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Fea?ibility study of a small scroll turbine capable of a super critical C02 Rankine
Cycle
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We aimed to create a small power cycle by the small temperature difference such
as hot spring thermal energy. The objective of this study Is to examine the feasibility of a C02 Rankine
cycle which becomes the auxiliary power for the civilian demands. First of all, we analyzed the OEerating
conditions of the C02 Rankine cycle based on its own thermophysical properties; it composed by a heat
pumB cycle which was reversed by a hi%h pressure pump. The volume-tﬁpe compressors are applied as the
turbines. The characteristics of the fluid dynamics of the turbine have been evaluated in the test bench
composed by the actual turbine. From these results, we discussed feasibility on the creation of the
small-power CO2 Rankine cycle and its future works.
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Fig. 1 Schematic diagram of the heat pump cycle

Table 1 Specifications of the heat pump cycle

Heating Capacity , kW 4.5
Electricity Consumption , KW 0.98
(for the Compressor) )
High Pressure, MPa 10.0
Low Pressure , MPa 6.4
Flow Rate, L / min 6.7
Working Fluid R744
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Specific enthalpy , h [kJ/kg]

Fig. 2 T-h diagram of the re-heater
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Fig. 4 Experimental apparatus for the evaluation of the
performance of the turbine
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Fig. 5 Schematic diagram of the supercritical CO2
Rankine cycle
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Fig. 6 Characteristics on the efficiency of the rotary
turbine
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Fig. 7 p-h diagram of the CO2 Rankne cycle
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Fig. 8 Characteristics on the pressure ratio of the scroll
turbine
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Fig. 9 Characteristics on the shaft power of the scroll
turbine
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Fig. 10 Characteristics on the efficiency of the scroll
turbine
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Table 2 Summary of the performance of the power
cycle

R744 R134a | R245fa R32
Evaporator vapor pressure, Pe (MPa) 10.0 2.93 0.892 4.04
Condenser vapor pressure, Pc (MPa) 6.40 0.665 0.148 1.69
Pressure ratio , Pe / Pc 1.56 4.40 6.02 2.39
Flow rate , G (L/min) 319 24.7 60.0 30.4
Pump Power , Wp (W) 8092 139 27.0 153
Turbine Power , Wt (W) 8492 539 427 552
Electric Power, We (W) 400
Cyele efficiency , n (%) 021 | 460 | 592 | 353
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Fig. 11 p-h diagram of the Rankine cycle by the
R245fa

Table 3 Summary of the performance of organic Ran-
kine cycle with the scroll turbine

ORC | ORC+sST
Working Fluid R245fa
High Temperature , Ty (K) 358
Low Temperature , T; (K) 298 331
Temperature difference , AT(K) 60 27
High Pressure, P;; (kPa) 892
Low Pressure, P; (kPa) 148 371
Pressure difference , AP ,(kPa) 744 521
Flow Rate , Q (L/min) 45
Pressure ratio, € N/A | 24
Turbine efficiency , 17 (%) 30.0
Output , L (W) 214 | 128
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