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1. Excellence 

“For scaling up the hydrogen supply infrastructure the transport of liquefied hydrogen is the most 
effective option due to the energy density. Especially for the transport sector with the planned large 
bus fleets, the emerging hydrogen fuelled train, boat and truck projects and even for the pre-cooled 
70 MPa car refuelling liquid hydrogen (LH2) offers sufficient densities and gains in efficiency over 
gaseous transport, storage and supply. However, LH2 implies specific hazards and risks, which are 
very different from those associated with the relatively well-known compressed gaseous hydrogen. 
Although these specific issues are usually well reflected and managed in large-scale industry and 
aerospace applications of LH2, experience with LH2 in a distributed energy system is lacking. 
Transport and storage of LH2 in urban areas and the daily use by the untrained general public will 
require higher levels of safety provisions accounting for the very special properties. The quite 
different operational conditions compared with the industrial environment and therefore also different 
potential accident scenarios will put an emphasis on specific related phenomena which are still not 
well understood. Specific recommendations and harmonised performance based international 
standards are lacking for similar reasons.“1 Therefore, the proposed project PRESLHY will do 
research for the most relevant and poorly understood phenomena related to high risk scenarios. With 
the new knowledge generated by  this research work science based and validated tools, which are 
required for hydrogen safety engineering and risk informed, performance based, LH2 specific, 
international standards will be developed. 
The suggested project is excellent, as its central activities, the pre-normative research work, will be 
based on the internationally acknowledged state-of-the-art and performed by the reference 
laboratories in Europe. It is excellent as it involves all relevant stakeholders from industry and 
research with the required interests, unique and complementary skills and infrastructures for 
determining and closing the carefully selected knowledge gaps in a very efficient way. Finally, the 
planned post processing of the pre-normative research results into the most suitable formats for 
international standardisation and the associated communication actions will make sure that the public 
investment is used most efficiently for the actual purpose: supporting harmonised up-to-date 
international standards for safe and cost-efficient introduction of innovative solutions with LH2. Most 
of the partners and in particular the network of HySafe - the former EC supported Network of 
Excellence (NoE) for hydrogen safety - are steadily involved in research as well as in standardisation 
work and therefore provide unique abilities, networks and understanding of the respective processes 
for bridging these two, usually disjoint spheres. 
The proposed work plan relies on the best estimate and the experience of all project partners. It refers 
to outcomes of the unique international research priorities workshops2 organised by HySafe, JRC and 
US DoE, to the living knowledge base, represented by the repository of the unique International 
Conference on Hydrogen Safety ICHS3, databases like the US Lessons Learnt and the European 
HIAD, and to published results, including those of relevant previous projects (i.e. EQHHPP, EIHP, 
CryoPlane, icefuel, CRYOSYS, H2FC…), to existing guidelines (e.g. NASA Air Products,…) and 
standards (ISO 13984:1999, ISO 13985:2006 Liquid hydrogen, ISO/TR 15916:2015, ISO 
21012:2006,…). Key persons of all these activities, projects and products are involved in PRESLHY, 
either as partner or advisor. 
Although the proposed work plan therefore is built on solid ground, the experimental program will 
be refined to include even more recent findings from current research work and new developments 
and business opportunities of the industry. The required information exchange with other research 
activities outside Europe will be supported by IEA HIA Task 37 and HySafe. The actual requirements 
of the industry will be accounted for with the help of the initial open workshop, exclusively dedicated 

                                                 
1 See call topic FCH-04-4-2017 
2 http://www.hysafe.info/activities/research-priorities-workshops  
3 www.ichs2017.com or https://h2tools.org/ichs?search_api_views_fulltext=%22liquid+hydrogen%22 
 

http://www.hysafe.info/activities/research-priorities-workshops
http://www.ichs2017.com/
https://h2tools.org/ichs?search_api_views_fulltext=%22liquid+hydrogen%22
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to LH2 and its new applications. This way it will be guaranteed that the experiments, the 
accompanying analytical and numerical work will improve the understanding of the most critical, 
safety related pecularities of LH2 and that the project uses the limited funding at its best to address 
the internationally agreed highest priorities most efficiently. 
 
All generated data, technical results from experiments and simulations, will be extensively 
documented, published and preserved along the FAIR Data Management guidelines of Horizon 2020. 
KIT as coordinator of the EC project SUSANA4 for verification and validation strategies for CFD in 
hydrogen risk assessment and with its immediate access to the required infrastructures and services 
provided by the RADAR project5 will provide excellent data management capabilities to the project. 
The generated data and raw results will be aggregated, interpreted and finally translated into easily 
applied, but conservative criteria or engineering correlations, directly applicable in the design process, 
associated risk assessment procedures, and will be easily referred in standards. All consortium 
partners proofed excellent capabilities for these processes in the past and generated widely referenced 
engineering tools. Examples are the UU’s nomograms for flame length and correlations for 
ventilation requirements and the generalised flame acceleration FA and deflagration-detonation-
transition criteria DDT continuously further developed by KIT.  
The gained experience and knowledge, the new validated models, risk related criteria and engineering 
correlations will be published in commonly edited scientific journal papers, transformed into 
guidelines and recommendations for RCS, will be integrated in the Hydrogen Safety Handbook 
(previously titled “Biennial Report on Hydrogen Safety”) and in suitable risk assessment toolkits (e.g. 
HyRAM and the H2FC virtual laboratory). White papers will be specially designed for the different 
targeted audiences. All partners will present the results at suitable events, conferences, and in 
particular at the ICHS2019.  
Regarding management, the coordinator KIT and the other PRESLHY partners have demonstrated 
their excellent capabilities in successful coordination of national and in particular European projects, 
in particular with a focus on pre-normative research work for hydrogen safety. A special highlight in 
this list is the successful research and integration work realised with the Network of Excellence 
HySafe (2004-2009) with 25 partners, coordinated by KIT. Other examples are H2FC6, SUSANA, 
HyIndoor, etc. 
It is obvious that in particular in the field of hydrogen safety international collaboration with similar 
activities ongoing in US, Canada and Asia will be an advantage and will strengthen the whole fuel 
cell and hydrogen community. Also for this aspect, the PRESLHY consortium offers ideal conditions. 
In particular, partner HYSAFE with its mission to be the international focal point for hydrogen safety 
research provides a unique and excellent network for this international collaboration. The support 
letters of International Energy Agency Hydrogen Implementation Agreement IEA HIA Safety Task 
377, ISO TC 197, US DoE Sandia National Laboratories SNL and of all advisors further demonstrate 
the support and willingness to collaborate on a real international dimension. 
 
1.1 Objectives  

The key objectives of the project PRESLHY are to 
• provide a report on the initial state-of-the-art, specific knowledge, specific international 

standards, safety strategies in existing installations and knowledge gaps with priorities 
related to the envisaged use of LH2,  

                                                 
4  
5 www.radar-service.eu 
6 www.h2fc.eu/ 
7 ieahia.org/Activities/Task-37-Hydrogen-Safety-Task.aspx 
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• derive together with the standards developing organisations a list of priorities, which shall 
highlight those phenomena associated with highest risk scenarios, least knowledge and 
lack of reference guidelines and standards, 

• refine the work program for the pre-normative research based on the state-of-the-art 
report, the derived priorities and available budget.  

• successfully execute the experimental program addressing release, ignition and 
combustion phenomena, 

• extensively document and publish detailed, aggregated and interpreted data in a FAIR way 
following the Data Management guidelines and include selected sub-sets in the SUSANA 
Verification & Validation database, and transfer data additionally to the RADAR 
infrastructure,  

• communicate and eventually publish commonly interpreted experimental results including 
respective analytical and numerical work, model developments, validations and code 
benchmarking at IEA HIA Task 37, HySafe technical meetings, workshops (Research 
Priorities Workshops 2018 and 2020), appropriate conferences (e.g. ICHS 2019) and with 
commonly edited scientific journal papers (e.g. International Journal for Hydrogen 
Energy),  

• develop suitable models for detailed simulations, like CFD, and derive suitable 
engineering correlations for the highlighted phenomena and mitigation concepts, 
techniques respectively, 

• integrate the models and engineering correlations in a suitable open risk assessment 
toolkits (like HyRAM or H2FC Virtual Laboratory), 

• support all fuel cell and hydrogen stakeholders by providing enhanced recommendations 
for safe design and operations of LH2 technologies, including the set of engineering 
correlations derived above, eventually in close collaboration with the potentially set-up 
European Hydrogen Safety Panel, 

• provide a specially tailored summary report to support the international Standards 
Developing Organisations SDOs, in particular ISO/IEC and CEN/CENELEC, in either 
updating existing standards or developing new international performance based and risk 
informed standards,  

• document and disseminate the enhanced state-of-the-art, the new models and tools to the 
community via further publications, a White Paper, conference contributions and revision 
of the chapter on LH2 of the Hydrogen Safety Handbook (initially published by the 
Network of Excellence HySafe) 

• provide at least implicit support for European regulations, which can only refer to the 
above international standards according to the modern approach (see HarmonHy) 

• provide sustainable impact by mandating partner HYSAFE to coordinate maintenance and 
in case adaption of project results to later findings for a commonly agreed post project 
phase.  

 

1.2 Relation to the FCH JU work plan  

The proposal relates to the topic FCH-04-4-2017: PNR for a safe use of liquid hydrogen in the Cross-
Cutting Pillar of the 2017 Annual Work Plan.  
 
So far, LH2 was only used in industrial areas or for aerospace applications. The scaling up of 
distributed hydrogen solutions however implies steadily increasing demand for handling and 
distributing of LH2 in the public with new operational conditions and different requirements for the 
safety performance of the involved technologies. The proposed work plan builds on the initial 
identification of all potential application areas, where LH2 specific international standards do not 
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exist or should be revised. The subsequent ranking of those application areas will be driven by the 
interest of the industry to introduce LH2 and the lack of knowledge related to the phenomena, which 
characterise potential accidental scenarios and determine the associated risks. 
The proposed project will then execute pre-normative research, consisting of experimental and 
theoretical investigations, to close critical knowledge gaps. The known open issues include, but are 
not limited to: flashing multiphase, multicomponent releases with intense phase changes, cryogenic 
plumes and jets, ignition phenomena, like electrostatic charge build-up in the presence of condensed 
or frozen phase, potential for flame acceleration and deflagration-detonation-transition in multiphase, 
multicomponent mixtures, appropriateness of conventional mitigation measures.  
Safety distance requirements have to be revised based on an improved understanding of the physics 
and with the help of the new models. The intrinsic safety advantages of LH2 over compressed 
hydrogen offer indeed a high potential for safer, more economic innovative solutions. However, this 
potential might be used only if the required knowledge base is provided.  
 

1.3  Concept and methodology 

 (a) Concept 

Overall concept 
PRESLHY addresses knowledge gaps and open issues related to the potential distributed use of LH2 
in the public domain. This use implies different operational conditions than the well-established use 
of LH2 in industrial environment. Therefore, the readiness levels of the addressed technologies 
encompass a wide range, from TRL5 for use in railway systems, ships or aircrafts to TRL9 for storage 
at refuelling stations or in space. However, innovative solutions in the infrastructure for transport 
application and energy storage might realise the full potential of LH2 only if appropriate, this means 
risk-informed and performance based, LH2 specific standards are available. PRESLHY will 
contribute to this development of international standards by developing further the understanding, 
respective models and sufficiently conservative and generally accepted engineering correlations, 
which actually means by advancing the state-of-the-art. Only on such a solid basis the required proofs 
of fulfilling publically defined risk acceptance criteria, the associated risk assessment procedures and 
risk management may be done economically. Optimistically, with sufficient knowledge and reliable, 
but not overly conservative, advice and freedom provided by these up-to-date standards, innovative 
solutions with LH2 might turn out to be safer even at reduced costs. 
So the key objective in this concept is to advance the state-of-the-art, to close critical knowledge gaps 
efficiently by specially targeted research and to transform the new knowledge into suitable 
information and easily applied rules for enhancing risk informed, performance based standards. 
Thereby these standards, and implicitly also regulations referring to these standards, will follow this 
enhanced state-of-the-art. Regulations, standards and state-of-the-art usually define the liability 
framework, industry is facing in innovation driven markets. 
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Fig. 1.1: Interrelations and development of regulations, standards and state-of-the-art 

 
 
The actual pre-normative research is clustered in the three phenomena groups following the 
fundamental three tiers concept of explosion protection, avoiding explosive atmospheres, preventing 
from ignition and mitigating the consequences of explosions. Each of the corresponding pre-
normative work packages consists of a theory, simulations and experiments tasks and are led by 
highly profiled experts. The actual research work is going to be performed in the European leading 
labs with the required expertise for safety research. This is why the consortium is dominated by public 
reference research centres. However, the actual work program will be carefully re-assessed and finally 
prepared in an advanced open prioritisation exercise, where industry and standards developing 
organisations will have the opportunity to participate. The results are interpreted and compiled into 
models and engineering correlations which support best the enhancement of related risk assessment 
methodology and the development, respectively revision of LH2 specific international standards. 
 
Links to International Research 
The generally strong international relations of each PRESLHY consortium partner himself, the 
involvement of HYSAFE in particular, the strong links to IEA HIA Safety Task 37 and the 
coordination with US SNL national activities embed the project excellently in the relevant 
international research frameworks, even beyond the European boundaries. Almost all partners of the 
project are actively involved in the IEA HIA Safety Task 37. Information exchange and experience 
of all HIA members will help to adjust the project work, to disseminate the project findings and to 
include them in reference tools for risk assessment. 
Based on the recommendations derived from the previous HySafe Research Priorities Workshops 
(Washington 2014 and Petten 2016) and on the outcome of the initial LH2 dedicated workshop of 
PRESLHY, the work program will be refined. This refinement will take into consideration all recent 
and current work related to cryogenic hydrogen behaviour, in particular the work performed at the 
US Sandia National Laboratories SNL. The coordination with SNL is supported explicitly by the 
advisor Ethan Hecht, representing SNL, and support letter of the responsible director (see 
attachments). As the US federal lab with strongest involvement in LH2 research, SNL also represents 
the interests of US DoE, at least implicitly. 
 
Links to the industry, SDOs and European stakeholders 
The Advisory Board, which is mainly composed of the relevant experts from industry, ensures on one 
side the proper orientation with regard to the standardisation and the maximum impact of the project 
outside the research community on the other side. Besides industry representation the Advisory Board 
directly involves individual experts and representatives from standards developing organisations, in 
particular ISO/IEC and CEN/CENELEC, the EC JRC and other LH2 stakeholders. The support letters 
(see attachments) provided from ISO TC197 “Hydrogen Technologies”, received from the 
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chairperson Andrei Tchouvelev, and from CEN/CLC/TC6 “Hydrogen in Energy Systems”, received 
from Herve Barthelemy, underpin the very strong links of PRESLHY to the most relevant SDOs and 
demonstrate the commitment to turn the results into useful and specific standards.  
 
Besides the task of HYSAFE to assist the respective WP leaders in organising the initial and final 
workshops as a full partner, HYSAFE will provide its unique network, experience, services and 
products to the project. With its unique international network of distinguished experts from research 
to standardisation, HYSAFE will accomplish the access to the respective communities, help to set the 
stage for a highly productive project, and maximise exploitation and outreach of the project. As the 
unique international non-profit institution with a permanent focus on hydrogen research coordination 
and education, HYSAFE ensures that the project will provide a relevant and long-term sustainable 
increment for the state of the art in safe use of LH2. Assuming appropriate agreements with the 
consortium and a possible mandate of the FCH JU, HYSAFE will take care for the long term data 
management and steady updating of the results, possibly in close cooperation with JRC, with the RCS 
Strategy Coordination Group and the potentially then established European Hydrogen Safety Panel.  
 
 

 
 

Fig. 1.2: External links and interfaces of PRESLHY 
 

In summary, it is evident that PRESLHY includes prototypical aspects of a Research and Innovation 
Action. Besides the core activities dedicated to the actual pre-normative research it includes actions 
to improve market conditions and aid market transformation, here for the safe introduction and scaling 
up of LH2 based transport and energy solutions. Additionally there are accompanying measures, 
which include standardisation, dissemination, awareness raising, communication, and networking, 
coordination and support services. Common strategic planning and coordination between 
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programmes on a real international level beyond the European boundaries, mutual learning exercises, 
exchange of knowledge and experience accomplish the mission of PRESLHY. 
 
 

(b) Methodology 

To keep the focus and to minimise administrative efforts, the number of partners in the consortium 
and the number of work packages are kept as small as reasonably possible. Despite these constraints, 
the consortium is including the European key research labs for pre-normative research in the field of 
liquid hydrogen safety. The industry and standardisation view is injected via the accordingly 
composed Advisory Board. Clear interfaces and responsibilities are introduced to cope with the 
intrinsic complexity and with the limited funding. 
 
Regular project meetings and suitable arrangements for telecommunication will maintain a high level 
of information exchange, help to monitor the progress and to control the overall performance 
effectively. Two general project meetings are planned per year. Depending on the respective phase 
of the project and on the respective needs a sub-set of the Advisory Board members will be invited 
to the project meeting. The rotational scheme with regard to the meeting location shall equilibrate the 
travel costs among the partners on one side and shall provide the opportunity to visit the used 
experimental facilities. 
 
Special measures within the project 
The core of the project consist of the three parallel, phenomena oriented work packages – WP3 
“Release and Mixing”, WP4 “Ignition” and WP5 “Combustion” - each addressing its own theoretical, 
numerical and experimental aspects in respective sub-tasks. This shall ensure a close collaboration 
and communication of experimentalists, modellers and persons with strategic responsibility, like 
work package leaders.  
 
Workshops dedicated to special measurement technologies, experimental or numerical procedures 
and tools will be organised by the hosts of each project meeting. All work package leaders and in 
particular the coordinator will support the host in organising in total 8 workshops, 6 internal and 2 
generally open workshops. The internal workshops shall inspire information exchange across the 
work packages WP3 to WP5 boundaries, educate and train involved academic and technical staff, 
support exchange of tools and expertise, and promote deeper cooperation in general. So these 
workshops will cross fertilize the central phenomena oriented work packages, improve the quality of 
the work and provide added value to all involved parties. 
 
The described core projects, where the actual pre-normative research is done, are embraced by an 
initiating work package and a concluding work package. The initiating work package will organise 
an open workshop where the initial state-of-the–art will be defined and the work program refined in 
close collaboration with the core work packages, with the industry driven Advisory Board and experts 
from standardisation bodies. The concluding work package extracts, integrates and processes further 
continuously results from the core work packages for the key stakeholders, i.e. the standards 
developing organisation and involved industry. At the end of the project dissemination workshop all 
key findings, results, respectively products of the projects will be presented and promising routes for 
integration in the updating of international standards will be discussed. There all stakeholders mainly 
from the European domain will be invited and consistently informed.  
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Table 1.1: Meetings and Workshops for internal and external information exchange 
Date  
(Project Month) Meetings / Venue Host / Organiser (Internal)  

Workshop Topic 

1 
Kick-off Meeting  
(1st Project Meeting) 
Karlsruhe, Germany 

KIT Optical Measurement 
and Electrostatics 

4 Initial Workshop  
Brussels, Belgium HYSAFE Research Priorities 

Workshop on LH2 

9 2nd Project Meeting  
Paris, France 

AL/ 
INERIS Cryo-Techniques 

14 3rd Project Meeting  
Buxton, UK HSL P,T, flow 

measurement 

21 
4th Project Meeting  
In combination with ICHS2019  
Albuquerque, USA 

HYSAFE/ 
Sandia National 
Lab 

Two phase 
measurements 

26 5th Project Meeting  
Athens, Greece NCSRD 

Numerical Tools, 
CFD and  
Risk Assessment 

33 Dissemination Workshop  
Brussels, Belgium HYSAFE Dissemination 

Workshop 

35 Final Project Meeting  
Belfast, UK UU International 

Standardisation 
 
 

 

1.4 Ambition 

The main ambition of the project is to develop further the state-of-the-art to enable the safe 
introduction and scale-up of hydrogen as an energy carrier. It is further the ambition to provide 
evidence for this advancement by determining carefully the state-of-the-art at the beginning of the 
project and highlighting the incremental achievements.  

The project is ambitious as it claims to provide new essential knowledge and to close many safety 
related gaps for the public use of LH2 based on a quite limited budget. It is ambitious in bringing 
together the most relevant stakeholders worldwide, from research, industry and standards developing 
organisations to this end. Finally, it is ambitious as it plans to publish extensively all generated data 
and derived learnings, models and solutions, as it intends to generate broad consensus about the new 
models and thereby initiate a standardisation process within its lifetime.  
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2. Impact 

2.1 Expected impacts  

2.1.1 Contributions towards the expected impacts of the call 
PRESLHY will close relevant knowledge gaps related to the LH2 behaviour in accidental conditions 
related to the new public use cases. 
The initial special workshop for identifying, respectively selecting, confirming and adjusting research 
priorities will follow two directions. Firstly, relevant scenarios and phenomena have to be ranked 
regarding their risk potential and, secondly the degree of existing or lacking knowledge in the 
respective fields has to be identified. The combination of both will direct the actual research program 
towards the most critical issues. The close cooperation of the experimental and modelling work 
packages will generate new knowledge, validated models and correlations efficiently and consistently 
with the requirements set out in the FCH JU work plan. 
  
PRESLHY will execute specially targeted experiments, and thereby generate new data and test 
models and rules related to the safety critical phenomena concerning the physical behaviour of LH2. 
The project will enhance the state-of-the-art by development, verification and validation of predictive 
models, analytical and numerical tools for characterization of LH2 hazards and for the optimum 
design, implementation and operation of risk mitigation concepts, mitigation technology or risk 
barriers respectively. This enhancement will be supported and its impact will be maximised and 
sustainable by broad documentation and communication via the huge international network involved. 
  
PRESLHY will provide appropriate guidelines for safe design, based on the experimental results and 
simulations, implementation and operations of distributed LH2 logistic systems and thereby help to 
improve the safety of projects and products using LH2 in the public domain.  
 
Existing standards will be checked for suitable guidance and reviewed against the new knowledge 
generated to suggest either the implementation of the enhanced state-of-the-art in a new, or to promote 
updating of existing international standards. 
 
The project will help exploiting the intrinsic potential of LH2 for safer and for more economic, 
innovative hydrogen technology solutions and thereby enable the fuel cell and hydrogen industry to 
safely scale-up attractive hydrogen technologies, mainly in the transport sector. 
 
 

2.1.2 Impact in the specific areas addressed in the call 
The key application areas are transport and energy solutions with LH2 either as a carbon free clean 
fuel or as a versatile energy storage media. Although the focus is here on land transport the use of 
LH2 in maritime, air and space transport is included at least implicitly, by generating fundamentally 
new knowledge which does not primarily exclude any application. However, it should be recognised 
that air, space and ship transport have their own specific standardisation domain and networks, which 
are quite different from the focussed area. Even railway transport, as a part of the land transport 
system, has its own standardisation and regulation domain and stationary solutions typically have 
additional regional or even local requirements. Due to the general limitations, also imposed by the 
budget, PRESLHY has to concentrate on applications, which are addressed by real international 
standards and European regulation. This explains the focus on the areas of road transport, supply 
infrastructure and energy storage solutions, currently addressed by standardisation work in ISO and 
IEC, respectively CEN and CENELEC and by respective requirements set by the European Directive 
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2014/94/EU on the deployment of alternative fuels infrastructure (AFID). Therefore, also exactly the 
corresponding groups related to these standardisation and regulation activities are the specially 
targeted “end users” of the PRESLHY results, as laid down in the plan for dissemination and 
exploitation. 
 
Now turning to the actual content of the planned pre-normative work, the following accident related 
general phenomena are considered: release, ignition and combustion of LH2. This general coarse 
structure follows the generally accepted approach of explosion protection (see ATEX Directive 
1999/92/EC) with its three hierarchical levels of objectives: primary explosion protection by 
preventing, or limiting release and mixing of flammable substances with oxidisers; secondary 
explosion protection by excluding ignition and third level of explosion protection by limiting the 
effects of combustion. Besides, these three main areas of accident related phenomena have been used 
to design the three central work packages of PRESLHY. 
 
In the quite big area of Release Phenomena, the following specific issues are considered high 
priorities and are appropriately reflected in the detailed work plan of the respective work package: 

• Characteristics of flashing, multiphase, multicomponent release, 
• Mass and heat transfer including phase transition (evaporation, condensing and freezing of 

contaminants) in pools, plumes, jets and sprays of LH2, 
• Free cryogenic jet principle structure, morphology and behaviour in realistic conditions, in 

particular accounting for wall attachment and impingement, 
• Phenomena influencing the mixing of LH2 releases, in particular cross-wind, water spray 

interaction, general ventilation. 
All these issues should be investigated for scenarios with variations of confinement and obstruction. 
 
With regard to the Ignition Phenomena the following sub-phenomena will be addressed: 

• Electrostatic charge build-up in multi-phase releases, 
• Ignition by liquid oxygen LOX, mainly as droplets in gaseous H2 phase, and solid oxygen, 

mainly in LH2, 
• Flammability characteristics and other fundamental properties for low temperature 
• Other ignition phenomena (spark, fire, catalytic materials, radiation, etc.), 

Again, the investigations should concentrate on those ignition sources which are associated with the 
envisaged application and its respective environment. 
 
In the Combustion Phenomena area the respective work package will look at 

• Burning pool behaviour,  
• Jet fire behaviour including flammable envelop and radiation properties, 
• Flame acceleration and deflagration-detonation-transition DDT in cold premixed clouds, 

including multiphase premixed systems, like LH2 sprays combustion, 
• Condensed-phase explosions, e.g. reactivity of solid oxygen in LH2, 
• Boiling Liquid Expanding Vessel Explosions BLEVE, 

In particular for the transient combustion behaviour understanding the influence of confinement and 
obstruction is key for any mitigation concept. 
 
All addressed phenomena and LH2 specific operational conditions will be studied also in the light of 
their potential influence on typical Mitigation Concept and Technologies. Conventional techniques 
like: 

• Protective walls, 
• Water sprays and mists,  
• Extinguishants, 
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• Ventilation, 
• Blanketing (N2, CO2, etc.), 
• Igniters, 
• Catalytic Recombiners, and any 
• Innovative mitigation technology 

will be assessed against their general suitability and efficiencies for the distinct conditions which are 
implied with LH2. This will also include general recommendations for sensor positions, for instance. 
However, benchmarking or qualifying real sensors is out of the scope of PRESLHY. This is rather 
content for another project. 
 
Similarly it is important to note, that also research on LH2 effects on materials will be excluded 
intentionally. Although this an important area the inclusion of material effects would obviously 
overload the project and would actually require increasing the consortium to include further expertise 
from other European institutions, like TECNALIA, BAM and CEA. 
 

 

2.2 Measures to maximise impact (see Annex) 
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3. Implementation 

3.1 Work plan — Work packages, deliverables  

PRESLHY is designed for highly focussed pre-normative work. Therefore, it was decided to keep the 
number of work packages as small as reasonably possibly. The three central, phenomena oriented 
work packages, representing the core research work, are packed between the initiating strategy work 
package and the closing dissemination and results exploitation work package. Thus the work 
packages themselves reflect the intended logical procedure depicted in the figure below.  
 

 
 
 

Fig. 3.1: Sequence of PRESLHY activities along time 
 
All activities will be supported by the “Management” work package and connected to all stakeholders 
and the international community via the Advisory Board. 
 
The initiating work package WP2 “Strategy” will set the stage for the project by  

• evaluating the current state-of-the-art, by  
• providing a summary of current LH2 specific knowledge and RCS, and  
• identifying the key scenarios and involved elementary phenomena,  
• identifying critical knowledge gaps, and finally  
• adjusting and refining the proposed work program for the following three core work packages 

in close collaboration with the respective work package leaders and contributors in general.  
The key products of WP2, namely the initial state-of-the-art report and the refined working program 
will be derived from output generated at the initial workshop. Thus the initial workshop will catalyse 
the proper functioning of WP2 as to prepare the solid base for and right initiation of the following 
work packages WP3, WP4 and WP5.  
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Based on the above logic and preliminary experimental program the timing and dependencies of the 
6 work packages are derived and depicted in the Gantt chart below. 
 

 
 

Fig. 3.2: Gantt chart for PRESLHY assuming a formal project start on 1.1.2018 and corresponding 
project end on 31.12.2020 (for zoomed in views on WP3, WP4 and WP5 see below Figs. 3.3-3.5) 

 
 
The phenomena oriented work packages WP3, WP4 and WP5 represent the actual core of the project, 
as the actual pre-normative research is performed there. They are arranged in parallel and - as 
explained in the above chapter on the impact related to the specific areas of the call – are exactly 
reflecting the generally accepted, three tiers explosion protection concept. So WP3 addresses 
“Release and Mixing”, WP4 “Ignition” and WP5 “Combustion”. Intentionally, each of this 
phenomena oriented work packages integrates analytical work, numerical simulation and 
experimental work related to the respective phenomena. This way a close collaboration of 
experimentalists and more theoretically oriented modellers will be achieved.  
 
The actual work program of these phenomena oriented work packages is based on a preliminary 
experimental program. Tests have been selected and ranked according to the partners’ insights and 
essentially referring to published research priorities, in particular those generated by the HySafe 
Research Priorities Workshops. The pre-normative aspect on one side and the limited budget on the 
other led to a focus on single effect tests at small to middle scale. Although about 2/3 of the total 
budget was allocated for the experimental work only a few large scale and integral tests could be 
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included. The preliminary list of experiments, shown for WP3 to WP5 in Tables 3.0a to 3.0c, include 
a few test series, for instance the BLEVE tests, which are marked by italic letters, which have to be 
considered as reserve . Only if, for whatever reason, another test series fails, the experiments turn out 
to be less expensive than planned, additional budget is raised, or a change of priorities after the initial 
workshop has been decided, such reserve tests might be executed within the standard PRESLHY 
program. It has to be stressed that the cost estimates for the suggested experiments still contain 
considerable uncertainties and are rather at their lower bounds. That means it might be necessary to 
adjust the actual number of variations and repetitions to stay within the planned total budget. 
 
Table 3.0a: Preliminary experimental program of WP3 “Release and Mixing” (experiments set italic 
are in reserve because of budgetary constraints) 

WP/ 
Exp. 
Nr. 

Phenomen
a/ 
Name 

Issue 
addressed/ 
Objective 

To be investigated Variation of Range of 
variables 

n of 
variati
ons 

Partner/ 
Test facility 

WP3 Release 
and Mixing 

            

E3.1 Small Scale 
Multi-
phase 
Release 

Discharge 
Coefficients of 
Pressurized or 
LH2 Releases 

pressure changes in bulk 
vessel 
temperature changes in a jet 
mass flow rate 
inertia (thrust), weight 

Initial pressure 0-200 bar 
(sub-
critical & 
supercriti
cal) 

4 KIT/ 
HYKA-H8(He) 
DISCHA-facility in 
Test chamber 
V = 2.867 dm³ 

  
  

BOS images, laser 
diagnostics of jet principle 
structure, potential wall 
attachment/ impingement  

Initial temperature 25-200K 4   

  
   

Nozzle shape and 
cross-sectional area 

 
4   

  
   

Extraction point 
(high/gaseous-
low/liquid & middle) 

 
3   

E3.2 Multi-
phase High 
Pressure 
Release 

Charcterisation 
of Pressurised 
LH2 releases 
using 
characteristic 
pipe diameters 

  Pressure, 
temperature, release 
type (length and 
diameter, 
orientation, thrust, 
discharge coefficient 

0-1000 
bar? (or 
highest 
pressure 
possible) 

t.b.d. HSL/ 
Suitable vessel 
required/system 
required  

    Scale up of E3.1 
wrt inventory, 
release rates & 
p 

          

E3.3 Mid-Scale 
Multi-
phase 
Release 

LH2 jets/near 
field cloud 
dispersion 

flash rate, momentum, 
velocity (Temperature 
pressure and concentration 
measurements in the near 
field from 0 to 1m),  
Cloud dispersion : 
temperature et 
concentration 
measurements (field 
instrumentation ~10 m) 

orifice size , pressure 5/15 mm ; 
0-10bar 

3 x 3 INERIS/ 
2 m3 vessel + 20 m 
line 
(1"ID)+discharge 
valve+calibrated 
orifice 

E3.4 Pool of 
LH2 

Evaporation a 
spill of LH2 

evaporation rate, cold gas 
mixing, O2 entrainment 

Material of the 
ground 

solid-
liquid-
porous 

3 KIT/ 
HYKA-H110(N2) 

  
 

1 m2 BOS imaging Initial temperature 77-300K 3   
  

  
temperature profile in a gas 

   
  

      concentr. profile in a gas         

E3.5 Rainout 
Tests 

LH2 Spray 
evaporation/ 
Pool formation  

evaporation rate, pool 
formation 

  release 
height 

3 HSL/ 
Pool facility 

          release 
up/down/
horizont. 

3   
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Fig. 3.3: Gantt chart for WP3 “Phenomena Release and Mixing” 

 
Table 3.0b: Preliminary experimental program of WP4 “Ignition” (experiments set italic are in 
reserve because of budgetary constraints) 

WP/ 
Exp. 
Nr. 

Phenomen
a/ 
Name 

Issue 
addressed/ 
Objective 

To be investigated Variation of Range of 
variables 

n of 
variati
ons 

Partner/ 
Test facility 

WP4 Ignition             

E4.1 General 
ignition 

fundamental 
ignition 
parameters 
(MIE, AIT) 

influence of the adiabatic 
mixing temperature on the 
standard ignition 
parameters 

Concentration/temp 4 to 75% 
H2, -
100°C to 
ambient 
(adiabatic 
mixing) 

10 
concen
trations
/temp 

INERIS/ 
Available mixing 
nozzle 

E4.2 Electrostat
ic ignition 
in cold jet 

Pressurized 
LH2 jet 

Electrostatic measurements Initial pressure 0-200 bar   KIT/ 
HYKA-A1 
"Paul Coupe"-
Facility 

  
  

Auto-ignition mechanism Initial temperature 33-200K 
 

  
  

  
BOS images of the jet Nozzle diameter 

  
  

      H2 concentration profile         

E4.3 Electrostat
ic ignition 
in cold 
plume 

Large scale cold 
cloud 
(combination 
with E3.5) 

Electrostatic measurements     6 HSL/ 
same as 3.5 

  
  

Auto-ignition mechanism 
   

  
  

  
BOS images of the plumes 

   
  

      H2 concentration profile         

E4.4 Ignition 
above pool 

a spill of LH2 ignition position Material of the 
ground 

solid-
liquid-
porous 

  KIT/ 
HYKA-H110 

  
 

1 m2 BOS imaging Initial temperature 77-300K 
 

same as E3.4 
      temperature profile in a gas         

E4.5 Condensed 
phase 
ignition 

Ignition of 
LH2/LOX/solid 
oxygen 
mixtures 

Composition, energy and 
types of ignition source 

Produce under 
idealised conditions 
to understand 
sensitivity and 
conditions for 
ignition. 

    HSL/ 
Blast test facility 

E4.6 Diffusion 
ignition of 
CcH2 

Pressure limits 
for spontaneous 
ignition  

Influence of temperature 
pipe diameter, length, 
orifice shape 

Initial p, T; pipe 
diameter, length, 
orifice shape, 
position of rupture 
membrane  

    KIT or HSL 
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Fig. 3.4: Gantt chart for WP4 “Phenomena Ignition” 

 
 
Table 3.0c: Preliminary experimental program of WP5 “Combustion” (experiments set italic are in 
reserve because of budgetary constraints) 

WP/ 
Exp. 
Nr. 

Phenomena/ 
Name 

Issue 
addressed/ 
Objective 

To be investigated Variation of Range of 
variables 

n of 
variati
ons 

Partner/ 
Test facility 

WP5 Combustion             

E5.1 Jet Fire Pressure and 
heat radiation 
effects 

Effects of variations on 
heat flux and dosis, 
temperature, max pressure 
and rise rate 

Mass LH2 /  
initial pressure 

0-200 g/ 
0-200 bar 

3 KIT/ 
DISCHA in  
HYKA-V220 

  
  

Measured with Nozzle diameter 1-4 mm 3 Q160 or H110 
  

  
High speed video, BOS, 
pressure and radiation 
probes (bolometers) 

Ignition location 0-2m 5 (similar E3.1) 

      
 

Ignition delay times 0-1s 4   

E5.2 Flame 
acceleration 
and  

H2-air 
mixture in 

Critical conditions for FA H2 concentration H2 
concentra
tion 

  KIT/ 
HYKA-H110 

   DDT at 
cryogenic 
temperatures 

obstructed 
tube 50 mm id 

Critical conditions for DDT Initial temperature 50-200K 
 

or HYKA-Q160 

  
  

Flame dynamics Initial pressure 1-5 bar 
 

  
  

  
Schlieren images 

   
  

  
  

Pressure measurements 
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    H2-air 
mixture in 
congested 
tube 0.7m id 

  Initial temperature H2 
concentra
tion 

    

E5.3 Flame 
propagation 
over a spill of 
LH2  

3x9 m2 floor  Flame dynamics (video), 
Pressure measurements, 
Temperature 
measurements, BOS 
images 

Initial temperature, 
Evaporation rate 
(derived in E3.4) 

33-300   KIT/ 
HYKA-H110 
(same as E3.4 and 
E4.4) 

E5.4 BLEVE LH2 Max radius of fireball Mass LH2 0-100 g   KIT/ 
HYKA-V220 

  
  

Max. time of fireball ignition delay 0-2 s 
 

or HYKA-V3 
  

  
Dynamics of fireball Initial pressure 1-10 bar 

 
  

      Pressure outside         

E5.5 Flame 
propagation 
in obstructed 
/confined 
cold cloud  

FA and DDT 
with real 
geometrical 
constraints  

Flame dynamics (video), 
Pressure measurements, 
Temperature 
measurements, BOS 
images 

Congestion, 
confinement, 
inventory, 
ambient conditions 

tbd tbd HSL 
 

 
 

 
Fig. 3.5: Gantt chart for WP5 “Phenomena Combustion” 

 
 
Via the special workshops, organised on a rotational basis at the different involved labs and in 
combination with the general meetings, an effective cross-cutting exchange of experience of 
experimentalists and modellers will be promoted. In NoE HySafe such workshops proved to be very 
successful means for raising the consortium expertise to a homogeneously high level. Special 
experimental and measurement techniques will be explained, experimental layouts will be optimised 
and a better understanding of the modellers regarding the experimental limitations and, vice versa, a 
better understanding of the limitations of simulations for experiment preparation and interpretation 
will be reached.  
 



 

[PRESLHY] 20 

Again with support of the general management the last work package “Implementation” will try to 
continuously extract the key findings of the pre-normative research packages and will integrate them 
and bring them into a suitable format for the relevant stakeholders group, mainly the standards 
developing organisations, the industry involved in respective LH2 technologies, further external 
scientific groups, insurance business, funding agencies and general public as potential end users. A 
special end of project workshop will be organised in Brussels to help in the communication and 
dissemination of the results. The most relevant external network, long-term perspectives regarding 
exploitation and maintenance of the project results will be provided by HYSAFE.  
The focus of the “implementation” work package lies in deriving least conservative but still validated 
engineering correlations for the critical phenomena. These correlations or criteria shall be suitable to 
evaluate the efficiency of conventional or innovative mitigation concepts. Thus the project results 
will further the development of performance based, risk-informed and internationally harmonised 
standards. These enable to increase the safety in design and operation of LH2 technologies in a public 
environment, potentially even at reduced costs. 
 
The general backbone of the project is provided by the management work package. It is responsible 
for all administrative and legal aspects, as well as for the internal and external communication. More 
details are given in the table below and in the chapter on management. 
 
The following table describes the partner contributions, objectives, work plan, deliverables and 
milestones for each work package in detail. 
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Table 3.1 a: Work package description  
 
Work package number  1 Start Date or Starting Event Month 1 
Work package title Management of the Project and Consortium 
Participant number 1 2 3 4 5 6 7 8 9 
Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months per 
participant: 8 0,5 0,5 1,5   0,5   0,5   

 
Objectives  
• Contractual, administrative and financial project management 
• Continuous project monitoring 
• Provide appropriate communication with FCH JU 
• Set up suitable means for internal communications 
• Providing and continuously developing the FAIR Data Management Plan 
• Setting up of a website suitable and other web services suitable for internal and external 

communications 
• Scheduling and organisation of meetings and organisational support for the workshops  
• Providing support for arranging the initial and end of project workshop 
• Providing support for the preparation of detailed implementation plans 
• Supporting the Advisory Board 
• Networking for suitable linking with external bodies (mainly SDOs) and further stakeholders 

 
 
Description of work 
Work package leader: KIT; partners involved: WP leaders and HYSAFE 
  
Task 1.1 – Contractual, administrative and financial project management 
The main objective of this task is the overall project management concerning contractual, 
administrative and financial aspects of PRESLHY and the effective communication with the FCH 
JU (e.g. outline, collection and submission of milestones and deliverables, cost statements, 
advanced payments and all needed reports). It is a goal to establish a lean administrative system 
capable of monitoring the progress of work packages and individual tasks as well as the progress of 
the whole project by use of an IT-based system. This includes an early warning system that allows 
for a timely interaction of the coordinator at first in case of significant deviation from the project 
schedule (e.g. date for milestones, deliverables and reports). This is a continuous task encompassing 
controlling the overall progress. It is covering all project periods. 
 
Task 1.2 – Data Management Plan 
PRESLHY will take part on a voluntary basis in the Pilot on Open Research Data. Therefore, the 
Management work package will develop a data management plan based on the template given in the 
guidelines on data management in the H2020 Online Manual, which will be published as a 
deliverable within the first 3 months of the project. This deliverable will evolve during the lifetime 
of the project in order to present the status of the project's reflections on data management. 
 
Task 1.3 – Internal communication and meetings 
This task is responsible for information exchange and knowledge flow among partners and work 
packages, as well as for a generally high level of interaction within the consortium. Typical 
instruments are email, project website with document repositories, collaborative document 
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processing, virtual and real meetings. Although the actual website development takes place in the 
Task 1.4 this task has to ensure that appropriate tools for internal communications are integrated in 
the general website development.  
Two general meetings per year with all project partners are scheduled. Additional WP1 
coordination meetings with all work package leaders might be organised separately on demand, 
preferentially via electronic means, or in combination with the initial and end of project workshops. 
Assistance for organising common internal workshops for experience exchange among 
experimentalist, SDOs and CFD experts or for the special initial and end of project workshops will 
be provided to the local organisers and to the responsible work package leaders. 
 
Task 1.4 – External communication, project website 
The task is generally responsible for the external communication, in particular for the project 
website. It will set up a database of relevant contacts of stakeholders, develop promotional material 
like a project flyer and a newsletter.  
As the PRESLHY website is a key instrument for dissemination, there will be a strong link to the 
WP6 activities. The HySafe Research Priorities workshop, IEA HIA Task 37 meetings as well as 
conferences, in particular the International Conference for Hydrogen Safety in September 2019 will 
be used for extensive dissemination. Besides developing the promotional material.  
Task 1.4 will coordinate development of presentations, papers and other material suitable for the 
respective events and support in particular work package 6 in the respective activities. 
On the other side, it will provide the gateway to all project activities and collect all requests and 
general input from all interested stakeholders worldwide.  
 
At the initial stage of PRESLHY for the project website development only the leading partner will 
be involved. After the completion of the website all other partners (leaders of activities and WPs) 
will participate by providing input for the website. The work will be separated into following 
detailed steps:  

• Website setup. Development of the structure and design of document repositories, database 
repositories and upload areas. Coding and testing of the prototypes and of the core 
components, including emailing, user management etc. Setup of internally accessible 
prototypical website composed of internal and external domain, testing and finally going 
public. 

• Support / administration. Administration and implementation of necessary modifications 
detected during website daily operations, maintenance of the informational repositories by 
leaders of sub-tasks and WPs. 

• Optimization of visibility and ranking of the website. Cross-referencing with partners 
websites, etc. 

• Availability of the website beyond the end of the project and compatibility/migration 
characteristics will be assured with the purpose of allowing a possible integration of the site 
within the International Association of Hydrogen Safety. 

The Task 1.3 obviously requires support by partner HYSAFE, who provides a unique international 
network and the required capabilities for maintaining and developing further the project results in 
the long term. 
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Deliverables (brief description (type, access, month of delivery) responsible partner) 
 
D1.1 Website including internal communication tools (other, public, month 3), leader KIT, partners 
all 
D1.2 Data Management Plan (public report, public, month 3), KIT 
 

 
 
Milestones (brief description, month) 
 
MS1.1 Kick-off Meeting, month 1 
MS1.2 2nd Project Meeting, month 9 
MS1.3 3rd Project Meeting, month14 
MS1.4 4th Project Meeting, month 21 
MS1.5 5th Project Meeting, month 26 
MS1.6 Final Project Meeting, month 35 
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Work package number  2 Start Date or Starting Event Month 1 
Work package title Technical Strategy and State-of-the-Art 
Participant number 1 2 3 4 5 6 7 8 9 
Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months per 
participant: 1 3,5 1 1,5 0,5 1 0,5 1 0,5 

 
 
Objectives  
• Setting the stage of the project by summarising the State-of-the-Art 
• Defining the critical knowledge gaps for LH2 industrial use in energy applications 
• Identifying the key scenarios and involved elementary phenomena 
• Providing a refined Work Program for the core technical WPs 

 
 
Description of work 
Work package leader: AL; Partners involved: all  
 
Task 2.1 – State-of-the-Art 
This task will be initiated with a literature survey on LH2 hazardous phenomena with a special 
focus on the open bibliography from space applications (NASA, German DLR...) and on 
communications from the Internal Conference on Hydrogen Safety.  
In a second step, classical LH2 installations will be described (liquefiers, LH2 trucks filling centres 
and LH2 based charging stations for vehicles, trains and buses). All partners will try to arrange 
visits on industrial sites, best in combination with general meetings or with other opportunities 
where PRESLHY partners will be present (at Waziers liquefier and Airbus Safran Launchers site in 
Vernon, LH2 based refuelling stations, or the ARIANE test stands at DLR Lampoldshausen, for 
instance). These site visits shall help the PRESLHY safety experts to deepen their technical 
insights, visualize and understand the respective technology and system layouts.  
 
Task 2.2 – Analysis of Standards and Regulation 
-This task is dedicated to the survey on the existing Regulations, Code and Standards (RCS) as well 
as the industry best practices from European and American Gas Association (EIGA) and 
Compressed Gas Association (CGA). The existing RCS developed for small scale LNG 
applications (trucks, boats) will be also examined considering the analogy in the applications. Based 
on this survey, recommendations and prioritization on the subjects covered by RCS will be given. 
This task will be in collaboration with ISO TC197 members from AL and HYSAFE. 
 
Task 2.3 – Research Priorities Workshop 
For assessing the knowledge gaps associated with LH2 safety for energy applications Phenomena 
Identification and Ranking Table (PIRT) method will be used. This approach was successfully 
applied to nuclear technologies since it was first developed and applied in the late 1980s. The PIRT 
is a systematic standardised way of gathering information from experts on a specific subject, and 
ranking the importance of the information, to meet decision-making objective, e.g., determining the 
highest priority for the research. 
The NoE HySafe applied the same methodology in 2005 to prioritise hydrogen safety research topic 
in general. PRESLHY will redo this exercise with a focus on LH2 in this task. In advance to the 
initial open Research Priorities Workshop a PIRT questionnaire will be prepared and widely 
distributed thanks to the large network of HYSAFE. Then at the workshop the further processed 
answers of the questionnaire will presented and discussed. Together with the other material 
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prepared for this workshop, the literature survey and technology description, a risk and knowledge 
weighted ranking of the respective safety knowledge gaps will be performed. 
 
Task 2.4 – Refinement of the Program 
The preliminary experimental program for WP3, WP4 and WP5 laid down in the following detailed 
descriptions of these phenomena oriented work packages will be refined. The outcome of this task 
will harmonize the experimental and modelling work programs with PIRT and RCS inquiries and 
with further input of the Advisory Board. 
 

 
 
Deliverables (brief description and month of delivery) 
 
D2.1 State-of-the-Art analysis (public report, month 3), Leader AL, partners all 
D2.2 LH2 installation description (confidential report, month 4), Leader AL, partners all 
D2.3 RCS analysis (public report, month 3) Leader HYSAFE, partners all 
D2.4 PIRT Analysis (public report, month 4), Leader AL, partners all 
D2.5 Refined Work Program (public report, month 5) Leader AL, partners all. 
 

 
 
Milestones (brief description, month) 
 
MS2.1 Research Priorities Workshop, month 4 
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Work package 
number  

3 Start Date or 
Starting Event 

Month 1 

Work package title Phenomena Release and Mixing 
Participant 
number 1 2 3 4 5 6 7 8 9 

Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months per 
participant: 2 2 9   2 12 8 4 3 

 
 
Objectives  
 
Close knowledge gaps, develop and validate suitable models for phenomena relevant to release and 
mixing of LH2. Develop empirical and semi-empirical correlations when applicable. The 
phenomena include, but are not limited to 
• Flashing multiphase, multicomponent release phenomena 
• Mass and heat transfer including phase transition (evaporation, condensation and freezing of 

contaminants) in pools, plumes, jets and sprays 
• Free cryogenic jet principle structure, morphology and behaviour in realistic conditions 

including flammable envelope 
• Heat transfer effect on hydrogen concentration in impinging and/or wall attached jets 
• Effect of wind speed and direction on large-scale LH2 releases 
• Release and dispersion in confined and obstructed spaces, including pressure-peaking 

phenomena  
 

 
Description of work 
Work package leader: NCSRD; Partners involved: all 
 
Task 3.1 – Theory and Analysis 
This subtask will at first stage focus on generating consensus regarding the current knowledge and 
underlying theory of cryogenic hydrogen release and dispersion. This will be done by collecting and 
critically reviewing existing information in order to identify gaps in understanding of related 
physical phenomena, gaps in modelling and experiments in close cooperation with WP2. 
At second stage this subtask will concentrate on proposing a clear roadmap for closing the 
identified gaps. This will include a revised experimental program, followed by new modelling 
strategies and implementation in new simulations programs. A strong interaction between modellers 
and experimentalists will enable understanding the challenges each side is facing and will lead to 
design of better experiments and improved prediction strategies. 
 
The following topics/phenomena will be critically examined: 
• Two-phase multicomponent flow and dispersion / mathematical closures 
• Turbulence modelling in two phase flow multicomponent mixtures / droplet-particle effects 
• Physical properties of H2 and two-phase multicomponent mixtures of H2 with air 
• Phase change / flashing / droplet-particle diameters 
• Cryogenic H2 release / source estimation / virtual nozzle approach 
• Cryogenic pool formation-evolution / mathematical closure 
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• Ground heat transfer / mixed convection / boiling 
• Effects of condensation / freezing of air components (O2, N2, H2O)  
• Comparison between cryogenic H2 and other cryogenic substances (Helium, Natural gas) 
• The similarity law for momentum dominated cryogenic jets for use in calculation of hazard 

distances for unignited releases of cryogenic hydrogen. 
 
UU will analysis the applicability of notional nozzle theory and volumetric release source concept 
for prediction of concentration decay in cryogenic under-expanded jets. 
 
Task 3.2 – Simulations 
The simulations program (refined by work package 2 and steadily tuned via task 3.1) will cover 
both release and dispersion phenomena and consists of the following steps: 
• Further validation based on existing experiments 
• Pre-test simulations for new experiments 
• Validation based on new experiments 
• Simulations of realistic complex scenarios 
Inter-comparison between partners’ simulations will be performed to assess performance of 
different codes and modelling approaches. Simulations will follow (possibly update) CFD 
guidelines as suggested by SUSANA project. 
NCSRD will be active in all planned simulations using the ADREA-HF CFD code. NCSRD will 
develop a multicomponent boiling pool model. NCSRD will implement explicit modelling of phase 
change rates to be compared with existing Raoult methodology for estimation of phase distribution 
of two phase multicomponent mixtures. 
 
KIT will be active in most release and mixing simulations applying the KIT GASFLOW-MPI code. 
GASFLOW-MPI is especially suited for those experiments involving compressibility effects, heat 
transfer including radiation and real gas effects. The current pool model in the code was designed 
for water pools. However, it is intended to adapt the respective material model to LH2 in the course 
of the project. 
 
UU will simulate, using UU models and Fluent as a computational engine, the experiments on 
multi-phase release with inclusion of conjugate heat transfer considerations as per Task 3.3. The 
expected result is validated CFD model of conjugate heat transfer during release from LH2 storage. 
could the validated model will be used as a contemporary predictive tool for hydrogen safety 
engineering to reliably calculate, in particular, the mass flow rate from LH2 tank to properly predict 
the dynamics of an accident escalation. 
 
For two-phase LH2 jets, HyFOAM code, developed at UWAR within the frame of the open source 
CFD code OpenFOAM® tool box, has been modified to take into consideration the rapid pressure 
drop and delay in the phase change which characterises flash boiling and interfacial heat transfer. 
The Homogeneous Relaxation Model (HRM) has been implemented in particular to facilitate the 
calculations of heat transfer under flashing conditions accounting for the non-equilibrium vapour 
generation. Building on the basis of validations completed using the NASA experiments involving 
liquid nitrogen jets and the series of experiments from the FLIE project investigating flashing 
releases of R134A (1,1,1,2 – Tetrafluoroethane: CF3-CH2F), UWAR will implement properties of 
cryogenic hydrogen jets and some fine tuning to facilitate the modelling of flashing multiphase, 
multicomponent release of cryogenic jets and plumes. UWAR intend to simulate (1) Small scale 
multiphase release experiments of KIT (E3.1), and in case of inclusion to the actual experimental 
program the (2) multiphase high pressure release experiments of HSL (E3.2), and (3) mid-scale 
multi-phase release experiments (E3.3). Experiment series (2) and (3) are currently only in the 
reserve block. 
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For liquid hydrogen (LH2) pool, UWAR will conduct numerical simulations of the release 
scenarios to be tested using HyFOAM, which couples the 2D Shallow Water (SW) Equations with 
finite area method with two 3D models: the first simulates heat convection inside a water basin 
substrate during spill, and the second models dispersion of gas in the atmosphere. HyFOAM is 
versatile than the integral approach that is limited to circular pools and capable of incorporating the 
effects of ambient conditions. Validation of the model has already been conducted with published 
experimental data. UWAR will simulate spill and spread of LH2 and the subsequent dispersion of 
the hydrogen (H2) gas in the LH2 pool experiments to be conducted by KIT (E3.4) and the rainout 
experiments at HSL (E3.5). 
 
INERIS is involved in several cryogenic spreading experimental campaigns (LN2 and GNL). Based 
on this experience, INERIS will contribute to the development of simple tools based upon 
correlations. 
 
Task 3.3 – Experiments 
The aim of the experimental program is to generate high quality experimental data on two phase 
cryogenic hydrogen release and dispersion in simple but realistic accidental scenarios. The new data 
will increase our understanding of the relevant phenomena and provide the basis for model 
validation. Steps will be taken to minimize the experimental uncertainty due to ambient conditions 
variability and inadequate knowledge of conditions at the release nozzle. Ambient conditions 
variability is minimized by performing some relevant experiments indoors. Indoor safety 
requirements though limit the used inventory and therefore extrapolation to large scale problems 
(larger inventory) necessitates experiments in open space. Adequate experimental conditions at the 
nozzle on the other hand require experimental determination of jet momentum in addition to mass 
flow rate, nozzle pressure and temperature. 
The experimental program (to be further tuned in task 3.1) is comprised of five experimental 
campaigns. First two E3.1 and E3.2 focus mainly on two-phase jets discharge data, the second 
being the scaling up of the first to larger release rates. The next two E3.3 and E3.4 focus mainly on 
investigating the near field two-phase dispersion region of two-phase jets (E3.3) and LH2 pools 
(E3.4). The last E3.5 aims at investigating the potential for pool formation. 
Open issues related to impingement and dispersion in confined spaces could be partially addressed 
in combination with the experimental series dedicated to electrostatic build up E4.2. Those tests 
allow large numbers of variation and are accommodated in the KIT test cell Q160, which evidently 
represent closed space environment.  
 
E3.1 Small scale multiphase release experiments (KIT) 

Main objective is to investigate transient two-phase discharge 
of cryogenic hydrogen jets in order to develop engineering 
correlations and provide experimental data for model 
validation. Dispersion measurements will also be performed to 
study the cryogenic jet structure and hazard distances. 
Tests will be performed at DISCHA-facility (KIT HYKA 
V220, test cell Q160 or vessel H110) (confined space) using a 
cryogenic vessel of 2.867 dm³; with capacity up to 200 gLH2. 
Release measurements will include time variation of pressure 
and temperature inside the tank, along the release pipe and at 
the exit nozzle, variation of tank weight and thrust. Mass flow 
rate, exit velocity and exit vapour quality will be derived from 
the raw data. Dispersion measurements will include BOS 
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images of the jet and concentration profiles (hydrogen, oxygen and humidity) using sampling 
probes. Ambient conditions (temperature, pressure, humidity) will be monitored. 
The range of parameters to be examined is: 4 storage pressures in the range (1-200 bar), 4 storage 
temperatures in the range (25-200K), 4 release diameter sizes (0.5-4 mm), 3 tank extraction points 
(top/gaseous, bottom/liquid, intermediate). 
 
 
E3.2 Multiphase high pressure release experiments 
Main objective is these potential experiments is the scaling up of experiments E3.1 to larger 
inventory, release rates and pressures (up to 1000 bar or highest pressure possible). 
Experiments could be performed at HSL facilities (open space). 
Release measurements should include: time variation of pressure and temperature inside the tank, 
along the release pipe and at the exit nozzle, variation of tank weight and jet inertia. Mass flow 
rate, exit velocity and vapour quality, as well as detailed dispersion characteristics close to the 
release point should be derived. 
Due to the open environment measurements will include detailed variation of ambient atmospheric 
conditions (temperature, pressure, humidity, wind speed and direction) at the site. 
Due to budgetary constraints and the required investments these tests have been removed from first 
priorities and are part of the reserve experimental program only. 
 
 
E3.3 Mid-scale multi-phase release experiments 
Main objective of these potential series is to investigate the near field of LH2 jets and provide data 
for two-phase CFD model validation. 
Release measurements should include: time variation of pressure and temperature inside the tank, 
along the release pipe and at the exit nozzle, variation of tank weight and jet inertia. Mass flow 
rate, exit velocity and exit vapour quality should be derived. Near field dispersion tests (0-1m from 
nozzle) should include temperature, pressure and concentration measurements (hydrogen, oxygen 
and humidity). Far field dispersion tests (up to 10m) should also be performed including 
temperature and concentration measurements. Finally, due to the open environment measurements 
should include detailed variation of ambient atmospheric conditions (temperature, pressure, 
humidity, wind speed and direction) at the site. 
The range of parameters to be examined is: 3 nozzle diameters in the range (5-15 mm), 3 storage 
pressures in the range (1-10 bar). 
Due to budgetary constraints and the required investments these tests, potentially performed at 
INERIS site, have been formally removed from first priorities and are part of the reserve 
experimental program only. However, an essential part of these experiment is implicitly included in 
the ignition related tests of KIT E4.2.  
Additionally a part of the information test series E3.3 should generate INERIS will extract from 
concentration field data from helium spreading performed in 1995. Temperatures and 
concentrations were recorded in the cloud during pool evaporations. Pools were fed from mobile 
tanks with nozzles to annihilate the momentum of the jet. Some information is also accessible as for 
the evaporation rate and pool size. The work proposed here is data processing and actually will be a 
contribution to Task 3.1. 
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E3.4 LH2 pool experiments (KIT) 
Main objective is to investigate the evaporation rate from 
an LH2 pool and the cold gas mixing phenomena in the 
near field above the pool. The experimental data will be 
used for validation of pool models and CFD dispersion 
models. 
Tests will be performed at the closed vessel facility 
HYKA-H110 of KIT, possibly N2 or He inerted, applying a horizontal frame, respectively isolated 
ground plate with about 1m2 surface for the LH2 pool. Measurements will include: evaporation rate, 
temperature profile (heat flux) in the ground, BOS imaging, temperature profile in the gas, 
concentration profile in the gas (hydrogen, oxygen and humidity with sampling probes), velocity 
profile in the gas and ambient atmospheric conditions (temperature, pressure, humidity). 
Measurements will permit investigation of oxygen, nitrogen, humidity entrainment within the pool 
as well as potential for oxygen enrichment in the gas. 
The range of parameters to be examined is: 3 ground materials (solid, liquid, porous), 3 initial 
ground temperatures in the range (77-300 K). With a special ventilation system installed different 
cross-wind conditions will be simulated. 
 
E3.5 Rainout experiments (HSL) 
Main objective is to investigate LH2 vaporization / pool formation for elevated release points. 
Experiments will be performed at HSL facilities (open space). 
Release measurements will include time variation of pressure and temperature inside the tank, along 
the release pipe and at the exit nozzle, variation of tank weight and jet inertia. Mass flow rate, exit 
velocity and exit vapour quality will be derived from the raw data. Spray vaporization – possibly 
only integral performance – and pool formation be measured, partially by optical measurement. 
Due to the open environment measurements will include detailed variation of ambient atmospheric 
conditions (temperature, pressure, humidity, wind speed and direction) at the site. 
The range of parameters to be examined is: 3 release heights, 3 release directions (horizontal, 
vertical downwards and vertical upwards). 
 

 
 
Deliverables (brief description and month of delivery) 
 
D3.1 Theory and Analysis of cryogenic hydrogen release and dispersion (public report, month18), 
Leader NCSRD, partners all. 
D3.2 Computational investigation of cryogenic hydrogen release and dispersion (public report, 
month 36), Leader NCSRD, partners all. 
D3.3 Experimental investigation of cryogenic hydrogen release and dispersion (public report, 
month 36), Leader KIT, partners all. 
D3.4 Summary of experiment series E3.1 results (confidential report, month 11), PS 
D3.5 Summary of experiment series E3.4 results (confidential report, month 19), PS 
D3.6 Summary of experiment series E3.5 results (confidential report, month 22), HSL 
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Milestones 
 
MS3.1 Experiment series E3.1 started, month 5 
MS3.2 Experiment series E3.1 completed, month 8 
MS3.3 Experiment series E3.4 started, month 12 
MS3.4 Experiment series E3.4 completed, month 16 
MS3.5 Experiment series E3.5 started, month 13 
MS3.6 Experiment series E3.5 completed, month 19 
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Work package number  4 Start Date or Starting Event Month 1 
Work package title Phenomena Ignition 
Participant number 1 2 3 4 5 6 7 8 9 
Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months per 
participant: 2 2 9   5 2 8 2 3 

 
Objectives  
 
To identify and understand the ignition risks associated with situations unique to liquid hydrogen 
releases, where factors of cryogenic temperatures are significant. Ares of particular interest are: 
ignition potential at reduced temperature in the vapour phase; electrostatic charging in 
liquefied/multiphase mixtures; and energetic multiphase mixtures of hydrogen and oxygen.  
 
The key objective is to understand the impact of these particular circumstances on the likelihood of 
ignition, and to confirm the prioritisation of phenomena for further study within the project. The 
key phenomena are: 

• Electrostatic charge generation and build up associated with multi-phase releases/ mixtures. 
• Evaluation and characterisation of processes that may lead to mixed H2 and O2 
• Ignition of mixed solid/liquid/gas phase involving H2 and O2. 
• The susceptibility of H2/O2 mixtures to ignition by various means.  
• Flammability characteristics for low temperature. Generally where not of interest to spills in 

the open (as controls for room temperature are worst case) potential mixtures in containers/ 
process vessels need this information.  

• Other ignition phenomena (spark, fire, catalytic materials, radiation, “diffusion ignition”…). 

 
 
Description of work 
Work package leader: HSL; Partners involved: all 
 
Task 4.1 – Theory and Analysis 
This subtask will at first focus on generating consensus regarding the current knowledge (data) and 
underlying theory of cryogenic hydrogen accident ignition scenarios. The primary aim is then to 
understand scenarios that are unique to LH2, which may not have been previously addressed and 
may introduce novel, previously unobserved and poorly understood pathways to ignition. This will 
be done by first collecting and critically reviewing existing information in order to identify gaps in 
understanding of related physical phenomena and their control. 
 
Secondly, this subtask will concentrate on proposing a clear roadmap for closing the identified gaps. 
This will include a new experimental program, followed by strategies for analysis. A strong 
interaction between theorists and experimentalists will enable understanding the challenges each 
side is facing and lead to a better design of experiments and improved prediction strategies. 
The following topics/phenomena will be critically examined:  
• Potential for electrical charge generation and accumulation from flowing LH2 and relevance to 

foreseen activities. 
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• Behaviour of multiphase cryogenic mixtures to help understand capacity to form flammable/ 
energetic/ explosive hazards. 

• Sensitivity of multiphase mixture to ignition by a range of stimuli with relevance to spillage 
accident scenarios, scenario escalation and emergency response. 

 
Task 4.2 – Simulations 
Relationships between the standard ignition parameters (Flammability domain, MIE,,...) and the 
practical ignition sources will be established on the theoretical basis and the lacks will be 
highlighted. For instance, the minimum ignition power might be more useful than the MIE for 
certain ignition source that may not be of practical importance for other fuels like vibrations, 
ultrasonic. The evolution of the relevant ignition parameters with the initial temperature will be 
assessed from this theoretical basis. The numerical simulation hereafter will help to clarify key 
points like the variation of the combustion induction time with the temperature at work in the 
diffusion ignition mechanisms. 
 
The work package will also include simulations by UU of: 
• Model spark ignition of cryogenic hydrogen-air mixtures with air accounting for chemical 

kinetics 
• Diffusion ignition simulations to understand the impact of enhanced density of cryogenic releases 

on the shock ignition process, and the trade off against increased difficulty of igniting cold H2/ 
air mixtures. 

• Studies to understand phenomena associated with cryogenic mixtures of H2/O2 and their 
formation/ ignition. 

 
 
Task 4.3 – Experiments 
 
E4.1 General ignition parameters (INERIS) 
Existing equipment will be adapted to investigate the evolution of the standard ignition parameters 
as function of the temperature of the mixtures within the range -100°C to 20°C which should be that 
of the LH2 vapour air mixtures in adiabatic conditions (this point will be demonstrated on the basis 
of available private data). The device is a 20 to 30 cm transparent tube (vacuum insulated) in which 
the desired mixture is prepared by mixing GH2, GN2, GO2 and LN2 in a continuous flow. Note the 
velocity can be changed independently from the temperature and the concentration. A rather new 
spark device system is available to find the MIE and is working properly for hydrogen. 
MIE and the flammability domain would be the main interest, but if the theoretical analysis 
necessitates other parameters will be investigated. In particular, the burning parameters (laminar 
burning velocity and expansions ratio) will be extracted from the flame ball development to help 
interpretation of the data from WP5. 
15-20 tests will be performed by varying the concentrations, the temperature and the velocity. 
 
The electrical resistivity of LH2 is reported to be very high, ca. 1017 Ω m, (Willis 1966) and 
capable of retaining electrical charge for long periods, although the low number of free charge 
carriers may limit the rate at which charge could be generated. In the experimental series E4.2, E4.3 
and E4.5 HSL will work with KIT to help understand electrostatic charging produced by flowing 
LH2 and the potential for this charge to be accumulated and released energetically, and whether 
such discharges could cause ignition. 
 
E4.2 Electrostatic ignition in cold jet (KIT) 
KIT will investigate the generation of electrostatic charge using their Cold-Jet-Facility (in KIT-
HYKA test chamber Q160 or in HYKA vessel H110) to produce pressurized flow jets of LH2.  
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Parameters to be varied will be initial pressure (0-200 bar), initial temperature (33-200 K) and the 
nozzle diameter. 
The measurements of the resulting jets will then include electrostatic measurements, BOS imaging, 
H2 concentration profiles and measurements on the auto-ignition mechanism. 
The measurements of the resulting jets will then include: 
- Electrostatic measurements, 
- BOS imaging, 
- H2 concentration profile, and 
- Auto-ignition mechanism. 
Part of these tests might be useful for the purposes described in the E3.3 test series. That means, 
that with appropriate measurement the jet structure close to the release point might be resolved 
optically and the derived results might be used for the release and mixing analyses in WP3. 
 
E4.3 Electrostatic ignition in cold plume (HSL) 
HSL will measure the electric field produced 
by the condensed mist to allow an estimate of 
the average charge density and maximum 
potential of the cloud. 
 
The wall current of an electrically isolated 
section of the LH2 discharge piping could be 
measured, allowing an estimate of charging 
rate within that section of pipe (assuming that 
the charge relaxation time of the liquid is long 
compared to the residence time in the pipe). 
 
The charge density of the LH2 could be 
measured by collecting the liquid in a 
Faraday Pail (electrically and thermally 
insulated container). It may also be possible 
to assess the electric field above the pool 
thus formed, or try to draw a discharge from 
the pool surface. 
 
A small number of releases will be used to; 
measure the electrostatic field, measure the 
specific charge density of the LH2 and 
measure the current on the wall of a length of pipe. These experiments will provide base level 
electrostatic measurements to draw practical implications from 
 

        



 

[PRESLHY] 35 

 
E4.4 Ignition of a spill of LH2 (KIT) 
KIT will produce 1 m2 liquid pools of hydrogen in their facility HYKA-A1. They will control the 
environment within the facility to produce idealized spills of liquid H2 with dry atmospheres above 
by keeping the mass flow LH2 equal to the natural evaporation rate. They will look to ignite the 
mixtures. The parameters to be investigated are: 3 ground materials (solid-liquid-porous), initial 
temperature (77-300 K), ignition position, ignition energy and ignition source (spark or hot surface). 
Measurements will include BOS imaging, as well as temperature and concentration profile in gas, 
distant pressure measurement as an evidence of strong ignition/explosion. 
 

 
 
 
 
E4.5 Ignition of H2/condensed O2 phase (HSL)  
HSL will investigate cryogenic H2 and O2 under idealised conditions to understand ease of 
ignition. HSL will generate three multiphase mixtures by releasing LH2 vertically downwards for a 
fixed duration. Each multiphase mixture will be exposed to a different stimulus that could 
foreseeably represent hazards on a forecourt. The stimuli will be sparks, metallic impact and a 
pressurised water-jet. Pressure measurements and video footage will be collected. 
 
HSL will collect LH2 in an insulated vessel and introduce oxygen to create the idealised conditions 
(as shown in the schematic below); this mixture will be exposed to the same stimuli as the 
multiphase mixtures generated through LH2 releases. Comparisons will be drawn from the results 
of the two experiments and their behaviour towards the stimuli they are exposed to.  
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E4.6 Diffusion ignition tests of cryo-compressed hydrogen 
It was realised that it might be important to determine experimentally the power pressure limit after 
which cryo-compressed hydrogen could be spontaneously ignited during sudden release. 
The variables for such an experimental program should be similar to gaseous diffusion ignition 
tests (cross-section, shape and length of release pipe, position of membrane, etc.). The main 
measurement would be the pressure at which the membrane ruptures. 
Due to budgetary constraints and the required investments these tests have been removed from first 
priorities and are part of the reserve experimental program only. 
 

 
 
Deliverables (brief description and month of delivery) 
 
D4.1 Theory and Analysis of Ignition with specific conditions related to cryogenic hydrogen (public 
report, month 18), Leader HSL, partners all. 
D4.2 Computational investigation of cryogenic hydrogen release and dispersion (public report, 
month 36), Leader HSL, partners all. 
D4.3 Experimental investigation of cryogenic hydrogen release and dispersion (public report, 
month 36), Leader HSL, partners all. 
D4.4 Summary of experiment series E4.1 results (confidential report, month 11), INERIS 
D4.5 Summary of experiment series E4.2 results (confidential report, month 29), PS 
D4.6 Summary of experiment series E4.3 results (confidential report, month 25), HSL 
D4.7 Summary of experiment series E4.4 results (confidential report, month 22), PS 
D4.8 Summary of experiment series E4.5 results (confidential report, month 30), HSL 
 

 
 
Milestones 
 
MS4.1 Experiment series E4.1 (INERIS General Ignition Properties) started; month 5 
MS4.2 Experiment series E4.1 completed; month 8 
MS4.3 Experiment series E4.2 (KIT/PS Electrostatic Charge) started; month 21 
MS4.4 Experiment series E4.2 completed; month 27 
MS4.5 Experiment series E4.3 (HSL Ignition of Cold Plume); month 18 
MS4.6 Experiment series E4.3 completed; month 23 
MS4.7 Experiment series E4.4 (KIT/PS Ignition above pool) started; month 16 
MS4.8 Experiment series E4.4 completed; month 19 
MS4.9 Experiment series E4.5 (HSL Ignition of condensed phase) started; month 25 
MS4.10 Experiment series E4.5 completed; month 28 
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Work package number  5 Start Date or Starting Event Month 1 
Work package title Phenomena Combustion 
Participant 
number 1 2 3 4 5 6 7 8 9 

Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months 
per participant: 6 4 4     7 12 4 3 

 
Objectives  
 
The objectives of this work package are:  

- to complete the experimental database on cryogenic LH2 combustion, including laminar 
steady state and turbulent combustion and detonation of LH2 and gaseous hydrogen in air at 
cryogenic temperatures,  

- to analyse experimental data in order to develop and validate existing or generate new 
models for LH2 combustion, and  

- to develop empirical and semi-empirical engineering correlations for practical applications.  
 
The phenomena include, but are not limited to: 

• LH2 jet fire behaviour, including scaling and radiation properties 
• Burning LH2 pool behaviour, radiation characteristics 
• Cryogenic hydrogen combustion in a layer geometry relevant to flame spread over the spill 

of LH2 
• Flame acceleration and deflagration-detonation-transition for cryogenic hydrogen-air clouds 

in an enclosure. 
• BLEVE 
• LH2 combustion in an enclosure. Effects of pressure, temperature, heat radiation, 

convection, geometry, pressure peaking, etc. 
The major characteristics to be investigated should be the pressure, temperature, heat flux, and 
dynamics of the processes. Effects of scale and turbulence should also be considered as parameters 
of the processes. Similar to LH2 distribution the combustion analysis shall include confinement 
geometry and obstructions. 
 

 
Description of work 
Work package leader: KIT; Partners involved: all 
 
Task 5.1 – Theory and Analysis 
The theory and experimental data analysis will be done by literature survey in order to specify the 
knowledge gaps in understanding of related physical phenomena, in both modelling and 
experiments.. The theory of cryogenic hydrogen combustion is based on general theory of 
combustion with difference that the state of combustible matter is condensed, heterogeneous, or at 
least a non-ideal. Independent of the low cryogenic temperature, the danger of cryogenic hydrogen 
combustion could be worse than at ambient temperature and pressure because of 5-10 times higher 
density of combustible matters. How this balances against the lower hydrogen reactivity at 
cryogenic temperatures is clearly of great importance. 
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The experimental program will then close the specified knowledge gaps identified. The strategy for 
modelling and numerical simulations will then be oriented at the question, how to validate against 
the new and existing experimental data. The feedback between experimental results and recent 
models and simulations should then lead to better understanding of the process, capability to predict 
characteristics of the processes for LH2 combustion, and produce a set of simplified engineering 
correlations to predict the hazards of LH2 combustion.. 
Special attention will be paid to the following: 

• Combustion under cryogenic temperatures, at the conditions of very dense real gas state, 
close to condensed phase density. 

• Heterogeneous combustion in the presence of condensed (liquid or solid) oxygen, nitrogen, 
CO2 and H2O. 

• Effect of cryogenic temperatures on thermodynamics and kinetics of combustion process 
leading to several times lower speed of sound and viscosity of the gas 

• Simultaneous combustion and flush evaporation of hydrogen above the spill of LH2 
• Effect of inverse hydrogen concentration gradient (higher hydrogen concentration at the 

ground level) on combustion dynamics in a layer geometry. 
• Radiation characteristics of LH2 combustion. 

 
Task 5.2 – Simulations 
The CFD simulations will be based on existing codes and physical models with data from the 
literature survey, and then with the experimental data produced within the project. There will then 
be further development of numerical models based on the new experimental data and the validation 
of the modelling versus experiments. The numerical modelling program will cover all phenomena 
for LH2 combustion with characteristic peculiarities and will consist of several steps: 

• The development of numerical models based on the theory and recent experimental results 
• Pre-test simulations of all phenomena for cryogenic LH2 combustion 
• Validation against new combustion experiments 
• Competitive comparison or numerical results between partners’ simulations  
• Simulations of real accident scenarios relevant to LH2 combustion 
• Generation of simplified engineering correlations for safety analysis 

The development of numerical models will be based on the theory and include the specific initial 
conditions for LH2 at cryogenic temperatures, taking into account non-ideal state of the gas and 
multi-phase composition. All phenomena relevant to LH2 combustion should be specified and then 
analysed to evaluate the lack of existing numerical models to be covered within the project. The 
existing models should be adjusted specifically to LH2 combustion to be able to simulate all the 
phenomena specified.  
All the phenomena relevant to LH2 combustion (jet fire, LH2 burning pool, flame spread in a layer 
over the LH2 pool, flame propagation regimes in an enclosure at cryogenic temperature, BLEVE, 
pressure and thermal loads under confined and partially confined conditions) will be simulated 
blind with different CFD codes GASFLOW-MPI (KIT), COM3D (KIT), FLUENT (UU), ADREA-
HF (NCSRD), HyFOAM (UWAR). Dynamics of the relevant processes with pressure and 
temperature records, predicting the different flame propagation regimes and hazards to surrounding 
objects should be numerically predicted. 
In particular, UWAR will build on from its considerable experience in modelling spontaneous 
ignition in pressurised hydrogen release and the subsequent jet fires incorporating robust radiation 
models which retain the band variability of radiative properties in hydrogen jet fires using 
HyFOAM. UWAR will conduct numerical simulations of jet fires under different weather 
conditions to be tested by KIT (E5.1), LH2 and/or cryo-compressed tank rupture in a fire: fireball 
and blast wave dynamics and pre-mixed combustion phenomena with cryogenic hydrogen (E5.3 
and E5.5). These studies will benefit considerably from HyFOAM’s improved premixed 
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combustion treatment with turbulent flame speed correlation, which accounts for the Lewis number 
effect and Darrieus-Landau instabilities and modified laminar flame speed correlation for different 
equivalence ratios. 
UU will develop and validate models for simulation of radiation from cryogenic jet fires. The CFD 
implemented model will be used as a design tool to assess thermal hazards aside of the cryogenic jet 
fire axis, where the correlation for hazard distances based on the flame length cannot be applied. 
User defined functions will be implemented into the code to compute thermal dose at different 
locations. The simulations of pressure peaking phenomenon for cryogenic release indoors or 
BLEVE would be carried out depending on which set of experimental data will be available. The 
conclusions derived after processing the CFD simulations will inform the guidelines and relevant 
RCS.  
Finally, the developed and improved numerical models should be implemented to CFD codes and 
then validated against recent experimental results to be able to simulate the phenomena with lack of 
the knowledge. For instance, cryogenic jet fires including thermal radiation hazards and thermal 
dose, heat transfer with ground and surroundings, effect of confined/obstructed geometry and 
potential for pressure peaking, relevant to BLEVE. LH2 and/or cryo-compressed tank rupture in a 
fire: fireball and blast wave dynamics, flame dynamics in different geometry with a modelling of 
flame acceleration and even DDT (KIT) should be simulated as demonstration or bench-mark 
numerical simulations.  
Competitive comparison between partners’ simulations will be performed to choose the most 
advanced numerical models to be shared between all participants. Best-fitted numerical simulations 
can then be used to generate the engineering correlations for practical use in safety analysis.  
 
Task 5.3 – Experiments 
The main scope of the experimental program is to complete the high quality experimental data base 
for cryogenic or LH2 combustion in different layouts for better understanding of the phenomena 
and to provide the data for numerical codes to allow risk assessment. The forthcoming experiments 
will cover the lack of data on gaseous and multi-phase combustion of LH2 in air at cryogenic 
temperatures approaching to realistic accident scenarios. These will be carefully selected to ensure 
the efficiency of the experimental program. For some phenomena, like BLEVE, the final 
experimental program alignment and priorities correction might move them into the regular testing 
program and will replace therefore other tests. Some of the processes, in particular those showing 
integral characteristics and requiring large scale, e.g. burning pool behaviour, might be difficult to 
be addressed with the quite limited budget. Rather separate effects, like the actual flame behaviour 
in the cold inhomogeneously premixed layer over the LH2 pool, can be reasonably included. The 
major parts of the experimental program will be the LH2 jet fire behaviour, including scaling and 
radiation properties and the criteria for different flame propagation regimes leading to different 
thermal and pressure loads for cryogenic hydrogen-air mixtures in an enclosure. The measurements 
will cover optical observations, pressure, temperature and heat flux measurements. 
The geometry and the scale will also be as the variable of the tests. The effect of obstacles and 
confinements degree will partially be investigated as well. 
The experiments to be done are listed below: 
 
E5.1 Cryogenic hydrogen jet fire experiments with detailed temperature and heat flux 
measurements (KIT) 
Main goal is to close knowledge gaps and generation of data for model validation on hazard 
distances due to pressure and heat radiation effects under delayed ignition of cryogenic hydrogen 
jet.  
The tests will be performed at DISCHA facility (inside the safety vessel KIT HYKA V220, Q160 or 
H110). The volume of the cryogenic vessel is 2.867 dm³; the maximum hydrogen inventory 
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therefore up to 200g LH2. The tests are closely related to the discharge experiments E3.1. Here, 
however, the unsteady cryogenic hydrogen jet will be ignited at different positions (axially) and 
different time delay after opening of the nozzle.  
The effects of ignition delay time, ignition location, 
nozzle diameter and initial bulk pressure on maximum 
combustion pressure and heat flux will be investigated. 
A fireball phenomenon, similar to BLEVE, for larger 
nozzle diameter and higher pressure is expected. The 
effects of the scale, attachment to the wall, orientation 
to the ground can also be changed. 
The measurements consist of pressure and temperature measurements inside the tank, distant 
pressure, heat flux and temperature (axial) measurements of ignited jet. A high speed video 
combined with BOS imaging will be provided for optical observation of explosion phenomena.  
The range of variables: 3 bulk pressures in the range 1-200 bar, 3 nozzle diameters (1, 2, 4 mm), 5 
ignition locations (0-2 m), 4 time delays (0-1 s) 
 
E5.2 Flame propagation regimes at cryogenic temperatures (KIT) 
The objective is to evaluate critical conditions for flame acceleration and detonation transition for 
hydrogen-air mixtures at cryogenic temperatures, possibly in presence of condensed oxygen and 
nitrogen. The data are required for safety analysis to evaluate the strongest possible combustion 
pressure and safety distances for LH2 explosions. 
The tests will be performed in an enclosed shock tube of 50/60 mm id and 8-m long (inside the 
safety vessel HYKA-H110). Different flame propagation regimes for hydrogen-air mixtures at 
cryogenic temperatures within the flammability limits will be investigated.  
The effects of cryogenic initial temperature and hydrogen concentration on flame propagation 
regimes in an obstructed tube will be investigated. An effect of blockage ratio of the channel on 
flame dynamics and run-up-distance to sonic flame and detonation will be studied. Special point of 
interest will be the combustion of hydrogen in presence of equilibrium state of liquid-gaseous 
oxygen and nitrogen. Combustion properties like critical expansion ratio of combustion products 
leading to sonic flame and detonation cell size at cryogenic conditions will be of the great 
importance in the suggested project to close the knowledge gaps of the problem. 
The measurements consist of pressure and temperature measurements along the tube. The flame 
positions vs time will also be monitored using ion probes and photodiodes. Sooted plates technique 
will be applied for detonation cell measurements.  
The range of variables: 2 cryogenic initial temperatures in the range 70-100K , 2 blockage ratios 
(30%, 60%), 10 hydrogen concentrations in the range 6-12%H2, 15-20%H2, 30%H2, 60-75%H2. 
 
E5.3 Flame propagation over a spill of LH2 (KIT) 
Main goal is to evaluate a danger of 
flame propagation over a spill of LH2 
in presence of inverse vertical 
hydrogen concentration gradient at 
cryogenic temperatures above the LH2.  
The tests will be performed in a half 
open box 9x3 m2 with a height above 
2 m inside the HYKA-H110 vessel 
(110 m3). Natural hydrogen concentration gradient as above the LH2 will be reproduced in the tests 
based on hydrogen evaporation rate measured within E3.4 experiments (WP3). The natural 
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temperature profile will optionally be created. Then the mixture should be ignited at the position of 
highest hydrogen reactivity to measure possible flame propagation velocity with and without 
obstacles. 
The measurements include: local hydrogen concentration, temperature profile, pressure sensors and 
high speed video combined with BOS technique. Maximum combustion velocity and pressure will 
be measured as function of hydrogen concentration profile, thickness of the layer and presence of 
obstructions with different blockage ratio.  
The range of parameters to be examined is: 3 hydrogen concentration gradients, 3 layer thicknesses, 
2 blockage ratios (30 and 60%). 
 
E5.4 BLEVE (KIT) 
Main goal is to close knowledge gaps and data generation on LH2 tank rupture hazards – blast 
wave, fireball size, thermal radiation.  
The tests will be performed inside the HYKA-A2 vessel (220 
m3). A pressurized liquid hydrogen inventory of different 
amount (<100 g) will be dispersed and ignited simultaneously.  
The measurements include: temperature profile, pressure 
sensors, heat flux sensors and a high speed video combined with 
BOS technique. The maximum fireball radius, the dynamics of 
fireball, blast wave, heat flux, radiation at different distances 
and total energy radiation should be monitored during the 
explosion process. Depending on initial pressure, different 
dynamics of the explosion is expected. The time dependence of 
fireball characteristics should be changed from t1/6 to t1/3 law.  
The ranges of parameters to be examined are: 4 LH2 hydrogen 
inventory (10, 20, 50, 100 g LH2), 4 initial pressures (1-200 
bar). 
 
E5.5 LH2 Combustion with congestion/confinement variation (HSL) 
Building on previous work on this topic, HSL will perform a limited number of experiments to 
characterise confined/congested low temperature H2/ air mixtures combustion to understand 
propensity for flame acceleration and detonation. 
HSL will release LH2 (flow of tens of litres per minute) into a congested/ semi confined space, the 
temperature of the space will be monitored and at specific average temperature the mixture will be 
ignited. 
Included in the testing for this section 
will be variations such as: 

• Release orientation, 
• Spill duration, 
• Congestion, 
• Wind speed, 
• Partial covering, and 
• Temperature when ignited. 

Possibly strength of ignition source will be varied to understand impact. 
The applied measurement techniques include high-speed video footage, pressure measurements and 
temperature measurements. 
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Deliverables (brief description and month of delivery) 
 
D5.1 Theory and Analysis of Combustion of Pre-mixed systems with cryogenic hydrogen (public 
report, month 18), Leader KIT, partners all. 
D5.2 Computational investigation of combustion phenomena with cryogenic hydrogen (public 
report, month 36), Leader KIT, partners all. 
D5.3 Experimental investigation of pre-mixed combustion phenomena with cryogenic hydrogen 
(public report, month 36), Leader KIT, partners all. 
D5.4 Summary of experiment series E5.1 results (confidential report, month 15), PS 
D5.5 Summary of experiment series E5.2 results (confidential report, month 14), PS 
D5.6 Summary of experiment series E5.3 results (confidential report, month 25), PS 
D5.7 Summary of experiment series E5.5 results (confidential report, month 34), HSL 
 

 
 
Milestones 
 
MS5.1 Experiment series E5.1 (KIT Jet fire) started, month 8 
MS5.2 Experiment series E5.1 completed, month 12 
MS5.3 Experiment series E5.2 (KIT FA DDT) started, month 5 
MS5.4 Experiment series E5.2 completed, month 11 
MS5.5 Experiment series E5.3 (KIT Flame dynamics above Pool) started, month 18 
MS5.6 Experiment series E5.3 completed, month 21 
MS5.7 Experiment series E5.5 (HSL Flame in cold obstructed cloud) started, month 25 
MS5.8 Experiment series E5.5 completed, month 31 
 

 
  



 

[PRESLHY] 43 

 
 
Work package number  6 Start Date or Starting Event Month 3 
Work package title Implementation - Exploitation and Dissemination 
Participant 
number 1 2 3 4 5 6 7 8 9 

Short name of 
participant KIT AL HSL HYSAFE INERIS NCSRD PS UU UWAR 

Person/months 
per participant: 3 4 0,5 2 0,5 1 0,5 6 0,5 

 
 
Objectives  
• Compile a chapter on LH2 safety for the Handbook of Hydrogen Safety 
• Develop novel guidelines for safe design and operation of LH2 systems and infrastructure 
• Prepare recommendations for relevant Regulations, Codes and Standards (RCS) 
• Describe engineering correlations and tools for implementation into hazards and risk assessment 

tools 
• Formulate a White Paper on the use of LH2  
• Organise the Dissemination Conference 

 
Description of work 
The aim of WP6 is implementation of technical outputs of the project, generated by the consortium 
composed of representatives of hydrogen industry, regulators, leading research centres in the field 
and academia, into publicly available documents that would underpin inherently safer deployment 
of hydrogen and fuel cell technologies using LH2 and cryo-compressed hydrogen. The project 
results will be disseminated to all stakeholders both in Europe and worldwide, including but not 
limited to hydrogen industry, regulators, policy makers, standard development organisations, higher 
education institutions, etc. through the project website and the Dissemination Conference 
Work package leader: UU; Partners involved: all  
 
Task 6.1. Handbook of Hydrogen Safety: chapter on LH2 safety  
(Leader: HYSAFE; Partners: All) 
This task is led by partner HYSAFE (International Association for Hydrogen Safety IA HySafe). 
HySafe is a non-profitable association of world leading institutions and experts in hydrogen safety 
science, engineering and education from industry, research and academia. HySafe continues to 
support one of the principle outputs of the European Network of Excellence “Safety of hydrogen as 
an energy carrier” (2004-2009), i.e. the Handbook of Hydrogen Safety, which is known as well as 
Biennial Report on Hydrogen Safety. The pool of experts available at HySafe allows solving 
various challenging issues in the field of hydrogen safety. In this project HySafe experts will be 
invited contribute to writing a new chapter for the Handbook of Hydrogen Safety, i.e. the chapter on 
safety of LH2 and cryo-compressed hydrogen. This is currently absent. 
The involvement of HySafe experts is an essential added value to the PRESLHY project. Indeed, 
knowledge gaps in LH2 safety that will be closed by partners within the PRESLHY project will be 
complemented by HySafe experts’ knowledge, when it is beyond the scope of this project. This 
arrangement will allow to compile a comprehensive beyond the-state-of-the-art chapter on LH2 
safety for the Handbook. External to the project experts involved in the writing of the chapter will 
be compensated for their contributions at a rate €15 per a page of the established format. The 
chapter is envisaged to be written in encyclopaedic style with the goal to provide up-to-date 
knowledge and thus to underpin the stakeholders’ understanding of LH2 safety, including 
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prevention and mitigation techniques. The chapter will include description of hazards, theories, 
models and key experiments related to LH2 releases and dispersion, ignition, jet fires, explosions, 
etc.  
The content of the chapter will be aligned to review of the state-of-the-art and strategies produced in 
WP2 and new knowledge generated in WP3-5. In month 12, partners will agree the table of contents 
(ToC) of the chapter on LH2 safety for the Handbook of Hydrogen Safety (milestone MS6.1, month 
12). The progress in chapter writing will be a part of standing agenda of the project meetings. 
Deliverable D6.1 “Handbook of Hydrogen Safety: chapter on LH2 safety” will be ready in month 
34. The Handbook’s new chapter will be presented to stakeholders at the Dissemination Conference 
in month 36. The chapter will be of special interest to researchers and educators working in the 
field. The chapter of the Handbook will be made available via the PRESLHY project and 
International Association HySafe websites (www.hysafe.info).  
 
Task 6.2. Guidelines for safe design and operation of LH2 infrastructure  
(Leader: AL; Partners: All) 
This task is led by industrial partner AL, who has a vast experience and knowledge in design, 
implementation and operation of LH2 systems and infrastructure. The Guidelines will be focused on 
areas where LH2 specific standards do not exist or not suitable for use in public areas. This will 
facilitate inherently safer design and operation of LH2 systems and infrastructure in Europe, where 
there are no LH2 specific regulations at all. While the Handbook (previous task 6.1) is focused on 
underpinning LH2 safety science, the Guidelines’ focus is on practical aspects of inherently safer 
design and operation of LH2 systems and infrastructure.  
The foundation of the guidelines, in addition to available and validated industrial practice, will be 
generated in pre-normative research in WP3-5. The guidelines will include innovative safety 
strategies and engineering solutions developed during the project. For each considered scenario 
resulted from the PIRT exercise in WP2, the safety objectives will be translated into design 
parameters such as LH2 flow rate, piping diameter, piping length and insulation, choice of 
materials, level of confinement, LH2 storage inventory and location, etc. The guidelines will 
include validated and published engineering tools developed for releases and dispersion, ignition 
and combustion. 
This task will harmonise LH2 specific safety strategies and engineering tools by using 
complementarities and synergies of the project partners and external experts, streamline actual 
implementation of the developed in the project knowledge into practice of hydrogen industry and 
other stakeholders as well as education and training activities in academia and beyond. 
AL will draft and partners will agree the ToC of the Guidelines in month 14 (milestone MS6.2). 
The progress in their development afterwards will be monitored at project meetings either face-to-
face or virtual through WebEx or teleconferencing. Reports on preparation of the Guidelines will be 
a part of standing agenda of project meetings. Deliverable D6.2 “Guidelines for safe design and 
operation of LH2 infrastructure” will be ready in month 35, and will be presented at the 
Dissemination Conference in month 36. The Guidelines will be available to all stakeholders through 
the project website.  
 
Task 6.3. Recommendations for RCS  
(Leader: AL; Partners: All) 
This task is directly related to the previous task 6.2 and will be led by partner AL. The Guidelines 
content (task 6.2) will be a basis to formulate recommendations to Regulations, Codes and 
Standards (RCS), which will be identified in WP2 at the beginning of the project. Implementation 
of the project outputs in relevant RCS is considered as a major impact of the PRESLHY project. In 
this task a quintessence of the Guidelines will be formulated in a concise language used by standard 
development organisations (SDO). 
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Discussion draft of the recommendations for RCS will be prepared by partners under leadership of 
AL in month 28. Deliverable D6.3 “Recommendations for RCS” will be ready in month 35, and 
will be presented to stakeholders in month 36 during the Dissemination Conference. The partners 
will plan and schedule actions to present and submit the recommendations during the project to 
SDOs, including but not limited to CEN/CLC Technical Committee 6 “Hydrogen in energy 
systems”, ISO Technical Committee 197 “Hydrogen technologies”, etc. 
 
Task 6.4. Engineering correlations and tools 
(Leader: UU; Partners: All) 
This task is led by partner UU, who has long-standing experience in generation of engineering 
correlations, e.g. HyIndoor project, and their implementation into integrated platforms, e.g. Cyber-
Laboratory in H2FC infrastructure project. The pre-normative research in PRESLHY will generate 
unique experimental data. These experimental results will be used twofold: to validate analytical 
and numerical models, and to generate empirical and semi-empirical engineering correlations for 
calculation of hazard parameters and hazard distances in WP3-5. In this task the correlations 
developed and validated in WP3-5 will be brought into the unified format suitable for consequent 
programming and implementation into any existing and/or future integrated platforms for hazards 
and risks assessment, e.g. European e-Laboratory (ongoing NET-Tools project), HyRAM tool in 
USA, similar Canadian tool (UTRQ), etc. The template for an engineering correlation/tool will 
include: short user’s manual; brief scientific summary; reference and/or link to publication, where a 
correlation/tool is validated; useful experimental data, if relevant; detailed algorithm description for 
implementation in a software, etc. 
Partner UU will coordinate work in this task, develop detailed unified template for description of 
correlations and tools, provide description of correlations and tools developed by UU in WP3-5. All 
partners, who led the development and validation of correlations in WP3-5, will contribute to this 
task by detailed description of correlations and tools they have developed. 
Version 1 of the detailed description of novel engineering correlations for LH2 will be prepared by 
partners and compiled for internal moderation in month 24 (milestone MS6.5). Deliverable D6.5 
“Detailed description of novel engineering correlations for LH2 safety, version 2” will be ready in 
month 35. It will be presented in month 36 at the Dissemination Conference. The results of this task 
will be used by partners and wider range of stakeholders in safety engineering design, education and 
training. For example, partner UU will include the developed tools into online module for higher 
education in hydrogen safety at Ulster University (distance learning). 
 
 
Task 6.5. White Paper on the use of LH2 
(Leader: KIT; Partners: All) 
This task is led by partner KIT (the coordinator). The White Paper will be commissioned by the 
PRESLHY consortium to examine the roles and potential benefits of LH2 within hydrogen and fuel 
cell sector, especially transport. LH2 is the most effective option for refuelling stations to satisfy 
growing demand as compared to demonstration projects with gaseous hydrogen storage. The White 
Paper will include discussion on general economics and safety of LH2. It will include the 
comparison of hazards and risks of LH2 systems against gaseous hydrogen systems. External 
experts working in the field of LH2 could be invited for contributions and reviewing on 
compensation basis (€15 per page of contribution, and €5 per page for reviewing). 
Partners will agree the ToC of the White Paper in the middle of the project in month 18 (milestone 
MS6.3). Deliverable D6.4 “White Paper” will be ready in month 35. It is first presentation will take 
place during the Dissemination Conference in month 36. The While Paper will be distributed to a 
wide range of stakeholders, including decision makers and politicians, and will be available to all 
stakeholders at the project website. 
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Task 6.6. Dissemination Conference  
(Leader: UU; Partners: All) 
The Dissemination Conference will be organised by partner UU and will be held at location of one 
of the partners or facilities of FCH JU in Brussels. This is a culmination event of the project, where 
the key project outputs will be presented to stakeholders. The Conference proceedings will take 1 or 
maximum 2 days. It is expected that about 100 stakeholders will attend the event. Participation of 
collaborators and experts from USA, Japan, Canada, China and other countries outside Europe is 
expected, including invited speakers from outside the consortium. This is thought to increase the 
impact of the project outputs on the international community working in hydrogen and fuel cell 
technologies. Besides the invited talks the conference programme will include presentations of the 
PRESLHY project results, including the Handbook chapter on LH2 safety (D6.1), Guidelines for 
safe design and operation of LH2 infrastructure (D6.2), Recommendations for RCS (D6.3), 
Engineering tools (D6.4), etc. The budget €10k to organise the conference will be included in UU 
budget. UU will prepare the brochure and partners compile a preliminary programme of the 
Dissemination Conference in month 22 (milestone MS6.4). The Conference will be advertised at 
least 12 months before the event. The Dissemination Conference will take place in the last month of 
the project (month 36). 
 

 
 
Deliverables (brief description and month of delivery) 
D6.1 Handbook of Hydrogen Safety: chapter on LH2 safety (HYSAFE, month 34) 
D6.2 Guidelines for safe design and operation of LH2 infrastructure (AL, month 35) 
D6.3 Recommendations for RCS (AL, month 35) 
D6.4 White Paper (KIT, month 35) 
D6.5 Detailed description of novel engineering tools for LH2 safety, version 2 (UU, month 35) 
D6.6 Dissemination conference (UU, month 36) 
 

 
Milestones 
MS6.1 ToC of Handbook of Hydrogen Safety: chapter on LH2 safety (HYSAFE, month 12) 
MS6.2 ToC of Guidelines for safe design and operation of LH2 infrastructure (AL, month 14) 
MS6.3 ToC of White paper (KIT, month 18) 
MS6.4 Brochure and preliminary programme of the dissemination conference (UU, month 22) 
MS6.5 Detailed description of novel engineering tools for LH2, version 1 (UU, month 24) 
MS6.6 Discussion draft of recommendations for RCS (AL, month 28) 
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Table 3.1 b:  List of work packages 

Work 
package 
No 

Work Package 
Title 

Lead 
Participant 
No 

Lead 
Participant 
Short 
Name 

Person-
Months 

Start 
Month 

End 
month 

1 Management of 
the Project and 
Consortium 

1 KIT 11,5 1 36 

2 Technical 
Strategy and 
State-of-the-Art 

2 AL 10,5 1 36 

3 Phenomena 
Release and 
Mixing 

6 NCSRD 42 1 36 

4 Phenomena 
Ignition 

3 HSL 33 1 36 

5 Phenomena 
Combustion 

1 KIT 40 1 36 

6 Implementation 
Exploitation and 
Dissemination 

8 UU 18 1 36 

 
  

 
Total 
months 

155 
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Table 3.1 c: List of Deliverables  

Delive
rable 
(numb
er) 

Deliverable name Work 
packa
ge 
numb
er  

Short 
name of 
lead 
participa
nt  

Type Disse
minati
on 
level 

Deliv
ery 
date 
(mon
th) 

D1.1 Website incl. internal communication tools 1 KIT DEC PU 3 

D1.2  Data Management Plan Version 1.0 1 KIT REPORT PU 3 
D2.1 State-of-the-Art analysis 2 AL REPORT PU 3 
D2.2 LH2 installation description  2 AL REPORT CO 4 

D2.3 RCS Analysis 2 HYSAFE REPORT PU 3 

D2.4 PIRT Analysis 2 AL REPORT PU 4 

D2.5 Refined Work Program  2 AL REPORT PU 5 
D3.1 Theory and Analysis of cryogenic hydrogen 

release and dispersion 
3 NCSRD REPORT PU 18 

D3.2 Computational investigation of cryogenic 
hydrogen release and dispersion  

3 NCSRD REPORT CO 36 

D3.3 Experimental investigation of cryogenic 
hydrogen release and dispersion 

3 KIT REPORT CO 36 

D3.4  Summary of experiment series E3.1 
(Discharge) results 

3 PS REPORT CO 11 

D3.5 Summary of experiment series E3.4 (Pool) 
results 

3 PS REPORT CO 19 

D3.6 Summary of experiment series E3.5 
(Rainout) results 

3 HSL REPORT CO 22 

D4.1 Theory and Analysis of Ignition with specific 
conditions related to cryogenic hydrogen 

4 HSL REPORT PU 18 

D4.2 Computational investigation of ignition 
phenomena related to cryogenic hydrogen 

4 HSL REPORT CO 36 

D4.3 Experimental investigation of ignition of 
premixed systems with cryogenic hydrogen 

4 HSL REPORT CO 36 

D4.4  Summary of experiment series E4.1 (General 
ignition) results 

4 INERIS REPORT CO 11 

D4.5 Summary of experiment series E4.2 
(Electrostatic) results 

4 PS REPORT CO 29 

D4.6 Summary of experiment series E4.3 results 4 HSL REPORT CO 25 

D4.7 Summary of experiment series E4.4 (Pool) 
results 

4 PS REPORT CO 22 

D4.8 Summary of experiment series E4.5 
(Condensed phase) results 

4 HSL REPORT CO 30 

D5.1 Theory and Analysis of Combustion of Pre-
mixed systems with cryogenic hydrogen 

5 KIT REPORT PU 18 

D5.2 Computational investigation of combustion 
phenomena with cryogenic hydrogen 

5 KIT REPORT PU 36 
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D5.3 Experimental investigation of pre-mixed 
combustion phenomena with cryogenic 
hydrogen 

5 KIT REPORT PU 36 

D5.4  Summary of experiment series E5.1 results 5 PS REPORT CO 15 
D5.5 Summary of experiment series E5.2 results 5 PS REPORT CO 14 
D5.6 Summary of experiment series E5.3 results 5 PS REPORT CO 25 
D5.7 Summary of experiment series E5.3 results 5 HSL REPORT CO 34 

D6.1 Handbook of Hydrogen Safety: chapter on 
LH2 safety 

6 HYSAFE REPORT PU 34 

D6.2 Guidelines for safe design and operation of 
LH2 infrastructure 

6 AL REPORT PU 35 

D6.3 Recommendations for RCS 6 AL REPORT PU 35 
D6.4 White Paper 6 KIT REPORT PU 35 
D6.5 Detailed description of novel engineering 

tools for LH2 safety, version 2 
6 UU REPORT PU 35 

D6.6 Dissemination Conference 6 UU DEC PU 36 
 
R: Document, report (excluding the periodic or final report)  
DEC: Websites, patents filing, market studies, press & media actions, videos, etc. 
OTHER: Software, technical diagram, etc. 
 
Dissemination level:  
PU = Public, fully open, e.g. web  
CO = Confidential, restricted under conditions set out in Model Grant Agreement  
CI = Classified, information as referred to in Commission Decision 2001/844/EC.  

 

 

 

The following diagram, closely related to a standard PERT chart, indicates with red arrows the 
dependencies, flow of information respectively, between the different work packages and tasks. 
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Fig. 3.7: Workflow and dependencies of work packages and tasks (“Pert” Chart) 

 

Besides the figure illustrates again the overall structure and workflow planned for PRESLHY. 

 

 

3.2 Management structure, milestones and procedures  

To keep the focus and to minimise administrative efforts, the number of partners in the consortium 
and the number of work packages are kept as small as reasonably possible. Despite these constraints 
the consortium is including the European key research labs for LH2 safety. The industry and 
standardisation views are perfectly mirrored in the Advisory Board. Clear interfaces and 
responsibilities are introduced to cope with the intrinsic complexity in pre-normative research and 
with the limited funding. 

Regular project meetings and suitable arrangements for telecommunication will maintain a high level 
of information exchange, help to monitor the progress and to control the overall performance 
effectively. Two general project meetings per year are planned. Depending on the respective phase 
of the project and on the respective needs a sub-set of the Advisory Board members will be invited 
to the project meeting. The rotational scheme with regard to the meeting location shall equilibrate the 
travel costs among the partners on one side and shall provide the opportunity to visit the used 
experimental facilities. 
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3.2.1 Organizational structure and decision making process  
PRESLHY project will follow a well-defined and clear organization structure in order to manage 
the effective and successful implementation of the research and innovation activities.  
 
The consortium is composed by 9 partners from 5 different European countries. Each partner is 
expert in his field and has the ability to contribute to the implementation of the project by providing 
personnel experience and knowledge as well as technical resources, hardware and software 
infrastructures. The majorities of the partners has taken part in European funded projects before and 
are very familiar with the obligations and activities required for these type of projects. 
 
The actual organizational structures follows good examples and is kept as simple as possible. The 
following figure shows the functional elements and relationships established in a flat hierarchy. 
 

 
 

Fig. 3.8: Organizational structure of PRESLHY 
 
As shown in figure 3.8 the organizational structure of PRESLHY is essentially divided in two main 
levels. 
 
Level 1: General Assembly 
The general assembly will include one representative from each organization participating in the 
consortium. Every member of the general assembly will have one vote and decisions will be made by 
majority voting. The representatives of the organizations in the general assembly will have the power 
to make decisions on behalf of their organizations. The general assembly will be chaired by the local 
host of the general meetings. Two meetings of the General Assembly per year, the General Meetings, 
will be organized. The tentative dates and venues have been determined in advance (see Table 1.1).  
 
Level 2: Coordination Committee 
The coordination committee consists of the Coordinator and all work package leaders. It is chaired 
by the Coordinator and will support him in his obligations regarding controlling, reporting and 
(re)presentation of the project. The Coordination Committee will meet at least twice per year in 
combination with the general meetings of the General Assembly. Decisions of the Coordination 
Committee will be also taken with simple majority. However, as key issues regarding the contract 
have to be decided on the level of the General Assembly, it is expected that formal decisions at 
Coordination Committee might be rare. 
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Each work package leader will be responsible for the fulfilment of the contractual obligation in his 
work package. The coordination committee offers for those persons a platform for effective 
information exchange, monitoring progress, peer reviewing the quality of the results, for general 
coordination of the project in a reasonably small group. 
The work package leaders have been chosen based on their experience, expertise and commitment in 
regard to the actual tasks and objectives of the respective work package. Their names are indicated in 
in the boxes of the respective work package in Fig. 3.8. Their CVs are given in section 4.  
The work package leaders are deemed to convene work package meetings (conventionally in 
combination with the biannual general meetings, by teleconferences or other electronic means, but 
also dedicated in-person meetings, if required by urgent case). Depending on the actual phase of the 
project and the respective work package obligations the frequency of work package meetings might 
range from quarterly to even monthly meetings. The work package leader will be responsible to 
integrate the results of the individual tasks and report them to the Coordinator and to the 
Dissemination and Exploitation Manager, the leader of WP6 “Implementation”. The Coordinator will 
circulate these reports to the PSC and incorporate them in periodic reports. Each work package leader 
will be also responsible to disseminate the results of their activities to other work package leaders. 
Particularly, the obligations of work package leader are  

• Coordinate communication between partners within the same WP 
• Provide minutes taken during WP team meetings 
• Coordinate WP specific activities 
• Dictate workflow scheduling and work plan change control procedure 
• Review and manage the impact of economical and societal issues.  

Again, the common platform for these activities is the Coordination Committee. 
 
PRESLHY is an ambitious research and innovation project that aims to contribute considerably to the 
state-of-the-art and to safety of LH2 accounting for quite different needs from very different groups 
out of the community. The implementation of such a project requires high level project management 
and integration capabilities from an experienced partner. Thus, during preparation of the proposal the 
de-facto consortium assembly has appointed KIT as the coordinating institution and Dr.-Ing. Thomas 
JORDAN as responsible person to coordinate, manage and monitor the research and innovation 
project. The profile of KIT and CV of the coordinator are included in section 4. 
The project coordinator will: 

• Supply legal, contractual, financial and administrative management to the consortium, 
• Make sure the grant agreement is updated and managed if required, 
• Support the organization of all project meetings and workshops including the dissemination 

conference, 
• Collect all deliverables, compile reports and control proper achievement of milestones (see 

Table 3.2a below) , and will report to the EC and partners, 
• Act as a single point of contact for EC and the consortium, 
• Collect all cost statements and audit certificates and coordination of payments and distribution 

to relevant consortium members, 
• Facilitate EC audits if required and  
• Facilitate the liaison of the consortium with the EC as the single point of contact. 

 
The Coordinator will be supported by the Deputy Coordinator. For this function Dr. Olaf JEDICKE 
has been appointed by the Coordinator. The Deputy Coordinator supplies broad experience in 
administration and coordination of EC projects and will represent the Coordinator in cases of 
unavailability. His CV is also included in section 4. 
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The management handbooks of NoE HySafe and H2FC will be exploited for establishing further good 
practice related to the project management. This addresses in particular the meeting organisation, the 
document editing (templates, etc.), deliverable review processes and general communication. 
 
As mentioned above, one of the key tools for the management are the list of deliverable and the list 
of milestones. The list of milestones, presented in Table 3.2a, helps the coordinator and the 
Coordination Committee to track successful operations, to check whether timing of all actions is 
appropriate, to derive associated warnings and to initiate decisions on the further operations. 
 

Table 3.2 a: List of milestones 
Milestone 
number 

Milestone name Related 
work 
package(s) 

Estimated 
date 
(month) 

Means of verification 

MS1.1 Kick-off Meeting 1 1 Minutes of the Meeting 
MS1.2 2nd Project Meeting 1 9 Minutes of the Meeting 
MS1.3 3rd Project Meeting 1 14 Minutes of the Meeting 
MS1.4 4th Project Meeting 1 21 Minutes of the Meeting 
MS1.5 5th Project Meeting 1 26 Minutes of the Meeting 
MS1.6 Final Project Meeting 1 35 Minutes of the Meeting 
MS2.1 LH2 Research Priorities 

Workshop 
2 4 Minutes of the Meeting 

MS3.1 Experiment series E3.1 
(KIT Small Scale Multi-
Phase Discharge) started 

3 5 Final design circulated 

MS3.2 Experiment series E3.1 
completed 

3 8 Note of completion and upload of 
data on repository 

MS3.3 Experiment series E3.4 
(KIT Pool evaporation and 
cryo-pump effect) started 

3 12 Final design circulated 

MS3.4 Experiment series E3.4 
completed 

3 16 Note of completion and upload of 
data on repository 

MS3.5 Experiment series E3.5 
(HSL Rainout tests) started 

3 13 Final design circulated 

MS3.6 Experiment series E3.5 
completed 

3 19 Note of completion and upload of 
data on repository 

MS4.1 Experiment series E4.1 
(INERIS General Ignition 
Properties) started 

4 5 Final design circulated 

MS4.2 Experiment series E4.1 
completed 

4 8 Note of completion and upload of 
data on repository 

MS4.3 Experiment series E4.2 
(KIT Electrostatic Charge) 
started 

4 21 Final design circulated 

MS4.4 Experiment series E4.2 
completed 

4 27 Note of completion and upload of 
data on repository 

MS4.5 Experiment series E4.3 
(HSL Ignition of Cold 
Plume) started 

4 18 Final design circulated 
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MS4.6 Experiment series E4.3 
completed 

4 23 Note of completion and upload of 
data on repository 

MS4.7 Experiment series E4.4 
(KIT Ignition above pool) 
started 

4 16 Final design circulated 

MS4.8 Experiment series E4.4 
completed 

4 19 Note of completion and upload of 
data on repository 

MS4.9 Experiment series E4.5 
(HSL Ignition of condensed 
phase) started 

4 25 Final design circulated 

MS4.10 Experiment series E4.5 
completed 

4 28 Note of completion and upload of 
data on repository 

MS5.1 Experiment series E5.1 
(KIT Jet fires) started 

5 8 Final design circulated 

MS5.2 Experiment series E5.1 
completed 

5 12 Note of completion and upload of 
data on repository 

MS5.3 Experiment series E5.2 
(KIT FA & DDT) started 

5 5 Final design circulated 

MS5.4 Experiment series E5.2 
completed 

5 11 Note of completion and upload of 
data on repository 

MS5.5 Experiment series E5.3 
(KIT Flame dynamics above 
pool) started 

5 18 Final design circulated 

MS5.6 Experiment series E5.3 
completed 

5 21 Note of completion and upload of 
data on repository 

MS5.7 Experiment series E5.5 
(HSL Flame in obstructed 
cloud) started 

5 25 Final design circulated 

MS5.8 Experiment series E5.5 
completed 

5 31 Note of completion and upload of 
data on repository 

MS6.1 ToC of Handbook of 
Hydrogen Safety: chapter 
on LH2 safety 

6 12 ToC distributed 

MS6.2 ToC of Guidelines for safe 
design and operation of 
LH2 infrastructure 

6 14 ToC distributed 

MS6.3 ToC of White paper 6 18 ToC distributed 
MS6.4 Brochure and preliminary 

programme of the 
dissemination conference 

6 22 Brochure distributed 

MS6.5 Detailed description of 
novel engineering tools for 
LH2 
version 1 

6 24 Description distributed 

MS6.6 Discussion draft of 
recommendations for RCS 

6 28 Minutes of the Discussion 

 
The list of milestones seems quite lengthy. However, it has to be taken into account that the list is 
dominated with milestones associated with the experiments. Currently 15 experiment series are 
included in the preliminary experimental program of WP3, WP4 and WP5. With two milestones per 
experimental series - one indicating the start, the other the successful completion – the total number 
of 37 milestones is dominated by 30 experiments milestones. The timing of the latter is based on a 
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draft time planning and might be adjusted quite early in the project, at least after the initial priorities 
workshop. 
 
The consortium strives for a streamlined Decision Making Process and Conflict Resolution. 
Conflicts and potential corrective actions should be described and send directly for discussion to the 
steering committee and coordinator. The conflict will get addressed during jour fix meetings or 
project meetings. If bilateral resolution is not possible, all work package leader will be informed 
directly to find a democratic adjudication, how to carry on something, by a simple majority. In all 
other cases, the whole consortium should be implemented in a democratic decision making process, 
e.g. worst case situation: exclusion of a consortium partner. 
It is assumed that any conflicts that might arise among the participants will be detected and coped 
with through the management structure described above. In case minor conflicts fail to be solved, the 
majority vote amongst the project participants will be binding for all parties. In case any major 
conflicts fail to be solved, the project coordinator will request the intervention of an independent 
arbitration body to be jointly nominated by the conflicting parties. In the case that conflicts fail to be 
resolved, the majority vote amongst the project participants will be binding for all parties. However, 
the project participants with a different opinion have the right that their opinion, including their 
arguments, will be documented as a minority vote. The consortium agreement shall be drawn up to 
deal with these matters. 
 

Table 3.2.b Critical risks and mitigation actions (all) 

Description of risk (indicate level of 
likelihood: Low/Medium/High) 

WP Proposed risk-mitigation measures 

Conflict inside the consortium (MEDIUM) WP1 If a matter arises that will bring conflict 
among partners in the consortium, then a 
special meeting will be arranged to solve 
the issue. In case that no solution is 
found, voting of general assembly will 
follow and decision will be made on 2/3 
majority 

Project manager or partner neglects 
constantly his/her responsibilities (LOW) 

WP1 A general assembly meeting will be 
arranged or a regular one will be used in 
order to discuss the reasons why this 
situation has developed and how to solve 
it. If no solution is found then the 
consortium will decide for the 
replacement of the project management or 
partner according to the project 
management procedure. 

Project partners do not contribute to tasks, 
deliverables or milestones (LOW) 

WP1 Reasons should be cleared in direct and 
short communication in particular 
including the respective WP leader 

BREXIT will affect the contribution of the 
UK partners (a third of the consortium) 
(LOW) 

WP1 Other non-UK partners will try to take 
over the concerned tasks (e.g. INERIS 
could take care of the HSL contributions, 
AL could take over UU obligations and 
NCSRD those of UWAR). In special 
cases it might be considered to skip 
affected parts of even to invite members 
of the Advisory Board 
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To little response to the PIRT  
(LOW) 

WP2 Increase the distribution range and 
include more international experts via 
FCH JU and IEA HIA 

Experiments turn out to be seriously 
delayed, impossible or overly expensive 

WP3,
WP4,
WP5 

Reshape the experimental program and 
include reserve experiments. In case costs 
are only little above the estimates, 
partners might be willing to contribute in-
kind 

 
 
3.3. Consortium as a whole  

3.3.1. Description of the consortium  
With the 9 partners from 5 European countries, PRESLHY brings together the key players and leading 
experts in the LH2 research and, in particular via HYSAFE and the Advisory Board, those 
stakeholders with experience and strong interest in the use of LH2 in future applications. Although 
being relatively small the consortium provides all required knowledge, capabilities, infrastructures 
and capacities required for a pre-normative research project dedicated to LH2.  
The partners represent public research institutions (KIT, NCSRD), reference centres for risk and 
safety analyses (HSL, INERIS), industry research (AL), universities (UU, UWAR), highly 
specialised SMEs (PS) and international networks, in particular HYSAFE. 
Several project partners (at least from AL, HSL, IA HYSAFE, INERIS, UU, UWAR) and Advisory 
Board members are actively participating in the relevant standards developing organisations SDOs, 
at least via the national mirror committees.  
 
Table 3.3: List of potential members of the Advisory Board; all but those in italic provided a letter of 
support for PRESLHY 

Name Company/Institution Nation Expertise 
Derek Miller Air Products US Industry 
Andrei Tchouvelev AVT Canada General Expert, SDO (ISO), SME 
Klaus Schäfer DLR D Large Scale User, General Expert 
Franz Grafwallner ET Energiesysteme D Aerospace Expert 
Trygve Skjold GexCon No Modelling Expert, SME 
Karl Verfondern Jülich D General Expert, Research 
Shoji Kamiya KHI Japan Industry, Naval application 
Salvador Aceves LLNL US Research, Cryo-compressed 
Lee Philips Shell UK Industry 
Daniel Hecht SNL US Research 
Christoph 
Haberstroh 

Uni Dresden D Cryo 

Gerd-Michael 
Würsig 

DNV GL D Insurance, General Expert, Naval 
application 

Pietro Moretto JRC NL EC, Research 
Volker Schröder BAM D SDO, Regulation (national) 
Steve Woods NASA US Research, Aerospace Expert 

                                                          (italic indicates expressed interest without written letter) 
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The potential advisors listed in the table above all accepted the invitation with a letter of support (see 
copies in attachment). Some of the invited experts even promised to support the activities in total with 
about 80 kEuro in-kind contributions. 
Thus, the user perspective, i.e. view of industry and standards developing organisations, is maintained 
in particular by the partner AL and by the Advisory Board, with its appropriate composition (see table 
below). About half of the board members come from involved industry and most of them are involved 
in standardisation. 
In summary, the PRESLHY consortium is well balanced and evidently best suited to cover all aspects 
regarding the planned research work and the needs of the key users, SDOs and industry, in a 
complementary and most efficient way. 
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