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Diode Laser Absorption Sensor for Measurements of Temperature and
Velocity in Supersonic Flow

Wang Guangyu Hong Yanji Pan Hu Song Junling
(State Key Laboratory of Laser Propulsion and Application , Academy of Equipment . Beijing 101416, China)

Abstract Tunable diode laser absorption spectroscopy (TDLAS), as a robust non-contact measurement technology,
has exhensive applications in the diagnosis. for harsh environments commonly experienced in combustion and
propulsion flows. A tunable diode laser sensor. which is based on water absorption. has been developed to measure
temperature and velocity in a supersonic ground-test facility simultaneously. Scanned-wavelength direct absorption
spectroscopy and calibration-free wavelength modulation spectroscopy are employed to enable the absolute
measurement. The sensor is tested at the direct-connect supersonic combustion facility which operates at mass flux of
2.5 kg/s, Mach number of 2.0, total pressure from 5.3 to 5.7 atm (1 atm=1.01325X10° Pa) and total temperature
from 1100 K to 1700 K. The measured temperature and velocity agree well with the theoretical model, which
validates the efficiency of the sensor design. The investigative results can provide the technique support for
engineering applications.

Key words sensors; flow diagnostic; tunable diode laser absorption spectroscopy; thermometry; velocimetry;
supersonic test facility
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Table 1 Basic spectroscopic parameters of the two absorption lines

1

Wavelength /nm Wavenumber /cm™

Line strength /(cm ™ ?/atm) Lower state energy /cm™
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Table 2 Flow parameters predicted by LHD facility

()perfit'ion Total Total Isolater static I:%olater H,0 /%
condition temperature /K pressure /atm temperature /K velocity /(m/s)

1 1105 5.7 670 1030 12.1

2 1290 5.4 770 1120 15.5

3 1685 5.3 900 1216 20.1
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