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Qualitative Analysis of the Performance of a

Vertical-Axis Wind Turbine
Student : Tzu-Hsiang Lin Advisor : Dr. Yeng-Yung Tsui

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

A new type of vertical-axis wind turbine is developed in this project. This
new design combines the merits of the lift type and drag type of wind turbines. It
also possesses a feature by which several turbine wheels can be stacked together
to get higher output power. The method of computational fluid dynamics is
mainly used to investigate the flow structure and aerodynamic characteristics,
also conducted is the experimental work to validate the numerical simulation.
The numerical scheme is based on.a-finite volume method. The multiple
reference frames (MRF) is adopted to tackle the rotation of the turbine wheel. To
simplify the complicated problems, the quasi-unsteady state is assumed so that
the wind turbine is fixed at anumber of specified angular positions and unsteady
computations are undertaken.

It is obtained from the simulation that the resulted torque is related to the
angular speed of the wind turbine in a linear decreasing fashion, a quadratic
function of the wind velocity and a cubic function of the diameter of the wind
turbine. After non-dimensionalization, the resulting moment coefficient becomes
a linearly decreasing function of the tip speed ratio. It can be derived from this
relationship to show that the power coefficient is a quadratic function of the tip
speed ratio and, furthermore, to find the maximum power coefficient and the
optimum tip speed ratio. It is also shown that by using the fully unsteady model,
in which the wind turbine continuously rotates in the simulation, the above
correlations are still valid. However, comparing with the quasi-unsteady
calculations, the resulting moment coefficient and power coefficient are much
higher. The experimental results lies in between of the fully unsteady and
quasi-unsteady predictions. For the quasi-unsteady on calculations, the effect of
inertia is not property accounted for. As for experiments, the experimental rigs
are too rough and there are a lot of uncertainties about the measurements, cause
the experimental inaccuracy.
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[/ k-g Model kL1 EHiGY -

o Y k-g Model [E ™ [FT E,j%‘?’ﬁplgw’hﬁi | RNG k-& Model fi* 3™ 7

:;E III 5\771 "jﬁ-f

e R RNG ke Model RIPIT PRI [ SAERS - 2 51 E i FE Y
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FE[&[: H IFH{I o kﬂ‘;x’ﬁgpriﬂiﬁ SRR LI

0 0 0 ok
k HFHF k)+ ku,)=— — [+ G, -
Iz ot (,0 ) o i(p U.) ox {akzueff 8XJ+ Kk ~PE
g HAH %(,05) +§Xi(pgui)=
0

Ol 98 +C LG, -C £ _R
aXi g/ueff 8XJ k 25p k &

i an /ut ij a
g _ 10u; au au;
! 6x axi
P S, (VAT IR 9= B (mean rate-0f-strain tensor)

;‘g?ﬁ“;ﬁ?ﬁ [ARBae,

RNG st TR B (i 1 20 1

ok v
d 1.72——dv
[\/5/1] JV =1+C,

Epfre
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(2.14)

(2.15)

(2.16)

2.17)

(2.18)



(2.18)=1 it sl = 47 ﬁ%?ﬁ%@@'ﬁff LTHFEL L I > Tl {F.pé]ﬂﬁﬁik CHIES
K* (2.19)

Inverse Effective Prandtl Numbers o, ~ «,

7t RNG Eﬁlﬁﬂ R o S a, TN

0.3679

0.6321
(2—13929 " | +2.3929 [y (2.20)
@, —13929]  |a, +2.3929] Lo

e, =1.0

B T R (E < 1) o [ e =, %1.393 -
P /ueff

] RNG k-¢ Model % K=¢ Model &= fifiv 1 £ ¢ 1[I R ZH > X

e B

c.on'(1-7 ]
) WP 7

&
= T+ 5 s (2.21)
Sk
Hilip=— - S=25;S; - n,=438 - f=0.012
&
SR (2.21) FRIpI2.15)BER e it B E]] & 1R R i 20 8
0 0 0 os g’
— +—( psu, +C,, G —-C, p=— 2.22
8t(pg) aXI (108 |) axl£ é‘ﬂeff axjj k 25p k ( )
()
4 ae~F #77 ( 770
£ I=C,, =C,, + e (2.23)
n
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P | O (g <) » C, (RGP C, 2.0 - g
k-g Model [[IC,, =1.9241T - [T 77 > 7, Eﬁ C,, [ wC,, - ﬁfﬁf[ﬁl RNG k-¢
Model Fﬂ[@ﬁ k-¢ Model =' & EI IEEEI J_E'%fr iﬁﬁbl EIJT %/J[ 7]L 1+ RNG 2 IEHNT@E ’
(2.15);“F[lf{ Wt C,, =142 ~ C,, =1.68 -
2.3 @pl R

4 LY WG BB 2.2) @ PSSR
?B@F:P[ » Kl H[HIFJEF?EIHA _ﬁ;g’l *JH[EJFEL iﬂmﬁﬁwﬁ J%E}JEFT:E-I o [ j\/&{ﬁjﬁ IH“
2.3.1 S 1 B 5

EFAE] P 55 i Bprfs + [ e 15 S o BT RS K

W e R

3 k(1)
k==U,_1)*; 5:,0Cﬂ—(&j
2 u\ u

Up 3]0 o S 2.2 1 inlet 5 -

I E,Eiﬁﬂfi@(turbulence intensity) > 7F LFE@I%FE 10% -

il ‘_%ﬁifﬁjﬁ (5 t={7](Turbulent Viscosity Ratio) » 7F LPﬂfEir%?E@ 100 o

2.3.2 I 2R

A YRR A TR ES ANSYS Fluent [ [ # (Outflow Condition)
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TR PEEEn ] TR o op ALY P RIS g A -
233 SpEE P IET

ANSYS Fluent [*[HH pussfidd iy (£ (Symmetry Condition) f@r%,[‘ I N
A

o SPEE T Y R R

C SR TR
23.4 BT T

IS £ 2 Ejﬁ%ﬁ ) Fr[’srfi ﬁ;?ﬁ [fjfh?gp@ﬁ@ Tﬁ gﬁ{*@@g E;_T‘:E- lElfJ%EI*JiE

A o °' RNG k-¢ Model 7 ﬁffh lf}{i‘[’ PR vE ﬁ%ﬁ'@ﬁStandard Wall Function )

j%EJZJ_P o
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51= Fi Bl HiF
3.1 [

ANSYS Fluent £ F '] (i POzt EIi e 10550 A - B3 Al
PRAYEE - AP ANSYS Fluent firtBfSr 50 o (PR i
I~ B BT [ R R [ (13.0.0) = Ui PO
L& (DesignModeler) ~ ?ﬁfﬁﬁ B F‘}E"?:”J%’[J(Meshing)?'? % ] j@ﬁ Z[ Fluent 8"
HL o i 7 E B RSP BT E A B T I 1 TR
(Finite Volume Method, FVM):f*##» il M | H ljjf‘rﬂﬁﬂj I T T G EJ%’H%H
SRR (™ o TN B S

FEJk ANSYS Fluent 13:0 A5=UfEF 82 ie & = M50 11 > (4 roAesifit i
AEGIHIT (SHRDY- 2 Gambit - BT L 2 SolidWorks % Pro/E [
it R BB IH ' ﬁf}?ﬁf‘xgl\m > FLETE B AFIEHS ANSYS Fluent #8157 §if
My SR p@;\[ﬁﬁ@;? ANSYS Fluent 7 o

AP R I B RS B A 1 R o [
SARLZ R el S BV R B 5L AR R S5 P H
FTT ISR ERTRE o o RS I ED RNG kee 515

¢%| FIRSES /1 F 7 ANSYS Fluent i F’ﬂﬁ[ HIRVEY T kR 0 3.2 é{?gmilgﬁ

PRSI 3.3 AL I EE ‘/lf F%JIT U 34 A Afi SIMPLE

i
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;FEL '—ﬁ: %{/I Efjiﬁlé‘@‘%%@?\? N E{*JE'{ _ij%g?\?k’/ k %l:[ € “{,1@;& , —FIJ EIJ_R ZﬂJleE]

SRl S S N
0 .
a(pgb)JergéVr :V'F¢V¢+S¢

BN e E YRR 53 G DA S TR T i PR
TR
3.2.1 ZERRfEFi(Unsteady Term)

B PR S VIS

0 opé
Jlop)v -5

ST A a¢ﬂ ENA

-

&

9 _
~-F )

¥f(3.3)=4 Fﬁ%‘r [* ANSYS Fluent 551%3&7? H | First Order Implicit :

¢n+1 N ¢n _ n+1
At F (¢ )

¢n+1 _ ¢n L AtF (¢n+l)
#5551 56— [RfRIEO Sl

3.2.2 %ﬁ}‘FJEJ(Convection Term)

3.1)

jrh/FJ >

(3.2)

(3.3)

(3.4)

(3.5)

SPEERRIAV - pgve FIALFH] ﬁ s 2R (Gauss divergence theorem) -
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;L["j/ FE% 1 TR PR N I%ﬁ’ 2E(Midpoint rule)}[ﬁ’ [T 5 R 5T

=
jvv- ppvidV = pgv; -d A (3.6)
95p¢\7r-d7xzzf:pf¢fvrf A :meqﬁf :ZFS (3.7)
Epfre
m, T ES< (mass flow rate)

Fe Hhfap]El (flux)

R R PUSEA o SRS SR TE YRR o LR B DO R 5T

(Second-Order Upwind Scheme){=ef £’ ﬁiﬁﬂf\rﬁjﬁ%’ﬁ%@ :
FC=m, ¢, :mf(¢+v¢-F) (3.8)

Epfre
¢ T H e L i
Vo fﬁﬁ[ﬁ?ﬁﬁﬂ o 493
ro PR R O
3.2.3 J’Eﬁ?‘TEJ(Diffusion Term)

RSBV T,V 225 [R5 7
Frdiog o FE RSN Ao B 55320 I i

[ v-T,vgdv =¢T,ve dA (3.9)

$r,ve-dA~Y (T, V4) -Si=3FF (3.10)
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3.2.4 ﬁlﬁﬁ?ﬁj@ AUSHET
B R pIEACTE HE HIFY V4 o ANSYS Fluent 13.0 fii™] Least

Squares Cell-Based #1F » EIEFJH

(Vo). - AL =(d; — ) (3.11)
T IPEAG B AR AT AR o BRSO 3.1) U PSRRI

[3](Ve),, =Ad (3.12)
BAR

[3] Fodhep 18 fp P45 a4 RS 7 (R

Ap=(¢ — )

Vi, =di+d,] (3.13)
G I3)Z i M IR E B W28 S0 E

(¢X )cO = iw XiO '(¢ci _¢c0) (314)
(¢y )co - iw yi0 ’ (¢ci - ¢c0) (315)

3.2.5 JRZEi(Source Term)
SERCE S, 1 1B S RS
[, s,dv = sV (3.16)
3.2.6 AE g A

JHZERRRETE + SRATE  PRCEICE A R o B IR
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:Eal

ap=> a,b,+b (3.17)
nb

E IS p Tﬁgﬂ?’ & nb t@ﬁ‘?ﬁ%ﬁgﬂ? °

B [ FOEREIERRE > 97— 549945 a (under-relaxation factor)
¢=0¢, +alg (3.18)

Hprsigold FUAg -~ MR il o TUSSERET PR A I ST 2
af

a

3.3 B J‘Eﬁ%@@ N4 Iﬁ FA' r%ﬁ [
3.3.1 FHETEI_HVETEIASS

zanb nb+b+ a oPoid (3.19)
nb a

EL iy Ll LAY IR FTE 95 = ANSYS Fluent 91| Rhie [29]
R 3 T B T TR g

e =(PVA), =3, A (3.20)
i P

-

a Voo t+ta, .,V

J. =p, p,c0Vn,co p.cl ncl+df((pc0 ( p) ) (pc1 (Vp)CIE)) (321)

ap,cO + ap,cl

:jf+df(pco_pcl)
EF1N AR 0,1 B Pﬁlﬁgﬁxﬁ‘%ﬁ S e [ﬁﬁf[[u*plf[lulnﬁ&é} (kL
1 3.2) > iy d, FilTa, fopee
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3.3.2 B[S R
245 Patankar By SIMPLE ]| > F[[F Jﬁfjj’%‘f*ﬁl@’éﬁji O e
FUEI A SR A pi R
Ji=Ji+d (- pa) (3.22)
[ 2 gy LA A ] pJFJ ST,
Ji=di+d, (3.23)
EF, =d (= Py ) » PUEBES]IIETE -

A ISy kbl LAY

N face

> I A =0 (3.24)
f
H(3.22)%2(3.23) (% * (324 BRI Ay (S 1) FH N
a,p'=>a,p,+b (3.25)
nb

I H[ﬂﬂ “FI'b tr.'[ﬁifﬁ(h]@'r Wk

N face

b=3 JIA (3.26)
f

ANSYS Fluent ffi ™| R B2 £l ,%FﬁPFF‘I(Algebraic Multigrid-AMG )y T+ R

TSI (3.25) i S ISTRI p' o 2 (ST R
p=p rap (3.27)
J, :J’;+df(p;0—|0él) (3.28)

$1 v, SRREPT 5 ST R
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3.4 BHEHER
TR Rl at T iR
SASREIE ol © "SAN - PR A t N
L. ;RF[ ! T"Jﬁfljﬁi@ VAR E{}J po - k=SS ’ﬁjb;g%VﬁhiﬁékMo °
L Sfephhl H A -
L FHETEvENARm, » pIES]) S T-H AR p o
IV. FET50 - B R TR it -
V. R e AR O F PR ETE 4

VL R OB (R TR BRIV PR~ [t i -
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ST R
FPERE SRR =R R I T - RS g

SR PRI B 20 e R R FEREIVA S IRE

9h Y BRERYTH I YR TR o i E L A R R R R U

B U] T 00 T I

4.1 Ewﬁﬁfi?ﬁﬁ

411 = ¥ B]R
A URREL - BRI - R8T RO IRR R R 4.1 B

BT > K JPUAF! 6 7. DA IR T M 1 25 0.59m o 1o R T

SER R > FaT T 5T e R R -

4.1.2 EpE
R RS 27 Lutron i) iV AM-4200 i

(I 42010 © HENIAT1ES 0.8 ~30.0 m/s - K +3% -

4.1.3 = TSR A
w43ﬁﬁﬁ%%%$@§@#@%ﬁ%%%’w3@syﬁ%?2@
BRI AR - b5 IRAYEE N RAY o BORFENE D T @7 5 0.28m - H

Sl (R P I = ARy U HR TR - BRI fR R o RN

AFERE Y T o3 V- o
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4.1.4 £

AR T 0 PR HBM 2t plglE Y T22 £ E (R 44) 0 15
SREOEE R BREIE O T RS 0.5% » T P ] 50 N-m B T22 » J[[E1]#T
815 0.25~50 Nom o 7 il ok WLAIGRERE=RRES - o 4 Proplflsn e B2t
BT o IR R SRS T [ R P coupling
(R 4.5) o P91 B A e R R RSV > Rl
I -
4.1.5 FERFEVL

& AR R e R Y UAE T RE ] Rinstrum 2RISR Y
T AL A R320(Q%7l46) ] #gi?tl' /@ﬁr SV 5 T EEIVL
BE= T &FE ‘ﬁ B EEpRER SR EREIEER > 2]]+5V £ 50 N-m » -5V FI[J£%
-50 N-m ©
4.1.6 HHE

A RSB OMEGA 2 RIS I Bt Ot » RISEES HHT13(f!
4.7) « ENHIFE EL 5 ~ 200,000 rpm > FEEE 40.01% o F (=8 ECR A R
A S o SR Sk IR A b PSR SRR 9 AR A R e
T B SR T o A SRR TR O BRSO 3 2t > TR
TR -
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4.2 PREHEFELR

Bl 4.8 4% 415*4%F 4 e e MR e TR e IR AR R
RS F R Jgﬁﬁ“tﬁlﬁﬁﬁ S S R T e SRS AEAR
A D REEEE R - E9RRIENT IR RS R AR A
BRETHEE - IR (SR v % -

AR T HOR RO R EORS 0.7 S PR L R AN
[ E R ST e o A - (e gl R - ETOF R
TIPS T (25, 5,10, 20, 30, 40, 50 Q) RS A f1 O R
VD i R o AR i -
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T AR
5.1 PR YO TS

PRI E T s AT R ETRERONAT 5.0 7= 2 (R R S
P - U, o B UR R Im o LIRS 50 Fff’,;'/rﬁ“ﬁﬁ N
FELLG I B 1.1 lﬁfw@kﬁl 7 (RS ) o [ A PF'E %o (f52) =7 30° fit
< R o= 0° I ST UL 5.3 A Bl A R A -

Al ok (TR Bl -

APEERES AR B RY SRFAEROR R AN VR - 5
T [l B S L R (U, =4, 8, 12, 16 m/s) »
BSIGH(N =30, 60, 90, 120 RPM ) » St4§FI (D =0.5, 1, 1.5, 2 m)» 5]

HIPFZ 107 - Job e DRTFETEAAIN S 2 ERT A i fie Tk -
5.2 Wi

PV S PR (S R U < 5 E el ) B ST
R A AT SRR PR R R R R PR
A (= el TR« [ VU, =8 /s N =60 RPM T

[fi' 5.4 K £ R (Moment Coefficient) Cm [ftf ][ [~ [l - Cm 391

N

T
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iz (kg 4 VEFi(-m) > A RAEESO R DA (m®) © R(=D/2) RAE RS
A E(m) -

PR PP e 7 28 B e = 0° [ Cm 2R ARES - gr,a 60°
90° ~120° [ » Cm 75 T S HATE[IORA [ > 7 or = 150° [ H AL [l AR <
T EPIIRR N ORI 10sec ) EEY 20sec [ Cm fiiZvE 1 5(Cm)
MRS -

SO R O PR GURLE o H RS £ RS 0° 1 > H
B A4 AFIEPE )55 S8R (bIuff body) » [N]fi % % %) Karman vortex street
AT RREL - LTSS R > PRI T o = 90° (&
DI > 7~ SRR ™ F 1 R R EOR I S med (17 ¢ P
PR TR B AR5 v e O RS o 20 TR Y b
oY (R PR S e el T Er R EER g o PR Cm i
@Jp*ﬁﬁ Rl i Y= (R THIR > P sy T [y

= AT o B S [ B T T P e R
fiap o P Crn fffE 26 -

5.3 a‘{ﬁ?rﬁglﬁlfjglﬁ

[f' 5.6 FL [ VECEU, =8 m/s ~ N = 60 RPM 5 f@ﬂjjﬁﬁﬁfﬁﬁﬁ@’r

ﬁ?ﬁ 1% Cm fIpvs3 ) L i[l%[ﬁ%ﬁ%’v’& 8003 = 42180 Ei]f, % Cm i
3 MR (AR S 8003 % 23108 [5 7 SSEI A7 Om) e LR
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ﬁ@f‘*(giﬁaﬂ 5.7) » ﬁnﬁﬁﬁﬁffﬁgmmos% 42180 Eﬁgmc_m (RAEE R 1% - i i

g ﬁﬁF‘ETZHOS » Iy pdr ﬁ];ﬁgﬁ’?ﬂ‘@-ﬁﬂﬁ
5.4 84 GrE OB

[fi' 5.8 FLHT S EIH M (1s)~ = S IR 4 (3s) ~ HT S B FIH 7 (1s+2a)
FIRA R Gst2a) [ )% Cm [T (7 [ VR U, =8 m/s i
N =90 RPM ) » 7 o =30° [ = B0 M ~ 81 W BT S [y 1 OB € i
Cm i » iy o =90° % 120° % % %S Cm ff o #1 S FJH& H 54 Cm 153
TIPS T Cm [ (== | 5 S gl S R )
(CM=0.0051) » £ 7 E581 S FIUHREAE B4 545 Cm = —0.0076 Y22 1 S T #
e ES(Cm=—0.0325) » 12 8 BB UL R (R(Cm =—0.0515) > =
A T R AR Y B RS (3 2a) F | R - o
5.5 {High N SFE RS

A 5.9 £LU, =8 m/s  D=Im [ - #E N =30, 60, 90, 120 RPM Fri
2L (PR ¥R ASEEISIOR T 1 BORLE N =90 RPM
Eﬁ#'%ﬁ@ﬁ PR Ee o [P T‘+Fﬁ°@u —8m/sE3Jf HF“%’\FIJEIE[IE:—EEAE’%T%E

90RPM -
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5.6 7 [ VR'gh Uy S HFIRORYEY

[ 5.10 857 N =90 RPM = D=1m [ff » 7 [ VU, = 4,8,12,16m/s 1Y
B PR R R - R R R
lFﬁzﬁ FrEEE R (s *ﬁpj[%ﬁjf,”—k o
5.7 BETRE D BEHAVIYE

[ 5. 11 B 7 Uy =8 m/s[ » FERAEE N=45 % 90RPM » I et iy
e D SRS i T mE s P RS
1=y PRI = R = = = R

7 fECmE R LB T TSR ORI 7
LR PATSR)FL— ET ISR = B[R e R B o= 1o 35

=R RC e RN RS ey &

TSR=R® (5.2)
UO
F f‘déﬁ@@ o= 2—” N
60

fﬁ/ I—P[qﬁl 59 —fqaﬂ’l 5.11 FIJ;@E;,J PRI .’gé E[. /‘qﬁl 5.12 > .ipﬂ@gu » 2
SRR ErCm W B L - TSR - R8s ’F‘“ﬁ’rﬁ (7

Cm=-aTSR+b (5.3)

I a b T T A FERTH I 1795 a=0.4 - b=0.24 » ¥ Cm > TSR

I B [ R G R

31



b 2
r=—2 LAzD? NU, +— pADU; 5.4
220" 27 (5.4)

EESEIE I A T B A=DH o HRLEBSE o IR
a b 1o
r:—%pHﬂDmuo +ZpHD U, (5.5)
FAT R GIOREN T2 N R SUERHET  T Uy sy T v
FORREE » i o= D[S = SRR
5.9 T (R C, 2R H % I TSR ORI LR

RIS Do R Gy 2 > H R
P

Co=1—
S PUA

(5.6)

B P RS AT 4 AV P 2w LP“%’.&)=6—75N b A S TCRY)

AER(5.6) P I A
C,=C_-TSR (5.7)
JFjCm Cm= TSR Elfjréfal'{'s?“(s.s)ﬁ TR
C, =—a(TSR)’ +b-TSR (5.8)
Upurh ] G TSR )RS = RS RIS - e H R
B TSR -

_1b

TSR] (5.9)

optimum —

IR Cp fifr £ =
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1b?
C =—— 5.10
P |max 4 a ( )

FEGHNGET RO 513 0 4 a=0.4, b=024 (% [ IR {f TSR=03 WA
C,=0.036 -
5.10 j}%’g[ e Eﬁf‘ﬁ‘ﬁtﬁ

BY 1  FETTEASURYEELE » pIIFEE 2 TRRCUV R Rl et
e = AR T o s TR [l S - [T S. 14 S2 0 5.15
BL [ VECGHU, =8 m/s ~ BN =90 RPM ™ Cm fi i flfv53 7)) > Cm fif
P el By (SR PR PR R B gy N [l P e o 2 s e Il
PHERT FIFII0 = 5 F))Coy it BEHIAREL - B I ke S v 7
T P28 = 30 FP)[EnE R AREPVEIV SRR -

T ARPTTESTATH B E AR AR o 5 30° i AR AT
YL DA ST RS T R o IR S
10° fhe= AU 2R PRI AT R T - W 5.16 [ 5.17 P o
[EVEISEECR %ﬂ“’*ﬁ(r 1 10°%= 30%) % = Eﬁﬁf"fﬂ il e i Cm
(7 ™ ' 5.16 PUiibigly 60rpm i HRAPTREA 8= Cm [ T o =30° 1)
> S AR R TSR PRI > iy = AR Cm
RS > SRS Cm it A% e =50 ¢ [l 5.17 SREGH 90rpm fUFHR -
[FIBRS ARG e Cm (158 % T o =30° )] » B £ ™ s 2
T 2 SRR > 7 = TR ) Cm i @ =120° - )
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TRV Bl 200 IR > Cm ?BLJIEI WU S S T e b L
PN L R S.18 PR 120mpm [IURE > TP 2 AR
Fp Cm 9 58 0 =120°> 2 C SIS sin fhEes iy TSR 7 -
TS = PTREARSE L R ORE Y -

[fi' 5.19 B P IRAIRE BT R U, =8 m/s ™~ FlEGHE N o

T

SRR PR R RTROR IR R 8 0.0 %) 2 WTERT RITIIES 1e-4
oo PR ORI T E TS o Al s RS B o (2 ﬂ’*ﬁ St
[ T s GEFR TR P B POARI » S {0 SR i SR TEAS R o
PO - ISH e = OIS 71 > = SRRSO | 1 Bl
M 595 240RPM > ik ] ﬁ”j%ﬁﬁﬁ FITAS-90RPM » il bl ey - %077 %
i = R Y N RERRE NIRRT T

(9 [AETHAR P O Sl -

AP 519 Bl R ERETRE(L07)% = TSR B Cm=* TSR fif TR
(EES I RIED a=0.48 ~ b=0.32 % a=0.326 ~ b=0.518 q%ﬁ'520}[j%ﬂﬁf“§1§%ﬁ
& Cp il P> DUPIRARV T el - = s Arposhas Ry e 2 -
FRAA I (P Cp =2 TSR BTN LO)E e 1 2 s34
VHj 1= 4% Savonius BIESHAT] o J R TSR M AP FE C =

VAT o
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5.11 B Yr by
IR B RAS RS SR o T BRUE Y 0.7m B T [l P
BT 5.21) EL e 5 3 [ [{/(r=0m) 7 r=0.15m 5 > A (r=0.3m)
I [BI(r=0.4m) > S 45° BHE > AR R T it 6 ) g0 ) GO e
5.22) > TRl — T R
U=-114r>+31r+6 (5.11)
S RO T U, g

J'OQ”_[ORU rdrd@

Rz

U, = (5.12)
FIA5T FIUR=0.4m » 5% % ST @ HT S5 R, 5955 5.46 m/s -
HERETH B4 A SO ¢, o [ 523 HRiE
AR N 1 Cm i =it - % R B BHEE IR 0. 7me pHPRTe 5
BRa /A RTTEASUREE 2 TR ] ”ﬁf@ﬁ i TSR BT
£ SRS e (e i Cm frse = PTTERR
e B S E S R o o -
[ 5.24 ISV IR I Y C, = T 1T S U BRSR F C,
T 011 BRI E, Cp BT BT ST 7 - (1 Cm Al 53t [0
F1(5.9)7 (5. 10)8 PRI Rl T AT 1= g B U a ~ b (757
fib TSR M f i3 (75 C, £
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il b PFIE 1% (= 10°) %?’Tﬁﬁ?ﬁ}f’? EETREN

a 0.48 0.326 0.62

b 0.32 0.518 0.53
TSR [optimum 0.33 0.8 0.43
Col... 0.053 0.215 0.113

i (TS AR R B TSR 2Rk (g C, 5 [

02 THE AR ORI AR PR o I T SR
PR G LT - oy BT R A LIRS 1 R

Jaz—r%ﬁﬁ;j %L%Ta'sr%’. P P R E A IO TIRE e R RS

IZ [

e 2 B Y 2 G

T RSE 9 B AR LR B i B MR B 2T RR
ORI s SRR T P T R

FIT et RSB AT 1 BSERR » SELepal JEE  S
BRA R Wb R g e EHE

PR BB NS SR SIS RS > 2
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