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Executive Overview

The Final Report of the Wildfire Optimised Firefighting Aircraft, named W-132, sums up the work
of Group 19 of the Design Synthesis of Delft University of Technology. From the 22" of April to the
27" of June, ten students worked on this project under the supervision of Dr. Marta Ribeiro. The
goal of this project is to develop a firefighting aircraft capable of meeting the demands of a mar-
ket that lacks purpose-built aircraft and faces an ever-increasing threat. The W-132 is capable of
making precise, targeted drops thanks to its high manoeuvrability, whilst maintaining a very high
cruise speed and payload relative to its competitors. This report includes logistics, operations, sus-
tainability, design process, feasibility, risk and cost analyses, providing a thorough overview of the
team’s achievements.

An image of the final design can be seen below.

Figure 1: Final Design of W-132, 3DExperience

Project Objective Statement

To design a next-generation, purpose-built aerial firefighting aircraft optimised for European wild-
fire conditions. The aircraft will be developed for its specific landscape - vegetation, water sources
available and complex terrain, with mission-driven requirements including high manoeuvrability,
volume of water drop rate and rapid turnaround. The COLOSSUS SoS X Grand Challenge will be
used as a tool to support validation, but it is not the primary design driver. The concept will target
an entry into service around 2035, incorporating advanced technologies where feasible.

Mission Need Statement

The growing threat of wildfires across Europe demands rapid, flexible, and high-performing fire-
fighting solutions to reduce the increasing risk of large-scale damage caused by the rising frequency
and severity of forest fires. Current aerial firefighting platforms—often adapted from previous de-
signs—are not purpose-built for Europe’s specific geographic, environmental, and operational con-
text, limiting their effectiveness.

The aim of designing an operational aircraft by 2035 is critical to take a step back and look at a
broader picture of the design process. Strategic planning and fleet composition must be analysed
alongside the technical development of the aircraft to ensure successful mission-specific design.
This will ensure that the design meets real-world demands instead of something already in the mar-
ket.
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Market Gap Analysis

A critical market gap in the European aerial firefighting market was identified, namely the absence
of a high capacity purpose-built aircraft that is optimised for European geography and operational
constraints. Existing aircraft either fall short in the established performance requirements or are ag-
ing and becoming increasingly unreliable, which specifically applies to larger fixed wing firefighting
aircraft. The market analysis revealed a niche for a lightweight, high-performance aircraft designed
specifically to integrate into current European fleets. Through a trade-off a large fixed wing scooper
aircraft was demonstrated as being the most optimal choice, over VTOL and helicopters. The W-132
addresses this market gap by focusing on improving performance parameters that are most critical
aerial firefighting in the European market.

Operations and Logistics

The W-132 has been designed to provide the most performance gain within European countries
with the fewest number of aircraft. The main use case of the W-132 is to be purchased using half of
the RescEU budget and provide the largest coverage over Europe. It is also designed to operate well
within current and future European risk areas. The aircraft’s design also complies with requirements
set to ensure that it is capable of integrating well into European firefighting infrastructure, both
in the air and elsewhere, where an overview of the complete operational lifecycle of a firefighting
aircraft is provided from pre to post-mission maintenance. Furthermore, the timeline, from the
detection to the extinction of fire, is broken down showing how the existing aircraft fits into the
chronology of a firefighting process,

The strategies used for the three mission types that the W-132 will conduct are designed for the
European market and ensure the aircraft was designed with high-performance targets even in con-
servative mission parameters.

Sustainable Development Strategy

The aircraft’s design prioritizes performance while incorporating sustainable innovations wherever
they complement operational capabilities. A representative mission scenario was developed to
quantify the emissions saved by the W-132 and compare them with those of its main European
competitor, the CL-415. The analysis, which is carried out for a specific scenario, demonstrates that
the W-132 emits more emissions per mission due to its design characteristics. However, these pro-
vide better firefighting capabilities, leading to a greater saving of fire emissions. Adding both effects,
the W-132 achieves significantly greater net emission reduction in the proposed scenario, of up to
1172 tonnes of CO, per mission.

Aircraft Design

The overall performance parameters of the aircraft are shown in Table 1.

Table 1: W-132 Performance parameters

Parameter Value Unit ‘ Parameter Value Unit
Maximum take-off weight 39780 kg Fuselage length 20.2 m
Payload 13200 L Fuselage width 2.0 m
Cruise speed 741  km/h Wing area 140.5 m?
Stall speed 120 km/h Aspect ratio 9 -
Mission range 688 km | Hybrid-assisted take-off distance 1300 m
Ferry range 2450 km Take-off distance 1800 m
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This DSE focused on performing a feasibility study for a firefighting aircraft. Hence instead of fo-
cusing on many small details of the aircraft, only the critical aspects of the design were investi-
gated. Namely, the wing overall design, the wing box, the empennage, the fuselage, water tanks, and
propulsion were sized here.

Wing Group

An innovative approach was carried out when designing the wing. To make it a fully purpose-built
aircraft, manoeuvrability was a top priority given the frequency of scooping and releasing manoeu-
vres in aerial firefighting. As a result, the design was adapted to maximise efficiency at low speeds
rather than cruise conditions.

By implementing double slotted flaps, slats, and a blown flap boundary layer control mechanism in
a NACA 4412 airfoil, stall speeds as low as 120km/h can be achieved. This facilitates precision and
altitude of water dropping, effectively increasing the amount of useful water dropped on the fire.

The wing box was sized to withstand the loads acting on the wing, in the worst case scenario of
the limit load of 4g that was determined from the V-n diagrams. The wingbox configuration was
optimized for the lowest weight while still withstanding the critical failure stress, identified to be
skin panel buckling. The overall weight of the wing group (without the engine) turned out to be
5066 kg.

Propulsion

The W-132 features an innovative parallel hybrid electric propulsion system with an in-house de-
signed internal combustion engine, the WE-3000, built specifically for use in a hybrid parallel sys-
tem. Through discussions with an expert a novel configuration where the internal combustion en-
gine is optimised for one power setting and the hybrid system serves to provide additional power
where needed was designed. This configuration allows for versatile mission profiles and increased
firefighting capabilities through increased efficiency and manoeuvrability.

Empennage

The empennage faced the challenge of having to provide a large correction moment with a small
tail arm. For this, the decision of placing part of the empennage beyond the aft end of the fuselage
was made. This allowed to provide sufficient stability without an excessive tail size.

A T-tail configuration is used with symmetrical airfoils, yielding dimensions slightly larger than that
of the CL-415. Additionally, ventral and dorsal fins ensure optimal low speed behaviour and spin
recovery, allowing for aggressive manoeuvres during firefighting missions.

Fuselage

The fuselage is designed using 2 main design philosophies. The first being that the exterior must
be hydrodynamically stable to allow the aircraft to perform scooping mechanisms during missions.
The second is that the aircraft must be purpose built so as to minimise unnecessary weight.

Through these design decisions, a compact unpressurised fuselage design is chosen so as to limit the
volume of unused space. The choice of an unpressurised fuselage is done as most of the firefighting
mission is done within breathable atmosphere while relatively light oxygen tanks can be used during
the completion of the ferry range. This slender fuselage design also allows for a minimisation of the
water slamming forces, thereby reducing the weight of the necessary structural reinforcements.

The choice of a carbon fibre reinforced polymer based fuselage is also done as this leads to weight
savings of the fuselage. Thanks to the "snowball" effect, this leads to massive weight improvements
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of the entire structure.

Storage Subsystems

The storage subsystems encompass the water tanks, foam concentrate tank and oxygen tanks. Al-
though the majority of the space is taken by the water tanks as the foam can be stored as a concen-
trate, greatly reducing their volume and the oxygen is stored in very high pressure, rendering the
volume negligible.

The water tanks are made such that they reduce slushing through the use of baffles. The dispensa-
tion mechanism utilises a coupled actuator to avoid unequal water drops and as such high instabil-
ity in case of failures.

Verification and Validation

Verification and validation of requirements, numerical model and final design was performed thor-
oughly to ensure the validity of the design. To verify requirements, inspection, analysis, demon-
stration or test methods were used. For the numerical model, unit tests of multiple functions and
files was done, together with an overall sensitivity study to validate the model against expected out-
comes. Finally, external tools such as Colossus, flight route simulations or water drop simulations
validated that the W-132 can be a valuable asset in the European firefighting market.

Aircraft Subsystem Logistics

The aircraft uses modern avionics so as to optimise the amount of information available to the pi-
lots. This is done to reduce the risk of the aircraft and increase the success rate of the mission.
In addition to conventional aircraft equipment, this design utilises water tank related controls and
sensors as well as high degrees of redundancy.

Cost Analysis

The price of the aircraft was found to be $50.6 million, after a sensible cost analysis, consisting of
RDT&E analysis, making use of Raymer, and DAPCA IV CERs methods[1], then using a production
learning curve and break-even ROI analysis, the price was found. Finally, operating costs were esti-
mated to be in the range of $2-7 millions per year. A possibilty for European funding to drive down
costs was also looked into.

Risk Assessment and Contingency Plan

To identify the most major threats of the mission, a risk analysis and contingency management
was carried out. 37 different risks were identified across 7 different mission phases. 19 of them are
reduced in level of risk either by their severity or their likelihood through the contingency manage-
ment while 17 of them are fully mitigated. The result of this contingency management was eight
new requirements used as a way to further constrain the design and create its "design space". Fur-
thermore, the RAMS (Reliability, Availability, Maintainability, Safety) of the aircraft is assessed. The
reliability of the W-132 is qualitatively assessed through the redundant methods applied to different
subsystems. The availability is considered significant considering that the aircraft can be integrated
into existing European fleets and also has very quick response times. Then in terms of mainte-
nance, certain subsystems such as the wing and empennage will require longer term but periodic
and heavy inspections while other subsystems will require more in detail routine visual, borescope,
functional and operational checks such as the engines. Finally, significant safety measures have
been adopted by mitigating risks such as failed battery charging, propeller blade failures, blocked
water intakes and overheating from the fire.



Future Development

This DSE W-132 project sets the foundation for a potential fully operational aircraft by 2035. For this
the design should first be further detailed, after which it could be manufactured and certified under
the CS-25 regulations. The aircraft could then finally be distributed. Due to its low production vol-
ume, the aircraft parts should be produced in already existing facilities around Europe to diminish
the fixed production costs, and take advantage of existing expertise.
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Introduction

The W-132 has been developed in direct response to the escalating threat of wildfires across Europe’s
coastal and southern regions, where rising temperatures and prolonged dry seasons have intensi-
fied due to the frequency and severity of fires. These wildfires endanger both urban and rural areas,
placing immense pressure on ecological systems, infrastructure, and public safety. In response, the
European Union has expanded its firefighting fleet, currently consisting of 28 fixed-wing aircraft and
4 helicopters [2]. However, this expansion has not been accompanied by significant technological
innovation. Most notably, no major advancements have been made since the introduction of teh
Canadair CL-415, itself being a redesign of the 60-year-old CL-215, which is why mission specific
firefighting aircraft are needed.

The W-132 scooper firefighting aircraft, produced as part of the AE3200 Design Synthesis Exercise,
aims address this gap by optimising for operational efficiency, cost-effectiveness and tactical de-
ployment. Developed as part of the COLOSSUS SoS Exploration Grand Challenge, the aircraft is
intended to enter service by 2035. It will enable the EU to strengthen its wildfire response while
staying within the financial constraints of the 600 million euro RescEU budget. The design will tar-
get a unique niche: a high-capacity platform capable of outperforming existing solutions in wildfire
suppression missions through purpose-built performance and adaptability. The W-132 will be de-
signed to meet strict targets: a cruise speed of 250 km/h, a 10,000-litre water payload, a maximum
take-off weight of 40,000 kg and a 500 km range—based on the needs of stakeholders like RescEU
and CAL FIRE, supported by market and fleet analyses. Large aircraft may be prioritized given their
strategic value. A key goal, tied to the COLOSSUS Sos Exploration Grand Challenge, is to develop an
operational strategy for its use in coordinated firefighting fleets, evaluating both homogeneous and
mixed configurations through simulations using the COLOSSUS SoSID toolkit.

The report is organized in the following manner. First, Chapter 2 provides an overview of the func-
tions the aircraft has to fulfil and a flow diagram demonstrating their interconnectedness. Chap-
ter 3 underlines a major market gap. Chapter 4 defines the use case and gives an overview of the
operational framework. Then, Chapter 5 provides a sustainable plan for the W-132 design and its
environment impact. Subsequently, Chapter 6 begins by highlighting the results of the preliminary
class 1 and 2 weight estimations together with manoeuvre and gust load analysis. These sections
are then followed by the propulsion system design, an extensive aerodynamic analysis of the wings
and a drag estimation. Moreover, the wing design is carried out together with it’s structural and ma-
terial analysis. Additionally, the CG excursion along with the stability and control analysis is carried
out leading to the final sections of this chapter with the empennage, fuselage and undercarriage
designs. Chapter 7 features the final design characteristics and budget analysis. Also, Chapter 8
addresses the verification and validation methods that are carried out to justify the reliability of the
design. Chapter 9 portrays system connectivity, software block and data handling block diagrams.
Chapter 10 assess the potential mission threats and risks with their respective mitigation processes.
Then, Chapter 11 carries out a cost analysis providing a final return on investment of the W-132. Fi-
nally, Chapter 12 demonstrates the future development after the preliminary design of the W-132.



Functional Analysis Overview

Two diagrams found in Section A.1 show all functions that the aircraft must perform throughout
its life cycle, from conceptual design to decommissioning. The Functional Flow Diagram, which
presents functions in a temporal sequence, and the Functional Breakdown Diagram, which orga-
nizes functions hierarchically. These diagrams provide a comprehensive overview of the aircraft’s
tasks, ensuring that no aspect of its life cycle is overlooked.

2.1. Functional Flow Diagram

The functional flow diagram orders the aircraft’s functions in a temporal sequence and presents a
high level of detail for all the top-level functions the aircraft shall perform such as design, manufac-
ture, distribute, operate and retire.

While this design synthesis exercise focuses primarily on designing for the operation part, rather
than the manufacturing or the retiring phase, the functions cover all these aspects of life cycle of the
aircraft, as they may still lead to the derivation of new significant requirements.

First, the five main functions are decided upon, which are later on grouped into three main areas
of Pre-Operation, Operation and Post-Operation as can be seen in the Flow Diagram. These were
each divided into subfunctions consisting of levels 0, 1 and 2. Given that some of the processes are
non-linear, several functions are then related to other ones with the use of decision blocks, clearly
showing how the whole process is followed.

2.2, Functional Breakdown Diagram

The functional breakdown diagram proposes the same functions but orders them clearly in a hier-
archical structure. This way, each function can be traced back to its parent function. This is useful
to understand where each function is derived from. If all subfunctions are performed, the parent
function is by definition also performed. Similarly to the functional flow diagram, the FBD also
helps identify new requirements by looking at their hierarchy and their interdependency. It can also
be seen in Section A.1.



Market Gap and Analysis

This chapter identifies the current aerial firefighting situation in Europe in order to target demands
that are currently not met to tailor the design of the W-132. To do so a market analysis is carried
out, analysing existing firefighting aircraft and the European market, followed by user requirements
and a trade-off where the plane is selected as final concept based on the above. Finally, a sensitivity
analysis is carried out to define key parameters.

3.1. Market Analysis

The market analysis evaluates several aircraft and helicopter models against the three main user
requirements and examines the influence of geography in the European market’s needs for fire-
fighting.

3.1.1. Existing Firefighting Aircraft

There are four main user requirements that define the performance targets for this aircraft. Though
these are not set in stone, they serve as a guideline for what can be expected from this aircraft and a
point of comparison with others in the market. These requirements are:

* Cruise speed shall be equal to or larger than 250 km/h.

e The aircraft shall be able to carry at least 10,000 L.

* The operational range shall be at least 500 km.

* The maximum take-off weight (MTOW) shall be below 40 tons.

Performing an analysis of current aircraft in the market that are still operational shows that no fixed
wing aircraft and only one helicopter matches them.

None of the fixed wing aircraft manage to reach these requirements, but some get close namely
the RJ-85 and the Beriev Be-200 also it is important to mention that the CL-415 is also not too far
from reaching these requirements as it is the primary comptetitor for aerial firefighting in Europe.
From these only two are scooping aircraft, the Be-200 and the CL-415. The Be-200 is no longer
accessible for countries within the European Union, while the CL-415 flew for the first time in 1993,
32 years ago, so it is safe to estimate that its design process began 40 years ago. Many of the CL-415
in European fleets are old and are becoming an unreliable tool for aerial firefighting.

Regarding aircraft types, the market analysis reveals an interesting trend. Very Large Air Tankers
(VLAT) are perhaps unnecessarily large, causing them to have poor manoeuvrability and inefficient
in fighting the problem of water evaporation. On the other hand, Single Engine Air Tankers (SEAT)
are too small to carry the amount of water needed. Nonetheless, fleet compositions cannot be dis-
carded. This decision will also depend on whether tankers or scoopers are selected.
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Table 3.1: Market analysis of air-planes versus performance requirements [3-3]
Aircraft Models Type Cruise Capacity (L) MTOW Operational
speed (tons) range (km)
(km/h)
DC-10 VLAT
Boeing 747-400 VLAT
RJ-85 LAT
Lockheed EC-130Q LAT
Boeing MD-87 LAT
Lockheed C-HC-130H/] LAT
de Havilland Canada Q400 LAT
Embraer C-390 Millenium LAT
McDonnell Douglas MD-87 LAT
Air Tractor 802 SEAT
PZL-Mielec M-18 Dromader = SEAT
Canadair CL-415 Scooper
Air Tractor Fire Boss Scooper
Beriev Be-200 Scooper
ShinMaywa US-2 Scooper

Target >250 >10000 <41 >500

However, modern fleets not only contain air-planes. Helicopters are crucial in European firefighting
missions and are hence also explored as a possible solution to the problem.

Table 3.2: Market analysis of helicopters versus performance requirements [3]

Helicopter Models Type Cruisespeed Capacity (L) MTOW Operational
(km/h) (tons) range (km)

Sikorsky/Erickson S-64E/F Type 1

Boeing CH-47 "Chinook" Type 1

Boeing CH-46E 'Sea Knight'  Type 1

Kaman K-1200 Type 1

Airbus H215/225 NG Type 1

Bell 205/210, Bell UH-1 Type 2

Bell 212 HP Type 2

Bell 412 Type 2

Airbus H125 NG Type 3

Bell 407 NG Type 3

Bell 206 1L.3/4 Type 3

Target >250 >10000 <41 >500

The analysis demonstrates that only type 1 helicopters would be able to reach the set performance
requirements. These helicopters are large tanker helicopters that employ snorkeling devices to refill
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internal tanks. These helicopters face longer refill times than scooping aircraft and usually have
large evaporation in the droppping manoeuvre but have significantly improved access to water
sources. The Boeing CH-47 is the only helicopter matching the requirements, however it is a mil-
itary helicopter that is not purpose-built for firefighting, which invites the possibility of having a
large room for improvement with a mission optimised helicopter.

A further commercial market analysis is performed in order to identify the market niche that the
design can fulfil. This is done by first identifying the stakeholders and categorising them by influ-
ence and interest in the outcome of the project. Identifying their needs and wants allows for a more
in-depth and complete market study.

This deeper market study reveals the market niche of lightweight high capacity aircraft, unfulfilled
by any competing this designs. It is estimated that this is due to the fact that there does not exist
any modern, specialised and adapted to European cases firefighting aircraft. Producing this design
could therefore prove to secure an advantageous market position.

Following this, a commercial analysis is performed to determine a reasonable asking price for the
out of factory aircraft. Due to the premium characteristics and innovative design, a competitive
price of 30 million USD is deemed reasonable as it is slightly less than its closest competitor the
CL-415.

Synthesising all of these points is done through SWOT (strength, weakness, opportunity, threats)
analysis to summarise and categories the discovered traits of the design. This analysis is of the form
of the following table :

STRENGTHS WEAKNESSES

e Design fulfils an extremely e Unproven design which might not end up being

competitive niche in the mar- feasible.
ket from a performance point ¢ Low groundwork set for the design of such specific
of view. aircraft.

No aircraft are close in perfor-
mance to the design and as

* Very lightweight firefighting aircraft seem much
more price efficient and might overtake an already

such there are no direct com- narrow market.
petitors.
OPPORTUNITIES THREATS

* Due to the identified strengths,
this design could establish itself
as a cornerstone of the market
leading to high demand.
Thanks to the innovations, this
design could also afford to be
sold at a premium but compet-
itive price.

¢ The requirements might end up being killer and as
such lead to a completely failure of the design.

e The market niche fulfilled by the design might
prove too specific and as such the customer base
could be too restrained.

Another important aspect of a firefighting aircraft for the European market is to fit within the exist-
ing fleets rather than try to replace all the aircraft in them. Each aircraft type has its own strength
and weaknesses for aerial firefighting and combining them together is what will lead to the most
optimal performance. The most popular fixed wing firefighting aircraft are the CL-415 and the Fire
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Boss while the Sikorsky S-64, Chinook and Bell 412 are the most popular helicopters [9][10][11][12].
The Fire Boss, Chinook and Bell 412 are all still currently manufactured [12][13], so small fixed wing
aircraft as well as small and large helicopters are all already well established within the European
market. On the other hand, while Europe may have a lot of CL-415s they are becoming difficult to
operate and are often unable to complete their missions due to maintenance problems, according
to Wissam Chalabi an expert on aerial firefighting. This presents a clear opportunity to present an
aircraft that serves a similar role to the CL-415 while also covering the role of large and very large air
tankers and being optimised specifically for the European market.

3.1.2. European Market

The European continent has a diverse geography, particularly in the Mediterranean, which is the
most affected area by wildfires. It is a region with high elevation changes close to the sea, demand-
ing a high rate of climb. Manoeuvrability is a key factor when accessing lakes and inland water
sources as many are located in mountainous regions, though access to the sea in the region is the
case most times. In other cases water bodies will need to be used for refilling, while available data
on water bodies is difficult to find for Europe estimates can be made for standard values to use for
designing based on previous missions. On the other hand data on airports and airfields within Eu-
rope is accessible and thus derive values for expected distance between airfields and fires to base
the design upon. Furthermore, data on these airports respective lengths are also available. All the
findings from this market research are summarised in Table 3.3.

Design Consideration Relevant Value
Distance to snorkeling water body from fire 10 [km] [14]
Distance to large scoop-able water body from fire 25 [km] [14]
Maximum distance to fire from airports 200 [km] [15]
Percentage of runways longer than 1800 [m] 87% [15]
Percentage of runways longer than 1300 [m] 98% [15]

Table 3.3: European Market Analysis Results

This data shows that an aircraft employing using 1800 [m] long runway will be able to use an al-
ready significant amount of runways in Europe. Furthermore, a design that under normal condi-
tions takes-off from these larger runways but is able to land at the smaller runways if one is nearer
to fires would allow for a much more versatile mission profile. The data also allows for the defini-
tion of a standard design mission for fixed wing aircraft, where the plane would fly 200 [km] to the
fire, conduct drops using a water source 25 [km] from a fire and then return to its original airport of
deployment if that is the closest airport.

The values shown in Table 3.3 are taken from looking into previous cases, looking at maps and mak-
ing judgements on reasonable values to design for instead of over designing for maximum values.
However, further work could be conducted analysing distance of areas of high risk in Spain to wa-
ter bodies using different European available datasets. Conducting a more detailed analysis on the
geometries of water bodies in Europe as well as their surrounding area (i.e. are they in a valley, a
mountainous area or a plain) could allow for an understanding of how tweaking scooping time/dis-
tance or manoeuvrability would improve access to water bodies and thus fire fighting performance.

3.2. User Requirements and Trade-off

From the following user requirements, Figure 3.1, which were later on divided into mission and
system requirements, certain sub-system requirements showed to have an impact on the trade off
and hence, these subsystem requirements were then detailed as much as possible.



3.2. User Requirements and Trade-off

In some cases, these requirements were too constraining and had to be re-evaluated with the cus-
tomer. An example can be "The aircraft shall be able to refill water tanks using a snorkel device",
where it ended up being removed, given that the most practical method for the aircraft design was

having a scooping mechanism.

User Requirements

| Customer constraints

The aircraft shall be
distributed by 2035

The aircraft shall have an
equal or lower cost than
comparable aircraft

Structure

The water drop shall not
cross contaminate water

No fire retardant shall be dropped in
restricted and protected areas, from
local requlations.

Payload

The payload dropped for
fire suppression shall be
biodegradable

ayload

The aircraft shall be designed

notharm|_| ¢ N T Mission shall be optimised so
the biodiversity 0 maximize recyclability in [ o 4yngant flights are avoided
line with EU taxonomy

Operations

The technology of the

The total cost of the aircraft|

M i h
Aircraft design
risk of damage to local
infrastructure

Il be| hall be less
available by 2035 than USD [TBD]
Aircraft design
hall minimise Operations shall minimise
disruption to water-
dependent it
Operations Operations

Geopolitical constraints

At least [TBD]% of the aircraft

components shall be of
european manufacuting
Structure

of european manufacturing

Structure, subsystems

At least [TBD]% of the aircraft
subsystem components shall be

Retirement of the aircraft shall be
performed in accordance to EU

requlations accordance to EU l

—{ Design constraints

The aircraft shall have a
MTOW of 25,000 kg

carry at least 10,000 litres.
of water

The aircraft shall be able to h

{ Certification constraints

The aircraft maintenance
shall be completed in

Structures Operations, structures

The aircraft shall be able of The aircraft shall be able of

Cockpit Sensors, navigation system
The aircraft shall have an equal The aircraft shall have a
Market analysis constraints |—| or higher operational availability [T maintenance equal or better
than aircraft than comy aircraft
General

The aircraft shall have a
failure rate equal or greater
than comparable aircraft

The aircraft shall have a
durability equal or greater

than comparable aircraft

General

General General

Figure 3.1: User Requirements

The aircraft shall have a
time-to-repair equal or less
than comparable aircraft

Gi

eneral

ayload

minimum pilot seat of one

The aircraft shall have a

The aircraft shall be able to
refill water tanks using a
snorkel device

Modularity shall be
optimized

‘The cockpit shall
accomodate a minimum
pilot seat of one

Cockpit

ayload

General

From these further developed requirements, the trade-off was performed as can be seen in the table

below.

Table 3.4: Comparison of VIOL, Helicopter, and Plane: Performance and Operational Criteria

Acquisition

0.25

Cost 0.3

Operation

0.6

Maintenance

0.15

Firefighting capabilities| 0.5

Water drop rate

0.7

Airport accessibility

0.1

Response time

0.2

Sustainability 0.1

Life-time

0.5

Emissions

0.5

0.37

0.78

0.75

0.50

0.79

0.53

0.50

Risks 0.1

Development

0.5

0.75

Operational

0.5

Performance

0.75

0.50

81%

0.70

0.50

0.80

0.75

87%
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After thorough tradeoffs for all three Helicopters, VTOL and Planes were carried out, one design was
chosen for each. Following these selections, the final trade-off is performed using a set of criteria
organised into four main categories: cost, firefighting capabilities, sustainability, and risk. The cost
category includes acquisition, operation, and maintenance costs. Firefighting capabilities are as-
sessed based on water drop rate, airport accessibility, and response time. Sustainability is evaluated
in terms of life-cycle impact and emissions. Finally, the risk category considers both development/
knowledge risks and operational risks.

The plane concept emerges as the best overall design, ranking highest in operational cost, response
time, sustainability, and risk, while still maintaining a relatively high water drop rate compared to
the other concepts. Although the results appear conclusive, a sensitivity analysis is performed to
ensure a fair comparison by varying the weights of the different criteria to observe whether the
outcome changes. A critical scenario is also considered, in which emissions and development risk
are excluded from the evaluation. Even in this case, the plane concept, consistently remains the
top-performing option.

3.3. Sensitivity Analysis for Key Design Parameters

As alarge scooping aircraft configuration was chosen it is important to analyse which parameters of
design for such an aircraft could be improved to achieve the most performance gain. This analysis
must be conducted taking into account existing fleets to ensure that performance gains will actually
lead to an improved performance overall rather than cases where the aircraft operates alone. For this
Spain was chosen as data on their firefighting resources is available Figure 3.2)[16]. Furthermore,
out of the countries most currently affected by wildfires it has a large amount of fires not within a
50km radius from the sea and thus presents a more challenging case. This paired with with the risk
data presented by EFFIS (European Forest Fire Information System) [17] which assesses the risk of a
spatial cell when modelling wildfires and as well as other types of vegetation allows for analysis into
which parameters will best improve performance in high risk areas (can be seen in Figure 4.2b).
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Figure 3.2: Available firefighting resources in Spain [10]
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From speaking with an external expert who has worked on many similar projects two key aspects
were identified in terms of firefighting performance, namely the response time and the water flow
rate. The response time represents the time taken to reach the fire after detection, and it is critical as
wildfires spread exponentially meaning that even a few minutes more could mean the fire is signif-
icantly larger. Next the water flow rate represents how much water can be dropped on an area per
area and is significant as being able to drop more water per hour means being able to put more fire
out or make a larger area of land less prone to burning. Note that this analysis takes into account
the water dropped that reaches the ground and not just the total water dropped. These two criteria
can be combined with the risk score the EFFIS database creating the risk score and impact score
presented in Equation 3.1 and Equation 3.2 respectively.

risk score = risk - response time 3.1

impact score = water dropped per hour during one mission - response time (3.2)

Using the CL-415 as the baseline as it is already integrated into the Spanish fleet its performance
parameters were increased individually (or decreased in the case that a lower parameter is more
beneficial such as reducing time to warm up) by 10%.

Table 3.5: Risk Score Sensitivity

Parameter Changed Mean Risk Score [Min] Improvement From Baseline (%)
Standard CL-415 19.9 N/A

10% Reduction in Ground Time 19.7 1.1

10% Increase in Cruise Speed 19.5 2.3

10% Increase in Rate of Climb 19.8 0.5

Table 3.6: Impact Score Sensitivity

Parameter Changed Impact Score [L/hr] Improvement From Baseline (%)
Standard CL-415 43500 N/A

10% Reduction in Ground Time 43600 0.2

10% Increase in Cruise Speed 47800 9.9

10% Increase in Rate of Climb 44300 1.8

10% Reduction in Stall Speed 44300 1.8

10% Increase in Payload 46000 5.7

The results of the study are show in Table 3.5 and Table 3.6, and demonstrate clearly that cruise
speed is the most important parameter to improve upon as well as payload while improving ground
time can help with response time but not much with the mass flow. However, it is important to note
that it is not possible to just increase a parameter like cruise speed while keeping all other aspects of
the design the same. For example greater cruise speeds than the CL-415 are achievable but usually
at a cost of extra operational empty weight. These results provide a guideline for moving forward
and as a way to balance out choices and reason out design decisions.

Similarly to Subsection 3.1.2 the analysis conducted here can be further expanded to allow for better
optimisation of the design. First the simulation uses a set distance for the distance between the fire
and a water body, incorporating Spanish water body data would allow for a better understanding of
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how changing the parameters would actually influence performance. Furthermore, the EFFIS risk
data is available for the entirety of Europe so obtaining data like is available for the Spanish fleet
for other European states would allow for an expansion of the analysis to the entirety of Europe.
This would help ensure that the aircraft is not over designed for Spain. Finally manoeuvrability
is not fully taken into account within the simulation, including its effect on drop altitude, water
body availability, and performance in complex geographies could provide insight on the benefits of
improving on an area where similarly sized aircraft usually struggle.

Table 3.7 demonstrates how the findings in this section were used when designing the W-132. The
parameters of high impact identified were used for decisions throughout the decision, though cer-
tain parameters of similar impact were improved upon by different amounts due to feasibility. For
example, it would have been extremely constraining to try to further reducing the stall speed of the
W-132, whereas increasing the rate of climb proved to not constrain the design too much through
the use of boundary layer control.

Table 3.7: Parameter Improvement of the W-132

Parameter Changed CL-415 W-132 Improvement (%)

Ground Time 420 378 10
Cruise Speed 92.5 205.9 122.6
Rate of Climb 8.1 11 35
Stall Speed 35 33.5 4.3

Payload 6137 13200 115




Operations and Logistics

This chapter details the use case the aircraft falls into and the expectorated mission & operation
profiles and operations. This reveals that the aircraft’s design is driven by the idea of providing the
firefighting performance increase using as little resources as possible.

4.1. Use Case

The W-132 has been designed to provide the most performance gain within European countries
with the fewest number of aircraft. With a focus on European collaboration this aircraft was de-
signed so that the European Union could purchase a reasonable amount of W-132 from its 600 mil-
lion euro RescEU budget. It is unreasonable to assume that RescEU would spend its entire budget
on one aircraft type as it will also need the resources to purchase smaller helicopters and planes as
well as other firefighting resources such as gear and equipment for the fleet. Thus it will be assumed
that at most 300 million euro of its budget can be spent on the W-132. To achieve the greatest per-
formance gains, the design must focus on optimising its coverage of current and future European
risk areas, guaranteeing a quick response time as well as a significant increase in water flow on the
high risk areas.

From this use case different requirements were derived to drive the design. These requirements are
summarised in Table 4.1. The method of how requirement compliance is assessed is explained in
Subsection 6.1.1.

Table 4.1: Requirements Derived From Use Case

Requirement ID Description Compliance Verification
Method
REQ-MIS-1 The aircraft shall have a ferry range of at least v Analysis,
2450 km. verified

REQ-MIS-2 The aircraft shall be able to conduct the ferry v Demonstration,

mission with discharged batteries. not verified

REQ-MIS-3 The aircraft shall be able to complete its ferry v Analysis
mission in less than 5 hours.

REQ-MIS-4 The aircraft shall cost at most 51 € million. v Analysis,
verified
REQ-MIS-5 The aircraft shall be able to fly at least 620 km v Analysis,
in 1 hour after a fire is detected. verified
REQ-MIS-6 The aircraft shall be able to drop 80,000 L after v Analysis

reaching a fire 1 hour away, with a water
source 25 km away.

A ferry range of 2450km ensures an excellent cover of Europe that allows the W-132 to always be at

11
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the disposal of EU members as can be seen in Figure 4.1.

Figure 4.1: Ferry Range of 2450km over Europe (Green circle centered in Madrid, Blue circle centered in Stockholm, Red
circle cetered in Athens)

Allowing for the ferry mission to be conducted with no battery usage ensures that the aircraft is al-
ways able to get within the mission range with full batteries thus allowing it to instantly perform the
mission. This also allows the aircraft to use all of its charge during the mission without having to
conserve them for the return phase. Furthermore, although the destination airport may have the
appropriate batteries in stock, enabling a quick replacement, this is unlikely, as the 