9-1 Yoo 3 oloa 17 093 1396 313 y3 ()30 SilSo wIigo Ao

9 pole dolinle =
= . =

1 . = =

0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

B 1970 G (w395 03 g Ol » b 3T Ob 2 Wb Gous (G 3ludud

ilales e il B Glassl b B 8

O s oty (Sl puwie o balinl -1

O g lipal @l ato oRAD (Sl pdine A3l i) ggrtsly -2
OIS e (pllpas dalgd et olRuiily (Sl awdigs bkl -3
kgharali@ut.ac.ir 14399-57131 iy 5gai0 <45 #

saSs Ao Sl

S8 b il o e 4 lgie ) orag sl dalie pa S e 8 gl bl Cov (Bl pme (53l g &S K 133;5 fi‘gfk f‘i“"‘

29 g0 48)5 043b Yoaze &5 (> o p e Jlugh il 8 S5 )0 juite Copu b Jhwo plr oo 0 5 el Sy 1395 » o5 2

€5 3 sin 9> Glog hisdpl o 9800 03 2 3l e syl 4 e 5 ol dlos gl S Slvgs SR8 L pl (oS5 gl 1395 £l 09 iculs s <)

5 0alS aield conals LuilS )5 (glayiall ol oad (Siloded Capw Glogi b sy p s 135000 5ugn, die ,3 0012-1ST 5l

502<2A=<0801<k <025 sy gilwand cpl > Gy Jliie i g g dlos dgly o log o 5B OS] Sealind (Silely

gy pSeds sl b LU copu flog ately wd e olis stdlcwnsd mbs cwl ord a8 s > p=0,T B-WK?JK}

b ol 5l esdlcussa gl ulp 351 e g (Sl el 1 7 Gt )y T g8 Slgioe Sisgbo a2 0, oy 2 3)ls (Seslizdg ] LU Sl ol

o Tl g e & doy 161y Saaliys (Slely oy dogly Slasso 6 M) e & g b A Lilsdl md L8] b e o g b

: : L oy

Sgde (Seelpd (Sailly pody p3b donss )3 g ,Uib o S S5 )y U ojlgen b I8 & Jlo )0 5510l 5985 4 i

Numerical simulation of unsteady free stream velocity on an oscillating

horizontal axis wind turbine blade element

Kobra Gharali'", Eshagh Gharaei?, Madjid Soltani?

1- Department of Mechanical Engineering, University of Tehran, Tehran, Iran.

2- Department of Mechanical Engineering, Khaje Nasir Toosi University of Technology, Tehran, Iran

*P.0.B. 14399-57131, Tehran, Iran, kgharali@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper When a Horizontal axis wind turbine works under yaw condition, each blade element can be considered

Received 06 December 2016 as an oscillating pitch airfoil while the free stream velocity oscillates horizontally. The unsteady free
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- ‘ stream velocity, which is usually ignored, oscillates with the same frequency as the airfoil oscillations
Available Online 27 February 2017

and has a great impact on the periodic forces produced by the airfoil oscillation. In order to study the

effects of unsteady free stream velocity on the aerodynamic loads, a 2D NACA0012 oscillating airfoil at

K ds: . L N

D%‘quricssmu Reynolds number of 135000 has been simulated. In this simulation, reduced frequency, reduced
Reduced Frequency amplitude and the phase difference between the free stream velocity oscillation and the airfoil angle of
Unsteady Free Stream Velocity attack oscillation are 0.1 < k < 0.25,0.2 <1< 0.8and ¢ = 0, m, respectively. Results show that free

Oscillating Airfoil stream oscillations affect the aerodynamic loads, vortex strengths and dynamic stall characteristics. The

Wind Turbine lift force can be increased by more than 7 times that of static case and 3 times compared to the load
from steady free stream velocity. Depending on ¢ value, the dynamic stall angle of attack can be
advanced 1 degree or delayed by more than 7 degrees by increase of A. Also, increase of k always
causes delay in leading edge vortex formation and consequently delay in dynamic stall occurrence.
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Fig. 6 Validating Lift and drag coefficients in unsteady free stream
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