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ABSTRACT

Wind power tower has been used to augment the performance of VAWT (Vertical Axis Wind
Turbine). However, inappropriately designed wind power tower could reduce the performance of
VAWT. Hence, an optimization study was conducted on a wind power tower. Six design
variables were selected, such as the outer radius and the inner radius of the guide wall, the
adoption of the splitter, the inner radius of the splitter, the number of the guide wall and the
circumferential angle. For the objective function, the periodic averaged torque obtained at the
VAWT was selected. In the optimization, Design of Experiment (DOE), Genetic Algorithm (GA),
and Artificial Neural Network (ANN) have been applied in order to avoid a localized optimized
result. The ANN has been continuously improved after finishing the optimization process at each
generation. The performance of the VAWT was improved more than twice when it operated
within the optimized wind power tower compared to that obtained at a standalone.
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Fig. 1. View of wind power tower with VAWTs
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o4 Table 2. Optimum design variables
R—R, R,
8‘ 0.3 NO d Rw Rw 6 Cp
§ 1 6 0.268 3.024 18.7 | 0.759
© 0.2 A
g 2 6 0.268 3.056 21.1 0.753
2
& 3 6 0.232 2856 | 21.8 | 0.750
4 6 0.228 2.936 209 | 0.750
o o A e . A 5| 6 0268 | 3056 | 21.1 | 0747
Tip speed ratio, A 6 6 0.2 2.876 19.8 | 0.743
Fig. 7. Performance curve on a standalone 7 5 0.144 2932 17 0.741
VAWT
8 5 0.148 2.932 17 0.737
V. & & 52 T 9 6 0.26 3.076 228 | 0.735
P B | =
10 6 0.156 2.884 17 0.730
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ARt GAOlA ¥ 454t (generation)7}A] X1 3 & @Eﬂ—jfﬂ f_lk% iz:] :Jg Et\ft %ﬁiia%
Ak o] HAM 34T o] T kA AuEg = =L S Gen= ﬂiaaxﬁiﬂm@
9 Asunk 949 gol e wgtome, ANN  oAnT @ WEH WA SHAS(Cn)t
of e BAUA vhsor R Y OO0 2 EE Lol se 59Ul 4G o
Moz % 395709 CFD A7t ANNE FAsAC nE g3t 4 @ AAAA Agel T
AM@zol ofd £4% FTHENE J1Eo2 9

o, A7t 2PEHEA ANNo|] &A= Je A
£ Fig. 894 HoFa Sl=d, 2k A (5)lA
8 ANNolA o =8 A9} CFDE A A4l
dojz Aitele] #olE YeR = Aolth

\/ Z (ANN,— CFD,)*

FError 8] =
n
Table 2= 45H| U1 E 33 o] A A9 1070
o] =& A5S UehiEs Ao 3 FAsdE A

18

16

14 A

12 A

10 A

Error, & [%]

15 20 25 30 35

Generations

Fig. 8. Accuracy improvement of ANN

7 WEolth weld EEASE FUEgel olajd
olgom EHa Zolth. HuZYel dojxe
o) ek (9% 6ol AT} A &
102 Yehton, 957h(5)e hiy Aol
Zdeunt ofzk AL ghom, Fol vjsi
fo] o) Ao fAY @ T 2

4 A mepd HHshE Feee
mzﬂ R

E}"Jﬂ “Xlﬂoiolﬁ T3 &

N
7]
=

0 R
ﬂ\l“ 15 O{N

ol
ok
A

-
£ g

z Mo

Koo i O e lo ¥ ooy
=

Jo Bl oot
12
oﬁ‘loﬁ:.&-‘ﬂr%
o T oo i i 2
1t

=
2y
e r)d
Ly
_VE
Z
L
o M
_IE

o
ol
S

2

\O
=
o
2
oflh >

o
(RN
o
il

2

N[0

d

o}
7] 13k Flg 9( Yol
d ]/ﬂ ;‘—}Eol"— 78‘“°r
of %H]O]E
Atk Bl
Sl e RS |

NP
Sh e of ﬂﬂ@

L

.



184

—* B'blade

(b) standalone

Fig. 9. Streamlines within the optimized wind
power tower with a VAWT and at

standaline

a9 B Beol=
FHee) Fygos
A B ol S

[QR=0=4% 2t

ER9 7} gleol
o] %’4?‘4011/\% oFF
A3A H-& Fig. 9(b)olA
o ME HT A3} EFe
T AERREH & 5 UdY
4ok HAstE SHERY ol
THHWo] G502 AR
(Ct=1/(05pAVHE HlW
Yebar ok Al 7] Edlel=rh ARSE AL UAIRE
120°9] 3|Azte] diste] FLI AAE UEHER
1 % kel Edelzd tiste] 3o mE
EdASS Wstek Al je Edol=g 3 F E
dAE vlast] Yelfa . FHER @52
2 AHE Afde HolsddA doAe Hu
EZe fAE 3H7 9=90° AFolA FAHEAA

o) 96 =
a5

OO

—1> M © o

st 5
FHEH
Ao ak
R

=

.,d
T
oo
N
N
o
ot T T
2 of ox A o
oft [ JE it X of

Wy fo
R

Figure 10
99 A%
o dojAls BEIAF(G

o onl ik
£ Ho

(g

f

——— Total

Torque coefficient, Ct

0 100 200 300 400

Azimuth angle, 6

(a) VAWT within the wind power tower

0.12
— — Ore blade

0.10 - ———— Total

0.08 -
] 3

4 N

0.06 [ \

A ! \
\ ] 1
0.04 4 \ i l
\ v { \ !
\ \ 1 i
\ !

I

\
002 1\ /I' \ h [ !
-~ \ I

Torque coefficient, Ct

0.00 -

-0.02
200 300 400

Azimuth angle, 6

(b) Standalone VAWT

Fig. 10. Torque coefficient on the blade of
VAWT along azimuth direction

o W HAslE FHERY oA FEde
ElRle] EFol=olX e 37t 9= 98° A olA
ETrt AFEAGIF 0 =120°9] A oA = ¢
B R JAAE 9FE st e EFVl A4
0=162° A= 4 AN T ETVL L
o B47} AA anﬂ 93k
ow, ko] FFol of
AR EEA Ho EZ9
Oliﬂﬂﬁotﬂ E3 E3
Fes 7HASH
HElY & I HsA, 45
A A12]9 €A

PR CEE

B AfAE 4%

1 AT FHEd A
o} 671e] AAWS

i.%
2,
=



M 47 # H 3z, 2019. 3.

4% 29y

fo

3 FEE HHEA - 185

EIv Hd7l He Ae 5HTFE AT HHs5)
N HYHA HAstel AxE 47 95+ DOE,
GA ANNS E3s WH2s d83tdon, 43t

Hetlol e ~2elHe Hgo] da Uk <Y
tﬂg T tiste] <kzte] dFS ZEE A3}
H, E3E FA3te d90] guEHe Eavt S

& = A FH3E FTHElYY Hego=w F
HE Nl EFFA = 0365904 0759704 F4E S
B Fo A5 AS APes st HHI A
FE By B A Fo|t)

E

o

References

1) Timmer, W. A, and Rooij, R. P. ]. O. M. V,,
“Summary of the Delft University Wind Turbine
Dedicated Airfoils,” 2003, AIAA-2003-0352.

2) Grasso, F.,, “Hybrid Optimization for Wind
Turbine Thick Airfoils,” 2012, AIAA 2012-1354.

3) Schubel, P. ], and Crossley, R. ], “Wind
Turbine Blade Design,” Energies, No. 5, 2012, pp.
3425~3449.

4) Park, J., Lee, S., Sabourin, T., and Park, K,
“A  Novel Vertical Axis Wind Turbine for
Distributed & Utility Deployment,” 2007, Ontario
Sustainable Energy Association

5) Takao, M., Maeda, T., Kamada, Y., Oki, M,
and Kuma, H. “A Straight-Bladed Vertical Axis
Wind Turbine with a Directed Guide Vane Row,”
Journal of Fluid Science and Technology, Vol. 3, No.
3, 2008, pp.379~386.

6) Isensee, G. M., and Abdul-Razzak, H.,
“Modeling and Analysis of Diffuser Augmented
Wind Turbine,” International Journal of Energy
Science, Vol. 2, No. 3, 2012, pp.84~88

7) Phillips, D. G., Richards P. J., and Flay, R. G.
J., “CFD Modelling and the Development of the
Diffuser Augmented Wind Turbine,” Wind and
Structures, Vol. 5, 2002, pp.267~276.

8) Chong, W. T., Poh, S. C, Fazlizan, A., and
Pan, K. C. “Vertical axis Wind Turbine with
Omni-Directional-Guide-Vane for Urban High Rise
Application,” Journal of Central South University of
Technology, Vol. 19, 2012, pp.721~732.

9) Chen, L, Ponta, F. L, I,
“Perspectives on Innovative Concepts in Wind-
Power  Generation,”  Energqy  for
Development, Vol. 15, 2011, pp.398~410.

10) Allaei, D., and Andreopoulos, Y. “Invelox:
Description of a New Concept in Wind Power and

and Lago, L.

Sustainable

its Performance Evaluation,” Emnergy, Vol. 69, 2014,

pp.336~344.

11) Baek, Y. M.,
Improving the Efficiency of a Vertically Layered
Wind Turbine Generator,” TR-2017, Odin Energy,
2017.

12) Cho, S. Y., Choi, S. K., Kim, J. K., and Cho,
C. H,, “An Experimental Study for Efficient Design

“Design of Guided Vane for

Parameters of a Wind Power Tower,” Journal of
The Korean Society for Aeronautical and Space
Sciences, Vol. 46, No. 2, 2018, pp.114~123.

13) Cho, S. Y., Rin, C.,, Choi, S. K, Kim, J. K,
and Park, S. K., “Numerical Analysis on the
Performance of Vertical Axis Wind Turbine
Affected by the Configuration of the Wind Power

Tower,” New Renew. Energy, Vol. 11, No. 2, 2015,
pp-17~28.

14) Wang, Z., Xi, G, and Wang X,
"Aerodynamics Design Optimization of Vaned

Diffuser for Centrifugal Compressors Using Kriging
Model,"
Propulsion  and
AJCPP2006-22023.

15) Shu, X, Gu, C., Xiao, J, and Gao, C,
"Centrifugal Compressor Blade Optimization Based
on Uniform Design Algorithms,"
Frontiers of Energy and Power Engineering in China,
Vol. 2, No. 4, 2008, pp.454~456.

16) Fan, H. Y., "An Inverse Design Method of
Diffuser Blades by Genetic Algorithms," Proceedings
Institutes Mech. Engineering(A), Vol. 212, 1998, pp.
261~268.

Proceeding of Asian Joint
China,

Conference on

Power, Beijing, 2006,

and Genetic

17) Pierret, S, and Braembussche, R. A,
"Turbomachinery = Blade  Design  Using a
Navier-Stokes  Solver and  Artificial Neural

Network,” Journal of Turbomachinery, Vol. 121, 1999,
pp-326~332.

18) Bonaiuti, M., and
Baldassarre, L., "Analysis and Optimization of
Transonic Centrifugal Compressor Impellers Using

D., Arnone, A., Ermini,

the Design of Experimental Technique," GT-2002-
30619, 2002.
19) Bonaiuti, D., and Zangeneh, M., "On the

Coupling of Inverse
Techniques the
Design of Turbomachinery Blades,"
Turbomachinery, Vol. 131, 2009, 021014-1.

20) Verstraete, T., Alsalihi, Z., and Braembussche,
R. AV,
Radial Microgas
Applications," Journal of Turbo- machinery, Vol. 132,

Design and Optimization
Multi-objective, Multi-point

of

for
Journal

"Multidisciplinary Optimization of a

Compressor  for Turbine



186

(=1
S

! 3ts

]

rok

= [X|

ox
T T

2010, 031004-1.

21) Bonaiuti, D., Arone, A., Ermini, M. and
Baldassarre, L., "Analysis
Transonic Centrifugal Compressor Impellers Using

and Optimization of

the Design of Experiments Technique," Journal of
Turbomachinery, Vol. 128, 2006, pp.786~797.

22) Hagan, M. T., and Menhaj. M., “Training
Feed-Forward Networks with the Marquardt
Algorithm,” IEEE Transactions on Neural Networks,
Vol. 5, No. 6, 1999, pp.989~993.

23) Hagan, M. T., Demuth, H. B., and Beale, M.
H., "Neural Network Design," Boston, MA: PWS
Publishing, 1996.

24) Matlab R2013a, MathWorks, Inc.

25) CFX, v.17, 2017, ANSYS Inc.

26) Li, C, Zhu, S, Xu, Y. L, and Xiao, Y,
“25-D Large Eddy Simulation of Vertical Axis
Wind Turbine in Consideration of High Angle of
Attack Flow,” Renewable Energy, Vol. 51, 2013, pp.
317~330.

27) Cho, S. Y., Choi, S. K., Kim, J. K., and Cho,
C. H., “Numerical Study to Investigate the Design
Parameters of a Wind Tower to Improve the
Performance of a Vertical-Axis Wind Turbine,”
Advances in Mechanical Engineering, Vol. 9, No. 12,
2017, pp.1~12.





