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Experimental Study on Flow around Blades of Horizontal Axis
Wind Turbine in Wind Tunnel
(2nd Report, Studies on the Flow around Blade Based on Pressure Distribution)
Takao MAEDA™*®, Yasunari KAMADA,
Yusaku SAKAI and Naoki TAKAHARA

*¥ Departument of Mechanical Engineering, Mie University,
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This paper describes the results of the surface pressure measurements on a wind turbine rotor
and the velocity measurements around the rotating blade. The experiments are carried out in a wind
tunnel with a 2.4 m diameter three-bladed wind turbine. The pressure taps are set at 31 positions in
each of four test sections. Four radial sections at »/R=0.3, 0.5, 0.7 and 0.85 are selected for the
measurements. The pressure distributions are measured for both rotating and non-rotating situation.
These pressure distributions are compared and used for detecting the angle of attack for the rotating
blade. The pressure distribution at »/R >0.7 shows the good agreements between rotating and non-
rotating situation. The pressure distribution for the inner part of »/R<0.5 shows the stall delay.
Also, by using the angle of attack estimated from the pressure distribution and the velocity distribu-
tion, the representative point for the relative velocity to the blade section is discussed. The angle of
attack is compared with the designed value by the blade elements momentum theory.
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Fig.3 Pressure taps on the measurement blade
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Fig.5 Measurement results at blade tip section of
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Fig.6 Measurement results at blade middle section of Fig. 7 Measurement results at blade root section of
r/R=0.5 r/RB=0.3
— 170 —

NI -El ectronic Library Servi ce



The Japan Soci ety of Mechanical Engineers

e EDENSHO—HERT. B6(c) DM
IREEIZ B BTROEWIZEEE TORIRDE W b H

FIRERIC X 2 AFEEERE D ORI 258 B 28 1387
aL:tan—1<wfm>_(9+3) .................. (4)
a’:¢“(9+/3)) .................................... (5)

ZULNLVEARETH BICERTEZMUE x/c=
0~0.1 OEFIZ BV CEERREO 1Z 5 2# LR OES
FHEARE LS TES>TWBEOMBEETHD, ThbHE
BRI ERIERE L D L Co BIRE K R ERIZZ > T
%22, M6(d)E, »/R=0.5TERHIREDE
HoAa R, HEER, BbE L b BE AT T
DEFEC— 27075 %0, BERBEL T 5, [EEF
O G EEFE I, BigEs» o BEIC» T T =
—1.1ThY, HBIFED Cp=—0.7 LHRTENEZ
wY.

M 7(a)id, »/R=0.3 DEEFEBI TOEI A
O—FlERT. BM7(a)& D @R TIEFLR LD IE
FHEBDE AN E < 72 0 BT I (X TR L ALIE
z/c=0~0.1) TOENFRCKEZECHR SN S,
M 7(b)id »/R=0.3WHEICB T 5 LHREDE/Z
e, BIEEOEIREIIAEERB, > —EH
Co=—17Th2H, BEE A=2.88 D EEHEDESHR
T 0<x/cS0.7TTCo=—2.TTh%, LizihoT
r/R=0.3 W25 2 EH5040 1, EIER & FiLE
ThELHEN L, B7(c)iF, »/R=0.3MHICK
% CoCo W%, MR IRE & # R T2
LwZ Ebyrsd, BE»S r/R=0.3KHEHTIX
BIZRIZEI—TH 0 bt o LR & R TR E DM
HENE ST BREbDTHDEVR D,

42 LDVAIEICLZEESHICETICGLAAD
BY  AHTREERS L OBIER O REE SR
DL & BEERE DM 2 /8 o 2R, BRBEOEE S
oo nsWzA o 2RTT 2. M8ITRT &
SdlzAa OEBIELIRTR LI LDV OER
WS % u, BRI B 5 EEAAEES AT w
YU, owEAEE o OWEMELEME » BT S
EHE ro % B L&Y B3 T 25 O RER [
BERS wtro 2BV TUTOLICHELL, £
7z, O XEEBEONUD A, ¢ IRERERNICHT 2
HRmAB LT 3.

' Fig.8 Definition of Angle of attack ar

30 T T T
\Em -------- Ao e m b

2 : | |

Q 0’.\ ' |

g loMf_Jl ________ I DT I

% LW |
% OF -~ R AR b

_10 ] 1 ]
-30 0 60 90

B5(a) kb, »/R=0.85 FIENE TOENIMK
3, AR EEEEE A=5.19 & # LK «=10" &
— LT3, I CHERE L FIDREBOE 0
Bk —B L& BZAPELVERET 5 &,
BAHSIEE »/R=0.85 \ E Wi O 2 A1 @=10°
A ;

X9, AR THEEDEERE »/R=0.87
BIEAORESHAEICESCIZAa &7 V<A
AOEFEETRY., BEVBESGED Qiv»illz Al
K&y, BEE EhIcB/MECES, IR
OFEIEHS b OIERIC & D TR AITR E BT, &g
TRF2LDEERYZ T 50 THbE, Fie, TV
2 =0 fHETHZABRENTWEWERIE,
BEAHE SR ERLL - E2EL T OMET — 5 I3
BTERNEOTHDL, TOLE a=10° L R30I
T=—30~—25 & U=70~90°TdhH v, ¥=90"13 3
WEOEE, MBOBOHENK2EREID ¥=-30°
DIREEL L LT, a=10° £ 8 5D ¥F=—50~
—95° Ta=a £z 5., r/R=0.7, »/R=0.5%E
Wi C DWW T RO TR T AL RO B, &
KHAEA=5.15 BV TEFNRFN a=10, 137 LR
ETEL, ISR EZTLDVBEHE» SRS
nrlzfia t 7YV AACEEERS L v/R=
0.7 T, ¥=—37~-23Ta=ar &% D, v/R=
05T T=—52~—26°Ta=a, L85, Lizho
T ERU 3WHE IS WT LDV #ERIE & 202
HOBRER F=-300 BT a=a LT3N
TELEFEZOND,

B 10 @ oA B O FIERE - »/R=0.3 PIEH D
LDV #HERE» S RO LWZ A0 b7V AMY

30
Azimuthangle ¥'[deg]
Fig.9 Relation between Azimuth angle and e at

r/R=0.85 ‘

— 171 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1388 BRI & 2 AFERHERE ) O BT 2% (8 2 )
0 v T : 35 T T lv
3 | ; | o .. “BEM -
\ | 1 W ! j | eMeasurement
B0l w1 e R S — EREEEE SRR R EEE R Fo----
A ! | PP < | | ' | !
) . . | PR S 90k - - -~ A Lo
’ ! 00'.”m e =4 . I ° l ¢ | :
glo """""" JI""_M ______ T élS ****** A e CTmAT e P
Sy : Qﬂ : : Gy ch o L_:, E [ | '
S L e ; ! S 10F----- Aty i el Rl R
O—————————'——Q ————— e il T | 1 l i 1
Eb ! ! | Sp----- i Tt cTo 1T I
; ! ! 0 ) I l ! f
10- 0 0 30 ) % 0 02 04 0.6 08 1.0 12

Azimuthangle ¥ [deg]

Fig. 10 Relation between Azimuth angle and a: at
r/R=0.3

&

| —e— Rofational( A =5.17)

<n

A

W
>.;:——

Section Pressure Coefficient C,
AP

0f - s ]
T g NS IR N
0 02 04 06 0.8 1
Chord Station x/c
Fig.11 Pressure distribution at »/R=0.3 on optimum
A

ORFERT. B0 IWE LR F=-30°Ta
=a L BB ERETBE FP=—3000W2ALY a
=m=175° bR B oN5.

114, »/R=0.3 HIEWHE T DRAH O EE
I A=5.17 3 & 8IS o=17° ODFE S5 %7 T
MIIXDBIBELWEEZ o2 M2 A% D OHE
FREBIERFOENSMIZ—T|ML Ty, Zhid, fit
D 3 WE L&V, FBRERREO BRI ORIVIKEE I35
IREE L e~ KIEIC B 270 L2 5N 5. BiIza

EHTOEASARICKE BRSNS,

4-3 BFREHEESER (BEM) L AEMEIZE 30
A8 a DI FEABROPREIEBEREHEES
¥ % (Blade Element Momentum Theory, MF
BEM LT ICETWTRFFIhTw 3, AAEE
D &> % EERT CHRACER L7 B0 EE i
BEM O{RE S 5 (EBIAAEIC b - & bIEVRIET H 3
EFEZoN, KETR KEETHEOHREILE D
LDV HIEETH 22 A a 2T BEM ic&E5¢
JRHERA AR T 5, AKBRCRBAHNIETH 2
A=5.201CB W2 A o & BEM 12 TR, BIEH

Non-dimensional Radius /R

Fig. 12 Relation between angle of attack and radial
position

CHE L, ZZCHEMEEBHIE TR MA@
ZHW, fle LT r/R=0.85Tld a=10°Th 5.
BEM X ORIz e 212 13RT. K121k
BEENCER A MBS L OtEhc Dz AR RT. BIE
B, MoDOHEMEIZ DWW T, BEM Ol 2 it
0LIRZEWCRLTHD, M12& Y »/R=0.85 ¢
r/R=0.7 DEIEMEDOMZ A1k BEM O ERER L —
HLTWwBEWwWz 3, LaAL, BERIZED S ICREWE
EMEIX BEM A HEL D AEL %%, HEE: BEM
FFTEMEOZEEFT »/R=0.5T da=1.5°, »/R=0.3T
da=5.8Tdh 5, ZOHHEF, KXFHICHEHL 72
BEM i3 AE % Bl L RE Ll 2 A% FHElT 572
O, EBOEEFNCCHFET ZRAEDF L, RAD
FELPEHLTWEZ LB L UE 1 IRTR LB
DEBLTENEEEBTERVIDTH S, UL
BEM 22 FHIOMZ f ¢ 3EWRFETH 2 »/R
=0.7, v/ R=0.85 BIEME & & < —B L7248, MM
WGE D RV S EB - T3, BEEICS
WTRRRD R LC KR E RFEELE 252 i3 X
CHIBGR T 3208, BB ELRETIX »/R=
0.3, 7/ R=05CBVWTRHARRZELE 34 Y, 24
BHRETEREITORBEZMZ 2RO T LES
HorEZD,

5. #& B

Jo B S B 0D FE 436 % AR SEBR T & D BT
BIEL, SLECBRNEC S0 2BHEEH FOwh
BEHB T2 LEDUTOZ E#HSHIC LT,

(1) BIEREBOEA SRR & BicRET 2 Wilk
HOBFRAE D 2 T, REBNE S LI &
BB ED B ENTET:,

(2) EIHIKTW 7/R=0.738 X 100.85 BIEN H
123 CEHRIREE & 8L REED T AR L Coy

—172 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BIAERIC X 2K FEBAERRED OB 2% &2 %) 1389

C: B LR, ZoMEms—EL Tnwg I e
5 BBEELR O, BEiRElc DLW TIRZRTET —7F
ZRAVERTETY ZEWERTDH 5.

(3) ERWEY »/R=0.3BEKEZB W TH
ERIREE & B REE D FE I AR TR & LB U 75 2R, [E]
SEIRBE D EER AR T H 3 456.90~1.90 DL T
EASFBRO—EIE R ohxholz, E7:MRED
Ca, Ce D Hol 13 8 ILIREE I FE A ERIREE DA
Kigwz FE->TH Y, F—BWE TH D 5h 5 HIREE
ZBWTEMERENKE SELL T3,

(4) BARHIIEA=5.20 TLDV EEHE LED

SEEHOCTRAENREA~OAZ A o 2 RDTER,
EEEE ET7 Y~ AH 30 fiACOMLADORENFZ
WMThdEbhoT,

X [

(1) Bijorck, A., i 4 4, Proc. Euvo. Union Wind Energy
Conf., 94 (1994), 768-774.

(2) Bjorek, A., 1Z» 14, Proc. Euro. Union Wind Energy
Conf., 96 (1996), 683-686.

(3) Pagynter, R.J. H., i&% 1 44, Proc. Euro. Union Wind
Energy Conf., 96 (1996), 687-690. )

(4) BIEAMER - SEHER - EHREE - BIEES, M, T1-
701 B (2005), 171-176.

— 173 —

NI | -El ectronic Library Service



