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DESCRIPTION

Field of the Art

[0001] The present invention belongs to cooling systems for cooling components of wind
turbines.

State of the Art

[0002] Different pieces of heat-generating equipment work simultaneously during the operation
of a wind turbine.

[0003] Some of them such as the generator, the multiplier, the transformer, the hydraulic unit,
the nacelle, etc. require a cooling system to keep their temperature within their range of
operation.

[0004] Usually, heat cannot be discharged at the point where it Is generated and must be
transferred to another more convenient location for dissipation. This transport of the heat
generated to the discharge point Is performed by means of a hydraulic circuit made up of:. a
recirculation pump, a heat exchanger, ducts, hydraulic connections, a transport fluid, etc.

[0005] For example, the multiplier in some wind turbines 1s cooled by means of a dual
hydraulic circuit. The oil from the multiplier circulates through the primary circuit where it Is
passed through an oil/water-glycol exchanger. This exchanger transfers heat from the oll to
water-glycol. Water-glycol circulates through the secondary circuit driven by an additional
pump to another water-glycol/air exchanger, where the heat is transferred to the outside air
through the action of a motor fan.

[0006] The fact of having so many components reduces assembly reliability by increasing their
possibility of malfunction.

[0007] On the other hand, these hydraulic circuits and their components take up a large
volume and they are not always readily accessible.

[0008] Furthermore, the need of having to circulate a secondary fluid to perform heat transport
leads to the probability of leakages In various connections of the hydraulic circuit. At times
these leakages cause major breakdowns which may cause the wind turbine to go out of
service for several days.

[0009] Additionally, the electric consumption of the components of these systems, the total
sum of which may reach a large number of kilowatts, decreases total energy production and
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thereby wind turbine performance.

[0010] Other components of the wind turbine, like the nacelle itself, are cooled by introducing
outside air that has been previously filtered and dehumidified to prevent corrosion. To that end,
the action of one or more motor fans connected to the filtration and moisture elimination
system Is required.

[0011] These filtration systems are particularly complex in offshore locations, desserts,
environments with large airborne particles, etc. Furthermore, they require regular maintenance
for replacing the filtering means.

[0012] CN 101338732 discloses a cooling device according to the pre-characterizing portion of
appended clam 1. CN 102777581 discloses a heating and cooling device of a wind turbine
generator system. EP2320081 discloses a nacelle cooling system of a wind turbine.

Object of the Invention

[0013] In accordance with the present invention, there I1s provided a cooling device for
components of wind turbines, as defined Iin appended independent claim 1. Embodiments of
the present invention are defined In the appended claims dependent on claim 1.

[0014] The object of the Iinvention i1s a device for discharging heat generated by various
components of an onshore, offshore, or underwater wind turbine. The device comprises at
least one preferably tubular conduit extending from a receptacle, through which the primary
fluid transporting heat from the component to be cooled to the discharge point in contact with
the outside air.

[0015] Said conduit contains therein a working fluid selected to change from a liquid to gas
phase, and vice versa, during operation, thereby transporting heat from one point to another In
a passive manner without requiring an additional drive pump. A first lower portion of each
conduit 1s Inserted Into the receptacle, said lower portion acting as an evaporator of the
working fluid. A second upper portion of each conduit remains outside the receptacle, In
contact with the outside air, acting as a condenser of the working fluid.

[0016] For example, when cooling the multiplier of the wind turbine, the primary circuit would
be connected to the receptacle of the device object of the invention. The oil would be In contact
with a first lower portion of each conduit, acting as an evaporator of the working fluid and
thereby transporting heat to a second upper portion of each conduit, located outside the
receptacle in contact with the outside air, acting as a condenser. The heat from the oil can
therefore be transferred to the outside air, eliminating the oil/water-glycol exchanger and the
secondary circuit: drive pump, water-glycol/air exchanger, motor fan, connections, etc.

[0017] The proposed solution simplifies the cooling system by eliminating components and
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therefore increasing assembly reliability.

[0018] This simplification is of special interest in offshore locations where accessibility 1s not
always assured and redundant systems have to be installed in some cases.

[0019] The space required for cooling i1s significantly reduced by eliminating the pump and the
exchanger which are usually bulky elements.

[0020] On the other hand, by reducing the hydraulic connections between the different
components of the system, the possibility of leakages therein, and therefore the possibility of
malfunctions, costly breakdowns, and long machine downtimes, is significantly reduced.

[0021] Finally, it must be pointed out that the transport of heat from the primary fluid to the
outside air Is performed by means of phase change of the working fluid contained In the
conduits, and by the effect of gravity without external power supply from a drive pump being
necessary.

[0022] The device object of the invention can be applied to different components of the wind
turbine, adding additional advantages to those that have been mentioned previously. For
example, when cooling the nacelle described above, the device object of the invention would
allow eliminating filtration systems as it completely isolates the inside of the nacelle from the
outside air. In this solution, the receptacle of the device would be the nacelle itself, on the
Inside of which there would be inserted a first lower portion of each conduit, acting as an
evaporator of the working fluid and thereby transporting heat from the inside air to a second
upper portion of each conduit located outside the nacelle acting as a condenser.

[0023] In this solution, as mentioned, the filtration systems and therefore their maintenance
are eliminated.

[0024] The cooling device of the present invention can be applied to onshore wind turbines,
offshore wind turbines, and also to underwater wind turbines (submerged wind turbines that
work underwater, utilizing water currents). VWhile the condensers of the conduits are in contact
with the outside air in the onshore and offshore wind turbines, iIn underwater wind turbines the
condensers are In contact with the water outside.

[0025] In a possible embodiment, the cooling device comprises a receptacle connected to the
component of the wind turbine to be cooled, with a recirculation pump for recirculating a
primary coolant fluid. In this case, the cooling device preferably comprises ducts through which
the primary coolant fluid circulates from and to the receptacle and the component of the wind
turbine to be cooled. The component of the wind turbine to be cooled can be, for example, any
one of the following elements:

» [he generator of the wind turbine.
e [The multiplier of the wind turbine.
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e [he transformer of the wind turbine, in the case of an oil-cooled transformer.

e T[he control electronics of a power converter of the wind turbine.
o efc.

[0026] In another possible embodiment, the receptacle is the component of the wind turbine to
be cooled. The receptacle can be In this case, for example, any one of the following
components to be cooled:

» [he nacelle of the wind turbine.

e The compartment of a transformer of the wind turbine.
e [he receptacle of a hydraulic unit of the wind turbine.
e Ducts through which the primary fluid circulates.

e efc.

[0027] In a preferred embodiment, the second upper portion of each conduit projects from the
roof of the nacelle of the wind turbine, the cooling device having a nozzle responsible for
housing the upper portion of each conduit and increasing the speed of the outer fluid.

[0028] The device comprises at least two conduits, where each conduit is sealed at both ends,
and where the working fluid contained in each conduit has a different boiling point.

[0029] When the conduits comprised In the cooling device are at least two In number, each
with both ends sealed, the working fluids contained In the conduits have a different boiling
point. In other words, they change from a liquid to gas phase, and vice versa, at a different
temperature. That is particularly relevant when a primary fluid such as oil i1s to be cooled,
which, If cooled excessively loses fluidity and is less efficient. Using different working fluids with
different boiling points keeps the primary fluid within its optimum range of operation.

[0030] The cooling device may comprise at least one hermetic seal to assure leak-tightness
between the receptacle and at least one conduit. This hermetic seal can be flexible such that it
allows immediately adjusting the height or axial displacement of the conduits, in addition to a
very quick assembly.

[0031] The working fluid Iinside the condulit is preferably subjected to a pressure greater than
the atmospheric pressure.

[0032] The cooling device may comprise a plurality of fins coupled to the second portion of the
conduit. The fins may include an upper seal of the conduit. The fins are preferably metal fins.
The cooling device may comprise the plurality of fins coupled to the first portion of the conduit
additionally and alternatively to the coupling thereof to the second portion of the conduit. The
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contact surface and heat transfer in the first portion of the conduit are therefore increased.

[0033] Optionally, the conduits comprise end segments made of a metal material and an
Intermediate segment made of a flexible and electrically insulating material. The conduits can
be made of a flexible or malleable material. For example, the conduits can be a flexible plastic
material; this provides two significant advantages, on one hand, plastic i1s an electrically
Insulating material which prevents possible electric leakages of the element to be cooled, and
on the other hand, greater flexibility is provided to the cooling device during installation; 1.e.,
making 1t possible to place same In spaces in which it would be impossible to place rigid or
non-flexible conduits due to the dimensions or configuration of the spaces for installing the
devices, for example.

Description of the Drawings

[0034] The invention will be described below In more detaill in reference to the attached
drawings In which:

Figures 1A and 1B show a diagram depicting the cooling device in which the receptacle
through which the primary fluid circulates and the conduit extending to the heat discharge point
are seen.

Figures 2A and 2B show an alternative embodiment of the cooling device In which the
receptacle i1s the component to be cooled itself.

Figure 3 depicts a detall of the end of a conduit with fins.

Figures 4A and 4B depict the cooling device applied for cooling different components of a wind
turbine.

Figure 5 depicts the possible embodiment in which a nozzle, arranged on the outside of the
nacelle of the wind turbine, houses the upper portion of each conduit.

Detailed Description of the Invention

[0035] The object of the Iinvention i1s a device for discharging heat generated by various
components of a wind turbine. The device comprises one or more conduits extending from a
receptacle through which the primary fluid transporting heat from the component to be cooled
to the discharge point in contact with the outside air circulates. Said conduits contain therein a
working fluid which undergoes a phase change, transporting heat from one point to another.

[0036] The component to be cooled (7) has no heat spot concentrated in a single element,
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and it i1s therefore advisable to concentrate it so as to be discharged by means of a primary
coolant fluid (10). This fluid can be, for example: air, water, a mixture of water and glycol, oll,
etc. Ducts (9) through which the primary fluid (10) circulates driven by means of a recirculation
pump for recirculating the fluid are arranged between the component to be cooled (7) and the
receptacle (2). These ducts can be, for example, tubings, pipes, hydraulic connections, air
ducts, openings for communication between the component and the receptacle, etc.

[0037] In the embodiment of the invention shown In Figures 1A (schematic side view) and 1B
(schematic perspective view), the component to be cooled (7) Is connected to a receptacle (2)
Into which at least one preferably tubular-shaped conduit (3) Is inserted.

[0038] A working fluid (5) performs a phase change-based thermodynamic cycle inside the
conduit. The lower part of the conduit (3) (referred to as evaporator) receives the heat to be
dissipated and the fluid in liquid phase evaporates and transforms into vapor. Due to the
difference In densities existing between the liquid and vapor state of all fluid, said vapor moves
upward to the higher and colder part of the conduit (3) (referred to as condenser) where it
condenses, giving off latent heat, and again moving downward by gravity to the lower part. The
working fluid (5) repeats this cycle over and over again, a quick heat transfer in one direction
from top to bottom thus being obtained.

[0039] The dimensions of the receptacle (2) as well as the dimensions of the conduit (3) will be
adapted according to the power to be dissipated and the environmental conditions of the
surroundings.

[0040] Optionally, as shown In Figures 2A (schematic side view) and 2B (schematic
perspective view), the receptacle (2) can be the component to be cooled (/) itself: the nacelle
itself, the compartment of the transformer, the receptacle of the hydraulic unit, the ducts
through which the primary fluid circulates, etc.

[0041] The condult (3) I1s selected for each application based on its fundamental parameters:
material, thickness, length, etc. The material can be copper, for example.

[0042] The working pressure of the conduit (3) must also be considered when determining the
material and the thickness so that there will be no deformations which may reduce heat
transfer.

[0043] The first hermetic seal (4) at the end of the conduit (3) assures leak-tightness of the
conduit to the selected design conditions. Seals made by compression, hydraulic seals, seals
with epoxy resins, etc. can be used, for example.

[0044] A second hermetic seal (8) allows assuring leak-tightness between the receptacle (2)
and the conduit (3) to prevent the leakage of the primary fluid (10). A sealing gasket, hydraulic
seal, weld, etc. can be used, for example. The second hermetic seal (8) can be a flexible seal
such that it allows immediately adjusting the height or axial displacement of the conduits (3), In
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addition to a very quick assembly.
[0045] The working fluid (5) can be a coolant fluid, for example, R-134-a or the like.

[0046] Figure 3 shows a possible embodiment of the part of the condenser of the conduit (3)
where metal fins (6) are installed for the purpose of making more surface available for heat
exchange between the condult itself and the outside air. Said fins (6) can be, for example,
corrugated metal plates or flat discs inserted, welded, or embedded In the conduit itself,
arranged horizontally, vertically, in a spiral, etc. The main function of these fins (6) Is to
Increase the surface for passive heat transfer with respect to the air. Alternatively, the fins can
be built as a single assembly and with different shapes. In this case, the conduit (3) can be
sealed against this assembly which would perform the function of a condenser.

[0047] The cooling device may comprise the fins (6) coupled to the first portion of the conduits
(3) additionally and alternatively to the coupling of the fins (6) to the second portion of the
conduit. With the coupling of the fins (6) to the first portion of the conduits (3), the contact
surface and thereby heat transfer are increased.

[0048] Figures 4A and 4B depict the cooling device applied to different components of the wind
turbine.

[0049] The application of the cooling device In Figure 4A corresponds with the diagram of
Figure 1A, where the device comprises a receptacle (2) which Is connected with the
component to be cooled (7), In this case, the multiplier (11) of a wind turbine. Figure 4A shows
the cooling of the multiplier (11) of a wind turbine using an intermediate receptacle (2) into
which the conduits (3) are inserted, the receptacle being connected by means of ducts (9) to
the mechanical pump (12) and to the return inlet of the multiplier (11) itself. The pump (12) I1s
responsible for recirculating the primary coolant fluid (oil).

[0050] However, the application shown In Figure 4B corresponds to the diagram of Figure 2A
since, In this case, the receptacle is the component to be cooled (7) itself, in this case, the
receptacle (15) of a hydraulic unit of the wind turbine. Figure 4B shows the cooling of the
hydraulic unit of a wind turbine using the actual receptacle (15) of the hydraulic pump
assembly for inserting the conduits (3) therein, and thereby discharging heat from the oil to the
outside air.

[0051] Figure 5 shows the possible embodiment in which a nozzle (19) arranged on the
outside of the nacelle (18) of the wind turbine houses the upper portion of each conduit (3). In
the embodiment schematically shown in Figure 5, the upper portion of each conduit (3) (i.e.,
the condensers of the conduits) projects from the roof of the nacelle (18) of the wind turbine.
The condensers of the conduits are housed In a nozzle (19) generating a tunnel effect,
Increasing the speed of the outside air and thereby Increasing system capacity. The nozzle
(19) 1Is a good complement for cooling the nacelle (18) and the compartment of the
transformer, and is also useful for cooling the rest of the components of the wind turbine If the
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conduits (3) extend above the roof of the nacelle. This nozzle (19) takes advantage of the fact
that the nacelle (18) is always oriented towards the wind when the wind turbine i1s working, and
that when more cooling Is required (i.e., when more power Is generated) It is due to there
being higher wind speed.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
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PATENTKRAYV

1. En kgleindretning til komponenter fra vindmgller omfattende mindst en ledning (3)
indeholdende en arbejdsvaske (5) udvalgt til at skifte fra en vaske til en gasfase og
omvendt under drift, hvor hver ledning (3) er forseglet 1 begge ender; hvor en fgrste
nedre del at hver ledning (3) indigres 1 en beholder (2), gennem hvilken en primar
kglevaeske (10), der transporterer varme fra en komponent at en vindmglle, der skal
atkgles ('7), cirkulerer, nevnte nedre del fungerer som en fordamper for arbejdsve-
sken (5); og hvor en sekundar gvre del af hver ledning (3), der forbliver uden for be-
holderen (2), fungerer som en kondensator for arbejdsvasken (5), kendetegnet ved, at
ledningerne (3) er mindst to 1 antal, arbejdsvaskerne (5) indeholdt 1 ledningerne (3)

har et forskelligt kogepunkt.

2. Kgleindretningen ifglge krav 1, hvor den sekundare gvre del af hver ledning (3)

rager ud fra taget af vindmegllens nacelle (18).

3. Kgleindretningen ifglge krav 2, yderligere omftattende en dyse (19), der er ansvarlig
for at huse den gvre del af hver ledning (3) og for at forgge hastigheden af den ydre

vaeske.

4. Kgleindretningen ifglge ethvert af de foregaende krav, hvor beholderen (2) er den
komponent af vindmgllen, der skal atkgles (7).

>. Kgleindretningen ifglge krav 4, hvor beholderen (2) er enhver at fglgende kompo-
nenter 1 vindmellen, der skal atkgles (7):

- vindmegllens nacelle (18);

- kammeret til en transformator af vindmegllen;

- beholderen (15) t1l en hydraulisk enhed af vindmgllen;

- rgr, gennem hvilke den primare kglevaske (10) cirkulerer.
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2

6. Kgleindretningen ifglge ethvert af kravene 1 - 2, hvor beholderen (2) er forbundet
med den komponent af vindmegllen, der skal atkgles (7), med en recirkulationspumpe

(12) t1l recirkulation af den primare kglevaske (10).

7. Kgleindretningen ifglge krav 6, hvor komponenten af vindmgllen, der skal atkgles
(7), er enhver af tglgende:

- generatoren til vindmgllen;

- vindmgllens multiplikator (11);

- transformatoren til vindmellen:

- styringselektronikken til en krattomformer til vindmgllen.

8. Kgleindretningen ifglge ethvert af kravene 6 - 7, der yderligere omfatter rgr (9),
gennem hvilke den primare kglevaske (10) cirkulerer fra og til beholderen (2) og den

komponent af vindmgllen, der skal atkgles (7).

9. Kgleindretningen ifglge ethvert af de foregaende krav, yderligere omfattende
mindst en hermetisk tetning (8) for at sikre lekagetethed mellem beholderen (2) og

mindst en ledning (3).

10. Kgleindretningen ifglge ethvert af de foregaende krav, yderligere omfattende en
flerhed af finner (6) koblet til den sekundare del af ledningen (3).

11. Kgleindretningen ifglge ethvert af de foregaende krav, hvor ledningen (3) er rgr-

formet.

12. Kgleindretningen ifglge ethvert af de foregaende krav, hvor ledningerne (3) omfat-
ter endesegmenter fremstillet af et metalmateriale og et mellemliggende segment

fremstillet af et fleksibelt og elektrisk 1solerende materiale.

13. Kgleindretningen ifglge ethvert af de foregaende krav, yderligere omfattende en
flerhed af finner (6) koblet til den fgrste nedre del af ledningen (3).
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