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In 2011, the IAPWS Working Groups "Thermophysical Properties of Water and Steam" and
“Industrial Requirements and Solutions" issued ICRN 28, titled “Thermophysical Properties of
Metastable Steam and Homogeneous Nucleation”. This ICRN was renewed in 2014 and
expired in 2019.

At present, the knowledge of the properties of metastable steam and homogeneous nucleation
of water droplets from supersaturated steam remains incomplete. However, partial
understanding was reached.

The properties of supersaturated steam, i.e., steam at greater pressure than the saturation
pressure at given temperature, or, equivalently, subcooled steam, i.e. steam at lower
temperature than the saturation temperature for the given pressure, can be computed with the
help of a suitable equation of state, which provides an extrapolation from the region of stable
steam. The fundamental formulation IAPWS-95 should not be used for this purpose, because
it predicts unphysically strong real gas effects already for saturated steam at low temperatures
[1]. It is recommended to use either “Supplementary Equation for the Metastable-Vapor
Region” of IAPWS-IF97 [2], Eq. (18), or the virial equation of state with second virial coefficient
given by a more recent correlation of experimental and quantum mechanical data [3]. A
broader context is given in a recent review [4]. The related need for data in the region of
supersaturated steam is covered in the scope of ICRN 31 [5].

No direct data on homogeneous nucleation of droplets in steam in the temperature range
relevant to turbomachinery is available. However, a comprehensive study of steam
condensation in nozzles has appeared [6]. Study [7] collects direct nucleation rate data at low
temperatures, indirect data at high temperatures, and molecular dynamics results. Several
recent publications consider the influence of various gases on the nucleation of water
droplets [8].
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