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Abstract

The scop@f this thesis is to develop such numerical methods, that are capable to support
small aircraft development processes by suggesting significantly shorter and cheaper, but
still accurate solutions for such Computational Fluid Dynamics (CFD) based metieaids, t
generally demand high computational efforts. In order to understand the necessity of these
methods and the small aircraft development process specialities, also an objective is
investigating the potentials of the crowdsourcing and integrating it ir#8 generation
innovation process dedicated for small aerospace companies. The modified innovation and
development process can utilise the crowdsource provided possibilities, thus optimising the
available resources. The three CFD problems occurred isatine development process,
furthermore 3 of them have been already applied in an international research project. The
developed methods can reduce the computation requirements significantly, meanwhile
providing accurate results, within 5 % error compareeXjperimental or validated results.
During the investigation of a small aircraft aerodynamic characteristics (focusing on the
aerodynamic drag), the effect of a turbopr
aerodynamic behaviour was modelled bypliementing the Schmitz method and use it as an
Actuator Disk Model, then axial and tangential momentum sources have been set to simulate
the effect of the propeller. Also, in another simulation case relative total pressure values with
defined directions hee been used as inlet boundary condition at the downstream plane of
the propeller. In order to simulate the separation efficiency of an engine air intake device,
the trajectories of different type of particles, such as hailstones, dust, or even liquid wate
droplets have been investigated, and the most suitable method has been pointed out regarding
to the special circumstances. Finally, a simple andeffisient method was introduced, that
can simulate the heat exchanger caused pressure drop and Iséat tinethe ambient airflow
accurately without using the detailed geometry of the assembly by applying porous media
with permeability and density/temperature dependent loss coefficients. To compare the
computational requirements of different CFD methods,dimensionless CFD Worthiness
Number has been carried out, which is an indication of a method to highlight the required
efforts.

Keywords: crowdsourcing, steadyate CFD, propeller, particle separation, heat
exchanger, CFD Worthiness Number
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1. Introduction

The aircraft design and development process is a specifidragraineering and has
many methodologies available to help the engineers, designers nowadays. The fundamentals
of the designing and sizing processes were laid down by IHjweaymer 2], Roskan{3],
Torenbeel4], Fieldng [5] and Stintor{6] among others. The authors presented guides and
models are a compilation of proven methods, can be used in the design process of an
aerospace vehicle. The main goal of their work is component sizing, vehicle configuration,
propulsion, structural and systems layout, weight estimation, performance and stability
evaluation methods along with theessofter
development, manufacturing and operational aspects. Additionally to the general design
methods, special methodologies have been carried out for aerospace vehicles with non
generic purposes by HammofWj 8], Griffin and French9].

It is not a coincidence that an aircraft design and developmenegsex are mostly
handled confidentially by companies and kephause, since new methodologies are very
expensive, mainly because they require a wide range of experimental inputs and data at the
whole aircraft level. In the aerospace industry, it is @seio show compliance with the
appropriate certification requirements, the applied design and development process must be
capable, proven, safe and reproducible any time. But even if a company is in possession of
the resources, demanded by the developnpeacess, the creation of an innovative,
fundamentally new idea would be still a challenge. There is no exception in the validation
process. Every company, especially the new and small ones, has to spend a tremendous
amount of money to go through all ttest procedures, the validation process requires. More
established and larger companies can rely on their accumulated and available knowledge,
which creates a significant market advantage.

Aerospace vehicle design and development has been the driving bestiod all
computer aided engineering design methods. Eventually, the 1inasiedl development is a
general concept in every field of the industry and innovation process. The applied
methodologies are complex, thus only computer based calculations candideced. A
wide range of CAD/CAM software, FEA, and CFD analyses are available to support the
work of engineers, and almost none of the aerospace design and development work,
including the R&D processes, could be carried out without applying the coiopatat
resources. However, at the same time, the model based development urges to create more
and more complex methodologies, so however one can simulate the reality accurately, the
computational demands increase exponentially. Meanwhile the designengezadiave to
face with the same expectations continuously: the structures must be lighter, have longer
service life, the maintenance and repair have to be easy. Also, the power plants and other
systems must improve their performance and efficiency, andda more capability.

The limitation of harmful emissions and rising fuel prices generate further drivers. Many
international projects have been dedicated to giving a solution for these problems, like the
Horizon 2020 Clean Sky EU Framework program, wlachs to reduce emissions of €0
and NQ and perceived noise by 5680% 50% respectively by 2020 compared to the 2000
levels. Alternatively, the ESPOSA project developed with proven innovative technologies



for aircraft, powered by small gas turbines up~tb MW. The goal was to deliver
turboprop/turboshaft engines to the general aviation sector. The project included the engine
related systems, to increase propulsion efficiency, safety and reduce pilot workload. Also,
10-14 % reduction was expected in theedt operating costs of a small aircraft. Another
innovative idea was the GABRIEL Project, which was established to use a drased

power to launch and recover aircraft, based on using a magnetic levitating pad. By cutting

off the engine takeff thrustpower, and removing the landing gear related components from

the aircraft, the project predicted a considerably lower emission and noise near airports.
National projects also target the reduction of emission gases by developing hybrid aircratft,

for exampé, the Hungarian national supported EF®€.1:16-2016:00014 project titled
Alnvestigation and devel op me nmobilityfandtheie di sr
i ntegration into the engineering educationo

It is a challenging task to decrease the dirggérating emissions and costs while
improving the system efficiency, manufacture, maintenance and disposal considering the
complete lifecycle of the aircraft. It means more aspects have to be included in the design
and development process, and additiorcivdies have to be taken into account, like
passenger complacency and hidden expectations. The additional drivers result-4n multi
dimensional, interdisciplinary, usually stochastic models. To simplify these models,
designers/engineers need a tremendousuat of information to make their design choices,
and this information nowadays is available at every point in the world by using only the
world wide web. Recently, not the collection process, but the adaptation, filtering, and the
management of these pesses cause the real challenge. Besides storing, it is particularly
important to keep the information databaseagate.

These considerations have led to the appreciation of Knowledge Management, which has
been realised by large and progressive congsatike NASA[10], Airbus[11] and Boeing
[12]. Each one oftem has developed roadmaps to record the processes and use the achieved
know-how again. An excellent example is the Apollo program and its aftermath to
demonstrate the importance of knowledge capturing. Shortly, the information in the modern
world is widely available, but to efficiently collect, manage and reuse it is a significant
challenge, something that companies are just beginning to solve. Another driving factor is
the globalisation, which makes possible for engineers/designers not to be confingteto s
workplaces, but could be a part of a worldwide organisation, even while working in home
office. Companies apply time and knowledge sharing more frequently, utilising the time
zone differences optimally they can implement almost-stop developmentrpcess.
Indeed, to optimise this solution a weBtablished management is required in every field of
the collaboration.

The aircraft design process has another specific field, which are the design environments.
Without computefaided development and autation processes, it is hard to imagine an
aircraft manufacturer. Incipiently, to solve specific development and design issues, engineers
and designers have developed their own codes. These codes mostly require significant,
repetitive manual work and canopide only results in output tables, which require further
interpretation. Later, following the evolution of different simulation tools by software
developer companies, more accurate, complex, user friendly and highly automatized



programs were availablendlead us to automate the whole chains of design processes. This
way, it has become reachable to use such solutions in the different development phases,
where it used to be inconceivable, like applying a CFD method in the early stage design
processes. Tapply these solutions, of course, these methods have to be simplified as much
as it is possible since several problems require too high computational efforts for an early
stage development phases.

As a matter of fact, the applied development process delyisinfluences the tools,
engineers can use during their work. Two directions can be distinguished:

1 ProductBased development: a set of tasks, processes and actions, which materialise
the sales and services objectives of a company from the initial idefi® products.
Industries that produce a large number of products integrate the simulation processes with
simulation tools and combine them in a beneficial way: when it is cheaper to break 10+
prototypes and carry out experimerbalsed development, coares are not investing
into simulation tools, since it is just not worth the effort. The automotive industry, IT sector,
light industry, etc. prefer to apply the prodibetsed development.

1 ProjectBased development: this approach is mostly applied foh-Vidume
developments, where the outcome of the investigation is limited number of products or the
elaboration of a methodology can be applied later. The development process is strongly
supported by simulation tools; sometimes it is the only applicablgi@ol Aerospace,
naval architecture, railway industry (not considering the military developments here)
mostly apply projeebased development, since, the number of the manufactured product
makes possibly to create only a limited number of prototypeshdset projects, it is
essential to apply such simulation tools that can provide accurate results within a short time
period, without utilising unnecessary computational efforts. The validation and
certification of numerical methods are essential and urgeeers to generate newer,
faster, more robust reliable methodol ogies
time demand and its cost.

This thesis was dedicated to introducing the effect of the continuously expanding
globalisation and the opportuiei$, provided by the crowdsourcing, and furthermore to dig
into three different time&onsuming fluidmechanic problems, and suggest relevantly
shorter, but still accurate solutions. The connection between these investigation fields that
all of them occum a development process, furthermore 3 of them have been already applied
in an international research project. The considered problems are the following:

1.The effect of a turboprop to the aircraf
behaviour has beepublished by several scientists and engineers. The innovation,
introduced in this thesis, is to implement the Schmitz method and use it as an Actuator
Disk Model. Axial and tangential momentum sources have been set to simulate the effect
of the propellerAlso, the total pressure values with including induced velocities, flow
directions and static temperatures have been used as inlet boundary conditions at the
downstream plane of the propeller. In this way, the computation time demand can be ten
times shater than using the conventional Rotating domain model, but the effect of an
object downstream of the propeller blades (like engine nacelle) is taken into



consideration. In this way, the advantages of the Actuator Disk Model and Rotating
domain model are uted.

2. Although the conventional way to analyse and design engine air intake of a small
aircraft is to perform coslemanding experimental studies, recently CFD software
provide an opportunity to simulate the trajectories of different type of particldsasuc
hailstones, dust, or even liquid water droplets. The thesis summarises and reviews the
available modelling technics, and comparing the effect of different parameters,
meanwhile suggests reliable solutions, which can be applied for engine intake design
improvements and optimisation.

3. The one of the most widespread equipment used in aerospace industry are the heat
exchangers. However, because of their complex internal geometry, usually to simulate
the flow conditions inside them is time and cost demangnocess. A simple and cest
effective method is introduced in the present thesis, which can simulate the heat
exchanger caused pressure drop and heat transfer to the cooling (ambient) airflow
accurately without using the detailed geometry of the assebigus media is applied
for the heat exchanger, whichds paramet el
calcul ated by applying Darcyodos | aw. The d¢
consideration by user defined function in the applied\sott. The heat transfer processes
have been modelled with inserting source term in the energy conservation law of the
porous media.

At first sight, these problems could seem to be independent, but each one of them belongs
to a complex flow simulation pross of a turboprop aircraft: the airflow is accelerated by
the propeller blades, which generate the thrust, downstream of the propellers the air enters
to the air intake duct of the engine, where a particle separator device takes place. Or it can
flow awayalong the engine nacelle, generating aerodynamic drag. Some part of the external
airflow can also be used as a ram air inlet in a glatéype heat exchanger, which is
responsible for decreasing the temperature of the lubricant oil. The all mentiomked flu
dynamic problems are shown togetheFigurel.

Pressure [Pal

3, 3o o oo T o o
R R e A i Taarals e B il lory,

® o 1.000 2000 Tty
X — — 1
Z 0500 1.500

Figurel: lllustration of the coherence between the investigated topitss thesis



Depending on what kind of method is used, the computational requirements and accuracy
can vary in a wide range. To compare the computational efforts of different Reynolds
Averaged Navier Stokes equatidnased CFD simulations teFD Worthiness Number
(Wcep,i) has been carried out, which consists of predictably parameters and gives a
dimensionless number to demonstrate the efeqtiirement of different methods.



2. Changes in Aerospace Development Process Models

The research and delopment process of an air vehicle has changed rapidly over the
decades. In the second half of th& 2@ntury there was a conventional flow of technology
and knowhow; New technologies were developed for space applications, followed by spin
offs into the field of aviation and then finally into the rest of the transportation systems.
Today the development method is different: Individual industries build up their unique
experience and knowledge base while they research and develop new processes. The ever
accelerating spread of the Internet all over the world makes it possible to access diverse
knowl edge;-hdwe l&oomes more and more wides
colleges and commercial entities organaffordable or even free trainind3] Thus the
guestion is no |l onger Ahow can we | earn it?
result, the development process is not confined specifically to a single company, or
manufacturer. The solutions may be shared, and the key constraint of any development
processi usually financiali can beoptimised. Crowdfunded research and developrnen
processes can make scientific and industrial developments more affordable, more mobile
and innovations may be applied to different fields such as product development with multi
disciplinary optimisation. These smart solutions can speed up the processludtrial
innovation by providinganovel and unconventional metho@gich canalso beinancially
rewarding especially in the early stages of small aircraft development. The main goal of the
presentchapteris to overview the past and preseohventional aerospace development
process models and forecast future industry trends.

2.1. Introduction

The aviation, air transportation system, space industry, and the corresponding
development processes are of vital intetesihhe economy and societies. Therospace
industry continuously has to face numerous problems such as sustainability, capacity, safety,
security and environmental impact which often results in radical and revolutionary solutions.
[14] Research and Development (R&D) plays a key role and is segregated between the
contributors of aerospace industry such as manufacturers, govetiimaactd
associations, universities, development facilities, R&D firms, suppliers @mh.sThese
contributors together have ensured that aerospace industry has been a proven market leader.
Cuttingedge aerospace technology has strong R&D infrastructure and a highly skilled,
educated and specisdd workforce, contains worldwide export matkand haspecialsed
and competitive clusters.

These factors have made it possible to build up the conventional techifiolvgya
developed technical innovation invented by aerospace industry has been passed to
automotive, rail, marine and other indisss. It was a general route and convention that the
most innovative technologies appeared in the aerospace industry at first.

However,this conventional way seems to have broken up in theviestiecades; The
presence of the World Wide Web has changedriformation access and information flow
between the different industries, stakeholders. With the improvement of informatics,
communication and computer science, the market share has been modified. Of course, this
process has been followed by the recanfigion of funds and budget allocations whichieha
a serious effect on the R&D activities. As a result, in present days it canrbthatthe



original/conventional development processes, technology flows and traditional models are
not suitable for the gtent situation.

2.2. Overview of Development Processes

Design and developmeatea science in itself with many methodologies addressing the
topic. The aim of the process is to come up with a product and specify the steps required to
reach it which makes it the ultimate inverse problgtb] While the various authors have
different approaches to the development process and sajans implement their methods
in their own distinct waygl6], the development process can be described as:

1 an iterative process
1 having many, interdependent variables and unkngwns

1 having unclear product requirements at the beginning: (A generic process
could be applied to physical products, systems, software, etc.)

The innovation processes have evolved through the decades from simple, linear and even
sequential models to more complex models including the inter and intra stakeholders and
processes. The innovation processes have been classified to five generatiatiswst R
[17] depending on the strategic driveramagement focus, internal and external processes
implementation of external factors and function level integrafidrese five levels of
innovation try to demonstrate the increasing complexity of each subsequent generation since
new practices have to belapted to change contexts and address the limitation of earlier
generations[18] According to Rothwell the defined models doed imply any automatic
substitution of one model for another, so many models can exist in parallel. Sometimes, even
elements of a model can participate another level, since the borders between the
generations are not stridthe last level oftte innavation processes justdén in the last few
years[19] These generations are summarisedablel.

The first generation of the R&D processes are simple, linear and sequential processes,
carried out across discrete stagblew ideas and discoveries in scientific fields push the
technological innovation in the applied research, engineering, manufacturing and
marketing/sales to the direction of new products or outputs, which directly increases the sales
and profit.[18]

The second is similaio the first generation from the viewpoint of the linearity of the
innovation process, but the pushing fadtereis the market demand. The main difference
compared to the first level that the product development is rather originating from the
marketplace, and the R&D becoming reactive to these demadis.

The third generation of innovation processes are a relatively big step away from the second
generation, hence, interactive, coupling or cHaiked models are capable to overcome the
shortcomings of the first two, sequentilsed levels. The incorporatiohfeedback loops
and interactions between the marketplace and science and technology creates multiple in
house functions and interdependent stages. The feedback loops make this léwelanpn
the sequential nature of the stages of innovation candvaatkrised.20]



to advance the
development of new
technologies

Model Generation Characteristic Strengths Weaknesses
Lack of feedbacks
Simple linear sequential Simple MO T EEie
Tecrll)nolrc]} First process, emphasis on  Radical No networked inter
Uit R&D and science innovation actions
No technological
instruments
Lack of feedbacks
Simple linear sequential No technology
process, emphasis on  Simple research
Market d ket h ket | )
Pull Secon marketing, the marketis  |ncremental No networked inter
the source of new ideas innovation actions
for R&D No technological
instruments
Recognising interaction = Simple _
between different Radical and No networked inter
ol Third elements and feedback | incremental actions yet
pling loops between them, innovation No technological
emphaS|s on integrating Feedbacks instruments
R&D and marketing between phases
L Complexity
Collmb”ljatl'on_ Otf pus? and actor increment of
' pull MOCEIS, INtegration | hetyorkin reliabilit
Interactive Fourth within firm, emphasis on g y _
external linkages Parallel phases _No technological
instruments
Pervasive
Innovation
Emphasis on knowledge Use of
accumulation and externi sophisticated Complexity
Network Fifth linkages, systems technological  increment of
integration and extensive instruments reliability
networking Networking to
pursue
innovation
Internal A it
ssumes capaci
Internal and external and external = pacity
ideas, as well as internal id I and willingness to
ideas as well as
_ and external paths to_ _ collaborate and
Open Sixth market, can be combined internaland

external paths tc
market can be

combined

network
Risks of external
collaboration

Tablel: The six generation of Innovation Framework modgs 21, 22]

Because of the limited resources, smaller aerospace companies us¥ &mel 2°

generation models. In numerous cafiesse companies finance their development processes

by applying to various governmental supports. These applications irrespectiengf



European or national hawgot their requirements: keeping deadlines, not going over the
budget, keep proportional documentation. Most of these small aeronautical companies do
not have employees with the required qualification, and on the contratiyetdarge
companies carot afford to hire manager teams to coordinate this project as well as its
necessary. The theoretical background is based on the principles of System Engineering
(SE). The necessity of SE is shown by the complexity of different gisojét helps the
technical, developer, leader and other collaborations between individual teams and
departments, through a whole systerrented aspect along the process of a prdj28}.

As Figure 2 demonstrate the general '8 generation innovation process, although it
includes feedback loops, it is still a sequential model. This can be perfectly described by
Co o per 8Gate Bade[2/e at the end of each development state there iscalkml
istogpateed, which is the evaluation of the pr
This way, the accomplishment of every stage is obligatehich creates a rigid and
relatively long development process. On the other hand, thesegatageare necessary,
especially in the aerospace sector, where the regulations are strict.

State of the art in science and technology

Technology pus

Idea
Generation

Marketing Commercial

Developmen Manufacturing and Sales Product

Market pull

| —

Figure2: The malel of the ' generation innovation processes

Needs of society and the marketplace

The 4" generation of R&D processéss a high degree of croganctional integration
within firms, which produces overlaps between activities and departments. Without a well
organised managemernhis innovaion model generatesiuch unnecessary work. Larger
companies integrate alliances and linkages with suppliers, customers and government
agencies, authoritief25|

The further extension of thé"4yeneration innovation process leads to network models,
which emphasie that innovation is a distributed networking process requiring continuous
information change between and within participants. This model is strongly characterised by
a range of external inputs encompassing suppliers, customers, competitors and esiversiti
The system thinking approach lead¢thh e i nt egr ati on of a compal
ecosystem and practices with external facti@8] The 8" generation processes cannot be
implemented withouthe necessary Information and Communication Technology (ICT)
regarding raising both development efficiency and spémdharket through strategic
alliances.

[ —




An example for a fifth generation development process can be sé&eyuie 3. This is
one of the most widespread development process s)argled the Boehm modeThis
model isa risk driven process modeksed on experience, and it basically refines the
waterfallmodel in several waysntroduced by Royc26].A pr oj ect 6 s uni que
usually require the adaptation of more process models, like evolutionary protofipeg.
cumulative cost is represented by the radial dimension, which are incurred in accomplishing
the steps to date. The completed progresitustrated by the angular dimensions for each
cycle of the spiral. According to this mddeach cycle involves a progressiwith the same
sequence of steps. This is true from an overall concept of operation document down to the
coding of each indidual program in each portion of the product in each level of elaboration.

The Boehm model is highly capable to avoid risk, to manage large and russical
projects, flexible: additional functionality can be implemented later, has strong approval and
documentation control. But it is also a cost demanding model to apply, requires specific
expertise in risk analysis, which also stro
work well for small projects.

Spiral Model: Boehm Model

Determine Objectives, Evaluate Alternatives;
Alternatives, Constraints Identify, Resolve Risks

Risk Analysis

Risk Analysis

b Prototype 3\, operational
...... Prototype

oosY
Rqts.Plan." | = Tttt
Life Cycle ..
Plan R .,

D: H 3
Integration | pesign validation Punit i

i and Test
X Plan

& Verification ¢
?ntggrahortf

: i and Test §
Implemen- i Acceptance i H
tation Test

s,
Plan Alternatives Develop, Verify
Next Phases Constraints Next-Level Product

Figure3: The Boehm spiral model for development proce$2es

The 6" generation is achieved only by a few companies/firms around the worlthyet.
level requires interaction networks and innowatisystems, which goes further by
i ntegrating the innovative milieu, l'i ke t h
can be defined as a combination of general knowledge and specific competencies,
furthermore, territorial orgasation and an esseat component of the technical and
economic creative procesgl9] The relationship between the partners can vary from a
strong, industrial partnershipith common strategic purposes, to leisure or competition
complete individuals. In thikevel novelties, such as crowdsourgiiegn implement into a
c ompany 6s The 6" rgeneratignyinnovation processes commonly adapt funnel
innovation models,ke Figure4 shows.
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Figure4: A 6" generatio funnel based innovation modées]

2.3. Trends in development management

The aerospace industry has been expanding conshyauthe last two decades)ly the
World Trade Centre attack on theM3eptember 2aDand the 2002008 global financial
crisis caused a slowdown. As the smaller and less robust airbwesshut down after the
crisis, the rest were able to expand and be the drivers of the development processes. As
Figure5 illustrates, the number of large aircraft ersl is increasing continuously which is
particularly important since this ensures the future not only of the large manufacturers but
of the suppliers too. Of course this trend is strongly influenced, boosted, by tesow
airline companies, which alongth the conventional airliners increase the demand for flight
by increasing the availability for more and more people.

AIRBUS AND BOEING NET ORDER
NUMBER OF AIRCRAFT BOOKED

3,000

2,000 =

1,000

Aircraft
booked

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure5: Aircraft demand and production rates from 2002 to ZQ%)

The growing rates of aircraft orders force large manufacturers to reconsider and refocus
their activities from the viewpoint of assembling. Those developar@hdesign processes,
which were completely internal issues in the last decade are preferred to be outsourced to
the supplier$29]. The outsourcing could have numerous reasons as shdwgune6. This

T




process has the -mewaltsthat t bneacudturersavt e d
exclusively. Furthermore, a significant percentage of the developments is not initiated by the
manufacturers; Smaller companies induce them, since they can focus on a particular
technology with all the technical and human resources, anccbava better efficiency, or

even better motivation. In possession of the proper strategyyesult is a highly effective
solution which can be applied to different industries only by modifying the details slightly.

Increase speed to market

Increase flexibility and responsiveness
Gain access to technology not in company
Focus on Core business

Reduced capital investments

89%

Reduced operating costs

Figure6: Different reasons of activity outsourcifgQ]

For example, if we consider green solutions, it is clear that fossil fuels are still dominant
in the aerospace industry. The often fluctuatingpaites can determine the opgoaal costs
over the life of the aircraft, but the forecasting introduces significant uncertainty due to
changes in the oil market, which has a high rate of stochasticity. That is why one of the main
aerospace development trends is to achieve lower fuguenption by developingn
improvement in engine efficiency (see CHMap engineg31]) or by continuouy
decreasing aircraft weight to achieve the extremely high performance demand. Meanwhile,
smaller companies can invest more in smaller, lower powered aircraft, in which case
alternative fuels, such as solar energy could be one of thta&®ys for the dture. It can
be already seen that the solar technology has been becoming cheaper; The capital costs of
photovoltaic systems have been reduced by 18% -208% [32], and as soon as the
technology becomes more compact and efficient, it has the potential to redefine the market
and development trends. Similar effects can be caused bgvwhogment of fully electric,
acrobatic aircraft, which for example has been introduced already by Magnus eFusion2
which won eFlignt Award 2016 at the Aero 2016 1&w.[33]

Although maintenance is usually not the number one issue during aircraft development,
recent human resource problems, the decreasing number of maintenance personnel with the
necessary qualifications, creates a crisis issue in avid®dh.Since safety is the most
important factor of aviatior35], the maintenance procedures and maintenance cost are
going to be, and sometimes already are significantly determining factors. On the other hand,
Afgreen solutiono and as weconeikeygpdwrdmeterso phe fualt i o n
efficient solutions are not the only constraints for the development process, but the complete
life-cycle management has to pay attention to the environmendliness of the operation
and maintenance process. Theavithe slice of population, that gets accesifterent kind
of aircraft, personal aircraf86] or flying vehicles (we can see the increasing prevalence of
the Unmanned Air Vehicles amtones), the operation and maintenance procedures have to
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become more simple and understandable for everyone, even for people withkundaof
certificates, but at the same time have to correspond to the strict air laws and regulations.

The international market is a continuously changing field. For example, a few months ago,
the UK passed a referendum to exit the Europér@on which & caused uncertainty which
has already had significant effects on the stock markets. This could have negative effects on
the aerospace industry. Larger companies express positive thjBindput especially for
smaller supplierghis can cause a serious headache, even more so if they are sharing larger
portions of the development procesg$&s]

Interestingly, the education has higher role than ever. Of course, the universities and
colleges havalways beeithe centre of the knowledge and have hiberbase of the future
aerospace engeering education. But in the last few ye#ris observable that a significant
percent of aerospace engineering jobs is filled with students without any certificates or
industry experience: this number can be up to 10%. A large amount of them aregvitorkin
programming, and the hardwabased aerospace profession is a really good field to get
practical experiencg39]

2.4. New Potentials in Aerospace Development Processes

The introduced trends are mostly the external, mdvased factors of the aerospace
development processes and models., Bigsides these factors, the technology and
philosophy changes should be considered. As the Y and Z genestaon® work, their
technologyclose thinking way is going to chanfysndamentallyseveral models. Before the
spread of the Internet, knowledge has been concentrated in universities and research and
development facilities. Recently, there are numeroud/shid/long courses available online
for anyone at an affordable price, about almost any subject. Since they are delivered online,
attendants do not even have to travel to a particulandoctd participate in a coursk;is
enough to have Internet asse Furthermore, it is not a negligible fact that just like the
opportunity for Internet access has become widespread, in research fields the right to read
scientific publications without a fee is also becoming more and more mainstream. The
campaigningfor free scientific literature is even stronger in the case of publicly funded
research: the results have to be published since publication is the widely accepted measure
of a researcherds performance i n thandscient
the publishing and access fees, so a publicly financed research can usually be viewed only
by purchasing access, thus the puldipaying even more mondgr a knowledge already
payed for Anincredibly large amount of scientific publications can beeased through the
Internet. As a result, universities and larger companies might have to reconsider the
education strategies, because people are not anymore dependent on them to acquire
knowledge. Furthermore, knowledge sharing in forums, group chafsprganized
workshops havenot even been considered. Public media and social network structures
increase the hunger for information and knowledge, and also the spread of information. Since
companies do not always insist on seeing certificates from thkfowoe, the obtained
knowledge from the Internet may become a rival, perhaps @wncome what the current
education system has to offe40] Of course, this attitude is possible only at those sectors,
where the proof of angertifications is not essential.



Meanwhile some larger companies have already noticed the importance of the freely
avail able capacity of-offhelbpx @ ,t mindkitmg. aDhern
ways, for examplecompetition can be starteéd solve a problem, in return for a prize for
the competitors, which is significantly | o
way a company can get 100 or even 1000 ideas to solve their problems. Basically, this could
be considereds crowdfundedsciencebut it is not the monetary funding of people that is
used, rather their knowledge. Airbus Fly Your Ideas, or NASA HeroX Sky for all challenge,
for exampleuse this method to generate more thoudkts.

Besides the knowledge sharing the limited availability of financial resources were and are
also an everyday issue in the aerospace industry. The end@blth&Var, and subsequent
deceleration of the armaments race, 9HEl terror attack, the 2002008 global economic
crisis, continually fluctuating oil prices, flight accidents and many other effects have created
a fragile and sometimes -tlonsidered finacial background for aerospace research. The
financial resources are significantly limited and, more sadly, are decreasing. However, at the
same timemore development is still required. Due to this trend, research activity is mostly
focusedon large compaies, who are interested in earning the maximum profit for their
stakeholders and not necessarily creating an actual innovation, unless it is financially
rewarding, in the short term. So much research is controlled and influenced by people who
might not neessarily be interested in the given field and potentially even have no knowledge
about the research topic at all. At the same time, other fields like marketing, gain much
higher percentagef the budget, and creates a paradoxical situation: sometimesrindan
spend more on Ahow should we sel/l it?0 than

To overcome this situation, other industries havesedlhat if they focused on the actual
desires of the people, a significant amount of money can be rearranged foomsieption
Awastelandd which would be spent on pointl
inner urge to support something they believe in or sometimes to stand behind somebody or
a development only to feel better. Interestingly, the potentidlins fAwast el ando
discovered only by a low percentage of people and companies. This is mainly because it is
difficult and it demands a large effort to acquire funding from it. But when a new product or
service can find a market hole to fill, somead can generate more than $100,000 support
in a sirgle night. Based on this, definitely worth to consider a strategy even for larger
companies to collect all the useable funding which can originaite wide range different
sourcesseeFigure?.

Crowdfunding has recently become a fashion
the development of societgnd thus many people want to be the part of it. The tirod
inclination can be seen in the rigtdnd side oFigure7, the investigated financial tools are
continuously growingbut only a negligible percentage is wéd by the aerospace industry.
As a forecast it can be presumed that the sooner the industry realises this process, the better
it can be utilised, even mor#,the smaller aviation companies are involved. From there
smart and innovative solutions canviito the larger manufacturers.



Friends and Angel Venture
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Figure7: A: Funding Option$42]; B: Growth Worldwide Crowdfunding Volume 2009
through 2014 (est[¥43]

Although therowdfunding isa financial tool, much more potential is hidden in the crowd.
If individuals or organisations are utilised via the internet to obtain ideas or even services,
we can talk about crowdsourcing. This sourcing model divides work between participants to
createa cumulative result, strongly supported by the technological backgrpdidThe
main differerce between general outsourcing and crowdsourcing that in the first case the
work comes from a specific named group, company or institute, while in the latter case the
work can be commissioned from an undefined public. Furthermore, it includes both-bottom
up and topdown processeslin this way the speed of development, cesficiency,
flexibility, diversity or scalability cafe improved at the same tinjé5]

Figure8: Companies, already applying some form of crowdsourjei6p

Although the crowdsourcing seems an optimistic future goal didhganity actually, it
is used for several years now, the rapid developmehl séctor pulled the necessity of
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