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Abstract

A novel technique was developed to rapidly and precisely measure the thermal conductivity of large—

area vacuum insulated panel ( VIP) . In the newly-developed technique the heatflow sensors were embedded inside

the VIP. The theoretically calculated numerically simulated and experimentally evaluated results strongly support

the new method. In measurement calibration genetic algorithm and BP neural network were used to solve the nonlin—

ear problems involved in dependence of VIP’ s thermal conductivity on frequency characteristics; and the non-inear

compensation results in a precision better than 1% . When it comes to nonlinear compensation genetic neural net-

work outperforms the conventional least-square method in many ways including smaller error higher precision and

better global optimization ability. The test results show that the novel technique is capable of measuring the VIP’ s

thermal conductivity rapidly precisely easily and at a low coat.
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Fig. 2 Contour—plot of VIP’ s temperature field distribution in thermal radiation at different pressures
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Tab.1 Frequency characteristics of VIP’ s standard plate and thermal conductivity
/Hz
/mW/(m * K) | 5 3 4 5 p /M2
2.92 21.12 21.29 21.23 21. 68 21.98 21.45 21. 46
3.25 24.67 25.04 24.37 24.57 24.78 24.74 24.70
3.46 26. 12 26.76 26. 45 26.74 26.52 26.47 26.51
3.93 28.48 28. 66 28. 67 28.6 29.02 28. 62 28. 68
4.27 30. 12 30.72 30. 46 30. 56 29.98 30. 34 30. 36
4.99 33.62 33.72 33.93 33.89 33.92 34.16 33.87
5.58 37.12 36.74 36. 81 36.89 36.9 36.62 36. 85
5.96 39.23 39.34 39.27 39.54 39.43 39.33 39.36
6.32 42.12 42.43 42.29 42.33 42. 46 42.39 42.34
6.78 46. 87 46. 64 46.53 46. 88 46. 68 46.48 46. 68
7.12 48.67 51.07 51.22 50. 87 50.9 50. 98 50. 62
7.52 53.21 56. 13 56. 54 56.32 56. 16 56.39 55.79
8.23 60. 25 60. 38 60. 49 60. 74 60. 63 60. 35 60. 47
8.91 63. 68 63. 85 63.78 63.93 63.73 63.52 63.75
9.72 67.52 67.37 67.48 67.36 67.29 67.3 67.39
10. 66 72.2 72.32 72.43 72.5 72. 64 72.67 72.46
11.03 75.78 5. 66 75. 67 76. 06 75.48 75.6 75.71
11.6 81.02 80. 62 80.8 80. 89 80.73 80. 65 80.79
12.97 93.4 93.51 93.59 93.62 93.72 93.87 93.62
13. 67 98. 63 98. 58 99.12 98.43 98. 67 98. 86 98.72
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Tab.2 Measured results with LSM and GNN compensation models
LSM LSM GNN GNN
/mW/( m * K) /mW/(m * K) (LSM ) /mW/(m * K) ( GNN )
1 3.41 3.52 3.23% 3.44 0.88%
2 3.72 3.67 -1.34% 3.74 0. 54%
3 3.98 4.08 2.51% 3.95 -0.75%
4 4. 66 4.69 0. 64% 4.68 0.43%
5 4.67 4.76 1.93% 4.64 -0.64%
6 5.98 6. 08 1.67% 6.03 0. 84%
7 7.8 7.61 -2.44% 7.86 0.77%
8 9.38 9.62 2.56% 9.47 0.96%
9 11.39 11. 81 3.69% 11.44 0. 44%
10 13.76 13.12 -4.65% 13.72 -0.29%
=( - )/ x 100%
2 VIP VIP
GNN GNN
+1% LSM LSM
STC12C5A60S2 VIP
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