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ABSTRACT Tidal current power has advantages over other renewable energy resources due to the high energy density of the fluid,
steadiness and predictability. On the other hand, it has the disadvantage of the high initial construction costs when a generation system
is installed and power transmission is expensive compared to the generating capacity. To overcome these disadvantages, it is
important to develop a more economical and good workability supporting structure. A caisson-type supporting structure has the
advantage that there is no need to mobilize a large floating crane because it uses buoyancy during transport and installation. In
addition, it is cost-effective compared to the existing gravity type or jacket type supporting structures because of installation costs. In
this study, a caisson-type supporting structure is proposed as a tidal current generation supporting system, and a numerical simulation
was performed under the conditions of the nearby Uldolmok maritime area. The design wave height was derived by comparing the
SWAN program and ACES program, and the review of the flood and ebb tide flow velocity was carried out using the EFDC program.
In addition, integrated load analysis of the tidal current power generation system in each conditions was performed using the

Tidal-Bladed program.

Key words Caisson type supporting structure(#] 0] &3 2| 2] - 2 &), Integrated load analysis(Z ¢} 5} 3l A1), Tidal current Power
generation(Z 5 A1), Numerical simulation(5= %] 3] A1)
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Key parameters Value
Turbine dia, 12 m
No. of blades 3 ea
Blade length 5m

Hub height 11m

Caisson height 3m

Water depth (LLW) 20 m
Tip clearance 3m
Bottom clearance 2m
Nacelle length 10 m
Design vel, 2.5 m/s
Cut—in speed 1.0 m/s

Cut—out speed 3.5 m/s
Wave height 1.6 m
Wave period 445

Tide height 2 m

Target capacity 200 kW

41,2 dAstEEAH0|A(DLC)

2R A ES 323k DLC7F A= o] 91A] ¢
AE7F EES) A w3 glong, FEEY AA7]
2l IEC 61400—3& Zatso] ool Eoh= 27108 257
U AR O] 51815 A AIS1EA|0]2(Design Load Cases,
DLC)E “dolstiitt. wehal, DLCE =LA 84 4 3=
(Power production, DLC1), B4} AAABHEmergency
stop, DLC2), A AAAFEH(Normal stop, DLC3), =3t
73 AR S| (Parked, DLC4) 27102 H7510] 34-S
oYslolet, A|A”lS] = s ALFAT= Table 113} 2

1!, DLCH 34 =4S Table 12~Table 15| YEFH I

=4

moN K

Description Value
Angle of Attack 4°
Reynolds number 3x10°
Lift to drag ratio 150
Maximum power coefficient 0.44
Rated TSR 5
Rated shaft power 400 kW
Rated generator power 375 kW
Rated turbine speed 20 RPM
Rated generator speed 200 RPM
Maximum thrust of turbine 305 kN

Table 12, DLC 1 &M =ZA

Load case ey
number
Operating _
condition Power production
Vel
Condeifion Vout-in = Vi = Veu-out
Hub height
Case vil, [i/gs] Turbulence | Hyave [m] | Ty [s]
1.1 1.0
1.2 1.5
13 2.0 Ix = 10.2%
14 2 Iy = 8.0% 1.6 4.4
: -5 Iz =5.7%
1.5 3.0
16 3.5
Description Simulation time = 600s per each case

Table 13. DLC 2 sH& =7

Load case DLC 2
number
Operating Emeraen "
condition ergency stop
vel, Vo = Ve + 0.5 m/s, V.
Condition hub rate — U, , Vcut—out
Hub height
Case ub helg Turbulence | Hyave [m] | T, [s]
vel, [m/s]
2.1 2.0
2.9 2.5 Ix =10,2%
p Iy = 8.0% 1.6 4.4
.3 3.0 Iz = 5.7%
2.4 3.5
Time to start writing output = 10 s
Simulation end time = 70 s
Time to begin a stop = 25 s
Description | Extra time after stopping = 60 s

Emergency pitch trip mode = grid loss
Pitch rate = 9 deg/s
Brake ramp time = 1s

2016. 9 Vol.12, No.3 25
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Table 14, DLC 3 &f{A1 =A Table 16. Z[CZE! =& 7H0|A_SHF
Load case DLC 3 bLC T Bottom of tower
number (s | MxINm] | My[Nm] | MzINm] | FxIN] | FyIN] |FzIN]
Opﬁ?tt'mr? Normal stop DLCL| 1.4 | 0,70 | 2,205 |-336,063 | 3,202,000 | ~118,063 | 402,560 |10,202
Cemeilie DLC2| 2.2 | 1175 | -28.329 | -319.753 | 2,653,000 | —123.354 | 335,783 | 13,423
c Vg'lt" Voo = Viate £ 0.5 M/, Veurou DLC3| 3.2 | 15.95 |-115,159| —294,864 | 3,035,000 | ~132,174 | 382,643 |13,560
ondition DLC4| 4.1 229,70 | —10,518 | 63,799 | 856,440 | 127,543 | 154,975 |25,907
Hub height
Case Zl [z/gs] Turbulence | Hyave [m] | T [s]
Vi _ -
: Table 17. Z|tigg! &E AHO|A_%
3.1 2.0
3.9 3.5 Ix = 10.2% B Time Top of tower
Iy = 8.0% 16 4.4 [s] [ MxINm] | My[Nm] | MzINm] | FxIN] | FyIN] | FzIN]
3.3 3.0 Iz =57% DLCL| 1.4 | 0,70 | —1,696 | 266,053 | 425,217 | —56,041 | 387,728 | 9,352
3.4 3.5 DLC2| 2.2 | 1175 | —27.977 | 228,705 | 335,082 | —61.346 | 324,055 | 12,585
Time to start writing output = 10 s DLC3| 3.2 | 15,95 | 114,816 | —199,298 | 395,070 | —70,156 | 367,875 | 13,522
Simulation end time = 90 s DLC4 | 4.1 |229.70| -10,613 | 76,974 | —9,368 | —65,511 | 83,308 | 14,875
L Time to begin a stop = 25 s
Description Extra ti fter stopping = 90 s
e e | Pping Table 18. Z|CHE2! X H|0|A 515
Pitch rate = 2 deg/s
Brake ramp time = 5 s S Time Bottom of tower
(s] | mx{Nm] | My[Nm] | MzINm] | FxIN] | FyIN] | FzIN]
Table 15, DLC 4 3] = DLCL| 1.6 | 58,55 | —247.703 |—226,561|1,395,000 | —146,275 [197,184| 1,915
DLC2| 2.4 | 21,40 | —27.177 | 173,248 | 331,187 | 165,074 78,498 |~71,574
L%i?ng:fe DLC 4 DLC3| 8.4 | 9.00 | —114,439 | -312,141 1,346,000 | ~139,230 | 185,261 12,157
— DLC4| 4.1 [147.10 | 72,627 | 143,241 | 292,425 | 143,442 | 75,950 |-23.593
perating
condition FerteE)
Vel, _ Table 19. Z[CH=2 =g 7|0|A_AF
Condition Vioc = 4.4 m/s
Hub heigh B Time Top of tower
ight
Case Zl [i/gs] Turbulence | Hyave [m] | Ty [s] (] | Mx{Nm] | MyINm] | MzINm] | FxIN] | Fy[N] | FzIN)
Vi
: DLOL| 1.6 | 58.55 | —247,267| 210,768 | 93,192 | —84,261 |169,668| 2,648
Ix = 10.2% DLC2| 2.4 | 21,40 | —28,408 |-269,008| 139,974 | -103,085 | 49,868 | 42,269
4.1 4.4 Iy = 8.0% 1.6 4.4
s DLC3| 3.4 | 9.00 | —114,248 | —223.770| 105,507 | —77.223 |164.649| 12,627
: DLC4| 4.1 [147.10| 72,597 | —20,470 | -116,307 | —81.451 | 34,939 | —22.186
Descripti Simulation time = 600 s
)escription
P Pitch angle = 90 deg
Table 20. @AY i L TR FH DLCI
DLC | Description | Turbine | Nacelle Tower Total
Z} DLCHY 3423} DLC12] R|H3lsEL case 1.4
K & ot < HdeAsrE: : DLC | Maximum | 86,854 | 3,092 | 8941 | 98887
A gRAEo) 71 o] Ao ZLlslsl=o
(2.5m/s)of A} RAY=| 1AL, DLC29] 4% Hdwdote2 L1 | Average | 51310 | 1538 | 8.620 | 56,468
case 2.2(2.5m/s) o4 YERgTh DLC3x} DLC42] 749 | DLC | Maximum | 187,437 | 6,749 | 15,364 | 209,550
P 33lslEe Z12) case 3.2(3.5m/s) 2} case 4.1(4.4m/s) 1.2 | Average | 114,049 | 3,432 7,967 | 125,449
of|A] BHEle A o s LRt DLC | Maximum | 345,398 | 11,804 | 24,601 | 381,803
- - 1.3
5k 7k DLOW AEEL DLOLS 7 case 16(3.5 . Average | 207,990 | 6,196 | 14,416 | 228,603
DL Maximum | 361,975 | 22,085 43,702 | 427,762
m/s), DLC22] 7% case 2.4(3.5m/s), DLC32] 7% case ©
e 14 | Average | 219,087 | 10,071 | 23.556 | 252,714
r JEEREINN
3.4(3.5m/s), DLC4= case 4.1(4.4m/s)ellX TS DLC | Maximum | 256,639 | 81,507 | 61,900 | 350,046
th. DLCHE Figdstst 252 84 235 Table 15 | Average | 155,249 | 14.344 | 33,571 | 203,163
16~Table 19¢] YEUSI1, QA 282 Taple 20~Table DLC | Maximum | 237,187 | 45,313 | 80,378 | 362,878
233} Zro] =259} 1.6 | Average | 129,522 | 19,341 | 45,327 | 194,190

26 LIRiHoAx|




Table 21, A [ & HF 3 _DLC2
DLC | Description | Turbine | Nacelle Tower Total
DLC | Maximum | 211,988 | 26,405 | 21,685 | 260,078
2.1 Average 49,049 5,909 13,868 | 68,825
DLC | Maximum | 344,686 | 21,867 | 31,815 | 398,368
2.2 Average 78,449 8,985 20,824 | 108,257
DLC | Maximum | 265,442 | 36,212 | 47,423 | 349,077
2.3 Average 51,689 | 12,854 | 30,489 | 95,032
DLC | Maximum | 206,623 | 61,285 | 64,640 | 332,547
2.4 Average 42,619 | 18,080 | 41,298 | 101,998
DLC | Maximum | 256,639 | 31,507 | 61,900 | 350,046
1.5 Average 155,249 | 14,344 | 33,571 | 203,163
DLC | Maximum | 237,187 | 45,313 | 80,378 | 362,878
1.6 Average 129,522 | 19,341 | 45,327 | 194,190
Table 22, A% Z|cf I T F3 DLC3
DLC | Description | Turbine | Nacelle | Tower Total
DLC | Maximum | 241,526 | 9,287 21,725 | 272,538
3.1 Average 34,182 5,658 13,434 | 53,273
DLC | Maximum | 344,686 | 16,250 | 33,156 | 394,092
3.2 Average 51,264 9,072 20,857 | 81,194
DLC | Maximum | 265,442 | 22,500 | 45,024 | 332,966
3.3 Average 30,622 | 13,593 | 31,752 | 75,967
DLC | Maximum | 206,623 | 30,253 | 62,920 | 299,796
3.4 Average 25,363 | 18,744 | 43,956 | 88,063
DLC | Maximum | 256,639 | 31,507 | 61,900 | 350,046
1.5 Average 155,249 | 14,344 | 33,571 | 203,163
DLC | Maximum | 237,187 | 45,313 | 80,378 | 362,878
1.6 Average 129,522 | 19,341 | 45,327 | 194,190
Table 23. 24 Z|f I T F3 DLC4
DLC | Description | Turbine | Nacelle | Tower Total
DLC | Maximum | 15,507 | 68,994 | 129,402 | 213,902
41 Average 6,396 30,107 | 70,565 | 107,069
4.2 XxHEE AHd &

1
Fp=5 Cpp AU

IR XXITZAIA™ 27 A 45t

U . 2F%(m/s)

EfQlof 2h8-5h= uhe] AAF EIL gk 2 o3 A7
2(2015) 9] 2]<~(Morison, 1950)41% o]-8-3o] A5}
et

fn CVD 2 (2)

7] A,

foo o] Eepe] ml o] As(m)ol 2§35

H

= FAE A 5] Ts oA K

Aol dgid] (kN)

T ) RAEI SYA S5 BRI A
2 7R, 3 2 WD) SRR S
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