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Theoretical and Experimental Study on Aerodynamic Characteristics of H. A. W. T.
(In case of NACA44 series Blade equipped with a Single-slotted Flap)

BE L B B B 3, &8 BE (EEIX)
I B ((((Bk) BBV RAF AV V= arX)
FES ¥ (BH8#7r7 /%)

Koki Kishinami, Jyun Suzuki, Satoshi Konishi, Syuhei Takazakura, Hiromu Sugiyama
& Hiroshi Ibano, Muroran Institute of Technology, 27-1 Mizumoto-cho, Muroran 050-8585

Aerodynamic performance characteristics of the HAWT were investigated theoretically by the combina-
tion analysis of momentum, energy, and blade element theory by using the strip element theory, and
experimentally by a sub-scale model, by considering the angular rotation of working flow. In this study,
no twist rectangular blade with NACA44 series aerofoil were examined by the analytical results under
the condition of open typed wind tunnels with wind stream 0.8~4.5 m/s and outlet ducts dia of 0.88m @ .
The aeronautical characteristics of the H.A.-W.T. were cleared to the relationship between Cp, Cr,Cq and
tip speed ratio A, and the far wake flow velocity distribution, for the pitch angle as parameter.
Particularly, slotted flap was considered to avoid a stall of the blade for a gust with vortex, therefore, the
rectangular blade with a single-slotted flap was examined by experiment. Obtained results were
discussed under the same condition as parameter of attack angle and flap angle acting as significant role.

Key Word: Horizontal Axis Wind Turbine, Momentum and Blade Element Combination Theory,
Power Coefficient Cyp, Tip Speed Ratio A, No Twist Rectangular Blade with A Single-slotted Flap.
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Fig.7 Power and Thrust Coefficient for Type II Blade

AT IREEEERORE RILERTHRD LN, T LS
DFLhEVD S, Bl v FARMIL deg(0)=8° HIRIZH %,

Fig.8 I0id Fig.7 L A—RMI B 2 AMEBLLA LD
BERTHETEE W/V,, & A5 FBEEE RS 2’ 24 DT
BRETRT. MLD. v FAdeg(0)-8° DBHERNTILE
HEER R LEIC P OBE, SRFIEEEELRVIL
DPABEDRABHEBR>T WD, Wi, 7V — FEUESR
IR, BN b B TR )L IR — AR 2D ERE
F UL, A4~E BoBBHARIC B TERLINTW .
—%. AAEHEEERE a ERomicBOTRE (kM
T 2 AMEDRD S, ERORHEBEERE Ve=2
wra’ & {EAEERE T r AR, mEEER (A
=8) Tl 7V — FERER T ORERMMIENTH D, 24
EUTHEET RV FORBEHRICHDZRKIEITDH 2,

]

W/ Ve

Fig.8 Wake and Tangential Induction Factor a’
Distribution along Blade of Type I

4. 2 NACAH RREAHEHOMRER OB

BILE NACA44 REAZRAWEIERL W EEREEDEAN
MEgERM 2R U=, Fig.6 IoR$ C,C Rtk (b &
ERAOBREMRERICIRETEBIODVWTHLIIILTA S,
HAOLEHEHETOYS ATBNT, FhEh 5%,
5% & 15%WMUEBE, Boh3HA i MLy EED
fETREREFig.9I2 52 %, WAL BB ERZTN10%,
15% M L =154, (REOEE A=3~4 TOH A, MV 7 20%
~30%M L. BERBOBRXED R 0.4 55 0.45 & 10%
UEosEinhRoh s, RECECT 2REIEAHADK
EL, FAHDNIRBLEEZZZIENTEDLD, ZOXIGK
LT, QREREAROEE - 5. OFFECRICIBET
nE, BHUBRE2ETZ75 Y 7TEBOESEREDEZS
ha, B, BHEL7 Sy 708FIRAZAKROE FHEH
5DFIEE - HAATE R ERIE U LdtE 0@ EHSFRHIE NS,
75y 7R RICRBET NI RDREE LI ENT
& 5h. REERTROMM, BRBOEIZi->THRALHE
MLTLES. 2L LT, BER7Z Y 7OEBIILVE
AR RBRBAMAKRE LR Z2EBEZ L,

— 440 —

NI | -El ectronic Library Service



The Japan

100
090
080
070
060
050
040
030
020
0.10

000

[R5 B2 de g(0)=6

FLBEERM (Cp)

Soci ety of Mechani cal Engineers

BRHE (MBEAREVoo=48[m/s]), deg(0)=(8)

* Vooz48[m/s] deg0)6.deg(1)=1
Vooz4 8[m/s] deg(0)=8 deg(1)=1

v

(WIRA B EVoo=4.8[m/s)),

- Vooz4 8[m/s] deg(0)10deg(1)=!
= typeVl £ B Bdeg(0)=(6.8.10.12.14) < vm=4,a{m/={n-:((or12.du§m
= e A Hdeg(0)=(6.8.10.12.14) L8 ¢ Vooz48{m/s] deg(0)=14.deg(1)=1
— } 045 i <o+ V0024 8{m/s] deg(0)=6 MR
—— HARM=105, BH=11508, Z5A-EK 1 ~+=-Vooz4 8m/s] dee(0)-3 MAH K
- —o— R NGEE=105, B N=11008F, ZA5AHRY B il 2 O —=—Veoz4.8{m/s] degl0)10 MM
= - —— fRARM=100, WN=10008, RSAMEN 040 o | ——Veoz4 8[m/s] dogl0k 12 BRI
—— R NRE=105. WH=11508F, RHEY X : —o—Voozd B[m/s] deg(0)14. MR S¥
A AGRK=105, BN=11008, RHEER 035 # 2
. —— HAGE=100. BN=1000%. EMHEH v/ " 57
E —— N1 05, BN=11508, FLIRK 030 S S
>, — RNHER=105, BN=11008, FLIEYK ;& ,:'.A e =
—- RNEH=100. |H=10008, FLIES = - LA
£ s - #o2s P o D
] - 4 - 1 R " X X
.l — E N A
- 4 #8020 7 5 3 X
E=Z 7 o EEN
,’I,, I:. 015 =+ ,Iv' ok \\- "
e - e e -
/ : 3 0.10 I 2 %
L] , <
i E=s=st ' =SSR i Cro
- i o 005 (S ; ;
00 20 40 60 80 100 120 -
SEURRERIL(A) PPN = e e e
00 20 40 SHNEE(A) 80 100 120

Fig.9 Prediction Result of Cp, Ci and Cq for Typelll by
changing Cr and Cp of NACA 4415 Aerofoil
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