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The present invention relates to a heat-exchanger tubing. More particularly, it relates
to a tubing for heat exchange between a first fluid which is in the tubing and a second
fluid which is outside the tubing, the tubing being surrounded by the second fluid be-
tween a first end portion and a second end portion.

The following description is especially directed towards the heating of a fluid which is
in a tank, but the invention is not limited to this.

When heating consumption water that is in a closed tank, for example, it is known to
place a spiral tube submergedly in the water in the tank and carry a fluid at relatively
high temperature through the spiral tubein order thereby to provide a heat exchange
between the fluid in the spiral tube and the water in the tank. Such a tank is generally
known, for example from the applicant's patent NO326440.

The fluid in the tubing may be an energy-carrier that forms part of a heat-pump sys-
tem. The fluid may thus be a liquid under high pressure, typically in the order of 25-30
bar. The water in the tank will normally have a pressure in the order of 4-7 bar, de-
pending on the pressure in a water-supply network. A tank for heating consumption
water will normally be provided with a safety valve that opens if the pressure exceeds
a predetermined level, typically 9 bar.

Over time, consumption water in the tank may erode a hole in the tubing in the tank.
The tubing may be a spiral tube, for example. If said energy-carrier in the form of a
liquid under pressure is released from the spiral tube and enters the water of the tank,
the entering liquid will immediately change into a gaseous form, thereby creating a
considerable pressure increase in the tank. The immediate and considerable pressure
increase will not be drainable by said safety valve or other known safety devices.
Thereby an explosion with a considerable damage potential may occur.

Even in a case in which the energy-carrier is not a liquid under high pressure, it may
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be unfavourable, from a health perspective, if it should mix with the consumption wa-
ter in the tank.

As a consequence of the above-mentioned risk, the authorities of some countries de-
mand, among other things, that a heating tube, for example a heating coil, that con-
tains a gas or a liquid and that is placed submergedly in a closed tank for consumption
water, a so-called water heater, that is, shall be subject to regular visual inspection
and leakage-testing. Such inspection cannot possibly be carried out for a heating coil
which is placed in a tank that has been closed by means of welding, without extensive
and expensive interventions having to be carried out in the tank.

The invention has for its object to remedy or reduce at least one of the drawbacks of
the prior art or at least provide a useful alternative to the prior art.

The object is achieved through features which are specified in the description below:
and in the claims that follow.

| According to a first aspect of the invention, a tubing for heat exchange between a first
fluid which is in the tubing and a second fluid which is outside the tubing is provided,
the tubing extending between a first end portion and a second end portion. The tubing
includes an inner tube and an outer tube arranged on the outside of the inner tube,
the inner tube being connected to the outer tube in a fluid-tight manner at the first
end portion, the first end portion being surrounded by and attached to a fluid-supply
pipe, and there being, in the second end portion, a passage between the inner tube
and the outer tube. |

At the first end portion of the tubing, the outer tube is thus connected to the inner
tube, whereas, at the second end portion of the tubing, there is one or more open
portions between the inner tube and the outer tube. In one embodiment, there is not
a solid connection between the inner tube and the outer tube at the first end portion
of the tubing. The inner tube, the seal between the inner tube and the outer tube, and
the outer tube thus form an oblong, U-shaped body, the bottom of the U being posi-
tioned at the first end portion of the tubing, and the top of the U being positioned at
the second end portion of the tubing.

Provided that the fluid that is outside the tubing is not in fluid communication with the
open passage in the second end portion, fluid supplied through the fluid-supply pipe
will be carried into the inner tube. This has the effect of the inner tube being exposed
to fluid in the inner tube, and of the outer tube being exposed to fluid on the outside
of the outer tube. In addition, both tubes are exposed to, for example, air present

RECTIFIED SHEET
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between the outer tube and the inner tube.

To enable a good heat exchange between the first fluid and the second fluid while, at
the same time, enabling any fluid penetrating through the outer tube to be drained
out through the open passage of the second end portion, the external diameter of the
inner tube is smaller than the internal diameter of the outer tube.

The tubing may be arranged in a tank which is provided with a first opening for receiv-
ing the first end portion of the tubing and a second opening for receiving the second
end portion of the tubing. The tank may be, for example, but is not limited to, a tank
for heating a liquid. The liquid may be consumption water, for example.

To be able to provide a large heat-exchange area in as little space as possible, while,
at the same time, enabling any liquid present between the inner tube and the outer
tube to be drained by means of gravity out through the open passage at the second
end portion of the tubing, at least a portion of the tubing is arranged in a helix be-
tween the first end portion and the second end portion. In such a case, the first end
portion is placed at a higher elevation than the second end portion.

In a second aspect of the present invention, a method of improving a heat exchange
between a first fluid which is in an inner tube and a second fluid which is on an outside
of an outer tube is provided, the outer tube being arranged on the outside of the inner
tube and the external diameter of the inner tube being smaller than the internal diam-
eter of the outer tube, the method including:

- in a first end portion of the tubing, providing a fluid-tight connection between the
inner tube and the outer tube;

- inserting said first end portion into a portion of a fluid-supply pipe to provide fluid
connection between the fluid-supply pipe and the inner tube and attaching the outer
tube to the fluid-supply pipe; and

- in a second end portion of the tubing, maintaining a passage between the internal
surface of the outer tube and the external surface of the inner tube.

In what follows, an example of a preferred embodiment is described, which is visual-
ized in the accompanying drawings, in which:

Figure 1a shows a tank with an internal spiral tube for heating consumption water,
the spiral tube having a first end portion and a second end portion pro-
jecting through openings in the wall of the tank;

Figure 1b shows a section through I-I of figure 1a;
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Figure 2 shows an end portion of a spiral tube of a known kind, on a larger scale;

Figure 3 shows the detail A of figure 1a on a larger scale, but without the wall
portion of the tank; and

Figure 4 shows the detail B of figure 1a on a larger scale, but without the wall

portion of the tank.

Positional indications such as "over", "under”, "lower", "upper", "right" and "left" refer

to the positions shown in the figures.

In the individual figures, the same reference numeral indicates the same or corre-

sponding elements.

In the figures, the reference numeral 1 indicates a tubing according to the present
invention for heat exchange between a first fluid which is in the tubing 1 and a second
fluid which is outside the tubing 1. The tubing 1 has a first end portion 3 and a second
end portion 5.

In figure 1a and figure 1b, the tubing 1 is arranged inside a closed tank 20. The tank
may be, for example, a tank for heating consumption water and/or for heating build-
ings by means of so-called radiators or by means of a pipe system for so-called water-
borne heat.

The present invention is well suited for use together with the applicant's invention ac-
cording to NO326440.

The first end portion 3 of the tubing 1 projects through an upper cut-out 22 in a side
portion of the tank 20, whereas the second end portion 5 of the tubing 1 projects
through a lower cut-out 24 in the side portion of the tank 20. In the embodiment
shown, the tubing 1 is arranged in a helix between the end portions 3, 5.

A person skilled in the art will know that in such a spiral tube, the tubing 1 may be
relatively thin-walled, for example 0.8 mm for a tubing with an external diameter of
22 mm. To reinforce the tubing 1 through the cut-outs 22, 24 of the tank 20 and to
facilitate the connection of the tubing 1 to a supply pipe (not shown) and a return pipe
(not shown) at the first end portion 3 of the tubing 1 and at the second end portion 5
of the tubing 1, respectively, the tubing 1 is connected to a sleeve 7. The sleeve 7
surrounds an end portion of the tubing 1 as is shown in figure 2 showing a tubing 1
according to the prior art. In the embodiment shown, the sleeve 7, which in this doc-
ument constitutes part of the supply pipe or return pipe, has a thickness that is sever-
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al times the thickness of the tubing 1.

The internal diameter of the sleeve 7 is complementarily adapted to the external di-
ameter of the tubing 1 so that a tight fit is provided between these when the end por-
tion of the tubing 1 has been inserted in the sleeve 7.

Figure 2 shows a tubing 1 which is attached to the sleeve 7 by means of a welded
connection in the form of a fillet weld 9. Figure 2 illustrates both a typical inlet portion
and a typical outlet portion for a tubing for heat exchange between a first fluid which
is in the tubing 1 and a second fluid which is outside the tubing 1. The tubing 1 shown
in figure 2 is encumbered with the considerable drawbacks that are discussed above.
It is also known that instead of, or in addition to, the welded connection shown, the
tubing 1 and the sleeve 7 may be connected by threads.

Figure 3 shows an inlet portion of, for example, the tank 20 that is shown in figure 1,
but without the tank wall itself being shown. A sleeve 7 surrounds the first end portion
3 of the tubing 1. The tubing according to the present invention is substantially differ-
ent from the prior-art tubing that is shown in figure 2.

The tubing 1 consists of an inner tube 1' and an outer tube 1", the outer tube 1" being
arranged on the outside of the inner tube 1'. As shown in figure 3, the end face of the
inner tube 1' is adapted, in terms of length, to the outer tube 1", so that in the first
end portion 3, the tubes 1', 1" substantially have the same axial extent.

The end portions of the inner tube 1' and outer tube 1" are joined together by means
of a sealing means 11. One of the purposes of the sealing means 11 is to prevent fluid
from entering the space between the inner tube 1' and the outer tube 1". Said fluid
thus flows from the sleeve 7 into the inner tube 1' as shown by the arrow Fi in figure
3.

In a preferred embodiment, the sealing means 11 is provided by a welded connection
which is shown as a butt weld in figure 3.

If, in the first end portion, the inner tube 1' has an axial extent (not shown) different
from that of the outer tube 1", for example by the outer tube 1" extending further into
the sleeve 7 than the inner tube 1', a fillet weld, for example, could be used to provide
a seal between the tubes 1', 1".

In the embodiment shown, the external diameter of the inner tube 1' is smaller than
the internal diameter of the outer tube 1'". This is necessary in order to, among other
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things, be able to drain any fluid, such as a liquid, that might enter the space defined
by the tubes 1', 1" and the fluid-tight connection at the first end portion 3 of the tub-
ing out through the open passage at the second end portion 1" of the tubing 1. The
open passage will be described in more detail in what follows, in the description of
figure 4. Such drainage could give a warning about the inner tube 1' or the outer tube
1" being damaged.

The warning may be provided by means of a sensor device of a kind known per se,
which is arranged to be able to emit a signal on the detection of one or both of the
fluids of the kind that is inside the inner tube 1' or the liquid in the tank 20.

Seen in relation to the prior art shown in figure 2, in which heat exchange between
the fluid on the outside of the tubing 1 and the fluid on the inside of the tubing 1 hap-
pens through a single tubing wall, a person skilled in the art may easily draw the con-
clusion that the heat exchange through the double tubing 1', 1" according to the pre-
sent invention might be poorer. This is, among other things, because in portions of the
tubing 1, there may be a distance between the outer surface of the inner tube 1' and
the inner surface of the outer tube 1".

However, comparative tests have surprisingly shown that a tank 20 of the kind that is
shown in figure 1 and that was provided with a "single coil" according to the prior art
has practically the same heat-exchange capacity as a corresponding tank 20 provided
with a "double coil" according to the present invention. A possible explanation for this
may be that heat supplied to the sleeve 7 from the fluid that is flowing through the
sleeve 7 on into the inner tube 1' is carried to the outer tube via: the contact portion
between the inner surface of the sleeve 7 and the external surface of the outer tube
1"; the weld 9; and via the sealing means 11 in those cases in which this consists of a
metal or other materials with good thermal-conductivity properties. The sealing means
11 will thus form a "bridge" between the inner tube 1", which is exposed to the fluid
that is carried into the tubing 1, and the outer tube 1".

Especially in those cases in which the tubing 1 is arranged in a helix between the first
end portion 3 and the second end portion 5, portions of the inner tube 1' will rest
against portions of the outer tube 1", thus forming "heat-conduction bridges" between
the tubes 1', 1", while, at the same time, a fluid may pass in the space between the
tubes 1', 1" from the inlet portion 3 and out through the outlet portion 5. For said
heat-conduction bridges to have a sufficient extent, it is a prerequisite that there is
relatively little difference between the external diameter of the inner tube 1' and the
internal diameter of the outer tube 1'". In the above-mentioned tests, the radial dis-
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tance between an outer tube 1" with an external diameter of 25 mm, and an inner

tube 1' positioned coaxially with an external diameter of 22 mm was 0.7 mm.

Figure 4 shows an outlet portion of, for example, the tank 20 that is shown in figure
la, but without the tank wall itself being shown. A sleeve 7 surrounds the second end
portion 5 of the tubing 1. The tubing 1 according to the present invention is substan-
tially different from the prior-art tubing 1 that is shown in figure 2.

In figure 4, the end portion of the inner tube 1' has a larger axial extent than the end
portion of the outer tube 1". Besides, the inner tube 1' extends through the sleeve 7
and thus projects from both end portions of the sleeve 7. The end portion of the inner
tube 1' is formed with a larger diameter than the rest of the tube so that the inner
tube 1' can surround a portion of a return pipe not shown.

In the second end portion 5 of the tubing 1, in contrast to the first end portion 3 of the
tubing 1, there is no solid connection between the inner tube 1' and the outer tube 1".
Thus, any fluid present between the inner tube 1' and the outer tube 1" may thus be
communicated out through the passage provided in consequence of the external di-
ameter of the inner tube 1' being smaller than the internal diameter of the outer tube
1", If a leak should arise in the inner tube 1' or in the outer tube 1", the fluid, whether
a gas or a liquid being involved, will then be carried out of the tubing 1 in the space or
channel which is provided between the inner tube 1' and the outer tube 1" and further
out of the tank 20 via the sleeve 7. As mentioned above, a sensor device 26 may
sense and give a signal to a signal transceiver 26' which may give a warning that a
leakage has occurred. Such a sensor device 26 and signal transceiver 26' are shown in
principle in figure 4.

In one embodiment, the signal from the signal transceiver 26' may be transmitted to a
control device of, for example, a heat pump (not shown) or some other device provid-
ing circulation of fluid through the spiral tube 1, so that the circulation stops and the
heat exchange ceases. Alternatively or additionally, a user may be warned in some
other way, for example by means of an SMS.

The second end portion of the tubing 1 is attached to the sleeve 7 by means of a
welded connection 9 between the outer tube 1" and the end portion of the sleeve 7.

As shown in figure 4, the outer tube 1" extends only a limited distance into the sleeve
7. The purpose of not extending the outer tube 1" through the whole or the major part
of the sleeve is to provide a smallest possible contact surface between the sleeve 7
and the outer tube 1". Thus, heat transfer between, for example, heated water in the
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tank 20 shown in figure 1 and the outside of the tank 20 will be the least possible.

Instead of the welded connection 9 shown in figure 3 and figure 4, the connection be-
tween the outer tube 1" and the sleeve 7 may be provided by means of, for example,
a threaded connection or by means of an adhesive.

By the very fact of the above-mentioned U-shape which is provided by the inner tube
1', the seal 11 between the inner tube 1' and the outer tube 1", and the outer tube 1",
there will not be a flow-through of air between the end portions 3, 5 of the tubing 1.
Such a flow-through would have reduced the heat transfer from the fluid in the inner

" tube 1' to the liquid in the tank 20 because a portion of the energy would have been

spent on heating the air flowing through. A flow-through of air could occur if the first
end portion 3 shown in figure 3 were replaced with an end portion corresponding to
the second end portion 5 shown in figure 4.

RECTIFIED SHEET
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Claims

Tubing (1) for heat exchange between a first fluid
which is in the tubing (1) and a second fluid which is
outside the tubing (1), the tubing (1) extending
between a first end portion (3) and a second end
portion (5), wherein the tubing (1) comprises an inner
tube (1') and an outer tube (1'') which is arranged on
the outside of the inner tube (1'), the inner tube (1')
being connected to the outer tube (1'') in a fluid-
tight manner at the first end portion (3), the first
end portion (3) being surrounded by and attached to a
fluid-supply pipe (7), and there being, in the second
end portion (5), a passage between the inner tube (1')
and the outer tube (1''), characterized

in that the fluid-supply pipe (7) is attached to the
outer tube (1'') by means of a weld (9), and that the
fluid-tight connection between the inner tube (1') and
the outer tube (1'') is provided by means of a weld
(11), so that a heat-conducting bridge is formed
between the inner tube (1') and the outer tube (1'') at
the first end portion (3), and that there is a space
between at least portions of the inner tube (1') and
the outer tube (1'') along the entire length of the
tube (1).

The tubing according to claim 1, wherein the external
diameter of the inner tube (1') is smaller than the
internal diameter of the outer tube (1''), so that
fluid present between the tubes (1', 1''") from the
fluid-tight connection at the first end portion (3) of
the tubing (1', 1'') can be communicated out through
the passage at the second end portion (5) of the
tubing.

Date Regue/Date Received 2021-06-08
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The tubing according to claim 1 or 2, wherein at least
a portion of the tubing (1) is arranged in a helix
between the first end portion (3) and the second end

portion (5).

The tubing according to claim 1, 2 or 3, wherein the
tubing (1) is arranged in a tank (20) which is provided
with a first opening (22) for receiving the first end
portion (3) of the tubing (1) and a second opening (24)
for receiving the second end portion (5) of the tubing

(1) .

The tubing according to claim 4, wherein the tank (20)
is a tank for heating a liquid, and the fluid-supply
pipe (7) is in fluid communication with a pressurized

fluid.

The tubing according to claim 4 or 5, wherein the
supply pipe (7) includes a reinforcing sleeve (7) which
is connected to the ocuter tube (1'') by means of the

weld (9).

The tubing according to any one of claims 1 to 6,
wherein the inner tube (1') is connected to a fluid-
return pipe at the second end portion (5), and wherein
the fluid-supply pipe (7) and the fluid-return pipe

form parts of a closed circuit.

The tubing according to claim 7, wherein the closed

circuit includes a heat pump.

A method of improving a heat exchange between a first
fluid which is in an inner tube (1') and a second fluid
which is on an outside of an outer tube (1''), the
major part of the outer tube (1'') being arranged on

the outside of the inner tube (1'), c¢charac-

Date Regue/Date Received 2021-06-08
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terized in that the method comprises:

- in a first end portion (3) of the tubing (1%, 1''),
providing a fluid-tight welded connection (11) between
the inner tube (1') and the outer tube (1'');

- inserting said first end portion (3) into a portion
of a fluid-supply pipe (7) to provide a fluid
connection between the fluid-supply pipe (7) and the
inner tube (1') and attaching the outer tube (1'') to
the fluid-supply pipe (7) by means of a welded
connection (9) so that the welded connections (11, 9)
and the fluid-supply pipe (7) provide a heat-conducting
bridge from the inner tube (1') to the outer tube
(1’7), the external diameter of the inner tube (1')
being provided with a smaller diameter than the
internal diameter of the outer tube (1'') so that a
space 1is provided between at least portions of the
inner tube (1’) and the outer tube (1'') along the
entire length of the tube (1); and

- in a second end portion (5) of the tubing (1', 1'"),
maintaining a passage between the internal surface of
the outer tube (1'') and the external surface of the

inner tube (1').

The method according to claim 9, wherein, in the second
end portion (5), the inner tube (1') is put into fluid

communication with a fluid-return pipe.

The method according to claim 9 or 10, wherein a sensor
device (26) that responds to at least one of the fluids
in the inner tube (1') and on the outside of the outer

tube (1'') is connected to a signal transmitter.

Date Regue/Date Received 2021-06-08
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