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Fig. 1. Schematic of blade elements
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Plane of blade rotation

U(1-a)

U (1—a ) = Wind velocity at blades
U, = Relative wind velocity
8, = Section pitch angle
o = Angle of attack
Q= gyta = Angle of relative wind

6p,0 = Blade pitch angle
61 = Section twist angle

[V ¢] 81 yomm0 3L oyt yoi SO 04y dwitid (51 ol (6,138 5led Y S5

Fig. 2. Symbolizing the blade geometry parameters of a horizontal axis wind turbine [10]
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Fig. 3. The concept of blade solidity ¢ [8]
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Fig. 4. Comparison of Experimental, Numerical and X-Foil Results for Clark-Y Airfoil [13]
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Fig. 5. Image of TU-BERT turbine blade in the wind
tunnel
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Fig. 6. Clark-Y airfoil [12]
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Table 1. TU-BERT turbine parameters
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Fig. 7. a) Domain and grid generated for numerical solution b) Boundry layer grid of airfoil
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Fig. 8. Drag coefficient changes due to the number of grid cells
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Fig. 9. The grid around the airfoil
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Table 2. Conditions of numerical solution
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Fig. 10. Comparison of numerical solution results with experimental solution results [11]
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Fig. 11. Flaps which is designed in this research
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Fig. 12. The grid which is produced around the airfoil with a 15% flap
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Fig. 14. a) Velocity contour around the section without flap at zero angle of attack and Reynolds number
200000 b) Velocity contour around the section with 5% flap at zero angle of attack and Reynolds number
200000 (Continude)
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Fig. 14. ¢) Velocity contour around the section with 15% flap at zero angle of attack and Reynolds number
200000
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Fig. 15. Comparison of airfoil lift coefficients in different geometric states in Reynolds number 200000
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Fig. 16. Aerodynamic performance of Clark-Y Airfoil with different flaps at Reynolds 200000
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Fig. 17. Aerodynamic performance of Clark-Y Airfoil with diffrent flaps at Reynolds 400000
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Fig. 18. The surface of lift coefficient in terms of angle of attack and Reynolds number for airfoil without flap
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Fig. 19. Comparison of power coeficient obtained from Q-blade solution and the code which is developed in this
research with experimental data [14]
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Fig. 20. The blade and its elements
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Fig. 22. The TU-BERT blade which has the recommended flap surfaces

890 xhe a3l g (oolaiBl a e gals el yol pl Do o d8LS] )]

23)5 o (3L (yyo

Go &ox —0
D903 4o 5 Gygo & Glgice |y gk ol ) Aol s
g3 3k g Seeladg ] (LS SR el Gedos ol o -
Ly s 0 Ty Cons a5 0 ool 18] Ty polaw s g5 G 5l a8l

.\J}NL;Q ‘Ao),.{ e Lb'{’“'b‘)?)"-' 3)5\'.‘;; o909 oald u,u.»l)sl

YeYO

op Sl i 4 b Gl Cul jasule VY JSE) & j5blen

Lyl b oy el 5 o 0511 Sl 45 565 i Jlosl L .iloss Jles
0y Ol oy Hlade Sl p gt Ve 3l Cas pus 9 O/0 S'g Cas yur Canad
Copd 3 o) ¥e /A sy oaimd LS a5 A duwlee +/FY e ol y
oS 1 e oyl g by sl +/YR0 e b b el & i g
20 BV olgiee b omygi o 4 e I3l sk (958l L
O 2 25 Al el Cas g s Sy 3 0 Ol S > S
4 dde o add g ool adgi bad 50y dwlin ) Gl oy yieS 4SSl



VeYA L VooV dio MY JL..J A b)LM‘a‘c b)ﬁ);)fs)gl«_&u&nww A_v).u.u

s e

oy Slasly e oo Q
0y C S A
Obr lasly ce e Q
Jogdpl alos a5 o
0y iz dgl; (S)
obyz @l @

&l

[1]M.R. Mirghaed, R. Roshandel, Site specific optimization
of wind turbines energy cost: iterative approach, Energy

Conversion and Management, 73 (2013) 167-175.

[2] T.Ashuri , M.Zaaijer, Multidisciplinary design
optimization of offshore wind turbines for minimum

levelized cost of energy, Renewable Energy, 68 (2014)
893-905.

[3] M.Azizi, A.Jahangirian;, Multi-site aerodynamic
optimization of wind turbine blades for maximum
annual energy production in East Iran, ,journal of Energy

Science & Engineering, 8 (2020) 169-2186.
[4] Z.J. Chen, K.A. Stol, B.R. Mace, Wind turbine blade

optimization with individual pitch and trailing edge flap

control, Renewable energy, 103 (2017) 750-765.

[5] Q. Ai, PM. Weaver, T.K. Barlas, A.S. Olsen, H.A.
Madsen, T.L. Andersen, Field testing of morphing flaps
on a wind turbine blade using an outdoor rotating rig,

Renewable Energy, 133 (2019) 53-65.

[6] K.Michael , McWilliam, K.Thanasis, A.Helge , Madsen,
F. Zahle, Aero-clastic wind turbine design with active
flaps for AEP maximization, Wind Energy Science 3, 1
(2018) 231-241.

[7] A. Saenz-Aguirre, S. Fernandez-Resines, I. Aramendia,
U. Fernandez-Gamiz, E. Zulueta, J.M. Lopez-Guede, J.
Sancho, 5 MW Wind Turbine Annual Energy Production

Improvement by Flow Control Devices, Proceedings,
2(23) (2018) 1452.

JLA-C‘ Gy yd |).9| T)J C9la.w PLENW RS 00D fl?ul L;a.n))glg—
0, 80es (op glass duopd AD (JI O+ ablis) cyuyes 0y (Sl 4l
Lyl (s im0

o sl Slg= SO Jagbpl & Lsa ol ()95 00 e (512 -
coolio 3,80ee g 03 V0 Ve Job b Lissl bas b gudate (1381 T
g0 S 02 (Eol38l +/FY & /YA Sy sy og e o s g Azl
Db oo 45l yie Ve ol Cae s )3 (g P Ol 53 My o3 T

Sygo yd I)B] 1).3 Cs.‘a.w )l oalaiwl a8 dged ULCJI ulyu.o u)l).sl.u -
9 0l 9398050 3k g 3,5es dgute sl culio plodiz 5 (A
Lldjl o)l oy adgr sy cwlal &l dbl 4 5l 4] clde
Wlgi so zolaw oy ‘\gu’l"-’i)l et ol 48 pody 4y 4de b (g3laidl
oS ol laitiy 1y olS iy S lyse e 3 sl 28l S o
aly nlgs olpen 4y 1) g5l g A e ialS

Jao Sl odlisl g 1) Gimeks ol sloisysly ol 5 -
J> 3 2ol S el izmon 9 ol Gal33l sl e 1581
Py ol Jo cnl b 65380 @l & 3909 ol 0y pgtiege (Lol

pdle Cow 48 -F
259, Ol s G
Sk by S U
oy Lo o0l gl Cols
oy glad R
ox Sy dsb C
o, dlass B
°x i oo C
o Sl o Cy
399, gl Cal 4 00l (59, F
)83y dawgl Sl 4 00 )ly jglias 0

Vet



VYA LYoV dorao AF ) Jlo d ojlasd Y 090 ¢ pusS yuol SOl wiins 4 puis

[12] E. Branlard, Wind Turbine Aerodynamics and Vorticity-
Based Methods, Springer., 2020.

[13] S. Ghosh, M. Muste, F. Stern, Measurement of Pressure
Distribution and Forces Acting on an Airfoil, Laboratory

Experiment3 57 (2004) 20.

[14] A.S.PENA, Experimental Assessment of the
Effectiveness of Active Flaps to Reduce the Blade Root
Bending Moment of Wind Turbine Blades, KTH Royal
Institute Of Technology, STOCKHOLM, SWEDEN,
2016.

[8]Y.Zhang, V.Ramdoss, Z.Saleem, X. Wang, G.Schepers, C.
Ferreira, Effects of root Gurney flaps on the aerodynamic

performance of a horizontal axis wind turbine, Energy,
187 (2019).

[9] B. masood, technical design of wind turbine power staion
for iran(in persian), Amirkabir univercity of technology,
tehran,Iran, 1996.

[10] JF. Manwell, J.G. McGowan, A.L. Rogers, Wind
energy explained: theory, design and application, John

Wiley & Sons, 2010.

[11] C. Hansen, NWTC Design Codes: AirfoilPrep, 2012.

(2022) 1007-1028.

DOI: 10.22060/me;j.2022.20452.7233

N. Alizadeh, A. Jahangirian, Design and Optimum arrangement of a Blade Flap for Improv-
ing the Power Generation of a Horizontal Axis Wind Turbine, Amirkabir J. Mech Eng., 54(5)

w23 gl | o ol 4 g

Vovy






	Blank Page - FA.pdf
	_GoBack




