©
2016 2019

Development of Small Output Organic Rankine Cycle Based on Performance of Fluid
Machine with Mixture of Refrigerant and Lubricant
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The VLE data of organic refrigerant R245fa mixed with lubricating oil was
measured, then the prediction equation for estimated thermophysical properties based on the VLE data
was considered. Furthermore, the test plant of the organic Rankine cycle (ORC) was developed for
the improving the feasibility of small-output ORC. We discussed the effect of the mixture of the
refrigerant and lubricating oil on the turbine performance. The pressure on the outlet side of the
displacement type turbine could not decrease to the pressure determined by the cooling temperature
of the condenser due to the influence of the volume ratio. When the test plant is properly loaded,
its maximum output of the present test plant becomes about 107W. We clarified that when the mixing

ratio of the lubricating oil exceeds 50%, the steam pressure of the working fluid itself decreases,
which may cause the deterioration of the turbine performance.
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Table 1 Properties of SUNICE P56 and SL68S
unit P56 9.68S
Dengty (15°C) gcm?® 1.0154 0.9593
Flash point °C 238 260
Pour point °C -40 -37.5
Average molecular wait g/ maol 1036.3 658.3
Moisture ppm 231.3 32.6
Main component - PAG POE
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(a) Equilibrium cell (b) measurement method of VLE data
Fig. 1 Experimental apparatus for the measurement of VLE data
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Fig. 2 Test plant of the organic Rankine cycle
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Fig. 3 Measurement method of the turbine performance
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Fig.4 Thermophysical properties of R245fa/ P56 mixture based on the VLE data
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Fig. 5 Characteristics of the scroll turbine
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Table 2 Summary on the performance of organic Rankine cycle

Mass flow rate

0.0171 (kg/9)

\olume flow rate

59.4 (m*/min)

Turbine efficiency

0.149 (measurement)

Pump efficiency

0.6 (assumption)

Theoretical output power 277 (W)
Net output power 36.1 (W)
Thermal efficiency 0.923
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Fig. 6 T-sdiagram of the ORC
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Fig. 7 Measured characteristic of the scroll turbine
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