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The development of a preliminary designing program for ORC radial inflow turbines

and the design of the radial inflow turbine for the OTEC
Do-Yeop Kim* Ho-Keun Kang® - You-Taek Kim'
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Abstract: The purpose of this study is to establish the designing method of ORC(Organic Rankine Cycle) ra-
dial inflow turbines. RTDM(Radial Turbine Design Modeler) Ver.2.1 which is a preliminary design program of
radial inflow turbines was developed to achieve this purpose. The 200kW-class radial inflow turbine for
OTEC(Ocean Thermal Energy Conversion) was designed by using the RTDM Ver.2.1 and CFD(Computational
Fluid Dynamics) simulation was performed to verify the accuracy of RTDM Ver.2.1. With the result of simu-
lation, the accuracy of RTDM Ver.2.1 was almost 94.6% based on the designed total enthalpy drop of the ra-
dial inflow turbine. Strategy of adjusting the mass flow rate was adopted on this study to satisfy the require-
ments of its power and rotor outlet's conditions for the designed radial inflow turbine. The mass flow rate
was consequently increased to 21.2 kg/s for the designed 200kW-class radial inflow turbine for OTEC, and
then Total to total and Total to static efficiency are 89.8% and 85.36% respectively.
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Table 1: Candidates of the ORC’s working fluid
for OTEC [5]

" .. Saturation
Critical Critical
ASHRAE Press. GWP
Temp. Press. .
No. . at 30C [100 Yr]
[C] [MPa]
[MPa]
R32 78.11 5.78 1.77 675
R41 44.13 5.90 4.00 92
R125 66.18 3.63 1.45 3,500
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Figure 1: Turbine enthalpy-entropy diagram
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Table 2: Designed points for the 200kW-class radial
inflow turbine for OTEC (Working fluid: R32)

Point Temp. [K] Press. [MPa]
00 300 1.3525
6s 282.23 1.0069

Table 3: Input parameters of RTDM Ver.2.1

Input Value
M5 [%] 0.86
Power [kW] 200
RPM 7200

Table 4: Output parameters of RTDM Ver.2.1

Output Value
d, [mm] 281.6
b, [mm] 20.5
Ry, [mm] 42.2
R, [mm] 104.9
Z. [mm] 94.1
A, [pos] 24

dy

Figure 2: Turbine stage (view from X-Y plane)
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Figure 3: Nozzle-Rotor interspace (view from Z+)
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Table 5: Nozzle dimensions of the 200kW-class radi-
al inflow turbine for OTEC

Dimension Value
R, [mm] 218.1
Ry [mm] 155.8
o, [Degree] 54.5
a5 [Degree] 68.0
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Table 6: Radius of cut-plane according to the azi-
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Domains Mesh Type

" R, [mm] Number
Volute Tetra & Prism 540,882
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Table 8: Input conditions for simulation

Parameter Location Value
Total Pressure Volute Inlet | 1.35 [MPa]
Mass Flow Rate | Rotor Outlet | 20.64 [kg/s]

Table 9: Comparison between designed points and
simulation results

Designed
CFD

Values
Total Enthalpy Drop [kJ/kg]] 9.69 9.17
Power [kW] 200 189.29

Static Pressure
1.01 1.04
at Rotor Outlet [MPa]
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Table 10: Approach to the designed targets
Mass Flow Total
Power
Rate Enthalpy
[kw]
[ko/s] Drop [kJ/kg]
1% Step 20.635 9.17 189.29
2" Step 21.0 9.46 198.68
3" Step 21.2 9.62 203.96
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Figure 8: Static pressure distribution at the rotor
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Figure 9: Mach number distribution at the stator
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Figure 10: Mach number distribution at the rotor
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Table 11: Working conditions of the 200kW-class ra-
dial inflow turbine for OTEC

Temp. Press. Enthalpy
[K] [MPa] [kd/kg]
00 300.00 1.3525 0
06 283.96 1.0220 -9.62
06s 283.09 1.0220 -10.72
6 283.11 1.0068 -10.14
6s 282.22 1.0068 -11.28
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