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Abstract: Recently, there has been a growing interest in sustainable energy. One method that has been used is an
organic Rankine cycle using conventional turbine technology with a low-temperature waste heat source. A 200-kW
organic Rankine cycle (ORC) system was designed for a waste heat recovery application using R245fa as the working
fluid. A radial turbine running at 15,000 rpm was employed to generate more than 200 kW with an expansion ratio of
nine. Because an ORC turbine uses a refrigerant as the working fluid, the ideal gas law was not employed to design the
turbine. In addition, the complexity of the molecular structure of R245fa made it difficult to design the turbine. Because
R245fa has an Ma value of one at a low velocity for the working fluid (about 1/3 of the speed of sound in air) at about
100°C, it easily reaches a supersonic flow condition with a small pressure expansion. To increase the efficiency of the
turbine, a dual stage radial-type turbine with a subsonic speed was suggested. This paper will describe the design
procedure and performance evaluation of the ORC turbine using R245fa.
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Table 1 Thermodynamic properties of ORC working fluids

Novec

Properties Unit 649 R245fa R32 Ammonia
Boiling °C 49 15 .52 33
Point
Pour Point °C -108 -102 -137 -78
Molecular
Weight kg/kmol 316 134 52 17
Critical 169 154 78 132
Temperature
Critical bar 186 365 58 113
Pressure
Heat of kl/kg 88 196 360 1370
Vaporization
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Table 2 Thermal cycle analysis of the ORC system

. . Electric
Pinch point[ C] 5 Power[kW] 224.7
Mass flow rate n
7.2 12.5
[kg/s] (electric)[%]
Turbine .
Efficiency 0.798 Qin [kW] 1705.9
Electric
Efficiency 0.759 Qout[kW] 1471.7
Inlet total
Wpump[kW] 12.1 P[kPa] 2069
. Outlet total
Wturbin[kW] 246.4 P[kPa] 223
Shaft Inlet total
236.5 B 124
Power[kW] T[C]
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Table 3 The design specification of the first stage

Working fluid R245fa
Expansion ratio(TT) 2.8
Mass flow rate(kg/s) 72
Inlet total pressure (kPa) 2069
Inlet total temperature (C) 124
Outlet total pressure (kPa) 735
Rotating speed (rpm) 15,000
Specific speed 0.4
Expected Turbine Power(kW) 111.6
Efficiency (%) 85

Table 4 The design specification of the second stage

Working fluid R245fa
Expansion ratio(TT) 3.17
Mass flow rate(kg/s) 72
Inlet total pressure (kPa) 706
Inlet total temperature (C) 85.7
Outlet total pressure (kPa) 223
Rotating speed (rpm) 15,000
Specific speed 0.7
Expected Turbine Power(kW) 135.1
Efficiency (%) 85
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Table 5 The design parameters of the first stage

nozzle rotor

Radius inlet(2), mm 108 | Radius inlet(4), mm 79.5

Thickness, mm 5.5 Radius exit shroud(5), mm | 42.5
Radius exit(3), mm 83.5 | Radius exit hub, mm 29
Inlet angle, degree 71 Axial length, mm 42.5
Exit angle, degree 74 Exit angle, degree -45
Number of blades 15 Number of blades 10

Table 6 The design parameters of the second stage

nozzle Rotor

Radius inlet(2), mm 117 | Radius inlet(4), mm 89

Thickness, mm 17 | Radius exit shroud(5), mm 66
Radius exit(3), mm 94 | Radius exit hub, mm 40.5
Inlet angle, degree 63 | Axial length, mm 53.5
Exit angle, degree 77.6 | Exit angle, degree -45
Number of blades 15 Number of blades 10
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