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Effects of different wall surface orifices on injection
characteristics of supersonic air flow

CAI Fengjuan, ZHANG Mei, ZHANG Mengzheng
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract: The efficient mixing of fuel jet and air flow in supersonic gas flow is a precondition to
achieve ignition, flame stabilization and high efficiency combustion. The effects of different wall
surface orifices on the injection and mixing characteristics have been studied by many researchers at
home and abroad. Compared with the common circular orifice, diamond-shaped orifice,
wedge-semicircle shaped orifice, arrowhead shaped orifice and stinger-shaped orifice are beneficial to
reduction of the boundary layer separation at orifice front edge, and improvement of the penetration
depth of the jet flow. Compared with the single orifice injection, the combined orifice can further
enhance the mixing effect of the fuel and the incoming air in far field. In this paper, the wall surface
injection orifice and engineering application condition that apply to the supersonic combustion are
proposed on the basis of analysis of the injection characteristics of various orifices.
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Fig. 1 Process of breakup of liquid jet flow

in supersonic air flow
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Fig. 2 Schematic diagram of wedge-semicircle

shaped injecting orifice
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Fig. 4 Mole fraction distribution of injectant for

circular and arrowhead shaped orifice
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Fig. 3 Schematic diagram of arrowhead

shaped injecting orifice
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Fig. 5 Schematic diagram of stinger—shaped orifice
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Fig. 6 Heat marks around two orifices
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Fig. 7 Schematic diagram of wall surface

orifice for cascade injector

Injector

8 14

Fig. 8 Instantaneous side-view image of injector
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Fig. 9 Effect of injection pressure on penetration depth
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