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Nomenclature

CL = lift coefficient
nn = load factor normal to the fuselage axis and the wing span
nt = load factor along the fuselage axis
ny = load factor along the wing span
V = airspeed

Introduction

M ICRO air vehicle (MAV) is defined here as a small (hand
launched, storable in portable container), light, simple, and

inexpensive unmanned flying vehicle for direct, over the hill
reconnaissance. The focus is on fixed wing, forward thrust airplane
because the ability to negotiate strong opposing winds is required.
The ability tomaintain slowflight or ideally to hover is also desirable.

Several prototypes of fixed wing MAV were built to date [1–3].
They achieved a quite good range and endurance performance.
However, they suffer from near Earth boundary layer turbulence that
creates a high variation in angles of attack as explained in [4]. The
potential solution of this problem was noted in the course of the
project described in [5], when one of the tested MAV configurations
exhibited the existence of leading edge vortex. Leading edge vortex
is a well-known phenomenon [6,7] that allows the design of
supermaneuverable jet fighters, capable of flying at very high angles
of attack. It was assumed that highly maneuverable MAV could be
stable in turbulent air. Unfortunately available data presented only
flow visualization results for low Reynolds number regimes.
Therefore, at the end of the project a brief experiment was under-
taken to measure the effect of leading edge extension (LEX)
application on MAV characteristics in propulsionless configuration.
The result was positive (Fig. 1), but integration with propulsion was
not straightforward.

Propeller propulsion seems to be themost suitable for a fixedwing
MAV. A propeller at the vehicle front would decrease the angle of
attack locally, thus vanishing the effect of the leading edge vortex.
On the other hand a pusher configuration would be dangerous for
hand launching, as direct contact of the propeller with the hand of the
launching person could cause both personal injury as well as
damages to the airplane. Therefore an airplane configuration was

developed with the propeller located in a slot inside the wing contour
(Fig. 2). The propeller blows directly at the control surfaces in this
configuration which is perceived as an additional advantage, almost
equivalent to the thrust vectoring of the modern fighter airplane.

The model of this configuration was tested in the wind tunnel as
described in [8] to investigate the cooperation of the leading edge
vortex with the propeller stream. Results were positive (Fig. 3)
because the effect of the leading edge vortex appeared to be stronger
inmotor ONmode than inmotor OFFmode. These results seemed to
be similar to unsteady effects observed during experiments with
acoustic excitation of the flow [9–13] and during experiments with
flapping wings [14–16], however, the excitation method was
different in this case. Another reason for the observed increase of lift
coefficient and stall angle of attack could be the advantageous
pressure gradient in the propeller stream. On the other hand, the
possibility of an error in the experiment should be considered aswell.
Flight testing is an ultimate method validating results. This would be
quite easy, because a sufficient load factor achieved during the rapid
pull-up maneuver could exclude the possibility of this error. In case
of MAV, flight testing is also quite economical because the flying
vehicle is inexpensive and easy to build. Therefore a flight test was
undertaken to prove the quality of the developed configuration. This
Note presents the vehicle used and results of the flight experiment.

The Airplane

The airplanewas almost identical to thewind tunnelmodel applied
in the experiment described in [8]. The only differences were slightly
increased fuselage to accommodate all necessary equipment and
slightly thicker LEX root to accommodate avionics and experimental
wiring. Wing geometry was the same in both cases.
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Fig. 1 Initialmeasurements of the lift generated by the deltawingMAV

in clean configuration and with LEX attached.
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Fig. 2 Proposed MAV configuration.
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Fig. 3 Lift generated by the cranked delta wingMAV inmotorON and

OFF modes, elevator in cruise position.

Fig. 4 A view of theMAV showing the batteries and avionics bays with

the power plant controller and the data acquisition system (photo by

Jarosław Hajduk). Fig. 5 Cobralike maneuver.
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Airplane structure was based on the carbon torsion box in the nose
part of the wing and ribs covered by flexible membrane in the
remaining part of the wing. This structure was selected because of
greater flow stability as described in [17].

Electric motor MEGA Acn 16/7/8 with Jes 18-3P Advance
controller and APC 5:7 � 3 propeller were selected for propulsion of
the airplane.Motorwas supplied fromLi-poly batterieswith capacity
of 1250 mAh. Separate Li-poly battery was applied to supply the
experimental equipment.

The PRP-J5 data acquisition system was used to conduct
measurements together with a set of accelerometers and differential
pressure velocity sensor. There was no angle of attack sensor
installed because very rapid reaction was expected. Both vane and
pressure sensors would not provide reliable data because of their
inertia. Vane sensor would probably overestimate, whereas pressure
sensor would underestimate this measurement, thus the real value
would remain uncertain. Moreover it was assumed that load factor
measurement alone will be enough to validate the wind tunnel test
results. This set of sensors was quite constrained, but sufficient
assuming that experimentation was to be conducted close to the
takeoff site. Figure 4 shows the airplane before the test.

Flight testing

Large angles of attack experiments began after initial
airworthiness testing. First observations exhibited easy handling
qualities both at low and high angles of attack. Only small fins’
adjustment was needed to achieve satisfactory stability in both
regimes. Controllability was satisfactory without any modifications.
Angles of attack achieved in steady conditions were high enough to
make the vertical landing possible, in a fully controllable manner.

Measurements of the maximum load factor available in flight with
several different velocities followed. Figure 5 shows the “cobralike”
maneuver conducted to measure the maximum load factor. An
example of the raw data is presented in the Fig. 6. Finally Fig. 7
shows all measured results compared with maximum load factor
curves calculated from the wind tunnel measurement. As can be seen
from this plot, load factors achieved in flight are greater than
expected for poweredflight. This can be explained by the fact that the
highest angle of attack used for wind tunnel measurements was equal
to 32 deg due to the constrained measurement volume. Both lift and
drag influence the load factormeasured orthogonal to the fuselage, so

that it increases due to the drag increase if lift remains at least
constant. Therefore the presented result proves that the investigated
airplane is capable of flyingwith angles of attack greater than 32 deg.
The lack of any tendency to authorotational roll or spin and full
controllability during experiment support this statement.

Conclusion

Leading edge extensions can be successfully integrated with the
propeller propulsion. The leading edge vortex effect seems to be
stronger in the neighborhood of the propeller stream. An airplane
built with the application of this concept is easy to handle,
maneuverable, and capable of achieving very high angles of attack
both in steady and in dynamic conditions. The nature of the observed
advantages remains unexplained.
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Fig. 6 Raw data from the maximum load factor measurement.
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Fig. 7 Load factors measured in flight.
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