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The trends of rising fuel costs and the necessity of reducing CO2 emissions is forcing
governments and industries to focus on the development of low temperature heat energy
recovery systems. In view of the upcoming legislative limits regarding CO2 (95g/km in
2020) in the automotive industry, new approaches are necessary to increase the overall
efficiency of internal combustion engines (ICE). As a matter of fact, one of the largest
sources of waste energy is the internal combustion (IC) engine used in different means of
transport (naval ship, railway, automotive, etc.). The IC engine converts approximately
one third of the combustion power into mechanical power [1]. The remaining thermal
power is distributed throughout multiple heat exchangers or is directly released to the
ambient at the tail pipe. An ORC could be one measure to increase the overall efficiency
of an ICE by using the waste heat from the exhaust gas or the coolant. The ORC consists
of the classical steam generation in a Rankine cycle using an organic working fluid instead
of water. The adoption of common refrigerants, such as R245 and other, is usually
confined to low temperature heat recovery, since those requirements are not satisfied
at high temperature. The adoption of an ORC technology on an internal combustion
engine may suffer the unsteadiness of the conditions at which the engine operates (low
and high load). This difficulty can be overcome adopting a volumetric expander instead
of a traditional turbo-machinery which may experience dramatic efficiency losses due
both to the small size of the device and to the variable thermodynamic conditions of
the working fluid. The present work focuses on the description of a strategy to perform
a full cycle CFD simulation of a rotary vane expander working with an organic fluid.
Particular attention has been paid to the mesh generation and mesh motion strategy,
since the small gaps present in this type of machines are difficult to be captured and
handled when the vanes motion is modeled. The leakage is considered to be present all
around the vanes (radial and axial direction) and its impact on the power production
has been evaluated. Typically, in ORC systems the beginning of the expansion occurs
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at conditions close to the critical pressure, where the intermolecular effects are no more
negligible. There are several ways of modeling real gas effects for rerigerants of varying
complexity [2, 3]. They can be used to model the thermophysical properties in conditions
where the ideal assumptions is no longer valid. The Redlich-Kwong-Soave and the Peng-
Robinson equation of state have shown to provide a good approximation of the real gas
effect, when evaluating thermo-physical state of organic fluids [4]. In this work several
model to represent the real gas behavior have been implement and compared to the data
available from the NIST database. The developments have been applied to the modeling
of a sliding vane machine whose calculated performance have been compared to measured
data showing a good agreement.
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