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Abstract: In this study, we conduct power performance and load analyses of two different types of
vertical-axis tidal-current turbines using the computational fluid dynamics (CFD) method. To analyze the
power output and loads, we perform transient CFD simulations considering the cavitation model using
ANSYS CFX. The averaged power output of an H-type rotor was 7.47 kW and 67.6 kW in normal and
extreme operating conditions, respectively, which did not satisfy the initial design conditions. However, in the
case of the helical-type rotor, the power output under normal and extreme conditions were close to the
expected values. The cavitation, which may cause instantaneous power fluctuation, occurred repeatedly at the
suction side of the rotors. In order to guarantee a more stable power supply and to prevent fatigue failure,
we require a design that minimizes cavitation.
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Table 1 Tidal turbine’s specifications
Items Values
tidal velocity | 2i<d 3.6 m/s
v Y maximum | 6 m/s
. rated 95 rpm
rotation speed maximum | 120 tpm
ower rated 20 kW
P extreme 50 kW
type H & Helical
airfoil NACA0020
chord 220 mm
blade thickness 44 mm
number 9 (H)/3 (Helical)
length 3,600 mm(total)
no. of spokes | 4 (H&Helical)
rotor radius 680 mm
helical angle 40° per 1,200 mm
enerator type PMG
£ power 50 kW
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Fig. 1 3D configuration of H-type(top) and Helical
type(bottom) tidal current turbines

B7he Sla) FEN sda Bojol Alg

1=

O "o
IR
S

T

= 3
FEN Beol=el FHYTHNL

S R

fr = S o 2 orj 4y S

Ao A= vl A4 CFD 3417 He H8S

) AA 2 FHEAZANML 2 FH(H-type

Helical type) 218 ZFERIY g &4
.]

A4 Fastgla, 4

Q

R
AFe 9e & At HUIES 448 ¥
sl mhE HE5H BAARE e
2 olg¥ £4Y =F
N MY FAYSAS, TRPEYIE

2 AT E94de 2 stesiA dAdEE S
Eoll sl ofs) dAHANCH F4F x5 2
+ H-typeZ} Helical type 2 &Folth F+ HHl =



Fig. 2 Computational grid of H-type(top) and Helical
type(bottom) tidal current turbines
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13 4 Calculafion of average power oufput
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Fig. 4 Power performance calculation result of the
H-type turbine in the normal operating
condition(Vin=3.6 m/s)
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Fig. 5 Power performance calculation result of the
H-type turbine in the normal operating
condition(Vin=6.0 m/s)
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Fig. 6 Power performance calculation result of the
helical type turbine in the normal operating
condition(Vin=3.6 m/s)
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Fig. 7 Power performance calculation result of the
helical type turbine in the normal operating
condition(Vin=6.0 m/s)
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Fig. 8 Cavitation generation regions on the suction
side of H-type(top) and Helical type(bottom)
tidal current turbines
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Fig. 10 Comparison result of power output and
component forces in the normal(top) and
extreme (bottom) operating conditions of
the helical type turbine

e Bdol= H(leading edge)e] A ol
ghelj A FHulElo] o] WA o 1 A7) 7 2
A HR7E FAasth gxd e SA-dx
ol A e FHulHold TG HES Fig. 8ol LEFH
on, F HWl 5 EYol= F9W AR
g AE JnjEolde] Ay AES REES
o} A A3 H-type EIRIO] helical type E®lo|
Hlal] o] B ggel A4 AnjeHold Aol &
Aot Aow vyt

Fig. 99l 2.29 s ~ 249 s F-7tf|A] Eo]= W4
Z}(azimuthal angle) W&} WE helical type EJRIC]
FiulEo]d BAH LS YERITE Eelo]=7T 14
ARERS Aves Al S g G Yol

FHulEo] o] AT S wHEstal glow, £
ol=7} 24 B 34 AEHE I & owf gHH
(pressure  side)o| %= o3l Fin]E]o] o] wEAYE}aL
Atk ol EFHO| =F WEAY yHRle S E
9 2 Azkek gEs mE F 9lorE, <
479 2EEA S0 D EWsETL 23] o
& AAE 7 = AAVE sTEH

4.3 Helical type E{8I2
4.13% 4.2 7|3 vk} o] H-Type HHIS

28] a5 o Force 14
26
24 Kd .:'\ r’:ﬁ' f?‘nﬁ 4%
2] Trd /'/'/i ‘/.'\ o a2
IR TR
204 ./' X-' ./- ¥ ]_/ u{-\ {41k o
sl 0% 1Yy 1] 5
< 6] /-/ !" 2] % s T L ek
0 7 S ) A W P W
0 IV B ST I EES
124 | F \.‘-\ Iy w o e«
o] It \y ] W/ e
_.,I',' VI \-.,’.,' en)
8| B \'x ‘.I/_-F/ WA )"' 37k
6. o'
36k

T T T T T T T T T T T T
3.50 3.55 3.60 365 3.70 3.75 3.80 3.85 3.90 3.95 4.00 4.05 4.10 4.15
Simulation time (s)

01 e Ton
56: / 3 '/\. o AN . - 98k
APATPAT AT
s =il 'L\\-/',-'-\- ./"]L Un (TW |z
§46 ‘/] R .\ / [V \j\\ / '/ \ . 92k;.:
a?:::/ \:’\'_/, '.\\'}'/ g\‘*.\-mké
S W)W e
:7 A W/ Wi

2,‘30 ' 255 I 2110 I 2.115 I 2,‘50 I 2,‘55 ' 2.60 2I65 2.I70 2,‘75 I 2.80
Simulation time (s)

Fig. 11 Comparison result of power output and

resultant force in the normal(top) and

extreme (bottom) operating conditions of

the helical type turbine

=
N
N
n
_O‘L
I3

g 2 Aol Ao Az
< FoR Atk wepA
ke s (FEM)ol Z o3k 1

A F

st F& R A S helical type %

T
o
=
32
M
=
4]

£ o 23
— I o ot

3
o
rlo
fr
ln!
N2 ooy g

o)

T

o

lo

ol

il

oL

L ot

ok =
T oo% oE

e Ay

il
e glo o2 fo

i
&3
Ga
=
lo
o
o
Ho
2
BN
)
=
oo
18
o

o
e
k)
o
2
=



gk o o=xoR A HIFH FJHE
Epyle] wel Hostzo] #Eshe AHS AR

i
3
ox
>
o
=2
R

Nl
=

e}
AR o

Fig. 107 Fig. 11 Yed SAdxx09 4
T, AEHzde vl ARt mE &Y
2 3o WEAol AA vEuE 5SS B
o} olgdt £¥ % e e T2 B
o= FWHA A 2SS W= |
HolAd d4 wEel Aow wudnt Fx8Ad
2004 ERl =93 e o HEFATt
M Z LA S i wjg- HEe FEHE JERd

A
B 2
ok webA Fig. 110 JEbd S &R 20 A <)
Byl 29 g9 wndy AEES =

(2) Helical type E{H12] -, A4
BaE=eS 1681 kW2 Uebga =3

A

. helical type EJH1Y] AAd %
SAEHEzANA Hojets AL
s(43.4kN)9} 2.394 5(96.8kN) o]t} mT} <HA A
Z9%4do gu 9 JR2aEe oS 9

483}, No. 2010T100100629)

PSgnEel
(References)

(1) Nicholls-Lee, R. F., Turnock, S. R. and Boyd
S. W., 2008, “Simulation based Optimisation of
Marine Current Turbine Blades,” 7th International
Conference on Computer and IT Applications in
the Maritime Industries, pp. 314~328.

(2) Bahaj, A.S., Molland, A.F., Chaplin, J.R. and
Batten, W.M.J., 2007, and Thrust

Measurements of Current Turbines Under Various

“Power

Hydro Dynamic Flow Conditions in a Cavitation
Tunnel and a Towing Tank,” Journal of Renewable
Energy, Vol. 32 No. 3, pp. 407~426.

(3) Batten, W.M.J., Bahaj, A.S., Molland, A.F. and
Chaplin, J.R., 2008, “The Prediction of the
Hydrodynamic Performance of Marine Current
Turbines,” Journal of Renewable Energy, Vol. 33,
pp. 1085~1096.

(4) Francis, M. and Hamilton, M., 2007, “SRTT
Floating Tidal Turbine Production Design Study
with Independent Verification,” AFEA Energy &
Environment, 07/1463.

(5) Harrison, M.E., Batten, W.M.J.,, Myers, L.E.
and Bahaj, A.S., 2009, “A Comparison between
CFD Simulation and Experiments for Predicting
the far Wake of Horizontal Axis Tidal Turbines,”
8th European Wave and Tidal Energy Conference,
Sweden.

(6) Kim, B.S., Kim, W.J., Bae, S.Y., Park, J.H and
Kim, M.E., 2011,
Performance Analysis of Multi-mw Class Wind

“Aerodynamic Design and

Turbine Blade,” Journal of Mechanical Science
and Technology, Vol. 25, No, 8, pp. 1~8.

(7) Menter, F.R., Kuntz, M. and Langtry, R., 2003,
“Ten Years of Industrial Experience with the SST



660 2 4 4
Turbulence Model,” Turbulence, Heat and Mass
Transfer 4, Begell House, Inc., pp. 625~632.

(8) Kim, B.S., Bae, S.Y., Kim. W.J. and Lee, S.L.
and Kim. M.K., 2012, “A Study on the Design

Assessment of a 50 kW Ocean Current Turbine
Using Fluid Structure Interaction Analysis,” [OP
Conference  Series: Earth and Environmental
Science, Vol. 15, p. 042037.



