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Wind Turbine Airfoils considering Surface Roughness Effects

Seokwoo Kim*, Hyungki Shin, Moon Seok, Jang

LY la@ Most airfoils for wind turbines commercially available have been developed for aircrafts, which are operated at high
Reynolds numbers. However, Reynolds numbers of wind turbines are very low compared to those of aircrafts. In other to improve wind

turbine performances, airfoils for the use of wind turbine shall be designed such as S-series airfoils developed by NREL in America. The

authars have designed new airfoils for wind turbines considering designated operation conditions of wind turbines and even local wind

resources in Korea. The designed airfoils are characterized by improved roughness insensitivities compared to other airfoils such as 5814
and $820. The developed KWAQ05-240 and KWAQ09-127 are for root and tip sections of a wind turbine blade, respectively. Although the
results show much improved performances against NACA airfoits, performance data of post-stall regulation loses some accuracies due to

the characteristics of the simulation tool of XFOIL. Therefore, wind tunnel experiments are required for more accurate evaluation of the

designed airfoils. Currently, the experiments has been completed and the data analysis works are going on now. The final results obtained

from the experiments will be published soon.
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Nomenclature

Cl: lift coefficient

Cd : drag coefficient

Cp : power coefficient
Cm : moment coefficient
TSR : tip speed ratio

36 | Aol

LM E

%

I
e

[

7] EHol= A B8E=

e Argoz
o2 JhYs oyl 2R ol

g9
fo
o]

/
ot
ol

A AAHCR oF 2000045 ol4e] G714 ol AL
of Q= Aol A 714 2EAR) el st Teft &
2718 olge FeRAlold aTeke 718 B4 ol
$ H50] glom, 11 3 HEAQ Ao) 4§ Folzgoltt



718 g A 72HoF Hols= 471 6,000,000
oAt FEAE HE WYR k. v FEHUIE
olglo] AL Holm2 4> 2,000,000 o5kt F& 2l
sttt wekA golez 47t WoldaE FeE4o] Ast
3= 3714 Jgs 2l FELH7)o A Eshe 2 1
agHo|tt

E3H A7) Wl that SHEA 9A 3718 B
9} ALofe Fast 1 Ao} of Ak, A FoREE 4
ojg] Y29} EolofA FHLES she FEWA7E B
2% 7] & LEEA 2 23 Tl 93 FHAA] M7}
TEA5 tjalEe G FAE 5 glon, HEe #7134
E9 AjFo| ofgl e EAS 1T uf EHAX7| Hlol| thet
EgAol 8 18 ado|rt

olAbe] QQIEE qlsto] U] E3tH g AL
Z840) g Ago) me silol e 2 AR T o
0|5 243t s|Hd7 o] el skl ek 53] dlopa

RISOE, Yd=h=9] Delft o3} ¥ v|=2] NREL (National
Renewable Energy Laboratory) Soll4+e 249 && 7|
ksl o) 5 A8t FHAY| BRENE AA /AR S] AF
231313 9k, theol Fig. 1 ¥ 2+= Delft 9 NRELS| 7Ilg
g 9] o5 reblar it

oA 7| & Aol A= 200605 S| oF
9 M Ssle] ghom 1 Ank 2E 9 g HES 93t
KWA005-240 2 KWA009-127 % 2712 & 7t 2 &3]
Z2Ue SEsiglet A gL < Hatdgol Kol vl
AA3| e FYPREE Kol Mg et olof 3ty

..

DU 00--212
PJ 06-Y/-350

THICK AIRFOIL FAMILY
FOR LARGE BLADES

GION AIRFOIL, 40% RADIUS

THICK AIRFOIL FAMILY
FOR LARGE BLADES

TIP REGION AIRFOIL, 95% RADIUS

PRIMARY OUTBOARD AIRFOIL, 75% RADIUS

ROOT REGION AIRFOIL. 40% RADIUS

Fig. 1 Delft Univ. Blade Airfoils

Fig. 2 NREL Blade Airfoils
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Fig. 6 Cd Comparison
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Fig. 11 Cd Distribution of KWA005-240
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