wO 2008/007142 A1 |10 00O OO O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f d”Ij

) IO O T O R 5O

International Bureau

(43) International Publication Date
17 January 2008 (17.01.2008)

(10) International Publication Number

WO 2008/007142 Al

(51) International Patent Classification:
GO2B 6/44 (2006.01) F03D 11/00 (2006.01)
GO2B 6/00 (2006.01)

(21) International Application Number:
PCT/GB2007/050396

(22) International Filing Date: 12 July 2007 (12.07.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0614036.2
06253699.0

14 July 2006 (14.07.2006)
14 July 2006 (14.07.2006)

GB
EP

(71) Applicant (for all designated States except US): BAE
SYSTEMS PLC [GB/GB]; 6 Carlton Gardens, London
Greater London SW1Y 5AD (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FOOTE, Peter,
David [GB/GB]; BAE SYSTEMS PLC, ATC, New Fil-
ton House, PO Box 5, Filton Bristol BS34 7QW (GB).
STACE, Christopher [GB/GB]; BAE SYSTEMS PLC,
ATC, New Filton House, PO Box 5, Filton Bristol BS34
7QW (GB). LAYCOCK, Leslie, Charles [GB/GB]; BAE
SYSTEMS PLC, ATC, West Hanningfield Road, Great
Baddow, Chelmsford Essex CM2 8HN (GB).

(74) Agent: BAE SYSTEMS PLC, GROUP IP DEPT; Lan-
caster House, PO Box 87, Farnborough Aerospace Centre,
Farnborough, Hampshire GU14 6YU (GB).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,

CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,

ES, F1, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,

IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX,

MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,

RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,

TN, TR, TT, TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,

PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: HEAT DISTRIBUTION IN A DISTRIBUTED LIGHTING APPARATUS

,

(57) Abstract: Described herein is an apparatus which is, under a range of atmospheric conditions, capable of maintaining the
emission of light at a point remote from a light source. Notably, the apparatus is able to heat and distribute a fluid, and by doing so,
prevents condensation and ice from forming which could hamper the emission of light. The apparatus comprises a light source and
a light emitter, with a light conduit and a fluid conduit running between. A method for using such apparatus is also described.



10

15

20

25

30

WO 2008/007142 PCT/GB2007/050396

-1-

HEAT DISTRIBUTION IN A DISTRIBUTED LIGHTING APPARATUS

The following invention relates to an apparatus for distributing heat about a
distributed lighting apparatus, particularly for distributed lighting apparatus
installed in the blades of wind turbines.

It is known that wind turbines can represent a hazard to aircraft since
they extend into air space and in low light conditions are difficult to see. Lighting
apparatus have therefore been developed for installation in wind turbines.
These lighting apparatus make the wind turbines highly visible.

Known wind turbine lighting apparatus can be in the form of a distributed
lighting apparatus. Distributed lighting apparatus provide illumination by guiding
light from a source, along fibre optic cables and onwards to remote locations
where the light can be emitted. This is preferable to more conventional lighting
apparatus (e.g. where a power source transfers electrical energy along wires to
a bulb) since it reduces the need for electrical wiring around the wind turbine
structure and so reduces the risk of the turbine being struck by lightning. It also
reduces weight.

However, in operation such apparatus encounter problems arising from
the varying weather conditions to which they are exposed. Notably, water
vapour can condense on the distributed lighting apparatus which can hamper
the emission of light. If the temperature is sufficiently low, the condensed water
vapour will freeze. In either case the wind turbine’s visibility is consequently

reduced and it becomes a hazard.

The condensation and freezing process depends on atmospheric
conditions such as humidity and pressure as well as temperature differences
between the distributed lighting apparatus and the atmosphere. On a cold
morning for example, dew could form on the outside of the apparatus. On a hot
day, condensation could occur on the inside or outside of the apparatus.

This condensation and/or freezing is a particular problem when it occurs
in local proximity to the distributed lighting apparatus. This includes not only the
surfaces of the distributed lighting apparatus itself, but also the nearby
components of the wind turbine (for example a transparent cover). It is possible
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that if the condensation and/or freezing occurs on the local components, the

emission of light from the distributed lighting system could be hampered.

The present invention is therefore concerned with providing a distributed
lighting apparatus comprising a light source, a light emitter, and a light conduit
communicating between the light source and light emitter, wherein the
distributed lighting apparatus comprises a fluid conduit communicating between
the light source and the light emitter so that the apparatus is capable of
distributing heat about itself to inhibit the local condensation of water vapour
and/or the local formation of ice.

Advantageously this invention therefore provides an apparatus for
lighting a wind turbine which achieves all of the benefits of previous distributed
lighting arrangements, and further to this is able to achieve them under the
adverse conditions that apparatus will be subjected to when in use. It does this
in an energy efficient way by making use of the thermal energy already present
in the system.

Preferably the distributed lighting apparatus comprises a duct, the duct
comprising both the fluid conduit and the light conduit.

Advantageously this makes installation easier since only one component
need be laid between the light source and light emitter.

Preferably, the distributed lighting apparatus comprises a plurality of light
conduits combined to form a consolidated light conduit, the consolidated light
conduit defining a bore which can act as the fluid conduit.

Advantageously this makes efficient use of the materials. The apparatus
can therefore be cheaper and lighter.

Preferably, optical fibres are used as light conduits.

These provide a light conduit that has a very low attenuation so that light

can be effectively transferred from one location to another.

Preferably, the distributed lighting apparatus comprises a heating means
for heating a fluid medium.
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This can ensure that a fluid medium in the apparatus can be raised to a
temperature which will inhibit the formation of ice.
Preferably, the light source comprises a power supply.

The provision of a power supply advantageously means that, as well as

powering the light source, the light source can function as a heating means.
Preferably, the light source comprises a cluster of Light Emitting Diodes.

Advantageously a cluster of LED’s are used since they are durable and
resistant to shocks.

Preferably, the distributed lighting apparatus comprises a further fluid
conduit between the light source and the light emitter so that a fluid medium can
circulate between the light source and the light emitter.

Advantageously, this enables the heat to be distributed around a closed
loop. This means that the fluid medium need not be sourced from the
atmosphere but could in fact be provided as part of the apparatus if required.

This would lead to reduced heat losses.

Preferably, the distributed lighting apparatus comprises a fluid propulsion

means for effecting the circulation of a fluid medium.

Advantageously this can ensure that hot fluid will be transferred to the
light emitter.

Preferably, the fluid propulsion means comprises a fan.
Preferably, the fluid medium is air.

The apparatus can therefore source its fluid medium from its

surroundings. This is a cost-effective measure.
Preferably, the light emitter comprises a lens.

Advantageously this diffuses or focuses the emitted light in a
predetermined way so that the light is as visible as possibly required.

Preferably, the lens comprises black absorbers.

Advantageously these increase the efficiency with which the lens

absorbs infra-red radiation and so help to heat the lens.
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Preferably, the distributed lighting apparatus is installed along a rotatable

blade and a fluid medium can be driven by centrifuge action to effect the flow.

Advantageously, this obviates the requirement for a fluid driving means
to be provided as part of the apparatus and so reduces manufacturing and

assembly costs.

Preferably, the distributed lighting apparatus is suitable for installation in

a plane wing tip with the light emitter located towards or at the tip of the wing.

In accordance with a further aspect of the invention, there is provided a
method for distributing heat around a distributed lighting apparatus to inhibit the
local condensation of water vapour and/or the local formation of ice, the
distributed lighting apparatus comprising a light source, a light emitter, and a
light conduit communicating between the light source and light emitter, the
distributed lighting apparatus comprising a fluid conduit communicating between
the light source and the light emitter, the method comprising the steps of
warming a fluid medium at the light source and propelling the fluid medium
along the fluid conduit to the light emitter.

In accordance with yet another aspect of the invention, there is provided
a wing comprising a distributed lighting apparatus comprising a light source, a
light emitter, and a light conduit communicating between the light source and
light emitter, wherein the distributed lighting apparatus comprises a fluid conduit
communicating between the light source and the light emitter so that the
apparatus is capable of distributing heat about itself to inhibit the local

condensation of water vapour and/or the local formation of ice.

In accordance with a still further aspect of the invention, there is provided
a turbine blade for a wind turbine, the turbine blade comprising a distributed
lighting apparatus comprising a light source, a light emitter, and a light conduit
communicating between the light source and light emitter, wherein the
distributed lighting apparatus comprises a fluid conduit communicating between
the light source and the light emitter so that the apparatus is capable of
distributing heat about itself to inhibit the local condensation of water vapour

and/or the local formation of ice.
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An embodiment of the present invention will now be described, by way of

example only, with reference to the drawings of which:

Fig 1 shows a diagram illustrating an arrangement of the present invention

according to one possible embodiment.
Fig 2 shows the embodiment of Figure 1 installed in a wind turbine blade.
Fig 3 shows a detail of the embodiment of Figure 1.

Referring to Fig 1, an arrangement of a distributed lighting apparatus 100
is shown. Light travels from the light source 1 and along the light conduit 2 until
it reaches the blade tip lens 3. The blade tip lens 3 acts as a light emitter since it
is from here that light 4 is emitted from the apparatus 100 itself. In other words,
an observer looking at the distributed lighting apparatus would see light shining
only from the blade tip lens 3.

The light source 1 is shown comprising a power supply 5, LED cluster 6
and fibre launch optics 7. The power supply 5 is connected to a cluster of light
emitting diodes (LED’s) 6 so as to cause the LED’s to emit light. Light emitted
by the LED’s is collected by fibre launch optics 7 and guided into the light
conduit 2.

Fig 2 shows the distributed lighting apparatus of Fig 1 installed in the
blade 8 of a wind turbine (not shown). The light emitter 3 is positioned at the tip
of the turbine blade 9 thereby increasing the visibility of the point on the turbine
which extends furthest into the airspace. The light source 1 is positioned
towards the root 10 of the blade 8. The light conduit 2 extends from the light
source 1 to the light emitter 3 along the length of the blade 8.

Referring to Fig 3, the light conduit 2 can be seen as comprising a
number of distinct light conduits 2a-2e arranged in parallel, each of which
guides the light. These are joined to define a bore 11 that runs the length of the
light conduit 2. Bore 11, enables air to flow from around the light source 1, along
the light conduit 2, and on to the light emitter 3. Fan 13 is provided for propelling
air 12 along the bore 11 to the light emitter 3. The apparatus can be enclosed
so that air can circulate between the source 1 and emitter 3.
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It is important that neither ice nor condensation forms on the light emitter
12 surface so as to cover the emitter and reduce the visibility of the wind
turbine. However, a wind turbine will be expected to function in conditions likely

to induce ice formation and condensation.

Therefore, in operation, a fluid medium 12 is heated by the power supply
5 and propelled from the power supply 5 so that it flows along the fluid conduit
11 and onto the light emitter 3. At the emitter 3, the hot fluid medium 11
transfers thermal energy to the light emitter 3, this maintains the apparatus at a
temperature greater than the dew point and so prevents condensation (and
therefore ice) from forming which would obscure the emitter 3. Once the fluid
medium 12 has reached the light emitter 3 it may return 14 about the periphery
of the light conduit to the power supply to be re-heated.

By distributing the warm air from around the light source to the light
emitter, the apparatus is in effect able to transfer heat from its warmer part to its
colder parts.

The light conduits 10a-e are made of large core optic fibres.

The embodiment of the invention described herein should not be seen as
limiting the scope of the invention. A number of variations on the described
embodiment are possible without departing from the scope of the invention;
such variations would be obvious to one skilled in the art.

For example, the fluid need not be air. Any fluid with a low viscosity and
low density would be suitable. The fluid may be sourced from the surroundings
or may be provided, in which case the apparatus would have to be
encapsulated to prevent the provided fluid from escaping.

The invention need not rely upon the power supply to heat the fluid
medium, a heating means such as an electric heating element may be

additionally provided.

When using a consolidated conduit comprised of a number of lighting
conduits joined to form a bore, the hot fluid may flow through the bore from the
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light source to the light emitter and then once it has warmed the light emitter

may return on the outside of the consolidated conduit.

The converse would also be possible. In this case the hot fluid may flow
on the outside of the consolidated conduit from the light source to the light
emitter and then once it has warmed the light emitter may return through the
bore. A means of enclosing the consolidate conduit could be provided to
prevent the heated fluid from escaping.

The invention has been described with respect to a blade in a wind
turbine, however the invention would be equally well suited to installation in the
wing of a plane. Such an installation would be particularly suitable for use as a
landing light with the light emitter located at the tip of the plane’s wing.

The invention fluid propulsion means need not necessarily be a fan. For
example, in a spinning turbine blade, air would tend to be forced from the power
supply to the tip of the blade anyway by a ‘centrifuge action’. This would also be
an acceptable propulsion means within the scope of the invention.

The invention may even be installed in the rotor blade of a helicopter.
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CLAIMS

1. A distributed lighting apparatus comprising a light source, a light emitter,
and a light conduit communicating between the light source and light emitter,
wherein the distributed lighting apparatus comprises a fluid conduit
communicating between the light source and the light emitter so that the
apparatus is capable of distributing heat about itself to inhibit the local

condensation of water vapour and/or the local formation of ice.

2. A distributed lighting apparatus according to claim 1 comprising a duct,

the duct comprising both the fluid conduit and the light conduit.

3. A distributed lighting apparatus according to claim 1 or claim 2
comprising a plurality of light conduits combined to form a consolidated light
conduit, the consolidated light conduit defining a bore which can act as the fluid

conduit.

4. A distributed lighting apparatus according to any one of the preceding

claims comprising a heating means for heating a fluid medium.

5. A distributed lighting apparatus according to any one of the preceding
claims in which the distributed lighting apparatus comprises a further fluid
conduit between the light source and the light emitter so that a fluid medium can

circulate between the light source and the light emitter.

6. A distributed lighting apparatus according to any one of the preceding
claims in which the distributed lighting apparatus comprises a fluid propulsion

means for effecting the circulation of a fluid medium.
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7. A distributed lighting apparatus according to any one of the preceding
claims in which the distributed lighting apparatus is installed along a rotatable
blade and a fluid medium can be driven by centrifuge action to effect the flow.

8. A method for distributing heat around a distributed lighting apparatus to
inhibit the condensation of water vapour and/or the local formation of ice, the
distributed lighting apparatus comprising a light source, a light emitter, and a
light conduit communicating between the light source and light emitter, the
distributed lighting apparatus comprising a fluid conduit communicating between
the light source and the light emitter, the method comprising the steps of
warming a fluid medium at the light source and propelling the fluid medium
along the fluid conduit to the light emitter.

9. A wing comprising a distributed lighting apparatus comprising a light
source, a light emitter, and a light conduit communicating between the light
source and light emitter, wherein the distributed lighting apparatus comprises a
fluid conduit communicating between the light source and the light emitter so
that the apparatus is capable of distributing heat about itself to inhibit the local
condensation of water vapour and/or the local formation of ice.

10. A turbine blade for a wind turbine, the turbine blade comprising a
distributed lighting apparatus comprising a light source, a light emitter, and a
light conduit communicating between the light source and light emitter, wherein
the distributed lighting apparatus comprises a fluid conduit communicating
between the light source and the light emitter so that the apparatus is capable
of distributing heat about itself to inhibit the local condensation of water vapour

and/or the local formation of ice .
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