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20kW Turbine Development for OTEC System
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ABSTRACT

In Ocean, the temperature of the deep sea water is always lower than that of the surface sea water. The temperature
difference between the surface water and deep sea water is about 20°C. Based on thermodynamics, this temperature difference
can be converted into mechanical power. The mechanical power can be converted to electricity through a generator. However,
the temperature difference is relatively small compared with that of traditional steam turbines. It is difficult to apply the steam
turbine technology for this small temperature difference directly. Therefore, the turbine for OTEC system using low temperature
difference should be designed to meet the system requirement. The present study focuses on the development of the turbine
for 20 kW OTEC system using R32. The paper includes the determination of working fluids, meridional design, turbine layout
and 3D CFD results. With off-design points analysis, the full performance of 20kW OTEC turbine is investigated. Through the
research, one stage radial type turbine with R32 as working fluid is successfully developed and can be applied to other high
temperature heat source.
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Fig. 1 R32 T-S plot in the thermal cycle analysis
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Fig. 2 OTEC thermal cycle schematic

Table 1 20 kW turbine working conditions

Parameter values
Working fluid R32
Inlet total temperature (°C) 20.93
Inlet total pressure (kPa) 1515
Outlet total pressure (kPa) 1203
Mass flow rate (kg/s) 37
Expansion ratio (TT base) 1.26
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Fig. 3 Meridional shape of the ORC turbine
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Fig. 4 Velocity triangle before rotor inlet and after rotor exit

Table 2 20 kW turbine design parameters

Nozzle Rotor
Inlet radius, mm 74 | Inlet radius, mm 56.5
Thickness, mm 75 | Exit radius on shroud, mm | 36
Exit radius, mm 60 | Exit radius on hub, mm 17
Inlet angle, degree | 0 | Axial length, mm 32
Exit angle, degree | 70 | Exit angle, degree 45
Number of blades | 15 | Number of blades 10
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Fig.5 Efficiency vs mass flow plot in the meridional design
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Fig. 6 Volume flow vs expansion ratio plot in the meridional design
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Fig. 7 Off-design analysis of the OTEC turbine

Fig. 8 Nozzle and rotor of the OTEC turbine
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Fig. 9 OTEC turbine mesh for CFD analysis
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Fig. 11 Power vs expansion ratio plot
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Fig. 12 Prototype of the OTEC turbine
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