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ABSTRACT

This paper describes an aerodynamic prediction
methodology that has been developed for ducted-fan
vertical takeoff and landing unmanned air vehicle
concepts.  The resulting method is based on a
parametric geometry model and semi-empirical
aerodynamic methods.  Sample results are compared to
wind tunnel test data on a full-scale vehicle.  The
method has been integrated into a multidisciplinary
design optimization computer program.

NOMENCLATURE

D – Drag
d – Diameter
b – Span
c – Chord
g – gap distance
k – correction factor
t – thickness
A – Area
AR – Aspect Ration (b2/S)
l – Length
L – Lift
L – location of maximum thickness (equation 16)
M – Moment
M – Munk’s span factor (equation 12)
RL.S. – Lifting surface factor
Re – Reynolds number
S – Planform Area
T – Thrust
V – Velocity
q – dynamic pressure
Q – Volume of body
a - Angle of attack
r – density of air
l – Taper ratio (ctip/croot)
Cd – Cross section drag coefficient
Cl – Cross section lift coefficient
CD – Total drag coefficient
CL – Total drag coefficient
L – Sweep angle

n – Lift ratio
s – Interference factor

INTRODUCTION

A multidisciplinary optimization code for the design
and analysis of ducted fan vertical takeoff and landing
unmanned air vehicles (VTOL UAV) such as the Allied
Aerospace, iSTAR vehicle is being developed.  The
overall objective of this effort is to create a design
synthesis capability for the ducted fan VTOL UAV in a
manner that will enable requirements and technology
development decisions comparable to that of other
types of aircraft.  The tool brings together the design
lessons that have been learned through DARPA’s
Micro Air Vehicle and the Organic Air Vehicle
programs, as well as conventional aircraft design
synthesis methods such as ACSYNT1.  It will allow the
concepts to be manipulated and scaled.  Vehicle
requirements can be evaluated through an accurate
simulation of aircraft performance.  Design
characteristics, payload requirements, mission
requirements and operational concepts can be
developed based on results of the design optimization
code.

The methods that are being applied to the design
problem must be accurate and scalable so that the
vehicle is properly sized and constrained.  The methods
must be fast so that a large number of design variations
can be investigated.  Finally, the methods must work
from a relatively simple or parametric geometry model
that can be automatically generated.  In order to support
design optimization, the design cycle time must be kept
to a minimum.

The ducted fan UAV is typical of VTOL aircraft in that
it is under aerodynamic control at all speeds.  This
vehicle is in the “tail-sitter” class.  A free body diagram
of the forces on the vehicle is shown in Figure 1.
Aerodynamic methods for the ducted propeller, the
pods, the vanes and the miscellaneous components have
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Figure 8. Lift coefficient comparison for configuration
without propeller.

Figure 9. Comparison of experimental and predicted
polar shape.

Figure 10. Comparison of predicted and experimental
polar shape, zoomed in view.

Figure 11. Predicted angle of attack for various
velocities.


