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INTRODUCTION OF ADVANCED CONCEPTS:

Supercritical Wings, relaxed static Stability, controlled configured vehicles, V/STOL aircraft
and rotary wing vehicles.

Design and layout of flying controls and engine controls.

SUPERCRITICAL WINGS

The flow over a finite wing is different from that of flow over an airfoil. Transonic Jet aircrafts fly
at speed of 0.8-0.9 Mach number. At these speeds speed of air reaches speed of sound somewhere
over the wing and compressibility effects start to show up. The free stream Mach number at which
local sonic velocities develop is called critical Mach number. It is always better to increase the
critical Mach number so that formation of shockwaves can be delayed. This can be done either by
sweeping the wings but high sweep is not recommended in passenger aircrafts as there is loss in
lift in subsonic speed and difficulties during constructions. So engineers thought of developing an
airfoil which can perform this task without loss in lift and increase in drag. They increased the
thickness of the leading edge and made the upper surface flat so that there is no formation of strong
shockwave and curved trailing edge lower surface which increases the pressure at lower surface
and accounts for lift.

A concerted effort within the National Aeronautics and Space Administration (NASA) during the
1960's and 1970's was directed toward developing practical airfoils with two-dimensional
transonic turbulent flow and improved drag divergence Mach numbers while retaining acceptable
low-speed maximum lift and stall characteristics and focused on a concept referred to as the
supercritical airfoil. This distinctive airfoil shape, based on the concept of local supersonic flow
with isentropic recompression, was characterized by a large leading-edge radius, reduced
curvature over the middle region of the upper surface, and substantial aft camber.

Effects of Trailing-Edge Thickness

The design philosophy of the supercritical airfoil required that the trailing-edge slopes of the
upper and lower surfaces be equal. This requirement served to retard flow separation by reducing
the pressure recovery gradient on the upper surface so that the pressure coefficients recovered to
only slightly positive values at the trailing edge. For an airfoil with a sharp trailing edge, as was
the case for early supercritical airfoils, such restrictions resulted in the airfoil being structurally
thin over the aft region. Because of structural problems associated with sharp trailing edges and
the potential aerodynamic advantages of thickened trailing edges for transonic airfoils, an
exploratory investigation was made during the early development phases of the supercritical
airfoil to determine the effects on the aerodynamic characteristics of thickening the



trailing edge shows that increasing the trailing-edge thickness of an interim ill-percent-thick
supercritical airfoil from 0 to 1.0 percent of the chord resulted in a significant decrease in wave
drag at transonic Mach numbers; however, this decrease was achieved at the expense of higher
drag at subcritical Mach numbers.

Aerodynamic characteristics of an airfoil play a crucial role in the designing and performance of
an aircraft. The changes in any of these parameters (Mach number, Lift & Drag coefficients,
Pressure drag and the strength of the generated shock wave) will result in appreciable loss in
stability of the aircraft. Several attempts have been made by researchers to obtain a better airfoil
shape to enhance the aerodynamic efficiency. But, there were some early problems, as an airfoil
approaches the speed of sound, the velocities on the upper surface become supersonic because of
the accelerated flow over the upper surface, and there is a local field of supersonic flow extending
vertically from the airfoil and immersed in the general subsonic field. The aircraft loses the
stability when the flying speed reaches the speed of sound. This is because of the drag called Wave
drag, which is caused by the formation of shock waves around the body, which radiate a
considerable amount of energy. These shockwave causes the smooth flow of air hugging the wing's
upper surface (the boundary layer) to separate from the wing and create turbulence. Separated
boundary layers are like wakes behind a boat -- the air is unsteady and churning, and drag
increases. This increases fuel consumption and it can also lead to a decrease in speed and cause
vibrations. In rare cases, aircraft have also become uncontrollable due to boundary layer
separation.

Although shock waves are typically associated with supersonic flow, they form at a lower speed
at areas on the body where local airflow accelerates to sonic speed. The magnitude of the rise in
drag is impressive, typically peaking at about four times the normal subsonic drag. The free stream
Mach number at which local sonic velocities develop is called critical Mach number. It is always
better to increase the critical Mach number so that formation of shockwaves can be delayed. This
can be done either by sweeping the wings but high sweep is not recommended in passenger
aircrafts as there is loss in lift in subsonic speed and difficulties during constructions. In order to
overcome the situation, many numerical simulations have been carried out for each chosen profile
to bring out the best possible stability characteristics so that they can be used in many aerodynamic
applications. So it is always desirable for an airfoil to possess best stability characteristics which
can further achieve good lifting performance at optimum and extreme flow conditions. Therefore,
researchers developed an airfoil which can perform this task without loss in lift and increase in
drag. They increased the thickness of the leading edge and made the upper surface flat so that there
is no formation of strong shockwaves and curved trailing edge lower surface which increases the
pressure at lower surface and accounts for lift. Two of the important technological advancements
that arose out of attempts to conquer the sound barrier were the Whitcomb area rule and the
Supercritical airfoils. A supercritical airfoil is shaped specifically to make the drag divergence
Mach number as high as possible, allowing aircraft to fly with relatively lower drag at high
subsonic and low transonic speeds. For a better performance aircraft needs to get the speed closer
to Mach 1 without encountering large transonic drag and this can be achieved by delaying drag
divergence phenomenon to higher Mach numbers by using the Supercritical airfoils as shown in
Fig. la.



WHITCOMB INTEGRAL SUPERCRITICAL AIRFOIL

Fig -1a: Whitcomb supercritical airfoil
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Fig -1b: NACA 64 series airfoil



DEVELOPMENT OF SUPERCRITICAL AIRFOIL

Supercritical airfoils are a class of transonic airfoils which operate with subsonic inlet and exit
flow velocities and with embedded regions of supersonic flow adjacent to the airfoil surface.
The term "supercritical™ refers to the presence of velocities in the flow field which are above
the “critical” or sonic speed. The supercritical airfoils were designed by NASA engineer
Richard Whitcomb, and were first tested on the TF- 8A Crusader. While the design was initially
developed as part of the Supersonic Transport (SST) project at NASA, it has since been mainly
applied to increase the fuel efficiency of many high subsonic aircratft.

Slotted Supercritical Airfoil

In the early 1960's, Richard T. Whitcomb of the Langley Research Center proposed an airfoil
with a slot between the upper and lower surfaces near the three-quarter chord to energize the
boundary layer and delay separation on both surfaces (Fig. 2). It incorporated negative camber
ahead of the slot with substantial positive camber rearward of the slot. Wind-tunnel results
obtained for two-dimensional models of a 13.5-percent-thick airfoil of the slotted shape and a
NACA 64A-series airfoil (Fig. 1b) of the same thickness ratio indicated that the slotted airfoil
had a drag-rise Mach number of 0.79 compared with a drag-rise Mach number of 0.67 for the
64A-series airfoil. The drag at a Mach number just less than that of drag rise for the slotted
airfoil was almost entirely due to skin friction losses and was approximately 10 percent greater
than that for the 64A-series airfoil as shown in Fig. 3

Integral Supercritical Airfoil

The presence of a slot increased skin friction drag and structural complications. Furthermore,
the shape of the lower surface just ahead of the slot itself was extremely critical and required
very close dimensional tolerances. Because of these disadvantages an unslotted or integral
supercritical airfoil (Fig. 2) was developed in the mid 1960's. Proper shaping of the pressure
distributions was utilized to control boundary layer separation rather than a transfer of stream
energy from the lower to upper surface through a slot. The maximum thickness-to-chord ratio
for the integral Supercritical airfoil was 0.11 rather than 0.135 as used for the slotted airfoil.
Theoretical boundary layer calculations indicated that the flow on the lower surface of an
integral airfoil with the greater thickness ratio of the slotted airfoil would have separated
because of the relatively high adverse pressure gradients at the point of curvature reversal.
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Fig- 2: Advancement in supercritical airfoil shape.

The experimental results shown in Fig. 3 indicated that the MDD for the integral airfoil was
slightly higher than that for the slotted airfoil.
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Fig- 3: Variation of drag coefficient with Mach number

GENERAL DESIGN PHILOSOPHY

Supercritical airfoils are a class of transonic airfoils which operate with subsonic inlet and exit
flow velocities and with embedded regions of supersonic flow adjacent to the airfoil surface.
The term "supercritical” refers to the presence of velocities in the flow field which are above
the "critical” or sonic speed. The supercritical airfoils were designed by NASA engineer
Richard Whitcomb, and were first tested on the TF- 8A Crusader. While the design was initially
developed as part of the Supersonic Transport (SST) project at NASA, it has



since been mainly applied to increase the fuel efficiency of many high subsonic aircraft. The
upper-surface pressure on NASA supercritical airfoils and related velocity distributions are
characterized by a shock location significantly aft of the mid chord, results a rapid increase in
pressure rearward of the mid chord to a substantially positive pressure forward of the trailing
edge. The elimination of the flow acceleration on the upper surface ahead of the shock wave
results primarily from reduced curvature over the mid chord region of the supercritical airfoil
and provides a reduction of the Mach number ahead of the shock for a given lift coefficient
with a resulting decrease of the shock strength as shown in Fig. 4. The strength and extent of
the shock at the design condition could be reduced below that of the pressure distribution by
shaping the airfoil to provide a gradual deceleration of the supersonic flow from near the
leading edge to the shock wave.
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Fig-4: Comparison of transonic flow over a convention NACA 64 airfoil with transonic flow
over a supercritical airfoil using CP variation

The airfoil produces expansion waves, or waves that tend to reduce pressure and increase
velocity starting near the leading edge. If the flow field were a purely supersonic flow, there
would be a continual expansion or acceleration of the flow from leading edge to trailing edge.
There is actually an infinite series of expansions that move out of this supersonic field. When
the flow is mixed, the expansion waves that emanate from the leading edge are reflected back
from the sonic line as compression waves that propagate back through the supersonic field to
the airfoil surface. Up to this point of contact, all the expansion waves have been accelerating
the flow, but as soon as the compression waves get back to the surface, they start to decelerate
the flow. These compression waves are then reflected off the solid airfoil surface as more
compression waves. So, there are sets of competing waves working in the flow that are the key
to obtaining good transonic characteristics for airfoils and those are need to be



balanced. Two primary factors influence the balancing of these expansion and compression
waves: the leading edge and the surface over the mid chord regions. First, there need to be
strong expansions from the leading-edge region so they can be reflected back as compression
waves--thus the large leading radius characteristic of supercritical airfoils. The leading edge of
supercritical airfoils should be substantially larger than the conventional previous airfoils and
is more than twice that for a 6-series airfoil of the same thickness-to-chord ratio. Second, the
curvature over the mid chord region must be kept fairly small so that there is not a very large
amount of accelerations being emanated that must be overcome by the reflected compression
waves--thus the flattened upper-surface characteristic of supercritical airfoils.
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Fig-5: Schematic of the flow field over supercritical airfoil

Finally the critical Mach number (MCr) and drag divergence Mach number (MDD) is increased
by the shape of the supercritical airfoil. The pressure coefficient distribution over the top
surface of a supercritical airfoil flying above MCr but below MDD is sketched in Fig.

5. After a sharp decrease in pressure around the leading edge the pressure remains relatively
constant over a substantial portion of the top surface. This is in contrast to the pressure
coefficient distribution for a conventional airfoil flying above MCr. On a conventional airfoil,
the sudden increase in pressure coefficient at mid-chord is due to the shock. At a certain point
along the airfoil, a shock is generated, which increases the pressure coefficient to the critical
value (Cpcr), where the local flow velocity will be Mach 1(Fig. 4). The position of this
shockwave is determined by the geometry of the airfoil; a supercritical foil is more efficient
because the shockwave is minimized and is created as far aft as possible thus reducing drag.
Compared to a typical airfoil section, the supercritical airfoil creates more of its lift at the aft
end, due to its more even pressure distribution over the upper surface. Throughout the transonic
range, the drag coefficient of the airplane is greater than in the supersonic range because of the
erratic shock formation and general flow instabilities. Once a supersonic flow has been
established, however, the flow stabilizes and the drag coefficient is reduced as shown in Fig. 6.
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Fig-6: Reduction in drag with Mach number

Designation for Supercritical Airfoils

The airfoil designation is in the form SC(X)-ABCD, where SC(X) indicates Supercritical
(Phase X). The next two digits, AB, designate the airfoil design lift coefficient in tenths (A.B),
and the last two digits CD designate the airfoil maximum thickness in percent chord (CD
percent).

Design guidelines

1. An off-design criterion is to have a well behaved sonic plateau at a Mach number below the
design Mach number.

2. The gradient of the aft pressure recovery should be gradual enough to avoid separation (This
may mean a thick trailing edge airfoil, typically 0.7% thick on a 10/11% thick airfoil.)

3. The airfoil has sufficient aft camber so that at design conditions the angle of attack is about
zero. This prevents the location of the upper-surface crest (position of zero slopes) from being
too far forward with the negative pressure coefficients over the mid chord acting over a
rearward-facing surface.

4. Gradually decreasing supercritical velocity to obtain a weak shock.

FEATURES OF SUPERCRITICAL AIRFOIL

Trailing edge thickness

For an airfoil with a sharp trailing edge, as was the case for early supercritical airfoils, such
restrictions resulted in the airfoil being structurally thin over the aft region. In order to
investigate more comprehensively the effects of trailing-edge geometry, a refined 10-percent-
thick supercritical airfoil was modified to permit variations in trailing-edge thickness from 0 to
1.5 percent of the chord and inclusion of a cavity in the trailing edge (Fig. 2). The results are
(1) increasing trailing-edge thickness yielded reductions in transonic drag levels with no
apparent penalty at subcritical Mach numbers upto a trailing Edge thickness of about 0.7
percent, (2) increases in both subsonic and transonic drag levels appeared with increases in
trailing-edge thickness beyond approximately 0.7 percent, (3) small drag reductions through
the Mach number range resulted when the 1.0-percent-thick trailing edge was modified to
include a cavity in the trailing edge and (4) the general design criterion to realize the full
aerodynamic advantage of trailing-edge thickness appeared to be such that the pressure
coefficient over the upper surface of the airfoil recover to approximately zero at the trailing
edge with the trailing-edge thickness equal to or slightly less than the local upper-surface
boundary-layer displacement thickness.



Maximum thickness

In order to provide a source of systematic experimental data for the early supercritical airfoils,
the 11-percent-thick airfoil and the 10-percent-thick airfoil were reported to compare the
aerodynamic characteristics of two airfoils of different maximum thicknesses. For the thinner
airfoil, the onset of trailing-edge separation began at an approximately 0.1 higher normal-force
coefficient at the higher test Mach numbers, and the drag divergence Mach number at a normal-
force coefficient of 0.7 was 0.01 higher. Both effects were associated with lower induced
velocities over the thinner airfoil.

Aft Upper-Surface Curvature

The rear upper surface of the supercritical airfoil is shaped to accelerate the flow following the
shock wave in order to produce a near-sonic plateau at design conditions. At intermediate
supercritical conditions between the onset of supersonic flow and the design point, the upper-
surface shock wave is forward and the rear upper-surface contour necessary to produce the
near-sonic plateau at design conditions causes the flow to expand into a second region of
supercritical flow in the vicinity of three-quarter chord. The modifications over the rear upper
surface of supercritical airfoil were made to evaluate the effect of the magnitude of the off-
design second velocity peak on the design point. The modification was accomplished by
removing material over approximately the rear 60 percent of the upper surface without
changing the trailing-edge thickness and resulted in an increase in surface curvature around mid
chord and a decrease in surface curvature over approximately the rearmost 30 percent of the
airfoil. The results indicated that attempts to reduce the magnitude of the second velocity peak
at intermediate off-design conditions in that particular manner had an adverse effect on drag at
design conditions. The results suggested, however, that in order to avoid drag penalties
associated with the development of the second velocity peak into a second shock system on the
upper surface at intermediate off-design conditions, the magnitude of the second peak should
be less than that of the leading-edge peak.

The broad region of relatively low, nearly uniform, upper-surface curvature on the supercritical
airfoil extends from slightly rearward of the leading edge to about 70 or 75 percent chord. the
results of extending this region of low curvature nearer to the trailing edge in an attempt to
achieve a more rearward location of the upper-surface shock wave without rapid increases in
wave losses and associated separation, thus delaying the drag divergence Mach number at a
particular normal-force coefficient or delaying the drag break for a particular Mach number to
a higher normal-force coefficient. Extending this low curvature region too near the trailing
edge, however, forces a region of relatively high curvature in the vicinity of the trailing edge
with increased trailing-edge slope. This high curvature would be expected to produce a more
adverse pressure gradient at the trailing edge, where the boundary layer is most sensitive, and
would result in a greater tendency toward trailing-edge separation. The results indicated that
although simply extending the region of low curvature farther than on earlier supercritical
airfoils provided a modest improvement in drag divergence Mach number, it had an
unacceptably adverse effect on drag at lower Mach numbers.

THE KORN EQUATION

Airfoil performance needs to be estimated before the actual airfoil design has been done. To
estimate the capability of supercritical airfoils for the purposes of design studies without
performing wind tunnel or detailed computational design work, several attempts have been
made. The Korn equation was an empirical relation developed by Dave Korn at the NYU
Courant Institute in the early 1970s. It appeared that airfoils could be designed for a variety of
Mach numbers, thickness to chord ratios, and design lift coefficients. The Korn equation is
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Where, kA is an airfoil technology factor. The airfoil technology factor has a value of 0.87 for
an NACA 6-series airfoil section, and a value of 0.95 for a supercritical section. MDD is the
drag divergence Mach number, CL is the lift coefficient, and t/c is the airfoil thickness to chord
ratio. This relation provides a simple means of estimating the possible combination of Mach,
lift and thickness that can be obtained using modern airfoil design.

As air moves across the top of a supercritical airfoil it does not speed up nearly as much as over
a curved upper surface. This delays the onset of the shock wave and also reduces aerodynamic
drag associated with boundary layer separation. At a particular speed for a given airfoil section,
the critical Mach number, flow over the upper surface of an airfoil can become locally
supersonic, but slows down to match the pressure at the trailing edge of the lower surface
without a shock. However, at a certain higher speed, the drag divergence Mach number, a shock
is required to recover enough pressure to match the pressures at the trailing edge. This shock
causes transonic wave drag, and can induce flow separation behind it; both have negative
effects on the airfoils performance.

But Supercritical airfoil has a higher MDD, allowing the aircraft to fly at higher speeds without
drag rise and shock waves are generating farther aft than traditional airfoils. Also shock induced
boundary layer separation is reduced, this allows for more efficient wing design geometry (e.g.,
a thicker wing and/or reduced wing sweep, each of which may allow for a lighter wing). The
structural design of a thicker wing is more straightforward and actually results in a more
lightweight wing. Also, a thicker wing provides more volume for an increased fuel capacity.
Clearly, the use of a supercritical airfoil provides a larger design space for transonic airplane.
Lift that is lost with less curvature on the upper surface of the wing is regained by adding more
curvature to the upper trailing edge. Now the aircraft can cruise at a higher subsonic speed and
easily fly up into the supercritical range. Consequently, aircraft utilizing a supercritical wing
have superior take-off and landing performance.

Higher subsonic cruise speeds and less drag translates into airliners and business jets getting to
their destinations faster on less fuel, and they can fly farther and that help keep the cost of
passenger tickets and air freight down. NASA's test program conducted at the Dryden Flight
Research Centre from March 1971 to May 1973 and showed that the supercritical wing
installed on an F-8 Crusader test aircraft increased transonic efficiency by as much as 15% and
predicted that the net gain for air carriers worldwide would be nearly one-half billion dollars
all due to fuel savings of the supercritical airfoil. Before the program ended, the U.S. Air Force
teamed with NASA for a joint program to test a SCW designed for highly manoeuvrable
military aircraft. An F-111, with a variable-geometry wing, was them testing aircraft and the
basic supercritical research took place between 1973 and 1975. Results were extremely
successful and showed the test wing generated up to 30% more lift than the conventional F-111
wing and performed as expected at all wing sweep angles. Several military aircraft in testing
and development stages are being built with supercritical wing technology. Among them are
the Lockheed-Martin F-22 advanced technology Fighter, and the two aircraft that will be
considered for the U.S. military Joint Strike Fighter production contract, the Boeing X-32 and
the Lockheed-Martin X-35.



Controlled Configured Vehicles

Introduction CCV

In the mid 1970s, flight control research was focused on the concept of a Control Configured
Vehicle (CCV). The goal of CCV design was to improve aircraft performance through the use
of active control. CCV concepts under study at the time included: improved handling qualities,
flight envelope limiting, relaxed static stability, gust alleviation, maneuver load control, and
active structural mode control. Many of the concepts were flight tested and, in some cases, the
CCV design concept allowed for modifications of existing aircraft. For example, CCV concepts
were used on the L-1011 aircraft to increase the gross take-off weight while minimizing wing
structural changes. A design methodology is needed to find the optimum combination of control
system development cost and total aircraft system performance and cost. Kehrer, for example,
describes how use of stability augmentation methods during preliminary design led to a 150
inch reduction in fuselage length for the Boeing 2707-300 Supersonic Transport (SST).

The shortened fuselage also led to reduced vertical tail size and gear length, with a weight
savings of 6,000 Ibs and range increase of 225 nautical miles. The weight savings reported by
the Boeing study came at the expense of an increase in control system development cost,
however. The total cost of the Boeing SST flight and avionics systems were estimated to be
double that of the Boeing 747. As a result, there was an assumption that the increased flight
control system design complexity and cost (risk) was balanced by the performance
improvements in the new design.

The first CCV aircraft was the YB-49 flying wing. The YB-49 was actually flight demonstrated
at a 10% unstable static margin, using an automatic control system. The X-29 forward-swept
wing aircraft represents one of the more recent aircraft where in the ability to use active control
had a significant impact on the airframe configuration. To achieve the performance benefits of
the forward swept wing-canard configuration, the X-29 airplane was required to have a 35%
unstable static margin. Even more recently, the F-117 and B-2 aircraft undoubtedly have poor
bare-airframe stability characteristics but have reached production status because of active
control.

Each of these aircraft configurations would not be feasible had the impact of active control not
been considered at the conceptual design stage. The CCV concept fostered research on the
impact of active control on aircraft configurations. During this early development period, the
realization that aircraft performance gains were achievable using active control was an
important motivation for multivariable control research. Today, the use of a multivariable flight
control system is accepted and even expected. However, to a large extent, a quantifiable impact
of active control on the aircraft configuration design and layout has not been exploited. Design
rules are certainly being used within airframe companies to include the benefit of active control
on the configuration design. However, there appears to be no current systematic method
through which the configuration can be optimized within the constraints of control system
structure and control power.
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(A) Traditional Aircraft Design Process

Figure (A) illustrates the traditional and CCV design processes as described. The “traditional”
design process includes flight control design on the outside of the primary configuration
selection and optimization loop. This process is represented by Figure (A). Basically, the
airplane configuration is established through optimization amongst the aerodynamic,
propulsion, and structures disciplines. The flight control design is not conducted until after the
final aircraft configuration has been selected. Therefore, the design of the flight control system
has no impact on the airplane configuration.

The CCV design process is illustrated by Figure (B). The CCV design concept includes active
control system design in parallel with the other disciplines for configuration selection and
optimization. Thus, flight control design directly affects configuration selection. However, the
implication is that a complete control system design is carried out for each configuration
iteration. One of the primary drawbacks of this approach, and others like it, is that a complete
control system is designed at each iteration step.
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Figure (B) Control-Configured-Vehicle Design Process

If the flying qualities of the bare airframe are optimized, then it is reasoned that the
control system of the aircraft will be inexpensive to develop and build. However, this approach
ignores the benefits of active control completely and is contrary to the objectives of CCV
design. This approach attempts to eliminate the control system rather than benefit from



it. As a result, statically unstable aircraft such as the F-16 and X-29 would not emerge from
this approach.

The natural extension of CCV design is to link flight control considerations and configuration
design such that the best configuration can be obtained through numerical optimization. This
type of cross-disciplinary optimization is the basis for Multidisciplinary Design Optimization
(MDO). An aircraft configuration MDO problem generally consists of separate modules which
come from different traditional aeronautical disciplines such as structures, aerodynamics, and
controls. The interaction between the structures and aerodynamics disciplines are at least clear
conceptually - changes in geometric contours lead to lead changes in both fuel (drag) and
structural weights.

V/STOL aircraft

Vertical takeoff and landing vehicles came into existence due to experiments carried out during
the years 1950 — 1970 and almost all came out to be failures. Sometimes it used to have short
run before the take off hence they were also called STOL, Shortrun Take Off and Landing
vehicle. The flight control and stability of VTOL/STOL is very difficult and is of prime area
of research presently in this field. This paper focuses on how the VTOL emerged gradually
over the years and depicts the current advancement in the field of aerospace. VTOL has
basically three configurations up till current development in this field, wing type configuration,
helicopter type configuration and ducted type configuration. Wing type has fixed wings with
vector thrust engine or moving wings with engine, ducted type has ducted rotor which helps to
provide lift, helicopter type has rotor mounted above it to provide lift. Initially the VTOL
developed were of wing type configuration, primarily for military purposes and were man
operated but later their importance was know and more and more advanced designs of it came
into existence. The Hover eye platform from Bertin Technologies was first major step in
direction of unmanned VTOL. The Hover eye platform brought breakthrough in the field of
ducted type configuration of VTOL. Recent trends for unmanned aerial vehicles in the field of
aerospace and photography application is well known. Various helicopter type configurations
used for UAV are explained along with their advantages over other configuration here. The
latest ongoing research in this field is hover bike which is a hybrid machine. It uses ducted
rotors to attain required lift in order achieve its objectives. It can be either manned or unmanned.
Its concept emerged from the Hovercraft which has hybrid capability and used ducted fan to
hover and maneuver. Design with single engine has problems of stability and the design with
multi engine has problem of managing multi engines effectively. Engine with exposed rotors
proves to be dangerous and so it should be very well considered. The need of the hour is to
design a quite, low cost, low weight, high power to weight and effective control for VTOL and
optimize its performance. Such VTOL can be used for anti terrorist activity, for complete
surveillance purposes.

Most of the initial inventions of VTOL were of short run take off type or jump type vertical
take off and landing vehicles some of example are Harrier, VV-22 Osprey and Yak-38 Forger.
They had wing type configuration. Lockheed manufactured XFV-1 in May 1951 and Convair
manufactured XFV- pogo in 1951.both were experiments and completed their test flight.



FIGURE 7: Lockheed XFV-1 [2].

The Harrier was a jump style VTOL and was developed in Britian. It was also
named as Harrier Jump Jet. Hawker Aircraft company came out with this design in
1957 [3]. It was mainly used for military purpose. It could take off vertically if it is

under its maximum loading limit. It can also take short run take off for better fuel
effiency.
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