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Numerical investigation on aerodynamic characteristic of
building augmented vertical axis wind turbine
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Abstract; To capture the high-quality wind energy in built environment, combined with height advantage of
skyscraper and canyon wind effect of building diffuser, the vertical axis wind turbines were mounted between the
building diffusers. By the means of numerical simulation, the aerodynamic characteristics of building augmented
vertical axis wind turbine with different solidity and different airfoil configuration had been investigated. The results
show that the building diffusers can sharply increase the power coefficient of wind turbine. The optimal power
coefficient of building augmented wind turbine is 4.47 times higher than the clean one and the optimal tip-speed
ratio shifts to the right. But it has intense load fluctuation and it is sensitive to building configuration. The circular
configuration can decrease the influence of shedding vortex of buildings. With increasing solidity, the power
coefficient of building augmented vertical axis wind turbine increases first and then decreases due to the interference
between blades, and the load fluctuation and self-starting have been improved obviously. The FXLV152 airfoil
contributes to decrease the fatigue cumulative damage and the NACAQ021 airfoil contributes to increase efficiency of
wind turbine. However, the S809 airfoil is not appreciated for building augmented vertical axis wind turbines. The
numerical results provide a reference for practical application of building augmented vertical axis wind turbines.
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Tab.1 Geometric parameters of clean SB—-VAWTs
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Tab.2 Geometric parameters of BASB-VAWTs
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Fig.2 Geometric parameters of four kinds of airfoils
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Fig.3 Four different configurations of building diffusers

1.6 CFD ###!

KM Realizable k — & Jii it £52 5 K 35~ BE T o5
BT ZHEEUE TR, i dm B R AL 2 T Standard &
- & T Y RS AL O BTHDUIE B it 3, 0 BERORT
MR BN 43 88 57 AR SRS AT BRI 5
TE 30~ 50 i FEIA , 196 A di DRSS 5 B BE T bR BRCEER

G VIR (2 FH D 2 i e HURE FE 2 51
g S ST T s DX B B I e S Ok T KU R
9m/s, KA AZERAEN 0 Pa. R Simplec 815X
B 5191 K= T 7 e T 7 2w 11 e 1 R
2203 K A BRI AA 5 R A T BUE T

KIS s B AR BN % i 3l , RIS R 4




.90 - K

%

T

L
S

N/ANPN i %51

L
&S

LSRRI 55, WO A% A% By 30 &8 40 1A
A, MRS BCR 38 2 50 J7. il BT E AR
JREFIFH 225005 T 5 R B R I — R e JR
- S4{E. 22T BASB-VAWTs J& Fl & &8 7 3% M
¥ A WA 4 Jin. Hoax 3 F BASB-VAWTSs M4 73
TAFHER. 40, 5 iR SB-VAWTSs 11 #5234 ©
FEAHSE SR 2 R E R AR SCIAS DR

4 ZEW BASB-VAWTs BEIN &5 76
Fig.4 Mesh distribution of diamond BASB-VAWTs

2 Eipieil § W& Tk il

J5ilh SB=VAWT 2 C, 19iH3E 5508 >
AT HeR, anlE 5 s, BT UL BB AR AT e 3

FERFEE A, ir B IR B 3 b HX 17 0 B
RRBERH R HC €, AR e R H, iy
T AR BLI F 3 Ak TR AR A 3 43
5 P BCHIRY BER .

0.35
——
——HHE

0.30
0.25
. 0.20
)
0.15
0.10
0.05

0 1 1 " 1 " 1 " 1 " ]

1.5 2.0 2.5 3.0 3.5
A

5 HHEESIRE
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Tab.3  Validation of mesh independence
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Tab.5 Aerodynamic performance of BASB-VAWTs with different airfoils
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