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WIND TURBINE AERODYNAMIC ROTOR BLADE APPENDIX AND WIND

TURBINE BLADE PROVIDED WITH SUCH AN AERODYNAMIC APPENDIX

- TECHNICAL FIELD

The present invention relates to a wind turbine
aerodynamic rotbr blaae appendix. |

More specificélly, the present invention relates to
an aerodynamic appendix for‘a.blade extending along a
given-axié, between a root and a tip, and comprisihg an
outer portion with an airfoil having‘a:leading edge and
a trailiﬁg edge; a subst@ntially cylindrical inner

portion; and an intermediate portion between the inner

;and outer portions and shaped to form a transition

between the airfoil and the substantially cylindrical-
inner portion. In other words, the intermediate portiom
starts outlining the airfoil.

'BACKGROUND ART

‘Because the inhef and interﬁediaté portions of the
blade extract little energy from the wind impinging on
them, they are fitted with an “aérodynamic appéndix; ,
which normally comprises a further trailing edge, a
further pressure side, and a further suction side.
Examples/ of aerodyﬁamic appendices are disclosed in
documénts - US 7,946,803, us 2012/0051936, Us
2011/0529332,v'US‘ 2011/0020128L.'Aerodynamid éppendix”.

serves to increase the useful surface of the blade and
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the efficiency of the wind turbine and to change the
1ift distribution of the blade so as to prevent
aerodynamlc stall in blade root reglon The design of

blades with no aerodynamlc ‘appendixes is a trade-off

between the capacity to convert -the kinetic energy of

the wind into kinetic energy' to rotate the blade

assembly, and the need to provide the blades with
adequate 'structural. resistance to stress. The inner

portlon termlnates with a root which is mounted to a

hub and rotates selectively with - respect to the hub to

adjust the blade pitch angle.
Known aerodynamlc appendixes are 1nvar1ably large,

heavy, andrrelatlvely expensive.

D-lSCLOSURE OF . INVENTION _

It is.-an object of-the preSentrinvention to provide_
an aerodynamic‘ appendix designed to considerably
increase‘ wind turbine efficiency, and which is
relatively-cheap; lightweight and compact.

According to the present invention, there‘ is
prov1ded a w1nd turbine blade aerodynamic appendix,
wherein the blade comprises an outer portion with an
airfoil havlng a leading edge, a tralllng edge, a
pressure side, and a suction side; a substantially
Cylindrical'inner portion; and an intermediate portion
betwesn thé*fcuter' portion and the inner portion and

shaped to form a transition between the airfoil and the



10

15

20

25

WO 2014/064626

PCT/IB2013/059584

substantially cylindrical inner portion (“blade root”;
the aerodynamic »appendix beihg located at the inner
portion and the intermediate portion, and comprising a
furﬁher ‘trailing  edge, a further pressure side, a
further suction side, and at least one ducﬁ connecting
the fﬁrther pressure side fiuidically to ﬁhe further
suction side.

The présent invention provides for producing stable
flow on the further suction side, eveﬁAwith a relatively
thin[.apd therefore.lightweight, easy-to handleﬁ low-
cost, aerodynamic appendix.

In a preferred embodimént of the inventipn, the
further pressure side is designéd to blend with the
pressure side of the blade.

This solution optimizes flow along the pressure
side and acceleratés flow thrbugh the duct to load the
rgarward,portion of the aerédynamic appendix

This solution serves to keep flow attached allowing
more lift onto aerodynamié‘appendix.

In a‘_preferred. embodiment of the invention, the
duct is 1located at the opposite end 'té ‘the further
trailing edge.

This chation makes better use of the extension of
the further suction side.

“In a préferred embodiment of tﬁe invention, the

duct is designed to divide the flow cooperating with the
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pressure side of . the blade into a flow along the-duct
and cobperating with the further éuqtion.side; and a
.flow continﬁing along the furthef‘pressure side of the
éerodynamic éppendix{ ‘

5 The duct preferably tapers in cross séctionAtowards
the further suction side.

This design serveé to kéep flow:attached allowing
mére l1ift onto éerodYnamic appéﬁdix.

The aérodyﬁamic appendik prefefably“ cémprises at

ld »leasﬁ'one vortex geﬁeratér inside the duct..

fhe vorﬁex generator stabilizes flow ‘along the
further suction side.

'In an alternative embodiment of the invention, the
aerodynahic appendi# comprises a further duct arranged 

15 in series with the duct.
The further duct serves ;dditionally to keep flow
"attached allowing more lift onto the rearward portion of
: further'éerodynamic appendix. |
_The-further duct‘preferably ﬁapers_in.cross éection
20 towards the further suction side.

The pfeferred cross sectional shape of the further
duct also tapers in"ﬁhe flow direction to keep flow
attached allowing more lift onto the rearward portion of
the.aerodynamic appendix.

i25". . The further duct is preferably desigﬁéa'to divide

the flow cooperating with the further pressure side into
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a flow along the further duct and cooperating with the

further suction sidevdownstream_from;the further duct,
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and a‘fIOW~coh£iﬁuing élong the further pressure side.

The aerodyﬁamic appendixvpreferably has a plurality

of further ducts arranged in paréllel.

| -The further ducts arranged in parallel, in effect,
serve to define the equivaient of one long slit, which
is practically unfeasible for structural reasons.

The aerodynahic appendix preferably comprises a
plurality of ducts arranged in parallel in flow-wise
direction.

" The aerodynamic appendix preferably has one face
compiementary' with the outer surface .of the blade to
which the aerodynamic appendix is fixed.

This solution simplifies assembly of the
aerodynamic appendix to the blade.

In accordance with a further alternative embodiment
the aerodynamic appendix comprises a main body coupled
to the blade and at 1east.one flap hinged to the main
body. The flap is adjustable for adapting the shape of
the appendix to specific needs.

In particular, the flap is hinged about an axis in
an adjustable manner. |

Conveniently the duct is delimited by the main the
bédy and the at least one flap. | | «

In practice, the aerodynamic appendix may comprise
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a ‘plurality of flaps hinged to ‘the main body about

respective parallel and mutually offset axes and a

- plurality of ducts, each, delimited by the main body and

one of the:flaps.
The preéent invention further reiaﬁés to a wind.
turbine biade. |
- According to the‘ pfeéenﬁ in&eﬁtion théere is
provided a Wind tﬁrbine acéording to claim 18.

'BRIEF DESCRIPTION OF THE DRAWINGS

A number of non-limiting embodiments of .the
invention. wi1l be. deécribed by way of gxample with
reference to the accompanying drawings, in which':

Figure 1-shows a side view, with parts removed for
clarity, .of a wind turbine> with blades equipped with
respéctive'aerodynamic appendixes in accordance with the
present invention}

‘Figure 2 shows a larger-scale side view, with parté

removed for clarity, of a blade of the Figure 1 wind

turbine;

Figure 3 shows a section, with pérts reﬁoved for
clérity, along line III-III of theAFigure 2 blade;

Figure 4 shows_é larger—scalé section, with_parts
removed for clarity, of a variation of the aerodynamic
appendix in Figureé 2 and 3; |

Figuré § shows a iéﬁéér-scalé'section; witﬂwﬁarts

removed for clarity, of a further variation -of the
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aerodynamic appendix in Figufes 2 and 3;

Figure 6 shows a larger-scale section, with parts
removed for clarity, of a blade aerodynamic appendix,
and aerodynamid appendix assembly tdol;

Figure 7 shows 'a side view, with parts removed for

clarity, of a blade equipped with .an aerodynamic

appendix made in - accordance with an alternative .

- embodiment of the present invention; and

Figure 8 shows a section, with parts removed for

clarity, along line VIII-VIII of the Figure 7 blade.

BEST MODE FOR CARRYiNG OUT THE INVENTION

Number 1 in Figure 1 indicates as a whole. a’
horizontal-axis, preferably direct-drive wind turbine
for generating electric energy. In the example shown,
wind turbine 1 comprises a vertical structure- 2; a main
frame -3 hountéd to rotate on top of vertical structure
2; a“rotating'electric machirie 4; and a blade assembly 5
rotating about an axis of rotation A.

Blade asserﬁbly 5 comprises a hub 6 connected to
rotating electric machiné 4; and a plurality of blades

7, each extending along a longitudinal axis B and fitted

“to hub 6 to rotate selectively about axis B under the

‘control of a pitch adjusting device (not shown) inside

hub 6.
Each blade 7 is fitted with an aerodynamié appendix

8 for increasing the efficiency of wind turbine 1. More:
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specifically, blade assembly- 5 comprises  three

aerodYnamic appendixes 8 located close to ’hdb 6 and

- mounted to respective blades 7. Each blade 7 extends

"along longitudinal axis B, between a root 9 and a -tip

10, and comprises an.outer portion 11 with an airfoil;

can inner portion 12 with a substantially circular cross

'section; and- an intermediate portion 13 between outer

portion 11 and inner portion 12, and shaped to define a
tfanéition cross éeétion “between  the airfoil cross
section and.the substantially.ciréular cross section.

AS, the. blade assembly  rotates, outér, inner and
intermediate. portioné 11, 12, 13 define respecﬁive
concentric rings 11B, 12B, 13B about axié of roﬁation A.

Aerodynamic .appendixes 8 make it possible to

exploit the energy of the wind impinging on the ring 12B

~and 13B aréas, which would otherwise be lost or

underexploited. Furthermore they  change  1lift

distribution in a way that parts outside of 13b can be

_better exploited.

As shown in Figure 2, each aerodynamic appendix 8
is located at portions 12 and 13 to also exploit part of
the wind energy close to hub 6, and comprises at ieast
one duct 14. In the example shown, aerodynamic appendix
81comprises a plurality of ducts 14.
o More in detail, the :ductshnlé are narfagged in

parallel in flow-wise direction. The ducts 14 are
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located aioﬁg a directrj,_x’ follov&ing the contour of a
face 22.

To optimize lift on:aerodynamic appendix 8, ducts
14 preferably differ ;n. shaée' and size, depending on
.their locatioﬁ along the.axis‘of blade 7.

As shown in Figgre»Bf the cross section of blade 7
is formed along intefmediate portion 13, the cross
sectionjef whieh etarts outlining ehe‘airfoil, and so
comprises a leading edge 15; a trailing edge 16, a
pressufe side‘l?, e suction side 18, a cherd C and a
thickﬁess S, which, in the following descfiption, are
used indiscriminately to indicate corresponding elements
of both outerlportion 11 and intermediate portion 13.

'Aerodynamic eppendix 8 ‘is iocated elose to fhe
tfailing edge 16 of blade 7, prefefably along pressure
side"17/ and comprises a t;ailing'edge 19, a . pressure
siae-20, and a suction side 21.

Aerodynamic appendix 8 1is preferebly fittable
selectivelyito blade 7, and has a face 22 complementary
with the mating area of blade 7.

The thickness Sli of aerodynamic appendix 8
decreases steadily from a maximum thickness S1 at faee
22 to a minimum zero thickness 'S1 at trailing edge 19,
and is much less than the thickness S of blade 7.

-.ﬁreseure side 20 eemprises a éaﬁéavé' portion

connected to pressure side 17 of blade 7; and a convex



10

15

20

25

WO 2014/064626 PCT/IB2013/059584

10

portion connected to the concave portion and terminating
at trailing edge 19.

Suction side 21 comprises a convex portion forming

an 'angle with suction side 18 of blade 7; a concave

portion connected to the convex portion; and a fufther

‘convex portion connected to the concave portion and

terminating at trailing edge‘lé.

‘Each duct 14 connects pressure side 20 to suction
side 21 of aerodynamic appendix 8.

Each dﬁct 14 is‘located cloée to faqe 22, extéﬁdé

away from face 22 in the pressure side 20 to suction

side 21 direction.

Eéch duct 14 preferably decreases in cfoss section
in the flow direction to‘accelerate flow, i.e. each duct
tapers towards suction side 21.

As shown in Figure 4, each duct 14 is preferébly
fittéa inside .with voftex generators 23 to stabilizé
flow of the outflow from duct 14 and increase lift on
suction‘sidé 21 of éerodynamic appehdix 8. .

Close to leading edge 15, the airflow F cooperatihg

‘with blade 7 is divided by blade 7 into a flow F1 aiong

pressure side 17 of blade 7; and a flow F2 substantially
along suction side 18 of blade 7. And flow Fl1 is in turn
dividéd onto a flow F3, which is directed along duct 14
and  continués aléng' suction side 31 of aerodynamic

appendix 8; and a flow F4, which continues_ aldng
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‘pressure side 20 of aerodynamic appendix 8. As it flows

along duct 14, f;ow F3 increases in energy, which is
later‘diséharged oﬁ'suctioh’side 21.

| Figure 5 shows anvariation of aerddynamic appendix
8, whichv is deséribed. below using the same .referencek
nuﬁbers as for dérresponding pérts of the preceding
embodiment; | |

‘Tﬁe rFigure 5 aérodynamié appendix 8 comprises é.t
ieast one further duct 24 located in series with duct 14
bétwéén‘ duct 14 and trailing edge .19. The mean flow

section of duct 24 is smaller than that of duct 14, and

the flow section of duct 24 tapers in the pressure side

20 to .suction side 21 dirédtion.

In -the Figure 5 variation, flow F4 is furthei
divided at duct 24~ into a flow FS5, thch flows aléng
duct}24 and joins up with flow F3 on sﬁction side 21,
between duct 24 and- trailing edge 19; and a flow F6,

which continues along pressure side 20 to trailing edge

- 19.

Figure 6 shows.assembly of aerodynamic‘appendix 8
to blade 7. Aerodynamic appendix 8 1is positioned
correctly using an assembly tool 25 having a face 26
complementary.with a portion of suction side 18 of blade
7; and a face 27 complementary with a poftion of sﬁction
Siaé 2i‘of‘aérodYnémic éppeﬁdii 8.

In accordance with the alternative embodiment of
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figure 7, aerodynamic appendix 8 comprises a main body

28 and flaps 29, 30, and 31 hinged to the main body 28.

Main bodY'ZS;is mounted to blade 7, whereas flaps
29, 30 and 31 afe hinged éboﬁt.respective parallei and
mutually_offset axes BlQ B2 and B3 parallel to axis B of
the blade 7. The positions of flaps 29, 30, 3 31 are
adjustable about their axes Bl, B2, and B3.
| Accdrding to this alternative embodiment and as
shown in figure 8, the ducts 14 are formed between the
main-bOdy 28 and the flaps 29, 30;‘and 317 |

Tﬁe‘number of adjuétéble flaps may Qary acéofding
to the size of the appendix starting form.a minimumiof
one.. |

Clearly, changes .may~ be made to the éerodynamic_

appendix according to the present invention without,

'however, departing from -the protective scope of the

accompanying Claims.
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CLAIMS
1) A wind turbine blade aerodynamic appendix,

wherein the blade (7) comprises an outer portioh (11)

with an airfoil having'é leading edge (15), a trailing
edge (16), a pressure side (17), and a suction side 
(18); a substantially -cylindrical inner portion (12);

and an in?ermediate portion (13) between the outer

portion (11) .and the inner portidn (12) and shaped to

form a transition between - the airfoil and the

| substantially.Cylindrical inner portion; the aerodynamic

appendix (8) being configured to be located at the inner
portion (12) and the intermediate portion (13), and
comprising a further trailing edge (19), a further

pressure side (20), a further suction side (21), and at

least one duct (14) connecting the further pressure side

(20) fluidically to ﬁhe further suction side (21)."

2) An.aerodynamid appendix.as claimed in Claim 1,
wherein the further pressure sidé (20) is designed to
blend with the pressﬁre side (175 of ﬁhé blade (7).

3) An aerodynamic apbendix as claimed in Claim 1 or
2, wherein the ﬁurther suction.side (21) is designed to

fofm‘an‘angle with the suction side (18) of the blade

(7).

4) ‘An aerodynamic appendix as claimed in-‘any ‘one of

the foregoing Claims, wherein the duct (14) is located
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at the opposite end to the further trailing edge (19) .
5) An aerodynamic appendix as claimed in any one of
the foregoing Claims; Wherein'the'duct (14) 1is designed

to divide the flow (F1) cooperating with the pressure

- side (17) of the blade (7) into a flow (F3) along the

duct (14) and cooperating with the further suction,side
(21); and a flow‘ (F4) continuing along the further
pressure side (20).

-6) An aerodynamic appendix as claimed in any one of
the foregoing Claims,» whereih 1the. duct (14) tapefs
tbwards the.furthef suctioﬂ side (21).

7) An aerodynamic appendix as claimed in any one of
the foregoing Claims, and éomprising at least one Qortex
genefator (23) inside the duct (14).

8) An aerodynamic appendik as claimed in ény one of

the foregOing Claims, .and comprising a further duct - (24)

‘in series with the duct (14) .

9)'An aéfodynamic appendix as claimed in Claim 8,

wherein the further duct (24) tapers towards the further

}suction side (21).

10) An aerodynamic appendix as claimed in Claim 8

or 9, wherein the further duct (24) is designed to

divide the flow (F3) cooperating with the further

pressure side (20) into a flow (F5) along the further

duct (24) and cooperating with the-further'sﬁétioh side

(21) downstream from the further duct (24); and a flow
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(Fe) continuing alongvtﬁe further pressufe side (20).

- 11) An aerodynamic appendix'as élaiméd.in any one
of>Claims 8 to 10, and comprising a plurality of further
aucts (24) arranged in péfallel in flow—Wise direction;

12) An aerodynamic appendix as claimed in any-one
of.the foregoing Claims,'and.comprising a plurélity of
parallel ducts'(14) arranged in parallel in flow-wise
directi§n. )

13) An aerodynamic appendix'as claimed in any one

0of the foregoing Claims, and comprising a face (22)

complementary with the outer surface of the blade (7) to

~which the aerodynamic appendix (8) is coupled.

14) An aerodynamic appendixlas claimed in any -one

of the fdregoing Claims, comprising a main body (28)

coupledfto the blade (7) and at least one‘flap (29} 30;
31) hinged to the main body (28).

15) An aerodynamic appendix as claimed in Claim 14,

.wherein the at least one flap (29; 30; 31) is hinged

about an axis (B1l; B2; B3).
16) An aerodynamic appendix as claimed in Claim 14

or 15, wherein the duct (14) is delimited by the main

the body and the at least one flap (29; 30; 31).

17) An aerodynamic appehdix as claimed in any one

of Claims 14 to 16, comprising a plurality of flaps (29,

ﬁ'30,ﬁ§i) hinged td the main bédy'(28) abdﬁt respectiVe

parallel and mutually offset axes (Bl, B2, B3) and a
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plurality of duct (14), each, delimited by the main body

(28) and one of the flaps (29, 30, 31).

18) A wind turbine blade, wherein the blade (7)
comprises-an outer portion (11) with an airfoil having a

leading edge (15),‘a trailing edge (16), a pressure side

'(17), and a suction side = (18); a ‘substantially

‘cylindrical inner portion (12); an intermediate portion

(13):.between the outer portion (ll)“'and the inner
portion (12) and shaped to form a transition between the
airfoil and the substantially cylindrical inner portion;

aﬁd_an aerodynamic appendix (8) éccordihg to any one of’

the foregoing Claims.
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