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Numerical Simulation of Localized Arc Filament
Plasma Actuator for Shock Wave/Boundary
Layer Interaction Control
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Abstract: The control effects and mechanism of localized arc filament plasma actuator for shock wave/
boundary layer interaction control were numerically investigated. Results show that the arc discharge in or up-
stream the interaction region can effectively decrease separation and the maximum reduction of separation region
is 40.6% , while arc discharge downstream the interaction region has no effects. Besides, the efficiency of con-
trol improves as the input energy increases. Based on the thermal choking effect, the control mechanism of arc
discharge can be deduced that the Joule heat induced by discharge causes local thermal choke in the flow—field,
which can be regarded as plasma virtual surface. The virtual surface induces an oblique shock and counter—rotat-
ing vortices in the flow—field. Thus the momentum of boundary layer and the resistance to separation increased ,
and the separation is depressed.
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Table 1 Separation and Reattachment point of 3 =10°

Source Separation point/mm  Reattachment point/mm
Experiment 334+1 345+1
Calculation 335.5 346

o Experimental data for f=6°
o Experimental data for f=10°

60 L A Experimental data for f=14°
- ——CFD data for f=6° S
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Fig.2 Wall pressure distribution along the centerline
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Fig. 3 Velocity profile using Van Driest transformation and
Maise and McDonald (1968) model profile
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Fig. 4 Velocity profile at x=266mm
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Table 2 Upstream boundary layer properties

Ma, u,/(m/s) &/ mm &' /mm

6/ mm H 6,/ mm 0./ mm H,

3 622.74 11.45 1.56

0.362 4.308 0.551 0.469 1.175
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Fig. 5 Pressure contour,temperature contour and

streamlines of separation region
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Table 3 Description of different cases condition

Condition Description
Case 1 Original flow without actuator
Case 2 AT=200K at x=2.0m
Case 3 AT=200K at x=3.0m
Case 4 AT=200K at x=3.6m
Case 5 AT=200K at x=4.0m
Case 6 AT=500K at x=2.0m
Case 7 AT=2000K at x=2.0m
Case 8 AT=5000K at x=2.0m
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Table 4 Flow conditions of different cases

Condition H(x=3.2m) D, (outflow) Separation point/m  Reattachment point/m L,/m
Case | 1.156 2.225 3.5779 3.7136 0.1357
Case 2 1.145 2.161 3.6175 3.7181 0.1006
Case 3 1.151 2.163 3.6080 3.7185 0.1105
Case 4 1.156 2.157 3.5950 3.7143 0.1193
Case 5 1.156 2.223 3.5786 3.7124 0.1338
Case 6 1.143 2.160 3.6279 3.7185 0.0906
Case 7 1.142 2.159 3.6367 3.7172 0.0805
Case 8 1.161 2277 3.5235 3.6779 0.1544
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