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Fig. 1. Stimulation of S6 model convolved with instrument

function corresponding to 2, 4, and 6 atm.
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Fig. 2. Setup of measuring spontaneous Rayleigh-Brillouin scattering spectra of No at the scattering angle of 90°.
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Abstract

The gas pressure is an important parameter describing the status of system and relating to many properties of physics
and chemistry. The traditional intrusive method for pressure measurement has some effects on the gas status and the
measurement accuracy. Therefore, it is desired to develop a non-intrusive method. The spontaneous Rayleigh-Brillouin
scattering (SRBS) is a potential tool for accurate, remote, and non-intrusive pressure measurement. In this paper,
the SRBS spectra are simulated using the Tenti S6 model convolved with the instrument function of the measurement
system at a 90° scattering angle and pressures of 2, 4, and 6 atm (1 atm = 1.01325 x 10° Pa). In order to eliminate
the effect of the instrument function of the measurement system, we propose a deconvolution method by comparing the
traditional convolved SRBS method in this paper. According to the principle of the Wiener filter and the truncated
singular value decomposition method, the Wiener filtering factor can be obtained. And the deconvolved spectra are
obtained by convolving the stimulated spectra with the Wiener filtering factor. We find that the deconvolved spectra
are coincident well with those from the Tenti S6 model without convolving with system transmission function. In order
to compare the accuracy of the convolution method with that of the deconvolution method in experiment, the SRBS
spectra of N2 mixed with aerosols are measured at a 90° scattering angle and pressures of 2, 4, and 6 atm respectively.
The experimentally obtained raw spectra are fitted with the theoretical spectra, which are obtained by convolving the
Tenti S6 model with the instrument function of the measurement system. The relative errors of retrieved pressure are
all less than 6.0%, and the normalized root-mean-square deviation is calculated and found to be less than 6.5%. On
the other hand, the deconvolved spectra are obtained by convolving the experimentally obtained raw spectra with the
Wiener filtering factor and then fitted with theoretical calculated spectra from Tenti S6 model without convolving with
system transmission function. The relative errors of retrieved pressure are all less than 5.0%, and the normalized root-
mean-square error is less than 6.0%. By comparing the two methods, it can be found that the deconvolution method can
eliminate the effect of instrument function of the measurement system and improve the resolution of Rayleigh-Brillouin
scattering spectrum. The performance of fitting and the accuracy of pressure retrieving show that the deconvolution
method is better than the convolution method under lower pressure (<2 atm), but worse than the convolution method
under higher pressure (>2 atm). The comparison result demonstrates that the deconvolution based on the Wiener filter
is likely to be directly applied to the exploring of the properties of the combustor in aero engine, such as pressure profile

retrieval or temperature measurements.
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