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Boundary layer bleeding of three-dimensional compression
hypersonic inlet
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Abstract: Various methods of boundary layer bleeding were investigated to control the
streamwise vortices generated by shock/boundary layer interaction in the isolator of three-di-
mensional compression hypersonic scramjet inlet. The boundary layer flow patterns were
visualized by oil dot technique and numerical simulation. And the effect of different bleed-
ings on inlet performance was then analyzed. It was revealed that the streamwise vortices
were mainly attributed to the boundary layer separation on the sidewall, and the bleeding on
the sidewall separation is effective. Compared to the bleeding around the attachment line,
the bleeding on the separation zone remarkably reduced the boundary layer separation and ef-
fectively diminished the development of the vortex structure, which ultimately contributed
to higher total pressure recovery at the inlet exit. Moreover, the flow uniformity was im-

proved as the bleeding area increasing, while at the cost of more mass loss.
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Fig. 3 Static pressure of the normal point
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Fig. 2 Oil flow patterns and numerical streamlines on the ramp and sidewall without bleeding

Total pressure
Normal point recovery s . |
—@ 0 011021 0.32 042 0.53 0.63 0.74 0.84 0.95
A}h'ma] point : -
=20 0 20 40 60 80 100 120
t/ms
AR A 5 DA Tt
3 BRILAUETITRTRIK a3 525 0

Fo B 5 B 1 it
4

and the abnormal point in Fig. 4 Streamlines of the boundary layer separation
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Fig. 5 Schematic of the sidewall boundary

layer bleeding
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Fig. 6 Numerical streamline with intensive bleeding on the sidewall
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Fig. 7 Oil flow patterns under different sidewall boundary layer bleeding method
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Fig. 8 Contour of the streamwise vorticity at the inlet exit
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Fig. 9 Contour of the total pressure recovery at the inlet exit
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Fig. 10 Contour of the Mach number at the inlet exit
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Table 1

Numerical performance of the inlet

/%

/% /%

15.2 92.1
a 14.1 88. 2
b 14.0 90. 6
c 14.1 90. 1

55.1 0
56.5 3.9
57.2 1.5
57.8 2.0
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