27.49,33.62]
iff 72 fi# 30.00 30.11 30.11 30.11 30.56 30.56 30.56
7 I il & [1800,2200] [1824,2229] [1824,2229] [1824,2229] [1919,2347] [1919,2347] [1919,2347]
iff 72 fi# 2000 2027 2027 2027 2133 2133 2133
0 X [a] gt [2700,3300] [2735,3343] [2735,3343] [2735,3343] [2874,3515] [2874,3515] [2874,3515]
iff 72 fi# 3000 3039 3039 3039 3194 3194 3194
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