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Motivation for this Presentation

o My research interest in aircraft design

o Aircraft are the only means of transportation to connect people between continents

o Aircraft are the only feasible means of transportation in areas with underdeveloped infrastructure

of roads and rails

o Aircraft are the fastest means of transportation for other long distance connections

o Aircraft do not need infrastructure between airports (besides ATC)

o But: Aircraft have fundamentally twice the drag compared to surface transport,
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o But: Aircraft have fundamentally twice the drag compared to surface transport,

o But: Aircraft do well in comparison due to their lightweight and efficient design

o Aircraft face the challenge

to safe fossil fuels, to limit pollution

to get operated with regenerative fuels (drop in fuel or hydrogen)

=> A task for aircraft design to find promising configurations and to integrate new technologies
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1 The content of this lecture at the „Mercedes me Store Hamburg“ takes care of participants in the lecture without any 

prior knowledge of aviation.
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Montgolfière is the name of the hot air balloon (flight principle „lighter than air“),
named after the French inventor Joseph Michel and Jacques Etienne Montgolfier. 

On 21. November 1783
take-off in the garden of castle
La Muette near Paris.
Jean-François Pilâtre de Rozier
and
François d’Arlandes
undertake the first free air balloon
flight in human history.
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Karl Wilhelm Otto Lilienthal
*23. May 1848 in Anklam; † 10. August 1896 in Berlin

He was probably the first human
to successfully achieve repeated gliding flights.
Lilienthal helped as such the
flight principle „heavier than air“ to succeed.

Initial experimental studies started in 1891.
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The Wright brothers,
Wilbur Wright (* 16. April 1867 in Millville, Indiana; † 30. May 1912 in Dayton, Ohio) and 
Orville Wright (* 19. August 1871 in Dayton; † 30. Januar 1948 in Dayton)
US-american aviation pioneers,
achieved in the beginning of the 20th century flights with gliders and went to
controlled flights of an aircraft powered by an engine.

The flight from 17. December 1903, is (according to Orville) the first time in history,
for „a machine with a human on board to get airborne into free flight by its own force,
to fly on a horizontal path, and to land without being destroyed“.

Although not the first to build and fly experimental aircraft, the Wright brothers were the first
to invent aircraft controls that made fixed-wing powered flight possible.
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Wilbur (links) und Orville Wright 



Gustav Albin Weißkopf
*1. Januar 1874 in Leutershausen, Bavaria; † 10. October 1927 in Bridgeport (Connecticut), USA
was a German-American pioneer of powered flights. In the USA he named himself Gustave Whitehead.
He is said to have undertaken a first powered flight already in 1899.
Several newspapers report a powered flight on 14th August 1901 with an aircraft he called No 21
The flight reached a hight of 50 feet and covered a distance of 1/2 mile.

Karl Jatho
*3. February 1873 in Hannover; † 8. December 1933 in Hannover
was a German public official and aviation pioneer.
He is said to be the first human
to undertake a powered flight.
„On 18. August 1903 the first jump in
calm weather. Length 18 m at a hight of 0.75 m."
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calm weather. Length 18 m at a hight of 0.75 m."

Gustav Weißkopf

Karl Jatho



Charles Augustus Lindbergh, jr.
*4. Februar 1902 in Detroit, Michigan; † 26. August 1974 in Kipahulu, Maui,Hawaii
was a US-american pilot. 

He achieved from 20. to 21. May 1927 a non-stop flight from New York to Paris.
This was the first solo crossing of the Atlantic.

This flight made Lindbergh to one of the most known persons in aviation history.
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The first non-stop Atlantic crossing from America to Europa with an aircraft was achieved already in
Juni 1919 by John Alcock and Arthur Whitten Brown. 
The flight was done from St. Johns / Newfoundland to Irland.

The first 
nons-top Atlantic crossing
from the European mainland to
(North-)America was achieved by
Ehrenfried Günther
Freiherr von Hünefeld,
Hermann Köhl, and
James Fitzmaurice in 1928.
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First in Flight ?
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Kitty Hawk is a small village in the US-
American state North Carolina, known for 
“the first powered flights in history“ made by 
the Wright brothers. --- Really?

https://de.wikipedia.org/wiki/Kitty_Hawk
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German Aviation Organisations –
Organe der deutschen Luftverwaltung

Abteilung Luftfahrt
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Air Space

Visual Flight Rules
VFR Map
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Instrument Flight Rules
IFR Map
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http://www.icao.int/sustainability/Pages/Facts-Figures_WorldEconomyData.aspx
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http://www.icao.int/sustainability/Pages/Facts-Figures_WorldEconomyData.aspx
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some

have

a different

view …
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Definition: Eco-efficiency (Ökoeffizienz)

Eco-efficiency is based on the concept of creating more goods and services while using fewer

resources and creating less waste and pollution.
World Business Council for Sustainable Development (WBCSD): "Changing Course“, 1992

The term has become synonymous with a management philosophy geared towards sustainability.

The eco-efficiency strategy has the following characteristics:

• Technological innovation the main solution  
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• Technological innovation the main solution  

• Business as the principal actor of transformation

• Trust in markets (if they are functioning well)

• “cradle-to-cradle” (essentially waste free) growth is conducive.
Boulanger, P.M. (2010) “Three strategies for sustainable consumption”. S.A.P.I.EN.S. 3 (2)



Definition: Sustainability (Nachhaltigkeit)

A sustainable development is a development that meets the needs of the

present without compromising the ability of future generations to meet their own needs.
United Nations General Assembly: "Report of the World Commission on Environment and Development: Our Common Future;

Transmitted to the General Assembly as an Annex to document A/42/427 – Development and International Co-operation: Environment;

Our Common Future, Chapter 2: Towards Sustainable Development; Paragraph 1“. March 20, 1987. - http://www.un-documents.net/ocf-02.htm

Since the 1980s sustainability has been used especially in the sense of human sustainability

on planet earth. 
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on planet earth. 



Efficiency Gain - No Sustainability
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Fig.: Growth of Transport Capacity and Fuel Consumption at Lufthansa

Lufthansa: Balance – Das wichtigste zum Thema Nachhaltigkeit im Lufthansakonzert. 2011



Summary of Goals for the Reduction of Fuel Burn or CO2

Dieter Scholz:
The Future of Aviation

Mercedes me Store Hamburg
Ballindamm 17

22.02.2016
Aircraft Design and Systems Group (AERO)

Slide  24

• Goals are quite diverse

• Goals have been withdrawn over the years (ACARE, IATA)

• Some goals are not well defined

• Some goals may not be reached …



Fuel Efficiency Improvements of Transport Aircraft Compared
with ACARE Goals
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Vision 2020
Flightpath 2050



Working with Growth and Fuel Efficiency Increases: Exponential Growth
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Relative (Forecast) Growth

Relative CO2 Output
Relative Efficiency

Example

5,1 % Growth (p.a.)

3,6 % Effciency Increase 

(p.a.)

Resulting in:

1,5 % Net Growth (p.a.)
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Making up for what is Missing: Introducing Compensation Schemes

There is no real reason to 
start with compensation in 
2020. Compensation 
could as well start today. If 
the level of CO2 
concentration in the 
atmosphere is not 
considered high enough 
jet, it may not warrant to 
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IATA (and ATAG) want to achieve zero emission growth from 2020 onwards. This is
only possible with carbon offset schemes.

jet, it may not warrant to 
start with compensation 
now.



E => CO2 : Burning Energy produces CO2
CO2 => E : Splitting CO2 gives kerosene (some day):

Sun-to-Liquid (STL) or Power-to-Liquid (PTL)

We have not One but Three Issues! water
ice

energy
CO2
global 

warming
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Sun-to-Liquid (STL) or Power-to-Liquid (PTL)
E => W: Sea water is converted to drinking water with help of energy
W => E: Water is needed for BTL (exception: algae)

CO2 => W: global worming means melting of glaciers the drinking water storage
W => CO2: melting of glaciers and polar caps means more global worming

So what is of importance?

1.) water
2.) energy
3.) CO2
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Introduction to Aircraft Design

o Passenger aircraft carry passenger with their baggage and often additional cargo

o Passenger, baggage and cargo are called payload because they generate revenue for the airline

operating the aircraft for profit

o The payload is carried over a certain distance. The aircraft allows a certain range

o An aircraft consists of major components. For a conventional aircraft these components are:

one fuselage, one wing, a horizontal tail and a vertical tail

o Horizontal tail and vertical tail are together called empennage and are located aft

oThis configuration is called tail aft
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oThis configuration is called tail aft

o An unconventional configuration deviates in one or more aspects

from the definition of the conventional configuration

o A promising configuration for future passenger aircraft is

- a conventional or unconventional configuration combining major aircraft components

- integrating also the effects of new technologies from other aeronautical disciplines

- such that operating costs are reduced by also

- reducing fuel burn considerably and hence pollution



Conventional Aircraft Configurations

o The dominant configuration is the

conventional configuration

(fuselage, wing, tail aft) with

- low wing

- engines in nacelles under the wing

o Configuration has evolved / optimized during decades of

- aircraft design

- production

- operation
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- operation

with the objective to reduce operating cost:

- depreciation (of aircraft price)

- interest

- insurance costs

- fuel costs

- maintenance costs

- crew costs (cockpit crew, cabin crew)

- fees (landing fees,

navigation charges, ground handling costs) Example: Boeing 737-300



Systematic of Configurations (Hierarchy)

o Generation of lift and trim

- single surface 

- system of surfaces

# separated surfaces: canard + wing, tandem wing, wing + tail, canard + wing + tail (three surface)

# joint surfaces

§ planar surfaces

§ nonplanar surfaces

=> winglets

=> C-wing
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=> C-wing

=> box wing

=> biplane

- fuselage (body)

o Accommodation of payload

- fuselage

# single

# twin or triple

- fuselage + wing

- wing 

:



Systematic of Configurations (Matrix)

:

Dieter Scholz:
The Future of Aviation

Mercedes me Store Hamburg
Ballindamm 17

25.10.2016
Aircraft Design and Systems Group (AERO)

Slide  33

Source: 

Airbus 

2006
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Selection of Configurations for Discussion

o There are (too) many

- configurations

- combinations of configurations

- combinations of configurations with technologies from other (aeronautical disciplines):

# aerodynamics

# lightweight structures, material science

# engines

# systems
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o There is not just one promising aircraft configuration for future passenger aircraft

o Depending on payload and range requirements different configurations can be proposed

Selection:

o Blended Wing Body (BWB)

o Box Wing Aircraft (BWA)

o Smart Turboprop  

o „The Rebel“

o Hydrogen Powered Aircraft  



Blended Wing Body (BWB)
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Blended Wing Body (BWB)  --- Definition
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Blended Wing Body (BWB) --- Square-Cube-Law
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Blended Wing Body (BWB) --- Square-Cube-Law

Dieter Scholz:
The Future of Aviation

Mercedes me Store Hamburg
Ballindamm 17

25.10.2016
Aircraft Design and Systems Group (AERO)

Slide  39



Blended Wing Body (BWB) --- Aircraft Family
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Blended Wing Body (BWB) --- Aerodynamics  --- Max. Glide Ratio
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Blended Wing Body (BWB) --- Aerodynamics --- Stall Characteristics
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Blended Wing Body (BWB) --- No Certification with Transonic Airfoils

Dieter Scholz:
The Future of Aviation

Mercedes me Store Hamburg
Ballindamm 17

25.10.2016
Aircraft Design and Systems Group (AERO)

Slide  43



Blended Wing Body (BWB) --- Double Shell Concept
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double shell concept

=> heavy structure



Blended Wing Body (BWB) --- Evacuation after Ditching Not Solved
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Blended Wing Body (BWB) --- Limitations at Airports for Span not Met
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Blended Wing Body (BWB) --- Summary

O The BWB is an option only for very large aircraft (more than 1000 passengers)

O Buiding an aircraft family is possible (stretching the fuselage width), but difficult  

O Aerodynamics: Glide ratio of 23 is good, but only 30% better

O Good stall characteristics due to body lift at high angle of attack (AOA)

O BWB can not be certified for transonic airfoils, artifical stability required,

negotiations with certification authorities necessary

O Structure needs (heavy) double shell (or very heavy single shell)

O Evacuation after ditching not solved

O Wing span of large BWB will exceed current ICAO/FAA limits
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O Wing span of large BWB will exceed current ICAO/FAA limits

Blended Wing Body (BWB) --- Video

http://goo.gl/f4xhJl



Box Wing Aircraft (BWA)
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Box Wing Aircraft (BWA) --- 3-View-Drawing --- Wide Body
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Box Wing Aircraft (BWA) --- Family Concept
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Box Wing Aircraft (BWA) --- Induced Drag Measurements
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Box Wing Aircraft (BWA) --- Reduced Induced Drag --- Theory
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Box Wing Aircraft (BWA) --- Reduced Induced Drag --- Practical
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Box Wing Aircraft (BWA) --- Reduced Induced Drag --- Increase Wing Mass
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DOC 19 % higher
than reference aircraft

=> BWA not recommenced



Box Wing Aircraft (BWA) --- Flying Qualities --- Flight Simulation
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Box Wing Aircraft (BWA) --- Summary

O The BWA can be built as an aircraft family

O BWA (no tail) allows only little CG-shift.

O Limited CG-shift reached with short twin-aisle fuselage and engine at mid fuselage position

O Aerodynamics: Glide ratio of 20 is only 15% better

O BWA needs to fly higher than reference aircraft – this leads to heavier engines

O BWA has very heavy thin wings

O Natural longitudinal static stability (=> aircraft can be certified)

O Good flying qualities

O Fuel does not fit into the wings (=> extra fuel tank below cargo floor)
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O Fuel does not fit into the wings (=> extra fuel tank below cargo floor)

O Substantial disadvantage in Direct Operating Costs (DOC)

Box Wing Aircraft (BWA) --- Video

https://youtu.be/en65adjJpqk



Smart Turboprop
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Smart Turboprop --- Idea
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Smart Turboprop --- Design for Low Direct Operating Costs (DOC)
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Smart Turboprop ---Low Fuel Burn, Low Direct Operationg Costs (DOC)
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Smart Turboprop --- Summary

o Cruise Mach number is low – it is optimized for minimum Direct Operating Costs (DOC)

o Efficient large propeller (used here on a bigger passenger aircraft than before)

o Integration of further technologies: strut, natural laminar flow (NLF)

o Beneficial snow ball effects lead to higher aspect ratio

o 36% less fuel burn and 17% lower Direct Operating Costs (DOC) !!!

Smart Turboprop --- Video
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https://youtu.be/Q4O1uJmwEzo



“The  Rebel”
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“The  Rebel” --- Requirements (ICAO)
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“The  Rebel” --- Violating Requirements

“The  Rebel”
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“The  Rebel”
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With Knowledge from “The  Rebel”:
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With Knowledge from “The  Rebel”:
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“The Rebel” --- Conclusion

o Aircraft could be more efficient if some requirements were relaxed, limiting some paramters today:

- aspect ratio, A

- span, b

- cruise Mach number, MCR

- take-off field length, sTOFL

- landing field length, sLFL

o Existing aircraft could benefit much from (horizontal) wing tip extensions 

(ignoring conventional span limitations)
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Hydrogen Powered Aircraft
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The Availability of Energy is Important!
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Note the Scale of the Energy Consumption in Aviation!

)
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Characteristics of Hydrogen --- Important for Aircraft Design
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LH2-Technology Already Tested in Aviation
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Hydrogen Life Cycle
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Hydrogen’s Show Stopper in Aviation
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Hydrogen’s Show Stopper in Aviation
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Hydrogen Storage in the Fuselage (Front and Rear)
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Hydrogen Powered Aircraft Variants
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Hydrogen Powered Aircraft --- Conclusion
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Outlook: Synthetic Fuel --- Drop-in Fuel

o The aviation industry wants Drop-In Fuel because it allows continued use of all existing assets

o Biofuel is „nonsense“ due to low efficiency of the photosynthesis process

o Electric flight with batteries will be limited to niche markets in aviation

for very short range up to 700 km
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o Power-to-Liquid (PtL) may be the answer for the future of aviation:



Synthetic Fuel from Power to Liquid (PTL)

Step 1:

High-temperature steam electrolysis (efficiency above 90%)

Step 2:

Reverse water-gas shift reaction. It involves the use of the hydrogen (H2) yielded

by the steam electrolysis step to reduce carbon dioxide (CO2) to carbon monoxide (CO)

Step 3 (FISCHER-TROPSCH synthesis ):

The carbon monoxide (CO) and additional hydrogen (in the form of renewable synthesis gas) can be 
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The carbon monoxide (CO) and additional hydrogen (in the form of renewable synthesis gas) can be 

converted to petrol, diesel, kerosene and other base products for the chemicals industry (e.g. waxes). 

The feeding of the heat released during synthesis back into the process ensures a high degree of 

system efficiency (70%) for the overall process.



Overall Conclusions

� Goals throughout aviation history were/are:
1. Further / Faster / Higher

2. Improved Economics

3. Sustainability 

� Aviation is growing quity steadily with 5 % per year.

� Self set goals by various aviation organizations to limit carbon emissions ...
� are unlikely to be met (in 2020, in 2050, ...).

� Carbon offset schemes will not be fully in place in 2020.

Carbon offset schemes only make limited sense and are debatable.
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� Unconventional aircraft configurations (here: BWA, BWB) do not show an 

overall benefit and will not be a solutions to aviation‘s future.

� Conventional configurations questioning established design rules and 

requirements show much potential!

� It is important to come early to a conclusion about which aviation fuels 

should be used together (not just one) to meet demand. Candidates are:
� remaining fossile kerosene

� hydrogen

� drop in fuel from Power-to-Liquid
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Welcome of Participants to the Lecture (see also next pages)

� Before the „official“ start of the lecture some videos where played:
1.) The Kid and the Kite (Aviation History and Enthusiasm)

(Video: https://youtu.be/SzyE808ARDY)

2.) Airbus A320 Family Presentation (Aircraft Systems)

(Video: http://goo.gl/6ULg56)

3.) Design, Build, Fly, BWB, HAW Hamburg

(Video: https://youtu.be/-Qtw9QrDrQA)
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� A recap of the announcements of the lecture showed which promises were 

made about the lecture‘s coverage => content of the lecture

� Further reading hints



http://www.hamburg-aviation.de
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http://Airport2030.ProfScholz.de



http://hamburg.dglr.de
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http://psl.ProfScholz.de

http://seminar.ProfScholz.de



http://Airport2030.ProfScholz.de

http://www.ProfScholz.de

Further information / recommended reading:

http://AERO.ProfScholz.de

http://indien.ProfScholz.de

3 pages

http://goo.gl/RD6ggK
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