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Extended Abstract

High-precision temperature measurement is crucial to the performance and safety of the aircraft engine. The harsh
environment of acrospace engines poses great challenges to temperature measurement technology. Traditional temperature
measurement technologies include thermocouples, infrared temperature measurement, etc. Thermocouples are intrusive and
difficult to install in rotating components. Infrared temperature measurement technology is significantly affected by the
complex gas atmosphere of aircraft engines and changes in emissivity of hot-end components. The above problems can be
resolved using phosphor thermometry technology, which is a technology with great potential to be applied to aerospace
engine temperature measurement.

There are two methods of phosphor thermometry, lifetime decay method and fluorescence intensity ratio (FIR) method.
Lifetime decay method utilizes the relationship between lifetime and temperature to measure temperature by monitoring the
lifetime of phosphorescence. The FIR approach compares the emission intensities of two wavelengths that
correspond to thermally coupled energy levels to determine temperature. The FIR method is independent of
spectrum losses and fluctuations in the excitation intensity. However, the narrow energy gap of the thermally coupled
energy levels leads to low temperature measurement sensitivity. In order to improve the temperature measurement sensitivity,
previous research has been done. Some new thermally coupled levels and non-thermally coupled levels were constructed [1-
3]. The energy gap and the relative sensitivity were greatly improved by modifying the host’s composition [4]. The relative
temperature sensitivities and temperature resolutions were compared for different intensity ratios of the non-thermally
coupled levels [5]. However, how to obtain the optimal working wavelength couple for high-precision temperature
measurement is still unclear.

In this paper, we started from the temperature measuring requirements of aero-engine hot-end components, considered
the strong thermal radiation in the aero-engine environment, and established an evaluation system for working wavelength
couples based on error theory. A working wavelength couple optimization method suitable for high-precision phosphorescent
temperature measurement in high-temperature environments was proposed, and verified using the temperature-changing
spectral data of YAG: Dy.

First, an error analysis was conducted, and the total error was divided into systematic error and random error. Based on
the total error requirements, both systematic error and random error were limited to less than 0.5%. The average value and
difference of 20 experiments were taken to evaluate the systematic error and random error respectively. Then, the effect of
background radiation at high temperatures is reduced by selecting short wavelengths and offset correction. Furthermore, the
evaluation system for working wavelength couples was established. Random errors are mainly caused by thermal radiation
at high temperatures. To improve the temperature measurement performance at high temperatures, among the working
wavelength couples that meet the system error requirements, choose the one with the smallest random error. Finally, the
optimized working wavelength couples and typical wavelength couples of thermally coupled energy levels are compared to
evaluate the effectiveness of the optimization method.

The results show that the maximum system error of the phosphorescent sample was reduced from 2.68% to 0.37% after
optimization. The relative sensitivity and absolute sensitivity of the optimized working wavelength couples were
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significantly better than those of typical wavelength couples of thermally coupled energy level. The optimization method
of working wavelength couple proposed in this study can significantly improve the error and sensitivity of temperature
measurement.
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