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Error analysis of surface heat flux estimation
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Abstract: For the engineering surface heat flux estimation problem, it is often expected to
roughly and quickly account the estimation error according to the measurement accuracy in
advance so as to optimize the measurement system. So, in this paper, the estimation error of the
heat fluxes with single frequency are quantitatively analyzed and a response surface model
between the estimation error and the frequency and measurement accuracy is built. Furthermore,
the cases of multiple-frequency combined heat flux are concerned, and due to the frequency
analysis it is shown that the low-frequency component can be inversed with high accuracy and the
high-frequency component is the key reason leading to the estimation error. Then, the estimation
error can be roughly accounted through the function of the estimation error with respect to
measurement accuracy under high-frequency circumstance. Based on this idea, the heat flux
components with different frequencies are transformed and uncoupled in the frequency fields, and
by utilizing the Parseval’s theorem, the power percentage of the components can be calculated
and employed to develop the estimation error accounting method for the combined heat flux.
Finally, some examples are presented and the results show that the error accounting method is
feasible and effective.

Keywords: surface heat flux estimation; frequency analysis; multiple-frequency combined
heat flux; estimation error
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Fig.2 Comparison of measurement temperature
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Table 1 Mean error of estimated heat flux with different frequencies for different noise standard devition levels
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0.1T mean 7.918 681 9X10 2 4.761 258 9X 10 2 7.295 066 9X 10 2 0.183 017 9 0.413 868 3
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Fig.4 Comparison of calculated and predicted

estimation error for 7 Hz heat flux
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and frequency domain for heat flux b
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Table 2 Comparison of calculated and predicted mean error for estimated multiple-frequency combined heat flux
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