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Abstract — In this work, based on the blade element-momentum theory (BEMT), we proposed the geometry of a
lab-scale horizontal axis tidal turbine with a diameter of 80cm, which can demonstrate the maximum power coeffi-
cient, and investigated the effect of blade pitch angle increase on the power coefficient. For validation of the com-
puted power coefficients by the BEMT, we also computed the power coefficient using the computational fluid
dynamics (CFD) for each case. For the CFD, 15 times of the turbine radius was used for the length and diameter of
the computational domain, and the open boundary condition was prescribed at the boundary of the computational
domain. The maximum power coefficients of the turbine acquired by the BEMT and CFD were about 48%, show-
ing a good agreement. Both of the power coefficients computed by the BEMT and CFD tended to decrease when
the blade pitch angle increases. The two power coefficients for a given tip-speed ratio were in good agreement.
Through the present study, we have confirmed that we can trust the proposed geometry and the computed power
coefficients based on the BEMT.

Keywords: Blade Element Momentum Theory, BEMT(&d0] = Q. 4-F W& o] &), Horizontal Tidal Turbine
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(a) Blade and blade elements
Fig. 1. The blade element and flow onto the blade (Kim[2010]).
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Alxkell ARE-8E E]R19] WEE-2 Batten ef al.[2008]014] ARE-SHT =,
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Algk BEMT At At & dx)ekar, g st Zastgels A
A5 173 ms me] X 2 AXEHS & = Qirt. o] =
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Table 1. Geometry of a blade used for the validation
r/R c/R Twist angle (degree) tlc (%)
0.2 0.1250 20.0 24.0
0.3 0.1156 14.5 20.7
0.4 0.1063 11.1 18.7
0.5 0.0969 8.9 17.6
0.6 0.0875 7.4 16.6
0.7 0.0781 6.5 15.6
0.8 0.0688 5.9 14.6
0.9 0.0594 54 13.6
1.0 0.0500 5.0 12.6




170 U - B el - e #

0.5 AN RS RS LA RA Rl RS LARAR RS
0.4 [ ]
03 L i
UQ L 4
02 [ N
[ —— Cp (Present) ]

L Cp (BEMT, Batten) J

0.1 - ¢ Cp (Measured, Batten)
Y = S I B B I PR T

0 1 2 3 4 5 6 7 8
TSR

Fig. 2. C, of the turbine presented in Batten[2008] at various TSR.

HATE ARSIl 225 BRI o] 40 eml 3712] Edo|=
7}115 o7 &, zﬂﬂ HEAS 25 EHl wb39) 20%E 8151
2]& & Batten er al.[2008]014 ARE3F NACA 63-8xx5 A&la}
=, Edlol= 7t 91X]9] ©]&- Table 201 “g2IsI3ith. &4 Al
4l & Al oA A A o], Hols= 7t 10 4
o] A5 #|A13k Batten er al.[2008]014 AATh.

A= 27 ENlo] A SHAITE ZHA a7 flstd, &
ol== 2079 Edlo]= 047 e, 712k Elo]= @4}
Hoje] 2HAITE WSS A9 dol9} niEHZE A7dsith
Table 2. Geometry of the blade
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Fig. 3. Distributions of chord and blade twist angle.

Fig. 39] 27 A1 (M) o]9k o] A3 ZF A~ull 9]x]of| A9
Al9] Bl A ZlolH nlo] gl AO)y HIEH A5E vl
th. &, Hdl SYARE Aleshs Bl Edo] 59 Al9= Helo|l=
23 Weko 7 w0 2 gy o] 79 A Bo]=2] A
2P SoAe BElsh S0 Qlet. wlEhA Al$] 1 Efel] o3t 3]
4 (regression lineys #AAsH S o]-83t0] Y11, o] A3 Al¢]
WS HEAR] Bl =e] AI9IE A%gsISict. 1 Hzfi A8 A
S A2A 212 Yang[201 1A= ARESE vl Ql=l, A3 Al9]
329 A% el 2lo|7} Qlvh vEH A W o] Al9lE 2
= Beo]=7} TSR=501 A)l & Eﬂﬂl*% s S A7gsisict.
Fig. 49} 5= 0|2l b4 o 2 =g} Befol=e] ¥4} Batten
et al.[2008]°11A] A|AgH L5 Zo] 2] —5311015 %S vl 2k

Station # Airfoil Location (m) /R (%) Chord (m) Twist ange (degree)
1 NACA63-824 0.0500 12.50 0.0611 27.4
2 NACAG63-823 0.0675 16.88 0.0591 24.5
3 NACA63-822 0.0850 21.25 0.0569 21.5
4 NACA63-821 0.1025 25.63 0.0546 18.6
5 NACA63-820 0.1200 30.00 0.0524 159
6 NACA63-819 0.1375 34.38 0.0503 13.7
7 NACA63-819 0.1550 38.75 0.0481 11.8
8 NACA63-818 0.1725 43.13 0.0460 104
9 NACAG63-818 0.1900 47.50 0.0438 9.2
10 NACAG63-817 0.2075 51.88 0.0416 8.2
11 NACAG63-817 0.2250 56.25 0.0394 7.4
12 NACA63-817 0.2425 60.63 0.0372 6.6
13 NACA63-816 0.2600 65.00 0.0350 5.8
14 NACA63-816 0.2775 69.38 0.0328 5.0
15 NACA63-816 0.2950 73.75 0.0305 42
16 NACA63-815 0.3125 78.13 0.0282 35
17 NACA63-815 0.3300 82.50 0.0259 2.8
18 NACA63-814 0.3475 86.88 0.0236 22
19 NACA63-814 0.3650 91.25 0.0212 1.7

20 NACA63-813 0.3825 95.63 0.0189 1.2
21 NACA63-813 0.4000 100.00 0.0165 0.7
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Fig. 6. Comparison of power coefficients.

Fig. 7. Geometry of the turbine presented by CAD.

3. MARAGHAM S 0|88 SEA 2| ALt
o] BEMTE ©lg3lo] 3 AAleh 27 Efvle] tisle] ANSYS-
Fluents 488t A4H+-A1814 (computational fluid dynamics, ©]3}
CFD)E AAlsto], theFst TSRolA 9] S AITE AXlsta, ol&
BEMTR AH23 ZA15R9) vlasioint. 27 BjRlS 298 ALt
G tist dl"ell= 1] Ed A2 unstructured mesh)E 2]-8-3
L, F AR = 1,554,035, F AR = 6,413,15570 o]tk H
Hl Bgjo)= Fl ) 122 AAE v]E3 Ax}(sliding mesh)S
AR5l 5 77| 27 (interface boundary condition)S 285}
ATt ANSYS-Fluent= 31215 (Finite volume method)& ©]-§-
3}¢], Reynolds-Averaged Navier Stokes(RANS) equations 1=
g AT ESolo]th. ANSYS-Fluents 0143 f-534o1A] o
) Y+ (anisotropic turbulence)2} A~-8-E0] (swirl)7} & == H$-
o= Reynolds Stress Model(RSM)7} W B2 Astsiit, At
o] e AR 55 Nl FjAellA thE Wiy REo] aF
%131 ©]F Realizable k-e©] RSM¥} 73 A 5408 Bt}
(O’Doherty et al.[2009]). TetA] Wi E P EE Realizable k-g
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Fig. 8. Computational domain: D=L=15R.

second order upwind schemeS A5} 1, residuale- 0.0001E %
L), AR 2= E™l ZA127 (open boundary condition)
S AL3I3Itt. Fig. 8 o] AAIZRAE Fofdt At 9S8 TAISH
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a1, o716 3L T OF wete] 7F 2xoM 9] 9 PE ARlelal,
olF fr8ie] FHOE o] EATE ARGt

(14)

kA o 2 317 7]A19] 735, Reynolds number’} F-3] FA] E',
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Fig. 9. Comparison of the power coefficients.
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