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(54) Title: DEVICE FOR HEAT EXCHANGE

(57) Abstract: The invention relates to a device (1)
for heat exchange in a drainage system and a device
for heat exchange on a building and construction
site. The device comprises a heat exchange element
(2) comprising an external pipe device (10) and an
internal pipe device (20), where the internal pipe
device (20) is provided inside the external pipe de-
vice (10). A coupling device (3) provides a fluid-
communicating coupling between the heat ex-
change element (2), a first fluid connector (4) and a
second fluid connector (5). The coupling device (3)
comprises an external coupling interface (31) for
coupling the heat exchange element (2) to the sec-
ond fluid connector (5) and an internal coupling in-
tertace (32) for coupling the heat exchange element
(2) to the first fluid connector (4). The external pipe
device (10) comprises a first end (10a) connected to
the external coupling interface (31) and a second
end (10b) which is closed. The internal pipe device
(20) comprises a first end (20a) connected to the in-
ternal coupling interface (32) and a second end
(20b) which is open. The device (1) is contigured
so that a heat exchange medium can circulate
through the first fluid connector (4), the internal
pipe device (20), the external pipe device (10) and
the second fluid connector (5).

Fig. 1
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Device for heat exchange

The field of the invention

The present invention relates to a device for heat exchange. More particularly, the
invention relates to a device for heat exchange in a drainage system. The invention
also relates to a device for heat exchange on a building and construction site.

Background

EP 1777349 (applicant HeatWork AS) describes a system for thawing a frozen area
of ground comprising a container for storing a heating medium which is circulated
in a hose deployed for heating the ground. A boiler is provided with a burner for
heating up the heating medium, where the boiler is connected to the container for
storing the heating medium, and where a pump is employed for circulating the
heating medium through the hose placed on the ground which has to be heated. The
system comprises several hoses which are interconnected in order to provide an
effective thawing of a substantial area of ground.

Drainage systems for draining surface water from roads, buildings etc. are
vulnerable to periods of frost which have a lower temperature or longer duration
than the climate for which the drainage system is designed. In particular, variation
between cold temperature and precipitation in the form of rain can cause these
drainage systems to completely freeze up, with the result that infrastructure such as
roads, railways, buildings etc. near the frozen drainage systems becomes flooded by
water.

The system described in EP 1777349 is not suitable for thawing frozen drainage
systems, since this system requires thawing from the surface of the ground. The
system is therefore ineffective for thawing drainage systems buried beneath the
earth’s surface, since the earth between the earth’s surface and the drainage system
has to be thawed first.

US 5181655 discloses a mobile heating system for thawing frozen ground. The
system comprises elongated heating probes which are inserted in the ground and hot
water is circulated through them in order to thaw the ground. If a pipe is located
under the ground, it is still thawed from the surface. This system not very efficient
or flexible with respect to arranging the heating probes etc.

The usual way of thawing frozen drainage systems is to spray steam into an
accessible end of the frozen drainage system in order to thaw or de-ice the drainage
system, by the use of salt, the use of electric/heating cables, or excavators. These
methods are not very effective and may take a very long time. Furthermore, some of
these operations have to be monitored continuously and/or conducted by an
operator.
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The object of the present invention is to provide a device for heat exchange in a
drainage system, which is more efficient than current solutions. Another object is
that the device should have a closed system, without the supply of water or other
liquids to the actual drainage system. The system will also be well suited for
thawing long ditches and pipe sections.

A further object is to provide a device which is flexible with regard to the drainage
system in which it is to be placed.

Another object is to provide a robust and reliable coupling device for such a device.

On a building and construction site hardening of concrete is a process which is
crucial for the quality of the finished concrete. Temperature and moisture are
parameters which influence the hardening process, and particularly severe cold is
undesirable. The present invention is therefore also related to heat exchange to
concrete in order to control the temperature of the concrete during hardening.

Other objects and areas of application are thawing for graves in churchyards,
thawing and frost protection of aggregates and building materials, heat transfer to
boreholes etc.

Summary of the invention

The present invention relates to a device for heat exchange in a drainage system,
comprising:

- a heat exchange element where the heat exchange element comprises an external
pipe device and an internal pipe device, where the internal pipe device is provided
inside the external pipe device;

- a coupling device which provides a fluid-communicating coupling between the
heat exchange element, a first fluid connector and a second fluid connector, where
the coupling device comprises an external coupling interface for coupling the heat
exchange element to the second fluid connector and an internal coupling interface
for coupling the heat exchange element to the first fluid connector;

where the external pipe device comprises a first end connected to the external
coupling interface and a second end which is closed;

where the internal pipe device comprises a first end connected to the internal
coupling interface and a second end which is open;

where the device is configured so that a heat exchange medium can circulate
through the first fluid connector, the internal pipe device, the external pipe device
and the second fluid connector;
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where the external pipe device comprises at least one pipe element which is curved
or angled and at least one pipe element which is substantially cylindrical;

where the internal pipe device comprises a flexible pipe element.

In an aspect the internal pipe device comprises a pipe attachment device for
fastening the flexible pipe element to the internal coupling interface.

In an aspect the pipe attachment device comprises a swivel device.

In an aspect the heat exchange element is configured so as to be provided inside or
adjacent to the drainage system and where the first and the second fluid connector
are configured so as to be accessible outside the drainage system.

In an aspect the coupling device comprises a body with a cylindrical protruding
portion, where the cylindrical protruding portion has a substantially circular end
surface.

In an aspect the external coupling interface comprises an externally threaded area in
the cylindrical protruding portion.

In an aspect the internal coupling interface comprises an internally threaded portion
in a first, circular opening in the substantially circular end surface.

In an aspect the circular opening is in fluid connection with a first side opening for
connection to the first fluid connector.

In an aspect the coupling device comprises a second opening in the circular end
surface, where the second opening is in fluid connection with a second side opening
for connection to the second fluid connector.

In an aspect the second end of the internal pipe device is located at a distance close
to the second end of the external pipe device.

In an aspect the external pipe device is rigid. However, it is possible for the external
pipe device to be partially flexible and still have at least one pipe element which is
curved or angled and at least one pipe element which is substantially cylindrical.

In an aspect the external pipe device is made of aluminium or a similar material.

The present invention also relates to a drainage system comprising a surface water-
bearing body, where the drainage system comprises an element as defined above
provided inside or adjacent to at least parts of the surface water-bearing body.

Detailed description

Embodiments of the invention will now be described in detail with reference to the
attached drawings, in which:
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Fig. 1 is a perspective view of a first embodiment;

Fig. 2 is a split view of the embodiment in fig. 1;

Fig. 3 is a cross section of the embodiment in fig. 1;

Fig. 4 is a perspective view of the coupling device in fig. 1;
Fig. 5 is a cross section of the coupling device in fig. 4;

Fig. 6a illustrates how the invention can be used for thawing a side drain under a
roadway;

Fig. 6b illustrates a detail in fig. 6a;
Fig. 7 illustrates a second embodiment;

Fig. 8a is a side view of an embodiment of the invention for placing in a side drain
under a road, where the external pipe elements are interconnected by means of
threaded connections;

Fig. 8b illustrates a cross section of fig. 8a;

Fig. 9a is a side view of an embodiment of the invention for placing in a side drain
under a road, where the external pipe elements are interconnected by means of
sleeve couplings glued to each other;

Fig. 9b illustrates a cross section of fig. 9a;
Fig. 9c illustrates an enlargement of a glued sleeve coupling (area D) from fig. 9b.

We now refer to fig. 1, which illustrates an embodiment of a device 1 for heat
exchange in or with a drainage system.

The expression drainage system refers here to systems which conduct surface water,
for example precipitation in the form of rain water or melted snow/ice, water-
bearing channels in the form of streams, rivers etc., water from water leakages etc.
Examples of drainage systems are drainage systems such as culverts, side drains,
drainage pipes etc. which are buried in the ground. A drainage system may also
comprise a ditch filled with drainage material such as sand, gravel or the like.

On a building site where concrete has to be poured, the concrete may be mixed on
the building site. Aggregates such as sand and crushed stones for the concrete will
often be stored at the building site. Under cold conditions these aggregates could
freeze together with water, thereby making it difficult to handle and measure out the
correct amount of material. Furthermore, the water content in the concrete plays a
part in determining the properties of the concrete, and this becomes more difficult if
the material contains frozen water.
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In this connection a drainage system comprises a surface water-bearing body such

as culverts, side drains, drainage pipes etc. as mentioned above. The surface water-
bearing body may also comprise a quantity of material in the form of gravel, sand,

crushed stones or other drainage materials.

The device 1 comprises a heat exchange element 2, a coupling device 3, a first fluid
connector 4 and a second fluid connector 5, as illustrated in fig. 1.

The heat exchange element 2 exchanges heat with the environment, such as the
drainage system described above. The heat exchange element 2 comprises an
external pipe device 10 and an internal pipe device 20.

The internal pipe device 20 is provided inside the external pipe device 10.

In the first embodiment the external pipe device 10 is rigid, i.e. it is made of a stiff
material. It is therefore able to withstand external influences and there is no
obstacle to the circulation of a liquid. The external pipe device 10 is made of a
material suitable for heat exchange with the environment. The external pipe device
10 may be made of aluminium or a similar material.

The external pipe device 10 comprises a first end 10a connected to the coupling
device 3 and a second end 10b which is closed.

The external pipe device 10 may comprise several pipe elements 11. Fig. 2 shows
that the external pipe device 10 may comprise two substantially cylindrical pipe
elements 11a, 11b and an end pipe element 11c which closes the second end 10b of
the pipe device 10. The pipe elements 11a, 11b, 11c can be screwed together by
means of respective internal and external threaded portions. In this way the length
of the heat exchange element 2 can be varied according to requirements by screwing
pipe elements 11 on or off. It is also possible to employ pipe elements 11 which are
curved or angled in order to adapt the heat exchange element 2 to the drainage
system.

In the first embodiment the internal pipe device 20 comprises a flexible pipe
element 21, i.e. it is made of a flexible material. For example, the pipe element 21 is
made of a plastic material, rubber etc. An internal pipe device 20 with a flexible
pipe element 21 is advantageous, particularly when curved or angled pipe elements
11 are used, since this simplifies assembly of the device 1, i.e. insertion of the
internal pipe device 20 into the external pipe device 10.

The external pipe device 10 comprises a first end 10a connected to the coupling
device 3 and a second end 10b which is closed.

The internal pipe device 20 comprises a first end 20a connected to the coupling
device 3 and a second end 20b which is open.
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Fig. 3 shows how the internal pipe device 20 is provided inside the external pipe
device 10. The second end 20b of the internal pipe device 20 is arranged at a
distance close to the second end 10b of the external pipe device 10.

Fig. 3 also shows that the end pipe element 11c comprises an internal protruding
boss 12 which projects towards the opening of the internal pipe device 20. The boss
12 contributes to advantageous circulation of heat exchange fluid between the
internal pipe device 20 and the external pipe device 10.

The coupling device 3 will now be described with reference to figs. 2-5.

The coupling device 3 provides a fluid-communicating connection between the heat
exchange element 2, the first fluid connector 4 and the second fluid connector 5.
The coupling device comprises an external coupling interface 31 for connecting the
heat exchange element 2 to the second fluid connector 5 and an internal coupling
interface 32 for connecting the heat exchange element 2 to the first fluid connector
4. The first end 10a of the heat exchange element 2 is connected to the external
coupling interface 31. The first end 20a of the internal pipe device 20 is connected
to the internal coupling interface 32.

We now refer to figs. 4 and S.

The coupling device 3 comprises a body 30 with two coupling interfaces in the form
of side openings 37, 38 for connection to the first and the second fluid connectors 4,
5. Fig. 5 shows that the openings 37, 38 are provided on each side of the body 31.
The axis A is a line between the centre of the opening 37 and the centre of the
opening 38.

The body further comprises a cylindrical protruding portion 35, where the
cylindrical protruding portion 35 has a substantially circular end surface 36. The
end surface 36 here is parallel to the axis A.

The external coupling interface 31 for connection to the first end 10a of the external
pipe device 10 comprises an externally threaded area in the cylindrical protruding
portion 35. The externally threaded area in the external coupling interface 31 is
adapted to be screwed together with an internally threaded portion in the pipe
element 11a.

The internal coupling interface 32 for connection to the first end 20a of the internal
pipe device 20 comprises an internally threaded portion in a first, circular opening
34 in the circular end surface 36. The central longitudinal axis B of the opening 34
is perpendicular to the circular end surface 36. The circular opening 34 is in fluid
connection with the first side opening 37 for connection to the first fluid connector
4. As illustrated in fig. 5 the fluid connection has a 90° bend.



10

15

20

25

30

35

WO 2012/050454 PCT/NO2011/000272

The coupling device 3 comprises a second opening 33 in the circular end surface 36.
The central longitudinal axis C of the opening 33 is perpendicular to the circular
end surface 36. The second opening 33 is in fluid connection with the second side
opening 38 for connection to the second fluid connector 5. As illustrated in fig. 5
the fluid connection has a 90° bend.

We now refer to fig. 2. Here we see that the internal pipe device 20 comprises a
pipe attachment device 22 for fastening the pipe element 21 to the internal coupling
interface 32, i.e. the internally threaded portion in the first opening 34. The pipe
attachment device 22 may further comprise a swivel device for permitting rotation
of the pipe element 21 relative to the coupling device 3, i.e. relative to the internal
coupling interface 32. This makes it easier to screw together the external pipe
device 10 without the internal pipe device being twisted, particularly when the
external pipe device comprises curved or angled pipe elements. A pipe attachment
device 42 is also provided for fastening the fluid connector 4 to the opening 37 in
the coupling device 3. In a similar manner a pipe attachment device 52 is provided
for fastening the fluid connector 5 to the opening 38 in the coupling device 3.

The pipe attachment devices 22, 42, 52 may comprise screw connections, clamp
connections and gaskets for providing a leak-proof and robust fluid connection
between the coupling element 3 and the internal pipe device 20.

In the device 1 the heat exchange element 2 is configured so as to be provided
inside or adjacent to the drainage system and the first and second fluid connectors 4,
5 are configured so as to be accessible outside the drainage system.

An example of this is illustrated in fig. 6. A drainage system is illustrated here
comprising a water-bearing channel 60 beside a road 61, as well as a side drain 62
for carrying surface water from the channel 60 under the road 61. The heat
exchange element 2 is provided down in the channel 60 and through the side drain
62. The first and second fluid connectors 4, 5 project up from the channel 60 and
are therefore accessible outside the drainage system. In fig. 6a we can see that the
surface water in the channel 60 and the side drain 62 is frozen to ice.

The fluid connectors 4 and 5 are provided for connection to hose connections 71a,
71b connected to a heat exchange fluid-circulating system 70, for example a heat
exchange fluid circulating system 70 as described in EP 1777349,

The device 1 is configured so as to enable a heat exchange medium to circulate
through the first fluid connector 4, the internal pipe device 20, the external pipe
device 10 and the second fluid connector 5. In fig. 6a the heat exchange fluid-
circulating system 70 supplies heated heat exchange fluid, for example water, to the
fluid connector 4, whereupon the fluid is passed through the opening 37 on to the
internal pipe device 20 via the opening 34. The fluid flows out of the opening in the
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internal pipe device 20 back through the external pipe device 10 to and on through
the opening 33, on to the fluid connector 5 via the opening 38.

The result of this is that after a while the ice in parts of the channel 60 and in the
side drain 62 will melt. This takes place without the supply of fluid to the
environment, since the heat exchange fluid-circulating system 70 and the device 1
form a closed system.

In the above description the expression heat exchange fluid is used. In some
connections the same system may also be employed for removing heat from
drainage systems.

We now refer to fig. 7 and fig. 2 which illustrate an alternative embodiment of the
invention. Here both the internal pipe device 20 and the external pipe device 10 in
the heat exchange element 2 are made of a flexible material, which can be
advantageous in some areas of application.

For example, the device in fig. 1 or fig. 7 may be pushed down into openings in the
ground or into a mass (for example gravel, sand, crushed stones etc.) for heat
exchange.

The device 1 may also be employed for exchange of heat on a building and
construction site. For example, hardening of concrete is a process which is crucial
for the quality of the finished concrete. Temperature and moisture are parameters
which influence the hardening process, and particularly severe cold is undesirable.

The device 1 in fig. 1 or fig. 7 may, for example, be arranged in contact with a
shuttering board which lies against the concrete during the hardening process. Heat
can therefore be supplied to the concrete via the shuttering boards.

We now refer to fig. 8a which illustrates a typical profile of a device 1 which can be
placed in a side drain for carrying surface water under a road. The external pipe
device 10 comprises at least one pipe element 11 which is curved or angled and at
least one pipe element 11 which is substantially cylindrical. In the figure there is a
first pipe element 11d which has a curve radius R of 30 cm and with an angle
a=45°and a second pipe element 11e which has a curve radius R of 30 cm and with
an angle 0=90°. Furthermore, the external pipe device 10 has several substantially
cylindrical pipe elements. In the figure it is shown that the external pipe device 10
has two substantially cylindrical pipe elements 11a of a first length and a
substantially cylindrical pipe element 11b of a second length. Finally, the external
pipe device 10 comprises an end pipe element 11c.

In this way standardised pipe elements 11 can be produced in advance, joined
together in a simple manner and adapted to the drainage system in which the device
1 is to be placed. As can be seen in fig 8a the coupling device 3 represents the
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highest point in the device 1, thereby making it accessible for connection when
there is a need for thawing of the drainage system.

In fig. 8b the internal pipe device 20 comprises a flexible pipe element 21. The
flexible pipe element 21 is cut to the desired length and can thereby also be adapted
to the drainage system in which the device 1 is to be placed.

The pipe attachment device 22 here also comprises a swivel device as mentioned
above, which provides that the flexible pipe element 21 is not preventing the
external pipe elements from being screwed together.

We now refer to figs. 9a-c. The device illustrated here corresponds substantially to
that illustrated in figs. 8a and 8b. However, in this case the pipe elements 11 in the
external pipe device 10 are not joined together by means of threaded connections.
Instead the pipe elements 11 are glued together. Fig 9c shows that the ends of the
pipe elements 11 are inserted in connecting sleeves 13. The pipe elements 11 are
attached to the connecting sleeves 13 by means of a jointing compound, for example
glue or the like. The result of this is that the external pipe device 10 is also leak-
proof. Alternatively the sleeve may be a part of one end of each of the pipe
elements, i.e. that each pipe element 11 has a first end with a sleeve 13 for receiving
a second end of a second pipe element 11 which are then fastened together.

It should be noted that in the preferred embodiment above the external pipe device
is rigid. However, it is possible for the external pipe device to be partially flexible
and still have at least one pipe element which is curved or angled and at least one
pipe element which is substantially cylindrical.

The present invention also relates to a surface water-bearing body, where the
drainage system comprises a device 1 as described above provided inside or
adjacent to at least parts of the surface water-bearing body.
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CLAIMS

1. A device (1) for heat exchange in a drainage system, comprising:

- a heat exchange element (2) where the heat exchange element (2) comprises an
external pipe device (10) and an internal pipe device (20), where the internal pipe
device (20) is provided inside the external pipe device (10);

- a coupling device (3) which provides a fluid-communicating coupling between the
heat exchange element (2), a first fluid connector (4) and a second fluid connector
(5), where the coupling device (3) comprises an external coupling interface (31) for
coupling the heat exchange element (2) to the second fluid connector (5) and an
internal coupling interface (32) for coupling the heat exchange element (2) to the
first fluid connector (4);

where the external pipe device (10) comprises a first end (10a) connected to the
external coupling interface (31) and a second end (10b) which is closed;

where the internal pipe device (20) comprises a first end (20a) connected to the
internal coupling interface (32) and a second end (20b) which is open,;

where the device (1) is configured so that a heat exchange medium can circulate
through the first fluid connector (4), the internal pipe device (20), the external pipe
device (10) and the second fluid connector (5);

where the external pipe device (10) comprises at least one pipe element (11) which
is curved or angled and at least one pipe element (11) which is substantially
cylindrical;

where the internal pipe device (20) comprises a flexible pipe element (21).

2. A device according to claim 1, where the internal pipe device (20) comprises
a pipe attachment device (22) for fastening the flexible pipe element (21) to the
internal coupling interface (32).

3. A device according to claim 2, where the pipe attachment device (22)
comprises a swivel device.

4. A device according to claim 1, where the heat exchange element (2) is
configured so as to be provided inside or adjacent to the drainage system and where
the first and the second fluid connectors (4, 5) are configured so as to be accessible
outside the drainage system.

5. A device according to claim 1, where the coupling device (3) comprises a
body (30) with a cylindrical protruding portion (35), where the cylindrical
protruding portion (35) has a substantially circular end surface (36).
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6. A device according to claim 5, where the external coupling interface (31)
comprises an externally threaded area in the cylindrical protruding portion (35).

7. A device according to claim 5 or 6, where the internal coupling interface
(32) comprises an internally threaded portion in a first, circular opening (34) in the
substantially circular end surface (36).

8. A device according to claim 7, where the circular opening (34) is in fluid
connection with a first side opening (37) for connection to the first fluid connector

.

9. A device according to one of the claims 1-8, where the coupling device (3)

comprises a second opening (33) in the circular end surface (36), where the second
opening (33) is in fluid connection with a second side opening (38) for connection
to the second fluid connector (5).

10. A device according to claim 1, where the second end (20b) of the internal
pipe device (20) is located at a distance close to the second end (10b) of the external
pipe device (10).

11. A device according to claim 1, where the external pipe device (10) is rigid.

12. A device according to claim 11, where the external pipe device (10) is made
of aluminium or a similar material.

13. A drainage system comprising a surface water-bearing body, where the
drainage system comprises a device (1) according to one of the claims 1-12
provided inside or adjacent to at least parts of the surface water-bearing body.
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