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2.2.1 Betz W3]

Betz s+ &4 452 s2& {AOA B3te] o2 IS Foff pd

e A o x|ol o] 24 O] &2 16/27(59.3%)0]T}.

TYEHY %9 F7] 3§ AAES UEUE 7MIAA fAl(stream  line)of A
? < Bsto] 2= ©Y ARIE 3719 42 B

m= pS; V| = pSV'=p&, V, = constant (1)
o171

-p R E

-V, S 2EOAY] F&7} GuA

-V S 2H Ave] Eaa oA

- Vi S, 2E 399 E43 oA

a4 3

L ZE 37] 52 A

2Ho| A8st= &4 VI 5358 d 4 glevnz Uy Qs =EH A/SHO
(Power coefficient)= A 5=

N2)258E AdEHY A

1

G, =5 (1—a*)(1+a) (2)

et Fdiae

cil—i”=4(1—a)(1—3a):0 = aZ% (3)
a=V/Vi=3 = V=1V, (4)

C) max = %(17 (%)2)(1+ %) = %: 0.593 (5)
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2.2.2 Momentum theory
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io_l' rie

3]™Mst= 3719 Beo]= 2 actuator disc(@z Ymhz J1AsHH UA sty AUSH
¥ SE= At 94 dEs Fuste 371 UARECl EHE s ttes
A EFE AP, AHE-9haE 2o 9Jsto] bladew 57| YAEOl &Lt
719] ¥t B 3 EFE Aot Ho] bladegs Fsh= 5719 552 A
o] ui wkez dfstes &= RS 27 =Y olgst NS TR
X (wake rotation)o]2} it

(1-a)Urer |

(1-2a)Uref |

a9 4. 3 HYl A3 37 55 AA

29 HYl A9 ¥7] 5§ AAFMA &7 9AY s52 dA&Aolnz, An
Ao thsto] 7] YA = 2oy ouAx] BE HA 9510 25 YA =
HotstA] of=th. 11 49t o] FHEuIo ofsto ¥gtd 7] ofyx|etE AT
a7t doiuA =Y dug sateh 371 UAY g2 g7l dHe=z AASG]
S|FE =, ols A" oUX|RE 37 YA &F odyAls HE 4 gagt
J8j8g 3719 5§ WAL FEEHYZ St 2o A& SISl "o

o FHERIY as2 50 it 2HO A&z AT /oy

S 23K

—F“IT-Q’] L ] =

G708 4 %H|(TSR: Tip speed ratio)= th-&ut 7+o] #Jo]w)
_ LR

A= Vv (6)

o714 0+ 2H9 oA Z&k(rad/s)olH r2 RHP(m)olot.

Y SAAY MEABT smEpE ANLE F
16/27(0.593)]l st 22 &Hol & & ok FAelwe] HF eHe
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SREIst 242 88 anrt 37 Yehto R ojux] ¢Alo] A ot

Momentum theoryo] @2}A] F=2(Thrust)?} 31X (Torque):=,
6T=2p5A,Via(l—a) (8)
Q= pdA,V,(1—a)20d r? (9)

7NN 64, —2eorS  FAOIM r UHE ®olA %Al welo] wAoln
a(l—a)/X*2 218 61} o] 2E9 3A ()0 g &7 2]748](204)0] .
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2.2.3 BEM(blade element momentum) theory

olstol FAstel W) @we KL ok w]37] ol(Aerofoil)el o] wblzol

%ol Edlol= ©do] FH(Drag)y} F=H(Lift)o=
Argsta ol gejol=o] slAa Foe WA
Drive
-Deosd

A LLift
Thrust

—p LCOSD + [;gnd}

D(Drag)

r|r
oS,
i
—
=
1S
ok
i)
)
=
o)
®

gejzol 9] ol @io] A &5t

Lclcment = %p WQCC;((I)&I“ (10)

D

element —

%pWZCCII(a)(ST (11)

o71A c= ©¥9| chord Zo], W RO 7HlAl= F&oltt.

webd, 3 237 Pae,

5T= %p W2Ne(C(a)cosd+ Cyla)sing)or  (12)

Q= %p W2 Ner (C)(a)sing— O, (a)cosg)dr  (13)

o714 N o] = Fjsolct.
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2.2.4 Combined BEM(blade element momentum) theory

Bladedo] A8% Combined BEMo]2& blade element ©]23 momentum
|

oJEL AU olgoz A Beolo] WSt B s1EW &Y WU 2R

=2 O
& 9t
Momentum theoryo]A] momentum®] 382 HIZ Edo]lE Q40 7IeiA]+=
ol & 719 gholl gist 571 vlwE Foto] 1 804 HojR%o] ¥ig A4to s
28 AS9 F&44], 79 HH|E HAsty Eole9 A Ay dFZ

o
— (o]
e LS Adsty FHu FHASE dEsto AE 2y ¥ e 28T

Guessaand &'

Blade element
theory

Momentum
theory

v

‘ Calculate a, and ay’ ‘

‘ Calculate flow angle, ® ‘

A A

‘ Lookup C, and Cp ‘

v

Calculate annulus thrust and
torque

Equate thrust and torque Update
aanda’

I3 8. Combined BEM theory flow diagram
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olgotoict. EAEW HEHY AZEQolold ABIolHS 2T T FUY
Poe45Y SRGENME ofHl R ZHES ARESlErto oep Aurt gt
oIt Kaimal AMEo] FWgu), YY) L 2APFw) 42 042 2ol

BAECH

nS,(n)  102f

w2 (1+33f)°3 (14)
ns,(n) 17/

w2 (149557 (15)
ns,(n) 2.1

N 1+5.3j;5/3 (16)

P
~
I
S
N
~

o4 BAY Fut
J8jn Ue 10 =
04 E(0.05-0.1Uolch. REFR(5)E HEsIH  BA)o] Hoj o
L CAI-

471 A (14), (15). (1) HEsta,

M
ol
=
o <
Jp
n

©°ns, (n) ai o0
—dn= :/ %dfx 2152 =0, = 2.15u.  (17)
0o ul o (1+33f)°

oo nS n) 012, o 17 2
/ dn= 22 = / ﬁdf ~1.642= 0, = 0.760,  (18)
0 0 +

9.5f)
© nS, ( O )
/ dn— — = f —— 3 df =108 =0, =0.50, (19)
0 o 1+5. 3f"
71 A (18)1F (19)014 u B dRAdEs ¥ v it w B9 dis ¢
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2.4 27 st5 =4

[EC 61400-32 3148 EALAsI9 Px, 714, A7l X AojA Ase
12d oS 2] A% ARYely U s1ed @Al FAH

=A EFO|H.

oA sidedud wd [EC 3=+ ohgat 2ot

e [EC 61400-1: 2019 RLV, Wind energy generation systems - Part 1: Design
requirements

e« JEC 61400-3-1: 2019, Wind energy generation systems - Part 3-1: Design
requirements for fixed offshore wind turbines

e [EC TS 61400-3-2: 2019, Wind energy generation systems - Part 3-2:
Design requirements for floating offshore wind turbines

HoA e st 7erS2 IEC TS 61400-3-20]9
SAEFHUAXAI AR st & [EC 61400-1F 1A A siAtZ ™o thst
®EZ IEC 61400-3-1S z83tct

2 =30JAx+= NREL 5MW Semi-submersible H8Al sjAZ2dr47|1S ESF
AglA L2789l BladedE AMgstol sEdAS Saystaict.

Mg Atgste s mzadel olgR &% Azlo] Ui ESEAML Hee
Ant AEALoIAe] AR tiE SYEHRAO)N] ChE siHe Frlstel )&
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1.4

0.5

Dimensionless spectral density [2/5

Jonswap spectrum

Pierson-Moskowitz spectrum

0.5 1 1.5
Dimensionless frequency (ffp)

I 9. Pierson-JONSWAP Spectrum

258

=

JONSWAP Spectrumo]
4 F7teta.
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R

S A& (hydrodynamic)

8% 900

A

| S

Al ko

BEM(Boundary Element Method)S A &% £ Qltt.

=1
o

2] o] A (Bracing)at
st¥ 3] A (diffraction)}

2ol %
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A=

d= tol 2230 &2 4+ 9

ol
)
mlo

ol

AEsHA - Al AF

rd

22y, ZE(Column)if #o] AHFo] & FxrsE2 A
ofUegt LtxZ0 7lsfAl= ¢ (hydrostatic force)= ilgstojof stt;. BEM
Al Aol Az g2 Fuso RAus FHste] BAEs Y

o

Bladedo|A] = H % Bracing element= T2l& ZA0=2  Column bodys
BEMO 2 |2 74aic,

2.6 23 Hyl 53

ZedEvo] M7 2%¥e 208 olgoln, W@ E&o @A kL B0
grlgo. se @7uig o2 gee £ wdsh dAd AL
WA YA 72 4R Ao vig 542 neistol A" FE o]
47 =ojo} g,

[EC 61400-1]4: Eejvlo] HAd &49 uvAS4e neistol
FHEWY SIS E 1% Zol EEstm Uk Y gy 53L
HOES (Vo) D UF ZE()Z Bolstol, AE42 Edevo] Ao}

& 51H =00 A 9
2 dAFoqAMEe 54 =
425 m/sS ALstITE. (Vi = Vrer)

Table 1. IEC 61400-1 wind turbine class

Parameter [ II I S

Reference wind speed (m/s) 50 42.5 37.5 30
Annual average wind speed (m/s) 10 8.5 7.5 6
50yr return gust (m/s) 70 59.5 52.5 42

lyr return gust (m/s) 52.5 44.6 39.4 31.5
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Table 2. A5x4

Power NTM
1.2 production  Vin < Vhuw < Vour NSS F
Parked
_ _ EWM
6.2 (standing still ESS U
R V(Zhub) = Viyer
or idling)

Table 3. AAIstE5 271 ko]

DLC Design Load Case I[EC 61400-1
NTM Normal Turbulence Model IEC 61400-1
EWM Extreme Wind speed Model IEC 61400-1
NSS Normal Sea State IEC 61400-3
ESS Extreme Sea State I[EC 61400-3
F Fatigue I[EC 61400-1
U Ultimate strength IEC 61400-1
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2RI £

3.1 314 A<

SASA o= o] ZAIRA U R ALAC] EMW Semi-submersible $-G&] AY<
GH-Bladedol] &-&ston] & 40 A2st3ict.

Table 4. NREL 5MW A<

Width 6 m

Length 12 m

Height 6 m

Drag coefficient 1.2

Nacelle mass without rotor 240,000 kg
Nacelle yaw inertia 2,610,000 kgm?
Blade mass 17,744 kg

First moment of mass 363,092 kgm
Second moment of mass 11,749,730 kgm?

Number of Blades 3
Diameter 126 m
Hub height 90 m
Hub vertical offset 2.4 m
Cone angle -2.5°
Rotor shaft tilt angle 5°
Overhang 5m
Rotational direction Clockwise
Orientation Upwind
Speed type Variable
Cut-in wind speed 3 m/s
Cut-out wind speed 25 m/s
Root length 1.5 m
Diameter 3.5 m
Spinner diameter 3 m
Drag coefficient 0

Hub Mass 56,800 kg
Inertia about shaft 116,000 kgm?
Inertia perpendicular to shaft 0 kgm?
Center of mass 0m
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Abstract

Evaluation of the load cases for the 5MW floating
offshore wind turbine using the ‘Bladed’

Korean government proposed “3+1” strategy to drive Carbon Zero emission. Since
2015 Paris Climate Change Accord, there are continuous efforts to make strong
strategic basis for Carbon zero emission.

This study aims to develop a suitable floating offshore wind turbine
system including optimization of the floater for offshore wind farms
considering the specific environmental condition. For the global
analysis of the fully coupled system, GH-Bladed from DnV GL is
used while studying its theories and structure for comprehensive
understanding of the analysis process and results.

5MW NREL Semi-submersible floating offshore wind turbine system
is applied to the Bladed model and analyses of the normal power
production mode and the critical idling mode are done for validation
of the model and evaluation of results.

Technical specification for the floating offshore wind turbine is IEC
TS 61400-3-2 and also complies with IEC 61400-1 and IEC 61400-3-1
for relevant parts. According to this specification, load cases are
applied to the Bladed for necessary analyse and RAO analysis is
done additionally for comparison with the referenced paper to check
whether the modelling is correct.
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