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Design of a 100kW-class radial inflow turbine for ocean thermal energy conversion using R32
Do-Yeop Kim' - You Taek Kim'
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Abstract: Ocean Thermal Energy Conversion(OTEC) which uses the temperature difference between warm surface sea-water and
cold deep sea-water to produce electric power is the promising technology. OTEC is able to be utilized as the CO, reducing
technology by using the consistent temperature differential, while the system efficiency is very low. Thus, the design and devel-
opment of a efficient turbine is essential to improve the system efficiency for OTEC. In this study, a 100kW-class radial in-
flow turbine using R32 was designed for OTEC and this turbine’s performance was estimated by analysis of CFD. According
as the simulation results, turbine’s geometry was corrected. The radial inflow turbine satisfying the requirements is designed by
the repeated attempts.
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Figure 1: Schematic diagram of basic closed cycle
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Table 1: Working conditions for the turbine

Working conditions Value

Total temperature
o 300

of turbine inlet [K]

Static pressure
. 0.98
of turbine outlet [MPa]
Table 2: Main dimensions for the rotor

Parameters Value
d4 [mm] 175.6
b4 [mm] 13.9
RSs [mm] 59.7
R5s[mm)] 26.3
Zr [mm] 50.1

Figure 2: Nomenclature of the rotor

Table 3: Main dimensions for the stator

Parameters Value

Pipe of volute inlet Sch80 150A
Radius of nozzle inlet [mm] 139.9
Radius of nozzle outlet [mm] 99.9
Interspace size [mm] 12.1
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Figure 3: Overall Geometry of the radial-inflow turbine

Table 4: Mesh information of each domains

Mesh element
Domains Mesh type
Number
Volute Tetra. & Prism 815,987
Nozzle Hexa. 2,928,600
Rotor Hexa. 2,761,880
Out-pipe Hexa. 436,480
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Table 5: Boundary Conditions

Boundary condition Value
Total pressure [MPa] 1.35
Inlet
Total temperature [K] 280.46
Outlet Mass flow rate [kg/s] 10.13
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Table 6 SRS RE] S

Table 6: Comparison between design conditions and simu-
lation results

Design | Simulation
Parameter

condition | results

Absolute Velocity at rotor inlet [m/s]| 99.37 93.95

Static press. at turbine exit [MPa] 0.98 1.02
Static temp. at turbine exit [K] 281.71 282.67
Total press. at turbine exit [MPa] 1.00 1.05
Total temp. at turbine exit [K] 283.15 283.99
Power [kW] 100.00 96.49
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Table 7: Final mesh information of each domains

) Mesh element
Domains Mesh type
Number
Volute Tetra. & Prism 944,867
Nozzle Hexa. 3,812,400
Rotor Hexa. 3,839,040
Out-pipe Hexa. 436,480
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Table 8: Comparison between design conditions and final
simulation results

Design | Simulation
Parameter o
condition| results

Absolute Velocity at rotor inlet [m/s] 99.37 99.72

Static press. at turbine exit [MPa] 0.98 1.01
Static temp. at turbine exit [K] 281.71 281.73
Total press. at turbine exit [MPa] 1.00 1.03
Total temp. at turbine exit [K] 283.15 283.01
Power [kW] 100.00 | 102.59

1]
@

Mach Number
. 4.7738-001
¥ 42060001
3.8180-001
3.3418-001
| 2864001
2.3860-001
H 1.809e-001
| 1.4320-001
9.5460-002
I 4 773e-002

1.000e-015

5.3

Figure 4: Distribution of Mach number at the stator
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Figure 5: Distribution of Mach number at the rotor
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