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This paper shows the pressure distribution on a rotor blade of 10 m-diameter wind turbine. The
pressure sensors were mounted inside the blade. The local angle of attack was measured with the
use of five-hole pitot tubes at 1 chord length upwind of the blade leading edge. Comparison of the
results of three-dimensional field rotor and two-dimensional wind tunnel measurements were carried
out. The normal force coefficient shows good agreement at the linear range of low local angle of
attack in the field and in the wind tunnel measurements. In this linear part, pressure distribution of
field measurement also agrees well with those of wind tunnel measurement. The normal force
coefficient at high local angle of attack in field measurement seems to show the stall-delay, where is
post stall region at wind tunnel measurement. When the local angle of attack takes a value less than
15 degree, the normal force coefficient increases by the effect of the local slip angle.

Key Words: Fluid Machinery, Wind Turbine, Blade, Pressure Distribution, Stall, Unsteady Flow

L TVREMROC . Zh o % EEEREOENFEL S &

][]

RO R L e RE I W E 721,
WTEDOWZERFIC & D BREMEEIERCLEINT AW TIZEESRICRE {BEE I TEERI
xTw3, Lal, ANRBET AL —BEEI/NS EBHL, BEEZ10mM O 7 4 — )V FAFHEREER
WEDICHR L BN EBHCERT 2 0B H 5. BE EOESIHEEITY, 74—V FEE & BRAER

FEEEEREMEEICRE S BEINL BRI T DoEBLINEREPHE TS 2 LT, BERIZEHR
DHAN AR T A L REELRETH L, — K whoEBEEHS ML, SHRORR & AEMERE
2, BUEFTE SO ZRITHITIC L o TRENRET SR, DOEEFCHRIITE I E2HBNELTWS, AT,
TRICERIEIREEIC B B JEIEERIC X D BUERTRE R BAOTRARN RITIE W EEZ 5N BE 70%F
PREFT 5. INoBREShIERERERCHERT BABICBIT 27 4 — NV FPEBROBIEHERERT, %
AT, BREEICEERPE LI ORREZIRE fz, 74—V FERICBOTHERLECE 2 RFEN
LT, ¥BEFACEROBER*EEYT 5 2 L2 L DA TEESETHEL L ZRTHERRE L OB LT
HBRFEFEINE, L UEBRECBWTIREIR 3.

ATAHNBIEEETH Y, /1, BEERAD O

. 2. b NLES
L ORI Z T SRTTHN & 72 ) FE s
Thd, 20z, BEEEELTFHET 2O CHEL Cpr . EHRE [R(1)]
SNBBIERTAEEERAIC VTR, -7 C.: BEARAIFRE [N(2)]
SEOEEHPERNEEDEENE T —Fi3rdh C: > Bxmmffesr [R(3)]
Cn: ®— 2 MES [R(4)]
* ERSZAE 2003 46 A 16 H. ¢ EHE m
*OEE SEASTYER(® 514-8507 di FiEAT 1515).
# E8, SEAYAREIEMAR. L BEAME—RXVFT7—LDEE m
*3 Saction Wind Energy, Technical University of Delft (2628 . T e R _
CN Delft, The Netherlands). L BEHAT—AYPT —ADRS m
E-mail : maeda@mech.mie-u.ac.jp b ERMIEL-EmEES Pa

—119—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1238 74— F RERERE EOEHSHHE
pa i WAT 2WNOE b — B COEE Pa o, ESREESRE S ATV 2 EERE 0 FRI TR
y I REEME m RIZIZALF S TH 2 720, REH» SR~ 10.0
R : Ha#¥E (=5m) m OFTEDONTES LA UE S I, TR 2 HE
Re I BErv A JVAE =Wy THRODEZRUBEERET 2RI TH B, kB,
U: EWHEE m/s EEIRESIEHAD & 2 ICOAERT S,
W:¥ b —EMECORAKE m/s 32 #EE N2rESAERRREONEY
x BTG S BT - - E# m T, WREIIEBREE5.0m, FRP&ET —Shal D
y I BFICEEAMADOERE m HT, B REBHICDUI-W2-250 B, By
a . Biig» o 1c LR TORA 215 W3 & BIGEIC I T DU 9I-W210 B 2 A 2%
B BEiG»S 1c LR TORIMED & ZOEPOBMTIRMBEIC L > T HEAEDTH B,
¢ © JEEE[EIEETE 12 0 3 2 AKSEE P 0 Big» o BB Z TCORUD BRI ThHhb, AHT
v &, 0% ERMBIC B CENMERTo 7. 7,

THERSHEEOLEROC LT ATV YAM

5
it

~,

LI BDDEIHE
3. EREELIURE

31 #FEEAE M1#xEvs— AV FPREEOM
BERY, FEEZERH I 8kW, REBE10.0
m N7EE13.3m, AIEY y FHEEE L O IWET
v 7Y 4 Y FEATFMBEETH 5, HERAMEIE L
SEERERRZ B L 310, REFFHE Y THh 2, 77
—FHWEY ) P L BEEKTHY, SR, T
—RFEDOA T FUABRENDERIITI BT
&%, BEQHEEIZ, ¥4 307~ h S8 L
D, FHEEENLTIBCHEESNS, Fer ks T
— O, F—HE— 23 T TH D, Al
SLUTHENVDHARRETE S, I—AFEITF 2L
EESICERMT Shica—sy ) 2y a -2 X - THl
ET B, BOCyFAR, v FERGAS7—v) >~
FWABESNIRTF vy axX—F Ik THET 3,
HBEYAT LA T UGS AT AT, BHEE
WD Y T R CENERYHL TV S, &

10m

Rotor Plane

Wind
Turbine

Sonic Wind
Speed Meter
=]

 133m

Front View Side View
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Fig.5 Definition of normal force, tangential force,
moment and local angle of attack

Fig.6 Integration method

—121—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1240 74—V FRBRERE EOFEIAHETE
' localShpAngle B 15 V?/ind Speed
; =)
Inflow Direction -‘gg
ES
0
0 1 2 time g ? 4 5
Five- Holes Piiot Tube o ‘Wind Direction
. 3
Rotational BladeRoot Blade Blade Tip ze
Directi ® -60
0 1 S 4 5
% Rotor Speed
Fig. 7 Definition of local slip angle z ; |
FE T T e e
g7 :
n . . n >4 H
Co= ZL&:LZ Coidap; «wreeersenennns (2) 7 :
i=1pa ¢ Ci=1 ° 1 2 g . 3 " 5
Ct = E‘ﬁ;_ég%:%g sz‘d]/f """""""" ( 3 ) - Local Angle of Attack
Cm:%g‘l((:piladxﬁ- Coilidlys) -+wereeeee (4) % :ﬁ
22T dr, dyoid, ME6ICRT &SI i BHODESN 52
BRI L7 RE EIERED o« 85 & O y S~ 0
&%ﬁﬁﬁ%ﬁf@ 5. ¥ 7":, /nz‘, s Lig_ﬁ‘_ﬁﬁfﬁ> 5 %‘f‘(ﬁ” L S
I BEDOEABENETO 2 815 & 0 y M~ DR i3
BETH %, nB, C, 3REEED S AFEEH~D S E

mMEIEE L, C EREBD» O BE~DHAEIE, Cn
EHTB R PLICEREHE D 2IEE Lz, $72, RFRT
X, BRETATO¥EFAETNERMEVA B ICE ST
RLMTOLICEHET S, Sk, © b —EFrHuey
LU THRABSEFENAED E ZIZIEET 3,

5. RBERLEE

5.1 EBRICLZIREMENES X8 128
zAbcx 3 2 sl U, JAa ¢, BEEERR N, BT
Zfa RO AB BELHAIGR C. B UVE
RHATFREC OB ERT, BOE v F M3
KEELTH S, %7z, RERERRICNS 2 BMED S
bEREMNOK X, KFERANDKS & L T
TNEVDTRRL Twiny, BHREERR N IZIEIE
—ETH LD, REAB L VEESEH L Tws, K8
XY, BATAIZA « ZEEELET 5L L bz, BHE
DEEICFEL CHABEBCEHL TWwi 2L bbb
5, 2O aDEBNIE> T, BCHET 2 HEINE
1L, ZORBRELTCBIUVC AEHLTWS,

5.2 BFRAAAICNT 2BERFAN, BRAEAD
BIUE—AV MEEOELL K974 - RE
B L RINEROGREGIR AT, &2 CHETNE A
&, BIARBRIC B W T b ETORE D ABEES 1L

8 8 |
£ E !
= 0
5 :
238 j
0.5 .
0 1 2 L sl 3 4 5
Tangential Force Coefficient
g 00
283
o 5 .2
2]
¢ 8
-0.4 i i H !
0 1 2 3 4 5
Time [s]
| ] ] ] ] ] | ]
0 3% ™ 0 W0 180 260 20
Azimth Ange ¥ [deg]

Fig.8 Time series of wind speed U, wind direction ¢,
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