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(57) Abstract: The invention relates to a large-scale wind power installation. While rotor blades that are optimized to provide for
masimum output can be easily produced for smaller installations and can be transported without prablems, rotor blades for larger
installations have two draw-backs. The very large surface of the rotor blade produces very high loads on the rotor blade base at high
wind speeds so that the power installation has to be switched off. These very high loads require a specific design (dimensioning) of
= the entire wind power installation. The second draw-back resides in the production of a rotor blade with a very large blade depth.
& The aim of the invention is 1o overcome these problems and to simplify both the production and the operation of the wind power
o installation. To this end, the wind power installation is provided with at least two rotors in tandem, the first rotor that is disposed in
front of the second rotor having a smaller diameter than the second rotor.
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Zur Erkldrung der Zweibuchstaben-Codes, und der anderen
Abkiirzungen wird auf die Erklarungen ("Guidance Notes on
Codes and Abbreviations”) am Anfang jeder reguliren Ausgabe
der PCT-Gazetie verwiesen.

(57) Zusammenfassung: Die Lirfindung betrifft eine Grosswindenergieanlage. Wihrend ein solches auf maximalen Wirkungs-
grad optimiertes Rotorblatt fiir Kleinere Anlagen gut zu fertigen ist und auch problemlos transportiert werden kann, hat ein sclches
Rotorblattkonzept zwei Nachtcile. Erstens crzougt dic schr grosse Fliche des Rotorblatics an der Rotorblatiwurzel bei hohen Wind-
geschwindigkeiten sehr hohe Lasten. Regelmissig ist dann bereits die Windenergieanlage abgeschaltet. Liir diese sehr hohen Lasten
muss aber die gesamte Windenergicanlage ausgelegt (dimensioniert) werden. Der zweite Nachteil besteht in der Fertigung eines
Rotorblatts mit schr grosscr Blattticfc. Aufgabe der Erfindung ist cs, dic vorgenannien Probleme zu bescitigen und dic Fertigung ci-
ner Windenergieanlage sowie deren Betrieb zu vereinfachen. Windenergieanlage mit ig zwei hintereinander angeordneten
Ratoren, von denen der erste Rolor, der vor dem zweilen Rotor angeordnet ist, einien kleineren Durchmesser aufweist als der zweile
Rotor.




Abstract

The invention concerns a wind power installation, in particular a
large-scale wind power installation with an output power of more than two
MW, preferably about five MW or more

In accordance with the invention, for a large-scale wind power
installation of that kind, there is proposed a rotor design and the
configuration of corresponding rotor blades, so that reliable operation of
such a wind power installation is possibie.

While such a rotor blade which is optimised for a maximum degree
of efficiency is good to produce for relatively small installations and can
also be transported without any problem, such a rotor blade design suffers
from two disadvantages. Firstly, the very large area of the rotor blade at
the rotor blade root gives rise to very high loads when high wind speeds
are involved. The wind power installation is usually then already shut
down. However, the entire wind power installation has to be designed
(dimensioned) for those very high loads. The second disadvantage lies in
production of a rotor blade involving a very great blade depth.

The object of the invention is to eliminate the above-indicated
problems and to simplify the production of a wind power installation and
the operation thereof,

A wind power installation comprising at least two rotors which are
arranged one behind the other and of which the first rotor which is
arranged in front of the second rotor is of a smaller diameter than the
second rotor.,
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Wind power installation

The invention concerns a wind power installation, in particular a
large-scale wind power installation with an output power of more than two
MW, preferably about five MW or more

In accordance with the invention, for a large-scale wind power
installation of that kind, there is proposed a rotor design and the
configuration of corresponding rotor blades, so that reliable operation of
such a wind power installation is possible.

In that respect it should be pointed out that it is already state of the
art (Erich Hau, “Windkraftanlagen” (“"Wind Power Installations”), 1996,
2nd edition, page 113 ff) for a rotor blade which is optimised for a
maximum degree of efficiency to be provided in the inner region with very
great blade depths. Such rotor blades are used for example by Enercon in
the wind power installation of type E-40 (power range is between 500 and
600 KW). The inner region of a rotor blade is in that respect that portion
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which is close to the hub (rotor blade root) and accordingly involves a
small radius.

While such a rotor blade which is optimised for a maximum degree
of efficiency is good to produce for relatively small installations and can
also be transported without any problem, such a rotor blade design suffers
from two disadvantages. Firstly, the very large area of the rotor blade at
the rotor blade root gives rise to very high loads when high wind speeds
are involved. The wind power installation is usually then already shut
down. However, the entire wind power installation has to be designed
(dimensioned) for those very high loads. The second disadvantage lies in
production of a rotor blade involving a very great blade depth. While that
disadvantage is still scarcely significant in relation to rotor blades of a
relatively small radius, manufacture and subsequent transportation of
such a rotor blade which is of a very great length (for example more than
50 m) is highly complicated and in part impossible and the very great
blade depth entails an extremely great increase in material and labour.

For those reasons the proposal has been made to circumvent the
great blade depths. Figure 2 shows a design configuration which was
earlier frequently built in Denmark.

In this embodiment of a rotor blade, the inner region was
completely eliminated. As the harvest area corresponds to the rotor area
which is swept, it was assumed that it was possible to forego that very
small area (inner region area) which only corresponds to about 5% of the
total area, or to slightly enlarge the rotor diameter in order thereby to
compensate for the area flow.

In that respect however the point was overlooked or not noted that
this results in the formation of an aerodynamic hole in the near region of
the wind power installation with rotor blades as shown in Figure 2. In the
near region the wind can flow unimpededly through that hole without
experiencing any resistance. The result of this is that no laminar flow is
built up in the inner region (first region of the rotor of the wind power




10

15

20

25

30

installation) of the beginning profile at the rotor blade. That also means
that the first region of the rotor blade with an (active) rotor profiling
cannot contribute to energy generation.

Enercon already developed at a very early date (about 1990) thick,
cut-off profiles in order to get around the above-indicated problems.

Figure 3 shows such a profile which was used in the inner region of
the rotor blade. In the case of large wind power installations (rotor
diameters of over 70m) however even the cut-off profiles result in blade
depths of up to 6m, which makes transportation of such rotor blades
extremely difficult and makes the manufacture thereof extraordinarily
complicated and expensive.

The object of the invention is to eliminate the above-indicated
problems and to simplify the manufacture of a wind power installation and
the operation thereof.

The invention attains that object with the features of a wind power
installation as set forth in claim 1. Advantageous developments are set
forth in the appendant claims.

The concept of the wind power installation in accordance with the
invention involves providing the wind power installation with two rotors of
which the first, the small rotor, is arranged in front of the second, the
larger rotor. Accordingly it is proposed in accordance with the invention
that the inner region of the rotor of a wind power installation is completely
separated from the outer region.

Such a wind power installation is described by way of example with
reference to the Figures hereinafter. In this respect the model adopted
for the description is a large-scale wind power installation involving a
diameter of about 113m and an installed generator output of about 5 MW.
The rotor for the inner region is in this case of about 40m in diameter.

Accordingly, for the second rotor, the larger rotor, ‘there still
remains an active rotor blade length of about 36.5m. The first small rotor
rotates at a nominal speed of about 38 rpm. The second large rotor
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rotates at a nominal speed of 11 rpm. That means that the peripheral
speeds of the rotor blade tips of the two rotors are almost the same.

The advantage of the wind power installation according to the
invention is that only a very small engagement surface presents itself in
relation to high wind speeds, for the inner region of the rotor. Accordingly
the extreme loadings on the entire wind power installation are very much
lower.

A further advantage is that the rotor blade for the outer region (the
second rotor) can be produced as a unit of a length of about 36.5m. Such
a rotor blade can be fitted onto a rotor blade stump which aerodynamically
no longer provides any relevant contribution to driving the rotor. That
means that transportation of the rotor blades is readily possible.

A further advantage is also that the rotor blade adjusting device of
the second rotor no longer has to be so large in design as the rotor blade
adjusting device can be fitted (mounted) on the rotor blade stump and
accordingly is about 20m (radius of the small rotor) away from the hub.

In operation of the wind power installation each rotor drives its own
generator. The generator of the first rotor is disposed between the first
and second rotors and is preferably driven directly by it. In regard to the
design structure of the wind power installation according to the invention,
this means that a rotor-generator arrangement of relatively small type, for
example of type E-40 from Enercon, is placed in front of the second rotor.
In that case both rotors and both generators are carried by a single
trunnion and are mounted rotatably thereon.

Preferably both rotors rotate in the same direction (clockwise), but
it is also possible if the rotor blades are of a suitable design configuration
for the rotors to be caused to rotate in opposite directions.

The pylon of the wind power installation according to the invention
is more than 100m in height, for example the hub height is in the region
of between 120 and 160m.




In operation of the wind power installation the smaller rotor (the
first rotor) provides that no aerodynamic hole can be formed in the inner

region of the second rotor.
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CLAIMS
1. A wind power installation comprising at least two rotors which are

arranged one behind the other and of which the first rotor which is arranged in
front of the second rotor is of a smaller diameter than the second rotor
characterised in that the nominal speed of rotation of the first rotor is markedly
higher than the nominal speed of rotation of the second rotor and the
peripheral speed of the rotor blade tips of both rotors is approximately equal in

nominal operation.

2. A wind power installation as set forth in claim 1 characterised

in that the first rotor rotates at a higher rotary speed than the second

rotor.

3. A wind power installation as set forth in ¢laim 1 and claim 2
characterised in that the nominal rotary speed of the first rotor is

approximately in the range of between 25 and 45 rpm,

4, A wind power installation as set forth in claim 1 and claim 2

i characterised in that the nominal rotary speed of the second rotor is
et approximately in the range of between 5 and 19 rpm.
S. A wind power installation as set forth in one of the preceding

& claims characterised in that the peripheral speed of the rotor blade tips of

both rotors is approximately equal in nominal operation.

6. A wind power installation as set forth in one of the preceding

claims characterised in that a respective generator is associated with each

rotor.

7. A wind power installation as set forth in one of the preceding
claims characterised in that the first rotor is of a diameter of between
about 35 and 55m and the second rotor is of a diameter of between about

100 and 150m, preferably about 113m.




8. A wind power installation comprising a first and a second
rotor, wherein the second rotor is of a markedly larger diameter than the
first rotor and is arranged behind the first rotor and the second rotor has
rotor blades whose active blade areas begin only in the region of the rotor
blade tips of the first rotor.

9. A wind power installation as set forth in one of the preceding
claims characterised in that the second rotor has rotor blades which
comprise two portions, wherein the second outer portion of the rotor
blades forms the active rotor blade and the first portion of the rotor blade
is aerodynamically such that it makes no relevant contribution to driving
the rotor.

10. A wind power installation as set forth in claim 9 characterised
in that a rotor blade adjusting device is provided for a rotor blade of the
second rotor, said rotor blade adjusting device being between the first and
second rotor blade portions.

11. A wind power installation as set forth in claim 9 and claim 10
characterised in that the first rotor blade portion'of the second rotor is
fixed rigidly to the hub of the second rotor.

12, A wind power installation comprising a rotor arrangement
which has a rotor inner region and a rotor outer region, wherein the inner

region of the rotor is separated from the outer region of the rotor.

13. A wind power installation as set forth in one of the preceding
claims characterised in that arranged between the first rotor and the
second rotor is a first generator whose generator rotor is connected to the

first rotor and is driven thereby.




14. A wind power installation as set forth in one of the preceding
claims characterised in that the first rotor is arranged so closely in front of
the second rotor that no aerodynamic hole can be formed in the region (’Jf.

the second rotor.

15. A wind power installation as set forth in one of the preceding

claims characterised in that both rotors rotate in the same direction

(clockwise).

16. A wind power installation substantially as herein

described.







2/2

WweL

wugy -




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

