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Diametro:17m
Potencia: 12kW

Micro-Turbinas <1,0 kW
Turbinas de pequeno porte 1a50 kw
Turbinas de médio porte 50 kW a 500 kW
Turbinas de grande porte 1MW a 4MW

IEC-NORM 61400-2:2006
IEC<200 m2 (Aprox. D=16m) < (50 a 60 kW)

Micro-Turbinas 1 2,5 10
Pequeno 50 15 25
Médio 300 31 40
Grande 3000 100 100

Rotor diameter: 82m
Hub height: 78m

Rotor diameter: 3.5m
G Hub height: 11m
20m
10m I
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(a) Vertical-axis and (b) horizontal-axis wind turbines
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TURBINAS - AREA BARRIDA

Modelo do Disco Atuador
(esteira sem rotacdo)

Consideracdes
i. Escoamento homogéneo, incompressivel, permanente
ii. Escoamento uniforme sobre o disco (empuxo uniforme)

iii. Disco homogéneo

iv. Disco sem rotagéo
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Coeficiente de Torque
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SAVONIUS

*Maquina que opera por arrasto

«Alto torque de partida

*Baixo TSR

*Baixo rendimento

*Acoplamento direto (sistemas bombeamen

TIPO H ou DARRIEUS

! Maquina que opera por sustentagao
Baixo torque de partida
Maior TSR
Maior rendimento
Acoplamento direto (gerador elétrico)

ROTOR SAVONIUS

Patente
Sigurd Savonius [ (1926)
(1884 -1931) l
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SAVONIUS ROTOR PUNMPING
WATER

E&MP 100.002
Power from Wind

The new S-shaped rotor mvented by 5.1
Savonius of Helangfors, Fudand.

Thie i the most efficient means known of

getting power fiom moving ai and fas
beén used as o veatilator.

A sy rotor ean also be nsed az a tudal
motor in wiicl case it always mims m the
same duection regardless of whether the
tule 12 ebbang o1 flooding, Savonns rotos
pumping watet

Oniginal Caption by Seience Service
© Mgl cal Engiiveeriig

http://scienceservice.si.edu/pages/100002.htm
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ROTOR SAVONIUS

RESULTADOS EXPERIMENTAIS

Pulley
Nylon Thread
Shaft
Strain Gauges
~Cantilever

Prony brake arrangement for measurement of torque
output.
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Experimental investigations on single stage madified 3avonius rotor
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Ensaios Laboratorio
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Resultados Laboratoério
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ROTOR SAVONIUS CFD

Numerical analys
flow in a two-bucket
Savonius wind turbine
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Generator - 2.0 kW (peak) Permanent Magnet Generator

Rotor Dimensions - D=1,21 m H=2,65 m  Retail Price: $10,500 USD ??
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Georges Darrieus o 1ol
(1888-1979)

*TURBINA DARRIEUS
*ROTOR DE PAS RETAS

*ROTOR HELICOIDAL

Darrieus, G.J.M
Turbine having its rotating shaft transverse tothe  flow of the
current. US Patent No. 1,835,018, 1931

UNITED STATES PATENT OFFICE
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Darrieus

Inventor Frances

Georges Jean Marie Darrieus
Patentes

Francia (1925)

Estados Unidos (1931)
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A Coeficiente de poténcia de turbina Darrieus.
Sheldahl R. E., Klimas P. C., Feltz L. V., “ “Aerodynamic Performance of a 5m diameter
Darrieus Turbine with Extruded Aluminium NACA-0015 Blades”, Sandia Laboratories,
Journal of Energy, vol. 4. 1980, p. 227-232.
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Goefiente de poténcia (Cp)
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http://de.wikipedia.org/wiki/Darrieus-Rotor
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His invention also won the 2001 ASME
Thomas A. Edison Patent Award and was
named one of Popular Science's top 100
innovations of 2001.

Profiled c
arm Rotation
axis

Delta shaped blade

Different concepts

(a) Darrieus 1931

(b) Gorlov 1997

(c) Achard and Maitre 2

J. Zanette,, D. Imbault, A. Tourabi
A design methodology for cross flow water turbines
Renewable Energy Volume 35, sue § 2010 997 - 1009

http://dx.doi.org/10.1016/j renene.2000.09.014 .
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VAWT - TURBINAS COMERCIAIS
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Vertical Axis Wind Turbine Power System
Model number: DS300
General Specifications Lencrator Spifications Pesseey S
Rated Power 300W Rated Wind Speed 13.5mls AL, Spbame,
Gonerstnr T o rtwonism EMG D5 -3400 Pow
e er Curve
Rated Speed 835 rpm Cut in Wind Speed <3m/s ' 7
AL A
Cut out Wind Speed |15.5m/s Survival Wind Speed |60 m/s Fatod Dufpast N Alp
Brokirgy Bysiew i
Dimensions/Weight 3 phese shorl circult beeking ; 30
Rotor Diameter [1.24m i aysiem 2 i":
e
Rotor Height  |1.06m 1 ezl il E ;é:
Tower Height 14.00 m (minimumy) Qper Conddams L]
Total Height 5,06 & i it ‘
otal Heigl .06 m (minimum) Termperitme 5 X 5 e -
Turbine Weight |25.5 kg w/o tower S i Nyl [ i}
i K & .
Rotor Specifications SmbieatHumEsty N
External Darrieus3 blades
Internal 2 layers
Savonius




Modelos VAWT Helicoidais

Turbinas de Eixo Vertical

Green Energy Solution 2,5 kW USA
Ropatec HE 3 kw Italia
Green Energy Solution 5 kw USA
QuietRevolution gr5 6 kW Inglaterra
Ropatec 6 kW Italia
Green Energy Solution 10 kW USA
Ropatec Mega Star 20 kW Itélia
Green Energy Solution 25 kW USA
Green Energy Solution 50 kW USA
Green Energy Solution 100 kW USA
. . Green Energy Solution 150 kW USA
Turby Urban Green Quiet Revolution
(2.5 kw) (4 kw) (4/6 kw)
Outras potencias
PUC PUC
Turby

Operating range

Wind speed: 4-14m/s

Survivable wind speed: 55m/s

Turbine

Rotor diameter: 199 m

Rotor height: 30m

Weight: 136 kg

Nominal capacity: 2.5kW at 14 m/s wind speed

Mast Standard Extended

Height 60m 75m

Plinth distance 40m 40m

Cross-brace 15m 23m

Approx. weight: 240kg 300 kg

Ce 140 . - .

DIEIIAE - Turbina helicoidal Turby® usando perfil NACA 0012.

Output type: single phase

Nominal capacity 25kw G.J.W. van Bussel , et al., “TURBY®: concept and realisation of a small VAWT for the built environment”, pp. presented at the

Peak capacity: 3.0kW EAWE/EWEA Special Topic conference “The Science of making Torque from Wind”, 19-21 April 2004, Delft, The Netherlands ISBN 90-

764768-10-9. pp 509-516.
www.turby.nl

PUC

Quiet Revolution

www.quietrevolution.com

Quiet Revolution

Dimensions: 5m high x 3. 1m diameter

Construction: Carbon and glass composite and spokes
Generator:  Direct drive, per ent magnet, 6kW peak
Contro Peak power tracking and remote monitos
Operation:  4.5m/s 1o 16m/s

Masts: 3m, 6m, 9m, 15m

Energy Ok Whiyr (wind speed dependent)

generator

www.quietrevolution.com

3.1m diameter




Quiet Revolution

o oracgmarni power cun - o3 verifad by NEC ind Lensl Tast
. Dasign Power Cuve - OC el pover
roco . R ol 0 o i 2 s
Product Specification
Swepl oren 1836m*
000 = Power o 1l m/s | Rated 4,2 KW | 3.0 kW OC
Power ol 12.5 m/s 6.0kW" | 45KW DC
sooo Power of 14 mis| Peok 7.4 K" | 5.2 KW DC
Cut in speed 45mfs
Cut oul speed Temis
Em—
Oy
AMWS Anrvusl Energy
et 3 Emis 850HM
A0 @000 KW
2000 LS00 kv
000
o ; |
0 2 4 L] L w L3 " 16
Windspeed Im/s]

www.quietrevolution.com

http://www.all-energy.com.au/userfiles/file/Philippa_Rogers pr ion.pdf

Quiet Revolution

Full-scale wind tunnel test at the National Research Centre of Canada

The peak aerodynamic Cp of the qr5 is actually 0.44

http://grabcad.com/library/darrieus-wind-turbine

http://www.vawtpower.blogspot.com.br,

Urban Green _ . L
4kW Wind Turbine Specifications  UGE-4KX
Physical Information 50
Axis Vertical
Height 4.60 meters g“ﬂ
=
Width 3.00 meters =
Weight 461 kg Fsk
swept Area 13.8m’ Ro
Blade Materials Carbon Fiber 3
1.0
& Fiberglass
0.0
Perfarmance 12345678 91011121314151617181920
Rated Power 4000w Wind Speed (m/s) 1 m/s =22 mph
Cut-in Wind Speed 35m/s
Cut-out Wind Speed 30 m/s - 20,000
3
Rated RPM 110 RPM é 15,000
Survival Wind Speed 55 m/fs =
Rated Wind Speed 12 mfs £
Annual Energy at 5 m/s 4s60kwh £
Noise from IEC 61400-11 H
at12mfs 38d8 g o =] ]
nugl Avepage Wind Speeg (m{s) i
SR— urbang gvcom 1 ETANPEIEREGnG
http://www sciencedirect.com/science/article/pii/S0360544211003616
Suvomius-Rotor Darricus Rotor




In order to compile the Catalogue of European Urban Wind Turbine
Manufacturers (July 2005), over 45 wind turbine manufacturers from 15 :

* Eiropen counties were <oniacied 1o provde information on ter oo, of 32 Fabricantes
those, a small percentage (< 12 %) did not respond. A further 17 % of products that

Were researched were eventually not included in the catalogue because they did not

carrespond with the defiition of “urban” wind turbines or because the product was

still at the prototype stage and still several years away from being avallable on the 57 Modelos de SWTG

market.,
0,
In total, 32 manufacturers representing 57 wind turbine models have been 65/’ (HAWT)
Inventoried. Each of the turbines is detailed on a specific technical data sheet and s
i, 2 presented in the Catalogue of European Urban Wind Turbine Manufacturers. Of the 3970 (VAWT)
Inventoried turbines 65% were horizontal axis wind turbines (HAWT) and 35% were
Wl n eu r vertical axis wind turbines (VAWT).

According to Paul Gi_pe: “Mounting wind turbines, of any kind, on a building is

a
very bad idea. Ihave yet to see an application where this has worked or will likely work.
URBAN WIND TURBINES In short, rooftop turbines will not do what their promoters claim and often will cause their
Technology review owners no end of grief.”
A companion text to the Catalogue of European Urban Wind
Turbine Manufacturers.
PUC PUC
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Glaulert
(1892-1934)

Rankine

- S 4 Prandtl
(1820—137;} ) Robert E. Froucle Elemento de pa (18751953}
Wiltae s G he, (1848-1824)
Disco Atuador  Momentum Theory Camada limite
Fradericd W Laic o

Alb etz
(1885-1968)

Hizolai Egorovich Joukowski
Limite de potencia

Toeria de Elemento de P4 — Blade Element Theory

(1892-1934)

H. Glauerts, “Windmills and Fans”, Aerodynamic Theory (W.F. Durand, Ed.),
Springer, Berlin, Germany, 1935

The Lanchester—Betz—Joukowsky
Limit

Gijs A.M. van Kuik*, Delft University Wind Energy Research lnstitute, Foculty of Aerospace Engi-
neering. Kluyverweg 1, 2629 HS Delft. The Netherlands

Key words: The maximum efficiency of an ideal wind turbine rotor is well known as the ‘Betz limit;
Betz limit named after the German scientist that formulated this maximum in 1920.in 1976, Bergey

f:.r[":::';l;l showed that the British scientist Lanchester derived the same maximum already in 1915.
power cocfficient Betz and Lanchester were rep ives of leading d ic research schools in the

wind turbine first decades of the previous century. A study of early Russian publications on rotor aero-
dynamnics now shows that the Russian aerodynamic school also produced the same result;
its leader Joukowsky derived the maximum efficiency for an ideal wind turbine in 1920, the
same year as Betz did. Consequently, in order to honour all, this ideal efficiency should be
named the Lanchester-Betz-Joukowsky limit’in scientific writing. The well-established and
convenient name Betz limit s to be considered an easy abbreviation of this full name.
Copyright & 2007 John Wiley & Sons, Lid.

Recetved 2 October 2006; Revised 15 December 2006; Accepred 17 December 2006

Wind Energ. 2007; 10: 289-291
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ROTOR DISC

LOWER
VELOCITY
—

Quando a turbina absorve energia do vento
ENERGY EXCTRATING ocorre uma diminui¢do da velocidade de
corrente livre.

ESTUDO DE MODELOS AERODINAMICOS DE TEEV
MULTIPLE TUBOS DE CORRENTE
(MTC — Modelo de Strickland)

1. Anélise Aerodinamica — Modelo MTC

2. Disco Atuador e Eq. da Quantidade de movimento

3. Teoria de elemento de pa

4. Forga axial, forca normal forga tangencial

5. Velocidade Relativa e Angulo de Ataque.

6. Coeficiente de Sustentacéo e Coeficiente de Arras  to
7. Modelo de Pontin para sustentacéo e arrasto

8. Torque, poténcia

9. Coeficiente de poténcia

10.Resultados do modelo PUC




Multiplos Tubos de Corrente (MCT)

O modelo de Mdltiplos Tubos de Corrente (MCT) foi desenvolvido por Strickland
(1975).

Considera-se que uma serie de tubos de corrente atravessam o rotor.

Sé&o determinadas as forcas aerodinamicas igualando a equagao da quantidade
de movimento com as equagdes do elemento de pa.

Quando a turbina absorve energia do vento ocorre uma diminuicdo da
velocidade de corrente livre.

O ar escoa no entorno do elemento de pa afetando a velocidade relativa que
atinge o elemento de pa (aerof6lio) com um determinado angulo de ataque
gerando assim as forcas aerodinamicas que produzem torque no eixo e poténcia
da méaquina.

The Darrieus Turbine: A Performance Prediction Model Using Multiple
Streamtubes [Report]. - Albuquerque, NM : Sandia Laboratories, 1975. -

SAND75-0431.
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A = Ah(rA@sind)

4rea da secc&o transversal
do tubo de corrente
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Forca media na dire¢édo do
escoamento exercida pelos
elementos de pa que
atravessam o tubo de

NN

corrente : - V.,
F,2 9 e,
X [ v
/
’ N
/ \
/ \
1 \
1 \
| 2 .
! T
' 1
Solucéo: \ K
Aplicar Eq. da Quantidade de Y\ /!
movimento  num  tubo  de N /
corrente. N
FoFotfy= O [ Voav [ VA o1
s UB T atdve sc

F, = g LC updy + ISCuNdA

Fo= [ ViMdA + [ V,0V,08,

Fx

F,

F.=(2v-2v)m

F, =2V -V,)m m= VA
P2y Voova ViV,

F=2pA V. -V)

F=F +Fg =§LC\7pdV+LC\7ﬂ\7dA
Forca media na diregéo do
escoamento exercida pelos
elementos de pa que
atravessam o tubo de
corrente :

"V
Fo=20A V(V,-V)

Depende de V que
Depende do
Fator de interferéncia ‘9

O rotor possui B pas
Cada pa permanece um % de tempo:  A@/znot ubo de corrente
A forca axial IEX no tubo de corrente pode s er relacionada com a

forca axial exercida pelo elemento de pa.

F.-BR 22
Va

U=0 Parado W=V, _+U=V,
Avancando sentido oposto ao vento w :Vw +U

OTO

LA o ) —
Avangando mesmo sentido que o vento W :VOo -U
/é — V




VELOCIDADE RELATIVA
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A forca axial exercida pelo elemento de pé.

F, = —(F, cost + F; cost)

. 1
Fu=> PWZAAC,
’ 1
K= EPWZAA)Cr
area (plana) do elemento de pa AA; =cAh
Cu.Cr = £(C.Cp.a) 9
»
F,-Br, 20 W=T)
T
PUC

AA, =cAh

C, =C,cosx +C, sina
C; =C,sina - C, cosx

Vsing

Qr +V cosfd

N

2




rea da secedo ransversaldo wbo de coree
As = Ah(rA@sing) v A8 sing
—a

area (plana) do elemento de pa

AA =cAh

,-"r LT AR Tubo de corrente
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T PUC PUC
F - ra v i
F=20AV(, -v) F=NE— ja-i- F.=2p A V(V,-V) A = Ah(rAdsing)

©

AG
NR—"=20 A VY, -v) I NE A0 1 V v E =NE A0 1 Afsing
x 27 = _ Y- X X P
%iﬁ =v(v, V) I 2pA = V2 v, [ Vx]
p A T
ULV S NE, l[l_ l]
NF, &:VV—‘”(VV, V) I 2pA 7 V? Zil'pl’Af'ISIl’]H\/w2 V., vV, !
20N TV, !
00 1 f1¥) e NR a0 1 Fra M
20A v, m X zpps T Vooz Zﬂ'pfAhSInng ‘v
NF, A6 V[, Vv I v
—w, zl1- 2 - (1-—
20A T Vm[ VwJ Fo= (1 a‘)a Fator de interferéncia & =1——
[ o v,
_NF A0 _\o V[ V. * 2 a= +a
20A 7 'V‘”vm[l vm] | a=F, +a ? 2
NE_ A6 1 :l 17& m Eq. basica para solucdo iterativa da Eq. da Quantidade de Movimento dos tubos de corrente
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Velocidade Relativa e Angulo de Ataque W =W. +W. e, e,
Z n t 5
W; = Qr +V cosf
W, =-Vserd

a,/f
il
—— n

W = (Qr +V cosaY + (~-Vser)’

a, =tan* _ Vsed
¢ Qr +V cosé

Também




F(0)=2/CoAW" A =

cAh

O torque do elemento de pa que passa pelo tubo de corrente é dada por

T.0)=F0Or T.06)- (% chcAhwz]r

O torque total de uma pa se obtém pelo somatério do torque de cada elemento desta pa.

Considerando que a pa foi segmentada em Nge elementos

T=3'7,0)

O torque médio produzido pelo rotor com B pas é determinado fazendo a media
temporal do torque total das B pas que formam parte do rotor.

_ B Ny B Ny Nge
To= 2T =5 22.Tal0)
N, T N, T7

N Namero de segmentos angulares numa revolucéo.

. T.Q

P s
E,OAVOO
PUC

Geometria e tubo de corrente numa turbina de eixo v  ertical

Cy

C,

=C, cox +C, sina

=C sina - C, cosx

a= tan’l{m} 9
Qr +V cosd
W= \Y §|n9 ?
***** Sina »

Sustentacado e Arrasto Aerodindmico

MODELO DE PONTIN

A first order Mathematical Model of the Lift/Drag C haracteristics of Aerofoil Sections
G.W Pontin — Wind Engineering Vol.5 N °3 (1981)

Equacionamento da Sustentacéo e Arrasto Aerodinamico

Afirst order Mathematical Model of the Lif/Drag C  haracterisiics of Aerofoil Sections
MODELO DE PONTIN G pontin - wind Engineering vol5 N °3 (1981)

Sustenta ¢éo

(1) Para @ < Olpay

C, = AR'R}a®+Ba®+C

(2) Para O < o0 < 300

c
Co= > R(30°-a)

tal
(3) Para 30° < o, < 90°
Co
tara

L

AB.C.D.EF, Ry.R,Ry: parametros do aerofolio

O
A
B
C
D:
E

R
R
R

Arrasto

(1) Para @ < Olpay

C, =RR|p+E(C -F)|

(2) Para oL > O,

C, = 1041~ cos@a)]

nde:

: Fator dependente do estol

: Inclinagéo da curva de sustentag&o (slope)

: Sustentagdo: C | para o=0°

: Arrasto minimo CD(min)

: Controle da variagéo de C , em fungéo C |

F: Sustentacdo: C | para CD(min)

1: Corregéo de Re antes do estol
2: Corregao de Re apos estol
3: Correcéo por rugosidade

Equacionamento da Sustentacéo e Arrasto Aerodinamico
MODELO DE PONTIN

Coeficientes de Sustentagao e Arrasto

I I g I | | | |
- ,: _ }!f”!!m J‘r e a0t — — :, _| * CL-Modelo Pontin |
|
|

s
| | e | | | |
R e —_——
|
.

: : : * CD-Modelo Pontin
T T T T

Angulo de ataque (graus)




Workshop - Small Wind Turbines

Multiplos Tubos de Corrente (MCT)

RESULTADOS DO MODELO
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ANGULO DE ATAQUE
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Resultados Multiplos Tubos de Corr‘e_nte (MCT)
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