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Experimental study on hypersonic cone boundary layer transition
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Abstract: Hypersonic boundary layer transition is crucial for the thermal protection and aerodynamic
layout of hypersonic vehicles. The research relies on the JF=12 hypersonic shock tunnel duplicating flight

conditions to carry out hypersonic boundary layer transition experiments. The experimental models are large—
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scale cones (3 m in height) with typical simple configurations. The truest boundary layer transition evolution
process is restored by reproducing the flow field closest to that during real flight and the model closest to the
scale of the aircraft. For the large—scale cone models, the effects of unit Reynolds number and Mach number on
the hypersonic boundary layer transition are studied. The high precision coaxial thermocouple sensor and the
high—frequency fluctuating pressure sensor are used to measure the wall heat transfer and pressure pulsation
during the hypersonic boundary layer transition, respectively. The boundary layer transition position is judged
by the wall heat transfer distribution, and the boundary layer flow regime is identified. Focus on the instability
waves evolution in the boundary layer through the wall fluctuating pressure distribution. The results show that:
With the increase of the Mach number, the transition Reynolds number increases, the transition position is
delayed, and the length of the transition zone becomes longer. The Mach number makes instability wave in the
conical boundary layer develops to the early evolution stage, which leads to the slowdown of the boundary layer
destabilization and the delayed transition. With the increase of the unit Reynolds number, the transition spatial
position advances, and the transition Reynolds number decreases. The cone model is sensitive to the change of
the unit Reynolds number, and the change ration of the transition position is much larger than the change in the
unit Reynolds number itself. The increase of the unit Reynolds number makes the instability wave in conical
boundary layer develop to the later evolution stage, and the boundary layer is destabilized earlier.

Key words: hypersonic; boundary layer transition; large—scale model; wind tunnel experiment; insta-
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Fig. 2 JF-12 hypersonic duplicated tunnel
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Fig. 6 High—precision calorimetric acquisition system
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Table 2 Flow field parameters for experimental and theoretical
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Fig. 10 St distributions for sharp cone flow
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Table 3 Experimental freestream parameters of cone model (different unit Reynolds numbers)

T.0 Re /m™ T, /K Ma R %, /m Re,
1 1.31x10° 1928 5.85 T 1.128 1.48x10°
2 8.83x10° 1844 5.85 Hap 2.035 1.80x10°
3 6.72x10° 2116 7.0 2 - -
4 9.44x10° 2260 7.0 B 2.418 2.28x10°
5 1.16x10° 2299 7.0 Hpi 1.733 2.02x10°
6 1.15x10° 2301 7.0 Hpi 1.753 2.02x10°
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