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INTRODUCTION

Virtual shaping for flight control of aerial vehicles is investigated in this work, where conventional control surfaces such as a rudder or flaps can be augmented or even replaced using active flow control, thus improving not only their lift-to-drag ratio and/or control authority, but also their aerodynamic performance over a wide range of operating conditions. In particular, a series of numerical flow simulations of a vertical tail of a commercial aircraft, with a tapered, swept stabilizer and a rudder, is considered in this work with application of active flow control. For such configurations, active flow control is known to have the capacity to augment the streamwise momentum near the rudder suction peak where separation is typically observed to limit rudder effectiveness for high deflection angles. 

DETAILS AND OBJECTIVES
Specifically, we use Delayed Detached Eddy Simulations (DDES) to study the interaction of a cross flow with an array of 24 synthetic jets for a 0º side slip angle, a 30º rudder deflection angle and a Reynolds number of 7x105. We concentrate our analysis on the influence of the spacing between adjacent active jets in the spanwise direction. Indeed, our current simulations suggest that doubling the number of active jets at a twice-lower Reynolds number improves the lateral force, while the opposite effect is observed at the considered Reynolds number when using the same size jets. These simulations offer insight into the fundamental physics of the unsteady flow structures in the vicinity of the synthetic jets by accurately resolving the complete synthetic jet pathway and the vorticity plume where the jet structures interact with each other and with the primary flow.

NUMERICAL TOOLS

For this purpose, a massively parallel, fully implicit, stabilized finite element flow solver called PHASTA is used to solve the transient, incompressible Navier-Stokes equations. Two unique features characterize this flow solver. The first one is its ability to perform anisotropic adaptivity of the initial 3D unstructured finite element mesh, which is required for complex geometries. The second one is related to its strong scaling performance, as it has been shown to scale up to 85% on 288K cores of a Blue Gene/P supercomputer. 
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