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Numerical Investigation of the Effect of Fixed and Variable Pitch Angle Blade
on Dynamic Stall of Flow Field Around Darrieus Wind Turbine Blade
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ABSTRACT

The Darrieus lift-based VAWT has been studied by many scientists due to its simplicity of design and the wind
direction independency. Due to increasing angle of attack and dynamic stall at low tip speed ratios, these wind turbines
have the inherent problem of self-starting inability and produce less power's compared to that of horizontal axis wind
turbines. In this study, the effects of variable blade pitch angle mechanism on decreasing dynamic stall have been
investigated. Finally, a pitching system (variable pitch Darrieus-type wind turbine) has been proposed, which can
reduce both the blades, oscillating motion and the magnitude of the angle of attack in one revolution, compared to that
of conventional VAWT. In this study, unsteady two-dimensional simulation is conducted, using CFD with moving
mesh the rotating rotor. Simulation of different preset pitch angles of £3° and +6°-, £9° and +12°, it is concluded that
adjustment of pitch angle about -3°, causes a delay in flow separation and control dynamic stall. It was also observed
that a variable-pitch blade turbine can suppress flow separation on its blades at low tip speed ratios. This leads to delay
or elimination of dynamic stall and results in a higher efficiency during the range of turbine operation compared to that
of fixed-pitch blade Darrieus turbines.
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5- Variable Pitch Turbine
6- Tip Speed Ratio (TSR)

1- Horizontal Axis Wind Turbine (HAWT)
2- Vertical Axis Wind Turbine (VAWT)
3- Azimuthal Angle

4- Darrieus Wind Turbine
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2- Flow Separation
3- Dead Band
4- Mach Number
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1- Dynamic Stall
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1-ANSYS FLUENT
2-Unsteady Reynolds average Navier-Stokes
3- Second order Backward Implicit Scheme



a8 bLi (6l o, bl L ond a5 L o iy
d il adls Sz tunl iy Gl 5 Lad laglsl,S
9 725 GO g9 dw Slwbre anje rals slaie
3 9 bawgte GuaSd ln oS LUl Lawgie g ol s
A5 Jginl o 59, 650 TV 9 VO i Ay
Sl o v 305 Gelgl (55,18 e 5 Cewl oadans S
e e Bg e oY S Ay 5 g lagie S0
dsb o0 a ;o gl Y+ e &5 5ok 4 il
Oy 4 50 aSd g o ) 5l feS Sgam 0 (A5
s9rgr bl Joo (sl 5k 0,90 Lul,ds g 48,5 18 g5l
Jos gsman |y gy meay U3l Lyl s goae a5 L J..J.T‘so
SIS A 12 (Sl 0 g8 polesS PSS S
Oz 593 Sl g S gl e condoslatul
aba>Me oS jsbjles s oo (LS T,k Llpd )8 el
S o sgio g 3,y Al 90 5l sdelcanoday H5lias sed oo
4 cbwgie (go S d jlnlpln il e S5 po 4
Sl plmil sl YU &8s g Gl (Slewloee 4o Lo
@ lize glaganaSis Oloja ¥ Jouz ;0 098 o colaiul
Sl Jga 48 saiosls wledbl dan .l 059! 1, axlllas

il o VIO S'gi ity 35 s NACA- - Y)Y 5 |

02
c — — —  Coarse Mesh
0.15 N A e Medium Mesh
F Fine Mesh
0.1 -
0.05
g [
Q oL

0.05 \
L \,
01fF |'
; \/
0.15
VTSN VIR TRY N ST NRTRN NVENVIN N BSRII SR
0 60 120 180 240 300 360

0(Deg)
Sg Ca oo 55 ,oliiS i a8l ojluil b (F) S
Vo

sUlss y9g, aals 5l Lao oy aials (0,5 lax Lol 03,51
Js> o OF b ) a5 0l e iie a8 p5lSe (5l 4
bsZ jome Js> 5552 Oelgl e sz aasles liome je2ee 9
ad 5l Fg Jsb 2 IV0 Js> (i3s3 eesd 9 © (sl gy Sae
g ooy Joli aisls an) (Solino aials Cond Jlo> o >
oy 7 dsl) ey S g @l Ay 4 () Al
ol 00l allgs C+ Y S5 e o Oi \(_g).g)lf oS as
goad y > 0)lg 0 S ol 0gd o S alllas O jsea
Lyl o g o solaul C)] F oy (s> culas g1y
Sy b g sluans cal oals ools olis & UK 0 65
0, 095 4 LL 4 adbs b, L8, b oS oo la aelol
v, °b )‘)&.J‘SHW )30 3..) )b )Sm u.)b.«o u.u db‘j
aS ol las gl 00,5 Coll sae K g8 205L 9 09,8
J=8 iy 599 5l e S8, ol i iz slacdl o
55 Silwdand dlie cpl o0 ABboe ()98 A7 D )90
XEON E5 2.6 GHZ slaiwa # ool S al g a4 (gom
s s S )0 epsS GRSz J 90 50 5 85 D90
2937 Wb s (eSbe (79,5 Ol Ol 330 i
S Gl Les b acul a3y fley cel VY J8los a5 2u

Dyl S8l (2 S e Sy 5 D

J> 0jg> (guieasl Y-V
Pl ;o clio (gunaSd G Cudige (a3l Soge
ol BSe 5 by s (i (bl (omtige
Gt il oo S lagi (o5 sbon Jo> b=
a9 atd)S O so VTP s UMK 38l 5 alewsg &
sl a8l il ;e gaiaSd (09 el ot
ou oolaiwl (gauaS s go5 ol 5l oy )lane . slrawais
5 0lz LAl a8 i sk 4 [10] e
aals po Al Lol jf 4l (i) dop kol S alone
LU o5T15 0 8 g dlos ad 40 el o sl Lo

3- Viscose Sub Layer

1- User Defined Function (UDF)
2- Gambit
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