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Eolic engines

«drag principle
farmer wheel (15 — 30 %)
srotor Savonius (10 — 20 %)
olift principle
spropeller (45 — 48 %)
rotor Darrieus (38 — 48 %)
*wind wheel (20 — 30 %)
*Halladay turbine (20 — 43 %)
turbine Eclipse (25 — 45 %)
swind mill (15 — 30 %)




Drag principle

«drag force
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Rotor Savonius



















Lift principle

o|ift force

Fi=2p*e*a*w’  IN]

w=Jv2 1
*J. Smeaton (1724-1792)
*c,=0,28 (cp)

smeaton coefficient




Wind mill
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Halladay turbine
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Mlyn Ruprechtov
1873 — wind wheel

Wagner, Ctvrtniéek, Gottwald
1884 — Halladay turbine
Wagner

1995 - renovation
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Farmer wheel




n-blade propeller
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Rotating wing
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Aerodynamical forces
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Optimal values - profile
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Aerodynamical similarity

<
I
oIF

n=1,503.10°

TI,S
“7+123,6

v.108

22

me, s

18

16

1%

12

10

\\

\ s

\\N‘siﬁ&\\
I

P

Vv =15.10%m%s"



Blade element
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Forces of propeller

eaxial force

dF=£v2dA(1 + cotg?B)(c,cos B + c,sin P)

«tangential force
7= 2v2dA(1 + cotg?B)(c,sin B + cxcos B)
dM = £v2rdA(1 + cotg?B)(c,sin B + c.cos )

dP =dMo = £v3d4 cotg B(1 + cotg?B)(c,sin B — c.cos B)



Recalculations and similarity
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Betzova teoretickd USinnost

A - pomalobé&zny mnoholopatkovy rotor, B - &tyflopatkovy
tradi¢ni holandsky vétrny miyn, C - rotor Darrieus se svislou osou, D - vétrny
motor s vodorovnou osou s dvoulistou vrtuli, E - v&trny motor Hatter 100 kW
s rychlobéznou dvoulistou vrtuli, F - rotor Savonius; ---- vypocteny pribéh C.
pro nekonec¢ny pocet lopatek a nulovy profilovy odpor; ----- maximalni teore-
ticka G¢innost Betzova



Profile features
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Blade calculations
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dF, =dF,cos B+dF,sinf} = %pbwzdr(cycos B +c,sinP)
dF'; =dF)sin B+dF cosf = 2pbwzdr(cysm B +cxcos P)
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Power characteristics

Turbine Power Output (pu)

Rotor Speed (pu)
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EOLE VAWT

Cap Chat, QC
coast of St. Lawrence qulf

project 4,2 MW
Supposed production 15 GWh/rok

Axor Ltd.

finished:
1987 - 4,2 MW




EOLE 4,2 MW

vertical axis - type Darrieus
auxiliary start

height 110m

diameter 60m

basement 10m

rigging cables

DC generator

DC/AC inverter

1. multi MW

1. without gearbox
1. variable speed
1. with invereter
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Magnus effect
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Wind oscillator
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