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Inflectional Instability of Streamwise Vortex
and Its Application to Supersonic Mixing Enhancement

Michio NISHIOKA, Mitsuhiro MATSUOKA and Toshihiko HIEJIMA

The motivation of the present study is to contribute to the development of scramjet engines
through the research of finding such vortical flow structures that are not much affected by

compressibility effects and can thus work to enhance the supersonic mixing, an important

technical prerequisite for the engine. A candidate we propose here is a certain type of

streamwise vortex characterized by an annular and axisymmetric distribution of vorticity. This
is because it may undergo ‘inflectional instability’ like in low-speed mixing layers. We have

made the inviscid linear stability analysis and direct numerical simulations to clarify the ‘in-

flectional instability’. The results demonstrates its powerful potential as a means of supersonic

mixing enhancement, showing the development of complex flow driven by rapidly growing

and interacting discrete vortices of various scales,
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Fig.2 Eigenvalue vs.m : (a)angular frequency o,, (b)growth rate o;.
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Fig.3 Nonlinear development of vortivity field initially disturbed by unstable mode :

(aym =3, (b)m =4,

Thic dociiment i nrovided hv TAXA



72

BLZE T BT A ARy IR 33 5

t1=0.728 r=1.09 t=146 r=1.82

Fig. 4 (a) rin= 0.0,785.

Fig.4 (b) rin= 0.5,785,

Fig.4 (¢) rin= 10,785,
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Fig.4 Nonliear development of vorticity field initially disturbed by random noise :
(a) rin =0.0,785, (b) rin =0.5,785, (c) rin =1.0,/85, (d) rin =15,785, (e) rin =2.0,/85,
(f) rin =2.5,/85, (g) rin =3.5,785.
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Fig. 4 (d) rin= 1.5,/85.

Fig. 4 (e) rin=2.0,785.

Fig. 4 (f) rin=2.585.

Fig.4 (g) rin=13.5,85,
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