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(57) Abstract: A static electrical device assembly comprising; a static electrical device (2); a heat exchanger system comprising a
first heat exchanger (41) adapted for cooling of the static electrical device (2) by transferring heat into ambient air, and a second heat
exchanger (42) adapted for recovering heat from the static electrical device (2); a flow passage (6) adapted to provide a route for air
flow between outdoor air and the first heat exchanger (41); a sensor system adapted to provide temperature information relating to the
static electrical device (2); and a control system (CTRL) adapted to control the heat exchanger system based on information provided
by the sensor system. The heat exchanger system further comprises a shutter arrangement (8) adapted to adjust a sutface area of the flow
passage (0), the control system (CTRL) is adapted to control the shutter arrangement (8) between an open state and an enclosed state.
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STATIC ELECTRICAL DEVICE ASSEMBLY COMPRISING HEAT EXCHANGER SYSTEM

FIELD OF THE INVENTION

The invention relates to a static electrical device assembly comprising
a static electrical device, a first heat exchanger adapted to cool the static electrical
device, and a second heat exchanger adapted to recover heat from the static elec-
trical device for utilization. Herein a static electrical device comprises a trans-
former or an inductor.

It is known in the art to adjust cooling of the static electrical device by
providing the static electrical device assembly with an adjustable cooling pump
adapted to transfer coolant between the static electrical device and the first heat
exchanger, and/or an adjustable cooling fan adapted to provide an air flow be-
tween outdoor air and the first heat exchanger.

One of the disadvantages associated with the above static electrical
device assembly is that the adjustable cooling pump and/or the adjustable cooling
fan make the static electrical device assembly a complex and expensive assembly,
and the cooling pump and/or the cooling fan increase energy consumption of the

static electrical device assembly.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a static electrical de-
vice assembly so as to alleviate the above disadvantages. The objects of the inven-
tion are achieved by a static electrical device assembly which is characterized by
what is stated in the independent claim. The preferred embodiments of the inven-
tion are disclosed in the dependent claims.

The invention is based on the idea of providing the static electrical de-
vice assembly with an adjustable shutter arrangement adapted to regulate an air
flow between outdoor air and the first heat exchanger.

An advantage of the static electrical device assembly of the invention is
that cooling power of the first heat exchanger has a wide adjustment range, and
neither a high air flow state nor a low air flow state of the shutter arrangement
requires energy for operation. The static electrical device assembly of the inven-
tion is simple and inexpensive. It is possible to convert an existing static electrical
device assembly into a static electrical device assembly according to present in-
vention by retrofitting a shutter arrangement and other necessary components.

In an embodiment, a control system of the static electrical device as-

sembly is adapted to keep temperature of the static electrical device within a nar-
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row temperature range by controlling the shutter arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a static electrical device assembly according to an em-
bodiment of the invention, a shutter arrangement of the static electrical device
assembly being in an intermediate state between an open state and an enclosed
state of the shutter arrangement;

Figure 2 shows the static electrical device assembly of Figure 1 with
the shutter arrangement in the open state;

Figure 3 shows the static electrical device assembly of Figure 1 with
the shutter arrangement in the enclosed state; and

Figure 4 shows an axonometric projection of a portion of the static

electrical device assembly of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a static electrical device assembly comprising a static
electrical device 2, a heat exchanger system, a flow passage 6 for ambient air con-
nection, a sensor system adapted to provide information relating to the static
electrical device 2 and the heat exchanger system, and a control system CTRL
adapted to control the heat exchanger system based on information provided by
the sensor system. The static electrical device assembly is a fixed assembly that is
situated on fixed location. The heat exchanger system comprises a first heat ex-
changer 41, a second heat exchanger 42, a shutter arrangement 8 and a heat re-
covering pump 3.

The static electrical device 2 of Figure 1 is a three-phase transformer.
In alternative embodiments the static electrical device is a single-phase or a poly-
phase device. In an embodiment, the static electrical device comprises an induc-
tor. In a general case, a static electrical device assembly according to present in-
vention comprises a winding system having at least one winding.

The static electrical device 2 comprises a housing 21 and a winding
system having a primary winding and a secondary winding. The static electrical
device 2 is adapted to transfer electrical energy between the primary winding and
the secondary winding. The winding system is located inside a coolant space of

the housing 21, the coolant space containing coolant, which is in heat conductive
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connection with the winding system. The coolant comprises oil. In another em-
bodiment the coolant comprises other electrically non-conductive liquid such as
ester.

The heat exchanger system is adapted to remove heat from the cool-
ant, and thereby to cool the winding system. The first heat exchanger 41 is
adapted for cooling of the coolant by transferring heat into ambient air. The first
heat exchanger 41 is a liquid-to-air heat exchanger. The second heat exchanger 42
is adapted to recover heat from the coolant for utilization. The second heat ex-
changer 42 is a liquid-to-liquid heat exchanger. In an alternative embodiment, the
second heat exchanger is a liquid-to-air heat exchanger. Both the first heat ex-
changer 41 and the second heat exchanger 42 are in fluid connection with the
coolant space of the housing 21.

The flow passage 6 is adapted to provide a route for air flow between
outdoor air and the first heat exchanger 41. The shutter arrangement 8 is adapted
to adjust a surface area of the flow passage 6 in order to regulate an air flow be-
tween outdoor air and the first heat exchanger 41. The control system CTRL is
adapted to control the shutter arrangement 8 between an open state shown in
Figure 2 and an enclosed state shown in Figure 3 by controlling an electric motor
of the shutter arrangement 8.

In the enclosed state a surface area of the flow passage 6 is smaller
than in the open state. In other words, in the enclosed state the shutter arrange-
ment 8 covers a greater portion of the first heat exchanger 41 than in the open
state. The open state provides more cooling power than the enclosed state.

The air flow in the flow passage 6 is adapted to take place exclusively
by means of natural convection. Further, a coolant flow between the coolant space
of the housing 21 and the first heat exchanger 41 is adapted to take place exclu-
sively by means of natural convection. In an alternative embodiment, the static
electrical device assembly comprises a low-power fan adapted to boost air flow in
the flow passage, and a low-power pump adapted to boost coolant flow between
the coolant space of the housing and the first heat exchanger.

The flow passage 6 comprises a side section 62 and an overhead sec-
tion 64. The side section 62 is located on one side of the first heat exchanger 41
such that the first heat exchanger 41 is located between the side section 62 and
the housing 21 in a horizontal direction. The side section 62 is adapted to provide
a route for a horizontal air flow between outdoor air and the first heat exchanger

41. The overhead section 64 is located directly above the first heat exchanger 41,
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and is adapted to provide a route for a vertical air flow between the first heat ex-
changer 41 and outdoor air.

A surface area of the overhead section 64 is equal to a surface area of
the first heat exchanger 41 defined on a horizontal plane such that in the open
state of the shutter arrangement 8 projections of the shutter arrangement 8 and
the first heat exchanger 41 on a horizontal plane do not overlap. In other words,
the shutter arrangement 8 allows, in the open state thereof, a completely unob-
structed air flow upwards from the first heat exchanger 41 to outdoor air. In an
alternative embodiment, a surface area of the overhead section defined on a hori-
zontal plane is at least 75 % of a surface area of the first heat exchanger defined
on a horizontal plane.

In the enclosed state of the shutter arrangement 8 the first heat ex-
changer 41 is substantially isolated from outdoor air such that there is substan-
tially no route for an air flow between outdoor air and the first heat exchanger 41.
This means that in the enclosed state of the shutter arrangement 8 there is no
intentional route for air flow between outdoor air and the first heat exchanger 41
but all such routes, if any, result from manufacturing tolerances and roughness of
materials.

In an alternative embodiment, a surface area of the flow passage cor-
responding to the enclosed state is at least 90 % smaller than a surface area of the
flow passage corresponding to the open state. In another alternative embodiment,
a surface area of the flow passage corresponding to the enclosed state is at least
75 % smaller than a surface area of the flow passage corresponding to the open
state. In a further alternative embodiment, a surface area of the flow passage cor-
responding to the enclosed state is at least 50 % smaller than a surface area of the
flow passage corresponding to the open state. Basically it is easier to achieve high
percentage in new assemblies than in retrofitted assemblies.

The static electrical device assembly further comprises a restricting
wall arrangement 10 adapted to restrict air flow between outdoor air and the first
heat exchanger 41. The restricting wall arrangement 10 comprises a first side
wall, a second side wall and a bottom wall. The first side wall and the second side
wall are vertical and parallel walls spaced apart from each other. The first heat
exchanger 41 is located between the first side wall and the second side wall. The
bottom wall is a horizontal wall connecting the first side wall and the second side
wall. The bottom wall is located below the first heat exchanger 41.

The first side wall, the second side wall and the bottom wall are locat-
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ed close to the first heat exchanger 41. Distance between the first heat exchanger
41 and each of the first side wall, the second side wall and the bottom wall is less
than 0.5 m. In an alternative embodiment distance between the first heat ex-
changer and each of the first side wall and the second side wall is less than 1.0 m.

Each of the first side wall, the second side wall and the bottom wall is
made of material capable of blocking both air flow and thermal radiation. In an
alternative embodiment, the restricting wall arrangement 10 comprises thermal
insulation material.

The shutter arrangement 8 has a plurality of intermediate states be-
tween the open state and the enclosed state thereof. In Figure 1 the shutter ar-
rangement 8 is in an intermediate state. The shutter arrangement 8 comprises a
single roller shutter 82 made of material capable of blocking both air flow and
thermal radiation. In an alternative embodiment, the shutter arrangement com-
prises thermal insulation material.

Figure 4 shows that a width of the roller shutter 82 is equal to the dis-
tance between the first side wall and the second side wall. In the enclosed state of
the shutter arrangement 8 there is no intentional route for air flow between side
edges of the roller shutter 82 and the first side wall and the second side wall.

A shaft around which the roller shutter 82 is wound in the open state
of the shutter arrangement 8 is a horizontal shaft located above the first heat ex-
changer 41, and spaced apart from the first heat exchanger 41 in horizontal direc-
tion. When transferring from the enclosed state towards the open state of the
shutter arrangement 8, the side section 62 is uncovered first and the overhead
section 64 of the flow passage 6 is uncovered subsequently.

In alternative embodiments, the shutter arrangement comprises at
least one shutter element comprising at least one roller shutter and/or at least
one jalousie. In an embodiment, the first side wall and the second side wall of the
static electrical device assembly of Figure 1 are replaced with respective shutter
elements.

In the enclosed state of the shutter arrangement 8, distance between
the first heat exchanger 41 and the roller shutter 82 is less than 0.5 m. In an alter-
native embodiment distance between the first heat exchanger and the shutter
arrangement is less than 1.0 m when the shutter arrangement is in the enclosed
state of thereof.

The shutter arrangement 8 is adapted to cooperate with the first side

wall, the second side wall, the bottom wall and an end wall 219 of the housing 21
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in order to provide the enclosed state of the shutter arrangement 8 in which the
first heat exchanger 41 is substantially isolated from outdoor air. The first side
wall, the second side wall, the bottom wall and the end wall 219 of the housing 21
are fixed walls, and only the shutter arrangement 8 is adapted to adjust cooling
power of the first heat exchanger 41.

In alternative embodiments, there are fewer fixed walls than in the
embodiment shown in Figures 1 to 4. In an embodiment, the bottom wall is omit-
ted.

The flow passage 6 is defined by the shutter arrangement 8, the re-
stricting wall arrangement 10 and the end wall 219 of the housing 21. In an alter-
native embodiment the flow passage is defined by the shutter arrangement and
the restricting wall arrangement, wherein the restricting wall arrangement com-
prises a back wall which is a fixed vertical wall connecting the first side wall and
the second side wall, and located between the first heat exchanger and the static
electrical device.

In a general case, cooling power of the first heat exchanger corre-
sponding to the enclosed state is at least 50 % lower than cooling power of the
first heat exchanger corresponding to the open state. Depending on embodiment,
such a decrease in cooling power can be achieved by relatively small change in
the surface area of the flow passage.

In an embodiment, the first heat exchanger comprises a heat exchang-
er stack having a plurality of substantially planar heat exchanger elements
stacked adjacent each other such that planes defined by the heat exchanger ele-
ments are vertical. In said embodiment, it is possible to greatly reduce the cooling
power of the first heat exchanger simply by reducing air flow between the heat
exchanger elements. Said reducing can be achieved with jalousies provided be-
tween the heat exchanger elements. It should also be noted that in order to re-
duce a vertical air flow between the heat exchanger elements, it is basically suffi-
cient to provide one jalousie above or below the heat exchanger stack. Similarly,
in order to reduce a horizontal air flow between the heat exchanger elements, it is
basically sufficient to provide one jalousie at one side of the heat exchanger stack.

The sensor system comprises temperature sensors adapted to provide
information relating to temperature of the static electrical device 2, and a heat
requirement sensor 542 adapted to provide information relating to heat require-
ment of the second heat exchanger 42. The temperature sensors comprise a wind-

ing temperature sensor 523 adapted to provide information relating to tempera-
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ture of the winding system, and a coolant temperature sensor 525 adapted to
provide information relating to temperature of the coolant.

The heat recovering pump 3 is adapted to transfer coolant between
the coolant space and the second heat exchanger 42. The control system CTRL is
adapted to control the heat recovering pump 3 and the shutter arrangement 8
based on information provided by the sensor system. The control system CTRL is
adapted to increase cooling of the static electrical device 2 by controlling the shut-
ter arrangement 8 towards the open state, and by increasing rotation speed of the
heat recovering pump 3. The control system CTRL is adapted to decrease cooling
of the static electrical device 2 by controlling the shutter arrangement 8 towards
the enclosed state, and by reducing rotation speed of the heat recovering pump 3.

In an embodiment the heat recovering pump is omitted. In said em-
bodiment, the control system is adapted to increase cooling of the static electrical
device by controlling the shutter arrangement towards the open state. The con-
trol system is adapted to decrease cooling of the static electrical device by con-
trolling the shutter arrangement towards the enclosed state.

The hotter the coolant, the more heat the second heat exchanger 42
can recover. In situations where the second heat exchanger 42 requires heat, and
the heat recovering pump 3 is running, the control system CTRL is adapted to
keep the shutter arrangement 8 in the enclosed state, unless temperature of the
static electrical device 2 rises higher than allowed by prevailing operating state.

In an embodiment, the second heat exchanger is located inside a build-
ing, and heat recovered by the second heat exchanger is utilized for heating of the
building. In an alternative embodiment, heat recovered by the second heat ex-
changer is utilized for producing hot water.

The control system CTRL has an isothermic operating state in which
the control system CTRL is adapted to keep temperature of the static electrical
device 2 within a favourable temperature range, wherein information relating to
the temperature of the static electrical device 2 is provided by at least one of the
temperature sensors. The favourable temperature range is a narrow temperature
range which is remote from the maximum allowable temperature of the static
electrical device 2. In an embodiment, width of the favourable temperature range
is 10 °C. In another embodiment width of the favourable temperature range is
less than or equal to 20 °C.

The isothermic operating state of the control system CTRL reduces

need for maintenance. Temperature variation of the static electrical device 2
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sucks moisture from ambient air, and therefore reducing the temperature varia-
tion reduces need to replace desiccation material of the static electrical device 2.

The control system CTRL further has a heat recovery operating state in
which the control system CTRL is adapted to optimize heat recovery by the sec-
ond heat exchanger 42. In the heat recovery operating state the control system
CTRL is adapted to keep temperature of the static electrical device 2 within a heat
recovery temperature range which is wider than the favourable temperature
range.

Operating state of the control system CTRL is adapted to be selected
by operating personnel of the static electrical device assembly. In an alternative
embodiment, the control system is adapted to select operating state thereof au-
tomatically based on at least one predetermined condition.

In an embodiment the heat recovery temperature range only has an
upper limit, which is less than or equal to the maximum allowable temperature of
the static electrical device. In an alternative embodiment, the heat recovery tem-
perature range also has a lower limit which is selected to ensure that the coolant
remains in liquid state.

In an embodiment, the static electrical device assembly comprises a
heat pump, which is adapted to use the second heat exchanger as a source of heat.
In this embodiment, the control system has a heat recovery operating state in
which the control system is adapted to maximise operating efficiency of the heat
pump.

It will be obvious to a person skilled in the art that the inventive con-
cept can be implemented in various ways. The invention and its embodiments are
not limited to the examples described above but may vary within the scope of the
claims.
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CLAIMS

1. A static electrical device assembly comprising:

a static electrical device (2) comprising a housing (21) and a winding
system having at least one winding, the winding system being located inside a
coolant space of the housing (21), the coolant space containing coolant which is in
heat conductive connection with the winding system;

a heat exchanger system comprising a first heat exchanger (41)
adapted for cooling of the coolant by transferring heat into ambient air, and a sec-
ond heat exchanger (42) adapted for recovering heat from the coolant, both the
first heat exchanger (41) and the second heat exchanger (42) being in fluid con-
nection with the coolant space;

a flow passage (6) for ambient air connection, the flow passage (6) be-
ing adapted to provide a route for air flow between outdoor air and the first heat
exchanger (41);

a sensor system comprising at least one temperature sensor adapted
to provide information relating to temperature of the static electrical device (2);
and

a control system (CTRL) adapted to control the heat exchanger system
based on information provided by the sensor system,

characterized in that the heat exchanger system further com-
prises a shutter arrangement (8) adapted to adjust a surface area of the flow pas-
sage (6) in order to regulate an air flow between outdoor air and the first heat
exchanger (41), the control system (CTRL) is adapted to control the shutter ar-
rangement (8) between an open state and an enclosed state, in the enclosed state
cooling power of the first heat exchanger (41) is at least 50 % lower than in the
open state.

2. A static electrical device assembly according toclaim1,charac-
terized in that the flow passage (6) comprises a side section (62) adapted to
provide a route for a horizontal air flow between outdoor air and the first heat
exchanger (41).

3. A static electrical device assembly according to claim 1 or 2,
characterized inthatthe flow passage (6) comprises an overhead section
(64) located directly above the first heat exchanger (41), the overhead section
(64) being adapted to provide a route for a vertical air flow between the first heat

exchanger (41) and outdoor air, a surface area of the overhead section (64) being
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at least 50 % of a surface area of the first heat exchanger (41) defined on a hori-
zontal plane.

4. A static electrical device assembly according to any one of preceding
claims,characterized in that the static electrical device assembly further
comprises at least one fixed wall, and the flow passage (6) is defined by the shut-
ter arrangement (8) and the at least one fixed wall.

5. A static electrical device assembly according to any one of preceding
claims,characterized inthata surface area of the flow passage (6) corre-
sponding to the enclosed state is at least 50 % smaller than a surface area of the
flow passage (6) corresponding to the open state.

6. A static electrical device assembly according to claim 5,charac-
terized in that in the enclosed state of the shutter arrangement (8) the first
heat exchanger (41) is substantially isolated from outdoor air such that there is
substantially no route for an air flow between outdoor air and the first heat ex-
changer (41).

7. A static electrical device assembly according to any one of preceding
claims,characterized inthata coolant flow between the coolant space of
the housing (21) and the first heat exchanger (41) is adapted to take place exclu-
sively by means of natural convection.

8. A static electrical device assembly according to any one of preceding
claims, characterized in that the air flow in the flow passage (6) is
adapted to take place exclusively by means of natural convection.

9. A static electrical device assembly according to any one of preceding
claims, characterized in that the shutter arrangement (8) comprises at
least one roller shutter (82) and/or at least one jalousie.

10. A static electrical device assembly according to any one of preced-
ing claims,characterized in that the heat exchanger system comprises a
heat recovering pump (3) adapted to transfer coolant between the coolant space
and the second heat exchanger (42), and the control system (CTRL) is adapted to
control the heat recovering pump (3).

11. A static electrical device assembly according to any one of preced-
ing claims,characterized in that the sensor system further comprises at
least one heat requirement sensor (542) adapted to provide information relating
to heat requirement of the second heat exchanger (42).

12. A static electrical device assembly according to any one of preced-

ing claims, characterized in that the control system (CTRL) has an iso-
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thermic operating state in which the control system (CTRL) is adapted to keep
temperature of the static electrical device (2) within a favourable temperature
range, the favourable temperature range being substantially narrower than an
allowed temperature range of the static electrical device (2), and the favourable
temperature range being remote from upper and lower limits of the allowed tem-
perature range of the static electrical device (2).

13. A static electrical device assembly according to any one of preced-
ing claims, characterized in that the at least one temperature sensor
comprises a winding temperature sensor (523) adapted to provide information
relating to temperature of the winding system, and/or a coolant temperature sen-

sor (525) adapted to provide information relating to temperature of the coolant.
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