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Study on the Correction Method of PIV Data Measured in a Supersonic Region
—Comparison with MTV Data—

by
Katsuhito Mii, Aoi Nakano, Shunsuke Koike, and Taro Handa

ABSTRACT

Particle image velocimetry (P1V) has become a powerful tool for the measurements of flow velocities in wind tunnel testing. However, it is
generally difficult to apply the PIV to a supersonic flow because of unreliable particle traceability. In the present study, the method for
correcting the PIV data measured in a supersonic flow is discussed. The tested flow is an underexpanded jet issuing from an orifice, the
diameter of which is 6.0 mm. The jet has a region in which the gas is accelerated in a short distance (11 mm) from a sonic speed to a
supersonic speed corresponding to Mach 3.7. The jet also has a normal shock wave called Mach disk across which the gas is decelerated
rapidly from a supersonic speed to a subsonic speed. The PIV data is corrected by using the Basset-Boussinesg-Oseen (BBO) equation
based on the assumption that the Stokes’ law is satisfied. The corrected PIV data is compared with the data measured by the molecular
tagging velocimetry (MTV). The PIV data are reasonably improved in the entire measurement region. Especially, the corrected PIV data
agree well with the MTV data downstream of the Mach disk.
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Fig.1 Measurement system and experimental setup for PIV

Fig.2 Measurement system and experimental setup for MTV
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Fig.4 Fluorescence intensity distributions along the central
axis of the jet
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(c) Corrected PIV data
Fig.5 Velocity maps
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Fig.6 Schematic diagram of an underexpanded free jet
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Fig.7 Streamwise velocity distributions along the central
axis of the jet
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