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Relationships between Performance of HAWT with Mie Type Tip Vane
(Mie Vane) and Blade Aspect Ratio, Number of Blades
and Reynolds Number
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In this paper the relationships between power augmentation of the HAWT due to Mie type tip
vane application and other factors influencing the efficiency of a wind turbine such as blade aspect
ratio, number of blades, blade pitch angle and Reynolds number are investigated. Experiments have
been carried out in a large scale wind tunnel. Rotor models used are respectively 2 and 3 blades wind
turbines and 4 sets of blades with different aspect ratio have been experimented. For an existing
rotor without Mie vane, a maximum power augmentation about 14.5%, due to Mie vane application,
is achieved. The relationships between power augmentation by Mie vane and the above factors are
investigated. It is found that the application of Mie vane is more efficient in case of rotors with small
aspect ratio and for low wind speeds. Surface oil-film and surface tuft visualization methods are used
to detect the flow patterns at the blade tip. Attaching Mie vane, improved flow around blade tip is
evidenced.

Key Words: Fluid Machinery, Horizontal Axis Wind Turbine, Tip Vane Wind Turbine, Power
Augmentation, Flow Visualization
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Table 1 Specification of wind tunnel

Maximum wind speed 35m/s
Wind non-uniformity <0.5%
Turbulence level <0.5%
Fan power 400kW
Measurement volume ©3.6 x4.5m
3Im >
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& - F 2
e 11— =

N *Zhgmsecﬁm

Fig.1 Overall schematic drawing of wind tunnel
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Table 2 Specifications of wind turbine blades

Taper - Twisted blade
Set1| Set2| Set3| Set4
Blade length [m] | 0.500 | 0.550| 0.600| 0.650
Tip chord length [m] | 0.067 | 0.065| 0.063| 0.060
Aspectratio, AR | 6.15 | 639 | 764 | 842
Twistangle [°) 20 | 20 [ 20 | 20
Rotorradius [m] | 0.563| 0613] 0663{ 0.713

Planform of blade
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Fig. 2 Schematic drawing of test section
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Fig.3 Planform configuration of test blades
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Fig.4 Schematic drawing of the Mie vane
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Fig.5 Relationships between power coefficient and tip
speed ratio for various rotor configurations
(Uncertainty in Cp=0.448+0.007, in A=4.27

+0.01)
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Fig.6 Typical power curves for rotor with and without
Mie vane
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Fig.7 (a) Relationships between maximum power
coefficient and pitch angle
(b) Relationships between power augmentati-
onand pitch angle for different aspect ratio
(Uncertainty in Cp=0.515+0.007, in Pae=
14.5%*1.6%, in 8==%0.1°)
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Fig.8 (a) Relationships between maximum power
coefficient and aspect ratio
(b) Relationships between power augmenta-
tion and aspect ratio
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Fig.9 Flow visualization on rotating blade with
different aspect ratio for N=2, U=6 m/s
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Fig.10 (a) Relationships between maximum power
coefficient and Reynolds number for AR
=6.15
(b) Relationships between power augmenta-

tion and the Reynolds number
{Uncertainty in Cp=0.515%0.007, in Fous=
11.69%+1.6%)
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A: Laminar, B: Laminar separation bubble,
C:Tubulent, D: Separation, F: Comer vortex
(c) Re=1.9%10° U=9m/s, N=2,a=11.7°
Fig.11 Flow visualization on rotating blade with Mie

vane, AR=6.15 N=2 for different Reynolds
number

A: Laminar, B: Laminar separation bubble,

C: Tubulent, D: Separation, F: Comer vortex
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Fig. 12 Flow visualization on rotating blade without
Mie vane, AR=6.15, N=2 for different
Reynolds number

EBEat), &L, & B REBORBESE, 71—
FROBEFER EFRYT. MieX— VTR Re=1.2X
0 BLU1I5XICORAERFOSHEI 2 LLE T
5, MEEE»S Re=1.5X10° DEHMMEKA B &
VERIZ C BEmER B R, ZhZFh 1.2X10° 2tk ~
INEL B, RiFE MieRX—> DI —FFEEHI
EET3E, 7 VEE»S5K12(a) Re=1.2X10°
DBE, BIED ad3~5FDSY 7 bE@»HILH
sy, K ELTwa I b »s, M12(b) Re
=1.5%10° DFE, WiHD a 5] 3 HBLEB L U c.dFl
S5EUBEDOY 7 FZEE A SILE LMD, Z<ELT
WBZ EDBbhrb, Re=1.5%X10°0D1—FiBDRE
PHELIX, Re=1.2X10° ith~_ K& <20, BEERDIZ<
BESEIR L S LIEAL T3, KRz Re=1.5%x10°%
FULIXI° ORERN Z LT 3, HEEREH»S
AEEABOREBA~DRIEIEELVEWVZ 3,
$7:8 7 VEEDPS, Re=1.7TX10°0D 21 —F HD#E
BEBMF O 7 M, Re=1.5X10° kb~ L < E
JeoWwTw3, Lal, BEFORESIZIFEEREL
v,

BE, MI2ERTBERE»S, Miex—Y R LED
BE, VA IV ZEEEIC S ERE O HEE A~D
DOEAIZ, Mie R— IR L FEFEERERT. £/
RHMEOFEEBE 3, Re DEANICEWVL/IE &
%,

MEXOEI0CRENED VA /L AHEA.2X
10°~1.5x10°) O FHE T D Crmax DEMEE D, B
VA N XE(1.5X10°~1.9%x10°) s & e~
KELB2EEE M1 CRIAELELERELD, BE
(a)E(D)DERBOEEDBKEVLDIIEN, BEXR
(b) & (c)DERBOZEN/NS S L BBERCEDL
LIS,

5. &

o

Mie X— 1R & RER 7 A~_7 b, B
B, vA/NIBORELEBRICHRSTLIBER, L
TofEmERL.

(1) B7AXRZ FHEZLZIE5E, Mie X—
VEEEBIC X AR, BT ARY bHEENEL
THIREWHEIML, KEL THREVED TS, Hh
BINEORKEIZ 2HE AR=6.15 T 14.5%Z b 3Z
L.

(2) REHvA / WVAEET(LS GG, &&H
TOBRRKEIHEED VA / N XEIEINC 4 S BinEE
BrvA VAR BEEFLISXICZERELTCEY
D, Bur g W ABOFEEHTKEL, G4/

— 186 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

MIE B3R/ N (Mie X— V) fAFHMEAEOMAE L R7 A7 M, REE, v4 /v XEOBIE 3415

AHOEHET/hE %3, Thd5 Miex— VRO
BARHIHRBOBINER X, Mie *— > LRICH~

ETESOHICK S,
X 3

(1) Shimizy, Y., E» 5%, Proc. ECWEC’90, Madrid,
Spain, (1990), 279-283.

(2) Shimizu, Y., &5 3 4%, Proc. EWEC’'91, Amsterdam,
The Netherlands, (1991), 221-225.

(3) AN - iE0> 2 4, #58, 56-522, B(1990), 502-507.

(4) Shimizu, Y., E» 24, Trans. ASME, J. Fluids Eng.,

(5)

(6)

(7)

(8)

(9)

(10

116 (1994), 287-292.

Shimizu, Y. &5 4 %, Proc. ISROMAC-8, Hawaii,
USA, 1 (2000), 42-48.

Shimizu, Y., &> 34, Trans. ASME, ]. Solar Energy
Eng., 117 (1995), 297-303.

Zeqiang, L. and Dahlberg, J., Proc. APWEC 88,
Shanghai, China, (1988), 401-408.

Vermeer, L. J., Proc. 2001 ASME Wind Energy Symp.,
AIAA, (2001), Paper No. 2001-0030.

HARER, B FBWEMN GXETHD), (1999), 190, »¥7 —
#.

Bertin, J. and Smith, M. L., Aerodyn. Eng., (1979), 172,
Prentice-hall, Inc.

— 187 —

NI | -El ectronic Library Service



