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Abstract

Energy production and consumption play an essential role in climate change and

reducing the greenhouse gas emissions coming from that sector is essential. The

European Union has set out ambitious targets for 2030 and 2050 to mitigate climate

change and in the perspective of reaching these goals, the EU has developed the

“Horizon Europe” program. “Horizon Europe” is a funding program to finance research

and innovation and one of its fields is Energy. REGEN-BY-2 (Next REnewable

multi-GENeration technology enabled by TWO-phase fluids machines) is one of the

initiatives launched by “Horizon Europe”. This energy plant is capable of converting

any type of thermal Renewable Energy Sources into energy vectors such as electric,

heating and-or cooling powers. This thesis focuses on one of the main difficulties that

take place in this energy plant which is the two-phase expansion.

The first objective of this thesis is the characterization of a commercial scroll expander

performance in the two-phase region. A test bench of an Organic Rankine Cycle with a

two-phase expansion is built to conduct the experimental campaigns. The main

operational variables that impact the expander are varied i.e. the vapor quality, the

pressure ratio, the inlet pressure and the expander speed. To analyze the experimental

results, a tool allowing to perform a Gaussian regression is used. The main conclusions

withdrawn from the experimental results are that the isentropic and volumetric

efficiencies decrease with decreasing vapor quality. Another observation is that the

under-expansion losses appear to be emphasized when working with lower vapor quality.

The second objective is the prediction of the performance outside of the test range. For

this purpose, a semi-empirical model of the expander working in two-phase is proposed,

calibrated with the experimental data. This model allows to analyze the performance of

the expander outside of the test range.


