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3.1 Introduction

This chapter deals with the aerodynamic performance analysis of three reusable and
unmanned aerial vehicles conceived as flying laboratories to perform experimental
flights in low Earth orbit (LEO). Each vehicle concept is an orbital re-entry vehicle
(ORV), with re-entry energy of the order of 25 M]/kg. They are flying test beds (FTBs)
that will re-enter the Earth's atmosphere, thus allowing tests of critical re-entry
technologies to be performed. The primary objective is to test in real flight conditions
various thermal protection systems (TPSs) and hot structures that are potential candi-
dates for next-generation re-entry vehicles. The secondary objective is to provide
system-design tests of such re-entry vehicles, to address controlled gliding re-entry and
to validate know-how related to in-flight measurement techniques.

Besides these objectives, they will also gather the aerothermal data needed to improve
wind tunnel test facilities (including plasma wind tunnel facilities) and computational
fluid dynamics (CFD) predictions and transpose them to flight. In particular, the vehicle
will provide aerodynamic and aerothermodynamic flight data to correlate with ground
testing results, such the ‘Scirocco’ plasma wind tunnel at CIRA'), thus providing new
insights into the complex aerothermodynamic phenomena and improving prediction
methodologies and their extrapolation to flight capabilities.

Based on experience in experimental vehicles, a progressive flight demonstration
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My =it Examining the aerodynamics §f WT blades helps explain why different WT configurations
Knovel have such different performance coefficients, C, [24,25]. Figure 3.8 shows a WT blade rotating
(in the plane of the paper) in a clockwise direction. The atmospheric wind, U,, is blowing
toward the blade (i.e, into the plane of the paper). A section view of the blade is then taken
near the tip of the blade looking in toward the root of the blade (Figure 3.8). The cross-sec-
tional view of the blade airfoil is shown in the right-hand side of the figure. The two airflows
acting on the blade are the incoming wind speed, U, which is perpendicular to the plane of
the rotating blades, and the rotational wind speed, Uy, = QR, created by the turbine blade
rotating at an angular speed, €2, at the radius of the cross section, R. Note that the side of the
airfoil facing the wind (designated the front side) is relatively flat compared to the curved
rear side of the airfoil. The leading edge of the airfoil hits the airflow arising from the blade
rotation first causing the airflow to separate into two streams over the sides of the airfoil.
Finally, the trailing edge is where the airflow over the two sides of the airfoil is rejoined.
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