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Alexander the Great slicing the Gordion knot with a sword-stroke.
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_\4 _ 1. Introduction

» The aircraft with electric / hybrid propulsion systems are
most promising future cleaner emerging technologies.

» The low specific energy of batteries’ technologies is a hard
barrier in future development of the electric aircraft that

» Increases radically the aircraft take-off mass

» Radically new, unconventional solutions must be
developed.

» This paper deals with possible out of the box solutions
» Energy support from outside
» Energy generation on board

» Recharging during the flights
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_\4 2. ,,Out of the Box” thinking

» The conclusions from slicing the Gordion knot:
» original (out of the box thinking) solution is a new solution that has
never used before and unknown for the other, however
» after initiating and accepting the new original solution seems easy
repeatable and "not so new".

» Sometimes the original solutions are rather simple:

Eye of fruit fly

= s thus roughly equivalent to a 26x26
pixel array covering one visual
hemifield, which

= s ridiculously low compared to
state-of-the-art artificial vision, and

= about 150 000 times ,,worse” than
human eye retina.
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\j 3. Examples on ,,Out of the Box”
— solutions

» The out of the box solutions are radically new, disruptive
technologies

Cumulative Growth in Air Travel
Through Improvements,
Efficiencies,

Fleet Management (Bankruptcies)
Demand Management

& Economies New_ Fare Structures Pretzels
Regional Jets

Frequent Flier Programs

internet Sales

Low Cost Carriers

Hubbing

Deregulation

Turboprops _.
VHF Communication Turbojets
VOR Navigation Vo', ILS

Radar Surveillance

S
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\j 3. Examples on ,,Out of the Box”
- solutions

B -
Ground Power Future Airport Personal Transport Future Airline
Airbome Metro H Augmentation Systems Systems Systems
| [ I I I ]
Reduced A/C| | Next Generation Modular, Passenger Globalised New A/C Space
Mass Propulsion Morphing Experience ATC Technologies

Airline Elements
B80: Risk Airline

79: Free Flight=Ticket

98: No Cabin Crew

3: Standard Luggage

4: Zero Luggage

9: Fuel Taxation

11: Door=to=door tickels

13: UAVSs for cargo

15: Air refueling

16: Very Light Jels

19: Slanding Pax only.

30: Very High Cost airdine.
31: Standard cockpit.

32: Sleeping Pax.

35: Bomb proof pax capsules.
43: Cruiser /Feeder Concept
45: Internel in the sky.

46: Sell load luggage

47: Multiple door loading

58 New business models

66 VR experience on alc

69 1g space travel

78 Airport Airline Combo

79 Froee flight ticket

80 Risk Airline

89 Traveller Airline

94 Hot desks on a/c

97 Reduced mass a/c

98 No cabin crew

Airport Elements
1: Remote Check-in

10: Airbome Air-stations

17: Landing gear as part of infra-
structure,

22: Ground Powered Jaunch,

23: Tube launcher,

24: Teleportation,

33: Full body scanners

34: New |D techniques,

37: Standard ground ops.

48, Airport navigation aid

52 Drive=in terminals

55 Distributed systems

56 Pick and drop alc systems

60 No check=in,

65 Destination ground power

72 High Altitude Airport

74 Floating Airport

81 Ramp Runways

91 Motorways as runways

93 Separate Business and leisure
airports

84/85 Nano technology

86 Solar cells

87 Distributed control & Propulsion
88 Flying Boat

96 Adaptable seals

99 Simpler safety systems

100 Optimal fuel mix,

Aircraft Elements
2: Persconal Seat Unit

7: Gliderdike alc

8: Ferryboat alc

9: WIGE craft

18: Modular Cabin

20: Distributed thrust

21: Flapping wing

25: Water as fuel,

26: Nuclear Power.

27: New Materials,

28: MHD Aerodynamics.
29: Human Power.

36: Personal ejection seat,
38: Transparent fuselage sec-
tions,

39: Window-less cabins,
40: Formation flight.

41: Landing parachute,
42: Replace Gas Turbines
44: Wireless alc.

49: Eliminate tip vortices
50 Thrust vectoring

53 Modular buit a/c

54 Plug-in a/c systems

57 Renewable energy

62 Just space trajeciory
63 Zero training cockpit
70 Morphing airframes

71 High speed blimp

73 Chain of aircraft

76 Plasma aercdynamics,
77 Kite assisted al/c

ATC Elements

5: Globalised ATC

6: Autonomous Flight

12: Personal Transport System
51 Automated flight

59 Pilot-less a‘c

60 Jot-pack PTS

75 Weather Control

82 Use of platform capability
90 Holistic Airspace

92 Mixed UAV and GA

Out of the Box
workshop and Eu
project
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4. On board energy generation and
In-flight recharging

The idea of box-wing aircraft

Might be applied after relatively short term

4 . : ; .
% developments (like pilot-less aircraft, thrust vectoring
including the thrust unit control, box-wing aircraft

The idea of refueling the aircraft

» Take-off with limited fuel and fueling at high
altitude,

» Once fueling at high flight altitude, the take-off
weight could be reduced by 15 - 25 %, and the take-
off velocity by 7 - 12 %.

» Naturally, the required fuel for take-off would be also
decreased by 25 - 40 %,

» The solution may reduce the noise and chemical
emissions at the airport regions used by commercial
air transport.

» Need considerable research and development
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5. Personal air transport system and
sleeping passenger

The sleeping passenger

/.

» Passengers — a drug

| » Non-addictive, harmless, with rapid or predictable

1 : 4 : sleep.

I i » Less stressful for many passengers, especially on
long flights, and a reduction in in-flight services.

» With suitable cabin design, passengers might be
able to use full horizontal beds in tiers

» might be not accepted by society

A personal air transport system

» In the past, many people have tried to come up
with i1deas,

» The technology was not adequately advanced.

» In more recent years, NASA has investigated
concepts for personal air transport vehicles and
their operational environment.

» Creating a new air taxi business
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_\4 — 6. Ground energy support

The "Out of the box" project identified an interesting and really new possible solution for
future aviation, using the magnetic levitation technology to ground power assisting the aircraft
take-off and landing

» For take-off assistance, electrical,
steam or magnetic devices could
be used.

» Research into aircraft design
adaptations, energy requirements
plus the safety of the system is
required.

» With regard to landing, the idea is
to reduce aircraft weight by
eliminating the undercarriage.

The use of magnetic levitation technology to assist the aircraft take-off and landing

T ———
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_\4 — 7. Magnetic levitation technology

Ground movements

Sledge

Take-off

Landing
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Schematic draws of GABRIEL concept

An example of the investigated emergency landing solutions: lightweight skids (left) and emerency ca (right).
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_\4 8. Future airport systems

» The main aim is that a passenger should not be obliged to spend than 15 to 30 minutes from time of
arrival at the airport to boarding a plane.

» Check-in at airports can be a time consuming affair. A possible solution will be to enable check-in at
the aircraft gate.

» Passengers that are willing or unwilling to spend time at the airport, and so shopping and other
activities are offered

» If shopping is required, this could be done onboard the aircraft and the electronic orders would be
available when the passenger returns to their home or away destination

v" The chip would be implemented in the passenger’s
body,

v" Security checks could be reduced by remote reading of
the chip data

v" This could all be integrated into a simple full-body
scan corridor which passengers are requested to walk
through.

O ———
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8. Future airport systems

» The construction of airports at sea » One concept could be to co-locate access to the
aircraft with the access to other transport modes.
» There are already some examples in » This would create the drive-in terminal where check-
Japan and in China in will be at the aircraft gate.
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_\4 9. Conclusions
EE— B
» The electric / hybrid aircraft will be entered into operation
after 2020 (small aircraft) and 2030

» The aircraft conceptual design methodology can not
applied because the low specific energy of batteries that
increases mass of aircraft radically.

» New concept is developed by using the mass and energy
balance estimation and introducing new constraints.

» The energy balance might be determined by the describing
equations.

» The developed unconventional hybrid UAV demonstrated
the applicability of the developed conceptual design
methodology.
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