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ABSTRACT With the increased focus on renewable energy in response to the global warming problem, tidal current power (TCP),
one of the ocean energy resources, is acknowledged as an alternative energy source because of its high energy density, predictability
and reliability. TCP devices are classified into gravity base type, pile fixed type, and floating type. Among them, the floating type can
be applied without any limitation of water depth and has a simplified supporting structure. Since the behavior of the floater has a
significant effect on the total power production rate, it is essential to minimize the power production loss and optimize the system
efficiency. In order to maintain the optimal incidence angle of the flow to the turbine and to support the buoys, the motion response of
the tidal power system was analyzed. DNV Wadam V 4.8-01 and OrcaFlex 10.1a were respectively used for the frequency and time
domain analyses. The designed TCP system had pitching and yawing fluctuation values within about 0.5°.

Key words Tidal current power(Z 5 3F7), Response Amplitude Operator(-3-H 21 & ¢1 A2}, Frequency domain(F1h4> % & 3

A1), Time domain analysis(A] 7+ % & 3| 4])

Nomenclature
w :frequency
[m] : mass maxtrix
[4,,] : added mass matrix
[C,,] : radiation damping matrix
[k;;] : hydrodynamic sping matrix

f  :environment external force
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subscript

RAO : response amplitude operator

TMA : texel marsen arsloe
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Fig. 1. Concept: platform and mooring system
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Fig. 2. Genie 64 V7.4 modelling

Table 1. Dimension of floater

Description Value
Length [m] 6
Width (W) [m] 4.2m/5.2m/6,2m
Height (H) [m] 3.2m/4.2m/5,2m
Buoy Dia, [m] 1.3
Turbine Dia, [m] 2
Duct Dia, [m] 2.3
Weight [ton] 7.3
Buoyancy [ton] 14,5
Thickness [mm] 10
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Table 2. Environmental condition for RAO analysis
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Description Value
Water depth [m] 20
Location [m)] -10

Wave direction [deg. ] 0~180

Wave period [s] 1~30

Table 3. Maximum value of RAO with different configuration
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— C, . Power coefficient

— p . Water density [kg/m?]
— A Area of turbine [m?]
— V : Current speed [m/s]
— 6§ : Pitch/yaw error [deg]
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o W H Surge Sway Heave Roll Pitch Yaw
[m] [m] [m/m] [m/m] [m/m] [deg/m] [deg/m] [deg/m]
1 4.2 3.2 4177 5,911 0,692 0.610 0.721 0.461
2 4.2 4.2 4,178 5,920 0.686 0.612 0.914 0.746
3 4.2 5.2 4,181 5,923 0.677 0.66 1,198 1,089
4 5.2 3.2 4,180 5,907 0.690 0,955 0.817 0.465
5 5.2 4.2 4,174 5.912 0.681 0.958 1.032 0.748
6 5.2 5.2 4,173 5.908 0.672 0,962 1.241 1.095
7 6.2 3.2 4,174 5,901 0.685 1.251 0.765 0.464
8 6.2 4.2 4,166 5,892 0.676 1.255 1.082 0.749
9 6.2 5.2 4,165 5,888 0.668 1.260 1.272 1.090
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lof] $jx/5}=

Speciral Density (m*2 /Hz)
2
L

01 02 03 04 05
Frecuency (Hz)

Fig. 5. TMA spectrum

08 07

Table 4. Environmental condition for RAO analysis

Description Value
Significant wave height (#,) [m] 11
Peak wave period (77 ) [s] 3.6
Water depth [m] 20
Current speed [m/s] 1.5
Location [m] -10

Wave type TMA

Trust coeff, 0.75

Drag coeff, 0.70
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Table 5. Mode analysis results

Mode Motion Time [s]
1 Yaw 16.1
2 Roll 11.5
3 Pitch 1.5
4 Heave 1.29
5 Sway 1.24

Table 6. Maximum value of motion

Motion response Value [m, deg]
Surge 0,013
Sway 7.63E—-09
Heave 0,030
Roll 1.15E-14
Pitch 0,371
Yaw 3.19E-14

Table 7. Mooring tension analysis results

Mooring line tension Min Max Mean | Std.Dev.
Linel [kN] 35.6 41,9 38.7 0.8
Line2 [kN] 38.8 45,0 42.0 0.8
Line3 [kN] 38.9 45,0 42.0 0.8
Line4 [kN] 35.5 41,8 38.7 0.8
Allowable Tension [kN] 162.1
mode5) 9] G575 ERIgH A} HE 252 dj4o] A

2% gasego] 1.927]0] 3 622 3|uldt okyZ ol
TLF7)E 2 AL SRS, Table 68 3417F A2
Jolxjo] 5A0] &5 Heiglolrt, 45A0] 3417 A7t
oJolxjo] 20| HTghe: WALFOIHE oF 0.03m, 3
HE oowh 0.4°0]5}% B kgH R SJA|Ao] o

AFekelo] 2F8-5H= 3159 34 Avl= ol Table 7
of| YehfQlct, AlFerlol 2H8al= 2o 815 =3k 45kN

o2 16mm 2ololo]e] &83}1591 162 1kNT} H|wd}o]
3.609] PAIGE FHFE FRIskITt

4. 2 E

& AFoxs A Bl wE F =FEAEA 9



573 T ARE Edshe A AlxE 9 HEA
BF7PE ol gl Fuk GHoIM Y A 2542
& 5ol 24 B4= AdAstRen A FAdel digt Al
Zt F9side Sl AR siA H ATAILE AL o]
Folgle. ARF A % 2RI A5 0.03m,
A& 0.4° oJste] FAAE e HAom ARt
ol 2-g-oh= 2tiolE- E3 45kNC2 16mm 2f]o] <]

54515 162, 1kNZ} 1| T3t} 3.609] QFAARE Fug
2 RIS, webA] B 2E Falo] ) Walx oo
S =z %

[
5% AR 2R ) PYAR) Ho] FigTto] 3t

A2l 2

2 QAT B R MOTIE) 9} 2Holu 1)7] 47
7}I(KETEP) ©] 291 Wot =35 A7 A ALTHNo,
20163030071850).

o] 4=E-e 20159 SR Ao Aol
£05U] LS Wolb 44 ATA(FHBAL A 2

1o,

10

References

[1] Jo C.H., Lee K.H., Cho B.K., Hwang S.J., 2016,

[2

—_—

[3]

[4]

[5]

[6]

[7]

(8]

“Resource Assessment of Tidal Current Energy Using
API in Korea”, Journal of The Korean Solar Energy
Society Vol.36, No. 1, 75-81.

Myring, D. F., 1976, A theoretical study of body drag in
subcritical axisymmetric flow. The Aeronautical Quarterly,
27(3), 186-194.

Park J.B., Kim K.H., Kim K.S., Ko D.E., 2013, “Com-
parison of Fatigue Damage Models of Spread Mooring
Line for Floating Type Offshore Plant”, Journal of Ocean
Engineering and Technology, Vol.27, No.5, 63-69.
Yang W.S., 2007, “Hydrodynamic Analysis of Mooring
Lines Based on Optical Tracking Experiments”, Texas
A&M University, Ph.D. thesis,

Jo C.H., Park H.J., Cho B.K., Kim M.J., 2017, “Investi-
gation of Motion of Single Point Moored Duct-type
TCP System by Both Numerical and Experimental
Method”, Journal of Korean Hydrogen And New Energy
Society, Vol.28, No.2, pp.212-219.

Shin H.K., Kim K.M., 2011, “Motion Analysis of 5-MW
Floating Offshore Wind Turbine”, J. Ocean Eng. Technol.,
Volume 25, Issue 5, pp.64-68.

Suh K.D., Kwon H.D., Lee D.Y., 2008, “Statistical
Characteristics of Deepwater Waves along the Korean
Coast”, Journal of Korean Society of Coastal and Ocean
Engineers, Vol.20, No.4, pp.342-354.

Ko K.O., Lee K.H., Park C.B., Jo C.H., 2016, “Design
of Supporting Structure for Tidal Current Power Genera-
tion Using Tidal Bladed”, Journal of Costal Disaster
Prevention, Vol.3, No.3, pp.107-121.

2017, 12 Vol 13, No.4 77



	수중체 형상에 따른 수중 조류발전장치 운동성능
	ABSTRACT
	1. 서론
	2. 주파수 영역 운동 해석
	3. 시간영역 운동해석
	4. 결론
	References


