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Abstract: We present a design methodology for horizontal-axis tidal turbine blades based on blade element
momentum theory, which has been used for aerodynamic design and power-performance analysis in the
wind-energy industry. We design a 2-blade-type 1 MW HATT blade, which consists of a single airfoil
(S814), and we present the detailed design parameters in this paper. Tidal turbine blades can experience
cavitation problems at the blade-tip region, and this should be seriously considered during the early design
stage. We perform computational fluid dynamics (CFD) simulations considering the cavitation model to predict
the power performance and to investigate the flow characteristics of the blade. The maximum power
coefficient is shown to be about 47 under the condition where TSR = 7, and we observed cavitation on the
suction and pressure sides of the blade.
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Fig. 1 Horizontal axis type tidal current turbines,
designed and developed by Voith, MCT and
ALSTOM in regular order
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Fig. 2 Illustration of lateral boundary of the control
volume around a turbine

Fig. 3 Relationship of local loads, acting on a
blade element section
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Fig. 4 Configuration of the S814 airfoil
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Fig. 5 Aerodynamic characteristics of the S814 airfoil
as variation of AoA and Re number measured
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Fig. 6 Front and upper view of the 3-D modelled
IMW HATT rotor blade
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Table 1 Configuration design result of the blade Table 3 Calculation conditions on the 3-D blade
Station| Section Chord Twist | Hydrofoil Items Values
No. [/R] [mm] '] [__] rotational speed [rpm] 14.92 rpm
I(root)| 0.00 600 - cylinder TSR(S cases) L] 29
2 0.05 TR TR TR : .
3 010 TR TR TR sea water density  [kg/m’] 1,024
4 0.15 TR TR TR vapor pressure [mmHg] 17.4
5 0.20 TR TR TR turbulence model [-] SST
6 0.25 2098 18.52 S814
7 0.30 2008 15.61 S814
8 0.35 1918 13.31 S814
9 0.40 1828 11.47 S814
10 0.45 1738 9.96 S814
11 0.50 1648 8.72 S814 (1) Computational mesh forthe 3D HATT blade
12 0.55 1558 7.67 S814 e g
13 0.60 1468 6.78 S814
14 0.65 1378 6.00 S814
15 0.70 1288 5.32 S814
16 0.75 1198 4.70 S814
17 0.80 1108 4.12 S814 o :
18 0.85 1018 3.57 S814 e ey oo
19 0.90 928 3.00 S814 Fig. 7 Computational grids for 2D and 3D CFD
20 0.95 838 2.35 S814 analysis
21(tip) 1.00 748 1.80 S814
Hl(unsteady state) d|4] o2 FLEET 2D T
| 5 . ga A gle) 339 Belolme Sy FAlo
Table 2 Calculation conditions on the 2-D airfoil ZHE 950, A Mo 9= ATwe &4t
Items Values o7 3lgon, AALAZANAM AAZA
angle of attack [°] 3.5 25 Atale] 2459}
calculation section [%] 95(from root) 2D CFD 3|A<S 93t AAZ7S Table 28 72
relative inlet velocity — [m/s] 14.47 t}. 3D CFD 3141& Table 33 <& TSR ® 3}
chord length [mm] 748 w2} F7|(periodic)d Al o2 AH2ld ©d E
sea water density [kg/m’] | 1,024 dol=o] 3] o, Fjugo]d Hdo]
vapor pressure [mmHg] | 17.4 AgHAT dT AR 7Y SEFYE
turbulence model [-] SST AL, &7 AAxAoE FdAZ4dx=dEs 77t
o3ttt 3D CFD &4 ZHQle 3B F4lo
2HE S AAxANA sD, 7 A7
Ao, WAANE Tale 19 epigiey, gejel= L BT BALE 0 LAZCT
A7 192molH, AAGEL 25ms, A AEE 20D, = O 10D =
—170 = . s = == . b OX]‘S]—OﬂE]- WEUE".Q_ ]O%j T O;‘<ﬂ7]7ﬂ]
= 14.92tpm, TSR (Tip Speed Ratio, A)& 6 o]t} T T e o
S PR B A mEd AT S Qe ARE 9L
3. CFDO|l o[ 3 £2{ M S5 A Foalv AeR e koo sl et
dl(transitional  turbulence model)S 835
3.0 HMAR A XM = 1,00 ANSYS-CFXE AH&-3F3ltt.
£ ATellA 9] CFD 42 Bl §554 ARARS] BAS 9 2D 2 3D A mF
2 944 %, MAlE ol d(cavitation) A H 9l ANSYS ICEMCFDE ©]439 2™, Multi-block
et HEE 93 32k G/ Bl(steady state) i HEXA AAAZ FASSAT. AAAA =& 3D
At ® 99 2-D @R (p=0.95)° 4 2] A 3} a41e] 9 oF 7209 :=E(node)7t AFEE GO

of w2 sjulEeld 54 e AR A ™, 2D 49 A5 oF 259 o] AR} ALE



Pressureside : TSR=3, V=5 m/s
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Fig. 8 Surface pressure overlapped with streamlines
on pressure and suction side of the blade
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Fig. 9 Cavitation on suction side of a HATT rotor
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