Development of an ocean-current turbine for the Kuroshio current
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Abstract

Ocean currents are a promising source of sustainable energy because the flow of water provides regular and predictable energy. Japan is in a suitable location
for harnessing the power of ocean currents because the Kuroshio ocean current runs steadily near the Japanese seaside. The current flow is approximately 500
m deep and 100 km wide with a flow speed of 1-1.5 m/s. In order to harness the kinetic energy of marine currents, we propose a novel ocean-current turbine.
The turbines are moored to the seabed and function like kites in the water flow. To operate such turbines in the middle layer of a marine current, it is
necessary to cancel the resulting rotor torque. Therefore, our turbine is designed with a float at its top and a counterweight at its bottom. Owing to buoyancy
and gravitational force, the turbine body maintains its attitude stably by canceling the rotor torque. In other words, buoyancy and gravity act together as a
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righting moment. Another advantage of working far from the sea surface is the lack of influence from waves and wind, especially in a typhoon. As a first step,
we constructed a prototype turbine and conducted towing experiments in order to confirm the float and counterweight configuration.
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* Kuroshio Ocean Current runs steadily near Japan seaside.
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e Stability

— Ocean currents flow constantly.

* Availability

— The volume of the water flow is very large.
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* Predictability

— The flow speeds and paths have been investigated

thoroughly.
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* No visual impact

\ — The turbine operates beneath the water surface. /

Towing Experiment at Sea Measurement Result

Gravity (G)

Prototype Turbine

. Water current Blade Output Generator 350w
Parameters of the Prototype Turbine denni Ry nputd40W 1 \
Output 350 W
: Load
Rotor diameter 2m Loss 10 W 300 W
L 40 W
| Number of blades 3 |:> o ) e 4§ E]
;. | E generator
— Speed of flow 1~1.5 m/s ‘ |:> S ——
- G 3 R i Cgenerator=0-8 (0.5 ohm) o Load(7 ohm)
< M 23m ated generator output 1 kW | B n =210 rpm Rectifier
- G e N — Iy Rectfer  4e% 65A
i FotorBades ’ &eP er ; Cp (max.) 0.42 (TSR=4) v— 4t Rerque=eO N ¢ T
e | Float volume 0.1 m? * ol G095
| &a 1 i - — ow Direction ; 93m/s cp=035 3 29420:570) Measured value
= o N - Counterweight( in air) 50 kg n =60 rpm
L ‘ ~ ‘ _ . Torque =70 N*m
jp—— Drag = 1400 N
- ‘ ' A~ 7 (design A =4, Cp=0.4)
‘ Counterweight
Towing Tank Experiment Turbine Design Thrust Force Output Power
2 W71 1 T 1 e I e
Tow Direction . . Measusreér'l“ent . - ‘ l o 5 : : : . ; : ; :
— Towing Carriage Syst ROtOI' dlameter 1 46 m 800 k- [ J 'I?cr)\al\%n';olf:eo'lf'gr]lesizlr:r(bl\lllneea(sﬁﬁekr::éftl;m) ........ R . ........ - [ [ ] I\C/Izlac:llJarZ(r;nent
: : : : : 400 :
T Electrical Output <
i i Number of blades 3 700 z
=
Water Surface . . 2 £ 300
< Tip speed ratio 4 5 3
o O
& o S
500 |-- -
Tow Strut ((5(\ CP (maX) 042 t g 200
E % Turbi g
§ urbine 400 (D
h Load Cell CT (max.) 0.63 100
= 300
- | wom Airfoil NACAG42-415 § | | 5 | | | |
r 2030 . 200 i . i . i \ i . i \ i 0 i . i . i . i . i . i
Tow Line 07 08 0.9 1.0 1.1 1.2 07 08 0.9 1.0 1.1 1.2
= Towing Speed (m/s) Towing Speed (m/s)
Scale-model Test at Circulation Water Channel : Reference
Conclusion
B | ‘ Renewa ble Energy 91 (2016) 189—195
® Float 290 . ® ° We have proposed a neW Ocea n_cu rre nt tu rbine. Contents lists available at ScienceDirect
| ‘ . . ]
| (Buoyancy 760gf) | — Float and weight configuration has worked very Renewable Energy
= $250 ! We“. journal homepage: www.elsevier.com/locate/renene
E 5 950 mm } * We have developed the prototype turbine and
i ‘ performed towing test in the sea. Experimental verification of a floating ocean-current turbine with a @ CrossMark
an l _g‘ﬂ e OQutput Ave. 300W(Peak 400 W) single rotor for use in Kuroshio currents®
N1 /8 Nacelle + Blade 350 g— I ¢ :
R - gOOd agreement with the eXpeCted value. Katsutoshi Shirasawa ® “, Kohei Tokunaga °, Hidetsugu Iwashita °, Tsumoru Shintake 2

2 Okinawa Institute of Science and Technology Graduate University, Onna, Okinawa 904-0495, Japan
b Graduate School of Engineering, Hiroshima University, 1-4-1 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8527, Japan

— Moored floating body has showed high body
Sta bl | It * Article history: Ocean currents have excellent potential as future renewable energy resources. In order to harness the

* Mooring experiment using a scale model has been Deveived i oo i Kineic gnergy of marine currents, we propose a new ocean-current turbine. In general, ocean currents
carried out with a circulating water channel.
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