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Abstract:
Improvement of the thermodynamic equation of state for heavy water [1] is one of the subjects under discussion in the International Association for the Properties of Water and Steam (IAPWS). To improve the reliability of the equation of state, higher accuracy and wider measurement ranges are required for experimental data on density (PVT properties), speed of sound, vapor pressure, and related properties; acquisition of experimental data on thermodynamic properties at metastable states is also effective for this purpose. By clarifying the properties at metastable states, it becomes possible to obtain more detailed knowledge of the behavior of the isotherms of the equation of state, particularly in the vicinity of the saturation boundary. With the aim of elucidating the thermodynamic properties of heavy water at such metastable states, preparations are underway for PVT property measurements over the range of 300 K to 420 K using the bellows-type variable-volume method [2]. In addition, measurements of the speed of sound in superheated liquid over the range of 293 K to 350 K are also being considered.
When calculating the thermodynamic properties of mixtures using Helmholtz-type equations of state [3], the Helmholtz free energy and its derivatives at metastable states are often required. Conducting similar experimental and analytical studies on pure water is expected to enable more accurate calculation of the thermodynamic properties of mixed systems, such as aqueous ammonia solutions. Applications are also anticipated for improving the performance of thermodynamic models for working fluids, including mixed refrigerants, not limited to heavy water and pure water.
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