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Molecular Simulation of Supersonic Free Jets with Star-Shaped Cross Section by the DSMC
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Supersonic free jets from an orifice with convex and concave corners are investigated in three-dimensional field by

the DSMC method. The plumes develop faster from the concave corners of a hexagram orifice with symmetric

The mechanism of the development is revealed through the

observation of velocity vectors right behind the orifice. The directions of flow are also investigated in various cross

cross section than those from the convex corners.

sections of a jet. There is a complicated flow-field and several circulations of flow are observed. The variation of
cross section of a star- shaped jet along the jet axis changes with the ratio of a stagnation pressure to a background

pressure. In an asymmetric orifice, a plume from a concave corner is inclined to an adjacent plume and they are

merged into a bigger plume.

go

Fig. 1: Cross sections of orificrs (a) and (b).
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Fig. 2: Visualization using a laser induced fluorescence

(LIF) technique. (po/p1 = 100)
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Fig. 4: Density profiles by the DSMC method in 3-di-
mensional graph. (1/Kn = 2500, po/p; = 100)
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Fig. 8: Visualization using a laser induced fluorescence
(LIF) technique. (po/p1 = 50)

Fig. 7: Density profiles on various planes normal to the
jet axis. (1/Kn = 2500, po/p1 = 50)

Fig. 9: Cross section of a jet obtained by the DSMC
method in a very short time interval. (pg/p1 = 50)
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Fig. 10: Density contours in planes normal to the axis
of jet from the orifice (a). (1/Kn = 2500, po/p1 = 50)
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Fig. 12: Flow directions in a cross section of jet near
the location of Mach disk. (po/p1 = 50)
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Fig. 11: Velocity vectors right behind the orifice (a).
(po/p1 = 50)

Fig. 13: Density contours in planes normal to the axis
of jet from the orifice (b). (po/p1 = 50)
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Fig. 14: Density contours obtained by the finite-volume
method. (po/p1 = 50)

Fig. 15: Mach number contours obtained by the fi-
nite-volume method. (po/p1 = 50)
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