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Fig. 1. Schematic of the supersonic mixing layer wind tunnel.
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Fig. 2. The test section of supersonic mixing layer wind tunnel.
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Table 1. Flow parameters of supersonic mixing
layer.

DA EE MR RNE BRI/
Ma Ums! T/K Ty/K 105 m?s!
1.37 405.16  218.39 300 1.4312
2.39 567.18  139.87 300 0.9635

b, SEPXT EAMASGAAEEN. 5 U g R H R
T T 2T AR BNl R BT TR T3 Fl s A R —
XTHUARZE . SR FHBU HL be i R 75 A S AT
e, AR BN 1 mm, AR FHER RS R R i
AR Z BT MR FE N 1 mm. BRI i s iR 1
#2912 mm. =N 6 mm, AFN 678.24 mm3.
BH—ANHEBERK 2.5 mm WHHRIL, & 4 s, B
JERH KD-1 s Rk, st A 10 kV,
Jok iR 150 Hz, BLUR K b K R 1ty
20 J. AU S A - 45 h 640 nF.
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Fig. 3. Schematic of the wind tunnel and the actuator
mounted inside a plate: (a) Splitter plate in the wind tun-
nel; (b) actuator in the splitter plate.
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Fig. 4. Two-electrode plasma synthetic actuator.
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Fig. 5. The schematic diagram of schlieren system.
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Fig. 6. Schematics of the experimental system sequence chart.
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Fig. 7. Schlieren images: (a) Ty + 0 ps; (b) Ty + 67 ps; vsta DD
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Fig. 10. Physical model: (a) Unperturbation; (b) the actuator at the upper surface of the splitter plate; (c) the actuator at the end

surface of splitter plate; (d) the actuator at bottom surface of splitter plate.
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Fig. 11. Calculation model and grid for code validation.
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Fig. 12. Certification of grid independence and code valida-
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Fig. 13. Ty + 67 ps, numerical and experimental schlierens:

(a) Experimental schlieren; (b) numerical schlieren.
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Fig. 14. Ty + 180 ps, contour of density and NPLS result:
(a) NPLS result; (b) contour of density.
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Fig. 15. Contours of density at Ty + 555 ps: (a) Unper-
turbation; (b) the actuator at the upper surface of the split-
ter plate; (c) the actuator at the end surface of the splitter
plate; (d) the actuator at the bottom surface of the splitter
plate.
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Fig. 16. Simulation of the temperature and flow: (a) The
actuator at the upper surface of the splitter plate; (b) the

actuator at the end surface of the splitter plate.
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Fig. 17. Time-averaged velocity thickness of mixing layer.
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Fig. 18. The parameters of actuator outlet: (a) The mass flow rate of actuator outlet; (b) the velocity of actuator outlet; (c) the mo-

mentum rate of actuator outlet; (d) the pressure of actuator outlet.
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Abstract

Mixing enhancement for supersonic mixing layer is of great importance for developing scramjet engine. The
growth rate of supersonic mixing layer is smaller than that of subsonic mixing layer. As the compressibility
increases, the mixing enhancement becomes more difficult. Plasma synthetic jet is regarded as a promising flow
control technology. The plasma synthetic jet generator can produce high energy jet. This generator has no
moving parts and does not need additional gas source. It is the first time that plasma synthetic jet has been
used to enhance the mixing in supersonic mixing layers. The influence of plasma synthetic jet on the supersonic
mixing layer is investigated experimentally and numerically. The experiments are conducted in the low noise
supersonic mixing layer wind tunnel. The Mach number of upper stream and lower stream are 1.37 and 2.39
respectively. The convective Mach number of this wind tunnel is 0.32. The plasma synthetic jet actuators are
installed in the splitter plate. The distance between the jet hole and the splitter plate end is 15 mm. The
nanoparticle-based planar laser scattering (NPLS), particle image velocimetry (PIV) and schlieren are used to
obtain the response of the supersonic mixing layer to single pulse plasma synthetic jet perturbation. The NPLS
successfully captures the large-scaled vortex structures induced by the plasma synthetic jet in the supersonic
mixing layers. The effect of plasma synthetic jet is remarkable. The schlieren images show the process of the
perturbation. An oblique shock wave is generated when the jet is ejected. The PIV is employed to obtain the
influence of plasma synthetic jet on the velocity field. The gy-velocity standard deviation increases due to the
perturbation. The actuators’ mixing enhancement effects and actuators’ performances at three locations are
investigated by two-dimensional numerical simulation. The three actuators are located on the upper, bottom
and end surface of splitter plate respectively. The numerical simulation results show that the mixing layer
thickness is increased by the plasma synthetic jet perturbation. There are two mechanisms of perturbations
while actuators are located at different positions. The actuators installed on the upper and bottom surface of
splitter plate influence the mixing layer through perturbing the upper and lower stream respectively. The
actuator installed at the end of splitter plate affects the mixing layer directly. The response time of supersonic
mixing layers to the perturbation of the actuator installed at the end of splitter plate is shorter than those of

the others. The performance of each actuator is sensitive to the location.

Keywords: mixing enhancement, plasma synthetic jet, flow control, supersonic mixing layers
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