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Estimate of the power characteristics of the 500kW
wind turbine based on 3D numerical solutions
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The purpose of this 3-D numerical simulation is to calculate and examine a 500 kW
Horizontal Axis Wind Turbine (HAWT) power performance and compare to calculation
data(BEM method) from Delft University. The experimental approach, which has been
the main method of investigation, appears to be reaching its limits, the cost increasing
relate with the size of wind turbines. Hence, the use of Computational Fluid Dynamics
(CFD) techniques and Navier-Stokes Solvers are considered a very serious contender.
We has used the CFD software package CFX-TASCflow as a modeling tool to predict
the power performance of a wind turbine on the basis of its geometry and operating
data. The wind turbine with 40m diameters rotor, it was scaled to compare with the
calculation data from delft university. The HAWT, which has eight-rpm variations are

investigated respectively. The pitch angle is +0.5

° and wind speed is fixed at bm/s.

The tip speed ratio (TSR) of the HAWT ranging from 2.89 to 9.63.
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Table 1. Calculation conditions

Ve m{s)|  RPM TSR
Case 1 5 30 289
Case 2 5 40 385
Case 3 5 50 482
Case 4 5 60 578
Case § 5 70 674
Case 6 5 8 7.71
Case 7 5 X | 867
Case 8 5 100 963

5. 4% ¢ 2%
1 Zdole ¥ 349 fxute] @4

o ZH E = B ZoAM @A e
HAel & Feld 71f5= 2 Beol=o g
A 74 s wAdsto 2] ¢ty Hye] os
of, Beol=ol oA HEEOR o[Fsl7
fick ol U4 S ge %z EdSN, wA
FFoze AHFE Jo9 Aoy Jgo)
e gztel ¥stel IR £5v(A4,= Q7)Y
Wsto] mhet weetA "ol Bl Halg
Edlol=o wtAMEGgo 2 APslr 7|Fe Hy
°l= XWel #¥slo}l mRE NF(HS T
A HAA ZAR o= HHAA 3349 #
HE AT, AF o= A HM 4 W
2 29¥d. o83 iAwRes sae JH
o 55L& Heol: HAY HA s Ad
FAAAME FAdstA LA stA =D, olelg &
Aol i dolHE FHs sl AAsrE A
F3] ofHA, olo] oigk g% wF Adn B

[ CFD m ~ 2

n5o] itk Fig. 40 B ATl Fx
¢ 2%s YU Fig. 40 A8 Bl
= EdoAMe 329 HEEAYE 4
A wAste 3xd FEENHS A
54¢& vetyxz gld.

Advance

'h
of atall Attached

flow

3d-stall

Intflow from blade root
root

#ig. 3 The 3D separated air flow pattern at
rotor tlade and 6 -7 rotation

Tip Vortex

Fig. 4 Calculated 3D separated air flow at
rotor blade (40 rpm, V.= >5m/s)

5.2 T40/500 2§ E ol

i

o

s
N

3},‘%{%—%%%
3




144 M3 EEY

RlErsr o]

|cCFD m - 2 I

1) CFX-TASCflow& °] &3}
M9 B gg 734

2) E3 g& 78 F59 28 £do= A
TE, A" B3 gl 33 F 28 o=
o] 8§ AZE

3) AXE A4 AsdMeg 29 ge €A
TE T3 Yo ddse FHAFE FEh

27}l

2%

AR AAFA 2E Eyol=e AHFe& #HIL
8L7] 1% Aol AMEE AL A A F
2 (2), (3] JebId Tk Fig. 59 BEMo| 93}
o ¥ T40/500 FEHLA AN2d9 AN &
HEA1 CFDA 93y ¢ £8< nms
o el Fig. 504 42 H, TSRo| <
72 91 AHE J|EeZ 727 ASdE
CFD7} BEMEtH AdA] Fgdd Al2®e &9
€ UA dFstn glen, 72 o)4Yd H$d=
CFD7} BEM Et £& £¥& d33zn &
S ¢ F Urt Ynryoz FaEwd AJA"e
ZA0] e A A&AY, gAY
2 YA ¢ e, vsd B, Ede
=9 A & WHEAY] AEo KA E
TEE ok = HX A ¥ B J|AHez
AAE FZE JHRE AEHAe ¥E Ao
gaog AHgdrk B dFoA  ALE
T40/5008) 28 Ao] W& H&EAo] waolrt
Fig. 5914 BEM %9 %% TSRel 7.71<1 4
SolM e &3ol 73 A JEltm gled, o
g 7iEez &8 HA #ade AEe B
th ol THEEA ALY HA4 &£9& dAF%
A FAEE, Axde dAHYE FHEr] 3
o Zalol= A AAH MM d&%E& THA
7 2 EHojzd AL EZE 49A FF
otz WFo] FHA FHE FAFY] "ol
olmj WA= A4S 743 34Y wg ¥
AL Futets vl 23§ fEAAcnz
FEES HEs FXHY 7oz HE} A
FH<l dHolHE AAZEdis 4FT e gol
w2t} CFDe] 7% Al £8& TSRe] 867¢
ALAA AR Zrtstn Jon, 8678 7|EL
2 FA ZAsE A4S Hold, BEMY AF
Ae thh &HolE Bt ol dwty oz
CFDE °l&% +Xd4& 343 o g5
e dRE 7 98 452428 HeatA H

s, A7 Agd dFd FFRELE] &
dol= BN WA= B 3ad A&58R
& AFsA dAFdrlede ok 5zt A7) |
olga e AFAEd 3t RudH
GER

]

5 4 glow, 2 d7A
oF 600,000 Cell AEEMX,
53¢ Adssd ol

1 ] 1} v L L] L AL
3.0 4 o
—&—BEM
—&—CFD :/A\A 1
—e 4
2.5 /x/ ~—e
g 2.0 / -
*
: s ./
i A
& o/
1.04 /A E
0.5 R/ J
T v ns T ¥ Ll L] L] L)
2 3 4 5 6 7 8 9 10

TSR (Tip Speed Ratio)

Fig. 5 Comparison of calculated and BEM power
characteristics for the scaled T40/500

Fig. 69l BEM3 CFDol oi& F23 A
£9e $8A5E MnE 24TE etk
Fig. 5% =H7l42, TSR 7¢ 712o2 70|
Q) A4l CFD7} BEM2G $dA45E ta
@A dZaa gom, TSR] 70142 2ol
CFD7F tha: &7 AZsta 98¢ & + Ut

L] L] L) L L) T j L
1 #cp . - A/‘\A 1
054 R 274.-—.\. =
E 1 LA
S : g : :
L: 0.34 Lo /: Co . =
& 0.24 . /: Lo i
0.1 / C -4
2 3 4 5 6 7 8 9 10

TSR (Tip Speed Ratio)

Fig. 6 Comparison of calculated and BEM power
coefficient for the scaled T40/500



PpASARe)

6. 4

rh

E AT oM e CFD 714§ o] &3t T40/500
2E BHol=d digte JTEFEE Sm/sE 1L
A% 2H ZHo=s IAAFE 30, 40, 50,
60, 70, 80, 90, 100 74A #sHA BF 871
Zeo) disted 4d5HrtE FA3FPon, BEM
o HinE TR AAES FAsAH

Aubr oz daA Beol: 349 W £%
wral 43 eAdfAE T8 438 budE
W) o2 six3 CFD Alllol 433 FAE
A3g ®olm g

2y EHolz=g Brbsted leiA
gAHez FA4H, 2 BEM3# CFD9
o8 a4 @47} FALEEA| \45}\,}1 AeE ¢
T o, EolmoA 7 Ado] WA
Ao g 143%6} &S & ¥ dod, o
2 Q3 Addme oxE Hd 20% =9
AL 7h
Bl RHAA SAsE 349 4A5F
g B2 AEIA &3] g ookt 4E
2da ANAxE 0% AY3ste HAEE &
2 dart o

958
Ao

o(

fotc)

A

%}—‘F T40/5008] 42 dE A5, 48S
LA el Hjn HAML —rﬁ.}}z‘s}:ﬂ_, PV
Hgepe Beol= Foe 3%y 45
Bl EHuas A20e AAHe
A Asg "utste 7188 AAstna

O

!

N
L oot du o r°"
’ Jlm o m{o

oo o

1™

n¥£

{11 Hau, Erich, “Wind Turbines",
Verlag(1999), p. 23-55

(2] Jess A. Michelsent and Niels N. Sorensen,
“Current Developments in Navier-Stokes
Modelling of Wind Turbine Rotor Flow”,
Proceedings of EWEC, Denmark (2001),
p.367-372

Springer

o3 EBY 145
T = CFD H —?j@

(3] http://www.windenergy.citg.tudelft.nl

{41 W.A. Timmer. R.P.J.O.M. van Rooij, "DU
94-W-280, A THICK AIRFOIL WITH
A DIVERGENT TRAILING EDGE",
Proceedings European Community Wind
Energy Conference, Bedfold UK (1996),

p.737-740
[5) Gustave P. Corten, "INVISCID STALL
MODEL", Proceedings of EWEC,

Denmark(2001), p.466-469



