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Abstract — For the analysis of the performance and wake of the IMW tidal current turbine, numerical simulations
based on LES(Large Eddy Simulation) are performed. The forces exerted from the turbine components, such as
blade, nacelle and tower, are considered and projected to the flow field. The pitch angle and rotation speed are con-
trolled by PI controller and RPM-Torque look-up table, respectively. The refinement ratio for the grid study is /2,
and the fine grid used 80M grid points as of total. Simulations are performed using 1360 CPUs at maximum in
KISTI HPC Nurion. The simulation time is 530 seconds which takes about 18 days when the fine grid is used. The
performance variables are pitch angle, rotation speed, thrust, torque and power while the blade local variables are
angle of attack, lift/drag coefficients and inflow. Variables for the wake analysis are vertical distributions of axial and lat-
eral flow speed at the 3, 5, 7, 9 multiples of diameter away from the turbine. The result presents that the coarse grid
can predict similar axial velocity distribution even at 7 times diameter away from the turbine, if the thrust is pre-
dicted similarly. Also, the lateral velocity seems more sensitive to the predicted torque.

Keywords: Tidal Energy Converter(Z=H 3% 4\51 ®1), Tidal Current Energy Farm(Z5+2dA]), Large Eddy
Simulation(th 272AP), Turbine Wakeﬂﬂ ] ), Actuator Line Method(2]5=ol|o]&] 2191 Fdl)
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Fig. 1. Generator RPM-Torque look-up table.
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Table 1. RPM-Torque look-up table
Generator Speed [RPM]

Generator Torque [kNm]

2.5 0

5.0 297.3
10.0 837.9
11.0 949.6
12.0 949.6

F=HIE-HZ(twist angle),

Q = 3|7 £ % (rotation speed),

dL= 2.4%F% (element lift, dL = C,-0.5-p-u?-c-dr),

dD= 233 (element drag, dD = C,,-0.5-p-u*c-dr),

g = 7219k 2 Z Al (constant controlling Gaussian width),
EH19] FX|AO] = 3|HE 2] @ X}l whE PI #]7](controller) =

AHE811 T, Alofo] S (control gainy K,=2, K;= 12 73}
2 B3 RPM-E3 =¢]Ho]E (Fig. 1, Table 1)S AR&3}10] A

o] =it}

3.00M TR
3.1 EEl #@AF 2 |

i BRI Fig. 20014 A|A & vhe} 2ho] u]x| o) 7} 7153k
IMW 85 39 27 d2deulolh. BYl nbg ) 818 v

Table 2914 A|AISF vle} 2o] 242 12 m, 1.5 m o9, Y953 A
,the] ol B|n F RS EFH

5 3|8 A A W3] 16.7%7H
H74 2] 25%71A] §1%d 5 (transition part)S
INRATE OB o]g3to] A

ATHES] WAL 1 m el

o1 6 m olt}. Befol=2] 7

AFY TZ /P, o1 F
XN

717}, Beflo] =] &4

Fig. 2. 3D model of the IMW tidal energy converter.
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Table 2. Main principals of IMW tidal energy converter H”‘éﬂ oF Boo 24 84 7= golElE 7|aale] 42

:{o

Rotor i T 5 23miok, SN W B80) R 3R 05 3
Hub radius 15 Eﬂ] sttt g 2704 TSRS Eo]= AlA| A] {1 582 ¥
Tower radius 1.0 o) 607 1AL} olu] A4 Z7H 3AEE= 11RPMo] %
Nacelle length 6.0 S, AR A 983 $RE ] 8 Li e al (201212 7
Tower height 15.0 T3] o HEEA I ZE7F 0752 3)AEH] A7EES 0.01

Z2 Tk 7F 2Us AxAle] A9 Courant?] Uk 1
o]&}Q1 0.25¢|t}(Versteeg and Malalasekera[2007]).
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AXE (—’ﬂ% Table 49} Fig. 4ol #A|AI8t vle} o] 538k (x),
STAEE(y), AAYE(2) R 242y -5<x/D< 16, -1.5<y/D<1.5,
0<z/D<3% 1l 3] 31 a1, AR S (refinement zone)2] | oi
M= x/D=9.5, p//D = 0.66, z/D = 1.297F4] a3t HHE 7171
thol d Oﬂ A= Fig. 504 A wke} o] 2l A42KG),
S ARHG2), 471 AZKG3)E] Al 7HA] ARPA AR 28813
O, Table 50 A=A 2~Eof| whE A=} A2719) E¢jo]= w7 Ui
Eorsh= FHo A 7iE delsialth. Table 55 F3t] AA}
Fig. 3. Section schematic of the IMW tidal energy converter. ZUETEE, G304 G2, GlLo= d5) AR |7} Ao AL,
Bejol= W3 el EFse A%l 571 ol 2e % 5 9l
aF3lom DU21, 25, 30, 35, 402 B 02 A% F(Jonkman er T Table 62 & AR} =, AAP7F EulEl CPU 74, 530% &<t
al.[2009]) 2t ©rel 8] HA s=ol g} Bl E/ZE Felglth X3 EE AlEe]ded - AAl AR BojEtt G19] A F
(Fig. 3, Table 3). 38 XA T-ZE9] ol= 15 m=E 13l 73005709 Ax7E AREE 1 207) ol sids e 1,360702)
Table 3. Blade geometry
/R Chord [m] Twist angle [deg] Airfoil (designed) Airfoil (current)
0.000 1.600 - cylinder cylinder
0.133 1.600 - cylinder cylinder
0.167 1.600 - cylinder DU40
0.208 - - transitional DU40
0.250 2.504 18.54 DU38 DU40
0.292 2.289 16.34 DU37 DU40
0.333 2.087 14.30 DU37 DU35
0.375 1.900 12.40 DU36 DU35
0.417 1.725 10.65 DU35 DU35
0.458 1.564 9.06 DU34 DU35
0.500 1.417 7.62 DU33 DU30
0.542 1.283 6.33 DU32 DU30
0.583 1.162 5.18 DU30 DU30
0.625 1.055 4.20 DU29 DU30
0.667 0.961 3.36 DU28 DU30
0.708 0.882 2.67 DU26 DU25
0.750 0.815 2.14 DU25 DU25
0.792 0.762 1.75 DU24 DU25
0.833 0.722 1.52 DU23 DU25
0.875 0.696 1.44 DU22 DU21
0.917 0.683 1.51 DU22 DU21
0.958 0.684 1.73 DU22 DU21

1.000 0.699 2.10 DuU22 DU21
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Table 4. Domain and refinement zone sizes

x/D yID z/D
Area - . -
Min. Max. Min. Max. Min. Max.
Boundary -5.0 16.0 -1.50 1.50 0 3.00
#1 -1.00 11.0 -1.00 1.00 0 1.62
Refinement #2 -0.83 10.5 -0.83 0.83 0 1.46
Zone #3 -0.66 10.0 -0.75 0.75 0 1.38
#4 -0.50 9.5 -0.66 0.66 0 1.29
Refinement Zone #1-4
Turbine
Fig. 4. Domain, BCs, and grid refinement configuration.
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Fig. 5. Grid distribution and its density of G1 grid system.
Table 5. Minimum grid sizes in axial and lateral directions for each grid system
Grid System Min. Ax/R (Max # of cell per R) Min. Ay/R and Az/R (Max # of cell per R)
Gl 0.0176 (57) 0.0174 (57)
G2 0.0249 (40) 0.0246 (41)
G3 0.0353 (28) 0.0349 (29)
Table 6. Number of grids, CPUs allocated and computation time
Grid System # of grid # of CPU # of grid per CPU (in ave.) Computation time (=0~500 [s])
Gl 73.0M 1360 14k 411H
G2 26.9M 680 40k 292H

G3 9.5M 680 54k 99H
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Fig. 6. Average number of grids per CPU versus computation time.
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Fig. 7. Mean turbine performance comparison between grid triplet (error bar is STD).
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Table 7. Grid dependency test results
Gl G2 G3
Var. mean COV [%] mean COV [%] mean COV [%]
0 [deg] 3.97 2.1 1.63 8.4 0.00 -
o [RPM] 11.01 0.2 11.00 0.2 9.82 0.3
T [kN] 694.9 1.2 809.6 1.5 709.0 1.9
O [kKNm] 948.8 1.5 948.7 2.0 817.3 3.6
P [MW] 1.094 1.5 1.093 2.0 0.840 3.6
8 1
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Fig. 8. Velocity magnitude and magnitudes of its components along the blade span.
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Fig. 10. Vertical distributions of axial/lateral velocities at the wake (y=0).
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