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GROUND HEAT EXCHANGER

FIELD OF THE INVENTION

The invention relates to a ground heat exchanger that is intended to
be positioned in a borehole in the ground, the ground heat exchanger compris-
ing a flow leg, a heat exchanger leg, an upper manifold and a lower manifold to
be positioned at the bottom of the borehole, the flow leg extending from the
upper part of the borehole to the lower manifold, the heat exchanger leg com-
prising an outlet pipe extending upwards from the upper manifold and a plural-
ity of heat exchanger pipes between the upper manifold and the lower mani-
fold, the lower manifold connecting the flow leg and the heat exchanger leg,
and the upper manifold comprising a body forming a fluid space, a connection
from the fluid space to the outlet pipe and a plurality of connections from the
fluid space to the heat exchanger pipes, wherein the flow leg is arranged to go
through the fluid space of the upper manifold.

BACKGROUND OF THE INVENTION

Ground heat exchangers are used as heat transfer units in heating
or cooling systems utilizing the ground as a heat source or as heat storage. In
the heating systems the ground heat exchangers are used to collect heat pre-
sent in the ground and to convey or carry it for warming the building, for exam-
ple. In the cooling systems the ground heat exchangers are used to convey or
carry extra heat present in the building and to transfer it to the ground.

One of the above type of ground heat exchangers is presented in
US publication 5,477,914, which presents three ground heat exchange units
connected to a heat pump located in a structure for adjusting the temperature
of a selected fluid. The ground heat exchange units comprise, inter alia, a first
primary conduit or a flow leg, an upper end cap which serves as an upper
manifold and a lower end cap which serves as a lower manifold. The first pri-
mary conduit extends from the upper part of the surrounding earth to the lower
manifold. The upper end cap comprises a body forming a fluid space for the
heat transfer fluid, and the first primary conduit is arranged to go through the
fluid space of the upper end cap.

The ground heat exchange unit presented in US publication
5,477,914 is, as such, quite feasible to be used as an underground heat ex-
change unit but some difficulties relating to assembling the first primary conduit
through the upper end cap and the sealing between the first primary conduit
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and the upper end cap may be encountered during the installation of the
ground heat exchange units.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a new type of ground
heat exchanger.

The ground heat exchanger according to the invention is character-
ized by the features presented in the independent claims.

A ground heat exchanger intended to be positioned in a borehole in
the ground comprises a flow leg, a heat exchanger leg, an upper manifold and
a lower manifold to be positioned at the bottom of the borehole. The flow leg
extends from the upper part of the borehole to the lower manifold. The heat
exchanger leg comprises an outlet pipe extending upwards from the upper
manifold and a plurality of heat exchanger pipes between the upper manifold
and the lower manifold, the lower manifold connecting the flow leg and the
heat exchanger leg. The upper manifold comprises a body forming a fluid
space, a connection from the fluid space to the outlet pipe and a plurality of
connections from the fluid space to the heat exchanger pipes, wherein the flow
leg is arranged to go through the fluid space of the upper manifold. Further, the
upper manifold may comprise a conduit pipe through the fluid space of the
body such that the flow leg can be positioned inside the conduit pipe The dis-
tance between the centre axis of the flow leg and the centre axis of the upper
manifold can be different in the upper part of the manifold than in the lower part
of the manifold.

The conduit pipe of the upper manifold provides a clear passage for
the flow leg through the flow space of the upper manifold such that the end of
the flow leg cannot get engaged with the body of the upper manifold during the
installation of the flow leg through the upper manifold. Additionally, it is also
very easy to provide a sealing of the fluid space between the body of the upper
manifold and the conduit pipe, or between the top and bottom lids and the
conduit pipe already during the manufacturing phase of the upper manifold.
Further, the conduit pipe supports the flow leg going through the upper mani-
fold such that there is no need to fasten the flow leg to the body of the upper
manifold.

If the distance between the centre axis of the flow leg and the centre
axis of the upper manifold is different in the upper part of the upper manifold
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than at the lower part of the upper manifold, the flow leg and the outlet pipe
may be located next to each other such that the diameter of the cylindrical up-
per manifold is as small as possible and, at the same time, the portion of the
flow leg going towards the lower manifold may be located to be at least at a
specific minimum distance from the heat exchanger pipes. Alternatively, if the
distance between the centre axis of the flow leg and the centre axis of the up-
per manifold is different in the upper part of the upper manifold than at the
lower part of the upper manifold, the flow leg and the outlet pipe may be lo-
cated far away from each other such that a layer of insulating material may be
arranged between the outlet pipe and the flow leg, for example around the flow
leg.

According to an embodiment of the invention the upper manifold is
cylindrical, whereby the installation of the upper manifold in a borehole typically
having a cylindrical shape, too, is quite easy.

According to a second embodiment in the invention, the flow leg is
positioned in the middle of the upper manifold in the lower part of the upper
manifold, this providing a symmetrical structure of the upper manifold in the
lower part of the upper manifold.

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 schematically a side view of a ground heat ex-
changer partly in cross-section,

Figure 2 shows schematically a side view of an upper manifold in
cross-section,

Figure 3 shows schematically a side view of another ground heat
exchanger partly in cross-section,

Figure 4 shows schematically a side view of a second upper mani-
fold in cross-section and

Figure 5 shows schematically a side view of an upper part of a third
upper manifold in cross-section.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows partly in cross-section a side view of a ground heat
exchanger 2 positioned in a borehole 1. In the following, the ground heat ex-
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changer 2 may also be called an exchanger 2. The exchanger 2 comprises a
flow leg 3, a heat exchanger leg 4, an upper manifold 7 and a lower manifold
10. The upper manifold 7 is positioned in the upper part of the borehole 1, and
the lower manifold 10 is positioned at the bottom of the borehole 1. The flow
leg 3 extends from the upper part of the borehole 1 through the upper manifold
7 to the lower manifold 10. The heat exchanger leg 4 comprises an outlet pipe
5 extending upwards from the upper manifold 7 and a plurality of heat ex-
changer pipes 6 between the upper manifold 7 and the lower manifold 10. The
heat exchanger pipes surround the flow leg 3. The lower manifold 10 connects
the flow leg 3 and the heat exchanger leg 4 together by dividing the heat trans-
fer fluid flow in the flow leg 3 into smaller volume flows for the heat exchanger
pipes 6. The upper manifold 7 further comprises a top lid 8 and a bottom lid 9,
and the lower manifold 10 comprises a top lid 11 and a bottom lid 12.

The basic operation principle of the ground heat exchanger 2 above
is as follows. The flow leg 3 forwards the flow of heat transfer fluid from an
overground heating system, which may be for example a heat pump, to the
ground heat exchanger 2, and especially to the lower manifold 10. The over-
ground heating system is not shown in Figure 1 for the sake of clarity. The heat
transfer fluid may be for example water or a mix of water and ethanol with a
mixing ratio of 65/35 %, for example. The heat transfer fluid may also be some
other kind of anti-freeze mixture comprising some other alcohol, such as gly-
col. In the lower manifold 10 the flow of the heat transfer fluid flowing in the
flow leg 3 is divided into smaller volume flows for the heat exchanger pipes 6.
In the heat exchanger pipes 6 the heat transfer fluid flows upwards from the
lower manifold 10 towards the upper manifold 7. In the upper manifold 7 the
smaller volume flows of the heat transfer fluid are combined into one larger
volume flow flowing in the outlet pipe 5 of the heat exchanger leg 4 towards the
overground heating system. The flow of the heat transfer fluid may be caused
by one or more pumps, for example, which may be integrated inside the heat-
ing system or separated from the actual heating system. If the ground heat
exchanger 2 is used in connection with a cooling/storage system, the direction
of the flow of the heat transfer fluid is opposite to that explained above.

When the heat transfer fluid flows in the heat exchanger pipes 6, it
either collects or receives heat from the ground or transfers or delivers heat to
the ground. If the overground system is used for heating, the temperature of
the heat transfer fluid flowing from the flow leg 3 to the heat exchanger pipes 6
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is quite low, whereby the temperature of the heat transfer fluid is lower than the
ground temperature and the fluid has an ability to receive heat from the
ground. If the overground system is used for cooling, the temperature of the
heat transfer fluid flowing to the heat exchanger pipes 6 may be quite high, in
any case higher than the ground temperature, whereby the heat transfer fluid
delivers heat energy to the ground and cools down.

In Figure 1, there is a distance between the heat exchanger pipes 6
and the wall of the borehole 1 for the sake of clarity of the figure, but in practice
the heat exchanger pipes 6 are positioned as close to the wall of the borehole
as possible so that the heat transfer between the heat exchanger pipes 6 and
the ground is as effective as possible.

Further, Figure 1 shows only two heat exchanger pipes 6 going from
the lower manifold 10 to the upper manifold 7 but in practice the ground heat
exchanger 2 comprises as many heat exchanger pipes 6 as possible so that
the surface area of the wall of the borehole 1 is covered by the heat exchanger
pipes 6 as effectively as possible for maximizing the heat transfer ability of the
ground heat exchanger 2.

Figure 2 shows schematically a side view of an upper manifold 7 in
cross-section. The upper manifold 7 comprises a body 13 forming a fluid space
14. The upper manifold 7 further comprises a connection 15 from the fluid
space 14 to the outlet pipe 5 and a plurality of connections 16 from the fluid
space 14 to the heat exchanger pipes 6. In the embodiment shown in Figure 2
there are shown only two connections 16. In the fluid space 14 the smaller vol-
ume flows of the heat transfer fluid flowing from the heat exchanger pipes 6
into the fluid space are combined into one larger volume flow flowing through
the outlet pipe 5 towards the overground heating or cooling/storage system.

The flow leg 3 is arranged to go through the fluid space 14 of the
upper manifold 7. For arranging the flow leg 3 to go through the fluid space 14
of the upper manifold 7, the upper manifold 7 comprises a conduit pipe 17 go-
ing through the fluid space 14 of the upper manifold 7, and the flow leg 3 is
positioned inside the conduit pipe 17.

There are several advantages with providing the upper manifold 7
with a conduit pipe 17. Firstly, the conduit pipe 17 provides a clear passage for
the flow leg 3 through the flow space 14 of the upper manifold 7 during the in-
stallation of the flow leg 3 through the upper manifold 7 such that the end of
the flow leg 3 cannot get engaged with the body of the upper manifold. Sec-
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ondly, it is very easy to provide a sealing of the fluid space 14 between the
body 13 of the upper manifold 7 and the conduit pipe 17, or between the top
and bottom lids 8, 9 and the conduit pipe 17 already during the manufacturing
phase of the upper manifold 7. In this way the conduit pipe 17 provides a sup-
porting structure for the flow leg 3 going through the upper manifold 7 such that
there is no need to fasten the flow leg 3 to the body 13 of the upper manifold 7.
Otherwise the sealing of the fluid space 14 between the body or the top and
bottom lids of the upper manifold and the flow leg 3 going through the fluid
space 14 should be done directly to the flow leg 3 which then will be a fixed
part of the upper manifold 7. Furthermore the conduit pipe 17 provides insula-
tion between the flow leg 3 and the heat transfer liquid flowing through the fluid
space 14 of the upper manifold 7.

The conduit pipe 17 in the embodiment of Figure 2 is dimensioned
in such a way that the upper end 17’ of the conduit pipe 17 extends above the
top lid 8 of the upper manifold 7 and that the lower end 17" of the conduit pipe
17 extends below the bottom lid 9 of the upper manifold 7. This design gives
necessary ability to get a good quality weld between the conduit pipe 17 and
the top and bottom lids 8, 9.

Concerning the shape of the body 13 of the upper manifold 7, the
body 13 of the upper manifold 7 may have different types of shapes. However,
if the body 13 of the upper manifold 7 is cylindrical, the installation of the upper
manifold 7 in a borehole 1 typically having a cylindrical shape, too, is quite
easy. The cylindrical shape of the body 13 of the upper manifold 7 as well as
the cylindrical shape of the top lid 8 and the bottom lid 9 provide also structural
rigidity for the structure of the upper manifold 7.

The distance between the centre axis of the flow leg 3 and the cen-
tre axis of the manifold 7 may be different in the upper part of the manifold 7
than in the lower part of the manifold 7, as shown schematically in Figures 1
and 2. For the sake of clarity, these centre axes are not shown in Figure 1 or 2
but their position is evident for the person skilled in the art. This is provided by
the conduit pipe 17 comprising curves 18 in the upper part of the manifold 7
and in the lower part of the manifold 7. With this kind of structure of the upper
manifold 7 the flow leg 3 and the outlet pipe 5 may be located next to each
other such that the diameter of the cylindrical upper manifold 7 is as small as
possible and, at the same time, the portion of the flow leg 3 going towards the
lower manifold 10 may be located to be at least at a specific minimum distance
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from the heat exchanger pipes 6, if necessary.

Minimizing the diameter of the upper manifold 7 and thereby the
maximum diameter of the whole ground heat exchanger 2 is important in view
of the drilling costs of the borehole 1, too. The larger the diameter of the bore-
hole 1, the higher are typically the costs of drilling. Also, in many countries,
building regulations concerning the structure of the borehole 1 determine that
the upper part of the borehole 1 should be strengthened by inserting a steel
pipe into the borehole 1 to support the wall of the borehole 1 in its upper part.
Thereby, by minimizing the diameter of the upper manifold 7 the diameter of
the steel pipe and thus the costs due to the steel pipe may be minimized.

In the embodiment of the upper manifold 7 according to Figures 1
and 2, the flow leg 3 is positioned exactly in the middle of the lower part of the
upper manifold 7 or at the centre axis of the upper manifold 7. This provides a
symmetrical structure of the upper manifold in the lower part of the manifold.

The actual dimension of the upper manifold 7 may vary depending
on the actual heating or cooling/storage system to be installed, but according
to one design example, if the borehole 1 has a diameter of 140 millimetres and
the length or depth of 200 metres, the length of the upper manifold 7 may be
for example about 1 metre.

Figure 1 further shows insulation 19 or a layer of insulating material
19 arranged around at least the part of the length of the flow leg 3 between the
upper manifold 7 and the lower manifold 10. In Figure 1, for the sake of clarity,
the insulation 19 is shown around the flow leg 3 only in a portion of the length
of the flow leg 3 between the upper manifold 7 and the lower manifold 10. The
insulation 19 prevents the heat transfer between the flow leg 3 and the heat
exchanger pipes 6 and thus increases the efficiency of the ground heat ex-
changer 2. The thermally insulating material surrounding the flow leg 3 may
consist of crosslinked Polyethylene (PEX) with a closed cell structure.

The insulation 19 is surrounded by a protective pipe 20, the protec-
tive pipe 20 protecting the insulation 10 from the effect of water and corrosive
contaminants possibly present in the borehole 1. At the same time, the protec-
tive pipe 20 affixes the insulation 19 around the flow leg 3. The protective pipe
20 shown in Figure 2 comprises a corrugated outer surface, which increases
stability and strength of the structure of the protective pipe 20. The insulation
19 and the protective pipe 20 are shown in cross-section in Figure 1.

At the upper end and at the lower end of the insulation 19, there are
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shrink sleeves 21 arranged around the ends of the protective pipe 20. The
shrink sleeves 21 prevent water possibly present in the borehole 1 from enter-
ing under the insulation 19 around the flow leg 3 through the ends of the pro-
tective pipe 20. The shrink sleeves 21 are assembled partly around the ends of
the protective pipe 20 and partly around the flow leg 3 such that when the
shrink sleeves are heated, they shrink or contract around the flow leg 3 and the
ends of the protective pipe 20 such that a watertight joint is produced between
the flow leg 3, the insulation 19, the protective pipe 20 and the shrink sleeves
21 is produced.

The ground heat exchanger 2 comprises at the bottom of the lower
manifold 10 a gripping means 22, in the form of a hook or the like, for example,
for providing an attachment for additional weights to be connected to the
ground heat exchanger 2. The purpose of the additional weights is to prevent
the ground heat exchanger 2 from lifting or rising upwards for example in a
case where there is water at the bottom of the borehole 1, the water tending to
lift the lower manifold or the whole ground heat exchanger 2 upwards in the
borehole 1.

Figure 3 shows schematically a side view of another ground heat
exchanger 2 partly in cross-section and Figure 4 shows schematically in cross-
section a side view of an upper manifold 7 used in the ground heat exchanger
2 of Figure 3. The upper manifold 7 presented in Figures 3 and 4 does not
comprise any conduit pipe 17. Despite of that the flow leg 3 goes through the
fluid space 14 of the upper manifold 7 such that the distance between the cen-
tre axis A of the flow leg 3 and the centre axis B of the upper manifold 7 is dif-
ferent in the upper part of the upper manifold 7 than in the lower part of the
upper manifold 7. In the embodiment of the upper manifold 7 presented in Fig-
ures 3 and 4 the centre axis A of the flow leg 3 and the centre axis B of the
upper manifold 7 are, in fact, coincident in the lower part of the upper manifold
7. This is provided by arranging an opening 23 for the flow leg 3 in the bottom
lid 9 at the centre axis B of the upper manifold 7, whereas an opening 24 for
the flow leg 3 in the top lid 8 is arranged aside or offset from the centre axis B
of the upper manifold 7. The passage of the flow leg 3 through the top lid 8 and
the bottom lid 9 may be sealed by welding, for example.

When the distance between the centre axis A of the flow leg 3 and
the centre axis B of the upper manifold 7 is different in the upper part of the
upper manifold 7 than at the lower part of the upper manifold 7, the flow leg 3



10

15

20

25

30

35

WO 2011/077352 PCT/IB2010/055945

and the outlet pipe 5 may be located next to each other such that the diameter
of the cylindrical upper manifold 7 is as small as possible and, at the same
time, the portion of the flow leg 3 going towards the lower manifold 10 may be
located to be at least at a specific minimum distance from the heat exchanger
pipes 6. Preferably, however, there is always some distance between the out-
let pipe 5 and the flow leg 3 such that a layer of insulating material may be ar-
ranged between the outlet pipe 5 and the flow leg 3, for example around the
flow leg 3.

In Figure 3 the lower manifold 10 is shown in cross-section.The
lower manifold 10 comprises a body 25 forming the fluid space 26. The func-
tionality of the lower manifold 10 of Figure 3 is corresponding to the functional-
ity of the lower manifold 10 shown in Figure 1 when the flow of the heat trans-
fer fluid is considered.

Figure 3 also presents gripping means 22, provided by an opening
27 at the bottom of the lower manifold 10, for providing an attachment for addi-
tional weights to be connected with the ground heat exchanger 2 in order to
prevent the ground heat exchanger 2 from rising upwards in the borehole 1.

Figure 5 shows schematically a side view of an upper part of a third
upper manifold 7 in cross-section. In the upper manifold 7 shown in Figure 5
the top lid 8 of the upper manifold 7 comprises an extension 28 surrounding
the upper end 17’ of the conduit pipe 17 outside the upper manifold 7. The ex-
tensions 28 may be an integral part of the top lid 8 as in the Figure 5 or the
extension 28 may be fixed to the top lid 8 for example by welding. In the upper
manifold 7 shown in Figure 5 there is further provided a joint cone 29 at the
end of the extension 28 and the upper end 17’ of the conduit pipe 17. The use
of the joint cone 29 makes it easier to provide a tight-proof weld 30 between
the top lid 8 and the conduit pipe 17. The bottom lid 9 of the upper manifold 7
may also be provided with an extension similar to extension 28 and a joint
cone 29, although this is not shown in Figure 5.

In the upper manifold 7 shown in Figure 5 the top lid 8 of the upper
manifold 7 comprises also an extension 28 surrounding the outlet pipe 5. The
extension 28 surrounding the outlet pipe 5 provides an additional support for
the outlet pipe 5 and may also make it easier to provide a weld joint between
the outlet pipe 5 and the top lid 8.Similar extensions may also be arranged in
the bottom lid 9 for the heat exchanger pipes 6 and for the flow leg 3 and for
the heat exchanger pipes 6 in the top lid 11 of the lower manifold 10. Further-
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more, similar extensions may also be arranged for the flow leg 3, the outlet
pipe 5 and the heat exchanger pipes 6 in the top lid 8 and the bottom lid 9 of
the upper manifold 7 shown in Figure 4.

In some cases the features set forth in this description may be used
as such, irrespective of other features. On the other hand, features set forth in
this description may be combined, where necessary, to provide various combi-
nations.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.



10

15

20

25

30

35

WO 2011/077352 PCT/IB2010/055945

11

CLAIMS

1. A ground heat exchanger (2) that is intended to be positioned in a
borehole (1) in the ground,

the ground heat exchanger (2) comprising a flow leg (3),

a heat exchanger leg (4),

an upper manifold (7) and

a lower manifold (10) to be positioned at the bottom of the borehole
(1),

the flow leg (3) extending from the upper part of the borehole (1) to
the lower manifold,

the heat exchanger leg (4) comprising an outlet pipe (5) extending
upwards from the upper manifold (7) and a plurality of heat exchanger pipes
(6) between the upper manifold (7) and the lower manifold (10),

the lower manifold (10) connecting the flow leg (3) and the heat ex-
changer leg (4), and

the upper manifold (7) comprising a body (13) forming a fluid space
(14), a connection (15) from the fluid space (14) to the outlet pipe (5) and a
plurality of connections (16) from the fluid space (14) to the heat exchanger
pipes (6),

wherein the flow leg (3) is arranged to go through the fluid space
(14) of the upper manifold (7),

characterized in that the distance between the centre axis
(A) of the flow leg (3) and the centre axis (B) of the upper manifold (7) is differ-
ent in the upper part of the manifold (7) than in the lower part of the manifold
(7).

2. A ground heat exchanger according to claim 1, character-
ized in that the upper manifold (7) is cylindrical.

3. A ground heat exchanger according to claim 1 or 2, charac-
terized in that the upper manifold (7) comprises a top lid (8) and a bottom
lid (9).

4. A ground heat exchanger according to any one of the preceding
clams, characterized in that the upper manifold (7) comprises a con-
duit pipe (17) through the fluid space (14) of the body (13) and that the flow leg
(3) is positioned inside the conduit pipe (17).

5. A ground heat exchanger according to any one of the preceding
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clam,characterized in that at the bottom of the upper manifold (7) the
flow leg (3) is positioned in the middle of the upper manifold (7).

6. A ground heat exchanger according to any one of the preceding
claims, characterized in that the flow leg (3) is surrounded by insula-
tion (19) at least in part of the distance between the upper manifold (7) and the
lower manifold (10).

7. A ground heat exchanger according to claim 6, character-
izedin that the ground heat exchanger (2) further comprises a protective
pipe (20) around the insulation (19) and shrink sleeves (21) arranged at the
ends of the protective pipe (20).

8. A ground heat exchanger according to any one of the preceding
claims, characterized in that the ground heat exchanger (2) further
comprises, at the bottom of the lower manifold (10), gripping means (22) for
providing an attachment for additional weights to be connected with the ground
heat exchanger (2) in order to prevent the ground heat exchanger (2) from ris-
ing upwards in the borehole (1).

9. A ground heat exchanger (2) that is intended to be positioned in a
borehole (1) in the ground,

the ground heat exchanger (2) comprising a flow leg (3),

a heat exchanger leg (4),

an upper manifold (7) and

a lower manifold (10) to be positioned at the bottom of the borehole
(1),

the flow leg (3) extending from the upper part of the borehole (1) to
the lower manifold,

the heat exchanger leg (4) comprising an outlet pipe (5) extending
upwards from the upper manifold (7) and a plurality of heat exchanger pipes
(6) between the upper manifold (7) and the lower manifold (10),

the lower manifold (10) connecting the flow leg (3) and the heat ex-
changer leg (4), and

the upper manifold (7) comprising a body (13) forming a fluid space
(14), a connection (15) from the fluid space (14) to the outlet pipe (5) and a
plurality of connections (16) from the fluid space (14) to the heat exchanger
pipes (6),

wherein the flow leg (3) is arranged to go through the fluid space
(14) of the upper manifold (7),
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characterized in that the upper manifold (7) comprises a
conduit pipe (17) through the fluid space (14) of the body (13) and that the flow
leg (3) is positioned inside the conduit pipe (17).

10. A ground heat exchanger according to clam 9, character-
ized in thatthe upper manifold (7) is cylindrical.

11. A ground heat exchanger according to claim 9 or 10, char -
acterized in thatthe upper manifold (7) comprises a top lid (8) and a bot-
tom lid (9).

12. A ground heat exchanger according to any one of the preceding
clams 9to 11, characterized in that the distance between the centre
axis (A) of the flow leg (3) and the centre axis (B) of the upper manifold (7) is
different in the upper part of the manifold (7) than in the lower part of the mani-
fold (7).

13. A ground heat exchanger according to claim 12, charac-
terized in that at the bottom of the upper manifold (7) the flow leg (3) is
positioned in the middle of the upper manifold (7).

14. A ground heat exchanger according to any one of the preceding
clams 9to 13, characterized in that the flow leg (3) is surrounded by
insulation (19) at least in part of the distance between the upper manifold (7)
and the lower manifold (10).

15. A ground heat exchanger according to claim 14, charac-
terizedin that the ground heat exchanger (2) further comprises a protective
pipe (20) around the insulation (19) and shrink sleeves (21) arranged at the
ends of the protective pipe (20).

16. A ground heat exchanger according to any one of the preceding
claims 9 to 15, characterized in that the ground heat exchanger (2)
further comprises, at the bottom of the lower manifold (10), gripping means
(22) for providing an attachment for additional weights to be connected with the
ground heat exchanger (2) in order to prevent the ground heat exchanger (2)
from rising upwards in the borehole (1).



PCT/IB2010/055945

WO 2011/077352

1/3

NI

FIG. 2

FIG. 1



WO 2011/077352 PCT/IB2010/055945

/] /
W‘?”)—\——&




WO 2011/077352 PCT/IB2010/055945

3/3

o A

30

- 28

15 AN
17 D
e i
R
N

FIG. 5



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings

