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(54) Title: ARRANGEMENT FOR WIND TURBINES

(57) Abstract

Arrangement for wind turbines which comprises
not only a rotor (2) which can be caused to rotate about a
shaft by a flow of air moving essentially in the direction
of the shaft from an inlet side towards an outlet side, but
also an annular body (1) enclosing the rotor in a concen-
tric fashion, said body exhibiting on its intended inlet side
an inlet having an inner boundary edge in connection

with which the rotor is arranged and which makes the

transition on the outlet side of the annular body to a
front, inner boundary edge for an outlet which windens
out in the direction of the flow and which is terminated
by means of a rear, outer boundary edge (19). The trans-
verse profile of the annular body (1) corresponds to a
wing profile, of which the rounded leading edge (7-9)
forms the inlet, of which the pointed trailing edge (19)
forms the outer boundary edge of the outlet, which is situ-
ated radially outside said front edge, of which the flatter
side (6) forms the inlet face of the ducting and extends
from the outer boundary edge (22) of the inlet reawards
and outwards as far as the outer boundary edge (19) of
the outlet, and of which the curved side (16-18) forms the
outlet.
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Title:
Arrangement for wind turbines

Technical field:
The present invention relates to an arrangement for wind

turbines.

Background:
Wind turbines always incorporate a rotor, that is to say some

form of vane wheel or blade wheel. This rotor may be exposed or
may be connected to a ducting. By the use of such a ducting of
appropriate design it is possible to produce an accelerated wind
flow past the rotor, This may be achieved in two ways, either by
means of an accelerator which is positioned ahead of the rotor and
which has the effect of increasing the velocity of the air flow
as it arrives and before it reaches the rotor, or by means of a
diffuser which is positioned behind the rotor and which
contributes to leading away the air flow behind the rotor so that
said air flow does not constitute an impediment to the érriving
air flow. The principle may also be explained in terms of the fact
that the accelerator attempts to increase the dynamic pressure ahead
of the rotor, leading to an increase in the velocity of the arriving
air, The diffuser for its part distributes the air leaving the
turbine over a greater volume by causing the air to be diffused,
whereby the dynamic pressure will fall in spite of the fact that
the static pressure may rise as a result of the reduction in the
velocity of the air which takes place. It is usual for a turbine
ducting to be provided with both an accelerator and a diffuser
arrangement.

The use of such a velocity—increasing arrangement permits }he
wind to be utilized more effectively, especially in the case of
low wind speeds. A conventional wind turbine must, in actual fact,
be so executed as to be capable of withstanding the maximum wind
force occurring at the place of installation or, in the event of
means being provided for taking the turbine out of service at a
certain wind force, of withstanding the maximum wind speed at which
it is proposed to operate. This means that the rotor will possess

a certain starting resistance, with the result that the turbine
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will not generate any power in low winds, The use of a ducting

arrangement enables the Llimit value for the lowest wind speed to

v

be reduced partly because the velocity of the wind is accelerated
and partly because the rotor is able to be made smaller than in
the case of an exposed rotor because of the higher wind velocity
at which it operates, with the result that it is not exposed to
the risk of damage to the same extent.

The smaller size of the rotor may also result in a lower
manufacturing cost since certain parts of the rotor are replaced
by a static component which can be made not only more robust, but
often at a lower cost than the. component which is to rotate. The
power produced by 2 wind turbine bears a certain relationship to
its frontal area, which is constitutedronly by the rotor in the
case of an exposed turbine, whereas in the case of a ducted turbine
it is constituted by the rotor together with the nom—rotating

ducting.

Technical probiem: _

A duct of the aforementioned type often consists of an
accelerator in the form of an inlet trumpet and a diffuser in the
form of an exhaust trumpet. A trumpet of pure, conical form will,
however, produce very limited acceleration because, if an attempt
is made to exceed a certain ratio, the turbulence created in the
trumpets will be so great that the intended gain will be eliminated
by losses. Forms other than a pure cone have accordingly been
proposed, although these have failed to produce the intended

improvements.

The solution:

The problem of achieving high acceleration without excessively i
high turbulence losses is solved by the present invention in that
the transverse section of the accelerationr—producing, annular body
corresponds essentially to a wing section of which the rounded
leading edge forms an inlet of which the pointed trailing edge forms
“the outer boundary edge of an outlet which, when viewed radially,

is situated outside said leading edge of which the flatter side
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forms the flow front of the body and extends rearwards and
outwards from the outer boundary edge of the inlet as far as the

outer boundary edge of the outlet, and of which the curved side

forms the outlet.

Advantages:
The present invention provides an arrangement for wind

turbines which will produce acceleration of the air flow past the
rotor of the turbine with Lower turbulence losses than are
achieved from previously disclosed arrangements such as ductings

of the aforementioned type.

Brief description of the drawings:
The following description illustrates the invention with

reference to the accompanying drawings. Of these, Figure 1 is a

radial section through the turbine and Figure 2 is a front view.

Best mode of carrying out the invention

The arrangement in accordance with the present invention may
be said to relate to ducted turbines in which the rotor is
surrounded by an annular body. This %s not executed in the form
of a duct, however, in the sense that it does not incorporate any
diffuser of conventional type. The annular body surrounding the
rotor is accordingly referred to below as the 'annular body'.

For the purposes of the invention the annular body preferably
incorporates an accelerator on the inlet side of the turbine,
although no diffuser is fitted on the outlet side, but rather a
further accelerator to provide continued acceleration of the air
behind the turbine. This produces a drop in static pressure behind
the turbine, which produces an additional flow of air to and through
the turbine. In the following description the accelerator on the
inlet side is referred to as the 'pre—accelerator' and the
accelerator on the outlet side as the 'post—accelerator’.

The foregoing is achieved in accordance with the invention
by executing the annular body in the form of a circular, i.e.
endless, wing with the flatter underside of the wing profile
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being situated on the inlet side, and with the more curved upper
side of the wing profile being on the outlet side. The leading
edge of the wing profile, the inner surface of which forms the
pre—accelerator, is situated ahead of and radially within the
trailing edge of the wing profile, which constitutes the
extremity of the post—accelerator. The transverse section of the
wing profile thus faces rearwards and radially outwards and may
be said to constitute a truncated cone which widens out in the
direction of the flow. The intention is that the exhaust air
should follow the curved internal shape of the post—accelerator,
thereby causing the air to be accelerated in the same way as

the air passing over the upper surface of a wing is caused to
accelerate, in so doing causing lower pressure to exist in that
area, In order to achieve this effect, however, the air must be
directed outwards, which is best done by means of a cone situated

in the central hole of the annular body, said cone widening out

in the direction of the flow and in so doing causing the air to

be directed outwards. This cone may suitably constitute the hub
of the rotor itself, and the turbine blades must accordingly be
mounted on the cone.

In order to achieve the best effect the air flow along the
inside of the post—accelerator must be as Laminar as possible.
It is possible to achieve and maintain the highest possible degree
of laminar flow by causing the rapidly flowing air taken in ahead
of the rotor to pass via ducts past the rotor and to exhaust on
the inside of the post—accelerator essentially in the direction
of the surface, so that the boundary layer between the surface of
the body and the flowing air will be imparted with an energy—rich
jet. Tests have shown that a significant air speed can be achieved

in this way along the surface of the body. The test results show

-

that it is possible in the manner described to produce a pressure
drop of 13 mm HZO behind the rotor at a wind speed of 6 m/s, and
of 200 mm Hzo at 25 m/s. ,

An embodiment of the turbine is described below with reference
to the accompanying drawings. Figure 1 shows a transverse section

through the turbine, and Figure 2 is & front view of same.
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As may be appreciated from the Figures, the turbine includes
the aforementioned annular body, indicated by the reference
designation 1 , and the rotor, indicated by the reference
designation 2 . The rotor 2 1is supported by a fixed central
body 3 , which in turn is supported on a base via a mast 4 .

The central body 3 supports the rotor 2 by means of bearings,
enabling the rotor to rotate. The rotor is intended in this way

to drive the machine by means of which the wind power is to be
utilized. This may be an electrical generator contained inside the
central body 3 or a hydraulic pump, for example. As an alternative,
the central body may congain a gear box to transmit the power from
the rotor to machinery situated in the base via a shaft in the

mast 4 . Solutions of this kind for harnessing and transmitting

the movement of the rotor have been disclosed previously, however,
and need not be described in greater detail here.

In order to retain the annular body 1 in its position around
the turbine 2 it is connected by means of radial arms 5 to the
supporting central body 3 .

From Figure 1 it is apparent that the circular annular body 1
exhibits a radial transverse section capable of being inscribed
within the outer contour of a wing profile. The annular body
exhibits for this purpose an outer front surface é and an inner
front surface, both on the inlet side, with the latter surface
being formed by the front edges 7, 8 and 9 of three rings 10,

11 and 12 into which the annular body 1 1s divided by means of
two narrow gaps 13 and 14 which run through it. The front surface
of the outer ring facing the inlet side forms said outer front
surface & of the annular body. It should be pointed out that the
outer ring 10 of the central body 3 1is supported by these three
rings via the arms 5 , said outer ring in turn supporting the

two remaining rings by means of the spacer elements 15 .

The rear surface of the annular body on the exhaust side is
formed by the end surfaces 16 and 17 of the two outer rings 10
and 11 and the surface 18 of the inner ring 12 facing the

exhaust side.
As is already known, a wing profile consists of an outwardly
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curved ‘upper surface' and a flat or convex 'lower surface' together
with a rounded leading edge and a pointed trailing edge to which -
the 'upper and lower surfaces' are connected. Of these surfaces,

the curved 'upper surface' on the wing body correspoﬁds to the
surfaces 16, 17 and 18 , the flat 'lower surface' to the surface

6 , the curved leading edge to the surfaces 7, 8 and 9 , and the
pointed trailing edge to the pointed trailing edge of the pointed
transition 19 between the surfaces 6 and 16 on the outer ring

10 . Unlike a normal wing, however, the annular body 1 is, as

has already been mentioned, divided into three parts by the gaps

13 and 14 . If, however, this three—part body is imagined to be
enclosed by a shape which bridges over the openings of the gaps,

it will be appreciated that the transverse section closely resembles
that of a convéntional wing profile. This wing profile is thus
curved into the form of a ring, with its transverse section facing
with its tapered *trailing edge' 19 obliquely outwards from the
centre and rearwards in relation to the direction of the flow.

If the annular body 1 1is regarded from the point of view of
the air flow, the surfaces 7, 8 and 9 , the 'leading edge', form

an inlet and the surfaces 16, 17 and 18 , the '"trailing edge',
form an outlet. The inlet and the outlet merge together at the
innermost part of the surface, which thus forms the inner boundary
edge of the inlet and the outlet and at the same time the paséage
through the body. The outer boundary edge of the inlet is formed
by the transition 22 between the surfaces 6 and'T . The outer
boundary edge of the 6utLet is formed by the point 19 .

The rotor 2 consists partly of a hub 20 which widens out
in a conical fashion in the direction of the flow, and partly of
blades 21 supported by the outer part of the hub. The blades 21
are twisted in the form_dfig’spiral in relation to the corresponding
radius of the hub. The arriving air will consequently impart a 7
twisting moment. to the rotor..This manner of arranging turbine
blades has been disclosed previously, and there is accordingly no
need to describe the design of the blades in greater detail.

. The Figures also show that outside the outer edge 19 of the
annular body 1 1is arranged a deflector 24 , which may be

»
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said to correspond to the 'flaps' which are often arranged on the
trailing edge of a wing profile. This deflector is divided into
sections 25 in the form of circular ring sectors. Each and every
one of these sections is able to rotate about pins 26 supported
by the arms S . The transverse section of the deflector, too,
corresponds largely to that of a wing profile with a curved side
27 and a flat side 28 , a rounded leading edge 29 and a
pointed trailing edge 30 . The deflector is not essential for the
function outlined below, although it does provide the possibility
of adjusting the turbine to suit different flow velocitieg,
permitting its average efficiency to be imprqved over a wide

range of different wind strengths. The adjustment of the amount

of twist imparted to the sections 26 can be done manually, but
should preferably take place via a mechanism controlled by the
strength of the wind. This mechanism may consist of a sensor for
detecting the strength of the wind and a hydraulic control device
for adjusting the sections 26 into pre—determined positions
depending on the strength of the wind. }

When it is working, it is intended that the turbine should
be so positioned as to face directly into the wind, which will
thus arrive in the direction of the arrow 32 in Figure 1, The
air which meets that part of the front surface of the annular
body 1 which is formed by the surfaces 7, 8 and 9 will, for
the most part, be guided inwards towards the opening present
within the surface 9 and will meet the turbine blades 21 . The
turbine will thus be caused to rotate, and the strength of the .
wind can thus be utilized in the manner outlined above. The air

which meets the blades 21 will be directed outwards by the

"conically widening surface 20 , and the air flowing through the

turbine will leave the turbine in a sense which faces outwards

at a steep angle. It will thus flow over the rear surface of the
annular body 1 formed by the surfaces 16, 17 and 18 , following
jts curvature. This will result in the acceleration of the outward
and rearward flowing air; An area of negative pressure will be
formed in this way, which will attempt to draw the arriving air

through the turbine more rapidly. At the same time a certain level
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of acceleration will be created in the conical inlet formed by the
surfaces 7, 8 and 9 . Pre—acceleration and post—acceleration
phenomena are thus produced which together provide the desired
more rapid flow through the turbine. The air will thus flow through
the turbine at a higher velocity than that of the air as it arrives
at the arfangement. '

That portion of the arriving air which meets the surface 6
will not be channelled towards the turbine wheel, but will be
directed outwards. As it reaches the point 19 it will meet the -
air flowing along the surface 6 , and it is important that the
air-flowing away should not be disturbed in such a way as to have
an adverse effect on the acceleration produced along the surfaces
16, 17 and 18 . Disturbances of this kind can be avoided through
the correct design of the surfaces on the inlet and outlet sides.
It will be difficult or impossible, however, to produce an optimum
design for all wind strengths. The use of the deflector 24 will,
nevertheless, allow a high degree of adaptation to suit different
wind strengths to be achieved by adjusting fhe deflector in such
a way as to produce favourable acceleration characteristics.

The purpose of the gaps 13 and 14 1is to cause a laminar
boundary Layer flow to occur over the surface formed by the surfaces
16, 17 and 18 on the outlet side. By releasing a very restricted
flow of air through the rear openings of the gaps in the direction
of the surface, a thin layer of air flowing in a laminar fashion
along the surface will be produced, which will contribute towards
maintaining the laminar flow of the main air flow from the turbine
wheel which is essential if the aforementioned acceleration behind
the turbine wheel is to be achieved.

This arrangement does not, however, constitute an essential
part of the turbine in acéordance with the invention. If the turbine
is simplified in such a way that the annular body 1 is executed
entirely without the gaps 13 and 14 , in the manner of a true wing
profile, the advantages of therithntion can still be utilized,
especially in small turbines, since it should be possible to
achieve an essentially laminar flow for the air Leaﬁing the turbine

wheel even in the absence of any such gaps.
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Patent Claims:

1. Arrangement for wind turbines which comprise not only a rotor
(2) intended to be caused to rotate about a shaft by a flow of air
moving essentially in the direction of the shaft from an inlet side
towards an outlet side, but also an annular body (1) enclosing the
rotor in a concentric fashion, said body exhibiting on its intendéd
inlet side an inlet having an inner boundary edge in connection

with which the rotor is arranged and which makes the transition on
the outlet side of the annular body to a front, inner boundary edge
for an outlet which widens out in the direction of the flow and
which is terminated by ‘means of a rear, outer boundary edge (19),
characterized in that the transverse profile of the
annular body (1) corresponds essentially to a wing profile, of which
the rounded leading edge (7—9) forms the inlet, of which the pointed
trailing edge (19) forms the outer boundary edge of the outlet,
which is situated radially outside said front edge, of which the
flatter side (&) forms the inlet face of the ducting and extends
from the outer boundary edge (22) of the inlet rearwards and
outwards as far as the outer boundary edge (19) of the outlet, and
of which the curved side (16—18) forms the outlet.

2. Arrangement in accordance with Patent Claim1, ¢ har—
acterized in that the outer boundary edge (22) of the

inlet is situated, when viewed in the radial sense, a considerable
distance inside the outer boundary edge (19) of the annular body (1),
so that the ratio of the diameters of the outer and inner boundary
edges is considerably greater at the outlet than at the inlet.

3. Arrangement in accordance with Patent Claim2, ¢ har —
acterized in that said ratio of the diameters is of the
order of 1:2.5 at the inlet and 1:5 at the outlet.

4. Arrangement in accordance with any of the Patent Claims 1,

2or3, characterized in that there are present on
the inlet side of the annular body (1) a number of openinés, from
which channels (13, 14) lead to discharge openings at the outlét,
so that air forced in at the inlet side will form a Laminar flow

layer from the discharge openings over at least parts of the surface

of the outlet.
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5. Arrangement in accordance with Patent Claim4, ¢ har —
acterized 1in that the inlet openings to the channels

(13, 14) are situated in the inlet of the ducting.

6. Arrangement in accordance with any of the preceding Patent
Claims, characterized in that the rotor (2) exhibits
a hub (20) which widens out in the direction of the flow, said hub
supporting blades (21) or similar which, together wﬁth the hub,
are situated essentially at the outlet, whereby the hub (20)
constitutes a surface which will direct the air flow radially

outwards.

[ 3

»n



PCT/SE83/00480

WO 84/02750

1/2

[

L SN\ Aﬂn.nmll.
S

77T

Qw0 Ry SO NQQI N NZTROaNW

AL ‘ N
S LS

N N
=27 SN

28 30 27 2% 26
Y
*

!

Py

FIG.1

WIFO \J
o

GUREA
OMP!

ERNATY

W,




WO 84/02750 PCT/SE83/00480

2% 25 ) 2 5

Il




INTERNATIONAL SEARCH REPORT
International Application No PCT/SEB 3/00480

I. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) $

According to International Patent Classification (IPC) or to both National Classification and IPC 3

F 03D 1/04

Il. FIELDS SEARCHED

Minimum Documentation Searched ¢

Classification System | Classification Symbois

IPC 3 F 03D 1/00-1/06, 11/00-11/04
National Cl| 88d: 2/08
us C1 290: 44, 55; 415: 2,3,4
Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included In the Flelds Searched 8
SE, NO, DK, FI classes as above

il. DOCUMENTS CONSIDERED TO BR RELEVANT 1+

Category * Cltation of Document, 18 with Indication, where appropriate, of the relevant passages 7 Relevant to Claim No. 18
A DE, A, 729 534 (A FISCHER)
17 December 1942
A FR, A, 891 697 (J BLOCH)
15 March 1944
A uUs, A, 4 320 304 (J KARLSSON ET AL)

16 March 1982

“T" |ater document published after the International flling date

* Special categories of cited documents: |8

“A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international
filing date
“L" document which may throw doubts on priority claim(s) or

later than the priority date claimed

uye

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed Invention
cannot be considered novel or cannot be considersd to
involve an inventive step

which Is cited to establish the publication date of another wy" document of .
particular relevance; the claimed invention
citation or other special reason (as specifiad) cannot be considered to involve an inventive step when the
“Q" documaent referring to an cral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“p" document published prior to the international filing date but In the art.
i “&" document member of the same patent family

IV. CERTIFICATION

Date of the Actual Compistion of the Internationa! Search ?

1984-03-22

Date of Mailing of this International Search Report *

1984 -04- 02 -

international Searching Authority ¢

Swedish Patent Office

Signatufe of Authorized Officer 10

KristerT Ben

tsson

Form PCT/ISA/210 {second sheet) (Qctober 1981)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

