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ABSTRACT: Ocean energy is one of the most promising renewable energy resources. In particular, South Korea is one of the countries where it
is economically and technically feasible to develop tidal current power plants to use tidal current energy. In this study, based on the design code
for HARP_Opt (Horizontal axis rotor performance optimizer) developed by NREL (National Renewable Energy Laboratory) in the United States,
and applying the BEMT (Blade element momentum theory) and GA (Genetic algorithm), the optimal shape design and performance evaluation of
the horizontal axis rotor for a 200-kW-class tidal current turbine were performed using different numbers of blades (two or three) and a pitch
control method (variable pitch or fixed pitch). As a result, the VSFP (Variable Speed Fixed Pitch) turbine with three blades showed the best
performance. However, the performances of four different cases did not show significant differences. Hence, it is necessary when selecting the final
design to consider the structural integrity related to the fatique, along with the economic feasibility of manufacturing the blades.
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Fig. 1 Hydrofoil distribution and applied loading (Moriarty and
Hansen, 2005)
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Fig. 3 LCOE estimates in $/kWh (Neary et al., 2014)

§ T T T T T T
%= 400 | ——rP__ 100 kW ye
= ] 1,
S300| :mwd ;gg tx Pratea = G §PA% ,,,,,,,,,,,,,,,,,,
g q rated q =04 o4
= 200 - P_ 400 kW e
§ ) P
£ 100 ~
> 4 B -
% 0 T 7777/7]77/ T T T T
= 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Tidal current Speed (m/s)
(@) Power curve with rated power

0.07 ] T T T T T T T T T T T T
2 0.06 1 ]
% 0.05 1 .
§ 0.04 4 .
& 0.03 5
E 0.02—_ .
&= 0.01 1

0.00

0.0 0.5 1.0 125 2.0 25 3.0 3.5
Tidal current Speed (m/s)

(b) Tidal current distribution of occurrence of tidal current speed

Fig. 4 Power curves and flow distribution

EQR oA BZ3F gholx, 3 A3 T2 93 &
o] =3E o= 2 < 9 FFE 7k
3 FEEZE 7HE 5 ok
Eol, 49 YANE} FHIFHOZHE AR A
S Aalksla o] ZHE LCOEE &3 23 Table 104}
o] 200kWH Ej¥lo] 7 ¥-& LCOE ($0.68/kWh)& 7HA&=
o & yepytth o] AT FHE 2FEAE HYl EYol=
A3} gt AT F57] B dTolA &4E 1
sle] AAEYE 20KkWE Al 42 =g slax 3
ATt o2 T 7|BAHR] A HAXAL Table 29} 2th
Table 2914} o] thd s H o] 42 20m=, o]ol A3
FHE ZFENS ZEAAL - 3FHe] o3 (Clearance) &
5m= 125t 10mE AAsATHFg. 5). YA o=, 9y
gl sl XS Higslr] Sl ZHO| AT
(Top clearance)= #H4 5m o1& &R, 3|*HOZRE
Adsted dFe 4TS Haslshr] f8 749 5% S

5m ©|’¢2] dhetedf-3(Bottom clearance)s FRs= Ze A

Ao Hu
XN fo qr
offt
2
X
rlr
O,
I
=]
v}
it

in}

o oW oMy e



200kW+

Table 1 Conditions for the tidal current turbine design

Pratea 100 kKW 200 kW 300 kW 400 kW

9% 2FRA BN B

578.6 854.6 958.0 988.7
66.06 48.78 36.45 2822
462,528 578,160 693,792 809,424
0.80 0.68 0.72 0.82

AEP [MWh]
CF
CAPEX+OPEX [$]
LCOE [$]

Table 2 Conditions for the tidal current turbine design
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Design parameters

Values [Unit]

Pratea © Rated power

G, : Estimated power coefficient
Viatea
p : Sea water density

Kinematic fluid viscosity

Rated stream velocity

Water vapour pressure
Air atmospheric pressure
Water depth

D : Rotor diameter

N : Blade number

Blade family

220 [kW]
048
2.3 [m/s]
1025 [kg/m’]
1.06E-06 [m’/s]
2,500 [Pa]
101,325 [Pa]
20 [m]

rotor & generator

Seabed
Support pile

Fig. 5 Blade design parameters
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e Flow speedincrement (mis} @ User Defined Distribution NumGen 150 Max number of generations for GA terations
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" g" M¥=L national R ble Energy L v | Decsm aee | Monctonically decreasing
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Fig. 6 Initial GUI screen of HARP Opt (Sale et al., 2009; Yi and Sale, 2012; Yi et al., 2014)
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Table 3 Summary of parametric study results

Contral VSFP  VSFP  VSVP  VSVP
Oontrol YPe 5 blades) (3 blades) (2 blades) (3 blades)
Viatea [M/s] 2.3
AEP
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[kW-hr/yr]
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(kW]
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1862/5 17.76/5  20/5 20/5
o] / / / /
Max Root
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[KN-m]
Ma’EkN]H“uSt 1539 15097 15513 14659
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