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High-Angle-of-Attack Slender-Body Side Force
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ABSTRACT

We have numerically analyzed the asymmetric separation flow control over a high-angle-of-attack slender body aiming to improve the
controllability of high-angle-of-attack flight. In this study, Dielectric Barrier Discharge (DBD) plasma actuator is used as flow control
device. The Reynolds Averaged Navier Stokes/Large-Eddy Simulation hybrid method (RANS/LES) is adopted with the high-order
compact spatial difference scheme for our research purpose. At the first of the characteristics of flow field were shown for various angles of
attack; the asymmetricity of the flow field becomes stronger with angle of attack. Next, the flow control using the plasma actuator was
numerically analyzed. We considered two types of actuator setting; one is body-axial actuator which adds circumferential momentum into
the flow field, and the other is circumferential actuator which adds body-axial momentum into the flow field. As a result, in the case of
body-axial actuator, the side force can be continuously controlled against the actuator output power, and delay of the flow separation by the
actuator generates the side force change. On the other hand, in the case of the circumferential actuator, the vortex filament separation from
the body surface is delayed by plasma actuator, and large side force change can be obtained even with small actuator output power.
Therefore, the side force control mechanism by the circumferential plasma actuator is the suppression of the vortex separation due to the
enhancement of the axial flow by the plasma actuator.
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