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Abstract:
This project proposes the concept of a new and advanced Personal Air Vehicle (PAV)

namedDodo, which will aim to introduce aviationto the societyasthemost efficient and
common methodof commuting–a successor to the modern-day automobile.By altering and
combining a set ofideas,certainaspects of air-vehicleshave been countered,due to which
theyhave beenseen as difficult to operate, expensiveto maintain, and impractical to use in
an inhabitedenvironment.A new design named theReducedBlended Wing Body has been
introduced in the aircraft.

Important factors of an airplane which prevent it from being widely operational as a
personal vehicle include noise levels, maintenance cost, fuel efficiency (compared to land
transport), high emissions, and runway lengths in congested places.Taking these and other
similar matters into consideration, the compatibility of existing technologies with each other
on the same airplane were researcheduponand a practical and novel environment-cum-
user-friendly PAV was designed.

Besides having special safety features and running on semi-renewable sources of
energy,it has beenensuredthat the air-vehicle is easy to operate by a common individual,
without requiring any training on the understanding and working of aeroplanes.Such a
concept, if established on a large scale, will help a society run in a much more clean and
efficient manner, where travelling long distances would not be a drain on time, energyorthe
environment.
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1.Introduction:
Back in the 1930s, the Douglas DC-3 revolutionizedaviation by introducinga whole

new segment of civil societyto air travel, and establishing it as thenewway of
transportation. It set highstandards for air travel,and had a lasting impact on the airlines
industry by making it possible for companies to make a profit in aircraft passenger service
without government subsidies(Hanson, 1995).Thereliability, designandeconomy,
combined with the use of latest available technology, led totheworldwide fameand
utilization of the DC-3 as a premier class passenger and cargo airplane.

A new generation aircraft, whichmighthave the capability of recreating the success
of DC-3, would need to be one which brings aviation to the very doorstep of an individual’s
life.Its revolutionary contribution would be to make airplanes as personal andas common a
way of travelling as automobiles today.Such a personal aircraftwould entail features like
low emissions, reduced noise-levels, easy operations and portability which would enable it to
serve the society on a large-scale in an efficient, effective and comfortable manner.

2. Literature Review:
Due to its manifold advantages, scientists and engineers have endeavoured to

integrate the modern-day automobile with an aircraft to produce a flying car capable of
being an easy and practical mode oftransportation.Marchman, Intratep and Mason(2002)
proposed a design for a dual-mode personal air vehicle and considered various limitations to
which the‘social’aircraft must conform to.The viability of day-to-day personal air-
transportation as a luring aeronauticalbusiness opportunity (Herrick, 1993)has also been
discussed in the commercial world.

Several models of flying cars have been designed and produced as prototypes, out of
which, the more acclaimed ones are Urban Aeronautics’ X-Hawk, the Moller Skycar M400
and the UFO-shaped M200x.However, most of them have yet to come out of their prototypal
nature, and be mass-produced for personal transportation. Furthermore, research on
unconventional types of aeroplane designs, like the flying wings andblended wing bodies,
have generated the possibility of them being use as flying car structures for their added
advantages.Weinerfeltet al. (2002) studied in depth the aerodynamics of a blended wing
body aircraft, and Gerhold et al. (2004) investigatedthe acoustical shielding provided by
such a design.

Apart from research ventures, NASA’s Fundamental Aeronautics Programrenders
useful insight into the development of aircrafts, and the various technologies existing in the
field of aviation.Such work has been studied in this research in order to design an aircraft
which can make personal air-transport a practical reality in the near future.
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3.The Concept:
This research puts forth the idea of a personal air vehicle namedDodo. The design of

this aircraft is a combination of several innovative technologiesand ideas.The result ofthis
‘multipledesign system’is that the negativeeffects of one designhavebeenoffset by the
positive effects of another.

Since the research involves the design of an aircraft which can easily be used in
society, certain factors in aeronautics would be out ofourscope. Such factors include
supersonic speeds, very high-speed drag, sonic booms, high altitudes, and of the sort.On the
other hand, factors such as short runway lengths, take-off and landing procedures, reduced
noise levels, and safety have been emphasized upon.

For the purpose of discussion, the characteristics ofDodo’sdesign have beendivided
intoeleven distinct areas-

 Mainframe Design
 Enginesand Motors
 Take-Off and Landing procedures
 Powerand Emissions
 Manoeuvrability
 Reduced Noise Levels
 Operating and Maintenance Cost
 Mobility/ Portability
 Energy Harvesting
 Simplicity of Operation
 Safety

These areas, as would be discussed ahead in the paper, have been designed keeping
in mind the primary objective ofDodobeing a practical solution for every-day commuting.

3.1Mainframe Design:
For a smooth transit, the fuselage of an aircraft needs tobe aerodynamically

designed, so that it canreduce form-drag1andpass through the layers of the air-molecules
with least resistance. Apart from a streamlined shape, theDodowill resort to a mainframe
design which will help generate the Lift required forthe entire aircraft and its passengers.
According to the Kutta-Zhukovskytheorem:

Lift = Airspeed x Air circulation x Density of medium x Wing Span

When using the aircraft as an every-day vehicle, people will rarely have an option of
controlling the on-going wind currents (which affects the air circulation around the wing), or
the density of the air around them.The air circulation occurs upon the interaction of the
wind with the wing. By mechanically stirring the air, one can create the circulation needed
for lift (known as the Magnus Effect), as in the case of paddle-wing aircrafts. But in the case
of a PAV, the trade-off with the cost and difficultyin operation of an artificially stirring

1A form of parasitic drag caused due to the shape of a solid moving through a fluid.
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aircraft makes paddle-wings unfeasible.The airspeed overawing may be manipulated by
changing the speed of the aircraft (relative to the wind). With an engine of constant power2,
a higher speed would require a longer runway length. However, in a modern-day society,
where congestion is a common problem, it would be hard to find even a moderately long
runway.

Hence, thefactorchanged altered during construction,in order to affect thelift
generated,is the wing-span; an increasedwing-span would help attain a greater height
quickly. Even in this case, we cannot indiscriminately continue to increase the span since
the aircraft is built to operate in a populated and civilized region.Moreover, very long wings
would droop and may lead to fracture when subjected to mechanical stress during the flight3.
Therefore, the appropriate design chosenforDodois amodified version of theBlended Wing
Body (BWB), called theReduced Blended Wing Body.For a BWB, a cross-section of fuselage
at any point should have the shape of an aerofoil.Inthe Reduced BWBdesign,the surface
area of the aircraft isdecreased, and the fuselageis shaped bullet-like. Thisnot only helps in
reducing parasitic drag by smoothing out thelaminarairflow over the plane, butalso
ensures that the dimensions of the
vehicle are suitable for transportation in
a congested society.Moreover, an
advantageof this configurationisits
lower wetted area to volume ratio and
lower interference drag as compared
with the conventional transportaircraft.

The advantage of using a BWB is that the entire body generates the lift for the flight,
thus minimizing thewing-span required for take-off and transit.Small vertical lips (Gurney
Flaps) would be attached on the trailing edge of the aircraft, perpendicular to the wing body.
The flaps, about 0.05m long, would help increase the magnitude of Lift, with minimal
changes in the induced-drag.The sleek shape helpsin reducingreduceinterference drag.
Since the aerofoil shape is incorporated within the body,care has beentaken to design the
body so that it leaves enough space inside the wing for passengers to comfortably sit,
without compromising on the streamlined shape.Moreover, it should be ensured that the

2The power of the engine is atrade-off with the manufacturing, operating and maintenance cost of the aircraft. Hence, the
aircraft will not be fitted with very powerful engines, even though they reduce the runway length greatly.
3The moment of the wing about the fuselage-wing jointincreases as the length of the wing increases, since

Moment = Applied Force x Distance of Force from Axis
A very large moment will cause the root of the wing to rupture.

Figure1: TheDodo(SideView)

Figure 2: TheDodo(Top View)
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aircraft is not overly long, as it wouldaffectits portability in a populated environment.
Considering all this, the following diagram explains the dimensionsofDodo.

Figure 3: Cross-section of fuselage showingwing slope

In a comfortable sitting posture, a normal human needs around 1.6 metres of free
space, height wise. The PAV’s length has been taken asmaximum4 metres, in order to
accommodate for the surroundings.The passenger will sit in the broadest section of the
wing, which is estimated to be at 0.6 metres from the leading edge. Hence, the angle θ of the
wing slope would begiven as-

= 1.64 � 0.6= (0.47)= 25.2�
Thethree-wheeledaircraft will be made of aluminiumand plasticdue totheirlight

weightand relatively cheap market prices.The other option for making the blended wing is
a lightweight composite material, like carbon fibre. But such lightweight composites are not
only expensive (increase the production cost of the PAV), but also provide lesser intrinsic
electromagnetic shielding to light aircraft structures, as compared to aluminium. This
decreases the safety-level of the aircraft duringstormy days. Therefore, it was decided to
construct the aircraft withcomposite plastics andaluminium due to cost and safety
parameters.Theareas around the engines will be linedwith carbon-foam soasto reduce
thermal conductivity and noise-levels.The partially hollow fuselage would hold the fuel.
Wingletsat the end of the aircraft willcounter the effect of vortices and increase lift.

3.2Enginesand Motors:
The aircraftwillcontain one

WankelEngine4, andtwohorizontal
Electric Motors.A Wankel engine is
use in the PAV due to its multi-fuel
capability, low weight, reduced
engine cooling drag and small frontal
area. It is also more reliable since it
is made of fewer parts, and contains
no valves or cams. A lower gas
exhaust temperature isanother

4Wankel engines are used since they are very light compared to the liftwhich they are able to produce

Figure 4:The horizontal and vertical propellers powered by
the engine; and the Electric motor
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important reason for using this engine; it prevents the aircraft, and the region surrounding
it, from heating up.The Wankelwill be powering two propellers, placed in mutually
perpendicular directions.At any point of time, the engine would be able to power only one of
the propellers. The vertical propellerwill be placed behind the passenger area. Thefan
would be enclosed within the wing-body (having a lining of carbon foam). Theengine will
power this propeller to provide thrustfor verticaltake-off and landing procedures. The
horizontalpropellerwill be placed behind the verticalone.The engine itself will be
horizontallyplaced in between the twofans, andwillbe embedded within the wingbody.
The horizontal fan would be powered duringlinear commuting, or runway take-off and
landing.

The position of the engine can be shifted from the cockpit. Moving it forward would
connect its bevel gear to that of the vertical propeller’s shaft. Shifting the engine backward
would connect its spur gear to that of the horizontal propeller’s shaft, and detach the bevel
gear mechanism. In such a manner, the single Wankelwould be able to provide both
horizontal and vertical thrust, as and when required.The propellers and engine will all have
carbon-foam casing, since carbon-foam is a stable, non-combustible and insulating material
which will protect the rest of the aircraft components from heating up under the engine’s
effect5.

Figure 5:The engine can power both propellers (at separate times)

Apart from the engine,Dodowill encompass two high-power electric motors which
would be run onbatteries. These two motors would be attached near the stern of the
aircraft, one on each side of the horizontal propeller. Theywill provide thrust in the
horizontal direction, when the aircraft is in Battery mode6(engine switched-off).Moreover,
the motors will be used to drive the aircraft on the ground, since thehotexhaustsfrom the
engine would be undesirable in apopulatedplace.

3.3Take-Off and Landing procedures:
The aircraft provides its passengers with an option for take-off and landing.Dodocan

take-off vertically like a helicopter, or can use a runway like a fixed-wing aircraft take-off.
The choice of whichengineis to be used would depend on the surroundings of the PAV.
Normally, the primary take-off and landing method would use the horizontal thrust method.
With itsreducedblended wing design and light weight, it can take-off using a very short
runway length at a moderateenoughspeed.In fact, with a mean wing-span of 2.5m,and a

5More reasons for the use of carbon-foam have been given underSection3.6andSection3.11
6Elaboration given inSection3.4


