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Cavity-enhance absorption spectroscopy for the measurement of
Oxygen concentration
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(1. State Key Laboratory of Advanced Space Propulsion, Space Engineering University, Beijing 101416, China;
2. Troops 63810, Hainan Wenchang 571300, China)

Abstract: A high-performance oxygen detection system enables real-time online monitoring of critical parameters such
as oxygen concentration and flow velocity within the engine, ensuring optimal operational efficiency. In flow field tests
for engines such as scramjet and aviation engines, the complex environment characterized by high temperatures, pres-
sures, and velocities, along with limited measurement space, poses significant challenges for accurate flow field diag-
nostics. To address these challenges, a device for measuring oxygen component concentration based on cavity-enhanced
absorption spectroscopy (CEAS) was developed. The device features an embedded optical probe design and incorpo-
rates multi-directional adjustment mechanisms at both the transmitting and receiving ends to facilitate precise optical
path alignment, enhancing its applicability in engineering experiments. Experimental results demonstrated that, in a
static environment, the measured oxygen concentration was 20. 846+0. 97%. . In shock tube experiments, the system
successfully captured three distinct states: before the arrival of the incident shock wave, after the passage of the incident
shock wave but before the reflected shock wave arrived, and after the passage of the reflected shock wave. The mea-
sured oxygen concentration data were consistent with theoretical predictions.
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Schematic illustration of mirror reflectance calibration measurement system
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Fig. 13 The curves of absorption signals of O, and H,O with time
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Fig. 14 Before the incident shock wave reaches the CEAS device, (a) Original signal ;(b) Absorbance signal
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Fig. 15 After the incident shock wave reaches the CEAS device, (a) Original signal; (b) Absorbance signal
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Fig. 16  After the reflected shock wave reaches the CEAS device, (a) Original signal ;(b) Absorbance signal
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