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(54) HEAT EXCHANGER AND A METHOD FOR ITS PRODUCTION

(57) According to an example aspect of the present
invention, there is provided a heat exchanger comprising
a cylindrical core (1), a heat exchanger tubing (2) for a
firstliquid, a body (3, 13) surrounding the heat exchanger
tubing (2), wherein the inner surface of the body (3) has
the same shape as the outer borderline of the heat ex-
changer tubing (2), the heat exchanger tubing (2) having
a first part (4) formed as a cone having first diameter and
a second larger diameter, and a second part (5) formed
as a cylinder having the same diameter as the second
larger diameter of the cone, and the inner surface of the
body (3) is formed as a shell around the heat exchanger
tubing (2) and delineates with the core (19 a flow path
for a second liquid.
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Description
FIELD
[0001] The invention relates to heat exchangers, es-

pecially to heat exchangers for recovering and releasing
heat from water. In particular, the invention relates to
heat exchangers for recovering heat from water in low
temperatures.

BACKGROUND

[0002] Concerns related to global warming and in-
creasing energy prices have heat pump technologies in-
creasingly lucrative. In such systems energy is recovered
from heat source by using compression-evaporation cy-
cle. By these systems heat end energy can be collected
fromvarious sources even at very low temperatures. Typ-
ical energy sources are wastewater, exhaust air or gas
flows, ground and water sources and air. The energy is
collected to the compression-evaporation circuit by using
a heat exchanger, various kinds of heat exchangers can
be used for this purpose, the most usual types being
plate- or tube heat exchangers. Typical materials are
metals and plastics (polymers). When a heat exchanger
is used in a cold environment, it should have a high heat
transfer capability atlow temperatures and good resistive
for freezing. This makes designing and dimensioning
such heat exchangers challenging.

[0003] Examples of heat exchangers for low tempera-
tures can be found in EP 3117170, SE 165824, SU
785633, US 4735261 and WO 2012064387

SUMMARY OF THE INVENTION

[0004] The invention is defined by the features of the
independent claims. Some specific embodiments are de-
fined in the dependent claims.

[0005] According to a first aspect of the presentinven-
tion, there is provided a heat exchanger comprising a
cylindrical core, a heat exchanger tubing for a first liquid,
a body surrounding the heat exchanger tubing, wherein
the inner surface of the body has the same shape as the
outer borderline of the heat exchanger tubing. The heat
exchanger tubing has a first partformed as a cone having
firstdiameter and a second larger diameter, and a second
part formed as a cylinder having the same diameter as
the second larger diameter of the cone wherein the inner
surface of the body forms a shell around the heat ex-
changer tubing and delineates with the core a flow path
for a second liquid.

[0006] According to a second aspect of the present
invention, there is provided a method for producing heat
exchanger, comprising:

- providing a core,

- attaching first brackets on the surface of the core,
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winding a first coil tube around the core and attaching
it to the brackets,

- attaching second brackets on the first brackets,

- winding a second coil tube around the core and at-
taching it to the second brackets,

- adding further brackets and coil tubes as in previous
steps,

- joining first ends of the coil tubes to a manifold,

- joining second ends 10 of the coil tubes to a collector,

providing the heat exchanger with a covering body.

[0007] According to a third aspect of the invention,
there is provided a heat exchanger wherein all major
parts are made of plastic, at least the parts forming and
within the flow path of the second liquid.

[0008] According to a fourth aspect of the invention
there is provided a heat exchanger, wherein the heat
exchanger tubing comprises afirst coil tube coiled around
the core and at least one second coil tube coiled around
the first coil tube wherein the first end of the first coil tube
is located at vicinity of the first end of the core and the
first end of the second coil tube is located at a distance
from the first end of the core that is greater than the dis-
tance between the first end of the first coil tube and the
first end of the core so that the first ends of the coil tubes
form a cone at the first end of the core and the second
ends of the coil tubes are set on a same plane.

[0009] According to a fifth aspect of the invention, the
heat exchanger tubing comprises multiple successive
coil tubes having first ends distanced gradually at longer
distances from the first end of the core.

[0010] According to a sixth aspect of the invention, the
length of each coil tube is the same.

[0011] According to a seventh aspect of the invention,
there is provided a heat exchanger comprising at least
one axial divider wall extending between the outer sur-
face of the core and the inner surface of the body and
having holes for coil tubes.

[0012] According to an eighth aspect of the invention,
there is provided a heat exchanger, comprising at least
one radial divider extending from either the outer surface
of the core or the inner surface of the body in between
the coil tubes creating one or multiple flow paths for the
second liquid.

[0013] According to the ninth aspect of the invention
there is provided a heat exchanger wherein the axial di-
viders comprise multiple holes.

[0014] According to the tenth aspect of the invention
thereis provided a heat exchanger, wherein the coil tubes
(6, 7, 7xx) are single continuous pipes without splices or
joints.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIGURE 1 illustrates as a cross section a heat ex-
changer in accordance with at least some embodi-
ments of the present invention;

FIGURE 2 illustrates a detail of the heat exchanger
of FIGURE 1;

FIGURE 3 illustrates a detail of the heat exchanger
of FIGURE 1;

FIGURE 4 illustrates a detail of the heat exchanger
of FIGURE 1;

FIGURE 5 illustrates a detail of the heat exchanger
of FIGURE 1; and

FIGURE 6 illustrates a partial assembly of the heat
exchanger of FIGURE 1.

EMBODIMENTS

[0016] The heat exchanger described herein is prima-
rily for collecting heat energy or for dissipating heat en-
ergy for cooling using sea- river or lake water or other
water bodies having sufficient volume. The heat ex-
changer is usable in waters at low temperatures, even
close to the freezing temperature. The heat exchanger
is suitable for connecting to a heat pump system for either
collecting heat to a heat pump circuit or for dissipating
heat from the circuit. The heat exchanger has a flow path
for the liquid from which the heat is collected or dissipated
to formed so that the cross section of the flow path de-
creases in the flow direction, i.e. the direction on which
the temperature of the second liquid decreases. A coil
tube assembly for the first liquid is fitted in the flow path
of the secondary liquid. The heat exchanger is preferably
made of plastic, for example polyethylene or polypropyl-
ene.

[0017] FIGURE 1 illustrates a heat exchanger in ac-
cordance with at least some embodiments of the present
invention. At the centre of the heat exchanger is a cylin-
drical core 1. A heat exchanger tubing 2 is arranged
around the core 1 and the heat exchanger tubing 2 is
forms an outer borderline defining the shape of the heat
exchanger tubing 2. The shape of the heat exchanger
tubing 2 has a first part 4 formed as a cone and a second
part 5 formed as a cylinder. The diameter of the cylinder
is the same as the largest diameter of the cone, so these
diameters match each other. A body 3 forms the outer
casing of the heat exchanger. The outer surface of the
body is cylindrical. The inner surface of the body is also
cylindrical, but has a lining wall 13 extending from the
inner surface of the cylinder towards the core 1. The lining
wall 13 forms a cone funnel over the heat exchanger
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tubing 2 and the inner shape of the lining wall 13 follows
the outer border line of the heat exchanger tubing at a
distance, placing the inner wall of the body 3 parallel at
adistance from the outer borderline of the heat exchang-
er tubing 2. The inner wall of the body 3 with the lining
wall 13 and the outer surface of the core 1 form a flow
path for a liquid. This liquid is the second liquid, that func-
tions as a volume from which the heat is collected from
or to which it is dissipated. The second liquid is usually
water, as it is easily accessible in large enough volumes.
However, any other liquid may be used, as long as the
materials and structure of the heat exchanger is capable
of handling such liquid, e.g. waste water, process water.
[0018] The second liquid is fed to the heat exchanger
through an intake 14 that is placed over the top of the
heat exchanger tubing 2 when the heat exchanger is in
vertical position in relation to the ground, i.e. the central
axis of the core and the heat exchanger being placed on
a right angle in relation to the ground. From the intake
14 the second liquid flows on a screen 15. The screen
15is a plate having holes in it. This simple part effectively
divides the second liquid over the heat exchanger tubing
placed under it. The second liquid flows by the gravity
downwards over the heat exchanger tubing and releases
heat to the firstliquid flowing in the heat exchanger tubing
2. Consequently the temperature of the second liquid de-
creases. When the heat exchanger is used for cooling,
the action is obviously the opposite. As the temperature
decreases, the heat transfer to the heat first liquid de-
creases. However, as the second liquid flows downwards
the cross section of the flow path decreases as the sec-
ond liquid reaches the cone part formed of the conical
first part 4 of the heat exchanger tubing 2 and the inner
wall of the body 3, formed at this section by the lining
wall 13. This causes the flow speed of the second liquid
to increase, increasing the heat transfer and keeping it
on a steady level over the heat exchanger tubing 2. An-
other feature that is important when the heat exchanger
is used in cold waters is that increasing flow speed re-
duces the risk of freezing that might occur when the tem-
perature of the second liquid (water) is reduced. As the
heat exchanger may be used even in cold waters having
temperature only few degrees above zero, even at a
range from 0,5 - 5°C, freezing may be a problem. From
the conical part of the body 3 the second liquid flows on
the bottom reservoir 16 of the body 3 and exits via outlet
17.

[0019] The operation and setup of the heat exchanger
is described herein in a vertical mounting and operation
position. The apparatus may be operated and mounted
horizontally, for example, or on an angle to the ground.
If such mounting positions are used, forced feeding of
second liquid may be needed. This applies to all assem-
blies when sufficient flow speed can’t be achieved by
gravity. The force feeding may be accomplished by
pumping or using a liquid source placed on an elevated
position in relation to the heat exchanger.

[0020] The firstliquid, i.e. the liquid used for collecting
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ordissipating the heat energy, is fed to the heat exchang-
er tubing 2 through a manifold 18 at the bottom reservoir
16. The manifold 18 is connected to first ends 9 of each
of the coil tubes 6, 7, 7xx of the heat exchanger tubing
2. The feed pipe 19 of the manifold 18 runs from the
manifold 18 through the core to the top of the heat ex-
changer and therefrom to other parts of the heating/cool-
ing system. The second ends 10 of the coil tubes 6, 7,
7xx are connected through a collector 20 to an exit pipe
21. The exit pipe also runs through the core 1. The loca-
tion and arrangement of each of the feeding and exit of
the first and second liquids are described herein as they
are in the apparatus used as an example. The arrange-
ment of these connecting assemblies have to be de-
signed to adapt to the apparatus they are connected to.
[0021] The structure of the heat exchange tubing 2 is
described in the following referring to FIGURES 2-6. The
core has axial brackets 22. herein 4, but other number
might be used. On these brackets 22 are mounted axial
divider walls 11. These axial divider walls 11?? divide
the circumference of the heat exchanger tubing in sec-
tions, in this case quadrants. The coil tubes 6, 7, 7xx are
mounted on these axial divider walls 11?. Each axial di-
vider wall 11 is built of mounting strips 23. The mounting
strips 23 have semi-circular seats 24 for a coil tube and
fasteners for joining the mounting strips to the brackets
and to each other. The seats may have other forms, for
example oval or angular. It the seat doesn’t adapt closely
to the outer cross section of the coil tube, the seats allow
passage of water between eh mounting strip and the coil
tube. The fasteners may be of any convenient kind, for
example snap-on clips, rivets, screws, or glue. However,
metal parts should be avoided in order to prevent risk of
freezing and corrosion. The first mounting strips 23 (4
pcs) are fixed on the brackets of the core 1 and the first
coil tube 6 is wound around the core 1 placing the coil
tube in the seats 24 of the mounting strips 23. The first
end 9 of the first coil tube is placed closest to the first end
8 of the core 1, i.e. closest to the bottom of the heat
exchanger. The first coil tube 6 is would around the core
until the top wherein the second end of the coil tube 10
is set on a set level. Now, the next mounting strip 23 may
be attached to the previous one locking the first coil tube
6 on its place. The second coil tube 7 is would on the
mounting strip 23, but now the first end 9 of the second
coil tube 7 is set further away from the bottom of the heat
exchanger. The second end 10 of the second coil tube
7 is set on the same level as the first coil tube 6. Further
coil tubes 7xx are mounted in similar fashion by adding
mounting strips and successive coil tubes. As the first
ends 9 of the coil tubes are gradually distanced from the
bottom of the heat exchanger, the first ends and first
rounds of the coil tubes form a cone shape. The first
purpose of this structure is to form said cone shape to
accommodate the conical shape of the inner wall of the
body. The second purpose is to enable using coil tubes
having same length. As the diameter of the coil tube
winds increases when successive coil tubes are added,
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it must be accommodated by shortening the number of
winds in direction parallel to the core. This structure en-
ables using coil tubes of equal length. As the lengths of
the coil tubes are the same, the flow resistance is the
same and no valves are needed to accommodate differ-
ent flow resistances.

[0022] As described above, the first ends of the coil
tubes are connected to a manifold 18 (187?) and the sec-
ond ends to a collector 20. The second ends of the coil
tubes are set on a same level.

[0023] Inorder to obtain a consistent flow of liquid over
the whole area of the heat exchanger tubing 2, radial
dividers 12 are set between the rounds of coil tubes. The
radial dividers 12 are perforated plates mounted on axial
divider walls 11. by trusses 25. The radial dividers 12 are
set stepwise over the axial length of the heat exchanger
tubing so that every other radial divider plate extends
from the outer surface of the core 1 and every other from
the inner wall of the body 3. Each of the radial divider
plates extend only partially over the radial distance be-
tween the inner wall of the body and the outer surface of
the body creating stepwise winding flow path. In this way
the second liquid is mixed and its temperature is evened
out. More importantly, the flow speed over the flow path
can be maintained sufficient for preventing freezing over
whole are of the flow path. Also, mixed flow provides
better heat transfer. One feature relates to perforations
of the radial dividers 12. The perforations allow second
liquid to flow over the coil tube under the radial divider
12 so that the surface of the coil tube is not obscured by
the axial divider plate.

[0024] The apparatus described above and depicted
in the drawings is configured by using parts that have
circular cross section. Such parts, like core, body and
connecting pipelines can be conveniently obtained as
they are or can be manufactured by using existing appa-
ratuses of plastic industry. However, it can be contem-
plated that, for example, the core and body are made of
parts having oval cross section. Such configuration may
be needed to fit the heat exchanger in shallow heat sourc-
es. Any sharply angular cross sections like rectangular
or hexagonal are to be avoided as they may create areas
where flow speed is decreased, leading to decreased
heat transfer and affinity to freezing.

[0025] The preferred material of the heat exchanger is
plastic, in particular polyethylene (PE), polypropylene
(PP). The parts contacting the second liquid, especially
ifitis water at low temperature, should be made of plastic.
At higher temperatures this may not be essential. Metals
also corrode. The bottom of the heat exchanger can be
made of a panel made of plastic profiles, e.g. UPONOR
WEHOPANEL® for example. The body may be made of
tube made of wound profile. The second liquid is, for ex-
ample ethanol. This allows for incoming temperatures of
the first liquid as low as 0,5 - 1°C. As example of the size
of the heat exchanger dimensions of 2,4 m diameter, up
to 3 - 4 m high, comprising 13 rounds of coil tubes each
having length of 100 - 300 m, can be given. However,



7 EP 4 332 486 A1 8

the dimensions may be adjusted as required. The struc-
ture of the heat exchanger enables dismantling for main-
tenance and transfer. The apparatus can be operated by
gravity or the pressure may be elevated by pumping.
[0026] It is to be understood that the embodiments of
the invention disclosed are not limited to the particular
structures, process steps, or materials disclosed herein,
but are extended to equivalents thereof as would be rec-
ognized by those ordinarily skilled in the relevant arts. It
should also be understood that terminology employed
herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting.
[0027] Reference throughout this specification to "one
embodiment” or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
[0028] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may
be presented ina commonlist for convenience. However,
these lists should be construed as though each member
of the list is individually identified as a separate and
unique member. Thus, no individual member of such list
should be construed as a de facto equivalent of any other
member of the same list solely based on their presenta-
tion in a common group without indications to the con-
trary. In addition, various embodiments and example of
the present invention may be referred to herein along
with alternatives for the various components thereof. It
is understood that such embodiments, examples, and
alternatives are not to be construed as de facto equiva-
lents of one another, but are to be considered as separate
and autonomous representations of the present inven-
tion.

[0029] Furthermore, the described features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided, such
as examples of lengths, widths, shapes, etc., to provide
a thorough understanding of embodiments of the inven-
tion. One skilled in the relevant art will recognize, how-
ever, that the invention can be practiced without one or
more of the specific details, or with other methods, com-
ponents, materials, etc. In other instances, well-known
structures, materials, or operations are not shown or de-
scribed in detail to avoid obscuring aspects of the inven-
tion.

[0030] While the forgoing examples are illustrative of
the principles of the present invention in one or more
particular applications, it will be apparent to those of or-
dinary skill in the art that numerous modifications in form,
usage and details ofimplementation can be made without
the exercise of inventive faculty, and without departing
from the principles and concepts of the invention. Ac-
cordingly, it is not intended that the invention be limited,
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except as by the claims set forth below.

[0031] The verbs "to comprise" and "to include" are
used in this document as open limitations that neither
exclude nor require the existence of also un-recited fea-
tures. The features recited in depending claims are mu-
tually freely combinable unless otherwise explicitly stat-
ed. Furthermore, it is to be understood that the use of "a"
or "an", i.e. a singular form, throughout this document
does not exclude a plurality.

INDUSTRIAL APPLICABILITY

[0032] The invention can be used for collecting or dis-
sipating heat energy and for providing heat exchangers
for collecting or dissipating heat energy.

REFERENCE SIGNS LIST
[0033]

core
heat exchanger tubing

body

first part

second part

first coil tube

second coil tube (7xx further coil tubes)
first end of core

9 first end of coil tube

10  second end of coil tube

11 axial divider wall

12 radial divider

13 lining wall

0O ~NO O WN =

14 intake

15 screen

16  bottom reservoir
17  outlet

18  manifold

19 feed pipe

20  collector

21  exit pipe

22  brackets
23  mounting strips

24  seat
25  truss
CITATION LIST

Patent Literature:

[0034] EP 3117170, SE 165824, SU 785633, US
4735261, WO 2012064387.

Claims

1. A heat exchanger comprising:



9 EP 4 332 486 A1 10

-acore (1)

- a heat exchanger tubing (2) for a first liquid,
-abody (3, 13) surrounding the heat exchanger
tubing (2), wherein the inner surface of the body
(3) has the same shape as the outer borderline
of the heat exchanger tubing (2),

characterized in that

- the heat exchanger tubing (2) has a first part
(4) formed as a cone having first diameter and
a second larger diameter, and a second part (5)
formed as a cylinder having the same diameter
as the second larger diameter of the cone, and
- the inner surface of the body (3) is formed as
a shell around the heat exchanger tubing (2) and
delineates with the core (1) a flow path for a sec-
ond liquid.

A heat exchanger according to the claim 1, wherein
all major parts are made of plastic, at least the parts
forming and within the flow path of the second liquid.

A heat exchanger according to the claim 1 or
2,wherein the cross section of at least the core (1)
and the outer surface of the body (3) is circular or
oval.

A heat exchanger according to one of the claims 1
or 2, wherein the heat exchanger tubing (2) compris-
es

- a first coil tube (6) coiled around the core (1),
and

- at least one second coil tube (7) coiled around
the first coil tube (6) wherein

-thefirstend (9) of the first coil tube (6) is located
at vicinity of the first end of the core (8) the first
end (9) of the second coil tube (7) is located at
a distance from the first end of the core (8) that
is greater than the distance between the firstend
(9) of the first coil tube (6) and the first end of
the core (8) so that the coil tubes (6, 7, 7xx) form
a cone at the first end of the core (8) and the
second ends (10) of the coil tubes (6, 7, 7xx) are
set on a same plane.

A heat exchanger according to the claim 3, wherein
the heat exchanger tubing (2) comprises multiple
successive coil tubes (6, 7, 7xx) having first ends (9)
distanced gradually atlonger distances from the first
end of the core (8).

A heat exchanger according to one of the claims 3
or 4 wherein the length of each coil tube (6, 7, 7xx)

is the same.

A heat exchanger according to one of the claims 3
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10.

1.

12.

or 4 wherein the length of each coil tube (6, 7, 7xx)
is 50 - 300 m.

A heat exchanger according to any of the claims 3-5,
comprising at least one axial divider wall (11) extend-
ing between the outer surface of the core (1) and the
inner surface of the body (3) and having seats (24)
for coil tubes (6, 7, 7xx).

A heat exchanger according to one of the claims 1-6,
comprising at least one radial divider (12) extending
from either the outer surface of the core (1) or the
inner surface of the body (3) in between the coil tubes
(6, 7, 7xx) creating a one or multiple flow paths for
the second liquid.

A heat exchanger according to the claim 7, wherein
the axial dividers (12) comprise multiple holes.

A heat exchanger according to one of the claims 3-8,
wherein the coil tubes (6, 7, 7xx) are single contin-
uous pipes without splices or joints.

A method for producing heat exchanger, comprising:

- providing a core (1),

- attaching first brackets (22) on the surface of
the core,

- winding a first coil tube (6) around the core (1)
and attaching it to the brackets (22),

- attaching second brackets (22) on the first
brackets (22),

- winding a second coil tube around the core (1)
and attaching it to the second brackets (22),

- adding further brackets (22) and coil tubes
(7xx) as in previous steps,

- joining first ends (9) of the coil tubes (6, 7, 7xx)
to a manifold,

- joining second ends 10 of the coil tubes (6, 7,
7xx) to a collector (20),

- providing the heat exchanger with a covering
body (3).
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