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The 2025 General Meeting and the Annual Meeting of the German-Swiss Association for the Properties
of Water and Steam (GSAPWS) took place at the Ruhr University Bochum on 6 and 7 March, 2025.

In the following, activities of certain members of the German-Swiss Association for the Properties of
Water and Steam in the years 2024 to 2025 are summarized.

GFZ Helmholtz Centre for Geosciences
Section 4.3 - Geoenergy, Potsdam
Dr. Harald Milsch, Ulrike Hoffert

Project

Geothermal fluids display a huge variability in chemical composition and salinity. The approach that is
pursued at GFZ is to fill the existing data gaps systematically by determining the properties of synthetic
fluids containing the main salts only, i.e. typically NaCl, CaCl,, and KCI. To evaluate the error in
density, viscosity and electrical conductivity that comes with neglecting the minor constituents of natural
fluids, four European geothermal sites are selected that span a huge variability in salt concentration and
composition. For each site, four synthetic samples are prepared and parameterized by measurements for
the abovementioned properties as a function of temperature, one containing the main salts only and the
three others containing one dominant minor salt each in addition to the former base solution. In
cooperation with BRGM, France, the resulting original data points are compared with predictions from
numerical modelling using the PHREESCALE geochemical code in connection with PhreeqC.
Preliminary results for density indicate an excellent match. This study is ongoing and the results will be
published after completion.

Recent Publications

In the past, aqueous solutions of NaCl, CaCl, and defined mixtures thereof were parameterized for
density and viscosity up to saturation, at temperatures between 293 K and 353 K, and ambient pressure.
Two publications of these findings were submitted to and published in Geothermal Energy (Springer;
Hoffert et al., 2024; 2025):
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o Ulrike Hoffert, Laurent André, Guido Blocher, Sylvain Guignot, Arnault Lassin, Harald
Milsch, Ingo Sass (2024): Density of pure and mixed NaCl and CaCl, aqueous solutions
at 293 K to 353 K and 0.1 MPa: An integrated comparison of analytical and numerical
data. Geothermal Energy, 12, 39. https://doi.org/10.1186/s40517-024-00318-1

o Ulrike Hoffert, Guido Blocher, Stefan Kranz, Harald Milsch, Ingo Sass (2025):
Viscosity of pure and mixed aqueous NaCl and CacCl, solutions at 293 K to 353 K and
0.1 MPa: a simple empirical correlation parameterized with original analytical data.
Geothermal Energy, 13, 15. https://doi.org/10.1186/s40517-025-00339-4

Helmut Schmidt University / University of the Federal Armed Forces Hamburg
Institute of Thermodynamics
Prof. Dr. Karsten Meier, Dr. Robert Hellmann

Project

In an ongoing project, thermophysical properties of mixtures of water vapor and simple gases are
predicted from first-principles calculations. Investigated properties include second and third virial
coefficients, with an important application being the enhancement factors of water and ice.
Furthermore, the transport properties shear viscosity, thermal conductivity, and binary diffusion
coefficient in the dilute gas limit are calculated. So far, the gases nitrogen, oxygen, argon, carbon
dioxide, air, hydrogen, carbon monoxide, hydrogen sulfide, and sulfur dioxide have been
investigated.

Recent Publications

o Hellmann, R.:

Cross Second and Third Virial Coefficients and Dilute Gas Transport Properties of the (H,O + Ar)
System from First-Principles Calculations.
J. Chem. Eng. Data 69, 942-957 (2024).

PPCHEM AG, Hinwil
Tapio Werder, Michael Rziha
The activities of the PCC Working Group were limited to a small contribution to the revision of the

White Paper "Sampling, monitoring and analysis of corrosion products for flexible and fast-starting
equipment" (PCC W P 24-001, published January 2025; https://www.iapws.org/wg/PCC.html).

Publications in the PPCHEM® Journal which are of Interest for PCC:

o "Water Treatment of Flue Gas Condensate — White Paper" Nordic IAPWS; PPCHEM® 2024,

26(6), 308-331.

o "IAPWS TGD2-09(2024): Instrumentation for Monitoring and Control of Cycle Chemistry for

the Steam/Water Circuits of Fossil-Fired, Combined Cycle, and Industrial Power Plants"
IAPWS, PPCHEM® 2024, 26(5), 250-275.

Ruhr University Bochum
Faculty of Mechanical Engineering, Chair of Thermal Turbomachines and Aeroengines
Prof. Dr. Francesca di Mare

Projects:

L.

Supercritical CO»-based power cycles require consideration of non-ideal thermodynamics and
compressible turbulence. Recently, we studied the decay of homogeneous isotropic turbulence with
eddy shocklets using Direct Numerical Simulation. We consider both ideal gas and use Span-
Wagner reference equation of state to model supercritical CO». The results are explicitly filtered,
allowing for evaluation of a previously untested, yet universally accepted assumption, that the
computable temperature and pressure (outputs of the equation of state using the available filtered



quantities) are good approximations for the true filtered temperature and pressure. For the
investigated thermodynamic state, the approximation does not result in a great error, however it does
influence both the mean and the shape of PDF of both variables. The findings from this work were
not only presented at the 6™ conference on Non-Ideal Compressible Fluid Dynamics in Lyon but
also at this year’s GSAPWS meeting in Bochum (see [1]).

2. We conducted the first-of-its-kind full-crown Detached-Eddy Simulation (DES) of a radial turbine
designed for the operation in a supercritical CO,-based power cycle. The simulation domain not
only models the main blade passage, but also the exhaust diffuser and the rotor disk cavities.
Thermophysical properties of CO, are modelled with the Span-Wagner reference equation which is
evaluated by a highly efficient spline-based table look-up method (created by Matthias Kunick in a
similar fashion as needed for our previous wet steam computations). The hybrid RANS/LES models,
using Improved Delayed Detached-Eddy Simulation approach, are validated in a flow around a
circular cylinder at Re = 3900, obtaining excellent agreement with other experimental and numerical
studies. A preliminary assessment of the grid quality in the context of DES is performed for the full-
crown simulation, and characteristic flow features of the main passage and cavity flow are
highlighted and discussed. The SBTL method proved here again superior performance and accuracy
(see [2,3]).

Recent Publications:

[1] Lea, B.; Sadowski, W.; di Mare, F.:
Evaluating differences between the computable and filtered state variables in supercritical CO,.
Proceedings of the Sth International Seminar on Non-Ideal Compressible Fluid Dynamics for
Propulsion and Power. (in publication process)

[2] Lea, B.; Lo Presti, F.; Sadowski, W.; di Mare, F.:
Detached Eddy Simulation of a Radial Turbine operated with supercritical COs.
Proceedings of the 16th European Turbomachinery Conference (ETC16)
Turbomachinery, Fluid Dynamics and Thermodynamics. Paper No. ETC2025-273.

[3] Lea, B.; Lo Presti, F.; Sadowski, W.; di Mare, F.:
Detached Eddy Simulation of a Radial Turbine operated with supercritical COs.
International Journal of Turbomachinery, Propulsion and Power (in preparation).

SWAN Analytische Instrumente AG, Hinwil (Switzerland)
Mar Nogales

Contribution to the revision of the White Paper "Sampling, monitoring and analysis of corrosion products
for flexible and fast-starting equipment" (PCC W P 24-001, published January 2025;
https://www.iapws.org/wg/PCC.html).

Contribution to the released revision of the TGD "IAPWS TGD2-09(2024): Instrumentation for
Monitoring and Control of Cycle Chemistry for the Steam/Water Circuits of Fossil-Fired, Combined
Cycle, and Industrial Power Plants"

Technical University of Dresden
Institute of Power Engineering, Thermal Power Machinery and Plants
Dr. Andreas Jiger

Projects:

1. The cooperation regarding the establishment of gas hydrate models, in particular hydrogen
hydrates, with colleagues from the Institute of Thermomechanics of the Czech Academy of
Sciences in Prague and from Ruhr-University Bochum is continued. TU Dresden is supporting
the work, which is mainly carried out within a DFG-project by Ruhr-University Bochum with
Dr. Vaclav Vins§ from the Czech Academy of Sciences being a "Mercator Fellow" of the project.
An extension of the model to gas hydrates forming structure sH has been submitted to The Journal
of Chemical Physics and is currently under review.
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2. Within the project “Optisyskom”, heat transfer coefficients in annular cavities in the casing of
steam turbines are investigated experimentally and theoretically. The project is finished and
the final report is currently compiled.

Recent Publications:

[1] Fiedler, F.; Vins, V.; Nguyen Nhat, L.; Jager, A.; Span, R.: Extension of a hydrate model for
structure H applied to multiparameter equations of state. Submitted to The Journal of Chemical
Physics, 2025.

Zittau/Goerlitz University of Applied Sciences, Faculty of Mechanical Engineering /
KCE-ThermoFluidProperties, Amberg

Prof. Dr. Matthias Kunick, Prof. Dr. Hans-Joachim Kretzschmar,

Dr. Sebastian Herrmann

Projects

1. Development of a neu industrial formulation for steam and water using Spline-Based Table Look-Up
Method (SBTL)

e Evaluation of STBL-Property Functions based on IAPWS-1F97 and IAPWS-95 in power

cycle simulations, together with Siemens Energy Erlangen, Iqony Solutions Zwingenberg and
Chair of Thermal Turbomachines and Aeroengines of Ruhr University Bochum.

2. Development of fast property-calculation algorithms for gaseous mixtures of water with non-
condensable gases in thermo-hydraulic process simulations:

e Development of computationally efficient algorithms for the properties of gaseous mixtures of
water vapor with Ar, CO, CO,, He, H,, N, and O,. The mixture model combines the ideal
mixing of real fluids with a residual part obtained from a virial-mixing approach or a one-fluid
model.

e Implementation and verification of the property library LibSBTL95 in ATHLET.
3. Application of the Spline-Based Table Look-Up Method (SBTL) to humid air

e SBTL functions have been developed for water and steam as well as for dry air and the
enhancement factor. These SBTL functions have been implemented into a new property library
for humid air which is successfully applied at the Fraunhofer UMSICHT, Oberhausen, for the
simulation of Advanced Adiabatic Compressed Air Energy Storages (AA-CAES).

e Implementation and verification in the software KRAWAL of Siemens

4. Development of a new ASHRAE standard for calculating thermodynamic properties of moist air,
ASHRAE Project SPC 213P: Method for Calculating Moist Air Thermodynamic Properties.

e The vapor pressure and saturation temperature equations of the IAPWS-IF97 Industrial
Formulation and the melting pressure equation of the IAPWS Formulation 2011 are being
incorporated into the new ASHRAE Standard, Method for Calculating Moist Air
Thermodynamic Properties.



