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Abstract

(EN) The NASA/DLR Design challenge poses students with the task to develop an e [cieht 150-seater aircraft
using alternative fuel, hydrogen. This design report presents a possible solution to the challenge. The use of a
combination of well-known design methods and the advantage of today’s available software made it possible to
evaluate and optimize an unconventional aircraft.

The resulting design is a blended-wing-body aircraft capable of providing the passengers with a safe and
comfortable cabin interior, propelled by electrical motors powered by a hydrogen fuel cell. The hydrogen is
stored in liquid form in thermally isolated tanks to keep with the extremely low temperature requirements. The
environmental goals set for the aircraft are achieved by eliminating and reducing the generation of CO, and
N Oy gases, hence reducing the climate impact of the flight.

The design sets a precedent for the future of aviation with a 2035 horizon. The big step forward into green
technologies should also be met with a radical change of what a conventional aircraft is supposed to be. The

blended wing makes it directly apparent that the new era of commercial travel is upon us.

(DE) Die NASA/DLR Design Challenge stellt Studenten vor die Aufgabe ein e [ziehtes 150-sitziges Flugzeug
zu entwickeln, dass mit dem alternativen Kraftsto [(\W/assersto Chetrieben wird. Dieser Projektbericht stellt eine
mogliche Lésung fir die Herausforderung vor. Durch die Verwendung einer Kombination aus bekannten En-
twurfsmethoden und dem Vorteil der heute verfiigbaren Software war es maglich, ein unkonventionelles Flugzeug
zu evaluieren und zu optimieren.

Der resultierende Entwurf ist ein Blended-Wing-Body Flugzeug, dass den Passagieren einen sicheren und
komfortablen Innenraum bietet und von Elektromotoren angetrieben wird. Diese werden von einer Wassersto [=]
Brennsto [zalle versorgt. Der Wassersto [Cwird in flissiger Form in thermisch isolierten Tanks gespeichert, um
die erforderlichen extrem niedrigen Temperaturen einzuhalten. Die fur das Flugzeug gesetzten Umweltziele
werden durch die Vermeidung und Reduzierung der Erzeugung von CO, und N Oy Gasen erreicht, wodurch die
Klimabelastung im Flug reduziert wird.

Das Design setzt einen Prézedenzfall fir die Zukunft der Luftfahrt mit einem Zeithorizont von 2035. Der
grofe Schritt in Richtung grune Technologien sollte auch mit der radikalen Verdnderung dessen einhergehen,
was ein konventionelles Flugzeug sein soll. Der Blended Wing macht direkt deutlich, dass die neue Ara des

kommerziellen Reisens angebrochen ist.
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1. Market Analysis until 2035

The following chapter aims to explain the upcoming global trend of the aviation industry and from there derive
the rst step of the design process for the future aircraft concept.

Over the past decades, the aviation market has proven to be a steady growing market with an average annual
growth rate of 4.3% and being nearly resilient to external shocks. Following a crisis, the aviation market tends
to recuperate entirely resulting in nearly 9 million Revenue Passenger Kilometers (RPKs) in 2018 [Air17]. While
the European and the North American markets have stagnated in growth, the emerging Central Asian market,
being one of the strongest growing markets, will considerably form the future of Top Level Aircraft Requirements
(TLARS). Until 2035, nearly 41% of the global aircraft demand will originate from the Central Asian market
due to the strong correlation between revenue passenger kilometre (RPK) and gross domestic product (GDP).
Additionally, a signi cant shift of demand to single-aisle aircraft is seen. Nearly 70% of new deliveries until
2035 will be single-aisle aircraft, while large wide-body aircraft will only make up 1% [Boel6].

Presently, the goal of the aircraft design process is to reduce operating costs on standard design missions while
meeting speci ¢ TLARs and meeting additional design limitations. The aim of being sustainable was not of high
priority [Lin+20]. Nevertheless, the meaning of sustainable aviation becomes of greater importance, especially
after CO, emissions surpassed 400 ppm for the rst time in history in 2013. This rise of C@ emission in the
atmosphere shows an undeniable relationship with the amount of fossil fuels that have been burned [Bar+87].
This can also be seen in gure 1.1.

Figure 1.1.: Carbon Dioxide Levels [CIi]

Unfortunately, possible future revenue is the largest driver for future aircraft designs. It would be necessary to
implement further restrictions on airlines in order to in uence the possibility of a sustainable and environmental
friendly future. In order to assess the behaviour, it is essential to consider the various factors that in uence its
framework conditions, like political and legal basics and fuel availability. Two impelling forces that will a ect to
future of sustainable aviation is the increase awareness of pollutants and global warming and the Paris Agreement
from 2015 [Gre+21]. The Covid-19 pandemic has also been a major driver for the increasing awareness due to a
rapid decrease of carbon emmission by a factor 2 to 3 during the global travel surge [Ni°20]. As a consequence,
the ultimate solution approach would be a non-polluting fuel produced from renewable sources. In addition to
low emissions, hydrogen o ers the great advantage of a three times higher energy density, compared to kerosene.
Nevertheless, due to the very low volumetric energy density it requires the necessary provision of additional
volume to accommodate the fuel [HHS06]. Consequently, there are some challenges, which have to be addressed,
in order to establish a sustainable, e cient and competitive con guration. These challenges are focused on an
overall e cient design of the aircraft and an often underestimated need for infrastructure. With this in mind,
the design approach for a hydrogen-powered aircraft servicing multiple short-haul routes a day is driven towards
ful lling market demands while optimizing the synergy e ects provided by the future hydrogen concept.



2. Methodological Analysis

In order to design the aircraft of tomorrow, current engineers can not hold on to the conventional designs of
the past. Therefore, a Morphological Box (Section 2.1) and comprehensive Design Studies (Section 2.2) are
conducted to enhance creativity and support a thinking-outside-the box mentality of all involved students on
this project. Through this process, a suitable initial design is selected in section 2.2

2.1. Morphological Box

Based on current and future design and technological advances, a broad spectrum of di erent strategies can be
identi ed on how to approach a new aircraft design. A Morphological Box is used to visualize possible design
solutions and to point out the main options of how to proceed and what the initial design will look like. The
Morphological Box is shown in gure 2.1. The indicated words show each solution for the desired parameter.
However, not all solutions are implemented into the nal design. Some solutions like the windowless cabin are
not only a structural and design challenge, but also a challenge for the acceptance by the passengers on board.
The aim is to use a video screen inside of a cabin resembling a window to produce the illusion of looking outside.
Both the reasoning behind each parameter and the nal design are explained later in this paper.

Figure 2.1.: Morphological Box

2.2. Design Studies

The rst step in every design process is to take a closer look at the set of requirements. In this case, the
requirements are established by the two project partners, namely DLR and NASA [DLR21]. Global requirements
begin with the mission de nition as shown in table 2.1. The development focuses on a hydrogen-powered short-
to medium-range civil aircraft design for at least 150 passengers (PAX) on a range farther thar2000 km (1080
nautical miles). Flight altitude is 3000 m (9843 ft) and higher, with a cruise Mach number of 0.7. For slow
approaches, a speed of less than 130 knots is considered to be optimal. The e ects on the atmosphere and
an overall energy analysis should be taken into account. With more than 150 seats, the aircraft is considered
a medium-size aircraft in commercial transport operations. This size of aircraft is normally used on short-
/medium-range, regional routes. First marketing research on the existing eet of aircraft with approximate 150
PAX is conducted. Table 2.2 shows the existing relationship between aircraft size (number of PAX) and design
range. It shows most of the potential competitors to the new design of conventional con guration. To improve
the conventional wing-cylindrical-fuselage-tail con guration of civil aircraft there are some popular ideas such
as installing next-generation engines, using laminar ow, new airfoils and winglets to improve aerodynamics.
Lightweight structure design is also an e ective way to increase energy e ciency and reduce fuel consumption
and more innovative systems such as more electric system architecture, active and adaptive control should be
developed. However, the conventional Layout is gradually reaching an asymptotic limit in terms of e ciency,
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especially from an airframe point of view [KS15]. So the 'new look' aircraft should be also considered for a
green future. Four design options like nonplanar wings, the oblique ying wing, wings with a very high-aspect-
ratio and ying wings are to be considered for unconventional con guration. Considering the large size of the
hydrogen fuel tank and the possibility of better aerodynamic characteristics, it is decided to choose the concept
of blended wing body (BWB) for the MANTA. The term BWB is used very often to account for con gurations
that may deviate from the pure ying wing shape to accommodate the payload. With blended wing bodies, the
lift is produced both by the central body and by lateral wings. This contributes to a much better L=D ratio
compared to the classical con guration.

Table 2.1.: NASA/DLR Aeronautics Design Challenge 2021 speci cations [DLR21]

Constraint Value/Description

Number of passengers 150
Passenger weight 8%4d/pax + 25 ko/pax Baggage
Crew 80 kg (ight deck and cabin)
Entry into service (EIS) 2035
Fuel H2/LH 2
Cruise speed Ma = 0.7
Approach speed 130 kts
Take-o eld length (TOFL) 2000 m
Range 2000 km
Diversion range 200 NM
Altitude 3000 m
Mission 1 Optimised for lowest climate impact

. Optimised for lowest climate impact
Mission 2

and maximum cost-e ectiveness

Table 2.2.: Study of similar Aircraft Marketing
Aircraft type Number of PAX Range (km)

Required 150 2000

A319neo 140 6850
A320neo 165 6300
B737 MAX 8 189 6704

B727-200 145 4020
C919 156 5555
DC-8-55 189 8700
DC-8-62 189 9600
Irkut MC-21-300 163 5900

DZYNE Ascent1600 165 6482
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