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Study on Aerodynamic Characteristics of H.A.W.T. by Combination Analysis of

Momentum, Energy and Blade Element theory, and Experiment
(Effects of Angular Rotation of Air Flow on Performance)
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Aerodynamic performance characteristics of the HAWT were investigated theoretically and experimentally by the combination
analysis of momentum, energy, and blade element theory superimposed by the strip element theory, and by a small-scale model,
considering the angular rotation of working flow. In this study, four types of wing section and arrangement of blade were
examined by a small scale experiments under the condition of open typed wind tunnels with free stream 0.8~4.5 m/s and outlet
ducts dia. of 0.88m @ . i.e., tapered rectangular blade with NACA44, LS04 and two-stage pitch angle tapered blade and tip oval
tapered blade with NACA44. The aeronautical characteristics of the H.A.W.T. employing the different blades were discussed to
the relation of Cp, Cy, C, and tip speed ratio A, based on the experimental and analytical results. Prediction results of
aeronautical characteristics for large scale unit are cleared how to be optimized design parameters acting as significant role.
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Fig.1 Streamtube Model of H A W.T
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Fig.2 Schematic drawing of the experimental apparatus

— 461 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

0.6

I ¥ ] [ I ] I I I 1
" Type | ,Veo=4.5m/s
4. FROLM- e B

0 -

Fig7 & Type 1 R, M 4.5m/s, Sy 5 1° Ok ST
DAERBRGMIT BT B M AERE O F S 3T B TS A g
HAICHT 2MERE Ce, MILZHE Ci, AT A MREK s T
CrOBBRERLEDOTHS. ZORFEIIRAHT—E E o
BROBEAERESERBL XN —TRIZERAL KR i 7\ 2
TH5. HEO MIBEBRICODTATEELREE S 02— '
KA=4 M TRAELD, BERDT 525, RIHRK Cr i 5
IZA=6 BB THRA, A=10 T Cp=0 B, 25X MMEEK B Fy
CriJBAEB>TNB I EERL TS, A
. )
’vlulaulruuunu”u 0
g [ Typell, 6 =1° e 7T 9
g _ Voot 3mi® new pies . YT T T T T T T T
" Type Il ,Voo=4.5m/s & Oy=l T
- o 9
¢ b o)
fg_"o.a—
;§- -
% -
0.2 =
Tip speed ratio, A ~
Fig.7 Aerodynamic Performances Characters Cp, C;, Cyp o
luuuu(yuuuuun %
& [ loor=0.08m, 1;,=0.05m , Veo=4.5m/s =
g FQrmé=l7691ip=l . YT T T T T T T T
P L o Cp [ Typelll,Voo=4.5 &  04=1"
¢ r I P [ el Vet i
géfj (o]
S 04
s
:

0.2

Tip speed ratio, A

Fig.8 Aerodynamic Performances Characters Cp, Cp,, Cp;, Cpqg

Fig.8 |¥ Fig.7 LA&HE BT EHER - TXNF - BR

BRI L D A A ST 2 &R Ce,
HET X FEOBICET < HAHRK Cov,, BEIFIF o
HERFE Cor, PIATRIINFHERBEK Ceo, DBFKERL I
HOT, FEEBORBEFBEIL Ce= Cpv—Cpr—Cpa DB
fRich D, REOEEZHIET 2HMEITERT 2HNEK
NEGHRD EBABIZBNWTELWI EEZRL TWS.

Fig.9 I3EHE 4.56m/s CEHFTEBR BRESHEBRICK
LEMEREBEUERICEIDZ/EREZEZ T L — RIEITKRE
B Co LAMBARELA DBERTELEDDTH S .28,
EBTICBWTEYELEZL Fig2 ERALKHETER 3%
OEBFCBITIHNFREEELEL THB.

ERIEEBITED LBIZBNWT Type I (LSONIZEEL
TRENDZVEMIAHLTWS. CREBRTEORL
A INZEBH FHBREOBRECEEN D 27D TEHH% 0 10
DEHELZW, FRERIIBIBZREBEY Yy FATLEDOR Tip speed ratio, A
BEREEEATREREEHOZNKES Ey FARENL
PTVWRAEEEZSND. FRBRWEL y FABEEZR Fig9 Verification of the theoretically performance results
DENI—EVHET, RENERBEELNAETHEN with the experimental values
HEFMNERTE, BLHAEENHFTES.

Power coefficient,C,
e
E-N

02 j=—

— 462 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

Type I(NACA4D)IZ BN T L DEDH B D, &AM
R R T ARBEEE LOMEPITIFEE LWE, KEEREKT
AR v FABKEVEEOEII PENETHIBERY
HABMIEZ—BLTWS. K YTFA 1° OFMFKR
BOTEWHERMEDSRZT 5h 5D, S0 Tk HEE
DETHRETH 5. IhiZBREETHERBPHER
BICRSTWAEEDEEZISND.

Type (NACA44) TIXERHE & BITEDOEDKE L, &
WPy IFA 7° OBOEREIEDTEN. Zhdiihz
BNCHZ AR B AERBICHEL 25, ZOHEALE
SR L D EMA=EOHEEARSOEDZ AL —
BLRoF, ZDIIRBENMEREE-oELEEZEILND.
Type V(NACA44)IZ 5 A D 4 FEOR TIXERMEHRITEIC
BULEVWERE2EE. R YFA 1° ORIZH IR
EHESE VDB TN E AR PHAZEREBICR>TNS
EDTHE. TEEYvFAZELORBERBOMBEOENNE
WOTY yFAGIEICEA»T, REY Yy FAICBIT 3E
TEEvFLEBHEICEL TR VWIS, oL 2B
PwvFAROENTH S, RLbhEyvFARZ—EFERL
LR, Z2ORBCEDAZAD—EIZRD, HD%
Wy FACBOTELERRET ZEPEIRLINE.

Fig.10 iZ5cMR, KRMEAERE, 2 BY Yy FH, &
SR Z LSHEIC BT 2BREE v FAICERE L= 60m ¢

OREANY — L OUEFUDHEREZRLEODTHS.

RTEHEEEIX 4.0m, SHRBREEIBEMED 0.8m,
ZOftik 1.6m L L. ThoPSEARIZEMELD D
BEFEHESERETETIMLELTHY, SEEAEELRTD
IV EAETHATEDZ LIRS TVWEDONEbIS. X
FAEE T OBREEE VoVl X5 5 bHEREIC RS
CTWBAD, EHEDIESPERNEGFE TEEEE > TWVWED
DEHEND. 2 BE v FRLAMBELHEARD LAMKICER
KSR, EhUEEEso, gREgEonwThdmEt
LTNWT, BHRL L HICEA L TIREMRIVERTY
22eHbhb. LHBEEERMOED0.4m)E TR
FAGHIE L OBRERE T2, BARERKE®KITE
FETLTWED, HAOTERAGEEEIEERICEL, YA
RAGHTCIRELTHATEZ L Bbh 5. FRER
HESFTIIMEEDOR CIXAREPEHEREBICHR>TW
0, WMAEHBRTIRELY, BEMEREAREEZ LTVWSE
W23, bbAA, SRHOBEESEET IHOFERE L
THME YT A0, 22° ,3° LTI LbENTHS.

5. &&
FFRE7ORSBEANY — L ORBERETY, B
MBEREPV T, ZOEHEEZHAODPIZLELDTH S.
T, KR T/ O AERmETIETS.
(1) NACA44 ZHE L D LS04 RBEROABRERL LT
BEhiBErEL, CuyFAEHEICELTNS.
@ %%%%H%ﬁ%u%ﬂﬂ%tEw%éﬁittw,
HREUEMEZEshRDP o= . SBOB L L.
@} 2BREyFRREEHEYyFATKRERMERLE L,
EERRFO TR CIXERRMARETRNTAEETH 5.
4) 60m @HD KB DEMETILEMMIEATIRE, 2 BY
VFREHIAMBL Y IR LA FREHS. L
P LR PHERBICHE > T LES>DT, FAER B
F3EDIZAEBEARERZEEICE LS LEIED BEE
BEEBETOHNIOLED, BEAROERBIZXZELN
HEPHITE—X > MOEKE, Z L TEMAMKIZDR
Bh, EAMEEHILIENTS.

g
=N

£ WL N N I O
O SEM, 60m P |, Voo=4.5m/s
S e ° o _
E = 0 rool=17 > 9 tip=l
8 04 f— e -
n;i = - s
& .-.CP =i 0.5
02— root ]
- N\ -
L Ly by s L ha gl
0 5 10 15 _ 20
Tip specd ratio, A
0.6 1
B T T [T T T T[T T T LT 1T
SO FEFT,60m P , Voo=4.5m/s
E - \;\". ' 9 rool=17 s 0 lig—";l n
g 04f— 4 It -
5 e/ TNl N T ]
[ _CP ------ —J 05
02 b root _
— \ =
- \ -1
IP4ENEENENENEEAY NN A
0 5 10 ) .15 20
Tip speed ratio, A
T T I I I T I T [TTrTT7Y]
g T R 2BREw T ,60mD , Voo=4.5m/s
é - . % rool=21° , 0 u'p=4°-
8 04— o]

3 S 2 N -
& - Cp SOTTIUTINTIIRRRTEY, \ —405
0.2 = -

. D atat T U
a1 v by 11,
0 5 10 15 20
Tip speed ratio, A
R T[T T I T [ TT T jrrrr}
LN, B 60m D, VeomdSmis—
g L );\‘\\ 0 o=17" ) lipzyl,c—’--
% 04 b= m S N -1
1 B s ) -
K] L. P/ e N —05
02— _
s \\.‘
b L by vl

0
0 5 10 15 20
Tip speed ratio, A

Fig.10 Aerodynamic Performances Characters of HA.W.T
for large scale unit
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