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Fig. 1. Experimental setup of spontaneous Rayleigh-Brillouin scattering (SRBS) spectra of Nitrogen.
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Fig. 2. Retrieving of scattering angle from SRBS spec-

trum at 7 bar.
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Fig. 3. Measured spectral of SRBS of Nitrogen corresponding to 1-9 bar, fitting spectra and the error

between them.
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Fig. 4. The retrieved bulk viscosity of Nitrogen corresponding to 2-9 bar.
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Measurement of bulk viscosity of nitrogen based on
spontaneous Rayleigh-Brillouin scattering”

Wu Tao! Shang Jing-Cheng He Xing-Dao Yang Chuan-Yin

(Jiangxi Engineering Laboratory for Optoelectronic Testing Technology, National Engineering Laboratory for Non Destructive
Testing and Optoelectronic Sensing Technology and Application, Nanchang Hangkong University, Nanchang 330063, China)

( Received 13 November 2017; revised manuscript received 27 January 2018 )

Abstract

Bulk viscosity is an important parameter to understand gas viscosity in micro perspective. The traditional ultra-
sound absorbtion method with acoustic frequencies in a megahertz range cannot be directly applied to high frequencies
field, where acoustic waves are in the gigahertz domain. However, gas bulk viscosity at high frequency can be measured by
spontaneous Rayleigh-Brillouin scattering (SRBS) and coherent Rayleigh-Brillouin scattering (CRBS). Recent researches
show that the bulk viscosity of nitrogen measured by CRBS at a wavelength of 532 nm is obviously different from the
values from SRBS in the near-ultraviolet region. In order to obtain accurate bulk viscosity of nitrogen at the wavelength
of 532 nm, the SRBS spectra of nitrogen excited by a 532 nm laser are measured in a pressure range from 1 bar to 9 bar at
the constant room temperature. The measured SRBS spectrum at the pressure of 7 bar is compared with the theoretical
spectrum to obtain optimal scattering angle by using the principle of minimum value of x2. The theoretical spectrum is
calculated by convolving the Tenti S6 model with the instrument transmission function of measurement system. Given
that the effect of pressure on the bulk viscosity is negligible, the bulk viscosity value (1.46 4 0.14) x 107° kgm ™. s™*
of nitrogen at a temperature of 299 K is acquired by averaging the values of bulk viscosity under different pressures
(4-9 bar), each value is obtained by comparing the measured spectra at different pressures with the theoretical spectra
by using the optimal scattering angle and the principle of minimum value of x2. The values of bulk viscosity of nitrogen
over the pressure of 1-3 bar are not considered because of its big deviation compared with the values under higher
pressures (4-9 bar). The results show that the average value of bulk viscosity obtained in our experiment is close to that
from the theoretical calculation and SRBS experiments reported in the literature but different obviously from the bulk
viscosity obtained by CRBS. In order to testify the bulk viscosity of nitrogen measured in our experiment, it is used to
retrieve temperature of nitrogen under pressure ranging from 1 bar to 9 bar. The results show that the absolute error
between the retrieved temperature and the reference temperature under different pressures are all below 2.50 K and the
difference between the average temperature and the reference temperature is less than 0.15 K. This demonstrates that

the measured bulk viscosity of nitrogen in our experiment is accurate and reliable for the gas parameters retrieved by
SRBS.
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