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TEEERRIETS T EI T, S8 n] BEA R R B K L5 % (NREL) 1984 4R 1 Ji& 1 XUy ML 3 7l
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AV AL I 3 45 1 T DU B 4 R = L



1014 KRB AL B 5 S5

0.15f
0.10
0.05}+

y/e

NREL S 820 #c=16%
=0.05;

0.10
0.05
NREL S819 #c=21%
-0.05
=0.10

0.10
0.05
NREL S 821 #c=24% =
-0.05
-0.10
-0.15

0 0.2 0.4 0.6 0.8 7.0
x/c

B 1 TN KR NREL E3LE]
Fig.1 NREL thick airfoils for mid-size wind turbine blades by US
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Fig.2 NREL high-lift airfoils for large-size wind turbine blades by US
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FHT AR T T AL, I/ 1 % A B2 9 SRR M RISO-B1 5 38 AU ] T A8 3 | A8 22 42 il (1) K
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RER 5 OB CR P 0, Horp RIS@-B1-18 HI RISO-B1-24 FAEAIAE VELUX KU 17
T Re A 1.6x10° 9 XUl 5255 RISA-B1-18 37U () e KT+ REGKE 1,64, S8 AR HERRE A 2
TR ARG e KT 1 R BT % 3.7% , 55 7™ 5 MRS B2 1 Je KT RE8 D> 12% ~ 27%.
RISO-B1-24 3R KT 1 R ECH 1.62, i IR HERLBS 1Y [ 5 e $R 00 e K T 1 R AT B
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Fig.4 RISA-A1-21 and RIS@-A1-24 airfoils by Denmark
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Fig.5 RISO-BI wind-turbine airfoil family by Denmark
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Fig.6 FFA wind turbine airfoil family by Sweden
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5) FEAZE R (RUHDRE R G D0 T ) , 2ok NPU-WA J% 3 R4 THBH b s 1 B Ah )2
T A AL AL, i A | SR 3R R ) d5e KT F2 O HURE B AN BURK, I3 8D A4 A SRR
T 15% ; WANEE R A BUSPE /N T 25%.

6) NPU-WA L EAHXT R 43514 0.15, 0.18, 0.21, 0.25, 0.30, 0.35, 0.40.% J&hn T
(T s AR RIR B 30% 2 KA I A — 8 5 BF R 5% K ¢ B 100 B, A R AH xR
JEEAM S SIEE R R 1 4.

F 1 NPU-WA XU HLI B Y J5 S5 L Bk
Table 1 Trailing edge thickness of NPU-WA wind-turbine airfoils

relative thickness 15% 18% 21% 25% 30% 35% 40%
trailing edge thickness 0.5 0.45 0.5 0.9 1.7 2.4 3.0

2.2 NPU-WA B&&igit 7%

CEAEH T IR 2 A R Y R A B R T 5 AR Lk S T VR R TR A R
T S5 T 4 AR R 22 SOk X AR A A0 T

1) R Ir ik 245 58 AR R 70 A (388 B e 45 e B/ Nl ff ( SRk it 7t
TIFREO WY BARE )0 50T B3 A s B30 s e 407 B TR & il AR SR AL
JriEt AR Ay F 0 458 B bR 143 A, B4y M 45 5 LTSN I TR TR AL i
H N-S( Navier Stokes) 2SR EIGU M (s T+ 280 FUE T, 45 BEs & 143
A BETTEAY | DL FH 45 R £ RN TR T AR

2) EAFUEMABT R R Z B 2 AR BE AL T i, 3L T FH #5744 N-S(Reyn-
olds-averaged Navier-Stokes) J5F' "' {IGIRZR M 5y it w5 7 K 4 o 340y Rt i 1T S22 2 ARy
W TR Ak E bR e SR A R N TR R TR B, R R AT R
B BAR T R RIS B ) R R B0 SR R AR R A A i A 2 R AR

3) AN-HUAFiE e Tl T RN A S S A LT AME S HE T J5 35 B 1) < sl e
PESEA T BB TR T A ol LA 38 B AN A K B | BT A Fe v K g el
B AU ISR 7 B B A 5T, RIS SE - A 738 2698 LA 2 AR B S R A 58
FEL

4) R TR R R L3R iR B I B AR T B AR R BT A T A T AL
FE/N A (SARTH ) B, R XFOIL R 5 78 K3 (s T 1 R 40 i (R
RIS 2 B R TR T -2 N-S R ikt e,

B 7 25 T NPU-WA-210 3R T T00 F 715340 5 E AR REZE R AL ALY
A,
2.3 NPU-WA E&likfr a5 Lo

RIS R ER | TR M2 4 A0 NPU-WA JXUJJHILFE TR0 ol 157 AF o J52 43 591 hy
0.15,0.18,0.21,0.25,0.30,0.35 1 0.40 1 7 3R 435l 44 4 . NPU-WA-150, NPU-WA-180,
NPU-WA-210,NPU-WA-250, NPU-WA-300, NPU-WA-350 il NPU-WA-400. NPU-WA Ji% 3 % 2
FHHCNPU” R iz 3 A% 2 PG I8 Tl K 2% (northwestern polytechnical university ) ifF 58 & Ji&
(5 “ WA” S FRomix B R GE y WIHL T & 3R A G5 55 3 1850 rh i P 6 3R 4
X JEEBE I 438, B — A« 0" RN B Wik i, AR 1 B SCTHINCA 1, DAk
He8 8 45 T NPU-WA B R JLfSME.
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Fig.7 Comparison of pressure distributions between NPU-WA-210 airfoil and other wind-turbine

airfoils of the same thickness at design lift coefficient and Reynolds number
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Fig.8 Geometries of NPU-WA wind-turbine airfoils
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Fig.9 Experiment models (left) of NPU-WA wind-turbine airfoils and the installation

in NF-3 wind tunnel of northwestern polytechnical university ( right)
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93T 252 000 AR Y 3R 2 17 1R 7 o0 A S B4 2R M Rl i 25 3. 5 2 A B AR HL3E 7
BARTE AR I B AR L, 45 1 T B S v A T SR R R Bl R S S R PR TR IR X
HLHZEH T S 45 2R
2.4.1 NPU-WA EAR )37+ A4k
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ARBEUT T o KT SR % AR A 32 B i 2 — 5 [ A1 R 2R3 A S B4k i SE B0 25 X Ee, AT
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(b) Comparison of lift-to-drag ratios between
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NPU-WA-210 and DU 93-W-210 airfoils
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Fig.10  High-lift aerodynamic performances of NPU-WA-180 and NPU-WA-210 airfoils

2.4.2 NPU-WA EZA )5 FiEdaFmn

AR T XA S5 PERR I, X 800 mm 5% K (LAY | i v S5 BB 500 7, R AR
TR EECH 600 T 254 X NPU-WA SEAGE I EH 5 E AMNEZS S8 A0 L, NPU-WA FL A%
T NANE RIEAT T EHF) 500 J7 5 T BUER G8 RI B2 56 1 R T E AME /DA TR RS 300 T
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)b B 3R 0 5 XTI S 36 3 3 XU 52 36, NPU-WA 327801 1 B v B o SR 15 3 1 3631, 14
11 24 NPU-WA-210 38U (1) 5 KT+ BH ECAE L Hl 0 S 4R 25 1 T Bl R i B fe i 6, LA S
DU 93-W-210 (%t b, b 1A 11 AT 00 38 80 4 Sl R Bl 2 i B0 A8 AL RN 2%, 7E L3 Re = 5.0 X
10° B TS RE P45 e 9 FHBHEL L.
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~ i ~

(=] |- (=}
S} S}

40

S50k
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Fig.11  Comparison between NPU-WA-210 and DU 93-W-210 airfoils at high Reynolds number

( maximum lift-to-drag ratio vs. Reynolds number under free transition and fixed transition)
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MFITE Y NPU-WA-150 Fl NPU-WA-180 3 AI7E BT A S50 T i B N, S R T+ 1 R B0 LA
JE I BURPEER R T 10% , 230514 0.049 ~0.076 Fi1 0.052 ~ 0.095. 3¢ B H X HURE B A f®) L 38
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(a) NPU-WA-210 airfoil (b) NPU-WA-250 airfoil

B 12 NPU-WA JLAI o RIRE BRI
Fig.12  Sensitivity to leading-edge roughness of NPU-WA wind-turbine airfoils
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0.123 (4nfE 12) . P 3 2 f R Tt 0 22 BORREDRS B2 fOsk 3 8 R AR 220, T DL e 1Y
U AR T 25%.
2.44 NPU-WA BEA YA FHHE
H TR = 28 T 3 1 JEE 3R A8 1% XTI S 30 5 TR FE T 13 5t 1 i e RN ) T 1Y)
NPU-WA-300 3 A1 23S, 5l g ek XU S 3 45
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Design and Wind-Tunnel Verification of
Large-Size Wind Turbine Airfoils

HAN Zhong-hua, SONG Wen-ping, GAO Yong-wei
(National Key Laboratory of Science and Technology on Aerodynamic Design and Research.,

School of Aeronautics, Northwestern Polytechnical University, Xi’ an, 710072, P.R.China)

Abstract: For a family of specially tailored airfoils, the shapes of sections along the span of the
blades are the most important elements for design of wind turbine blades. The airfoils with ex-
cellent performance can dramatically improve the capability of capturing wind power, reducing
structural weight to save cost of manufacturing and transportation, and lowering inertial loads
as well as loads due to gust. First, the development of the main wind turbine airfoil families a-
round the world since 1990’ s was reviewed, such as S series, DU series, RIS? series, and FFA
series. Second, the progress of NPU-WA series for megawatt-size wind turbine was summa-
rized, including the design process and wind-tunnel experiments. Model tests were carried out
in NF-3 wind-tunnel’ s two dimensional test section, which was the largest low-speed two di-
mensional test section in Asia with the Reynolds number up to 5 millions. The further improve-
ment of NPU-WA airfoils for lower roughness sensitivity was also reviewed. Last, the outlook
on developing new NPU-WA series for multi-megawatt wind turbines in the near future was
presented.

Key words: wind-turbine airfoil; NPU-WA airfoil family; airfoil design; wind-tunnel experi-

ment
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