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Fig. 1. Schematic of computational model.
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Table 1.  Inflow parameters of numerical simulation.
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Table 2.

layer experiments conducted by Goebel and Dutton.

Inflow parameters of supersonic mixing

B ik GlE s iV} XA
m-s’ 5 kg-m 3 kPa A M
E=ne 20 100 46
K
FE 0.2
s 4 1.4 . 4
S 09 0 0.76 6

] 2(a) XF LG T T vt A& S 21 [ AR X B i
A8 B 25 R 50T 5 Goebel-Dutton HYSEE6 25 S, H
HAU= U, — Uy, U F Uy 23 5UE EFHER
R B .y N1 T AR,y = (y-—v0)/b,
Yo MG y 5 O AR R, b SRy 5 Tl R
U= U, - 0.1AUM U= U, + 0.1AU Z|a] 1y
B AT DL B Y R T 5 SR 2 R ) G
I B 2(b) XF TR RAS 1Y U ] bk 20 5 B 5 S g 4G
AT T X, e B ES R R e HA 0 — 2K
PE. S8 0T I B — B i A B RE AR B
HITHER IR DNS Jr ik fest i i iR & =
7 T A R

1.2

— i (@)
1.0 Ao Goebel-Dutton 3
0.8
3
~ 06
S)
| 0.4
2
0.2
ok
—0.2 . . . .
—2.5 —1.5 —-0.5 0.5 1.5 2.5
y*
0.24
— i (b)
0.20} ® Goebel-Dutton il
=)
<
BN
z

K2 BESEEmXTE () RHESEEEE; (b) 3w i s B
Fig. 2. Comparison between numerical and experimental

results: (a) Mean velocity; (b) turbulent intensity.
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Fig. 3. Vorticity thickness variations versus stream wise

direction for different mesh distributions.
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Fig. 4. Distribution of input continuous signal.
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Fig. 5. Distribution of vortex structures of free shear layers.
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Fig. 6. Vortex structures distribution under inlet forcing
with high frequency (f = 20 kHz).
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Fig. 7. Pressure distribution between the vortex core in the
flow field.
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Fig. 13. Spatial correlation distributions of free shear layers in different streamwise positions: (a) (1.5, 0.6); (b) (2.4, 0.6); (c) (3.5,

0.6); (d) (5.1, 0.6).
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(c) (3.5, 0.6); (d) (5.1, 0.6).
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Response characteristics of inflow-stimulated
Kelvin-Helmholtz vortex in compressible shear layer”
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Abstract

By numerically solving the Navier-Stokes equations, the response characteristics of inflow-stimulated
Kelvin-Helmholtz vortex in compressible shear layer arestudied. The mixing characteristics and the unique
growth mechanism of the vortex structure are clearly revealed. By employing the index of vorticity thickness,
the mixing properties are quantitatively analyzed. Based on the flow visualization results, the spatial size and
the structure angle of the flow coherent structure are investigated by utilizing spatial correlation analysis. The
evolution mechanism of the vortex structure in supersonic mixing layer induced by inlet forcing is revealed by
analyzing the dynamical performances of the flow structure under different frequency disturbances. The
numerical results show that with low forcing frequency at f = 5 kHz, the mixing efficiency is remarkably
increased in the near-field of the flow. Whereas, in the far-field downstream the flow, the size of the structure
reaches saturation state and the vortex passage frequency is locked, which causes the vorticity thickness to
stabilize from 12mm to 14mm. Meanwhile, in a free mixing layer, the pairing and merging process occur in the
flow field to promote the growth of the vortex structure, while in mixing layer with inlet forcing, the growth
mechanism is that the vortex core engulfs a string of vortices induced by Kelvin-Helmholtz instability. The
process of engulfment contributes much to the growth of the vortex structure. The analysis of spatial correlation
distribution shows that in the area where engulfment occurs, the contour line shows the property of long and
narrow ellipse instead of full ellipse and the structure in the area possesses the characteristics of intense rotation
and inclination. Besides, with high inlet forcing frequency at f= 20 kHz, the size of the vortices becomes full in
the near-field, and the vorticity thickness stabilizes between 3mm and 4 mm downstream the flow field.
Meanwhile, the size of the vortex in controlled supersonic mixing layer is dominated by the imposed high-
frequency forcing. An equation describing the quantitative relationship between the vortex characteristics and
the imposed forcing frequency is derived, that is, the size of the uniform distribution vortex is approximately

equal to the ratio of the value of convective velocity to inlet forcing frequency.

Keywords: compressible shear layer, inlet forcing, Kelvin-Helmholtz vortex, growth characteristics

PACS: 47.27.ek, 47.20.Pc, 47.40.—x, 47.15.5t DOI: 10.7498 /aps.69.20190681

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11272351, 91441121) and the Hunan
Provincial Innovation Foundation for Postgraduate, China (Grant No. CX2016B001).

1 Corresponding author. E-mail: jianguotan@nudt.edu.cn

024701-12


http://dx.doi.org/10.7498/aps.69.20190681
mailto:jianguotan@nudt.edu.cn
mailto:jianguotan@nudt.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

