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Fig. 1. (a) Schematic of aero-optic effects of an infrared guidance vehicle; (b) wavefront distortion caused by a vortex.
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Fig. 2. The vorticity contour of a supersonic mixing layer simulated by LES.
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Fig. 3. Process of establishing an elliptic model for the vortex boundary: (a) Two vortices; (b) LCS; (c) elliptic model of vortex boundary.
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Table 1. Inflow parameters of three supersonic mixing layers.

REBEANHE /m-s?

F5 T./K P, /kPa Po/kgm™ Mec
M=k ENE ) TR ()
1 605.6 403.7 281 89.9 1.107 0.3
2 740.2 403.7 281 89.9 1.107 0.5
3 1009.3 403.7 281 89.9 1.107 0.9
F 2 AREIZEHRSHRE R LS5
Table 2.  Geometric parameters of three vortices with different sizes.
RNy -
AR Kffla/m JEhb/m e
z,/m Yo/ M

Vortex A 0.1136 -0.001762 0.003314 0.002703 0.1844

Vortex B 0.1858 0.001635 0.006231 0.003877 0.3778

Vortex C 0.2863 0.003296 0.010652 0.005091 0.5221
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Fig. 7. Density distribution of fluid inside three vortices: (a) Density distribution of fluid inside Vortex A along the flow direction
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Table 3.  Geometric parameters of two vortices in the fields with different compressibilities.
y rh‘l:‘"é’; A R
NAESE | Ke24la/m 5D/ m JAFe
T,/m Ye/m
Vortex D (Me = 0.3) 0.1824 -0.0008203 0.004854 0.003128 0.3556
Vortex E (Me = 0.9) 0.2607(0.2589) -0.0012338(-0.0001429) 0.013673 0.006051 0.5574
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Fig. 13. (a) The supersonic mixing layer with different inflow density of its upper and lower layers; (b) density distribution of fluid

inside the vortex along the longitudinal direction (y-axis); (c¢) density distribution of fluid inside the vortex along the flow direction

(2-axis).
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Abstract

Based on the large eddy simulation, the boundary of a vortex and the coordinates of its core are both
obtained by using the Lagrangian coherent structure method and the location extraction method of the vortex
core, and thus the method of representing fluid density inside a vortex is proposed. The density distribution
characteristics of fluid inside the vortex in a supersonic mixing layer are revealed by analyzing the changes in
density of the fluid inside a vortex under different conditions (e.g. spatial size of the vortex, compressibility of
the supersonic mixing layer, and merging process of the two paired vortices) as follows. For the weak and
medium compressive supersonic mixing layers, the density distribution of the fluid inside a vortex is
symmetrical about both the flow direction (z-axis) and longitudinal direction (y-axis), the fluid density at the
vortex core is lowest while it is highest at the vortex boundary, and fluid density increases monotonically and
nearly uniformly along the ray connecting the vortex core and the vortex boundary. For the strongly
compressible supersonic mixing layer, however, the density distribution of the fluid inside the vortex is no
longer symmetrical about any flow direction and moreover it shows the fluctuation characteristics of fluid
density distribution. With the increase of the spatial size of a vortex and the compressibility of a supersonic
mixing layer, the fluid density at the vortex core decreases (the maximum reduction is about 31%—56%) while it
changes about 6%—27% at the vortex boundary. In the merging process of two adjacent vortices, the variation
of fluid density in the two vortices is slight, which shows that the merging process is probably of a peer-to-peer
combination of fluid inside the two adjacent vortices. Considering the practical engineering applications, the
density distribution characteristics of fluid inside the vortex in the supersonic mixing layer with different inflow
densities of its upper and lower layers are also investigated, and the results show that the density distribution of
the fluid inside a vortex is symmetrical about the longitudinal direction (y-axis), but not the flow direction (a-
axis). It is also found that the density distribution near the vortex boundary is determined by the inflow density
there, so a good strategy of reducing the aero-optical effects caused by the supersonic mixing layer is that the

difference in density between the upper and lower layers should be as small as possible.
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