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' Horizontal Axis Wind Turbine (HAWT)
2 Vertical Axis Wind Turbine (VAWT)

% Savonius

4 Tip Speed Ratio (TSR)

5 Darrieus

¢ Self-Starting

7 Lift

8 Drag
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! Helical bladed turbine
2 Straight bladed turbine
3 Three parts blade

4 Airfoil

5 NACA0021

6 J-shaped blade

7 Pressure side
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Figure 1: Blade Cross-Sectional Profiles, (a) Complete NACA0021, (b) J-type NACA0021
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Table 1: Specifications of straight and helical bladed turbines with J-type and complete blade
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' J-type NACA0021

2 Rotor

3 Chord

4 Azimuth Angle

> Reynolds-Averaged Navier-Stokes equations (URANS)
¢ Continuity

7 Momentum
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Figure 2: Three bladed wind turbine, (a) 3D view of the straight bladed turbine, (b) Top view of the straight bladed turbine,
(c) 3D view of the helical bladed turbine, (d) Top view of the helical bladed turbine
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! Kinematic viscosity
2 Reynolds stress tensor



595 4 Jemdlyrd SYolae (gjlodinnS b ol Ghagy 50 Gyl Js> il o815 422l 0l o dw siloand

EVER g TQ‘}:‘J Al STl el g Bz 4l S e @a.w 30 ] 00 PL?;.S‘ \;~3915 )|}é|fa)3 O 9o x>

9 Ve-o Ne-¥ u.».i).' L CA.C).M: GO 4w LSLD:LGJ&A 9 ‘;MT JJA o w 9 k LsLQ)...A‘)Lv ‘g;""'”ﬁ"" aJoles st.‘ vodﬁLo.:.%Lg
iloads 4.._9)? )Ja.: o Ye-vy

ASd adgi g (e adold -Y-Y

ol ond JSi5 Zg Y X jemme slinl, 15 a5 4 VYR 5 VYR YR slol 4 Lbats coSo G 5l Slowlons asels
Lo ool @l 138 0 10 (rys8 aS (@)Y o) sl B 12 slailginl caond G Jolis asals ol (DY JSC2)
SIAR a8l oy aShous aid)S Las o VIVOR s AR oo 5 4y ()5 > a b glas ) g jad ol ool ablo| ool cond SO
el 0033,5 a8ly  lowlore aiels (6395 pelan

Symmetry
N\ < XU2R
m.( »’
No-Slip / = ()llt[/'
Condiﬁonwadel \*.,__ _— tt
Wind \\ ::i=:-_// - et fac
Direction H 7.25R = "
LR \
Blade 2 120 Blade 3 g
7 Symmetry
8R
2 z
F_ Y\Ji/x
X
(&) (&N

Sl 4ol () vl am b (W) (55 p0 bl pi§ Flomslno Aot S
Figure 3: Computational domain and boundary conditions, (a) Stationary domain, (b) Rotating domain
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! Fluent

2 Sliding mesh technique
3 Residual

4 Atmospheric condition
5 Velocity inlet

6 Pressure outlet

7 No-slip condition

8 Interior wall
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Figure 4: Top view of the generated mesh, (a) Rotating and stationary domains, (b) Complete blade surface, (c) J-type blade
surface, (d) Trailing edge
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Table 2: Effect of computational domain dimensions on average torque coefficient
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Table 3: Effect of blade surface cell length0on average torque coefficient

() Ct BWs1 vuoyo Ct lawgio L gbw A5 slaws 7 (50) Jokw Job
- <[-YYED AREAE /-0
YAy <[+ FYYO VAN RS
\YI08 /- FaVY Y/ ox -0
oIfY [+DV4- FI¥ExY - /-
Y/A¥f o[- OYEY VAREAAR ofe-Y
IVY <[+ OYAY AR RS |

5 s b O3 wo 8 ()

aw oy Ol Gl ogdse a1 b sk Sl ) oy @ e slo b oo b igods (et gl

b Gleslons oS 4 e o 40 45 Jgl ) 50 S90Sl sl sl s ¥1ex) o7 g #1017 ) -7 el

ol yod & Lrsgie oliiS s el cnl il g o Bl oad sk VIB+x) ¥ 5 VIV x) - S/5) - ol

el e F1ex) o0 plas | aS 00,5 o b0 ¥ Jgu a4 ax i bl oo 00,9 F Joaz 0 YT jlade ladgie gAiis

2035805 3 1y 9y 5l 52aS Y b Lyl £l cnl ogdle 4 Conl 52U i, loaSd L o DS 5 el (Al
el



buwgio y9lidS < 0y 05 b s ghu L)) 53U Jgur

Table 4: Effect of blade surface cell height on average torque coefficient
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Table 5: Effect of time step'size on average torque coefficient
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Table 6: Specifications of the turbine used in Refs. [23] and [39]
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Figure 5: Comparison of results from the current study with, (a) experimental results from Ref. [39], (b) numerical results
from Ref. [23]
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Table 7: Comparison of results from the current study with experimental results [39] and numerical results [23]
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Figure 6: Comparison of self-startup torque for straight bladed turbine equipped with J-type blade and complete blade at a
height of 1.2 m at wind'speed, (a) 10 m/s, (b) 5 m/s
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Figure 7: The effect of using J-type blade at different wind incidence angles with rotor being fixed on, (a) Tangential
component of lift force, (b) Tangential component of drag force
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Figure 8: Self-starting torque of straight bladed turbine equipped with J-type blades compared to complete blades at height
of, (@) 0.8 m, (b) 1.6 m
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Figure 9: Stright bladed turbine with closed end J-type blades
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Figure 10: Self-starting torque of straight bladed turbine equipped with open and closed end J-type blades compared to
complete blades
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Figure 11: Instantaneous torque coefficient against azimuth angle in one complete revolution for, (a) One of the three blades
of the turbine, (b) the entire turbine
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Figure 12: 3D view of generated vortices around, (a) J-type blade, (b) Complete blade
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Figure 14: Self-starting torque of helical bladed turbine equipped with closed end J-type blade compared to complete blade
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Figure 15: Instantaneous torque coefficient against azimuth angle of the helical bladed turbine in one complete revolution
for, (a) One of the three blades, (b) The entire turbine
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Numerical study of self-starting torque in Darrieus
vertical axis wind turbines with J-type blades

Ramin Farzadi? Majid Bazargan®

& Mechanical Engineering Department, K. N. Toosi University of Technology, Tehran, Iran

ABSTRACT
The current study has used three-dimensional simulation of flow around the three-bladed Darrieus

turbine to investigate'the turbine's self-starting power. Two types of straight and helical bladed turbines,
which are equipped with J-type blades are considered. The effects of various parameters including wind
speed, blade height, and the tips shape of J-type blades which could be open or closed have been studied
and compared with those of the,turbine with conventional blades form. The flow analysis around the J-
type blades determined that the vortices formed on the pressure raise the torque production. By closing
the ends of the J-type blade, thesewvortices are prevented from exiting at the ends that leads to a substantial
improvement on the self-starting'and low_.tip speed ratios. The average torque produced by the straight
and helical bladed turbines equipped with closed end J-type blades is respectively 38.5% and 21% higher
than the turbines with full profile blades under self-start-up conditions, and the aforementioned
percentages are 49% and 41.9% at low tip speed ratios. The positive effect of using J-type blades under
self-starting conditions is more pronounced at fow wind speeds and higher blade heights, which makes

these blades a viable option for urban applications:

KEYWORDS
Darrieus turbine, J-type blade, Self-starting power, Straight bladed turbine, Helical bladed turbine

1 Corresponding Author: Email: bazargan@kntu.ac.ir

v¥



