36th UKELG discussion meeting, 21st September 2004


1. Introduction
This was the thirty- sixth UKELG discussion meeting on the topic of ‘Safety aspect of the hydrogen economy’.  UKELG is a subject interest group, which aims to stimulate the informal exchange of information on all aspects of explosions, including the analysis and prevention of accidental explosions.  It is designed to bring scientist and expertise, who work in progress and ideas in the making, coupled with a full and frank discussion of the topics covered together for short presentation.    

Hydrogen is expected to play an increasing role in the global energy supply and safety considerations will be of paramount importance. This UKELG meeting was aimed at providing an overview of the various safety related initiatives currently being pursued by industry and academia.  Presentations were intended to cover fire and explosion aspects of hydrogen production, distribution, retail and storage.
The meeting was held in Shell Global Solutions’ Cheshire Innovation Park, formerly known as Thornton Research Centre.  Forty- five scientists/ expertise attended including representatives from over twenty different companies and universities.  The agenda covered eight presentations and two group discussion sections. 
2. Proceeding

The meeting opened with a warm welcome from Dr Geoff Chamberlain as host on behalf of Shell Global Solution as well as UKELG Meeting Programme Organiser.  The opening talk by his colleague, Mr Les Shirvill set the scene on some potential hazards of retailing hydrogen.  The example was given as the fuel cell vehicle.  There were several related issues of concern on hydrogen storage technique, such as high pressure, high cooling energy, and wide flammable range etc.  The presentation also covered a study of two types of fire and explosion aspects (hydrogen) i.e. jet fire and deflagration in unconfined, congested region; carried out by Shell Global Solution.  It was shown that good understanding now exhibit on hydrogen jet fire with small scale model.  However, more testing would be needed for further improvement.  On hydrogen deflagration in unconfined, congested region, there was still limited information but there was clearly no detonation observed in small scale experiment.  The presentation was completed with suggestion of some further unknown hazard, such as storing hydrogen as buffer or making it on site, liquid fuel problem, hazards of transportation and lack of knowledge on its self- ignition mechanism.
Prof. Vladimir Molkov of University of Ulster then spoke about ‘Experimental modelling and Large Eddy Simulation (LES) of large scale hydrogen-air deflagrations’.  Small scale experiments have recently been carried out but large scale deflagration study could not fully represent from those result.  University of Ulster used Large Eddy Simulation (LES) model to simulate stoichiometric hydrogen- air deflagration in 2.3m diameter closed sphere.  It had taken assumption of adiabatic boundary.  Pressure dynamic graph and a wrinkled flame model confirmed a good demonstration on closed sphere deflagration.  Ulster LES model was also valid with deflagration of hydrogen/ air mixture in open area (20metres).  A self-similarity regime of turbulent premixed flames in open atmosphere (fractal dimension 2.33) is realised not at the moment of ignition of the mixture, but rather after the radius of the flame with critical value R*=1.0-1.2 m.  Large-scale hydrodynamic instability is resolved in simulations directly down to the level of inner cut-off. For large-scale problems the inner cut-off, i.e. the cell size, is about 0.1-1.0 m.  The upper limit of self-induced flame front wrinkling is about 3.5 for stoichiometric hydrogen-air mixture.  For coherent deflagration (not hydrogen), simulation with RNG only worked well on pressure against time until the first pressure peak.  However, Ulster LES model predicted well.  It even predicted the wrinkled flame.  For hydrogen release, again Ulster LES model could predict the hydrogen distribution.
Prof. Barrie Moss of Cranfield University discussed a topic on ‘the stability of under-expanded supersonic H2 jet flames’.  It had been established experimentally that both natural gas and pure hydrogen discharges, through circular orifices larger than a critical diameter, sustain stable lifted flames irrespective of the reservoir pressure driving the release. However, the behaviour of multi-component gaseous mixtures incorporating hydrogen was much less predictable than the correlations for pure fuels might indicate.  A series of experiments had been undertaken in which H2-CO mixtures are discharged from a high pressure reservoir to ambient through convergent circular nozzles with diameter variation.  The present experimental data were compared with existing Kalghatgi correlations, derived from subsonic releases, and Birch correlations, applied to under-expanded supersonic methane jet flames. Although these correlations reproduce the general trend observed experimentally, they appear to over-estimate significantly the stability region. Furthermore, they do not account for the strong influence of the diluent concentration on the blow-out stability. 
The last presentation in the morning session was given by Prof. Gordon Andrews of Leeds University on investigating the explosion hazard duration following a sudden release of hydrogen into a closed vessel.  Experiments were carried out by injecting hydrogen into the middle of a vertical vessel.  It was found that vertical, transient buoyant hydrogen jet flow entrained air on the way up and hit ceiling forming horizontal turbulent wall, i.e. hydrogen jet entraining air on one side.  Once the hydrogen/ air mixture became stagnant, downward diffusion would be at much lower rate.  The experiment was concluded the peak overpressure and the fastest flame speeds occurred at the end of the release and while the tail end of hydrogen jet was still flowing towards the spark.  No flame could propagate downward when the concentration of hydrogen is dropped below 10%.  Hydrogen explosion in a vented vessel was also carried out.  The initial work was concerned on volume full hydrogen/ air mixture.  Same experiment but using methane was tested for comparison.  The result showed much high overpressure spikes (15bar) with hydrogen, indicating detonation in the vented pipe.  High overpressure (4bar) was recorded inside the vessel.  For methane, fast flame occurred in the vent pipe, but no detonation occurred.  Overpressure in the vessel was only 1.5bar.  This concluded vent pipes are undesirable in vented gaseous explosions and very dangerous with hydrogen.
After lunch, Dr Olav Hansen of Christian Michelsen Research first gave a detail account of his research at GexCon.  GexCon had recently commercialized their software package FLACS series and FLAC- HYDROGEN would be able to deal with atmospheric hydrogen dispersion and explosions, or situations in which hydrogen is the dominating component in gaseous releases.  GexCon has also developed CFD code for predicting the potential consequences of dust explosion and a protection system for deflagration; its Micromist (water) could be used to inert hazardous systems.  Example experiment from SEBK- Project (2000-2002) showed 20% FE36 could eliminate any flame propagation.  For hydrogen explosion project, GexCon was focused into three topics: hydrogen mixing with other gases (syn-gas), hydrogen dispersion; and deflagration and DDT.  Small scale tests were carried out and the ongoing work will be model improvement.  More useful data from GexCon will become available soon.
Prof. Nigel Brandon from Imperial College gave his presentation on the role of hydrogen in fuel cell.  Firstly, he explained the mechanism of fuel cell.  The fuel cell is a device for directly converting the chemical energy of a fuel into electrical energy in a constant temperature process. Hydrogen can be used as fuel (energy carrier) and water as the end product.  The main advantages of hydrogen fuel cell were environmental friendly, less maintenance as fewer moving parts, able to be coupled together to increase the capacity of a system and higher efficiency at low loads.  There were two class of fuel cells: low temperature fuel cells (alkaline, solid polymer, phosphorus acid), or high temperature fuel cells (molten carbonate, solid oxide).  Solid polymer fuel cells (SPFC) are now commonly used in transportation, for example in a few London buses.  Apart from its use in transportation, fuel cell technology may well be introduced as a replacement for conventional power equipment.  

After tea, Dr Geoff Hankinson from Loughborogh University presented the Naturalhy project.  The transition to the hydrogen-economy would be lengthy, costly and will require significant R&D.  The main objective of Naturalhy project was to prepare for the hydrogen economy by identifying and removing the potential barriers regarding the introduction of hydrogen – natural gas mixtures into society, using the existing natural gas system as the catalyst.  This project was supported by thirty- nine European partners, including fifteen gas- businesses.  In order to succeed in the hydrogen business, its demand infrastructures were regarded as safety, security on supply, the extent of the grid and acceptance by the end user.  The Naturalhy project has planned a series of large scale experiments in support of adaptation of the existing safety model for natural gas.  Moreover, transmission and distribution of hydrogen was considered in the project because it would be an important section in industry; alongside with hydrogen production capacity and demand.
The last presentation of the day was given by Dr Gordon Newsholme from HSE.  It was about HSE involvement in regulating hydrogen safety for fuel cell.  Generally, HSE was the regulator on safety aspects in both the industrial and domestic (fuel gas) work place.  It has recently worked closely with hydrogen research partner and was the chair of FC installation code development group and chair of H&S w.g. for London hydrogen partnership.  It also published a fuel cell guidance HSG 243.  It has been realised that hydrogen economy installations will be different from normal industrial uses.  HSE had the duty to identify the hazard, access the risks and take suitable measures to control risks.  Some properties of hydrogen were highlighted as they could cause risks, such as low ignition energy, which means even a spark from static could cause it ignite.  Alongside with this, some methods to reduce the risk from hydrogen were suggested, for example avoiding the formation of flammable mixtures, avoiding compression joint in containment. 
3. Conclusion

This discussion meeting has continued to serve its stated function of bringing together scientists and expertise who discover new information on modelling hydrogen explosion and jet fire; or those who involves with hydrogen economy and safety regulations.  From this meeting, hydrogen technology would become more and more important in energy supply as there are limited natural resources and for environmental reason.  Though there is still limited experimental data and some uncertainties on the safety aspect, it would be worth to investigate more how hydrogen can well be used in public and industrial sector in the future. 

