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	On the Effect of Heat Losses on Disintegrating Lean Hydrogen Flames in Narrow Gaps


Prof. Dr. Mike Kuznetsov
Karlsruhe Institute of Technology, Germany
Abstract: An analysis of experiments near the limit of hydrogen flame propagation in a thin-layer (Hele–Shaw) geometry is presented. Test mixtures were ignited at the open end of the test cell so that the flame propagates towards the closed end. Approaching the flame propagation limit at Peclet number Pe<15, the planar or wrinkled flame surface degrades to one- or two-heads flame balls or branching (dendritic) flames due to the local extinction in a manner very similar to micro-gravity flames behavior. In our theoretical analysis, the flamelets resulting from the disintegration of the continuous front are interpreted in terms of the Zeldovich flame balls stabilized by volumetric heat losses. It was theoretically postulated that flame velocity decrease fully associates with energy losses to the wall. Such an assumption was quantitatively confirmed by experimental data if we recalculate the flame velocity deficit by energy losses. A complicated free-boundary problem for 2D self-drifting near circular flamelets is reduced to a quasi-1D model. The quasi-1D formulation is then utilized to obtain the locus of the flamelet velocity, size, heat losses, and Lewis numbers at which the self-drifting flamelets may exist. Finally, a new classification of the 2D-flameballs was endeavoured, based on the theory of solitons. Comparison of experimental results with the regimes described by this theory allow us to identify new propagation types. This provides a more complete and complex taxonomy, with numerous additional categories, that are more adjusted to the experimental observations.
[bookmark: _GoBack]Biography: Prof. Dr. Mike Kuznetsov is currently the Principal Researcher responsible for hydrogen combustion and detonation experiments at the HYKA test site of the Karlsruhe Institute of Technology, Germany. Dr. Kuznetsov is a professor of Nanjing University and an invited Professor at CNRS (Centre National de la recherche scientifique), Orléans, France. He received his bachelor's and master's degrees in Nuclear Engineering at the Saint-Petersburg Institute of Technology, and a PhD degree in Physics of Combustion and Explosions at the Kurchatov Institute, Russia. He was the Head of the Combustion Dynamics Laboratory at the Kurchatov Institute, Russia. His professional scientific experience accounts for more than 40 years. His current research focuses on large-scale experiments on hydrogen combustion and detonations with respect to hydrogen safety. He is a member of ANS, ASME, SMIRT, and the German section of the Combustion Institute. He is a member of the Steering Committee of the International Atomic Energy Agency. As an expert, he has inspected nuclear power plants in Germany, France and Switzerland. The total number of scientific publications is more than 380, including 3 patents, 127 scientific papers in refereed journals and 255 scientific papers in refereed conference proceedings.
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	Cryogenic Hydrogen Combustion: From Laminar Flames to BLEVE and Detonation


Prof. Dr. Mike Kuznetsov
Karlsruhe Institute of Technology, Germany
Abstract: Experimental data on laminar flame velocity, auto-ignition temperature, and minimum ignition energy at cryogenic temperatures compared with theoretical calculations using a Cantera code with GRI-3.0 Mechanism. The analysis showed that the reduced chemical reactivity was practically compensated with the higher density at cryogenic temperatures. A factor of three times higher density at cryogenic temperatures plays a crucial role in combustion processes. To demonstrate it, a series of more than 100 experiments with hydrogen-air mixtures has been performed at cryogenic temperatures from 90 to 130K and ambient pressure. The critical expansion ratio * for an effective flame acceleration to the speed of sound was experimentally found at cryogenic temperatures. The main peculiarities of cryogenic combustion with respect to the safety assessment were that the maximum combustion pressure and heat radiation of the flame were several times higher and the run-up-distance to detonation was two times shorter compared to ambient temperature, independent of the lower chemical reactivity at cryogenic conditions. It was found that factors of higher density and expansion ratio lead to the higher hydrodynamic flame instability and compensate for the lack of reactivity at cryogenic temperatures. A physical process of boiling liquid expanding vapor explosion (BLEVE) of pressurized cryogenic hydrogen was numerically simulated at different initial pressures from 5 to 40 bar and temperatures from 25 to 77K to predict the dynamics of shock waves generated by the burst of high pressure cylinder vessel and calculate the hydrogen distributions in ambient atmosphere. Since the process captures the state of hydrogen from a liquid to a supercritical fluid, a real gas equation of state was implemented into the CFD code. Depending on initial conditions, a condensation or evaporation processes behind the leading shock wave may be occurred if the initial state is super-critical or sub-critical, respectively. Dynamics of maximum pressure decay with a distance from BLEVE process was compared for 1-D linear and 3-D spherical geometry.
Biography: Prof. Dr. Mike Kuznetsov is currently the Principal Researcher responsible for hydrogen combustion and detonation experiments at the HYKA test site of the Karlsruhe Institute of Technology, Germany. Dr. Kuznetsov is a professor of Nanjing University and an invited Professor at CNRS (Centre National de la recherche scientifique), Orléans, France. He received his bachelor's and master's degrees in Nuclear Engineering at the Saint-Petersburg Institute of Technology, and a PhD degree in Physics of Combustion and Explosions at the Kurchatov Institute, Russia. He was the Head of the Combustion Dynamics Laboratory at the Kurchatov Institute, Russia. 
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