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ABSTRACT In South Korea, it is estimated that more than 6GW of potential tidal power is available. Tidal turbines can generate
electricity from tidal energy, even at a flow velocity of 1 m/s, but flow a velocity of 2 m/s or more is preferred to ensure economic
efficiency. South Korea has abundant tidal energy resources, where the flow velocity is approximately 1 m/s, but a few places have a
flow velocity of more than 2 m/s. The aim of this study was to design a low flow rate tidal current turbine system with a diffuser. The
blade geometry was designed based on the BEM theory for a design water speed of 1.8 m/s. The power performance of the diffuser
was analyzed using Ansys-CFX and optimized using the response surface method. The purpose of turbine performance analysis was
to increase the flow rate introduced by the low pressure zone at the rear due to the effects of the flange of the diffuser. The length of the
flange was studied to check the flange effect on the turbine performance. The efficiency was calculated as a function of the turbine
area with an output coefficient of 0.756 at 1.5 m/s. The efficiency was increased by approximately 32% compared to that of the bare
turbine.
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Fig. 1. 3D Modeling of blade

Table 1. Design specifications of turbine

Design Parameters Value
Rated power (kW) 7
Rated water velocity (m/s) 1.8
Design TSR 7

Rotor diameter (m) 2.712
Rotational speed (rpm) 89

Water Density (kg/m’) 1025

Table 2. Boundary conditions of singe turbine

Boundary conditions

Value

Computational mesh node

8,000,000

Mesh type

Multi block Hexa

Simulation type

Steady state

Turbulence type

SST

Fluid Water of 1 phase
Inlet Velocity / 1.5 m/s
Outer wall Opening / 0 Pa
Outlet Average static pressure / 0 Pa
Airfoil S822
Table 3. Information of blade
Local Radial Cheie Twist L
ettt Distance Length [°] Airfoil
[mm] [mm]
0.05 68 190.27 30.59 cylinder
0.1 136 183.77 29.73 cylinder
0.15 203 177.26 24.35 cylinder
0.2 271 170,76 19.66 S822
0.25 339 164,26 16,05 S822
0.3 407 157,75 13.32 S822
0.35 475 151,25 1.2 S822
0.4 542 144,75 9.54 S822
0.45 610 138.24 8.2 S822
0.5 678 131.74 7.1 S822
0.55 746 125,24 6.18 S822
0.6 814 118,73 5.41 S822
0.65 881 122,23 4,74 S822
0.7 949 105,73 4.17 S822
0.75 1017 99.22 3.66 S822
0.8 1085 92.72 3.2 S822
0.85 1153 86.22 2.76 S822
0.9 1220 79.71 2.3 S822
0.95 1288 73.21 1.75 S822
1 1356 66,71 0 S822
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Fig. 6. Design Parameters

Table 4. Design variable for diffuser

Design variables Dimensionless number value
L58 0.178D
Va6 0.199D
L63 0.09D
R59 0.522D
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Fig. 7. Boundary Conditions

Table 5. Boundary condition used for diffuser optimization

Boundary conditions Value
890,000

Computational mesh node

Mesh type Tetra—hedral, prism
Simulation type Steady state
Turbulence type K—Epsilon

Fluid Water of 1 phase

Inlet Velocity / 1.5 m/s
Outer wall Opening / 0 Pa

Outlet Average static pressure / 0 Pa

Sl A= AiE =EY 29U AR 7R AE

A9 sild 23E BTl ok 2 =l AR

1
@éﬁ
H

Pressure [Pa]

Fig. 8. Setup of response surface
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Fig. 9. Flow velocity change with the diffuser curvature and
height of flange

Table 6. Optimization of diffuser design variable

Design variables Dimensionless number value
L58 0.195D
V36 0.206D
L63 0,174D
R59 0.504D
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Fig. 10. Computational Mesh
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Fig. 11. Boundary conditions

Table 7. Boundary conditions of turbine with diffuser

Boundary conditions Value

Computational mesh node 12,000,000

Mesh type Multi block Hexa
Simulation type Steady state
Turbulence type SST

Fluid Water of 1 phase

Inlet Velocity / 1.5 m/s
Outer wall Opening / 0 Pa

Outlet Average static pressure / 0 Pa

Airfoil S822
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