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Abstract  Jet interaction is an effective approach for hypersonic flight controls with higher agility and improved
maneuverability. Previous researches are mainly focused on the mechanisms of jet interaction effects in continuous
region, classical flowfield structures of jet interaction based on different models have been proposed theoretically, on the

other hand, scarce experimental data on characterizations of jet interaction in rarefied region exist. Therefore, the
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objective of this work aims to experimentally investigate the effects of jet pressure and hypersonic rarefied flow condition
on the characterizations of transverse jet interaction based on a flat plate model, whereas hypersonic rarefied flows are
generated in a JFX detonation shock tunnel. Evolution and typical structure of transverse jet interaction in hypersonic
rarefied flow are recorded using high-speed schlieren imaging approach, and variations of spatial positions of different
shock waves are analyzed using imaging process technique. Compared to the flowfield without the presence of jet flow,
the interaction between jet flow and hypersonic rarefied flow makes the flowfield much more complex. Oblique shock
could instantaneously penetrate through the flowfield of jet interaction due to the pressure fluctuation of jet flow caused
by the incoming flow. With increasing the jet pressure, the affecting region of the barrel shock gradually becomes
broader. The spatial position of the oblique shock wave in the upstream of the triple point barely changes with an increase
in the jet pressure, while in the downstream of the triple point, the bow shock moves upstream with increasing pressure.
The spatial position of the barrel shock would not overlap with the other two when the jet pressure is low. The pressure

reduction of the incoming hypersonic rarefied flow can broaden the affecting region of the barrel shock and thus move

the bow shock upstream as well, but it has little influence on the spatial position of the oblique shock wave.
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Table 1 Parameters for three operational cases in experiments

Pl TJ Py PJ T.J Vil  p./
MPa K MPa Pa K (ms) (kgm?)
2.16x107° 6.44 0.0003

Kn

Casel 0.5 28383 3.21 403 509 3228

Case2 0.1 2711 0.61 80 451 3117 4.78x10™* 6.52 0.0014

Case3 0.05 2637 030 42 421 3041 2.63x10™* 6.54 0.0025
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Fig. 2 Pitot pressure curve at nozzle exit
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Fig. 7 Time-varying intensity of transverse jet interaction flowfield at different heights
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