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Primary breakup process of liquid jet in supersonic crossflow
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(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;

2. Science and Technology on Scramjet Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract; The transient image of the liquid jet in supersonic crossflow was obtained by microphotography method and the spatial resolution was

1.57 pm/pixel. The evolution of the surface wave was phenomenologically analyzed. The 3D flow field and liquid column structure were

numerically investigated through volume of fluid method and the gas-liquid interaction was discussed accordingly. The primary breakup of liquid jet

experiences two physical processes: the column breakup and the surface breakup. The column breakup is dominated by R-T instability from gas-

liquid acceleration while the surface breakup is dominated by K-H instability from gas-liquid shearing. The oscillation of the local pressure around

the jet surface should be the main mechanism of the generation and evolution of the surface wave. The recirculation flow generates leeward the jet

column since the interaction of the supersonic flow and the continuous liquid column. Therefore, the spray near the bottom wall contains two

portions ; the shearing spray from the surface breakup and the transporting spray through the recirculation flow.
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Fig.2 Schematic of imaging system( top view)
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Fig.3  Schematic of simulation field



54 1)

AR G B R IR i A — U R e 25

SR FHIBOAR PR 7 B0 BE XS SR 5 TRIAL A i
17 BIE R, BUE T P s 3 9 A& N A% . Gt
XI5 R A% B /N RSO 0,035 mm, B340 H
S WS AR E b WA RURE 2
0. 004 mm. HC X BT A% 3 I 45 2R AN A 4
JIR e I P 4 1 3 I 7 32 A S B TR
AL P R TI%5

®1 BEMEMLAEH

Tab.1 Boundary conditions of simulation
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Fig.5 Trajectory of liquid jet from simulation
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Fig.6 Transient image of liquid jet in near-field
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Fig.7 Time-related transient images of jet (d: =500 ns)
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structure of jet
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Fig.8 Structure of jet column and contour of

static pressure in the near-field
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