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(57) Abstract: A heat exchanger plate (17) for a plate heat exchanger (12),
comprising a first side, a second side and a centre point (P) through which an
imaginary centre axis (A) extends in a direction perpendicular to a plane of the
plate (17), wherein the plate (17) comprises a first port (30) for a first medi-
um, and at least a second port (31) and a third port (32) for a second medium.
The plate (17) further comprises a first sealing (35) arranged on the second
side around the first port (30), a second sealing (36) arranged on the second
side at a circumference of the plate (17), and a closed third sealing (37) ar-
ranged between the first and second sealings (35, 36) to form a first heat trans -
fer area (38) and a second heat transfer area (39) separated from the first heat
transfer area (38), wherein the second port (31) is arranged in the first heat
transfer area (38) and the third port (32) is arranged in the second heat trans—
fer area (39). The invention also relates to a plate heat exchanger comprising
such plates and a device for heating comprising such a heat exchanger.
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A PLATE HEAT EXCHANGER PLATE FOR A PLATE HEAT EXCHANGER,
A PLATE HEAT EXCHANGER COMPRISING SUCH PLATES. A DEVICE
FOR HEATING COMPRISING THE PLATE HEAT EXCHANGER AND A
METHOD FOR HEAT EXCHANGE

FIELD OF THE INVENTION

The present invention relates to a heat exchanger plate for a plate heat
exchanger. Further, the invention relates to a plate heat exchanger compris-
ing a plurality of such heat exchanger plates. Heat exchangers are used for
transferring thermal energy from a first medium to a second medium, such as
for recovering heat from the first medium. One type of heat exchangers com-
prises a plurality of heat exchanger plates in the form of a plate package ar-
ranged in a shell to form a so called plate and shell heat exchanger.

The invention also relates to a device for heating, comprising a burner
and a plate heat exchanger for recovering thermal energy from combustion
gases produced by the burner. This type of devices for heating can be used
in a central heater for heat and hot water production. The invention also re-
lates to a method for heat exchange between a first medium and a second

medium.

PRIOR ART

There are numerous different types of heat exchangers and devices
for heating in the prior art. In the heating industry moulded or tube shaped
heat exchangers are used for recovering thermal energy from combustion
gases, also called combustion heat, which is produced by flame combustion
of a mixture of fuel and air. Flame combustion takes place at high tempera-
tures and comprises complex radical reactions in a gas phase. The possibili-
ties to design compact burners and heat exchangers are limited by the com-
bustion technique in which a specific flame length is required to obtain effi-
cient combustion. Further, there is a risk that the flame per se or the flame
zone come into direct contact with heat transfer surfaces of the heat ex-
changer, which will lead to high emissions of carbon monoxide and a risk of
destruction of materials. To obtain reasonable durability the solution has

generally been to oversize material thicknesses to compensate for these
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technical problems. Hence, the result is that prior art devices are inefficient,
space requiring, heavy and expensive. Hence, there is a need for improved

heat exchangers and devices for heating.

SUMMARY OF THE INVENTION

An object of the present invention is to avoid the above mentioned
drawbacks and problems of the prior. The invention results in a more efficient
recovery of heat from combustion gases and in the possibility of obtaining

more compact and cost efficient devices for heating.

The present invention relates to a heat exchanger plate for a plate heat
exchanger, comprising a plurality of ports, a first side, a second side and a
centre point through which an imaginary centre axis extends in a direction
perpendicular to a plane of the plate, wherein the plate comprises a first port
for a first medium, and at least a second port and a third port for a second
medium, characterised in a sealing arranged on the second side to form a
first heat transfer area and a second heat transfer area, wherein the second
port is arranged in the first heat transfer area and the third port is arranged in
the second heat transfer area. The plate can comprise a first sealing ar-
ranged on the second side around the first port, a second sealing arranged
on the second side at a circumference of the plate, and a third sealing form-
ing the first heat transfer area and the second heat transfer area, which third
sealing for example is closed, wherein the first heat transfer area is separat-
ed from the second heat transfer area. By the design of the heat exchanger
plate efficient heat transfer from the first medium to the second medium is
made possible, wherein overheating, particularly at a rim around the first port,
is avoided. In turn this prevents formation of cracks due to thermo-
mechanical phenomena and too high temperatures and makes it possible to
obtain a long life time of heat exchangers comprising such plates. Further,
heat exchange is made possible in which the flow directions are counter cur-
rent radial and the second medium can flow both in parallel and sequentially
through a plate package of a heat exchanger. By the efficient heat transfer

boiling of a second medium in the form of, for example, water can be avoid-
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ed, which also can reduce precipitation of lime compounds. Further, poor
condensation of a first medium in the form of combustion gases can be

avoided.

The first port can be arranged centrally in the plate and the first heat
transfer area can be arranged radially outside the second heat transfer area.
The heat transfer areas can be annular, wherein the second heat transfer
area encloses the first port, and the first heat transfer area encloses the sec-
ond heat transfer area. The first port can be circular. The plate can be circu-

lar.

The first side of the plate can be formed with a first pattern to provide a
radial flow of the first medium, wherein the second side of the plate can be
formed with a different pattern to provide an outer and an inner flow of the

second medium.

The second and third ports can be mutually angularly displaced around
the centre axis. The plate can also comprise a fourth port arranged for the
second medium in the first heat transfer area, and a fifth port arranged for the

second medium in the second heat transfer area.

The present invention also relates to a plate heat exchanger compris-
ing a plate package having a first end plate, a second end plate and a plurali-
ty of heat exchanger plates as above arranged between them, wherein the
plates are arranged to alternatingly form a first interspace between them for
the first medium, and alternatingly a second interspace between them for the
second medium, wherein the plates are arranged to form a passage in the
radial direction between the first ports and the circumference of the plates in
the first interspaces, so that the first medium can flow radially between the
first port and a position outside the circumference of the plates. At the second
end plate the heat exchanger can be arranged with a passage between the
second port and the third port, so that the second medium can flow between
them. Hence, a compact and efficient heat exchanger for transferring heat
from a first medium, such as combustion gases, to a second medium, such

as water, is obtained.
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Consequently, the heat exchanger can be arranged so that the first
medium can flow from the first port in a direction along the plane of the plates
and out from the plate package due to that the periphery of the first inter-
spaces is open and form outlet openings for the first medium. Hence, the
heat exchanger can be arranged so that the first medium flows out from the
first interspaces in a direction perpendicular to the centre axis. A shell can
enclose the plate package, so that the first medium can be conducted, for
example, in an axial direction in a gap between the periphery of the plate

package and the shell and be brought to an outlet in the shell.

The invention also relates to a device for heating, comprising a burner
provided with a catalyst to provide the first medium through catalytic combus-
tion of fuel, and a plate heat exchanger as above connected to the burner to
transfer heat from the first medium to the second medium. Hence, the first
medium is combustion gases and the second medium can be a liquid, such
as water. The resulting device is efficient and can be made compact and with
long durability.

The burner can comprise an outer cover having an inlet for fuel, and
an inner cover having an inlet for the fuel and being arranged in the outer
cover to form a space between the outer and the inner covers to guide in-
coming fuel around the inner cover and to the inlet opening of the inner cov-
er, wherein the catalyst is arranged in the inner cover to provide the first me-
dium in the form of combustion gases. Hence, cooling of the burner is ob-
tained by means of the incoming fuel or mixture of fuel and air, wherein sim-
plified cooling of the burner is obtained to avoid back firing.

The catalyst can be tapered, such as conical or formed as a half
sphere or in any other suitable manner, so that the combustion takes place
from the outside and into the burner. Further, the device can be arranged so
that the combustion takes place from the top and downwards. Thereby, over-
heating of the covers of the burner is avoided, which covers in addition are
cooled by incoming fuel or mixture of fuel and air and also conductively by

contact with the heat exchanger.
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Further characteristics and advantages of the present invention will
become apparent from the description of the embodiments below, the ap-

pended drawings and the dependent claims.

SHORT DESCRIPTION OF THE DRAWINGS

The invention will now be described more in detail with the aid of em-

bodiments and with reference to the appended drawings, in which

Fig. 1 is a schematic perspective view of a device for heating according to
one embodiment of the present invention, in which a burner, a heat exchang-

er and a shell of the device have been separated from each other,

Fig. 2 is a schematic perspective view, partially in longitudinal section, of the

burner of Fig. 1, in which a catalyst of the burner is illustrated separately,

Fig. 3 is a schematic longitudinal view of the burner of Fig. 2, in which the

catalyst of the burner has been removed,

Fig. 4 is a schematic view from above of a heat exchanger plate according to

one embodiment of the invention,

Fig. 5 is a view from above of a heat exchanger plate according to another

embodiment of the invention,

Fig. 6 is a schematic exploded perspective view of a first end portion of a
heat exchanger according to a basic embodiment of the invention, in which a
flow of a first medium is illustrated by means of dash and dot lines and a flow

of a second medium is illustrated by means of dashed lines,

Fig. 7 is a schematic exploded perspective view of an intermediate portion of

a heat exchanger according to Fig. 6,
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Fig. 8 is a schematic exploded perspective view of a second end portion of a

heat exchanger according to Figs. 6 and 7,

Fig. 9 is a schematic view of a second side of a heat exchanger plate accord-
ing to a basic embodiment of the invention, in which the flow of the second

medium is illustrated more in detail,

Fig. 10 is a schematic perspective view, partially in longitudinal section, of the

burner according to an alternative embodiment, and

Fig. 11 is a schematic view in the longitudinal direction of the burner of Fig.

10, in which the catalyst of the burner has been removed.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to Fig. 1 a device 10 for heating according to one embodi-
ment is illustrated schematically. The device 10 comprises a burner 11, a
heat exchanger 12 and a shell 13 for containing the heat exchanger 12. For
example, the heat exchanger 12 is a plate package of heat exchanger plates,
wherein the plate package and the shell 13 form a plate and shell heat ex-
changer. For example, the device 10 is arranged for heating a medium, such
as a liquid or a gas. For example, the device 10 is arranged for producing
heat and hot water in buildings, such as dwelling houses, industry facilities,
office buildings and similar. According to one embodiment the device 10 is
mounted in a central heater, such as a wall-mounted heating boiler for pro-

duction of heat and hot water.

The burner 11 comprises an inlet 14 for conducting fuel, such as natu-
ral gas or any other suitable type of fuel, into the burner 11. For example, the
inlet 14 is arranged for conducting a mixture of fuel and air into the burner 11.
Alternatively, the burner 11 is arranged with a separate inlet for air or oxygen,
which is not illustrated in the drawings. The burner 11 further comprises a
catalyst 15 for catalytic combustion of the fuel. The catalyst 15 is arranged
inside the burner 11. In Fig. 1, however, the catalyst 15 is illustrated outside

the burner 11. Hence, the burner 11 is arranged for catalytic combustion of
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the fuel while forming hot combustion gases. The burner 11 further compris-
es an outlet 16 for the combustion gases. The burner 11 is described more in

detail below with reference to Fig. 2 and Fig. 3.

The outlet 16 of the burner 11 is arranged in connection with the heat
exchanger 12, so that the combustion gases are conducted to the heat ex-
changer 12. In the illustrated embodiment the burner 11 and the heat ex-
changer 12 are arranged along a centre axis A extending through the burner
11 and the heat exchanger 12. For example, the burner 11 is arranged in
connection with a first end of the heat exchanger 12. As evident from Fig. 1
the catalyst 15 is conical. Alternatively, the catalyst 15 is arranged in the form
of a half sphere or similar. For example, the catalyst 15 is arranged in the
form of a net. The heat exchanger 12 comprises a plurality of heat exchanger
plates 17 forming a plate package. The heat exchanger plates are described
more in detail below. The heat exchanger 12 is arranged for transferring
thermal energy from a first medium, such as the combustion gases from the
burner 11, and a second medium, such as water or any other suitable medi-
um. In the illustrated embodiment the heat exchanger 12 is formed as a cyl-
inder, such as a cylinder having circular or elliptic bases, wherein the burner
11 is connected to a base of the heat exchanger 12. The heat exchanger 12
comprises an inlet 18 and an outlet 19 for the second medium. For example,
the inlet 18 and the outlet extend axially. In the illustrated embodiment the
inlet 18 and the outlet 19 extend in parallel to each other and project from a
second end of the heat exchanger 12.

In the illustrated embodiment the device 10 comprises ignition means
20, such as a spark plug, heater plug or similar, for initiating the combustion
process. The ignition means 20 is, for example, arranged at the second end

of the heat exchanger 12, i.e. at the opposite end as the burner 11.

The shell 13 is arranged for receiving the heat exchanger 12. The shell
13 encloses the heat exchanger 12 in the radial direction. In the illustrated
embodiment the shell 13 is arranged as a cylinder having a curved surface
enclosing the heat exchanger 12, wherein the shell 13 is arranged concentric

with the heat exchanger 12. The shell 13 comprises an inlet 21 for combus-
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tion gases and an outlet 22. For example, the outlet 22 of the shell 13 is ar-
ranged for cooled combustion gases and condensate from cooled combus-
tion gases. Alternatively, the shell 13 comprises a separate condensate outlet
for condensate from cooled combustion gases, which is not illustrated in the
drawings. The inlet 21 of the shell 13 is arranged in a first end of the shell 13,
such as in a first base of the shell 13, to conduct hot combustion gases in the
axial direction into the shell 13. The outlet 22 of the shell 13 is, for example,
arranged in a second end of the shell 13, such as in a second base of the
shell 13, wherein the outlet 22 extends axially. Any condensate outlets are,
for example, arranged in a lower portion of the shell 13, so that condensate

can flow out by means of gravity.

With reference to Fig. 2 and Fig. 3 the burner 11 is illustrated more in
detail. In Fig. 2 the catalyst 15 is illustrated separately and in Fig. 3 the cata-
lyst 15 has been removed. The burner 11 comprises an outer cover 23 and
an inner cover 24 arranged within the outer cover 23 to form a space 25 be-
tween the outer cover 23 and the inner cover 24. The inlet 14 of the burner
11 is arranged in the outer cover 23 for conducting fuel or a mixture of air and
fuel to the space 25. The inner cover 24 is arranged with an opening 26 con-
necting the space 25 with a chamber 27, such as a combustion chamber,
within the inner cover 24, so that the fuel or mixture of fuel and air can be
conducted from the space 25 and into the chamber 27. The catalyst 15 is
arranged inside the chamber 27 inside the inner cover 24 for combustion of
the fuel. The space 25 extends around the inner cover 24, so that incoming
fuel or mixture of fuel and air come into contact with an outer side of the inner
cover 24 and cool the inner cover 24 before the fuel or mixture of fuel and air
is brought into the chamber 27 through the opening 26. Hence, the opening
26 in the inner cover 24 is arranged in an angle to the inlet 14 of the burner
11. For example, the outer cover 23 is formed as a cylinder having smaller
diameter than the outer cover 23. In the illustrated embodiment, the inner
cover 24 is arranged concentric with the outer cover 23 to form the space 25
between an outer curved surface of the inner cover 24 and an inner curved
surface of the outer cover 23. Hence, the space 25 extends in the radial di-

rection. Further, in the illustrated embodiment the inner cover 24 is arranged
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at a distance from a first end 28 or a first base of the outer cover 23, wherein
the space 25 is arranged also between the first end 28 of the outer cover 23
and a first end 29 of the inner cover 24. Hence, the space 25 also extends in
the axial direction between the first end 28 of the outer cover 23 and the first
end 29 of the inner cover 24. The opening 26 in the inner cover 24 is, for ex-
ample, arranged in the first end 29 of the inner cover 24. For example, the
opening 26 is circular and is, for example, arranged centrally in the first end
29 of the inner cover 24. For example, the first end 28 of the outer cover 23 is

an upper end of the device 10.

The catalyst 15 projects into the chamber 27 from a second end, such
as a lower end, of the inner cover 24. For example, the catalyst 15 is ar-
ranged concentric with the inner cover 24. The catalyst 15 is, in the illustrated
embodiment, tapered, such as conical or shaped as a half sphere or similar,
so that a thinner portion of the catalyst 15 is arranged further into the cham-
ber 27 than a wider portion of the catalyst 16. For example, the wider portion
of the catalyst 15 is arranged in connection with the second end of the inner

cover 24 and in a direction towards the heat exchanger 12.

With reference to Fig. 4 a heat exchanger plate 17 according to one
embodiment is illustrated. For example, the plate 17 is formed in sheet metal.
For example, the plate 17 is formed in steel, such as 304, 304L, 316 or simi-
lar steel quality, aluminium or any other suitable material. A thickness of the
sheet metal is, for example, 0.2-1 mm, 0.4-0.6 mm or 0.5 mm. For example,
the plate 17 is formed by pressing. In the illustrated embodiment the plate 17

is circular. Alternatively, the plate 17 is elliptic.

The plate 17 comprises a first side, a second side and a centre point P
through which the centre axis A of the heat exchanger 12 extends, which
centre axis A is illustrated in Fig. 1. Hence, the centre axis A extends per-
pendicular to a plane of the plate 17. The first side, which is not illustrated in
Fig. 4, is arranged for engaging the first medium, while the second side,
which is illustrated in Fig. 4, is arranged for engaging the second medium.
For example, the plate 17 is arranged with a first pattern on the first side and

a second pattern on the second side.
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The plate 17 comprises a first port 30, a second port 31 and a third
port 32. In the illustrated embodiment the plate 17 also comprises a fourth
port 33 and a fifth port 34. The first port 30 is arranged for the first medium
while the remaining ports 31-34 are arranged for the second medium. The
first port 30 is arranged centrally in the plate 17 and is, for example, circular.
For example, the first port 30 is arranged concentric in the plate 17. Remain-
ing ports 31-34 are arranged between the first port 30 and a circumference of
the plate 17.

The first side is arranged for providing a radial flow of the first medium
between the first port 30 and a position beyond the circumference of the
plate, which is described in more detail below. The second side comprises a
first sealing 35 around the first port 30, a second sealing 36 at the circumfer-
ence of the plate 17, and a third sealing 37 arranged between the first sealing
35 and the second sealing 36. The first sealing 35 encloses the first port 30
to prevent the first medium from engaging the second side of the plate 17.
The second sealing 36 extends continuously around the circumference of the
plate 17 to prevent the second medium from leaking in the radial direction.
For example, the second sealing 36 is a gasket. Alternatively, the second
sealing 36 is provided in any other manner, such as through welding or sol-
dering of adjacent plates 17 of a heat exchanger 12. The third sealing 37 ex-
tends in a continuous ring forming a first heat transfer area 38 and a second
heat transfer area 39 separated from the first heat transfer area 38. The sec-
ond port 31 and, if applicable, the fourth port 33 are arranged in the first heat
transfer area 38. The third port 32 and, if applicable, the fifth port 34 are ar-
ranged in the second heat transfer area 39. The first and second heat trans-
fer areas 38, 39 are arranged for the second medium. Hence, the second
heat transfer area 39 is arranged between the first port 30 and the first heat
transfer area 38. For example, the first and second heat transfer areas 38, 39
are annular, wherein the first heat transfer area 38 encloses the second heat
transfer area 39, so that the first heat transfer area 38 is arranged radially
outside the second heat transfer area 39. Hence, radially the first heat trans-

fer area 38 forms an outer heat transfer area while the second heat transfer
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area 39 radially forms an inner heat transfer area. The second and fourth
ports 31, 33 are arranged radially outside the third and fifth ports 32, 34.

In the illustrated embodiment the second and fourth ports 31, 33 are
arranged opposite each other on opposite sides of the centre point P and the
centre axis A. The centre axis A extends through the centre point P. The
second and fourth ports 31, 33 are arranged on an imaginary first line B ex-
tending through the centre point P and in the plane of the plate 17. Also the
third and fifth ports 32, 34 are arranged opposite each other on opposite
sides of the centre point P. The third port 32 and the fifth port 34 are ar-
ranged on an imaginary second line C extending through the centre point P
and in the plane of the plate 17. The second line C is displaced around the
centre point P in relation to the first line B forming an angle a between them,
so that the third and fifth ports 32, 34 are angularly displaced around the cen-
tre point P in relation to the second and fourth ports 31, 33. The angle a be-
tween the first line B and the second line C is between 0 and 90 degrees, 10-
80 degrees or 20-70 degrees.

In the illustrated embodiment the first heat transfer area 38 is provided
with a first divider 40 and a second divider 41 forming two substantially paral-
lel passages on both sides of the centre point P and between the second port
31 and the fourth port 33.

The first side of the plate 17, which is not illustrated in Fig. 4, is, for ex-
ample, provided with a sealing around the second, third, fourth and fifth ports
31-34 to prevent the second medium from being mixed with the first medium.

With reference to Fig. 5 another embodiment of the plate 17 is illus-
trated, in which the plate 17 is provided with a pattern to obtain specific heat
transfer and flow properties. In the embodiment of Fig. 5 the second side of
the plate 17 is illustrated. In the embodiment of Fig. 5 the plate 17 is provided
with indentations 42 and embossments 43.

The second side of the plate 17 is arranged for engaging the second
medium. For example, the second medium is arranged for recovering heat
from the first medium. For example, the second side of the plate 17 is provid-

ed with a porous layer, such as a porous metal or ceramic material, forming
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an enlarged specific surface area of the second side of the plate 17 for effi-
cient heat transfer and efficient cooling of the heat exchanger 12. For exam-
ple, a catalyst is arranged in the porous layer, such as for the production of

hydrogen gas.

With reference to Figs. 6-8 a plate package of a heat exchanger 12 is
iflustrated schematically, wherein a first end portion of the plate package is
illustrated in Fig. 6, an intermediate portion of the plate package is illustrated
in Fig. 7 and a second end portion of the plate package is illustrated in Fig. 8.
In Figs. 6-8 the plates 17 are numbered consecutively with p1-p12. In Figs. 6-
8 the flow of the first medium is illustrated by means of dash and dot lines
while the flow of the second medium is illustrated by means of dashed lines.
In Fig. 9 the flow of the second medium along the second side of the plate 17
is illustrated more in detail.

The heat exchanger 12 comprises a plurality of plates 17, which are
arranged to form interspaces between them for the first and second medium.
The plates 17 are arranged to alternatingly form the first interspace for the
first medium and the second interspace for the second medium. Adjacent
plates 17 interact to form said interspaces. For example, the plates 17 are
arranged with their first sides facing each other and their second sides facing
each other. For example, the plates 17 are interconnected through welding,
such as laser welding, forming a welded heat exchanger 12, such as a laser
welded heat exchanger. Alternatively, the plates 17 are interconnected
through soldering forming a soldered heat exchanger 12. For example, the
heat exchanger 12 comprises a corrosion resistant solder to withstand an
acid condensate in the heat exchanger, such as due to cooling combustion
gases from combustion of natural gas or similar. If the heat exchanger 12 is
arranged so that condensate is not formed or the cooling does not result in
acid condensate a regular solder can be used. Alternatively, the plates 17 are
provided with a polymer, being melted together in adjacent plates 17 to con-

nect the plates 17 to each other and form the heat exchanger 12.

The heat exchanger 12 comprises a first end plate p1, a second end

plate p12 and a plurality of intermediate plates p2-p11 arranged between
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them. The intermediate plates p2-p11 are, for example, arranged according

to the embodiments of Fig. 4 or Fig. 5.

The plates p2-p12 are arranged so that the first ports 30 are facing
each other to form a channel for the first medium, so that the first medium is
conducted in the axial direction into the heat exchanger 12, such as through
the second end plate 12, and in the axial direction through the heat exchang-
er 12 through the first ports 30, which is illustrated by means of the arrows D
in Figs. 6-8. Alternatively, the first medium is conducted into the heat ex-
changer 12 in another optional direction. Inside the heat exchanger 12 the
first medium is conducted in the radial direction through the first interspaces
between the plates p1-p12, which is illustrated by means of the arrows E in
Figs. 6-8. Hence, the first interspaces lack the first sealing 35 and the second
sealing 36 while they are provided with sealings around the second, third,
fourth and fifth ports 31-34. The first end plate p1 lacks, for example, the first
port 30 to force the first medium in the radial direction out from the heat ex-
changer 12 through the first interspaces. For example, the axial flow of the
first medium is directed substantially vertically downwards. For example, the
first medium is conducted from the burner 11 and into the heat exchanger 12
through the inlet 21 of the shell 13, which is illustrated in Fig. 1. After leaving
the circumference of the plates p1-p12 the first medium is collected, for ex-
ample in the shell 13, and conducted out through the outlet 22 of the shell 13.

In the illustrated embodiment the plates p1-p11 are arranged so that

the second ports 31 are facing each other forming a channel in the axial di-
rection for the second medium. Alternatively, the plates are arranged in pairs
and rotated 180 degrees in their planes. The second port 31 of the first end
plate p1 is connected to the inlet 18 of the heat exchanger 12, so that the
second medium can be brought into the heat exchanger 12 and through the
channel formed by the second ports 31, which is illustrated by means of the
arrows F. For example, the second medium is conducted substantially verti-
cally upwards through the second ports 31. The second medium passes the
first interspaces in a conventional manner by means of sealings around the
ports and is conducted into the second interspaces. In the second interspac-

es the second medium is conducted along the plane of the plates, along the
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first heat transfer area 38 and up to the fourth ports 33, which is illustrated by
means of the arrows G. Alternatively, the plates p1-p12 are arranged in pairs
wherein every other pair has been rotated 180 degrees in their planes,
wherein the fourth ports 33 can be omitted. In the illustrated embodiment the
fourth ports 33 are arranged towards each other to form an axially extending
channel for the second medium, so that the second medium can be conduct-
ed through them, which is illustrated by means of the arrows H, to the second
end plate 12. The second end plate p12 is covered by a frame plate or simi-
lar, which is not illustrated in Fig. 8. In the illustrated embodiment the second
end plate p12 comprises the fourth port 33 but lacks the third sealing 37, so
that the second medium is conducted from the fourth port 33 in a direction
along the plane of the second end plate p12 and in a direction radially in-
wards to the third port 32 and, in the illustrated embodiment, also the fifth
port 34, which is illustrated by means of the arrows | in Fig. 8. Hence, in one
end the heat exchanger 12 is arranged with a passage between the first heat
transfer area 38 and the second heat transfer area 39, so that the second
medium can be conducted from the second and fourth ports 31, 33 to the
third and fifth ports 32, 34. The third ports 32 and the fifth ports 34 of two ad-
jacent plates are arranged opposite each other, so that the second medium
can be conducted in the axial direction through the first interspaces and into
the second interspaces, as illustrated by means of the arrows J. In the sec-
ond interspaces the second medium is conducted along the plane of the
plates and along the second heat transfer area 39, which is illustrated by
means of the arrows K. Hence, the flow of the second medium is brought to
turn 180 degrees in the axial direction while being conducted in the radial
direction, such as radially inwards. Hence, seen from a radial perspective the
heat exchanger 12 is arranged to provide an outer flow in a first axial direc-
tion of the second medium through the second port 31, the first heat transfer
area 38 and the fourth port 33, and an inner flow in an opposite second axial
direction of the second medium through the second heat transfer area 39, the
third port 32 and the fifth port 34. For example, the second medium flows
through a radially outer part of the heat exchanger 12 in the opposite direc-

tion as the first medium while the second medium flows through a radially
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inner part of the heat exchanger 12 in the same direction as the first medium.
For example, the flow of the second medium through a radially outer part of
the heat exchanger 12 is an upwards flow while the flow of the second medi-

um in a radially inner part of the heat exchanger 12 is a downwards flow.

In the illustrated embodiment the plates p1-p12 are arranged in pairs
wherein the third ports 32 are facing each other and the fifth ports 34 are fac-
ing each other, so that the second medium can pass the first interspaces.
However, the third and fifth ports 32, 34 of adjacent pairs of plates are angu-
larly displaced around the centre axis A of the heat exchanger 12 in relation
to each other, so that the second medium is forced through at least a part of
the second heat transfer area 39 before proceeding to the next second inter-
space. For example, pairs of intermediate plates p2-p11 are formed by plates

being mirror-inverted with reference to the third and fifth ports 32, 34.

The third port 32 of the first end plate p1 is connected to the outlet 19
of the heat exchanger 12. For example, the first end plate p1 comprises also
the fifth port 34, which fifth port 34 is connected to the outlet 19 or a second
outlet of the heat exchanger 12, which second outlet is not illustrated in the
drawings.

With reference to Fig. 9 the flow of the second medium in the second
interspaces between the plates 17 or along the second side of the plates is
illustrated more clearly. In the illustrated embodiment the second medium is
conducted through the second port 31, wherein a part of the second medium
is conducted from the second port 31, along the first heat transfer area 38, as
illustrated by means of the arrows G, and out through the fourth port 33 of an
adjacent plate 17 while forming the radially outer flow of the second medium.
A part of the second medium can also be brought to pass through the fourth
port 33. By the first divider 40, which extends between the second and fourth
ports 31, 33, the flow of the second medium is divided in the first heat trans-
fer area 38 into two parallel and substantially semicircular passages between
the second and fourth ports 31, 33. Correspondingly, the second divider 41
results in two parallel passages for the second medium on the other side of
the first port 30.
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After the second medium has been brought to turn 180 degrees in the
axial direction the second medium is conducted into the second interspaces
and along the second heat transfer area 39, as illustrated by means of the
arrows K, to form the radially inner flow of the second medium. Hence, the
inner flow of the second medium is in opposite axial direction as the outer
flow thereof and is, for example, in the same direction as the axial flow of the
first medium. The inner flow of the second medium is brought into the second
interspaces and into contact with the second heat transfer area 39 of the next
plate 17 in positions X, which are displaced in relation to the third and fifth
ports 32, 34. Hence, the positions X are arranged between the third and fifth
ports 32, 34, wherein the second medium is forced to flow from the positions
X'in a first direction towards the third port 32 and in the opposite direction

towards the fifth port 34 and then further on to the next second interspace in

a similar way.

One embodiment comprises a method for heating by means of the de-
vice 10. For example, the method is intended for heating of the second medi-
um, such as a liquid or water for hot water production in a boiler or similar.
For example, the method comprises the steps of burning fuel or a mixture of
fuel and air in a burner 11 catalytically to provide the first medium in the form
of hot combustion gases, conducting the first medium into the heat exchang-
er 12 and bringing the first medium in the axial direction through the heat ex-
changer 12 and in the radial direction through the first interspaces of the heat
exchanger 12, conducting the second medium into the second interspaces of
the heat exchanger 12 and bringing the second medium to flow through the
heat exchanger in a first axial direction and then radially displaced in the op-
posite axial direction. For example, the second medium is brought to flow in a
radially outer flow and then in an inner flow while the first medium is conduct-
ed from the centrally positioned first port 30 and outwards in the radial direc-
tion. For example, the second medium is conducted through the heat ex-
changer 12 so that thermal energy from the first medium first is transferred to
the radially inner flow of the second medium and then to the outer flow there-
of. For example, the method comprises steps for conducting fuel into the

burner 11 while simultaneously cooling the inner cover 24 of the burner,
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which is described with reference to Fig. 2 and Fig. 3. For example, the
method comprises steps for conducting the first and second medium through
the heat exchanger 12 and along the plates 17 as described with reference to
Figs. 4-9.

With reference to Fig. 10 and Fig. 11 the burner 11 is illustrated ac-
cording to an alternative embodiment. The burner 11 comprises the inlet 14,
the catalyst 15, the outlet 16, the outer cover 23, the inner cover 24, the
space 25 and the opening 26 connecting the space and the chamber 27, as
described above with reference to Figs. 2 and 3. In the embodiment of Figs.
10 and 11 a guiding device 44 is arranged inside the inner cover 24 in front of
the opening 26. The opening 26 is illustrated by means of a dashed line in
Fig. 11. The guiding device 44 is arranged to guide the incoming flow of fuel
towards the circumference of the inner cover 24 to obtain efficient combus-
tion and avoid backfiring of the fuel while simultaneously cooling the circum-
ference of the inner cover 24 and screening off the first end 28, 29 of the co-
vers 23, 24 from the combustion. For example, the guiding device 44 is
formed as a plate arranged within the first end 29 of the inner cover 24 and
coaxially with the opening 26 to form a gap 45 between the guiding device 44
and the first end 29 of the inner cover 24. Hence, the guiding device 44 is
arranged at a distance in the axial direction from the first end 29 of the inner
cover 24 to form the gap 45, so that the incoming fuel can flow axially
through the opening 26 and up to the guiding device 44, after which the fuel
is forced to flow radially towards the inner curved surface of the inner cover
24 before the fuel reaches the catalyst 15. The guiding device 44 is, for ex-
ample, a circular plate having a diameter being smaller than the diameter of

the inner cover 24. For example, the gap is 1-10 mm or 2-5 mm.
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CLAIMS

1. A heat exchanger plate (17) for a plate heat exchanger (12), comprising a
first side, a second side and a centre point (P) through which an imaginary
centre axis (A) extends in a direction perpendicular to a plane of the plate
(17), wherein the plate (17) comprises a first port (30) for a first medium, and
at least a second port (31) and a third port (32) for a second medium,
characterised in

a sealing (37) arranged on the second side to form a first heat transfer
area (38) and a second heat transfer area (39), wherein the second port (31)
is arranged in the first heat transfer area (38) and the third port (32) is ar-
ranged in the second heat transfer area (39), and wherein the second heat
transfer area (39) is arranged for cooling the plate (17) around the first port
(30).

2. A heat exchanger plate according to claim 1, comprising

a first sealing (35) arranged on the second side around the first port
(30), and

a second sealing (36) arranged on the second side at a circumference
of the plate (17), wherein the sealing forming the heat transfer areas (38, 39)
is a third sealing (37) arranged between the first and the second sealing (35,
36).

3. A heat exchanger plate according to claim 1 or 2, wherein the first port
(30) is arranged centrally in the plate (17) and wherein the second heat trans-
fer area (39) is arranged between the first port (30) and the first heat transfer
area (38).

4. A heat exchanger plate according to any of the preceding claims, wherein

the plate (17) and the heat transfer areas (38, 39) are annular and wherein
the first port (30) is circular.



10

15

20

25

30

WO 2014/070088 PCT/SE2013/051267

19

5. A heat exchanger plate according to any of the preceding claims, wherein
the first side of the plate (17) is arranged with a first pattern and the second

side is arranged with a second pattern different from the first pattern.

6. A heat exchanger plate according to any of the preceding claims, compris-
ing a fourth port (33) arranged for the second medium in the first heat trans-
fer area (38), and a fifth port (34) arranged for the second media in the sec-
ond heat transfer area (39), wherein the second port (31) and the fourth port
(33) are arranged on an imaginary first line (B) extending through the centre
axis (A) and in the plane of the plate (17) and on opposite sides of the centre
axis (A), wherein the third port (32) and the fifth port (34) are arranged on an
imaginary second line (C) extending through the centre axis (A) and in the
plane of the plate (17) and on opposite sides of the centre axis (A), and
wherein the second line (C) is displaced around the centre axis (A) in relation

to the first line (B) to form an angle (a) between them.

7. A heat exchanger plate according to claim 6, wherein the angle (a) be-
tween the first and second lines is between 0 and 90 degrees, 10-80 degrees
or 20-70 degrees.

8. A heat exchanger plate according to any of the preceding claims, wherein
the first side is arranged for providing a radial flow of the first medium from
the first port (30) and beyond the circumference of the plate (17).

9. A plate heat exchanger (12) comprising a plate package having a first end
plate (p1), a second end plate (p12) and a plurality of heat exchanger plates
(p2-p11) according to any of the preceding claims arranged between them,

wherein the plates (p1-p12) are arranged to alternating form a first in-
terspace between them for the first medium, and alternating a second inter-
space between them for the second medium, and

wherein the plates (p1-p12) are arranged to form a passage in the ra-
dial direction between the first ports (30) and the circumference of the plates

(p1-p12) in the first interspaces, so that the first medium can flow radially be-
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tween the first ports (30) and a position outside the circumference of the

plates (p1-p12) in the first interspaces.

10. Plate heat exchanger according to claim 9, wherein the plate heat ex-
changer at the second end plate (p12) is arranged with a passage between
the second port (31) and the third port (32), so that the second medium can

flow between them.

11. Plate heat exchanger according to claim 9 or 10, wherein the first port
(30) of each of the plates (p2-p12) is arranged opposite the first port (30) of
an adjacent plate and wherein the second port (31) of each of the plates (p1-

p11) is arranged opposite the second port of an adjacent plate.

12. Plate heat exchanger according to any of claims 9-11, wherein the plates
are arranged in pairs and wherein the third ports (32) of a pair of adjacent
plates are arranged opposite each other and the third ports of adjacent pairs

of plates are displaced around the centre axis (A) in relation to each other.

13. Plate heat exchanger according to any of claims 9-12, wherein the first
sides of the plates are facing each other and wherein the second sides of the
plates are facing each other.

14. Plate heat exchanger according to any of claims 9-13, wherein the plate

package is arranged in a shell (13) forming a plate and shell heat exchanger.

15. A device for heating, comprising a burner (11) provided with a catalyst
(15) to provide the first medium through catalytic burning of fuel, and a plate
heat exchanger (12) according to any of claims 9-13 connected to the burner

(11) to transfer heat from the first medium to the second medium.

16. A device according to claim 15, wherein the burner (11) comprises an
outer cover (23) having an inlet (14) for fuel, and an inner cover (24) having

an inlet (26) for the fuel and being arranged in the outer cover (23) to form a
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space (25) between the outer and the inner covers (23, 24) to conduct incom-
ing fuel around the inner cover (24) and to the inlet opening (26) of the inner
cover (24), wherein the catalyst (15) is arranged in the inner cover (24) to

provide the first medium in the form of combustion gases.

17. A device according to claim 16, wherein the outer and inner covers (23,
24) are cylinder shaped, wherein the inner cover (24) is arranged concentric
in the outer cover (23), wherein the inlet (14) is arranged in a curved surface
of the outer cover (23) and wherein the inlet opening (26) is arranged in a

first base of the inner cover (24) while a second base of the inner cover (24)

is open and arranged towards the plate heat exchanger (12).

18. A device according to any of claims 15-17, wherein the catalyst (15) is
tapered.

19. A device according to claim 18, wherein the catalyst (15) is formed as a

cone or a half sphere.

20. A method for heat exchange between a first medium and a second me-
dium in a heat exchanger (12) having a plurality of heat exchanger plates
(p1-p12) which have an imaginary centre axis (A) extending perpendicular to
a plane of the plates and which alternating form a first interspace for the first
medium and a second interspace for the second medium, wherein the meth-
od comprises the steps of

a) introducing the first medium into the heat exchanger through a first
port (30) arranged in the heat exchanger plates,

b) introducing the second medium into the heat exchanger through a
second port (31) arranged in the heat exchanger plates,
characterised bythe steps of

¢) conducting the first medium in a radial direction in the first inter-
spaces between the first port (30) and a position outside a circumference of

the heat exchanger plates,
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d) conducting the second medium through a first heat transfer area
(38) in the second interspaces,

e) conducting the second medium in a radial direction from the first
heat transfer area (38) to a second heat transfer area (39), and

f) conducting the second medium around the first port (30) while cool-

ing the heat exchanger plates around the first port (30).

21. A method according to claim 20, comprising the step of conducting the
first medium in a radial direction from a central position of the heat exchanger
plates and beyond the circumference of the heat exchanger plates while

heating the second medium through the heat exchanger plates.

22. A method according to claim 20 or 21, comprising the step of conducting
the second medium in the second interspaces in a radial direction towards
the centre axis (A) from the first heat transfer area (38) to the second heat

transfer area (39).

23. A method according to any of claims 20-22, comprising the steps of con-
ducting the first medium in a first axial direction between the first interspaces
in the plate package and conducting the second medium in an opposite axial
direction between the second interspaces of the plate package while forming

counter current flows of the first and second medias.

24. A method according to any of claims 20-23, comprising the step of con-
ducting the second medium in parallel in the first heat transfer area (38) of a

plurality of consecutive second interspaces.

25. A method according to any of claims 20-24, comprising the step of con-
ducting the second media in parallel and/or sequentially in the second heat
transfer areas (39).

26. A method according to claim 25, comprising the step of conducting the

second medium alternatingly in parallel and sequentially in the second heat
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transfer areas (39), wherein the second medium is conducted in parallel

through a plurality of consecutive second interspaces.
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