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ABSTRACT

The system design of the Organic Rankine Cycle(ORC) is greatly influenced by the thermal properties such as the

temperature or the thermal capacity of heat source. Typically waste heat, solar energy, geothermal energy, and so on are used

as the heat source for the ORC. However, thermal energy supplying from these kinds of heat sources cannot be provided

constantly. Hence, an experimental study was conducted to utilize fluctuating thermal energy efficiently. For this experiment,

an impulse turbine and supersonic nozzles were applied and the supersonic nozzle was used to increase the velocity at the

nozzle exit. In addition, these nozzles were used to adjust the mass flowrate depending on the amount of the supplied thermal

energy. The experiment was conducted with maximum three nozzles due to the capacity of thermal energy. The experimented

results were compared with the predicted results. The experiment showed that the useful output power could be producted from

low-grade thermal energy as well as fluctuating thermal energy.
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Fig. 1 Picture of the experimental facility for the regenerative
organic Rankine cycle
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(b) Mach number contours

Fig. 2 Mach number contours within a nozzle shape designed by
the method of characteristics
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Fig. 3 Mach number contours computed by the CFD
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1: turbine inlet  3: turbine exit ~ 3a: regenerator inlet
4: saturated vapor 5L: saturated liquid 5: pump inlet
6: pump exit 6a: regenerator exit 7: saturated liquid
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Enthalpy, h [kJ/kg]

Fig. 5 Cycle of the ORC on the P-h curve with measuring locations
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Table 1 Measuring instruments used in the experiment

Instrument Maker Model Accuracy
Mass flowmeter |Endress+Hauser | 80E15, Coriolis | #£0.2%
Pressure sensor Druck PTX 7500 +0.05%

Thermometer Dongyang PT100 +0.2%

Powermeter Yokogawa WT1600 +0.1%

DAQ Omron ZR-RX45 +0.1%
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Fig. 6 Variation of total temperature with operating time
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Fig. 7 Variation of total pressure with operating time
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Fig. 9 Variation of turbine and system efficiency
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Fig. 15 Specific output power with various input conditions
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Fig. 14 Mass flowrate with various input conditions
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