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Pipe assembly for district heating network

Background of the invention

[0001] The invention relates to a pipe assembly for a district heating
network according to the preamble of independent claim 1.

[0002] In pipework of a district heating network, some heat loss al-
ways occurs. It is known to reduce these losses by making the insulating lay-
ers of the pipework thicker.

Brief description of the invention

[0003] An object of the invention is to provide a cost-efficient alter-
native for reducing heat losses of pipework of a district heating network. The
object of the invention is achieved by a pipe assembly which is characterized
by what is disclosed in independent claim 1. Preferred embodiments of the in-
vention are disclosed in the dependent claims.

| [0004] The invention is based on providing a pipe assembly with a

heat transfer device for recovering to a cooler second pipe a portion of heat
that otherwrse would become transferred from a hotter first pipe to the envi-
ronment. The heat transfer device is arranged to transfer heat from an outer
surface of a first insulating layer surrounding the first pipe to the second pipe.
When the pipe assembly according to the invention is in use in the district. -
heating network, the heat transfer device is used for transferring a portion of
lost heat of a supply pipe to a return pipe, enabling the lost heat to be at least
partly transferred to a power plant.

[0005] The pipe assembly according to the invention enables heat
losses of the pipework of the district heating network to be reduced with no
need to make the insulating layers thicker. |

Brief description of the figures
[0006] The invention is now described in closer detail in connection
with the preferred embodiments and with reference to the accompanylng draw—

ings, in which:
Figure 1 shows a cross-section of a pipe assembly accordlng to an '

embodiment of the invention; and
Figure 2 shows a cross-section of a pipe assembly accordlng to an-

other embodlment of the invention.
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Detailed description of the invention

[0007] Figure 1 shows a pipe assembly for a district heating network
according to an embodiment of the invention, the pipe assembly comprising a
first pipe 11, a second pipe 12, an outer pipe 36, a first insulating layer 31, a
second insulating layer 32, and a heat transfer device 40.

[0008] The first pipe 11 is arranged for a first heat transfer medium
flow, and the second pipe 12 is arranged for a second heat transfer medium
flow. The first insulating layer 31 surrounds the first pipe 11, the first insulating
layer 31 being arranged to reduce heat transfer from the first pipe 11 outwards
in a radial direction. The heat transfer device 40 is arranged to transfer heat
from an outer surface of the first insulating layer 31 to the second pipe 12. The
second insulating layer 32 is arranged to reduce heat transfer from the heat
transfer device 40 and the second pipe 12 outwards in a radial direction, the
thermal conductivity of the heat transfer device 40 being substantially better
than the thermal conductivity of the first insulating layer 31 and the thermal
conductivity of the second insulating layer 32. The outer pipe 36 surrounds the
first pipe 11, the second pipe 12, the first insulating layer 31, the heat transfer
device 40, and the second insulating layer 32.

[0009] The heat transfer device 40 has a cross-section of substan-
tially the shape of a figure eight, and is situated such that the first loop of the
figure eight is in contact with the outer surface of the first insulating layer 31
while the second loop of the figure eight is in contact with an outer surface of
the second pipe 12. The heat transfer device 40 may comprisé a plate member
folded from a plate material, a mesh member folded from a mesh material, or a
material layer. The plate material may comprise an aluminium plate, for in-
stance. The mesh material may comprise an aluminium mesh, for instance.
The material layer may comprise a material to be applied while manufacturing
the pipe assembly onto the outer surface of the first insulating layer 31 and on-
to the outer surface of the second pipe 12 e.g. by spreading or spraying.

[0010] The thickness of the first insulating layer 31 is greater than
the thickness of the second insulating layer 32 at a point defined by a line
passing through the centres of the first pipe 11 and the second pipe 12. In the
pipe assembly of Figure 1 said point resides at the top of the figure, at an im-
aginary vertical centre line. It is thus not the purpose of the heat transfer device
40 1o try to maximize the amount of heat energy that can be transferred from
the surface of the first insulating layer 31 to the second pipe 12. Instead, the
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purpose is to utilize the placement of the heat transfer device 40 for cost-
efficiently minimizing the amount of heat energy that becomes transferred via
an outer surface of the outer pipe 36 to the environment.

[0011] By giving the heat transfer device the shape of a figure eight,
a large heat transfer surface area is provided both between the heat transfer
device and the outer surface of the first insulating layer and between the heat
transfer device and the second pipe. In alternative embodiments of the inven-
tion, the shape of the cross-section of the heat transfer device may differ from
the shape of a figure eight. In an alternative embodiment, the heat transfer de-
vice surrounds the pair consisting of the first insulating layer and the second
pipe in a manner similar to that in which a bicycle chain extends round the front
and rear sprocket-wheels. In such a case, the heat transfer surface area is
smaller than in connection with the figure eight shape but, on the other hand,
the smaller length of the cross-section of the heat transfer device reduces ma-
terial costs.

[0012] The contact surface area of the heat transfer device with the
first insulating layer varies in different embodiments. In many embodiments,
the heat transfer device is arranged to be such that it is in contact with the out-
er surface of the first insulating layer at least over a distance of 180°.

[0013] The contact surface area of the heat transfer device with the
second pipe also varies in different embodiments. In many embodiments, the
heat transfer device is arranged to be such that it is in contact with the outer
surface of the second pipe at least over a distance of 90°. On the other hand,
even a small contact surface area may suffice in some embodiments. Depend-
ing on the materials of the heat transfer device and the second pipe, a contact
angle of even less than 15° may be sufficient. As viewed in a direction of the
circumference of the second pipe, the length of the contact area may in some
embodiments be quite small, e.g. of the order of 5 mm.

[0014] The heat transfer device may be selected such that its ther-
mal conductivity is at least thousand times the thermal conductivity of the first
insulating layer and the thermal conductivity of the second insulating layer.
This is easily achieved e.g. by selecting the material of the heat transfer device
to be aluminium whose thermal conductivity is about 250 W/K-:m, and by se-
lecting the material of both the first insulating layer and the second insulating
layer to be polyurethane whose thermal conductivity is about 0.026 W/K-m. Be-
ing a solid material, polyurethane is capable of reducing heat transfer by con-
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duction, convection and radiation. The first and the second insulating layer
may also comprise materials other than polyurethane. In some embodiments,
the first insulating layer comprises different materials than the second insulat-
ing layer.

[0015] Polyurethane installed around the pipe reduces heat transfer
substantially equally well both in a radial and in an axial direction. If a heat in-
sulation is used whose heat insulation capacity is different in different direc-
tions, the heat insulation is preferably installed such that the heat insulation
capacity is at its best in the radial direction.

[0016] The heat transfer medium used in district heating networks is
nearly always water, most often in a liquid state. Consequently, in a pipe as-
sembly according to the invention to be used in a typical district heating net-
work, both the first pipe and the second pipe are arranged for a flow of liquid
water. Both the first pipe and the second pipe may be a steel pipe. Alternative-
ly, both the first pipe and the second pipe may be a plastic pipe. It is also pos-
sible that the first pipe and the second pipe are made of different materials. In
an alternative embodiment, the first pipe is a steel pipe and the second pipe is
a plastic pipe. Pipe materials other than steel and plastic may also be used.

[0017] In an embodiment of the invention, the materials for the pipe
assembly are selected such that the thermal conductivity of the heat transfer
device is at least three times the thermal conductivity of the material of the first
pipe and the thermal conductivity of the material of the second pipe. This is
achieved e.g. by selecting the material of the heat transfer device to be alumin-
ium, and the material of the first and the second pipe to be steel.

[0018] In the pipe assembly shown in Figure 1, the inner diameter of
the second pipe 12 is substantially the same as the inner diameter of the first
pipe 11. Such dimensioning is useful in modern district heating networks where
substantially the same volume flow of the heat transfer medium returns to the
power plant via the second pipe as is supplied to a site of use via the first pipe.
In connection with the present invention, a power plant refers to a plant from
which a first heat transfer medium flow is supplied and to which a second heat
transfer medium flow returns. A power plant may thus be e.g. a thermal power
station or a power plant producing both electricity and heat.

[0019] In the embodiment of Figure 1, both the outer surface of the
cross-section of the first insulating layer 31 and the outer surface of the cross-
section of the outer pipe 36 are circular in shape. In alternative embodiments
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of the invention, the first insulating layer may be shaped such that it comprises
a depression at the second pipe, in which case the first insulating layer is
slightly thinner in the vicinity of the second pipe than elsewhere. In alternative
embodiments, the shape of the cross-section of the outer pipe may differ from
the circular one such that the thickness of the second insulating layer is sub-
stantially similar everywhere on the first insulating layer and on the second
pipe. As compared with the embodiment of Figure 1, this would mean making
the second insulating layer thinner in an area where the first insulating layer is
located beside the second pipe.

[0020] Trunk lines of a district heating network are often built such
that a supply pipe and a return pipe are pipes separate from one another, i.e.
they are not located inside a common outer pipe. When the supply pipe and
the return pipe are separate pipes, both the supply pipe and the return pipe
may be provided with a lost heat collection pipe, in which case the heat trans-
fer device is arranged to transfer heat from the outer surface of the first insulat-
ing layer surrounding the supply/return pipe to the lost heat collection pipe.

[0021] Figure 2 shows a separate pipe assembly according to an
embodiment of the invention, the pipe assembly comprising a first pipe 11, a
second pipe 12', an outer pipe 36', a first insulating layer 31, a second insulat-
ing layer 32', and a heat transfer device 40’. From the pipe assembly of Figure
1 the embodiment of Figure 2 differs in that the inner diameter of the second
pipe 12’ is substantially smaller than the inner diameter of the first pipe 11'.
The first pipe 11" is arranged for a flow of hot supply water from a power plant,
and the second pipe 12’ is arranged for a flow of water from a lost heat collec-
tion circle. The pipe assembly according to Figure 2 may also be used as a re-
turn pipe, in which case the first pipe 11’ is arranged for a flow of cooled return
water returning from a site of consumption to the power plant, and the second
pipe 12’ is arranged for a flow of water from a lost heat collection circle. The
flow direction in the lost heat collection circle may be opposite to that of the
main flow of the district heating network.

[0022] A district heating network including a pipe assembly accord-
ing to the invention may be provided with one or more heat pumps arranged to
recover heat energy from the first heat transfer medium flow of the first pipe,
thus reducing the temperature of the second heat transfer medium flow of the
second pipe. In an embodiment, the heat pump is arranged to reduce the tem-
perature of the second heat transfer medium flow to be the same as or lower
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than the ambient temperature, in which case no thermal loss occurs in the se-
cond pipe at all. Herein, ambient temperature refers to the ambient tempera-
ture of the second pipe, i.e. depending on the embodiment, to the temperature
of the ground in which the pipe assembly including the second pipe is installed,
foriinstance.

[0023] The district heating network whose pipework is implemented
using pipe assemblies according to the invention may be provided with a heat
pump for each customer. In such a case, in connection with a heat exchanger
of each customer of the district heating network, a heat pump is provided
which takes out heat energy from the district heating network for the custom-
er's use and simultaneously reduces the temperature of the return flow.

[0024] It will be obvious to a person skilled in the art that the basic
idea of the invention may be implemented in many different ways. The inven-
tion and its embodiments are thus not restricted to the examples described
above but may vary within the scope of the claims.
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Claims

1. A pipe assembly for a district heating network, comprising a first
pipe (11), a second pipe (12), a heat transfer device (40) and, surrounding the
first pipe (11), a first insulating layer (31) arranged to reduce heat transfer from
the first pipe (11) outwards in a radial direction, the first pipe (11) being ar-
ranged for a first heat transfer medium flow, the second pipe (12) being ar-
ranged for a second heat transfer medium flow, and the heat transfer device
(40) being arranged to transfer heat from an outer surface of the first insulating
layer (31) to the second pipe (12), characterized in that the pipe as-
sembly further comprises a second insulating layer (32) arranged to reduce
heat transfer from the heat transfer device (40) and the second pipe (12) out-
wards in the radial direction, the thermal conductivity of the heat transfer de-
vice (40) being substantially better than the thermal conductivity of the first in-
sulating layer (31) and the thermal conductivity of the second insulating layer
(32).

2. A pipe assembly as claimed in claim 1, characterized in
that the heat transfer device (40) comprises one or more of the following: plate
member, mesh member, material layer.

3. A pipe assembly as claimed in claim 2, characterized in
that the heat transfer device (40) has a cross-section of substantially the shape
of a figure eight, and is situated such that the first loop of the figure eight is in
contact with the outer surface of the first insulating layer (31) while the second
loop of the figure eight is in contact with an outer surface of the second pipe
(12).

4. A pipe assembly as claimed in any one of claims 1to 3, char-
acterized in that the thermal conductivity of the heat transfer device (40)
is at least thousand times the thermal conductivity of the first insulating layer
(31) and the thermal conductivity of the second insulating layer (32).

5. A pipe assembly as claimed in any one of the preceding claims,
characterized in that the thermal conductivity of the heat transfer device
(40) is at least three times the thermal conductivity of the material of the first
pipe (11) and the thermal conductivity of the material of the second pipe (12).

6. A pipe assembly as claimed in any one of the preceding claims,
characterized in that both the first pipe (11) and the second pipe (12)
are arranged for a flow of liquid water.
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7. A pipe assembly as claimed in any one of the preceding claims,
characterized in that both the first pipe (11) and the second pipe (12)
are steel pipes. "

8. A pipe assembly as claimed in any one of the preceding claims,
characterized in that both the first insulating layer (31) and the second
insulating layer (32) comprise polyurethane.

9. A pipe assembly as claimed in any one of the preceding claims,
characterized in that the pipe assembly comprises an outer pipe (36)
which surrounds the first pipe (11), the second pipe (12), the first insulating
layer (31), the heat transfer device (40), and the second insulating layer (32).
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