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Publishable executive summary

Overall project objectives

The objective of the ECO-Engines NoE was to set-up a Virtual Research Centre (VRC) on advanced engine combustion modes for road transport, with special emphasis on the use of alternative and renewable fuels.

It was envisaged that this VRC shall help to structure the excellence of European research on all aspects of new generations of high efficiency, low CO2 and noise, near zero emission engine combustion processes like CAI, HCCI or CCS, and other emerging high potential techniques. This shall contribute to the EC objective of developing and promoting future generations of more environmental friendly powertrains and vehicle concepts for road transport, using cleaner and renewable energy sources. 

The network activities were organised around 4 Research Topics (RT), covering major aspects of research on advanced engine combustion:

· RT1: Experimental techniques

Including research on optical diagnostics to explore flow and combustion inside the combustion chamber of engines, as well as research on experimental techniques for measuring ultra low pollutant emissions.

· RT2: Combustion simulation

Including research on 3D numerical simulation of fuel injection, flow and combustion inside the combustion chamber of engines.

· RT3: Fuel/engine adequation

Including research on fuel test methods, procedures to evaluate the performance of fuel/engine couples in terms of CO2 emissions/efficiency and pollutants, and methods to characterise fuels;

· RT4: Combustion control

Including research on control and engine technology able to make advanced combustion modes usable in a wide range of engine operation.

Within the frame of these research topics, the main planned objectives were as follows:

· Realise and constantly update a state of the art survey of research in Europe and worldwide;

· Identify the need for best practice guidelines for research in the RTs, proposing concrete actions to realise them and promote them to the wider community;

· Identify research gaps and needs for further research in the RTs, which could be commonly addressed to advance pre-competitive knowledge in the domain;

· Create a database which references data and knowledge in the RTs, and that can help improve the dissemination of knowledge in Europe by making it accessible under conditions to non-partners;

· Organise a common integrated education and training programme in the field of advanced engine combustion, aimed at students, researchers and engineers in order to disseminate the knowledge acquired in the network and improve the impact of advanced engine combustion and alternative fuels in Europe;

· Propose, based on all network achievements and on contacts with major actors of the domain in Europe, a structure for a self-subsistent VRC, which would be of real interest in the framework of European research on road transport.

The final aim was to establish the VRC as an European and potentially world-wide reference in the domain of advanced energy conversion in engines.

Achievements in the three project years
Plans for use and dissemination

Three main network results were identified with a potential for further exploitation after the project end:

· State of the art survey on advanced combustion engines, covering mainly the experimental techniques, fuel./engine adequation and combustion simulation topics. The achieved knowledge consists of extensive literature reviews, suggestions for best practices and identification of research themes with a high potential to close important knowledge gaps. These results will be mainly exploited by advertising identified research gaps to stakeholders of the European road transport research community, in order that they could be adressed in future common research projects, and in particular in the frame of FP7. Furthermore, the partners decided to render the most mature documents public, possibly via the Ulysses CA website, in order to favour an as wide as possible usage and update after the end of the NoE;
· A survey on tertiary education in the domain of engine combustion, allowing a view at the places in Europe where courses in the domain are proposed, and with what topics, targeted audience and number of hours. It could be the basis of "yellow pages" of higher education & training in the domain of engine combustion, useful both for students, to select the places they can study topics of interest, and for universities & schools, that can advertise their courses all over Europe. This list could be furnished to interested Universities for exploitation;

· Course materials created for the organisation of the first Summer School on advanced engine combustion. The  materials consist of slides that allow a teacher to set up a course related to advanced engine combustion in his own context (experiments, simulation, engine technology, …). The exploitation will be realised by the network partners having generated the respective course material, either for own courses at their home institutions, or as contribution to future advanced engine combustion Summer Schools to be commonly organised by the partners. If successful, it could also be envisaged to publish parts of these materials in the form of a book in the future.
Co-ordinator contact details

Dr. C. Angelberger

IFP - R1022R

1 & 4 avenue du Bois-Préau

92852 Rueil-Malmaison Cedex

France

Tel:  +33 1 47 52 57 45

Fax: +33 1 47 52 70 68

christian.angelberger@ifp.fr 

Network web site: http://project.ifp.fr/eco-engines
1 -  Project execution
1.1 Original project objectives

The objective of the ECO-Engines NoE was to set-up a Virtual Research Centre (VRC) on advanced engine combustion modes for road transport, with special emphasis on the use of alternative and renewable fuels.

It was envisaged that this VRC shall help to structure the excellence of European research on all aspects of new generations of high efficiency, low CO2 and noise, near zero emission engine combustion processes like CAI, HCCI or CCS, and other emerging high potential techniques. This shall contribute to the EC objective of developing and promoting future generations of more environmental friendly powertrains and vehicle concepts for road transport, using cleaner and renewable energy sources. 

The network activities were organised around 4 Research Topics (RT), covering major aspects of research on advanced engine combustion:

· RT1: Experimental techniques

Including research on optical diagnostics to explore flow and combustion inside the combustion chamber of engines, as well as research on experimental techniques for measuring ultra low pollutant emissions.

· RT2: Combustion simulation

Including research on 3D numerical simulation of fuel injection, flow and combustion inside the combustion chamber of engines.

· RT3: Fuel/engine adequation

Including research on fuel test methods, procedures to evaluate the performance of fuel/engine couples in terms of CO2 emissions/efficiency and pollutants, and methods to characterise fuels;

· RT4: Combustion control

Including research on control and engine technology able to make advanced combustion modes usable in a wide range of engine operation.

Within the frame of these research topics, the main objectives planned for the network can be summarised as follows:

· Realise and constantly update a state of the art survey of research in Europe and worldwide;

· Identify the need for best practice guidelines for research in the RTs, proposing concrete actions to realise them and promote them to the wider community;

· Identify research gaps and needs for further research in the RTs, which could be commonly addressed to advance pre-competitive knowledge in the domain;

· Create a database which references data and knowledge in the RTs, and that can help improve the dissemination of knowledge in Europe by making it accessible under conditions to non-partners;

· Organise a common integrated education and training programme in the field of advanced engine combustion, aimed at students, researchers and engineers in order to disseminate the knowledge acquired in the network and improve the impact of advanced engine combustion and alternative fuels in Europe;

· Propose, based on all network achievements and on contacts with major actors of the domain in Europe, a structure for a self-subsistent VRC, which would be of real interest in the framework of European research on road transport.

The final aim was to establish the VRC as an European and potentially world-wide reference in the domain of advanced energy conversion in engines.

1.2 Partnership

The partnership of ECO-Engines was a unique combination of competencies covering all aspects of engine combustion and fuels. It brought together partners from industry, universities and engineering centres:

· OEMs: Renault, Perkins, VW;

· Suppliers: Valéo, Siemens VDO Automotive;

· Fuel industry: GDF, Total;

· Engineering centres: AVL, FEV, IFP, JRC, TNO Automotive, Volvo Technology;

· Universities: Brunel, Chalmers, Duisburg, Heidelberg, Lund,  Milan, Paris, Valencia, Warsaw;

· SME: RES Ltd. Cambridge.

Each contractor had been chosen owing to its expertise in one or more of the network's research topics. The network was co-ordinated by IFP, whose central position was related to its widespread expertise reaching from basic research to engine development, and its recognised expertise in advanced engine combustion, fuel/engine adequation and teaching. It was assisted by a Steering Committee composed of AVL, Brunel University, Lund University, TNO Automotive, Valencia University, Volkswagen and Volvo Technology, who were acting as the leaders of the different project workpackages.

The European dimension of the partnership is illustrated by the fact that the 24 partners represented together 9 different European countries: Germany (7), France (6), Sweden (3), United Kingdom (3), Austria (1), Italy (1), The Netherlands (1), Poland (1) & Spain (1).
1.3 Summary of realised work
[image: image10.emf]Work within Eco-Engines was structured around 8 technical workpackages, and one dedicated to network management. In what follows the main achievements realisatons of the technical WPs is summarised.
1.3.1 WP1 State of the art survey

The objective of this central work was to lay the basis ofr a common knowledge basis for the network, by performing an extensive state of the art survey (SoaS) of research in the four topics covered by the network. The outcomes of this WP served as starting point for the best practice work in WP3, WP4 and WP5, for the research gaps identification in WP6 as well as for the education and training programme of WP7.

The following results have been achieved (all reviews are available upon request):
SoAS on experimental techniques

Two main areas wer addressed within the realised survey: optical diagnostics and exhaust gas analysis. Work started by identifying interesting topics for these two areas, and listed. A responsible partner was then assigned to each of these topics. The partners then created the SoAS assigned to them and sent the results to the co-ordinator at Lund University. The collected SoAS were consolidated in two documents, one for optical diagnostics and one for exhaust gas analysis. A review process was then organised, yielding improved versions. This process was regularly carried on during the whole network duration.
Below the topics covered in each area are listed, along with the partner having contributed to its generation.
Table of contents of the SoAS report on  Optical Diagnostics, and partners having contributed
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Table of contents of the SoAS report on Exhaust Gas Analysis, and partners having contributed
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SoAS on combustion simulation

Work started by identifying a list of topics to be covered, and each participating partner got assigned one or more of them in relation to their specific expertise. For each topic, a survey report was edited and delivered to all partners. The topics covered by the implicated partners were as follows:

· Flow & Turbulence (AVL, IFP)

· Turbulence models

· RANS, RSM, LES, DNS

· Spray Formation & Propagation (CTH, AVL, IFP, RES, FEV)

· Injector flow

· Primary break-up

· Secondary break-up

· Turbulent dispersion

· Collision & coalescence

· Evaporation

· Wall interaction incl. wallfilm formation

· Combustion (IFP, PoliMi, AVL, RES, CTH)

· Flame propagation

· Diffusion flames

· Auto-ignition

· Spark ignition

· Turbulence / chemistry interaction

· Emissions (PoliMi, Perkins, IFP, RES)

· CO

· HC

· NO

· Particulates

· Kinetic Schemes (LTH, PoliMi)

· Detailed and reduced schemes

· Global schemes for main fuel components and fuel surrogates

· Catalytic schemes
· Fuel Properties (WUT, PoliMi)

· Laminar flame speed

· Ignition delay

· Physical properties incl. real gas effects

· Ignition energy

· PRF of real fuels (n-heptane, iso-octane, n-decane, toluene, alpha-methyl-naphthalene)

· Specified Test Cases (VTEC, FEV, IFP, WUT, AVL)

· Constant pressure and volume vessels

· Rapid compression machine

· Optical and “real” engine

· DNS and fundamental flow testing

· Cavitation / spray visualization

· Compressed tumble

Then, a review process was organised to improve the quality and generality of the first versions. The resulting documents include summaries of models, simulation approaches and verification possibilities including a large collection of relevant references.
SoAS on fuel/engine adequation

The work consisted of gathering information on procedures to characterise fuel/engine couples in terms of efficiency and pollutants as well as on fuel analysis and test methods. Work started by collecting information from literature reviews and with inputs from past and on-going research from the ECO-Engines partners and other projects. Peculiar attention was focussed on fuel and on fuel/engine investigation in the field of advanced homogenised combustion. First versions of the resulting documents were reviewed in an interanl process. The collected information was transformed into a template for easier investigations, and the implicated partners were each assigned responsibility for further improving a selected topic:

	BU
	Control of combustion

	GdF
	Natural gas blends

	IFP
	Fuel quality related to combustion control (all fuel types)

	Renault
	EGR & (split) injection strategies for extended engine operation

	Total
	Fuel formulation

	TNO
	Key combustion properties for advanced combustion

	VW
	Ignition delay


A summary report was edited and updated during the network duration.

SoAS on combustion control

The objective was to perform a survey of engine technology and combustion control with a potential for extending the range of operation of advanced engine combustion modes running standard and alternative fuels. The realisation of this survey proved to be hampered by the fact that the topics covered concern highly competitive domains of research, mostly covered by private companies, and for which an objective survey is hardly possible. Nevertheless, a first version of the survey was achieved, with the contents summarised below. Due to the difficulty of organising cooperative work on these topics, and the resulting quality of the survey that staid below expectations, this activity was stopped after the 2nd network year.
Table of contents of the SoAS report on combustion control
[image: image3.emf]


1.4 WP2 Database & web
The main objective of work in WP2 was to define, set-up and maintain an ECO-Engines web site, to communicate results to the public, and serve as a central reference point for work in the NoE. The result is the http://project.ifp.fr/eco-engines web site, that comprises two parts:

· a public access part, with general information on the NoE objectives, structure  and partnership, and with links to other stakeholders of European road transport research;

· a restricted part, accessible only to NoE partners with a login and password, and which centrally stores all NoE documents and outcomes.

The latter part proved to be an efficient tool for easing up the work between the partners, providing a central place of reference for all.

It was also originally planned to set up a database with all sorts of useful information related to research on advanced engine combustion and alternative fuels. This was not realised, as it turned out to be difficult to render public such information, due to the fact that its generation usually implies private funds, the related confidentiality and IPR issues thus being very complex to handle.
1.5 WP3 Standards in experimental techniques

The initial objective of this activity was to propose best practice guidelines for experimental techniques used in an engine environment, including optical diagnostics and exhaust gas measurements. The implicated partners agreed that the nature of the related research fields made it impossible to state standardized ways of performing measurements. Each specific measurement situation most often requires a highly specialised approach. It was thus decided to rather redirect the work on the following topics:
· identification of technical gaps in optical diagnostics, e.g., lack of specific equipment, technique gaps that prohibits measurement of certain properties, etc. It was feltr that such identified needs would  be valuable guidelines for directing future research efforts. This resulted in a summary report with the following contents:

[image: image4.emf]EGR measurements with laser techniques ................................ ................................ ................................ .......................... 4   Velocity measurements using laser techniques without seeding ................................ ................................ ......................... 6   Two - phase PIV ................................ ................................ ................................ ................................ ................................ ... 7   Ballistic imaging of the liquid core in fuel sprays ................................ ................................ ................................ ............... 8   CO 2 ................................ ................................ ................................ ................................ ................................ ...................... 9   Air/fuel ratio ................................ ................................ ................................ ................................ ................................ ...... 11   Carbon - Mon oxide LIF ................................ ................................ ................................ ................................ ...................... 13  


· A survey covering different designs of optical engines. Advantages and disadvantages associated with the various concepts are addressed (report by VW);
· A survey of techniques for achieving micro-optical access to engines (report by University Duisburg-Essen);
· A survey of the design of experimental test cells, such as high-pressure cells and spray chambers (report by UPVLC);
· A report addressing the challenges involved when measuring low concentrations of NOx and particulate matter typical to HCCI/CAI combustion modes (report by JRC).

The implicated partners agreed to render these documents public in order to have them be used and possibly updated by an as wide a research community as possible.
1.6 WP4 Standards in engine simulation

The original objective was to achieve a standardisation of procedures used by ECO-Engines partners and to promote them outside of the network. As this was felt too ambitious by the NoE partners with regard to available resources, it was decided to rather try identifying the need for standardisation, based on a collection and summary of current simulation practices used by the partners.

Based on the soAS from WP1, the most important needs for standardisation were identified to be related to:

· Definition of a generalised/unified procedure on deduction of gas and fuel-side initial and boundary conditions for different applications (nozzle flow, injection, swirl initialisation, thermodynamic conditions, full engine model, segment model, etc.)

· Definition/recommendation for use of specific nozzle flow, spray, auto-ignition, combustion, emission, etc. modelling work-flow for the different key applications and operating conditions, including a detailed description of the model theoretical background, range of applicability and model parameterisation practices

· Standardisation of sub-models adopted for spray characterisation produced by different injectors (swirl, multihole, pintle)

· Standards for determination of spray boundary conditions (injection rate, cone angle, initial droplet size distribution, droplet velocities, etc.)

· Recommendation of standard models for different combustion systems (premixed, stratified gasoline, diesel, HCCI)

· Definition of standard procedure for model parameterisation for different combustion systems

· Definition of standard verification / parameterisation cases and corresponding experimental data base

· Definition of engine validation cases for the relevant engine operating regime

· Standardised methodology for mesh topologies handling for engines and engine sub-systems

These topics could not be worked out, but should serve as guidance for future projects. The related discussions and exchanges between the partners lead to the definition of two research proposals (see WP6).
1.7 WP5 Standards in fuel/engine adequation

The objective of this work was to propose best practice guidelines for fuel and engine testing. Focus was put on defining concrete specific proposals for best practice, in order to prepare addressing them in future research. Four such topics were selected and were further worked out. Slides detailing these proposals were made available to all partners, and also fuelled into the discussions on future projects within WP6. The objective is to advertise these issues to the wider research community in the hope to trigger future reseach actions aiming at working out the related needed best practice.
1.8 WP6: Trigger and organize new research

The objective of this activity was to identify, based on the common knowledge basis created with the work on the state of the art survey and best practices, existing knowledge gaps, and to take action towards organising common research to close them. This was the main network activity of the last year. To start with, the leaders of the research topics "Experimental techniques", "Fuel/engine adequation " and "Combustion simulation" organised each a mini-workshop, during which they presented to all a synthesis of the work realised in the first two years, and a list of research proposals they identified as being of central interest for the future. These proposals were then discussed with all partners, and particular attention was paid to identifying subjects that addressed multi-disciplinary research concerning more than only one of the addressed pre-competitive RTs. A selection was then performed by the partners, and the most interesting five subjects where each assigned a responsible person, in charge of formulating them in a way directly usable for project proposals, and of advertising these ideas to the outside and in particular to European research associations like Earpa and Eucar. The identified proposals concern the innovative usage of advanced optical diagnostics in engines and their combination with simulation and control techniques, ways of defining standard procedures to characterise the potential of a certain fuel with respect to advanced combustion modes with the aim of mastering fuel as an engine design parameter, the creation of a reference database on fuel properties with peculiar interest towards alternative and biofuels, the development of innovative simulation tools able to predict unsteady engine operation based on combining 3D CFD LES and 1D tools, and an idea for providing a new way of controlling auto-ignition in advanced combustion modes based on a simple parameterisation of fuel properties. In the months afer the network closure, some ideas have been integrated in research proposals submitted for the 1st FP7 call, and the effort of having the identified proposals being realised as stand-alone projects, or integrated into other proposals, will be pursued.
1.9 WP7 Education & training

The objective of this work was to set-up a comon education and training ptrogramme on all aspects of advanced engine combustion, and to organise a Summer School open to the interested specialised.

It resulted in [image: image11.emf]the first European summer school on advanced engine combustion, held from July 17th to 28th at IFP in Rueil-Malmaison (France). It was the result of an integrated common development of teaching material and course structures, by the partners of the Education and Training WP of the NoE. The result was two weeks of courses on all aspects of advanecd engine combustion, taught by researchers from the partner institutions having created the courses.

It consisted The Summer School was held over two weeks and consisted of four modules:

· Module O: General principles of new generation engine combustion processes (3 days)

· Module A: Engine technologies associated with new generation engine combustion processes (2 days)

· Module B: Modelling of new generation engine combustion processes (2 days)

· Module C: Experimental techniques for new generation engine combustion processes (3 days)

 As much as 79 participants from 14 European countries participated, including 32 participants representing the ECO-Engines partners, 27 postgraduate students and 20 exterior participants. At the end of the Summer School, all participants were asked to evaluate the Summer School.  The results were extremely positive, with 47 out of 48 responding participants saying that they would recommend the school to their colleagues. As part of the discussions on future common research actions, the ECO-Engines partners having created the courses thus decided to attempt organising such schools on a regular basis. A second summer school will possibly be organised in summer 2007 at UPVLC in Valencia (Spain), with revised and condensed materials.
1.10 WP8 NoE communication

The objective was to regularly communicate on ECO-Engines' outcomes through congresses and communication materials. the realused actions can be summarised as follows:
· An ECO-Engines poster was shown and leaflets distributed during the THIESEL 2004 conference organised by UPVLC in Valencia, Spain on September 7th-10th 2004. The very first public reference to ECO-Engines was made during the congress, due to the fact that it was cited as a sponsor of the event. Two HCCI sessions were organised at the congress, one chaired by the ECO-Engines Network Manager;
· During the "Which fuels for low CO2 engines?" congress organised by IFP in Rueil-malmaison, France on September 22nd & 23rd 2004, a dedicated ECO-Engines session named "Session 2: Engine & Fuels-related issues CAI & HCCI, Part2", with presentations from the NoE partners Perkins, Brunel, VW & IFP working on RT2 & RT3, and chaired by a representative (José V. Pastor) from the partner UPVLC, was organised. A second session named "Session 3: Natural gas for energy conversion in engines" showed a strong participation of the ECO-Engines partners TNO, FEV & IFP. The ECO-Engines poster was also presented;

· Following an invitation by the EC, C. Angelberger participated to the EU-India workshop held at  Bangalore, India, on November 7th -10th 2004. The objective was to present EC projects in the domain of powertrains to potential Indian candidates for participation in EC projects. The activities of ECO-Engines were also advertised, raising interest among some Indian representatives;
· In January 2005, the NM presented ECO-Engines at the kickoff meeting of the CA ELECT AE. Possible collaborations were identified, but no concrete actions finally were undertaken. Specific partners of the NoE have nevertheless since contributed to EC projects in aeronautics, and more specifically on alternative fuels' issues;
· Contacts were taken with the CA Ulysses to feed outputs concerning pre-competitive research into the activities of this new project. This link shall help communicate the ECO-Engines outcomes and help disseminate them.
1.11 Summary and conclusions
An extensive state of the art survey was carried out for each of the four network's research topics. These surveys were the result of a collaboration between all partners, under the supervision of the Steering Committee which was responsible for assigning topics to partners with an identified knowledge, collecting their contributions and having them reviewed by other partners to improve their quality and extent. Finally the outcomes were made available on the restricted access project web site for all partners to consult and review them.

The surveys were also used as input for the major network achievement: the planning, organisation and realisation of the first European  summer school on advanced engine combustion, that was held in July 2006. As a first step, an extensive questionnaire on tertiary education in the domain of engines had been set up and made available on internet. The analysis of the important number of questionnaires filled out by institutions in Europe, but also the US and Japan, then allowed to have a precise view at the present status and the needs for improvement. Based on this analysis, the partners responsible for this work have commonly set up in the second year the pedagogical contents and course materials for the school. The result were two weeks of courses on all aspects of advanecd engine combustion (general principles, fuel/engine adequation, control, engine technologies, modelling  and experimental techniques), taught by researchers from the partner institutions having created the courses. As much as 79 participants from 14 European countries participated, including 32 participants representing the ECO-Engines partners, 27 postgraduate students and 20 exterior participants. At the end of the Summer School, all participants were asked to evaluate the Summer School. The results were positive, with 47 out of 48 responding participants saying that they would recommend the school to their colleagues. As part of the discussions on future common research actions, the ECO-Engines partners having created the courses thus decided to attempt organising such schools on a regular basis.

The common knowledge basis created by the surveys served also identifying the need for common procedures or best practice guidelines, and for proposing concrete formulations for the topics of experimental techniques, combustion simulation and fuel/engine adequation. Analysing the outcomes from the work on state of the art and best practices, the partners commonly identified knowledge gaps, that it would be of high interest to close via commonly undertaken research. A number of topics was selected, formulated and were then circulated and discussed with other stakeholders of European road transport research. It is expected that first concrete proposals incorporating some of the identified topics and NoE partners will be submitted to the first calls for FP7.

Although the planned VRC did finally not come into life, mainly as it turned out that the highly competitive context of road transport research definitively did not allow the requested deep integration, ECO-Engines nevertheless provided a framework for knowledge and information exchange between partners from very different backgrounds, which led to proposals for possible future research topics. Even if integration was not achieved, a contribution to promoting collaboration between different stakeholders of European road transport research was achieved, aznd the basis for a long lasting education and training programme on advaneced engine combustion set.

2 -  Dissemination and Use
The following Table shows an overview of the three main exploitable results generated by ECO-Engines during the three years of EC funding:
Table : Overview of exploitable knowledge 

	Exploitable Knowledge 
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	SoAS on advanced combustion engines
	transport
	NA
	none
	consortium

	Survey of education in engines
	transport, education
	NA
	none
	consortium

	Course materials on advanced combustion  engines
	transport, education
	NA
	none
	WP7 partners having generated the slides


In what follows we detail one by one the nature and envisaged exploitation of these results.

2.1 SoAS on advanced combustion engines

Short description

The major outcome of the work in the NoE is an extensive state of the art survey (SoAS) on research in the domain of advanced engine combustion. These surveys concern the four NoE Research Topics:

· RT1 = experimental techniques;

· RT2 = combustion simulation;

· RT3 = fuel-engine adequation;

· RT4 = combustion control techniques

The achieved knowledge consists of the following elements:

· Extensive literature review;

· Suggestions for best practice in the domains of RT1, RT2 & RT3;

· Identification of research themes with a high potential that could profit from a common research;

Outline of possible exploitation

A first way this knowledge was exploited is through its usage as a basis for the common education & training programme set up by the partners working on the education & training aspects, leading to the realisation of a first, and planning of a second, Summer School on advanced engine combustion.
Further exploitationstarted by advertising identified research gaps to stakeholders of the European road transport research community, in order that they could be adressed in future common research projects, and in particular in the frame of FP7. This action shall be pursued by all network members after the NoE end.
Need for further R&D or collaboration

These surveys shall be made publicly available after the project end to raise interest in the road transport community and trigger follow-up actions. In particular they will be used as input for actions within the Ulysses CA.
IPR issues

No IPR actions necessary.
2.2 Survey of education in engines

Short description

A survey on tertiary education in the domain of engine combustion has been undertaken by the partners in the first year. The result is a view at the places in Europe where courses in the domain are proposed, and with what topics, targeted audience and number of hours. The information was collected via an on-line questionnaire available on the ECO-Engines public web site, and results are stored in excel files to facilitate the analysis.

Outline of possible exploitation

This survey could be used to advertise the activities on education and training beyond the network, as it gives direct access to non-members active in the domain in Europe, and to seek possible collaborations with non-members.

In this sense the survey could be the basis of "yellow pages" of higher education & training in the domain of engine combustion. It could be useful both for students, to select the places they can study topics of interest, and for universities & schools, that can advertise their courses all over Europe.

Need for further R&D or collaboration

To make it really usable and a good reference, collaborations with universities & schools all over Europe would be needed. The terms & conditions for such collaborations will have to be made such that they allow the "education & training yellow pages" to be further completed  and maintained.

IPR issues

No IPR actions necessary.

2.3 Course materials on advanced combustion engines

Short description

One major outcome of the network are the course materials created for the organisation of the first Summer School on advanced engine combustion realised in July 2006 at IFP. They were the result of an integrated effort by the education & training partners of the network.
The  materials consist of slides that allows a teacher to set up a course related to advanced engine combustion in his own context (experiments, simulation, engine technology, …). They are based on the state of the art survey and the objective will be to regularly update them to keep pace with scientific & technological developments.

Outline of possible exploitation

The exploitation will be realised by the network partners having generated the respective course material, either for own courses at their home institutions, or as contribution to future advanced engine combustion Summer Schools to be commonly organised by the partners.

If successful, it could also be envisaged to publish parts of these materials in the form of a book in the future.

Need for further R&D or collaboration

Collaborations with non-members for exploiting the course materials could possibly be saken to further increase the impact and allow to constantly improve and update these materials.

IPR issues

All materials remain the property of the person having authored them, albeit he agreed to a transfer of copyright.
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4EGR measurements with laser techniques



6Velocity measurements using laser techniques without seeding
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