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ABSTRACT

The increasing contribution of fluctuating renewable energy sources, such as wind and solar, to
the European energy mix requires large-scale energy storage systems to balance the seasonal
mismatch between renewable energy supply and demand. Hydrogen production, utilizing excess
renewable energy, and storage in geological formations could be one pathway to provide the
required storage capacities over seasonal time scales. Besides aquifers and salt caverns, depleted
oil and gas reservoirs qualify as suited storage sites, due to their extensive storage capacities, well
characterized storage properties, proven gas tightness, and the opportunity to re-purpose already
existing infrastructure for injection and depletion. For a safe, cost-effective, and efficient
implementation of such storage systems, understanding the behavior of thermodynamic and
transport properties of hydrogen and mixtures of hydrogen with typical reservoir gases like
methane is essential. However, while extensive experimental data sets and accurate calculation
models for thermophysical properties are available for pure hydrogen, mixtures of hydrogen and
methane lack the experimental data base to reliably validate thermophysical property models for
mixtures. This is particularly true for the viscosity, as one of the key properties to describe transport
processes, at conditions relevant for underground hydrogen storage. Therefore, the viscosity of
hydrogen and a binary (hydrogen + methane) mixture with a nominal hydrogen content of
90 mol % was measured at temperatures between (298 and 348) K and at pressures of up to
18 MPa. The measurements were carried out with a two-capillary viscometer, which was recently
put in operation at SINTEF Energy Research in Trondheim. The measurement principle is based
on the Hagen-Poiseuille equation, which relates the fluid viscosity to the fluid flow, applied to a
capillary, and the resulting pressure difference along the capillary. In order to avoid the necessity
to know the flow rate and the capillaries’ dimensions accurately, viscosity ratios were measured
instead of absolute viscosities, utilizing two in series connected capillaries. In addition, relative
measurements were conducted with helium as reference fluid. Applying highly accurate reference
data for helium [1], the expanded combined uncertainty of the experimental results is between
(0.65 and 3.2) %. Measurements on pure hydrogen were compared to a state of the art viscosity
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correlation [2], as implemented in the Reference Fluid Thermodynamic and Transport Properties
Database REFPROP v10.0 [3]. Relative deviations to the viscosity correlation are 0.22 % on
average, proving the functionality of the experimental set-up for low-viscous fluids like hydrogen.
Measurements on the (hydrogen + methane) mixture were compared to an Extended
Corresponding states (ECS) model [4] for the prediction of mixture viscosities. However, relative
deviations between the experimental data and the ECS model exceed the experimental uncertainty,
indicating that inaccuracies in calculated mixture viscosities have to be expected.

The results of this work have been published in the International Journal of Thermophysics under
the title “Measurements of the Viscosity of Hydrogen and a (Hydrogen + Methane) Mixture with
a Two-Capillary Viscometer” and are accessible open-access via https://doi.org/10.1007/s10765-
023-03328-6 [5].
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