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Cycle Analysis and Experiment for a Small-Scale Organic Rankine Cycle
Using a Partially Admitted Axial Turbine
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ABSTRACT

Organic Rankine cycle (ORC) has been used to generate electrical or mechanical power from low-grade thermal energy.
Usually, this thermal energy is not supplied continuously at the constant thermal energy level. In order to optimally utilize
fluctuating thermal energy, an axial-type turbine was applied to the expander of ORC and two supersonic nozzle were used
to control the mass flow rate. Experiment was conducted with various turbine inlet temperatures (TIT) with the partial admission
rate of 16.7 %. The tip diameter of rotor was to be 80 mm. In the cycle analysis, the output power of ORC was predicted with
considering the load dissipating the output power produced from the ORC as well as the turbine efficiency. The predicted
results showed the same trend as the experimental results, and the experimental results showed that the system efficiency of
2% was obtained at the TIT of 100C.
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Fig. 1 Schematic diagram of the experimental facility
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1:turbine inlet 2: nozzle eixt 3: turbine exit 4 : recuperator inlet
4a: recuperator exit  5: condenser exit 6: pump inlet
7:pump exit 7a:recuperator exit 8: evaporator exit
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Fig. 2 Measurement locations in the pressure-enthalpy diagram
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Fig. 3 A picture of experimental facility

Table 1 Measuring instruments used in the experiment

Instrument Maker Model Accuracy

Mass flowmeter Endress+ 80E15, Coriolis |  +0.2%
Hauser

Pressure sensor Druck PTX 7500 +0.05%

Thermometer Dongyang PT100 +0.2%

Powermeter Yokogawa WT1600 +01%

DAQ Omron ZR-RX45 +01%
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Fig. 5 Configuration of axial-type rotor

Table 2 Geometric parameters of the rotor

Parameters Dimension
Tip radius (Rtip: mm) 41
Hub radius (Rh: mm) 30
Partial admission rate (¢) 16.7%
Number of blades 29
Pitch at mean diameter (p: mm) 778
Chord (c: mm) 15.0
Blade inlet angle (Bin) 65.0°
Blade outlet angle (Bout) 65.0°
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