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Fig. 2 Schematic of experiment system
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Monitoring on the water vapour non-equilibrium

condensation process based on TDLAS

FAN Xin-dong'. PENG Dong®, JIN Yi*, YANG Ji-ming'
(1. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China; 2. Department of Precise
Machinery and Precise Instrumentation, University of Science and Technology of China, Hefei 230027, China; 3. Experimental Center of

Engineering and Material Science, University of Science and Technology of China, Hefei 230027, China)

Abstract: At present, domestic ground simulation experiment of hypersonic vehicle, especially most of
larger scale high enthalpy experiments are carried out in combustion heated wind tunnel. The
temperature rapidly decreases during the process of airflow expansion and acceleration in nozzle,
which may cause rapid condensation of water vapour, particularly in combustion heated wind tunnel.
This process will bring about the change of flow field parameters. In order to investigate the water
vapor condensation process through nozzle, an idea that “space is transformed into time” was put
forward, that is the change of the airflow parameters along flow direction in nozzle is transformed into
air flow parameters change with time at a fixed position in expansion process. For this purpose, a set
of experimental device for simulating the condensation process in nozzle was designed and constructed.
Different time scales are achieved by adjusting the minimum cross section area of connecting section,
the phenomenon of condensation is observed by means of planar laser scattering imaging technique, at
the same time, the temperature variation in condensation process and water vapor content change are
obtained with TDLLAS based on water vapor spectral lines and methane spectral line. Experimental
results demonstrate that water vapour condensation phenomenon can be observed in experimental
section by planar laser scattering imaging technique. At different time scales, temperature change
trends in condensation process are similar, all fall first and then rise. Near the time point of
temperature trend change, the mole fraction of water vapor drops rapidly. This trend is in good
agreement with the numerical simulation results of parameter variation in nozzle of combustion heated
wind tunnel. The experimental scheme of “space is transformed into time” can simulate the
condensation process of water vapor in nozzle to a certain extent.

Keywords: water vapor; condensation; tunable diode laser absorption spectroscopy ( TDLAS);

temperature measurement



