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(57) ABSTRACT

The system utilizes the flow of a medium for cooling an
installation, especially a transformer. The fact is utilized that
the flow of the medium, e.g. wind, automatically increases
with increasing load of the transformer. The novel trans-
former is formed so that its outer shape and the cooling
elements are impinged upon by the natural air flow to a
maximum degree. For this purpose, the cooling elements
across their length are adapted to have a large cross-sectional
area for the flowing medium. The depth of the cooling ele-
ments is chosen such that the flow resistance is not too high
and so as to achieve a turbulent flow of the cooling air. Dis-
tance and arrangement of the cooling elements are chosen
such that the transformer tank itself'is reached by the flowing
medium and serves for cooling.

17 Claims, 13 Drawing Sheets

2 - Cooling element

1 - Transformer {or other installation part to be cooled) in the wind park

5.1 - Air flow guidance device, formed by a specific design of
elements and parts of the outer casing of the transformer
5.2 - Air flow guidance device for cooling element
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Traditional transformer (wind park transformer)
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1 - Transformer
2 - Cooling element (radiator) 3 - Fan

FIG. 1
PRIOR ART



U.S. Patent Oct. 28, 2008 Sheet 2 of 13 US 7,443,273 B2

Transformer for offshore substations with wind cooling
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1.1 - Installation 1 producing heat losses (for example transformer in a wind park)
1.2 - Installation 2 producing heat losses (for example converter)
2.2 - Cooling element
2.7 - Oscillation decoupling (for example compensators)
2.7 - Separate attachment for the cooling installation
3.1 - Cooling surfaces
4.4 - Depressions in the form of additional cooling surfaces
8.2 - Platform of the offshore subsiation 8.1 - Seabed
8.5 - Pier of the offshere substation 8.2 - Water level

FIG. 2
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Transformer for offshore substations with wind cooling
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FIG. 3

1 - Transformer platform 8 - Offshore
2 - Cooling installation 9.1 - Seabed
- Surface cooler 9.2 - Water level

4 - Cable connections
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Wind-park transformer installation
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1 - Installation producing heat losses in a wind park
2 - Cooling element
8 - Raised installation of the transformer

FIG. 4



U.S. Patent Oct. 28, 2008 Sheet 5 of 13 US 7,443,273 B2

Wind guidance device for production of a vertical througsh-flow
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1 - Installation producing heat losses in a wind park

2 - Cooling element
5 - Wind guidance device

FIG. 5
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Specially designed wind-park transformer (cooling by natural air flow)
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5.1

1 - Transformer (or other installation part to be cooled) in the wind park

2 - Cooling element
5.1 - Air flow guidance device, formed by a specific design of

elements and parts of the outer casing of the transformer
6.2 - Air flow guidance device for cooling element

FIG. 6
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Specially designed wind-park transformer (cooling by natural air flow)
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1 - Transformer (or other installation part to be cooled) in the windpark

2 - Cooling element
5.1 - Air flow guidance device, formed by a specific design of

elements and parts of the outer casing of the transformer
5.3 - Air flow guidance device for cooling element

3.5 - Pivoting elements

FIG. 7
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FIG. 8A
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Wind guidance device for production of additional blowing
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2.2 - Cooling element

5.4 - Wind guidance device for WS1

5.5 - Wind guidance device for WS1

5.7 - Wind guidance device for WS2

WS1 - Coolant flow 1 (wind flow direction 1)
WS2 - Coolant flow 2 (wind flow direction 2)

FIG. 9
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Wind-direction-independent cooling element
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<= Qil flow
-~ Flow of outer coolant
2.1 - Manifold tube (inlet flow of the coolant to the cooling elements)
2.2 - Cooling element
2.3 - Manifold tube (outlet flow of the coolant from the cooling elements)
2.4 - Connection 1 between cooling elements
2.5 - Connection 2 between cooling elements

Plan view of one embodiment variant

FIG. 10
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FIG. 11
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Cooling element with reduced influence on the direction of the
air flow
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2 « Cooling element

5.4 - Flow guidance device (internal)
5.5 - Flow guidance device (external)
Wi~ Air flow (wind)

Wind-direction-independent cocling installation
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FIG. 12



US 7,443,273 B2

1

ARRANGEMENT FOR COOLING OF
COMPONENTS OF WIND ENERGY
INSTALLATIONS

BACKGROUND OF THE INVENTION
Field of the Invention

The invention relates to an arrangement for cooling of
components of wind energy installations.

The prior art is the use of conventional transformers in
which the losses to be dissipated are reduced by means of
radiators and fans. These are generally fitted alongside one
another on the tank wall of the transformer. A large number of
radiators are required for this purpose. Fans are fitted to these
radiators, for vertical or horizontal air circulation. In the case
of wind-park transformers on land, it is also necessary to
comply with noise regulations, and this leads to the use of
slowly rotating, relative low-noise fans. In order nevertheless
to achieve the cooling performance, a greater number of fans
are therefore required—with the greater procurement and
operating costs associated with them.

A further serious disadvantage is represented by the need to
ensure corrosion protection and ingress protection because of
the aggressive environmental conditions, and particularly in
the off-shore area. The fans generally have an opening for
condensed water and, in the case of the environmental con-
ditions over sea, this leads to problems and thus to failures.
Furthermore, the fans require large amounts of energy, which
must be provided by the installation and thus likewise cause
costs.

A switching cabinet with switching devices, motor protec-
tion switches and monitoring appliances is required at the
transformer, in order to control the fans.

The external wiring between the fan switching cabinet and
the fans results in further complexity. The fan control cabinet,
and the fans themselves also require inspection and mainte-
nance effort (possibly repair effort), and this is associated
with considerable costs, particularly in the case of off-shore
installations. Since maintenance work cannot be carried out at
any time, because of the weather conditions in the off-shore
area, the use of low-maintenance and high-availability com-
ponents is particularly important.

For the purposes of the present invention, the expression
“transformer” is used only by way of example for any elec-
trical and/or mechanical installation.

SUMMARY OF THE INVENTION

The object of the invention is to provide effective and
simple cooling for transformers.

The aim of the invention is to avoid the abovementioned
disadvantages. Effective and simple dissipation of the ther-
mal energy produced in the transformer can be achieved by
use, according to the invention, of the wind which is always
present during operation of wind energy installations, and by
the design according to the invention of the transformer and
its components. This likewise reduces the production costs
and operating costs of the transformer. The use ofthe wind for
blowing purposes not only avoids the need for the fan switch-
ing cabinet, the wiring and the fans themselves, but also the
temperature measurement devices for control and the control
mechanism. All that is now required is a temperature mea-
surement device (PT100 adequate), for warning monitoring
and disconnection.

The operation of wind energy installations is dependent on
the presence of a relatively strong air flow. For transformers in
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wind parks and for off-shore substations, this results in the
particular feature for transformers that a natural air flow is
always present when the transformer is on load.

However, the flowing medium may also be a liquid. The
installation according to the invention can thus also be used in
a flow field under water. According to the present invention, a
method is provided in which a flowing medium flows around
an energy converter, for example a generator, which, as a
result of increased power, develops a greater amount of heat
associated with this, with the heat being dissipated effectively
on the basis of the physical design of the transformer, and of
the cooling elements which are connected to the transformer,
with the aid of the medium flowing around it.

According to the invention, this air flow is used to cool the
transformer. The invention also makes use of the fact that the
air flow automatically increases as the load on the transformer
increases. According to the invention, the transformer is
designed such that the maximum amount of the natural air
flow flows around the external surface of the transformer and
the cooling elements. For this purpose, the lengths of the
cooling elements are designed such that they form a large
cross-sectional area for the medium (wind) flowing around
them. Furthermore, the depth of the cooling element is
designed such that the resistance to the air flow is not exces-
sive, and the cooling air flows through them in a turbulent
manner. According to the invention, the cooling elements are
arranged such that they are not in each other’s wind shadows.
The distance between and arrangement of the cooling ele-
ments are designed such that the air flow even reaches the
transformer tank itself.

Furthermore, additional air is supplied to the cooling ele-
ments by means of suitable flow guidance devices. The outer
skin of the transformer is designed such that it itself acts as a
flow conductor for the cooling elements and for itself.
According to the invention, the transformer is designed in
such a way that the connections and accessories are arranged
such that they do not impede the flow of cooling air. In one
particular embodiment of the invention, additional heat-emit-
ting surfaces are fitted to the outer skin of the transformer, and
are expediently placed in areas in which the coolant flow
conditions are good. These surfaces may be fitted both hori-
zontally and vertically, or at an angle, depending on the flow
conditions.

The shape and arrangement of these surfaces are chosen
such that, on the one hand, they result in maximum coverage
of air as the cooling medium, and at the same time avoid any
disturbance of the blowing of other heat-emitting parts. The
mechanically required reinforcements in the tank are
arranged such that they do not impede the natural blowing of
the heat-emitting parts.

In one particular embodiment, the reinforcements and
additional cooling surfaces can be designed in such a way that
they act as a flow guidance device. The tank and the cooling
elements are designed in such a manner that surfaces which
radiate to one another are avoided or reduced, and virtually
the entire area of the tank can emit heat by radiation.

Furthermore, the cooling elements are designed to ensure
effective heat exchange within the cooling elements. The
width of, distances between and diameters of the cooling
channels, as well as the materials used, in particular, promote
the exchange of thermal energy over as large a surface area as
possible.

Furthermore, it is possible for the cooling elements to be
fitted via compensators for oscillation damping/oscillation
decoupling. The transformer is expediently installed such that
the air flows around it at a high speed. Raised installation on
open terrain is particularly advantageous, in which case there









