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Study on Mass Flux Measurement Methods of Gas Based on Scanning
Wavelength Modulation Spectroscopy
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Abstract The temperature, H,O concentration, pressure, velocity and mass flux of supersonic gas flow are
measured based on scanning wavelength-modulation spectroscopy method. The simultaneous measurement methods
of multiple parameters of supersonic gas flow in uniform flow filed are studied using the harmonic signals of two
H, O absorption spectral lines. The measurement results based on wavelength modulation spectrum technology can
precisely reflect the gas parameters in the uniform flow field, while the actual flow field often has the boundary
layers. Aiming at the approximate uniform flow field with boundary layer, the numerical simulation is carried out to
study the effect of line selection and boundary layer thickness on the measurement result of core flow in flow field.
The simulation results show that the measurement error increases with the boundary layer thickness, and the
absorption spectral lines which are insensitive to temperature of boundary layers can effectively decrease the
influence of boundary layer. The experiments of supersonic gas flow is carried out in a direct-connected scramjet test
facility isolator, the results show that the measurement method based on wavelength modulation spectroscopy has
high measurement accuracy in strong noise and strong vibration environments. The maximum relative deviation of
predicted value and measured value for temperature, H, O concentration, pressure, velocity and mass flux are less
than 8.2%, 7.2%, 2.0%, 3.1% and 6.4%, respectively.
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Table 1 Gas condition along beam path

Temperature T /K Velocity U /(m/s)  Pressure P /MPa H, O concentration /% Path length L /cm
Core flow 500 1138 0.056 0.21 9.50
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Table 2 Frequency shift, velocity and error from core flow velocity measured by three spectral lines

Frequency vo/cm™ ! Lower state energy E” /em ! Frequency shift Av /em  Velocity U /(m/s) Error from core flow /%
7185.60 1045.06 0.02667 1114. 1 2.10
7454.45 1962.51 0.02662 1071.0 6.45
6806.03 3291.21 0.01868 823.5 27.6
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Table 3 Gas temperature, H,O concentration, pressure and the error measured by different spectral line pairs

Line pair /cm ™' Temperature T /K (error/ %) Concentration X (error/ %) Pressure P /kPa Cerror/ %)
7185.60/7454.45 516.10(3.22) 0.2030(3.33) 58.1403(2.46)
7185.60/6806.03 540.82(8.164) 0.1886(10.19) 61.6259(7.92)
7454.45/6806.03 559.62(11.93) 0.1254(40.29) 74.1091(30.60)
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Fig. 9 Measured results of velocity based on scanned wavelength modulation spectroscopy
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