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Optimization of an airfoil used in the tip of wind turbine blades for maximizing
its lift to drag coefficients ratio
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ABSTRACT

One method to maximize the generated power of wind turbines is to improve the performance of the rotors' blade. This is possible through optimizing
their geometry design by maximizing the ratio of the lift to drag coefficients C_IIC_d of the airfoils. The airfoils used in the tip section of the rotor
blade are thinner compared with other sections of the blade, which makes the tip lighter, thus inducing less amounts of momentum to the turbine hub.
In the present study, after examination of 150 airfoils, those that met the criteria for the thickness of the blade tips were chosen. Then, using
appropriate aerodynamic analyses, the airfoil featuring the highest value of C_I/C_d was selected for further geometrical design optimization. The
geometrical design of the selected airfoil was optimized using Xflr software, so that the value of C_I(C_d )parameter was maximized. For the
optimized blade geometry, the maximum increase of about 7.8 % in C_IC_d parameter was noticed compared to that of initial blade.

Keywords: Wind turbine, geometrical design optimization, rotor’s blade, airfoil
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Fig 3. Lift coefficient changes according to angle of attack
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Fig 4. Drag coefficient changes according to angle of attack

me‘)u‘MWfwa).au|M4LJ£w

28 Ol g Bas e g ee JUl s (SasS abes agly o higinl s
sshare 42005 Jlasl Jagdpl (nly a3 53 Jagd il dvsin Sl i 45
Jles! lassS 4y Olynss conl p3Y ( bgd pl coly Caond jo dwsin dgups
12l i 805 Ll 8IS 4l al 5o Tys ol G B 353
153 il Gl ol 55 Iy Sl L5 sl il o

2Bl salys il T 69, lake Azt

L Laust 15800 5 —2-2
adsl Jstnl (siloano prizmen 5 428 050 (Seoliogpl slaelos
e i aded Ja ST ly8le 5 005 0 D90 JanST lle 5 )
S ool il e Lo dysd ! Jelow yo JygiannST onds asslis 5dle 3
RS S @ JanST Sl yiegen S sln Ols) (SIS e
ol 5l eass plomil Lidgin ;0 45 i uST LugSae >k o [3] wil s
34l (695,9 D ygmo dn adsl e8| S awaie lal ccanl oalds oolatl
shilan Jmgdnl gl (005 53 192 0l Sy ol 51 5 995 o0 aslin
Oml g Sl 5 o Jmgb il gl 5l slalold az o 5 o0 0 >
= S |y Jagd il disaim aaliyy 1 51 e 1S o a3l 1) ciledb)
Cond «))b o)l_39Q Sy Jssﬁ)a‘ o S «)9> 4.,..&‘9> Le ):)lf [LRRV-RY

L Xflr

3 Gom Al e 50 0ad QLR g pl awais s 3 QL jlace
b I8l AT 0 6/C B ed )5 )18 s5luaige 0,50 ansT léle

G o9y =2

Jegd ! -1-2

Sy Ceond o a5 a4 hsdpl sileanr (Gabos onl pll 5l Gas
oo bailioe Rsdnl cnl o G/ Cq Gl jsbaie ay ol (s ass
Shates ol wad Se Cwnd asle o ab, 54 Lsdpl g5 150
50 g dadh Gl 0g g Jsb 18% B 16% o] coalses oS sl i85
S hsbpl e aB S IR Sealnagpl Jlos 0y50 lanST e 5
yo 15 0L Cae s ;0 42 0 25 B 0 alex aygly 10 1, G/ Cy Yok oy it
g axils g Job 17% L ply cwbrs a5 (1 JS3) oyls oL 93-W-174
Ci/Cq Joie "2 ISE" jo aibco sl sl foghpl aiws 4 by e
oad ool Hlis sy 0 50 alex aysly ;o AH-93-W-174 |63 0l (slp
WOl oo a2 0 9 dles aygl;

o 11 alax asly 53 ey 2y30 isial Gl (3 US2) T oy
gl @ bgipe )3 27 60 aygly 5l oy 9590 alox aigly 03l ;5 Ly
Al (0036 Ll aysly cpl )0 lag oo Hlaie a5 004y 4z )0 27 alos
pY i Sg Cemd j0 odd (gilwaige gt pl 5l colatsl jglaiea
gl Culis Lol a5 358 abnil laseSa adsl Jigdnl (s5lodige
b bssley (BL g Jobo 18% U 16% ol 10 5 wuSS yusd ool Ay
Yl Cnd awaie o Sl Jlesl g bedpl cwlbis il
Sl 4 4l ol o len (Lid g Ce g LolF S ol ssalive ¢ Jigd !

4l gl Salay G/ Cy Cod oS GlA3sS 4 058 c0 J9205 g yusS Jl0

Fig 1. AH-93-W-174 Airfoil

AH-93-W-174 43,11 S

Cl/iCd

20

0 '10 éo 36
Angle of attack (degree)

Fig 2. Lift to drag coefficients ratio changes according to angle of attack
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Fig 7. Lift coefficient of the initial and optimized airfoils according to
the angle of attack from 0 to 30 degrees
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Fig 8. Drag coefficient of the initial and optimized airfoils according to
the angle of attack from 0 to 30 degrees
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