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Visualization study on the flow structures in the transitional boundary
layer under an adverse pressure gradient

GUO Hui, PENG Yi, LI Zhi-yong, WANG Hai-Wen, LIAN Qi-xiang
(School of Aeronautic Science and Engineering, Beijing University of Aeronautics & Astronautics,

Beijing 100083, China)

Abstract: By using hydrogen bubble time-line method, the characteristics and evolution of flow structures
in an excited transitional boundary layer under an adverse pressure gradient were studied. In the experiments,
a digital indicator was used, by which the visualization results of plan view and side view at different position
can be analyzed coherently at the same phase of the induced perturbation. Besides the T-S wave and hair-pin
vortex which is typical in the transitional boundary layer, the results highlights some important detail phenome-
na and mechanisms of the re-generation of second hair-pin vortices, the appearance of multiple streamwise vor-
tices, as well as the initial flow breakdown.
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Fig.1 Sketch of the test setup
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Fig.2 Streamwise velocity distribution of the freestream outside
the boundary layer
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Fig.3 State of the boundary layer and the perturbation condition (a) and (b) show the velocity profile across the boudary layer be-
fore and after the perturbation excited,and the perturbation condition is indicated by “3” in (c), where “1”and “2” denote
the instability curves correspongding to f; =0 and — 0.115 respectively.
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Fig.4 The T-S wave shown by the time-lines in the planview (the hydrogen bubble wire is at x-x, = 50mm, y = 7mm
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Fig.5 Forming and evolution of the hair-pin vortices(the hydrogen bubble wire is at x-x, = 50mm, y = 7mm)
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Fig.6 Forming of the secondary hair-pin vortices(sideview when hydrogen bubble wire set in the case of phanview)
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Fig.8 Legs of the secondary hair-pin vortices shown in the planview
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Fig.10 Multiple streamwise vortices shown in the planview
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