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ABSTRACT

Blending hydrogen into existing natural gas infrastructure can be a cost-effective approach to
introduce more hydrogen into the global energy mix. Blends of natural gas and hydrogen
produced from renewable energy sources can be used to generate heat and power with lower CO>
emissions in hard-to-abate industries which today are fueled by natural gas. However, the safety
implications of such solutions are not well enough understood. The physical properties of
hydrogen differ from those of natural gas, and the safety implications may not be linearly
dependent on the composition of the fuel.

Reliable and predictive engineering tools to estimate the consequences of an accidental release
are paramount for safety analysis, e.g., to establish flammability or toxicity contours or thermal
radiation hazard distances. In this work we demonstrate the ability of computational fluids
dynamics (CFD) modelling to simulate both unignited and ignited releases of hydrogen and
natural gas mixtures into surroundings with geometrical obstacles. The simulation results can
then readily be used for consequence predictions in safety analysis for industrial scale problems.
The advanced industrial CFD tool KFX? is used to model the scenarios. KFX has previously
been demonstrated to give good results for pure hydrogen jet releases?.

KFX is a finite-volume CFD code which solves the fundamental conservation equations for
three-dimensional, time-dependent turbulent flow and combustion using a non-uniform Cartesian
grid. Turbulence is modelled with the standard k-& model, while turbulent combustion is
modelled with the Eddy Dissipation Concept (EDC)3. In turbulent combustion, chemical
reactions take place in fine structures of the turbulent fluid. This is a complex interplay, and EDC
connects the fine scale physics to the larger scale turbulence model parameters. Furthermore,
thermal radiation is modelled by the discrete transfer model of Lockwood and Shah?, while soot
formation from combustion of hydrocarbons is modelled by the Eddy Dissipation Soot model. A
mean absorption coefficient based on Leckner’s model of CO, and H2O absorption are applied,
while Felske and Tien’s model is used for soot absorption.

A multicomponent approach is applied so that individual species, such as hydrogen, methane,
ethane, propane, and air components, are tracked separately. Detailed CAD geometry can readily



be imported into the simulation model, and geometries can be represented either as solid
construction cells or by a sub-grid porosity concept to capture the effect of geometries that are
smaller than the computational grid. This is a prerequisite for incorporating complex geometries
of industrial facilities into the simulation model.

Releases from pressurized storage typically results in under-expanded jets. In such scenarios a
pseudo-source concept that models the expansion process at sub-grid level to obtain equivalent
expanded flow parameters at atmospheric conditions is used. This model is based on
conservation of mass, momentum and energy. The expansion from a stagnation state to the
orifice state is modelled as an isentropic expansion, while the expansion from orifice to the
atmosphere is modelled as a constant total enthalpy process. Accurate and robust equations of
state (EOS) are accessed through the open-source toolbox Thermopack®. For this work we
employ the GERG-2008 EOS®, which is the I1SO standard for natural gas and similar mixtures.

By comparing simulation results to large-scale experiments, we show that the CFD model
captures the fundamental physics of a mixed hydrogen/natural gas release, including dispersion
and combustion in the surroundings and heat load to surrounding obstacles. This demonstrates
that the model can be used as a reliable and predictive tool for consequence modelling of
industrial relevant release scenarios of hydrogen and hydrogen/natural gas blends.
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