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Introduction (1/2) 
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• ORC systems for waste heat recovery are widely investigated 

• Research is heavily focused on optimization of such systems: 

• Working fluid 

• Components (e.g., HEX, expanders) 

• Cycle thermodynamics (e.g., PEORC) 

• As volumetric expanders are often employed in the medium to low 

power range, the expansion process is far from being adiabatic: 

 Possibility to pursue an isothermal expansion 

• Concept of ORC with flooded expansion and internal regeneration 

 What type of expander ? 

 Include the actual performance of an expander in the cycle evaluation 
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Introduction: Literature Overview (2/2) 
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• Concept of flooded expansion has been firstly investigated by Hugenroth 

et al. (2007) in an Ericsson cycle cooler 

• Woodland  et al. (2013) analyzed the benefits of flooded expansion and 

internal regeneration in an ORC along with practical challenges 

• Open-drive scroll expanders were used due to availability, efficiency and 

displacement required for the baseline cycles 

• E. Georges (2012) characterized the performance of a scroll expander. 

It was concluded that higher volume ratios would be desired to benefit 

from flooding 
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Isothermal Expansion 
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𝑟𝑣,𝑏𝑢𝑖𝑙𝑡−𝑖𝑛 =
𝑉𝑒𝑥,𝑒𝑥𝑝
𝑉𝑠𝑢,𝑒𝑥𝑝

 

𝑟𝑣,𝑏𝑢𝑖𝑙𝑡−𝑖𝑛
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ORCLFE System description 
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Cycle Modeling: Assumptions (1/2) 
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 Real gas model for the working fluid 

 The flooding medium is considered incompressible and volatile  

 The ideal mixture model is used 

 Pressure drops in the heat exchangers in line sets are neglected 

 The liquid and the gas flows are assumed to be in thermal and 

mechanical equilibrium 

 Perfect mixing 

 Perfect separation process in the oil separator except where specified 

 Fixed volumetric displacement rate for the expander with a filling factor 

equal to unity 
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Cycle Modeling (2/2) 
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Results: ORC vs ORCLFE 
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 Fixed heat source 120 ºC, R245fa 

 Efficiency of the expansion process 

is related to properties of the fluids 

and increase of specific volume 

with respect to decrease  of 

pressure 



Results: Irreversibility 
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𝜂𝐼𝐼,𝑂𝑅𝐶𝐿𝐹𝐸 =
𝜂𝐼,𝑂𝑅𝐶𝐿𝐹𝐸
𝜂𝐶𝑎𝑟𝑛𝑜𝑡

 



Results: Optimization (1/3) 
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 Screw expanders are usually oil-flooded machines which are favorable to 

implemented the ORCLFE concept  

 Utilize a single-screw expander to evaluate the benefits of flooded 

expansion. Experimental characterization of such machine has been 

performed 

  The volume flow of the cycle is imposed by 

the displacement of the machine 

 Mechanical losses have been obtained by 

calibrating a semi-empirical model 



Results: Optimization (2/3) 
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Results: Optimization (3/3) 
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Results: Experimental Test Rig 
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Conclusions 

 Flooded expansion with PD expanders and internal regeneration have 

been investigated to improve the performance of ORC systems 

 High built-in volume ratio expanders such as screw-type are desirable 

to benefit from the presence of large amounts of oil in the working 

chamber 

 By employing a single-screw expander with 𝑟𝑣,𝑏𝑢𝑖𝑙𝑡−𝑖𝑛 = 5.3, ORCLFE 

led to 9.88% cycle efficiency increase in the case of R1234ze(Z) a 

150 ºC 

 As the flooded medium mitigates the friction losses, the potential 

improvements on net power output and cycle efficiency are up to 20% 

 Accounting for the working fluid and lubricant oil solubility yielded to in 

increase of oil pump specific work of to three times 

 As a results of the study, a dedicated test rig has been designed and 

built 
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