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2. IECiRERRTER

fEsat B I - JH S $t ¥ H AR G A
THYE M RE AT E » PR E LAHIEC
61400-1 (IEC, 2019a) ~ IEC 61400-3-1 (IEC,
2019b)FR (it T R USSR AV A S 8
WL AR - thR Pt 7 =fEfE %
& > FEIREARZ 2 BRER T =EAEE
AR e P PP SRR (Vi ) 2B IR (Vi) ©
fifEk = P R 7.5 m/s ~ 8.5 m/s ~ 10 m/s
=HREEL - AR ER 28 E R o ] Rt
U EE > RIEFEF37.5 m/s ~ 42.5 m/s ~ 250 m/

FTH DPERE112G68

s=RHEAR o [N - $HEEVE KRBV S B3
B R R B RO BORe R s, - B P EE AR iy
I 2% BUEST misEISEG, - HhAh - ISR
NATgt e R E A A+~ A~B~ C
PRSI o B T AR JE RSN o MR RE 1 H
EFIEERIEHT N ZRE@)E 2 (Cut-in wind
speed) ~ ZH7E E# (Rate wind speed) ~ {5 1 JE| 2
(Cut-out wind speed) - #4855 FRHTF - 7
FE] BRI o DU RS &8 LAY
RN TA -

(—) IEERSIE&REEINormal Wind
Profile Model (NWP)

55— T S ot JEU 0 T B TR R R ) A A A
(Normal Wind Profile Model) » fEFENWP o ELJE|
AREE DA BERERoR » F58UR0.2 - JEEE A0
et

V(2) = Vi (2/Z4)" (1

HpzBE% o Vi Bz, 73 BRI RZ AP

Rl EREREASERGFHIEC 61400-1)

Wind turbine class I II 111 S
Ve (m/s) 10 8.5 7.5
v (m/s) 50 42.5 37.5
o Tropical V;  (m/s) 57
At 0.18 Spemﬁe.:d by the
designer

A 0.16

Iref
B 0.14
C 0.12

The parameters apply to the hub height and

V,.. :Annual average wind speed
V. : Reference wind speed averaged over 10 minutes
v

.1 - Reference wind speed averaged over 10 minutes applicable to areas subject to tropical cyclones
A+ : Designates the category for very high turbulence characteristics
A : Designates the category for higher turbulence characteristics

B : Designates the category for medium turbulence characteristics
C  : Designates the category for lower turbulence characteristics
I :Areference value of the turbulence intensity (See IEC 61400-1 6.3.2.3)
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VSO (Z) = Vref (Z/Zhub )OAH (8)
Vi(2)=0.8V5(2) )
6,=0.11Vy,, (10)

(09) ®imZRAERE R Extreme
Operating Gust (EOG)

ik U 5 F Pefi JE\ #5580 (Extreme Operating
Gust) » fFEEOG ° = ZEAFH I A ARG R 5] A
TR SORFREA R o AR IEE #R/ERRET -
FEft—EX 10,57 & 5 B R 22 e 2 R8T T i
% (BB = TH A S O [l B HH Y A
PRV g R TR AL

ng=Min{l.35(Vel—thb);3.3( o )} (1)

1+0-1(A3,)
Hrto, BRQFTER - DEERAEK - A K
ML J 1) 5 z o Y 220 R 2 8 > AT =(12)
RIE © Vo HR(T)RIE » AR 1A ] i F A
@ °

0.7z, z<60m

42m, z>60m (12)

e

FRIZF(LD) ~ (12) - EOGEE H] LAfEE Ry =t
(13) » HFV(@)H=U1)HRE > TR10.5F0 -

(V(z)-037V,, sin (3mt/ T)(1 -cos 2at/T) ) for 0<t<T
V(z,t)=

) V() other_wi_se (13
(B) BinZEREEExtreme
Turbulence Model (ETM)
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Model) - fGFHETM - [hEEEtEUTER FINWP S
JEHEEITE > EREFINTM » S9MER s IE
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V,
0= L (0,072 +3)($—4)+10); c=2m/s (14)
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JEVER » AW FE RS E Fy S AR R S R
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(7)) MEimEPIRE Extreme Wind
Shear (EWS)
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Ay ST TR AH - B3 55 (Fatigue) ~ R
B J7(Aerodynamics) ~ 451 (Structures) ~ Z5i
(Turbulence)s - E—E MR HEEIHENREHE
EHAES > WRFENREL BT k50 8% - E#k
He £ 22 M FortrangB/ A AT 5y - Horp B E)
REECE TR TR LIE2FTR © SASA 26
EE PR AL E 2% - fEBRIA] 73 FylPE o
paLy: 2t 3= il SN Gl 1Ly 45 Zisi =l <y
GifEN T~ ZZRE - REEE I EAEN S B
JE o FEHFITRE T A F & # (RS ~ BIRE
REWERT » B IS ZR (Tower) R BBV AL
MEANTIS EE R -

AWTFE(E Han SRR F It > $UITFAST_
x64.exe Il 15 & BT H IR AL (R F A 3R B R 2%

Al R EE

onn (R v
we (R e

=8 N

D e ot e A ——

--

&5
-l

FTH DERB112F68

test19.fst (NREL 5MW J&E| /74 B iz &) 3k 7
17 o Hrp e E T2 2 352 H TurbSimis
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(E9) MDSRFGEAR[RIE

EE G Z A E SR BT E R T
FR4EIK > EETEEREE > Huang ef al. (2010)F2 455
A B[] 20 B A% 200 28 45 A (Discretizing and
synthesizing random flow generation, DSRFQG) -
FEA 2 FH Y RO# 15t (Large-Eddy-Simulation,
LES)Z}\Y;[L%Y;ILFEE’% UL PN SV RS

3l B 2 IR (A M B 22 fE AH BRI - Castro
et al. (2011)E X DSRFG T 7A#EITEIENTTE
PRAERF IR A Fr IR B R RS - SofR T ZE A B
NF-HY AR - AR FEARREPEA T - 15
Z 4 B =i =i A 7A(Modified discretizing
and synthesizing random flow generation,
MDSRFG) - {1554 25 it A 2 B R 2 R A0
FETT o AT 5 A A By H o — A AR Y
MDSRFGJT7ALIMATLABRE A B S 585 AL
SUECERIFE S PR - KRR~ LU
T RERE > HE Avon Karman 2 IR [A
MEZARE - EANNaRRGER > CRE
UL et al., 2015) o VRS2 ] ELiRs ]
b B R MRIZER F(Fourier series)YERL »
HFRAAF -

U(x,t)= z z [p™" cos (k™" X;+ @, /1) +
q™" sin(k;™" X; + 0, /75)] (17)

mn__ _: m,n ﬁ (rim’n)2
pi _Slgn(ri )\/ N Ei (km)Aknll+(rimn)2 (18)
p™ = sign(t™) —E PR YU LGl M
1 g 1n1+( m,n)2

Hiho,,  EN(0,2nf,) £, = 0o, =2xf, [V
REPAAPEMEEUE - £, FH I RE R Bom 2 A -
™Ry, = 0 f o, = OFY = 422 13 5857 i BE I B
# o ¢,=0.5U > U BEHgEa# - X= x/L, » HiL,

s >N

=0,/ Lo+ Ly + Ly Rz SR T - L, -

L, ~ L2 e = ~ e - = MR R
R 0, EEEFHERT - xR RZER AL
B o 1= 0, L/URBSEEIRINT - 0,5 5 BEE
SRR T o k™" =K™"/k, FoR = 422 R IR E
FEFERMEZIR » Ak, ST E AN © E(k,,)
Ry EUREAREE - R R R g DL BT &
Pt 230 RPAHEEFRIE - BUEAEEE B Fvon
Karmanffr e IEE 7 M Z s A 41%

41, Uy’ (L/U)
Su(f): T 1\215/6 (20)
[1+70.8(fL/U)
() 41, U)* (L, /U)[1+188.4(2fL, /U]
[1+70.8(2fL,/UY] on
. 41, U)* (L, /U)[1+188.4(2fL,, /U)]
(0= [1+70.8(2fL, /UY}'""
(22)
Hepl, ~ L~ LAy AR IEE E -~ R~ EE

AR 2 Z R > L, ~ L, » LA AR IEER
[~ A~ A AR AT MR R R
FERE -

4. EURREHISRIER
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BATE CAR g S HET TR - phAh - R4 K2
PR1/2.SHEFTRERIE - NIRRT R 2 T
JEER P AHETTEREL - HATMDSRFG ~ TurbSim -
HAWC2 = 2 R pr a8 4 KR AV - i3
FEy P R B E A 2K o R SRR P R
JE\ 2R ([ TP AW TZROR) ~ ZR R MDSRFGEE R Y
BEFEEE R ([E o DIMDSRFGFoR) ~ FASTH
TurbSimf&H HY 8 B 155 E 2 (& 1 LA TurbSim
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T.L.S. (w-component)
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Feasibility Study of Applying Wind Tunnel Simulation
Techniques to Reproduce Typical IEC Design
Wind Conditions

Yuan-Lung Lo'"  Li-Kong Chen’  Chung-Lin Fu’  Chieh-Hsun Wu*

ABSTRACT

This study has adopted four approaches to simulate wind conditions specified in IEC 61400-1
and 61400-3-1 codes for wind turbine designs. These four simulation approaches include the physical
simulation technique via wind tunnel facilities and three numerical simulation techniques. For the
physical approach, an actively controlled multiple-fan wind tunnel and a conventional boundary layer
wind tunnel at Tamkang University are utilized for the flow simulation. The Cobra probe is used for wind
speed measurements. For the numerical approaches, the TurbSim module in the open-source program
OpenFAST developed by the National Renewable Energy Laboratory and the HAWC2 developed by DTU
are conducted and compared with the self-developed MATLAB program based on the MDSRFG theory.
For those stationary wind conditions, such as NTM, ETM, and EWM conditions, vertical wind profiles of
mean wind speeds, turbulent intensities, and turbulent length scales are compared with the IEC codes and
the speed spectra and co-spectra. Simulated wind time history signals by the multiple-fan wind tunnel are
also compared for non-stationary wind conditions, such as EOG and EWS conditions. Results show that
the TurbSim and the HAWC?2 approaches do not reproduce the wind conditions fitting with the IEC codes
very well. However, the self-developed MATLAB based on the MDSRFG theory can almost reproduce
the IEC wind fields in genuinely good quality. Although the multiple-fan wind tunnel cannot reproduce
the horizontal EWS condition and the EDC/ECD conditions, it shows a good agreement in simulating the
vertical EWS condition and the EOG condition. The multiple-fan wind tunnel provides a good reference
tool for validation of the wind field simulation and the further possible aerodynamic force measurements.

Keywords: IEC, Wind tunnel test, TurbSim, HAWC2, MDSRFG.
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