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Abstract
The aviation industry has always been shaped by the constant strive for improvements and state-of-the-art
innovations in order to combine an economical and ecological motivation with a relentless effort to ensure
safety in our skies and contribute to the well-being of our society. By using revolutionary technologies, new
aircraft projects can thus contribute to fight climate change and even assist in special and demanding operations
like firefighting. INtelligent FirE RespoNse Operation (INFERNO) is a fleet of four Vertical Take-Off and
Landing (VTOL) aircraft operating together interconnected and intelligently for efficient, next generation aerial
firefighting with an expected Entry Into Service (EIS) in 2030. The project is part of the 2022 DLR Design
Challenge covering the preliminary design as well as sizing and selection of the hybrid powertrain. For the
development, extensive literature research, as well as textbook methods and detailed aerodynamic simulations
were utilized.
The designed aircraft is characterized by a considerable high payload ratio that features vertical take-off and
landing capabilities while showing efficient horizontal flight properties with a very competitive cost basis. The
24 h operability during various weather conditions and during challenging fire scenarios is ensured using a wide
variety of sensors and a modern glass-cockpit combining pilot comfort with indispensable safety aspects. Due
to its modular design, every aircraft can be comfortably converted to a passenger or freight version during
firefighting off-season or for cargo and crew supply during the missions.
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NOMENCLATURE

Aprop Area of the vertical propellers m2

b Wing span m

CD Drag coefficient −

CL Lift coefficient −

D Drag of the aircraft N

ϵ Glide number −

η efficiency −

g gravity constant (9.81) m/s2

γ Flight path angle deg

L Lift of the aircraft N

λ Taper ratio of wing −

m mass of the aircraft kg

mfuel Fuel mass kg, lbs

µ friction coefficient −

PCl Power during climb W

PCruise Power during cruise W

Phov Power during hovering W

Psink Power during descend W

PTO Power during take off W

PVTOL Power during vertical take off or landingW

ρ Density kg/m3

SW Wing area m2, ft2

SFC Specific fuel consumption of the
aircraft g/kWh, 1/h

t
c Thickness ratio at wing root −

TTO Thrust during Take off N

vx speed of the aircraft or the air(propellers)m s−1

VKr Fuel volume m3

VLOF Lift-off air speed m/s
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1. INTRODUCTION

The tremendous effects of rapidly spreading forest fires
are not only characterized by destroying enormous fi-
nancial assets but also by endangering people, nature,
and society. Reoccurring fatalities among the civilian
population and vastly destroyed neighborhoods and
habitats emphasize the devastating aftermath of these
natural disasters. When global warming and missing
rain causes forests to dry out and thus increases the
risk of wildfires, a vicious circle resulting in more and
larger forest fires is inevitable [1]. While forest fires
with particularly devastating dimensions have so far
mainly occurred in countries like the USA or Australia,
European countries are getting increasingly affected.
Examples of these hazards are wildfires fires in Turkey
and Greece during the summer of 2021. Even though
fighting global warming as a holistic problem has to be
seen as the key mission of today’s generation, early and
intelligent detection of wildfires and effective and quick
fire response plays a crucial role while diminishing this
hazard [2]. An aerial firefighting operation is especially
suitable for this very purpose [3]. Nevertheless, new
equipment and vehicles are needed for an increasingly
effective, use case oriented fire response in regions af-
fected today and those that will likely be affected in
the coming years. The INFERNO team therefore set
itself the goal of designing an Advanced Air Mobility
firefighting aircraft as part of the DLR Design Chal-
lenge 2022 that has the ability to contain the forest fire
significantly during the initial attack. This is achieved
with a fleet of several aircraft, named after water and
weather gods from various mythologies. In addition, it
should be possible to take water from smaller natural
sources, such as lakes and basins to increase efficiency
of the mission. In order to keep production costs as
low as possible and to guarantee high utilization rates,
a modified version of the aircraft can operate for com-
mercial purposes. Moreover, factors like emissions and
noise reduction were considered during development to
minimize the environmental footprint of the aircraft.
EIS is planned for the year 2030. This paper shows
the key technologies of the configuration and explains
the design of the hybrid electric powertrain. Further
details of the configuration and the associated design
process can be found in the publication for the ICAS
Congress 2022. [4].

2. DESIGN PROCESS

In the following chapter, the design process for the
INFERNO aircraft is described. Therefore, crucial de-
sign decisions concerning the flight capabilities, the
energy storage and the overall configuration are pre-
sented and justified. Due to the Maximum Take-Off
Mass (MTOM) of less than 5670 kg and a single pilot
operation, a certification under EASA CS-23 and FAR
Part 23 is seeked.

2.1. Vertical Take-Off and Landing vs. Short Take-Off
and Landing

In the first step of the design process, the advantages
of a VTOL as well as a Short Take-Off and Landing
(STOL) were evaluated. The VTOL has the major
advantage that no runway is needed for take-off. This
means that smaller water surfaces can be used for
water refilling. The possibility of using small water
sources is a clear advantage in fighting forest fires,
because the time between water drops can be reduced
[4]. In addition, hovering is possible and lower flight
altitudes can be achieved. In favor of a configuration
with STOL characteristics is the fact that the cruising
speed is significantly higher and the payload share in
relation to the Maximum Take-Off Weight (MTOW)
is increased. In addition, the power requirement for
the same payload is lower than for a VTOL vehicle
[5]. This also means that operation and production
is cheaper. To decide between these two concepts,
the INFERNO team set the design requirement of
combining the advantages of both concepts. This is
achieved with the help of an electric drive concept,
which offers significantly more degrees of freedom in
the design of configurations. Due to the small space
requirements of electric motors, they can be positioned
flexibly or a larger number of small propellers can
be used [6]. This leads to improved drive efficiency.
Flexible positioning means that swivelling thrusters for
vertical take-off and landing can be dispensed, resulting
in a significant reduction in maintenance. In addition,
a buffer storage allows the power required for short
periods to be significantly higher than the available
continuous power of the engine.

2.2. Fuel Type and Energy Storage Concept

The source of the electrical energy is subsequently
examined in more detail. In order to be able to provide
the necessary electrical power, various energy storage
concepts are available. In the following, four promising
methods for energy supply are evaluated:

• Turbogenerator operated with synthetic fuel /
kerosene (an internal combustion engine gener-
ates shaft power, which is converted to electrical
power + buffer battery)

• Turbogenerator operated with hydrogen (an in-
ternal combustion engine generates shaft power,
which is converted to electrical power + buffer
battery)

• Battery (the sole energy storage and power source
are batteries)

• Fuel cell (the electric power is produced by a
chemical reaction of hydrogen and oxygen +
buffer battery)

The comparison is based on six categories (cf. tab. 1).
Unlike the turbogenerators and fuel cell, the battery
does not have to convert the energy to electricity first,
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FIG 1. Unique characteristics of INFERNO

therefore it is the most efficient solution. Due to the
low gravimetric energy density of current lithium-ion
cells compared to kerosene and synthetic fuels and the
higher weight of hydrogen tanks compared to conven-
tional integral tanks, the turbogenerator with synthetic
fuel or kerosene has the biggest weight advantage. IN-
FERNO is designed to be used on very small rural
airstrips that have limited infrastructure and might
not have high voltage powerlines or hydrogen infras-
tructure by 2030. The main goal of the design is it to
make INFERNO as versatile and agile as possible. By
using synthetic fuel or kerosene and vertical take-off
and landing, a base could theoretically be a large plain
field with a tank truck for refueling. Thus, the tur-
bogenerator with synthetic fuel or kerosene therefore
has a big advantage over batteries and hydrogen. Fur-
thermore it is very well known, has a high technology
readiness level (cf. tab. 3) and an established supply
chain in the aerospace market, which decreases costs
and risk during development and EIS. The environ-
mental impact however is due to its consumption of
fossil fuels (if fueled with kerosene) or the high energy
consumption during the production of synthetic fuel
higher than for batteries (that can be recycled [7]) or a
hydrogen burning turbogenerator. Because fuel cells do
not use combustion, their environmental impact is the
lowest. Overall, the dual-fuel turbogenerator powered
by synthetic fuel is the most suitable technology for
the INFERNO concept and its requirements. It offers
the best balance between efficiency, weight, cost and
availability. Especially the flexibility in operation with
fast refueling, easy availability and transportability of
the fuel is a key argument for the use of a carbon-based
fuel.

2.3. Configuration Selection and Key Technologies

To combine VTOL and STOL capabilities, a wing like
that of a classic fixed-wing aircraft is indispensable.
For the positioning of the wing, a high wing is almost
without alternative for amphibian aircraft, as it pro-
vides more ground clearance and distance to the water
during scooping [8]. There were several options for the
distribution of the drives, as the electric drives offer
substantive flexibility. One option was the usage of
tilt rotors but the concept requires more maintenance
and is more susceptible to faults and therefore results
in more costs. Moreover, the EIS of 2030 has to be

considered during the design decisions. Thus, the IN-
FERNO aircraft features separated propulsion systems
for both vertical and horizontal flight. As shown in fig.
1, the final configuration selection is characterized by
eight VTOL propellers distributed along the wing span
to achieve sufficient rotor area. For the positioning of
the propulsion, three options were investigated. The
first option was the positioning at the rear of the tail
as a pusher. Moreover, the positioning at the wingtips
or classically close to the fuselage was evaluated. The
pusher configuration caused ground clearance problems
during take-off when the aircraft is rotating conven-
tionally, so it was not suitable for the requirements.
When comparing the other configurations, there were
advantages for both. However, the advantages of the
close-to-fuselage drive, and the associated support of
the tail by the propeller wake, outweighed those of the
wingtip propellers. When selecting the tail unit, the
decision was made in favor of an H-tail unit. Since
the rudder area became very large due to the short
lever arm and the relatively high wing area, an H-tail
has decisive benefits as it divided this area into two
separated rudders, thus reducing the height. A more
detailed investigation takes place in [4]. Fig. 1 and
fig. 2 show the key characteristics, equipment and
technologies of the INFERNO concept. Moreover, the
aircraft dimensions are summarized in tab. 2 and fig.
4, 5 and 3.

FIG 2. Unique characteristics of INFERNO 2

Tab. 3 summarizes the key technologies of INFERNO.
Additionally, sources are listed for the respective
Technology Readiness-Levels (TRLs) that show the
technical status and further development up to 2030.

2.4. Propulsion and Battery

The VTOL and conventional option for take-off and
landing leads to increased demands on the powerplant
and engines. In the following chapter, the power de-
mand is discussed and the selected hybrid configuration
and energy management system is presented.

2.4.1. Calculation of Power Demand

This calculation of the power demand in the various
flight phases form the basis for the subsequent sizing of
the powertrain. All calculations were done according
to "Flugzeugentwurf I" by Prof. Strohmayer [18],
"General aviation aircraft design: Applied methods
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TAB 1. Trade-off study of energy provision concepts; best: ++, worst - -

Turbogenerator Turbogenerator Battery Fuel Cell
(synthetic fuel) (hydrogen)

Efficiency 0 0 ++ +
Weight + 0 – -
Infrastructure ++ - 0 -
Costs + 0 - –
Environmental impact - + + ++
Technology readiness + 0 0 -

Result +4 0 0 -1

TAB 2. Technical data of INFERNO

Aircraft Data
Length 8.50 m
Height 3.60 m
MTOM 5670 kg
Wing Area 27.4 m2

Aspect Ratio 9.34
Anhedral -2◦

Sweep Leading Edge 5◦

Taper Ratio 0.5
Take-off Field Length 600 m
Climb Rate (hor.) 1400 ft/min
Climb Rate (VTOL) 1000 ft/min
Climb Gradient All Engines
Operative (AEO)

max. 20%

Climb Gradient One Engine
Inoperative (OEI)

6%

Cruise Speed Ma 0.25
Cruise Altitude FL 080
Glide Ratio 16.32
Fuel Consumption Design Mis-
sion

400 kg

FIG 3. Front view of INFERNO

FIG 4. Top view of INFERNO

FIG 5. Side view of INFERNO

4

Deutscher Luft- und Raumfahrtkongress 2022

CC BY-NC-SA 4.0

https://creativecommons.org/licenses/by-nc-sa/4.0/


TAB 3. TRL of key technologies

Key Technology TRL
Synthetic fuels 6 [9]
Battery 5 [10]
Wake-Filling 3-4 [11]
Hybrid system 6 [12]
Morphing Wing 6 [13]
Exchangeable fuselage 4 [14]
Electric Motors 4 [15]
Sensing Instruments 6 [16][17]

and procedures" by Gudmudsson [19] and "Grundlagen
der Hubschrauber Aerodynamik" by van der Wall
[20] for vertical flight. The formulas that were used
during the various flight phases are shown below. For
all propellers a propeller efficiency of 85% ([19]) and
an electric motor efficiency of 95% ([21], [22]) was
estimated.
In operation, the vertical propellers can be used during
take-off as well. With intelligent thrust vectoring,
the required down force at the horizontal tail can
be reduced. The effects of this on the wing aerody-
namics however need further testing and detailed
Computational Fluid-Dynamics (CFD)-Simulations.
In Fig. 6 the power demand is displayed for horizontal
and vertical flight. The power demand decreases over
time, because the aircraft gets lighter after it burns the
fuel. This could also be used to increase the amount
of water that is being scooped from the water body.
Measuring this however is very difficult and should
only be done, when enough operational experience
with the aircraft is gathered. Furthermore it can be
seen, that the vertical take-off and landing consumes
way more power than the horizontal flight. Therefore
the maximum amount of water, that can be carried
during these flight phases is limited to 2000 kg.
Depending on the distance between the base and the
fire, and the fire and the water body, it can be more
efficient to start at the base with empty water tanks.
In the design mission, this could safe up to 24 kg of
fuel. But because at wild fires, the time until the first
attack is crucial, the aircraft was filled with water at
the base.

Horizontal Take-off Run:

Calculation of Lift-off speed:

(1) VLOF = 1.1 ·
√

2 ·m · g
ρ · SW · CLmax

Calculation of acceleration during take-off run:

(2)
dV
dt

=
VLOF

2

2 · lto

Lift at average airspeed:

(3) L =
ρ

2
· v2 · SW · CL

Drag at average airspeed:

(4) D =
ρ

2
· v2 · SW · CD

Thrust during take-off run:

(5) TTO =
dV
dt

·m+D + µ · (m · g − L)

Calculation of power during take-off run:

(6) PTO = TTO · VLOF√
2

/ηprop,EM

Horizontal Climb:

Calculation of power during climb in horizontal flight:

(7) PCl = (sin γ + ϵ) · vclimb ·m · g/ηprop,EM

Cruise:

Calculation of power during cruise flight:

(8) PCruise = (ϵ · m · g
vcruise

)/ηprop,EM

Calculation of fuel consumption during cruise flight
(brequet equation):

(9) mfuel = m− m

exp(l · SFC · ϵ/ηprop,EM)

Horizontal Descend :

Calculation of power during descend in horizontal flight
mode:

(10) Psink = ϵ− sin γ ·m · g · vsink

Hovering:

Calculation of required power for hovering:

(11) Phov = m · g ·
√

m · g
2 · ρ ·Aprop

/ηprop,EM

Vertical Ascend and Descend:

Calculation of required power for vertical flight

(12) PVTOL =
Phov
vi
vi0

/ηprop,EM

(13)
vi

vi0 = −vvert
2·vi0

+
√
(vvert
2·vi0

)2 + 1
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FIG 6. Power demand for the horizontal and vertical propellers during horizontal and vertical flight

FIG 7. Power demand during transition between vertical
and horizontal flight

(14) vi =

√
m · g

2 · ρ ·Aprop

For vertical descending the same formula is used with
a negative vertical speed.

2.4.2. Transition between Vertical and Horizontal
Flight

One of the most critical flight phase is the transition
between vertical and horizontal flight. In order to safe
fuel, the transition should be done as low as safely
possible. In this phase, the morphing wing has its
high-lift profile and hovers with its vertical propellers.
Fig. 7 shows the power demand during the transition
between vertical and horizontal flight.
The limiting factor is the maximum of 1800 kW
electrical power that the powertrain can provide
(1200 kW from the battery and 600 kW form the
engine). The horizontal propellers use the excess
power, that is not used by the vertical propellers
to accelerate the aircraft. With higher speeds, the
wing generates more lift and the power at the vertical
propellers can be reduced. After approx. 11 seconds,

the wing generates enough lift to turn off the vertical
propellers. They are then locked in an aerodynamic
optimal position for horizontal flight. With further
acceleration, the angle of attack is reduced and then
the profile of the morphing wing is slowly changed
into cruise configuration to enable efficient cruise flight.

2.5. The Hybrid Configuration

Due to the VTOL capability, surges in the power de-
mand occur, which only last for a short amount of
time (less than one minute). Furthermore, INFERNO
has more propellers than on a conventional airplane
(eight motors for vertical take-off and two for horizontal
flight). Both of these factors are ideal for installing a
hybrid energy system.
Fig. 8 shows a schematic overview of the energy sys-
tem being installed in the aircraft. The eight propellers
for vertical flight are powered by 250 kW electric mo-
tors, and the two propellers for horizontal flight use
a 600 kW electric motor each. In the middle of the
wing, the 60 kW h battery pack is placed. Behind the
payload module, the generator and the power electron-
ics are installed. The generator is directly powered
by the turbine engine. A conventional turbogenerator
(General Electric (GE) H85-100) powered with kerosene
or Sustainable Aviation Fuel (SAF) is used, to keep
the required ground support equipment and technolog-
ical risk at a minimum. Due to the redundant energy
system from the relatively high capacity battery and
the turbine engine, no Auxiliary Power Unit (APU)
was installed.

2.5.1. Powerplant Selection

The best and most efficient choice of powering an air-
craft of up to 300 kmh−1 are turboprops or turboshaft
engines. Turboshaft enginges allow high power-to-
weight ratios without losing most of their power at
high altitudes. While piston engines would also be a
suitable selection for low speeds, they are not designed
for high altitudes and the shaft rotational speeds are
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FIG 8. Illustration of the hybrid energy storage system

FIG 9. Propulsive efficiency comparison for various gas
turbine engine configurations according to [26]

too low to adequately power a generator.
The INFERNO is powered by the GE H85-100 refer-
enced as H85, as it is an optimal engine for all flight
conditions. The H85 can use biofuels, also known as
SAF [23]. Moreover, the H85 offers enhanced electronic
engine control, which increases efficiency of the engine
[24]. Additionally, turboprops allow excellent connec-
tion to power generators for a hybrid electric system,
as described in chap. 2.5 and fig. 9, due to their high
rotational speeds as present in other gas turbines. The
SFC of the engine is estimated to be similar to other
comparable engines like the GE-Catalyst, that offers a
SFC of less than 300 g kW−1 [25].

Engine Data H85-100
Overall length [mm] 1675
Overall width [mm] 590
Overall height[mm] 650
Dry mass [kg] 200
Maximum continuous power
at sea level [kW]

634

Specific Fuel Consumption [kg/kWh] <0.3

TAB 4. GE H85-100 Data [27]

2.5.2. Propeller and Electric Motor Selection

When selecting the propeller, it was decided to use prod-
ucts that are already available on the market. This
brings advantages in terms of costs and availability. For
the horizontal propulsion, the aircraft use two 5-bladed
MTV-27 from MT-Propeller with a diameter of 82.7 in
[28]. For the vertical lift, it features eight 2-bladed
MTV-20 with a diameter of 200 cm [29]. Both types
of propellers are constant speed propellers with vari-
able pitch. The MTV-20 operates at 2700 rpm and the
MTV-27 at 2200 rpm. The MTV-20 propellers are not
specifically designed as lift propellers, because usually
specific rotor blades are designed for the different types
of helicopters and their missions as they strongly influ-
ence the drag in forward flight. The propeller profiles
could, however, be exchanged or optimized at a later
date if necessary.
No specific product was selected for the electric motors.
There are already electric motors in the required power
classes, but not yet optimized for aviation. However,
with Wright Electric [15], a development is underway
that is aiming to introduce electric motors for aviation
from 500 kW to 4 MW power and a power-to-weight
ratio of 10 kW kg−1 by 2026 [15]. A 2 MW motor is
already in the testing phase. Since this company is
working with major partners such as NASA, it is likely
that the availability by 2030 is ensured. For the vol-
ume and mass calculation, reference product sheets
from existing motors of the company YASA were used
[30]. The estimated mass of the uninstalled generator
is 7 kW kg−1 (including Power Electronics) ([31], [32]),
with a 600 kW generator, this leads to a mass of 85 kg
and the specific energy density of the electric motors
was estimated with 12 kWkg−1[31].

2.5.3. Battery Sizing

At the start of the battery sizing process, several feasi-
bility factors in the form of requirements for the battery
concept were defined. These factors pertain mainly to
the in-flight energy consumption demands of the elec-
tric motors during VTOL and SCOOP maneuver and
are listed as following:

• Available installation space and mass budget con-
straints

• Battery capacity: 60 kW h

• High specific energy and energy density

• Very high charge-discharge rate (C-Rate)

• Market availability

• Operational life (cycles)

Initial power consumption calculations, during all dif-
ferent flight modes, with a 60 kW h battery pack con-
cluded maximum required electrical power PEmax at
1238.39 kWe. The integrated battery pack, as men-
tioned earlier, shall sustain PEmax for an approximated
1 min duration of VTOL / SCOOP, for which, the re-
quired maximum C-Rate of 20C was calculated. An
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FIG 10. High power Licerion® cell energy across different
C-Rates according to [33]

off-the-shelf battery pack with 20C discharge rate and
a considerably high specific energy is still a few years
ahead in the future. Therefore, as an initial practical
approach to the sizing process, the calculations defining
the battery dimensions were executed by developing a
conceptual battery pack using the commercially avail-
able Sion Power Licerion® High Energy Density Cells.
The design properties of individual Licerion® pouch
cells are presented in tab. 5. The cell’s parametric
behaviour across multiple C-Rates is represented in
fig. 10 adapted from [33], wherein at cell-level, the
approximated values for specific energy and energy
density at peak power consumption are 340 Wh kg−1

and 560 Wh L−1 respectively. These values are fur-
ther used for determining the mass and volume of the
cells that are to be integrated into the battery pack.
The theoretical cumulative volume of the cells in the
INFERNO battery pack was calculated to be approxi-
mately, 107 L and the approximated cumulative mass
was calculated as 176 kg. The total battery pack mass
also comprises a mass build-up factor that takes into
consideration the mass of battery casing, battery man-
agement system, wires, and the battery pack’s thermal
management system [34]. Adapted from [34] and also
confirmed in a brief conversation with a Sion Power
battery engineer, a mass build-up factor of 1.4 was
approximated for determining the energy and physi-
cal properties of the pack at battery-level. The total
battery pack mass and volume were calculated to be
246 kg and, 150 L respectively. Tab. 5 gives a detailed
overview of the relevant properties at cell-level and
battery-level.
Ongoing research at Sion Power in 2018 estimated new
Licerion® technology in 2022 to have significantly im-
proved overall properties at cell level. The 2022 awaited
Licerion® cells with a nominal specific energy and
energy density of the 650 Wh kg−1 and 1300 Wh L−1

respectively, could lead to a (nominal) theoretical bat-
tery mass of as low as 129 kg and a theoretical volume
of 65 L respectively, resulting in a better fuel economy,
increased operation life and payload capability. At peak
power consumption (20C) assuming 75% energy capac-
ity delivery, the mass, and volume at battery-level are

presumed to be at 185 kg and 92 L respectively [33].
The 2018 battery-level physical properties protrude
over the mass budget restrictions and the 2022 battery-
level values are significantly lower in comparison, but
still slightly exceed the desired mass budget. A lit-
erature report on battery advancement trends made
available by NASA shows that the specific energy of
a cell at 270 Wh kg−1 in 2018 could be projected at
690 Wh kg−1 by 2030 with an annual increase rate of
8% at cell-level [35]. A similar trend, with an 8%
annual increase rate, extrapolated for the 2018 Lice-
rion® technology with current 340 Wh kg−1 estimates
the cell-level specific energy to be 856 Wh kg−1 and
582 Wh kg−1 at battery-level (32% loss from cell to
pack) by 2030 with the battery pack weighing just
about 103 kg. In order to keep the battery pack out of
the critical component’s list for the EIS and to account
for additional fasteners and cables, the battery pack
was estimated at 400 Wh kg−1, which leads to a gross
mass of 150 kg. At EIS, this relaxed requirement can
lead to a cell with higher cycle life or more cells, which
leads to a lower C-Rate and thus improves cycle life as
well [36].

Build-Up Factor = 1.4*
Cell-Level Battery-Level

Properties (at 20C) 2018 2022 2018 2022
Specific Energy
[Wh/kg]

340 455* 244* 324*

Energy Density
[Wh/L]

560 910* 400* 652*

Unit Mass [kg] 176 132* 246* 185*
Unit Volume [l] 107 66* 150* 92*

TAB 5. Sion Power Licerion battery properties at cell-level
and pack-level for years 2018 and 2022 [33]; * rep-
resents mathematically / scientifically backed pre-
sumptions

2.5.4. Fuel Tank Sizing

The amount of fuel required for the design point was
calculated as part of the performance calculation. In
order to verify whether the space provided for fuel in
the outer area of the wing span is sufficient, the tank
volume VKr is estimated. For this purpose, a statistical
procedure according to Torenbeek [37] is used for the
preliminary design. This will have to be reviewed at
a later stage of development. In order to take into
account the installation space used by the battery, the
calculation is carried out with the aid of a comparative
wing (wing area SW), which only represents the outer
6 m of the half-span b. It was assumed that no fuel
can be accommodated in the winglets. λ describes the
taper of the comparison wing and t

c the thickness ratio
at wing root. Using eq. (15), this results in a maximum
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tank volume of 1391 L.

VKr = 0, 54 · SW
2

b
·
(
t

c

)
i
· 1 + λ

√
τ + λ2τ

(1 + λ)2

with τ =

(
t
c

)
a(

t
c

)
i

(15)

The calculated value was reduced by 30% to ensure
the needed space for the morphing wing’s actuators.
The maximum available fuel volume is therefore 974 L,
which corresponds to 780 kg of JET A-1 ([38]).

2.5.5. Engine Air Intake and Exhaust

The engine is supplied with air from both sides via air
intakes see fig. 11. They are positioned high enough
to prevent splash water from getting in. Unlike other
aircraft, the exhaust gases are not discharged directly
behind the engine out of the air frame, but are routed
to the rear through the tail boom, where they flow
out. The air flow is also shown in fig. 2. The exhaust
gas flow is used to reduce the drag of the fuselage via
wake filling, which is currently the subject of research.
The CENTRELINE project [39] is investigating the
possibility of increasing efficiency by introducing addi-
tional energy centrally at the tail. One of the findings
is, that not too much thrust in relation to the total
thrust is required to reduce fuselage drag significantly
[40]. Even though INFERNO only uses the exhaust gas
with its residual energy for Wake Filling, a noticeable
drag reduction should be achieved. For detailed pre-
dictions, extensive CFD simulations are required. The
exhaust pipe is made out of heat resistant materials,
like nickel-chromium alloys [41]. Because the exhaust
gas is discharged in the rear, the tailboom faces no hot
exhaust temperature from the outside, like it would, if
the exhaust gas is blown out closer to the engine. The
CENTRELINE project is scheduled to have a EIS until
2035. However, INFERNO’s wake filling is not of this
magnitude and does not use an extra propulsion unit
at the rear but only uses the remaining energy of the
exhaust gas. Therefore technical maturity should be
given until 2030.

FIG 11. Engine Air inlets on both sides of the aircraft

2.6. Noise Reduction

There are several ways to reduce noise emissions of
an aircraft. These options for noise reduction can be
roughly divided into caused by the engine or the fuse-
lage. However, it is not possible to influence the noise
of the engine, as this is purchased directly from the

FIG 12. Drogue-and-probe concept for aerial refueling and
maximizing firefighting time

manufacturer on the market, so no adjustments and
optimizations are possible here. However, the engine is
installed completely enclosed within the fuselage and
therefore the noise can be shielded. The noise of the
airframe, on the other hand, can be divided into 3 cat-
egories. These are the wing including the tail surfaces
and the fuselage, the high-lift devices and the landing
gear [42].
The targeted optimum is the clean configuration. Since
the morphing wing completely eliminates high-lift de-
vices, maximum noise reduction is achieved in this
section. For the landing gear, there are concepts with
optimized fairings to avoid hard edges in the air flow.
However, as this leads to an increase in weight, and the
landing gear is only used when landing at the airport,
but not when taking up water in lakes, this measure
was dispensed with.

2.6.1. Formation Flight

To increase the efficiency of the fleet on longer routes
and to reduce emissions, formation flight is used. Sav-
ings of up to 18 % for the following aircraft have already
been demonstrated in flight tests [43], [44]. However,
flight controllers available today for automated forma-
tion flight are only stable outside the wake vortex inflow
area [45]. For this reason, formation flight should be
carried out within the center field. This corresponds to
a distance of 15 to 150 wingspan of the aircraft. This
area also has the advantage that the aircraft structure is
significantly less stressed. However, the savings poten-
tial here is only up to 10 % [46], [47]. The exact sweep
spot is to be found during the further development pro-
cess with the help of a suitable simulation method. As
a further development step, the loyal wingman concept
is imaginable.

2.6.2. Aerial Refueling

INFERNO has a very large wing and can therefore store
more fuel chap. 2.5.4, than required for the optimal
1200 km range. If, for example, the operational base for
refueling is further away than in the design mission and
there should be no payload limitations. The flight to
and from the operational basis are very time-consuming
and limit the dropped amount of water within a 24 h
time slot. Due to its additional fuel tank capacity
of 330 l an optional aerial refueling mechanism can
be installed. With aerial refueling, only one out of
the two aircraft have to return to the base and thus
the time at the fire can be increased by 80% without
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payload limitations. After the fuel that was obtained
by refueling is consumed, the second aircraft return
to the base to fuel up and change the pilot. Fig. 12
shows the additional equipment that is installed on
the aircraft, that are equipped with the aerial refueling
mechanism.

3. CONCLUSION

Fighting wildfires is one of the major challenges rapidly
gaining significance with global warming on the rise.
The INFERNO aerial firefighting concept developed as
a result of the DLR Design Challenge 2022 presents a
state-of-the-art aircraft designed to efficiently respond
to wildfire scenarios around the globe. The concept
features profound technologies to guarantee the best
possible flight characteristics for these demanding mis-
sions. Thus, the INFERNO concept combines the
flexibility of a VTOL aircraft with a conventional fixed-
wing concept for efficiency during cruise. Water can be
refilled during hovering (submerging part of the hull)
and scooping during forward flight, leading to broad
possibilities during various wildfire missions. The IN-
FERNO aircraft is equipped with a serial hybrid system
featuring a fuel efficient engine, a modern generator
and a state-of-the-art battery concept supplying 10
electrically driven propeller, eight for the VTOL ca-
pabilities and two for the propulsion during forward
flight. Moreover, the design is equipped with a modular
fuselage part which can be flexible changed between
the water tank, a passenger or a cargo module. Thus,
an efficient year round fleet concept was developed
minimizing ground times and operating costs. Addi-
tionally, a specific operational concept for 4 INFERNO
aircraft during the INFERNO firefighting missions was
designed optimizing the amount of water carried and
dropped during the operation.
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