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Abstract 

 

The scope of 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 methods, that 

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 into a 3rd 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 in the same 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 compared to experimental or validated results. 

During the investigation of a small aircraft aerodynamic characteristics (focusing on the 

aerodynamic drag), the effect of a turboprop to the aircraft structure and its componentsô 

aerodynamic behaviour was modelled by implementing 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 have 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 water 

droplets have been investigated, and the most suitable method has been pointed out regarding 

to the special circumstances. Finally, a simple and cost-efficient method was introduced, that 

can simulate the heat exchanger caused pressure drop and heat transfer to the 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, the dimensionless CFD Worthiness 

Number has been carried out, which is an indication of a method to highlight the required 

efforts. 

 

Keywords: crowdsourcing, steady-state CFD, propeller, particle separation, heat 

exchanger, CFD Worthiness Number 
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Absztrakt 

 

Jelen t®zis c®lja olyan m·dszerek kidolgoz§sa, melyek seg²ts®g®vel a kisrep¿lŖg®pek 

fejleszt®se sor§n j·val gyorsabb ®s kisebb sz§m²t§stechnikai erŖforr§s-ig®nnyel rendelkezŖ, 

ugyanakkor hasonl· pontoss§g¼ eredm®nyek szolg§ltathat·k, mint a sz®les kºrben elterjedt, 

nagy sz§m²t§si teljes²tm®ny-ig®nyŤ Numerikus Ćraml§stani Modellek (Computational Fluid 

Dynamics ï CFD) eset®ben. Annak ®rdek®ben, hogy a fejlesztett modellek megfelelŖen 

implement§lhat·k legyenek, sz¿ks®ges a kisrep¿lŖg®p-fejleszt®si folyamat§nak, 

saj§toss§gainak felismer®se, illetve az ¼jabb lehetŖs®gek integr§l§s§nak felt§r§sa; a 

Ăcrowdsourcingò be®p²t®se egy kisrep¿lŖg®p-gy§rt· c®g 3. gener§ci·s innov§ci·s fejleszt®si 

folyamat§ba. A disszert§ci·ban kidolgozott innov§ci·s ®s fejleszt®si folyamat olyan 

lehetŖs®geket nyit meg a rendelkez®sre §ll· Ătºmegò felhaszn§l§s§val, melyek 

nagym®rt®kben k®pesek nºvelni ak§r kis c®gek versenyk®pess®g®t is a rendelkez®sre §ll· 

erŖforr§sok optimaliz§l§s§val. A disszert§ci· m§sodik r®sz®ben egy nemzetkºzi kutat§si 

projekttel kapcsolatban elv®gzett fejleszt®si folyamat sor§n felmer¿lt 3 k¿lºnbºzŖ, m®gis 

ºsszetartoz· CFD probl®ma, illetve az azokra kidolgozott m·dszerek ker¿lnek bemutat§sra. 

Ezen m·dszerek k®pesek jelentŖsen csºkkenteni a sz§m²t§si kapacit§s-ig®nyt, mikºzben 

tov§bbra is pontos eredm®nyeket szolg§ltatnak ï az 5%-os hibahat§ron bel¿l maradva a 

k²s®rleti vagy valid§ci·s adatokhoz k®pest. A teljes vizsg§lat egy kisrep¿lŖg®p 

aerodinamikai jellemzŖinek meghat§roz§s§ra ir§nyul, elsŖdlegesen az aerodinamikai 

l®gellen§ll§sra f·kusz§lva. A l®gcsavar hat§sa a rep¿lŖg®p szerkezet®nek ®s 

komponenseinek l®gellen§ll§s§ra a Schmitz m·dszer implement§l§s§val lett figyelembe 

v®ve, melynek eredm®ny®t a lapelem ®s impulzus t®tel egyes²t®se adja, ®s az ĂActuator Diskò 

modellk®nt ker¿lt felhaszn§l§sra. A sz§m²tott induk§lt sebess®gek axi§lis ®s tangenci§lis 

impulzus-forr§sokk®nt lettek figyelembe v®ve ®s ker¿ltek be®p²t®sre a Reynolds Ćtlagolt 

Navier-Stokes (RANS) egyenletrendszerbe. Ezen k²v¿l relat²v torl·ponti 

nyom§snºvekm®nyk®nt, a l®gcsavar ut§ni peremfelt®telben is figyelembe lettek v®ve egy 

m§sik szimul§ci· sor§n. A kºvetkezŖ vizsg§latban a rep¿lŖg®p hajt·mŤ sz²v·csatorn§j§nak 

r®szecske-kiv§laszt§si hat®konys§ga ker¿lt elemz®sre olyan k¿lºnbºzŖ r®szecsk®k eset®n, 

mint p®ld§ul a j®gdarabok vagy v²zcseppek, meghat§rozva azokat a tulajdons§gokat, 

krit®riumokat ®s m·dszereket, amelyek a legnagyobb hat§st gyakorolj§k a k¿lºnleges 

kºr¿lm®nyek kºzºtt lezajl·d· folyamatra. V®g¿l pedig egy egyszerŤ, kºlts®ghat®kony 

m·dszer ker¿l bemutat§sra, mely seg²ts®g®vel egy hŖcser®lŖ okozta nyom§svesztes®g ®s 

hŖ§tad§s szimul§lhat· a k¿lsŖ §raml§sra vonatkoztatva, por·zus kºzeg alkalmaz§s§val a 

permeabilit§si ®s a sŤrŤs®g/hŖm®rs®klet f¿ggŖ vesztes®gi egy¿tthat·k seg²ts®g®vel. A 

k¿lºnbºzŖ CFD m·dszerek egym§shoz viszony²t§s§nak ®rdek®ben kidolgoz§sra ker¿lt a 

CFD £rdemess®gi Sz§m (CFD Worthiness Number), mely a dimenzi·mentes 

ºsszehasonl²t§s§t teszi lehetŖv®, egyben jelzi egy m·dszer sz§m²t§si kapacit§s sz¿ks®glet®t. 

 

Kulcsszavak: crowdsourcing; idŖben §lland· numerikus §raml§stani szimul§ci·, 

l®gcsavar, r®szecske-kiv§laszt§s, hŖcser®lŖ, CFD £rdemess®gi Sz§m 
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1. Introduction 

The aircraft design and development process is a specific area in engineering and has 

many methodologies available to help the engineers, designers nowadays. The fundamentals 

of the designing and sizing processes were laid down by Howe [1], Raymer [2], Roskam [3], 

Torenbeek [4], Fielding [5] and Stinton [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 the ñsofterò aspects of design such as cost, design 

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 Hammond [7, 8], Griffin and French [9].  

It is not a coincidence that an aircraft design and development processes are mostly 

handled confidentially by companies and kept in-house, 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 essential to 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 development process, 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 the test 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 motor behind all 

computer aided engineering design methods. Eventually, the model-based development is a 

general concept in every field of the industry and innovation process. The applied 

methodologies are complex, thus only computer based calculations can be considered. 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 computational 

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 designers, engineers have 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, and provide 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, which aims to reduce emissions of CO2 

and NOx and perceived noise by 50%-80%-50% respectively by 2020 compared to the 2000 

levels. Alternatively, the ESPOSA project developed with proven innovative technologies 



 
2 

for aircraft, powered by small gas turbines up to ~1 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 the direct operating costs of a small aircraft. Another 

innovative idea was the GABRIEL Project, which was established to use a ground-based 

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

off the engine take-off thrust power, 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 aircraft, 

for example, the Hungarian national supported EFOP-3.6.1-16-2016-00014 project titled 

ĂInvestigation and development of the disruptive technologies for e-mobility and their 

integration into the engineering educationò. 

It is a challenging task to decrease the direct operating 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 additional activities have to be taken into account, like 

passenger complacency and hidden expectations. The additional drivers result in multi-

dimensional, interdisciplinary, usually stochastic models. To simplify these models, 

designers/engineers need a tremendous amount 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 processes cause the real challenge. Besides storing, it is particularly 

important to keep the information database up-to-date.  

These considerations have led to the appreciation of Knowledge Management, which has 

been realised by large and progressive companies, like NASA [10], Airbus [11] and Boeing 

[12]. Each one of them 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 confined to single 

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 non-stop development process. 

Indeed, to optimise this solution a well-established management is required in every field of 

the collaboration. 

The aircraft design process has another specific field, which are the design environments. 

Without computer-aided development and automation 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 can provide 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 
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programs were available, and lead 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. To apply 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 decisively influences the tools, 

engineers can use during their work. Two directions can be distinguished: 

¶ Product-Based development: a set of tasks, processes and actions, which materialise 

the sales and services objectives of a company from the initial ideas to the 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 experimental-based development, companies 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 product-based development. 

¶ Project-Based development: this approach is mostly applied for high-volume 

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 applicable solution. Aerospace, 

naval architecture, railway industry (not considering the military developments here) 

mostly apply project-based development, since, the number of the manufactured product 

makes possibly to create only a limited number of prototypes. In these 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 urge engineers to generate newer, 

faster, more robust reliable methodologies, in order to decrease the development phaseôs 

time demand and its cost. 

This thesis was dedicated to introducing the effect of the continuously expanding 

globalisation and the opportunities, provided by the crowdsourcing, and furthermore to dig 

into three different time-consuming fluid-mechanic problems, and suggest relevantly 

shorter, but still accurate solutions. The connection between these investigation fields that 

all of them occur in 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 aircraft structure and its componentsô aerodynamic 

behaviour has been published 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 propeller. Also, 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 shorter than using the conventional Rotating domain model, but the effect of an 

object downstream of the propeller blades (like engine nacelle) is taken into 
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consideration. In this way, the advantages of the Actuator Disk Model and Rotating 

domain model are united. 

2. Although the conventional way to analyse and design engine air intake of a small 

aircraft is to perform cost-demanding experimental studies, recently CFD software 

provide an opportunity to simulate the trajectories of different type of particles, such as 

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 demanding process. A simple and cost-

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 assembly. Porous media is applied 

for the heat exchanger, whichôs parameters (loss and permeability coefficients) are 

calculated by applying Darcyôs law. The density dependent loss coefficient is taken into 

consideration by user defined function in the applied software. 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 process 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 away along the engine nacelle, generating aerodynamic drag. Some part of the external 

airflow can also be used as a ram air inlet in a plate-fin type heat exchanger, which is 

responsible for decreasing the temperature of the lubricant oil. The all mentioned fluid 

dynamic problems are shown together in Figure 1. 

 

Figure 1: Illustration of the coherence between the investigated topics of this thesis 
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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 equations-based CFD simulations the CFD Worthiness Number 

(WCFD,i) has been carried out, which consists of predictably parameters and gives a 

dimensionless number to demonstrate the effort-requirement of different methods. 
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2. Changes in Aerospace Development Process Models 

The research and development process of an air vehicle has changed rapidly over the 

decades. In the second half of the 20th century, there was a conventional flow of technology 

and know-how; 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 

knowledge; The ñknow-howò becomes more and more widespread. Today, universities, 

colleges and commercial entities organise affordable or even free training. [13] Thus the 

question is no longer ñhow can we learn it?ò, rather ñhow can we manage to learn it?ò. As a 

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 

process ï usually financial ï can be optimised. Crowd-funded research and development 

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 process of industrial 

innovation by providing a novel and unconventional methods, which can also be financially 

rewarding especially in the early stages of small aircraft development. The main goal of the 

present chapter is to overview the past and present conventional 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 interest to the economy and societies. The aerospace 

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, government-financed 

associations, universities, development facilities, R&D firms, suppliers and so on. These 

contributors together have ensured that aerospace industry has been a proven market leader. 

Cutting-edge aerospace technology has strong R&D infrastructure and a highly skilled, 

educated and specialised workforce, contains worldwide export markets and has specialised 

and competitive clusters. 

These factors have made it possible to build up the conventional technology-flow: a 

developed technical innovation invented by aerospace industry has been passed to 

automotive, rail, marine and other industries. 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 the last two decades; The 

presence of the World Wide Web has changed the information 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 reconfiguration of funds and budget allocations which have 

a serious effect on the R&D activities. As a result, in present days it can be seen that the 
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original/conventional development processes, technology flows and traditional models are 

not suitable for the current situation.  

2.2. Overview of Development Processes 

Design and development are a 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 problem. [15] While the various authors have 

different approaches to the development process and organisations implement their methods 

in their own distinct ways [16], the development process can be described as: 

¶ an iterative process; 

¶ having many, interdependent variables and unknowns; 

¶ 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 generations by Rothwell 

[17] depending on the strategic drivers, management focus, internal and external processes, 

implementation of external factors and function level integration. These five levels of 

innovation try to demonstrate the increasing complexity of each subsequent generation since 

new practices have to be adapted to change contexts and address the limitation of earlier 

generations. [18] According to Rothwell the defined models does not imply any automatic 

substitution of one model for another, so many models can exist in parallel. Sometimes, even 

elements of a model can participate on another level, since the borders between the 

generations are not strict. The last level of the innovation processes just led in in the last few 

years. [19] These generations are summarised in Table 1. 

The first generation of the R&D processes are simple, linear and sequential processes, 

carried out across discrete stages. New 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 similar to the first generation from the viewpoint of the linearity of the 

innovation process, but the pushing factor here is 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 demands. [20] 

The third generation of innovation processes are a relatively big step away from the second 

generation, hence, interactive, coupling or chain-linked models are capable to overcome the 

shortcomings of the first two, sequential-based levels. The incorporation of feedback loops 

and interactions between the marketplace and science and technology creates multiple in-

house functions and interdependent stages. The feedback loops make this level non-linear, 

the sequential nature of the stages of innovation can be characterised. [20] 
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Table 1: The six generation of Innovation Framework models [17, 21, 22] 

Because of the limited resources, smaller aerospace companies use the 2nd and 3rd 

generation models. In numerous cases, these companies finance their development processes 

by applying to various governmental supports. These applications irrespective of being 

Model Generation Characteristic Strengths Weaknesses 

Technolo-

gy Push 
First 

Simple linear sequential 

process, emphasis on 

R&D and science 

Simple 

Radical 

innovation 

Lack of feedbacks 

No market attention 

No networked inter-

actions 

No technological 

instruments 

Market 

Pull 
Second 

Simple linear sequential 

process, emphasis on 

marketing, the market is 

the source  of new ideas 

for R&D 

Simple 

Incremental 

innovation 

Lack of feedbacks 

No technology 

research 

No networked inter-

actions 

No technological 

instruments 

Coupling Third 

Recognising interaction 

between different 

elements and feedback 

loops between them, 

emphasis on integrating 

R&D and marketing 

Simple 

Radical and 

incremental 

innovation 

Feedbacks 

between phases 

No networked inter-

actions yet 

No technological 

instruments 

Interactive Fourth 

Combination of push and 

pull models, integration 

within firm, emphasis on 

external linkages 

Actor 

networking 

Parallel phases 

Complexity 

increment of 

reliability 

No technological 

instruments 

Network Fifth 

Emphasis on knowledge 

accumulation and external 

linkages, systems 

integration and extensive 

networking 

Pervasive 

Innovation 

Use of 

sophisticated 

technological 

instruments 

Networking to 

pursue 

innovation 

Complexity 

increment of 

reliability 

Open Sixth 

Internal and external 

ideas, as well as internal 

and external paths to 

market, can be combined 

to advance the 

development of new 

technologies 

Internal 

and external 

ideas as well as 

internal and 

external paths to 

market can be 

combined 

Assumes capacity 

and willingness to 

collaborate and 

network 

Risks of external 

collaboration 
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European or national have got 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 contrary to the large 

companies cannot 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 projects. It helps the 

technical, developer, leader and other collaborations between individual teams and 

departments, through a whole system-oriented aspect along the process of a project. [23] 

As Figure 2 demonstrates the general 3rd generation innovation process, although it 

includes feedback loops, it is still a sequential model. This can be perfectly described by 

Cooperôs Stage-Gate model [24]:  at the end of each development state there is a so-called 

ñstate-gateò, which is the evaluation of the previous phase, whether it was successful or not. 

This way, the accomplishment of every stage is obligatory, which creates a rigid and 

relatively long development process. On the other hand, these state-gates are necessary, 

especially in the aerospace sector, where the regulations are strict.  

Development Manufacturing
Marketing 
and Sales

Idea 
Generation

Commercial 
Product

State of the art in science and technology

Needs of society and the marketplace

Technology push

Market pull

New Idea

New Technology

 

Figure 2: The model of the 3rd generation innovation processes 

The 4th generation of R&D processes has a high degree of cross-functional integration 

within firms, which produces overlaps between activities and departments. Without a well-

organised management, this innovation model generates much unnecessary work. Larger 

companies integrate alliances and linkages with suppliers, customers and government 

agencies, authorities. [25] 

The further extension of the 4th generation innovation process leads to network models, 

which emphasise 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 universities. 

The system thinking approach leads to the integration of a companyôs internal innovation 

ecosystem and practices with external factors. [20] The 5th generation processes cannot be 

implemented without the necessary Information and Communication Technology (ICT) 

regarding raising both development efficiency and speed-to-market through strategic 

alliances. 
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An example for a fifth generation development process can be seen in Figure 3. This is 

one of the most widespread development process models, called the Boehm model. This 

model is a risk driven process model based on experience, and it basically refines the 

waterfall model in several ways, introduced by Royce [26]. A projectôs unique risk patterns 

usually require the adaptation of more process models, like evolutionary prototyping. The 

cumulative cost is represented by the radial dimension, which are incurred in accomplishing 

the steps to date. The completed progress is illustrated by the angular dimensions for each 

cycle of the spiral. According to this model, each cycle involves a progression with the same 

sequence of steps. This is true from an overall concept of operation document down to the 

coding of each individual 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 mission-critical 

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 strongly influences the projectôs success, and does not 

work well for small projects.  

 

Figure 3: The Boehm spiral model for development processes [27] 

The 6th generation is achieved only by a few companies/firms around the world yet. This 

level requires interaction networks and innovation systems, which goes further by 

integrating the innovative milieu, like the modelôs central element. The innovative milieu 

can be defined as a combination of general knowledge and specific competencies, 

furthermore, territorial organisation and an essential component of the technical and 

economic creative process. [19] The relationship between the partners can vary from a 

strong, industrial partnership with common strategic purposes, to leisure or competition for 

complete individuals. In this level novelties, such as crowdsourcing, can implement into a 

companyôs strategy. The 6th generation innovation processes commonly adapt funnel 

innovation models, like Figure 4 shows. 
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Figure 4: A 6th generation funnel based innovation model [28] 

2.3. Trends in development management 

The aerospace industry has been expanding continuously, in the last two decades; only the 

World Trade Centre attack on the 11th September 2001 and the 2007-2008 global financial 

crisis caused a slowdown. As the smaller and less robust airlines have shut down after the 

crisis, the rest were able to expand and be the drivers of the development processes. As 

Figure 5 illustrates, the number of large aircraft orders 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 the low-cost 

airline companies, which along with the conventional airliners increase the demand for flight 

by increasing the availability for more and more people.  

 

Figure 5: Aircraft demand and production rates from 2002 to 2014 [29] 

The growing rates of aircraft orders force large manufacturers to reconsider and refocus 

their activities from the viewpoint of assembling. Those development and design processes, 

which were completely internal issues in the last decade are preferred to be outsourced to 

the suppliers [29]. The outsourcing could have numerous reasons as shown in Figure 6. This 
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process has the result that the ñknow-howò is not concentrated to the manufacturers 

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, and can achieve better efficiency, or 

even better motivation. In possession of the proper strategy, the result is a highly effective 

solution which can be applied to different industries only by modifying the details slightly. 

 

Figure 6: Different reasons of activity outsourcing [30] 

For example, if we consider green solutions, it is clear that fossil fuels are still dominant 

in the aerospace industry. The often fluctuating oil-prices can determine the operational 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 fuel consumption by developing an 

improvement in engine efficiency (see CFM-Leap engines [31]) or by continuously 

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 the key-factors for the future. It can 

be already seen that the solar technology has been becoming cheaper; The capital costs of 

photovoltaic systems have been reduced by 18% 1985-2011 [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 by the development of fully electric, 

acrobatic aircraft, which for example has been introduced already by Magnus eFusion2 

which won eFlight Award 2016 at the Aero 2016 Show. [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 aviation. [34] Since safety is the most 

important factor of aviation [35], the maintenance procedures and maintenance cost are 

going to be, and sometimes already are significantly determining factors. On the other hand, 

ñgreen solutionò and sustainable operation have also become key parameters. The fuel 

efficient solutions are not the only constraints for the development process, but the complete-

life-cycle management has to pay attention to the environment-friendliness of the operation 

and maintenance process. The wider the slice of population, that gets access to different kind 

of aircraft, personal aircraft [36] or flying vehicles (we can see the increasing prevalence of 

the Unmanned Air Vehicles and Drones), the operation and maintenance procedures have to 
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become more simple and understandable for everyone, even for people without any kind of 

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 European Union which as 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 thinking [37], but especially for 

smaller suppliers, this can cause a serious headache, even more so if they are sharing larger 

portions of the development processes. [38] 

Interestingly, the education has higher role than ever. Of course, the universities and 

colleges have always been the centre of the knowledge and have been the base of the future 

aerospace engineering education. But in the last few years, it is 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 are working in 

programming, and the hardware-based aerospace profession is a really good field to get 

practical experience. [39] 

2.4. New Potentials in Aerospace Development Processes 

The introduced trends are mostly the external, market-based factors of the aerospace 

development processes and models. But, besides these factors, the technology and 

philosophy changes should be considered. As the Y and Z generations start to work, their 

technology-close thinking way is going to change fundamentally several models. Before the 

spread of the Internet, knowledge has been concentrated in universities and research and 

development facilities. Recently, there are numerous short/mid/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 particular location to participate in a course; It is 

enough to have Internet access. 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 

campaigning for 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 researcherôs performance in the scientific fields. However, most major journals demand 

the publishing and access fees, so a publicly financed research can usually be viewed only 

by purchasing access, thus the public is paying even more money for a knowledge already 

payed for. An incredibly large amount of scientific publications can be accessed 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 chats, self -organized 

workshops have not 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 the workforce, the obtained 

knowledge from the Internet may become a rival, perhaps even overcome what the current 

education system has to offer. [40] Of course, this attitude is possible only at those sectors, 

where the proof of any certifications is not essential. 
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Meanwhile, some larger companies have already noticed the importance of the freely 

available capacity of people, and the ability for ñout-of-the-boxò thinking. There are several 

ways, for example, competition can be started to solve a problem, in return for a prize for 

the competitors, which is significantly lower than a companyôs actual R&D budget. This 

way a company can get 100 or even 1000 ideas to solve their problems. Basically, this could 

be considered as crowd-funded science, but 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 example, use this method to generate more thoughts. [41] 

Besides the knowledge sharing the limited availability of financial resources were and are 

also an everyday issue in the aerospace industry. The end of the Cold War, and subsequent 

deceleration of the armaments race, the 9/11 terror attack, the 2007-2008 global economic 

crisis, continually fluctuating oil prices, flight accidents and many other effects have created 

a fragile and sometimes ill-considered financial background for aerospace research. The 

financial resources are significantly limited and, more sadly, are decreasing. However, at the 

same time, more development is still required. Due to this trend, research activity is mostly 

focused on large companies, 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 necessarily 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 percentage of the budget, and creates a paradoxical situation: sometimes industry can 

spend more on ñhow should we sell it?ò than ñhow should we create it?ò 

To overcome this situation, other industries have realised that if they focused on the actual 

desires of the people, a significant amount of money can be rearranged from the consumption 

ñwastelandò which would be spent on pointless goods. Also for many people, there is an 

inner urge to support something they believe in or sometimes to stand behind somebody or 

a development only to feel better. Interestingly, the potential in this ñwastelandò has been 

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, some ideas can generate more than $100,000 support 

in a single night. Based on this, it definitely worth to consider a strategy even for larger 

companies to collect all the useable funding which can originate from wide range different 

sources, see Figure 7.  

Crowdfunding has recently become a fashionable way to express peopleôs contribution to 

the development of society, and thus many people want to be the part of it. The growth of 

inclination can be seen in the right-hand side of Figure 7, the investigated financial tools are 

continuously growing, but only a negligible percentage is utilised 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 more, if the smaller aviation companies are involved.  From there 

smart and innovative solutions can flow to the larger manufacturers. 
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Figure 7: A: Funding Options [42]; B: Growth Worldwide Crowdfunding Volume 2009 

through 2014 (est.) [43] 

Although thecrowdfunding is a 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 

create a cumulative result, strongly supported by the technological background. [44] The 

main difference 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 top-down processes. In this way, the speed of development, cost-efficiency, 

flexibility, diversity or scalability can be improved at the same time. [45]  

 

Figure 8: Companies, already applying some form of crowdsourcing [46] 

Although the crowdsourcing seems an optimistic future goal of the humanity, actually, it 

is used for several years now, the rapid development of IT sector pulled the necessity of 
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