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Shape design and flow analysis on a 200W-class gyromill type vertical axis wind

turbine rotor blade
Woo-Seok Cho! - Hyun-Su Kim? - Young-Do Choi®
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Abstract: This study is focused on the shape design and flow analysis on a 200 W-class Gyromill type vertical
axis wind turbine rotor blade. Single tube theory is adopted for the shape design of the turbine blade. 2-di-
mensional CFD analysis is conducted to examine the turbine performance with basic shape, and then 3-dimen-
sional shape is determined from the examination of the performance. By the CFD analysis on the 3-dimen-
sional shape of the wind turbine, performance of the turbine is examined and also, shape of the wind turbine
rotor blade is determined accordingly. From the results of this study, a 200 W-class Gyromill type vertical axis
wind turbine rotor blade is designed and the reliability of the design method is confirmed by CFD analysis.
Keywords: Vertical axis wind turbine, Gyromill type, Rotor blade, Shape design, CFD
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Figure 1: Schematic view of single tube theory for
the vertical axis wind turbine desiagn.

Table 1: Design specification of 200 W-class
Gyromil type vertical axis wind turbine.

Rotor type Gyromill

Blade profile NACA 63415

Rated wind velocity 10 m/s

Blade number 3

Rotor radius 0.63 m

Blade height 20 m

Rotational speed 200 rpm

Blade chord length 023 m
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(a) 2-D numerical grid

(b) 3-D numerical grid
Figure 2: Whole view of 2-D and 3-D numerical

grids for the CFD analysis on a wind turbine flow
field
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(b) 3-D numerical grid
Figure 3: 2-D and 3-D numerical grids of a wind
turbine rotor blade.
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Table 2: Boundary conditions of 2-D and 3-D
CFD analysis for a 200 W-class Gyromil type
vertical axis wind turbine.

Item 2-D 3-D
Inlet 10.0 m/s
Outlet 0 Pa
Rotational
speed 200 rpm
One cycle 360 deg. 360 deg.
Total The times The times
simulation of cycle of cycle
Time step
size 1 deg. 1 deg.
RS GGl GGl
interface interface interface
Wind No slip No slip
turbine (wall) (wall)
Top and . .
boFEtom opening opening
Analysis Transient Transient
type

3. 2% € &

3.1 &5 afH
Figure 5% 239 f-s3lalol <t 3 2 &9
S 9zl whet ekl Alelth. Figure 5(a)ell A
Hc}_r]ﬂ—o] t‘ﬂiﬁr%ﬂ—(ﬂ] s EFE Fr)Her OdA
A Sk o o 9 w0 2as) # p
120°%<—71i e e o 4 Qi) ol
oA hela Sl Pelelczy Y ohe
o|=7} §1Ash=d) 120°]7] o]t} Figure
2 f5as Azel distel el ol
JeRl Aol we) olw 129 we
At} WA Belol= iz} 2 mo]
Feala] AntRs 258wWe EF2Ho|
W o]/do] Z¥o] vElstt. Figure 5 (a)
100°2 A4 9] ke e Ee
a7h sk ol Belol=el o] U A

=
a7l 4% welehs ol @

ol
_H

_11& X

=T oM of 9T o e fo
iﬂﬂjﬁﬁ;@ii
MM'
iﬂ

2

jﬁ‘,
o2
l

20.0

15.0

e
NimwsT
) w N\afw b =\

-5.0

Torque [N m/m]

Azimuth Angle(® )

(a) Output torque

Power [W/m]
g

Azimuth Angle(° )

(b) Output power
Figure 5: Output torque and output power with the
variation of azimuth angle by 2-D CFD analysis.

Power (W)
”.c"

-100

zimuth ( ?)

Figure 6: Output power with the variation of azi-
muth angle by 3-D CFD analysis.

o
rlo
w
2
oo
Ho
oft
by
1
=2
lo
o
N
o
o

12}
ofl
4 8
X
L
ol
i)
2l
N

X m-t}h
an
1H

2
tlo
i
fuj

AT
o

[EEN

[hS]

]
lo
o%
f£
N
2
2
:Oé
z
o
-
2
ftlo

ol
:Oé,
-
=2
= o
o
et

M o

Jo
ofl
:oé
ol -
(M to r ox
_O‘L

peta)
o Q9

T o2 n2 M

8 0 o 2 f

[>

=9 258 Wolk= #fo]7t Sl o]

dolze] FeF EolAe] 3xkd
5] gl el ‘o o]FOH
g2 2% AAEEQ 200 Wolikel 258 we 211

Ho
i
2

~ o
oo B o A ol

f
N
js]
=}
N
B
o
B
w
N
3
10,
)

174



200 Wi Ael2dd FA5 FHEY 2E Eyol= J4EA 2 frEaiA

wEH 28 Selol= Al Brdehs SRlsisith

3.2 5 3 4 7%

3.21 =M
Figure 72 23190 9 3219 f-=ai] Axt %—
EAE=E ekl Aot Figure 7 ()9 24k <
AEe A= Eelo]=e] 7F B9zt Ao A i
=

E7} BelolEe] A % Fdo] £54 79

H
= UEpae o 2= out (b) 3-D (azimuth angle of 48 deg.)
- 2ol el = A A

ngpaBa Fok SRS 2 5
4= shpe] Bejolma e Flol
3} JE5PI so] féol Fashau, 2

RSl w9 e fdo] YHHE o

i}, 2 Edol=9] fES0l AA¢

—Zrﬂoﬂfﬂ% FFe] o m ul9- e {5
AL FUSeAY] Edol= %ﬂr?ﬂf

Edlol=e] 3|Hol ¥

o] frgro]l A e AT

FH, Figure 7(b)2} Figure 7(c)+= 3%+

flo
:(0

A
o

i)
=

o 32 4
forr T

o ox
Jo
I

te do

il
zgwg
ot 9 ¥ O

lm
.

}:o
Qror‘
JE},

riz rip e
v
i
0

Jo
& op
%

MR ofoboox (M L[ Hu fE oft
LI

<, pob (oo i
oo 4

do

Jb

> O
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Figure 7: Velocity contours by 2-D and 3-D CFD
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