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History and Predictions 1 Air Traffic

Long term fundamentals will'lead to 'growth
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History and Predictions 17 Oil Production
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Electric propulsion of Aircraft?

-7 Motivation:

7

7
7
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7 Specifics of air transport:

Aircraft are already very efficient (3-4 liter/PAX/100km).
Aircraft fly over long and very long distances (1000-10000 km).
Mass is much more important than in ground transportation.
Safety standards are very high.
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Air traffic is growing.
Availability of fossil fuels is be limited.
Electric propulsion systems offer high efficiencies.
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There is nothing new under the sun...
One of the Pioneers of Electric Flight

7 Fred Militky

—Z 1940 first trials, after 1945 chief engineer at Graupner.

7 Motor glider MB-E1 (HB-3, b=12 m, m = 440 kq)
21. October 1973: worldwide first flight with electric motor,
duration 9-14 Min, altitude 360 m, Pilot Heino Brditschka,
performance not reached for 10 years,
NiCd batteries by Varta,
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Conventional Propulsion Systems D —h
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Electric Propulsion D

Controller Gearbox
H, Propeller
=7 There are many possibilities.
—Z Mainly two types of interest. D o oo
Reformer
7 Fuel cell systems Kerosene rropeter
Bio Fuel
—Z complex and still
expensive,
- . Controller Gearbox
7 usage of Aconveefti onal n Propeler
energy storage systems Bio Fuel

(Kerosene, Methanol, H2),

7 Varlable maSS- liquid electrolyte |RL(:|10|)( |
| | | | Controller Gearbox

7 B atte I’I ES Propeller

Electrolyle Batery
—Z simpler systems,
7 much recent development,
—~ constant mass. — e
# Deutsches Zentrum also: hybrid systems|
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Total Efficiency
The Chain from on-board Energy to Propulsion

Turboprop Turbofan Battery Fuel Cell

Kerosene Kerosene Battery Hydrogen
100% 100% 100% 100%
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Characteristics of Energy Storage Systems
Speci fic Energy Content of
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Characteristics of Energy Storage Systems
Not Fuel Mass but System Mass is important

7 Kerosene / Gas

7 Tanks, often integral part of the structure, tubing, pumps.
7 Hydrogen

— Gas: high pressure tanks (typical: 350-7 00 bar ) ,

t ubi r

=7 Liquid: insulated tanks (-250 °C) Il nsul ati on, tutk

7 structurally integrated tanks (metal-hydrides)?
7 Battery
-7 Casing, heating, ventilation, wiring,
7 Fuel Cell
7 compressors, water, ¢é& |,
7 Kerosene/Gas/Alcohol: reformer required.
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Equivalent Energy Density of Propulsion Systems
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