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Measurements of Supersonic Gas Flow Based on
Laser Absorption Spectroscopy
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Abstract: In order to study the application of tunable diode laser absorption spectroscopy technology in the
industrial environment, the supersonic gas flow in the isolator of direct—connected scramjet test facility can be
studied via wavelength modulation spectroscopy technology. The real-time and on—line measurement of velocity
in the high—speed gas flows can be realized after calibrating the frequency and calculating the Doppler shift of two
H:0O absorption transitions (7185.60cm " and 7454.45¢cm™") . The most relative error is 3% compared with the
predicted value. The simulation database can be created based on the spectroscopic parameters and laser modula-
tion parameters of two H>O absorption transitions. Frequency division multiplexing technology is adopted to mea-
sure gas temperature and concentration in the isolator. Compared with the predicted value, the results have a
good agreement and the most relative errors are 4% and 12% respectively, which proves that the method is rea-
sonable and reliable in the engineering application. It not only can achieve the real-time measurement at the
same time, but also validates the application effects in the harsh environment.
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Fig.1 Schematic of velocity measurement
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Table 1 Spectroscopic parameters of H,O absorption transitions

v, /em™ E" Jem™ S(296K) /(cm™+MPa™) Yad(cm™ - MPa™) N Yol (em™ - MPa™) N
7185.6 1045.06 1.88x10™ 0.41 0.65 2.05 0.59
7454.45 1962.51 1.73x107° 0.323 0.37 1.98 0.56
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Table 2 Laser modulation parameters

Modulation

viem™ io alem™  /m
frequency/kHz

7185.60 180 0.025 0.0156 1.394

7454.45 240 0.058 0.0136 1.181
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