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Design and Performance Test of Savonius Tidal Current Turbine with CWC
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ABSTRACT: Due to global warming, the need to secure alternative resources has become more important nationally. Because of the very strong
current on the west coast, with a tidal range of up to 10 m, there are many suitable sites for the application of TCP (tidal current power) in
Korea. In the southwest region, a strong current is created in the narrow channels between the numerous islands. A rotor is an essential com-
ponent that can convert tidal current energy into rotational energy to generate electricity. The design optimization of a rotor is very important to
maximize the power production. The performance of a rotor can be determined using various parameters, including the number of blades, shape,
sectional size, diameter, etc. There are many offshore jetties and piers with high current velocities. Thus, a VAT (vertical axis turbine) system, which
can generate power regardless of flow direction changes, could be effectively applied to cylindrical structures. A VAT system could give an advan-
tage to a caisson-type breakwater because it allows water to circulate well. This paper introduces a multi-layer vertical axis tidal current power
system. A Savonius turbine was designed, and a performance analysis was carried out using CFD. A physical model was also demonstrated in
CWC, and the results are compared with CFD.
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Fig. 1 Definition of design parameters

Fig. 2 3D modeling
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Fig. 3 Grid system near the wall

Table 1 Mesh statistics

Mesh statistics

Total number of nodes 361116
Total number of prisms 91005
Total number of hexahedra 132885
Total number of elements 223890

Fig. 4 Computational domain
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Table 2 Boundary condition and analysis information

Working fluid Water (isothermal, 25°C)

Angular velocity (1.2 rad/s)
Rotation axis (global Y)

Rotating domain

Stationary domain Stationary
Inlet Normal speed (3 m/s)

Opening Opening

Outlet Opening

Frozen rotor
Turbine Wall (no slip)
Turbulence model SST

Interface area

Felo] 3 =HQlS A, YA Jdo Y =rels
SR =

Hul FAeA 77 AZle 10m, E77HA1Y] Azl
25m, % ZWIe) 0|4 Agle Zzt 75mE AAs ek ALk
F 9L Fig 40] YEPAI 3W =r9e] A& 32m, B4 =
HW¢le] =7)= 35mx15mx*0.05m®] th.

AAZA 2 HAHRE Table 20 JeRh 3AFG7 3
AP qo] k= W GGl(General grid interface) Wil <]3|
EIFo]2 HAth de A FY & 2R HAEHA
I ETE 7 Z%}ﬁ(mﬂ%})oﬂ s 071te g, AUy Jdde
FAF AEA AT F Ae 20 2o

FEHld 2 ERlY Aes nEsy] 93l IHEEE W
3tA171m CFD 3148 388kl F4H] 0358 07744 0.1
A= AA AS AP

EIRIE fA9 7HEEES SHgor WEshs Aolng
U MgtEES ok Sl <) *é%% B7red

Ttk EEAFE A ()F 2ol 23" FEHIE HRle
2 fFidde #5373 ol | A&EE nHlaH Eﬁ‘l-‘ﬂ 3|
SE2 & 5 e ALY Golo] 4 o o] TR, #
&, BWe A7, IH&Ee T B Wl ) Bl =9
S48 Yo 2AE4S FEul0) tel EaS tl
HE9 s oA vug & ok webA Bl A
B7F Al FERE o] 83 dlHo] d ARS HaL Stk

o= : T M

EPAUEO
Rw
A= @

- G, : power coefficient

- T : torque
- o : angular velocity
- p : fluid density

- A : projected area of turbine
- U, : upstream velocity

- A tip speed ratio
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Fig. 5 Pressure distribution

- R : radius of turbine
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Fig. 6 Velocity vector plot Table 4 CWC specification

Table 3 Cp with number of blades Main Particular Measuring section

Length(m) 6.0 2.3
No. of &
Breadth(m) 1.0 1.0
blades  TSR=03 TSR=04 TSR=05 TSR=0.6 TSR=0.7 ]
Height(m) 3.0 0.9
3 0.084 0.038 0.060 0.079 0.112 .
Max. Velocity (m/s) 12 -
4 0.114 0.089 0.070 0.081 0.097
8 0.139 0.140 0.140 0.126 0.120 o )
9 0117 0135 0127 0129 0118 Table 5 Specification of experimental model
10 0142 0150 0147 0140 0128 Diameter (m) 05
Height (m) 0.5
Material Stainless steel
<RPM-Torque > Inflow velocity (m/s) 1.0
35,000.0
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