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Experimental Study on Flow around Blades of
Horizontal Axis Wind Turbine in Wind Tunnel

Takao MAEDA™*® Yasunari KAMADA,
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This paper describes the measurement of the flow field around rotor blade. Three-bladed upwind
rotor was tested in an open jet type wind tunnel. The rotor has a diameter of 2.4 m. Flow field
around rotor blade was measured with the use of two-dimensional LDV. The flow field was
measured in -7 plane and z-y plane. The circulation around the blade sections were calculated by
flow vectors around the rotor blade. The velocity vectors at optimum operation show a smooth flow
around the blade and the bound vortex around blade cross-section seems to be persistent. On the

- other hand, the velocity vectors at stall condition demonstrate significant fluctuations in the near
wake and separation on the blade suction side was observed. The circulation around blade span-wise
section was calculated at the certain control volume. By the observation of flow field and calculated
results of circulation, it seems that the flow is separated at the blade from middle-span region to tip
region at stall condition. No separation was observed at the blade root region.

Key Words: Fluid Machinery, Wind Mill, Velocity Distribution, LDV, Blade, Circulation

1. #&

[l

A, BT 2GS EA, REIZIIHE LD
EIRBMHSE D Ao, REOHEIFEL<ALL
7z, BEMEECAE { FET 3 AEOHREIFHRER
BEOMEICAKSZAIRELTE D, SHEREREDOH
FIIIE L OREND 5, JBEREENCH LTI 2%
EIXLAEFTHEHROHREY PAVT v 7 A2 ¥
fo—Fic k 2EE ESEREEC X 2 BEEON
2O RTHON TSP, BENEREICHZ2EEAD O
BBz oW TR, BRERS 7 4 — 0V FEETHISE
ENTW3E HDODERATHEHLE L, EFREETI
BT I & 2 B OFEBEHEIE®, L —FREE
A EERAFEOEEHEY, BEOAHLS & E01T
bhTws, UL LERENEEORNOBHICIZE >
TE5F, REREEOAE BT L B> T 05,

EELFINSOWEREE 2 ¢ RERAMKO
DEBRHFE 21To 7. FRTE, V-V ¥y 75
— e B v EERT O RERRE Y B OERE S
FARBEEL 7., BESAEE T REEREN 2 FE

* JEREZAT 2004 FE5 H 20 A.
1 EE, SEAZELYEH (S 514-8507 @ LT 1515).
¥ 48 —ERPAERIEWRE.

E-mail : maeda@mach.mie-u.ac.jp

UREshE, fH BEERD 3 &I O THFMCH
Nz, k1, HESA»SEREY OREBEREE RO A
EER oM L REREFFERNLEZHS Iz Lz,

2.

c =

A ZRAER =sR* m?

Cr RS = To/(1/20AUS)
D HEHEERE(=2.4m)
R:E#EHE(=1.2m)

T: b7 N-em

Uo . —HEIEHE m/s
wIEED x,y BEU 25 m/s
I  BWiHEKST 3EEE m?/s
AR =Ro/Us

o BIEE kg/m?

U 7Y~ AA(AlEM)

o BEREAEE rad/s

3. RREBHIUHE

3.1 EREE EREEZHLICRY. RARRE
WRHY L % 3.6 m, & AR 30 m/s @ HI7EZE G
ERFETH 2. AR, BEEE2.4m D 3KR
AR T, IRH L O S 1D T EERER

—171—

NI'|-El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

172 BERAERRIC X 2K FEEERERE D OB T 215
. £200 20
rD_ILDV Probe ~ B 5
Wind tunnel outlet (] g @
— 1 5 10 3
— | & =2 L
. . = )
Wmdrturbme R .§: 5 §
=3 &) A
—1 ) Q 0 %
z 0 500 1000 1500 &=
= 3 Radial position » {mm)]
2 3 . 2
! < X Fig.2 Dimensions of test blade
1D - -
< 0.5
a r===Cp=0.435 "~ %%
v Ooar O L%
g o, %
| | v 503 T . 4=520 '0.
L 4500 g L.cm0202 -
1< - Q = '
; 02 A=3T72 'u i 1 ?6.50
Fig.1 Experimental apparatus 201 T o ! !
& wee?! L ,
- B 0 1 1 1
HXVET 2 LI RERBELTHD, HBREDLED 0 2 4 6 8 10

HBECZLZ2FROBPEIIBEER»OEHERLD
PR TH Y BERAHEOWIICR T 2WH L OOZEX
v, BURBEADER 4.5 m ATRETROBRIE I
WIDRESVBEBERBMORNIINT 2BAO0DE
Eixp v, HEEREE S 2RI, B TSR
ERE MU E, EERERS & OEEEMA O, 7Y R
it ) mBAT Yy a—FPRFFosnTn3
RERGEHIZIERFEERO A >N -2 12X D 600
rpm £ CHEBURETE 2, EHE7 Y AMIZ0.4
DI FREETEEIT % 3, AEEERE OFE S EIE I
X, BABEAZRTLY —F R v 75 — e (LUK,
LDV L5k 2) 2R T 5, LDVO 7 u— 711,
IR EERICRE & e R BRSO EB 1T T &
nTwz, Yo—70HEEAEEIX2m THD, EEH
DORBEEROFNICHELZEZ TREREDOHEIEETDH
2. WEAR I, BE0.15mm, £ &4.3mm TH

. APERT, BIRBGAO L DR s g, THE
ﬁ@ﬂmi%ﬁ@%ﬁibLﬁk FELI-E BT
L VHIET 5,

EENT, FWREE Ub=Tm/s TREL, B v 7
BERAEHERLE—2CEEL TiT-o k., AIHEH
BEHE 100~450 rpm (A=1.8~8.1) K& b 2 ¥ 7=,
EREETORZECHT VA4 2 VA, A
JIRF A=5.20 THI 2.1X10° TH 5.

#E Ak, EE ﬁﬁk40mmfﬁlr‘( y=

=0) L C15mmBEETe=—0.09~+0.09m @
13ATH Y EEME S OKFRNTHEL . oy
HAOEERS u, v BL P r-zHANOEERS «,
wERAZCHEEL, 2hsOEERS G L ERHA

Tip Speed Ratio A4

Fig.3 Power curve of test wind turbine

DEZRTCEERSF & LT, RET7 Y AHIRERD
BIE O 1/4 ZHEER BT 5 52 F A L LEEE
HEWCIEE L7z, BIER, 7Y~ AAT=—-30~90°
TR0 OHETHZ, HEHEMEI7YR1.2°Z
EOABHENOTEEEAWTERERAT S, %
BHEREIZ 1 SO E 2s U Er» 30T, ¥l
REEEE 9 IS U EDT Y INFEETH B,

32 HEE HABOEHUEBIURAUDAS
EM2ierY, BREHKHZESS MM YA
18.3 D7 — R UVETH S, AMRBEOHFHEHE
Wi Th s, SEHEHOERIIEREED S IHIC
DU 91-W 2-250, DU 93-W-210, NACA 63-618 - &
" NACA 63-215 D 4 BORB 2 EEHANCEEL T
b5,

4. FRERBIUEER

4-1 MHREEBSRER M3 WHREEO R
ERE2RYT, BEHTOREE Y FAIRX -2 Th 5,
X3 kb HIIHRE Cr i3, AL A=5.20 B8 W TH
K& Cp=0.435 £ 72 %, ERAELICBW T RERE R
FofRRBIZ D, BEEREE LT 2 v OBEIE
ERRANE R LM A=3.72 x BABRNLOEER
KAV RFREE Lz, BBA=3.721CB8WTH
JIREUL Cr=0.198 TH 5. ERAHH B W TEE
WaBEEERRE I b 5, BEFRLOBE W AE 8
HBEL I T 2 S5 2 & 5 L BEESREE O &
%, A=6.50 £ L7z, %8B A=6.501c 817 2 HH{E

—172—

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

(a) Stall (1=3.72)

Fig.4 Flow vector
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Over rotation (1=6.50)
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