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Abstract:

A plate, for a heat exchanger between a first medium and a second medium, comprises first and
second heat transfer surfaces (HTSs) parallel to the plate and in contact, respectively, with the
first medium and the second medium. Each of the first and second HTSs comprises a medium inlet
region (MIR), a medium transfer region (MTR) and a medium outlet region (MOR) with a medium
outlet port (MOP). The MIR of the second HTS overlaps the MOR of the first HTS. The MIR of the
second HTS has a medium inlet port (MIP) that does not overlap the MOP of the first HTS. The
MOR of the first HTS has protruding ridges extending along a length of the plate. The ridges form
a barrier system with a channel, along which the first medium travels first towards, then around

and thereafter away from the MIP of the second HTS.
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Heat exchanging plate and heat exchanger

The present invention relates to a heat exchanger plate, as well as to a heat exchanger com-
prising a plurality of such plates. In particular, the present invention is useful in a condenser-

type plate heat exchanger.

Heat exchangers of different types are used in many different applications. A particular type
of prior art heat exchanger is a plate heat exchanger, in which flow channels of different
media to be heat exchanged are formed between adjacent heat exchanging plates in a stack
of such plates, and in particular delimited by corresponding heat exchanging surfaces on

such plates.

In particular, it has turned out that plate heat exchangers can advantageously be manufac-
tured from relatively thin, stamped sheet metal pieces, which metal pieces can be joined to

form the heat exchanger. Such heat exchangers can be made relatively efficient.

The prior art comprises, inter alia, W02009112031A3, EP1630510B2 and EP1091185A3, de-

scribing heat exchangers with plates fishbone-shaped protrusion patterns.

Furthermore, EP0186592B1 describes a plate heat exchanger with dimple-provided plates.

The European patent application EP16192854.4, which has not yet been published at the
time of filing of the present application, describes a heat exchanger plate and a heat ex-
changer designed to solve problems in such prior art heat exchangers regarding insufficient
mechanical stability; heat exchanging efficiency under a given maximum acceptable pres-

sure drop across the heat exchanger; and minimization of the amount of used heat medium.

The present inventions solves the additional problem of achieving an efficient cooling of a
heat medium being cooled in a plate heat exchanger of the general type disclosed in said
unpublished European patent application, while maintaining overall heat exchanging effi-

ciency, mechanical stability and minimization of used amount of heat medium. In particular,
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the present invention achieves these aims in case the heat exchanger is a condenser, and in
case the said cooled heat medium is first condensed and thereafter subcooled, to a tem-
perature below the condensation temperature of the medium in question. Further particu-
larly, these advantages are achieved in the preferred case in which the subcooled heat me-

dium is a refrigerant, for instance used in a thermodynamically operating cooling machine.

Further previous publications include W02015057115A1, disclosing a heat exchanger with
channels for improved heat medium cooling; DE19547185A1, disclosing a turbulence-in-
creasing element in a plate exchanger; DE10049890B4 and JP2013130300A, disclosing re-

spective heat transfer increasing barrier systems in respective plate exchangers.

Hence, the invention relates to a plate for a heat exchanger between a first medium and a
second medium, the plate being associated with a main plane of extension and a main lon-
gitudinal direction and comprising a first heat transfer surface, extending substantially in
parallel to said main plane and arranged to be in contact with the first medium, generally
flowing along the first surface in a first flow direction; and a second heat transfer surface,
extending substantially in parallel to said main plane and arranged to be in contact with the
second medium, generally flowing along the second surface in a second flow direction;
wherein the first heat transfer surface comprises a first medium inlet region, a first medium
transfer region and a first medium outlet region, which first medium outlet region com-
prises a first medium outlet port; and the second heat transfer surface comprises a second
medium inlet region, a second medium transfer region and a second medium outlet region,
which second medium inlet region overlaps, in the main plane, with the first medium outlet
region and comprises a second medium inlet port not overlapping, in the main plane, with
the said first medium outlet port; which plate is characterised in that the first medium outlet
region comprises at least one protruding ridge extending from a respective edge of the first
heat transfer surface and along a direction which has at least a component which is perpen-
dicular to said main longitudinal direction, and in that said one or more protruding ridges
form a barrier system for the first medium and define a channel along which the first me-

dium is forced to travel, as seen in said main plane, on its way from the first medium transfer



10

15

20

25

30

CA 03048937 2019-06-28

WO 2018/133954 PCT/EP2017/053556

region to the first medium outlet port, which channel runs first towards, then around and

thereafter away from the second medium inlet port.

In the following, the invention will be described in detail, with reference to exemplifying

embodiments of the invention and to the enclosed drawings, wherein:

Figure 1 is a top view of a heat exchanger plate according to a first exemplifying embodi-
ment of the present invention;

Figure 2 is a perspective view of the heat exchanger plate shown in figure 1;

Figure 3 is a partly removed perspective view of the heat exchanger plate shown in Figure
1

Figure 3A is also a partly removed perspective view of the heat exchanger plate shown in
Figure 1;

Figure 4 is a top view of the heat exchanger plate shown in Figure 1, shown in Figure 4 in a
preferred mounting orientation according to the present invention;

Figure 5 is a perspective view of a heat exchanger plate according to a second exemplifying
embodiment of the present invention;

Figure 6 is a top planar view of the heat exchanger plate shown in Figure 5;

Figure 7 is a planar side view of a cross-section face of the heat exchanger plate shown in
figure 5, together with three additional corresponding heat exchanger plates schematically
illustrating the orientation of said plates in a heat exchanger according to the invention;
Figure 8 is a perspective view of a heat exchanger according to the invention;

Figure 9 is a top planar view of the heat exchanger shown in Figure 8, with a section A-A
illustrated;

Figure 10 is a perspective view of a heat exchanger not according to the invention; and
Figure 11 is a simplified detail view of a heat exchanger plate according to a third exempli-

fying embodiment of the present invention.

All Figures share a common set of reference numerals, denoting same parts. Moreover, for

the two main exemplifying heat exchanging plates 100, 200, as well as the plate 400, shown
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in the Figures, the respective two last digits in each reference numerals denote correspond-
ing parts of these two plates, as applicable. In general in the figures, “CR” denotes a cross-

sectional surface.

Hence, Figures 1-4 illustrate a plate 100 for a heat exchanger between a first medium and
a second medium. The first and second media may each, independently of each other, be a
liquid or a gas, and/or transition from one to the other as a result of a heat exchanging
action taking place between said media using said plate 100 as a component part in a heat

exchanger according to the invention.

The plate 100, 200 is associated with a main plane of extension, which is not indicated in
the Figures but which lies in the plane of the paperin figures 1, 4 and 6. The plate 100, 200
is furthermore associated with a main longitudinal direction L and a cross direction C. The
cross direction C is perpendicular to the main longitudinal direction L and parallel to the

main plane.

The plate 100 comprises a first heat transfer surface 101, extending substantially in parallel
to said main plane and arranged to be in contact with the first medium during heat exchang-
ing, which first medium generally flows, during use of the plate 100 in said heat exchanger,
along the first surface 101 in a first flow direction F1. The plate 100 furthermore comprises
a second heat transfer surface 102, extending substantially in parallel tc said main plane
and arranged to be in contact with the second medium, generally flowing, during such use,
along the second surface 102 in a second flow direction F2. Both flow directions F1 and F2

are preferably substantially parallel to the longitudinal direction L.

It is noted that the flow directions F1 and F2 illustrated in the figures are such that the plate
100 is for a counter-flow heat exchanger. This is the preferred configuration. It is also con-
ceivable to use a parallel-flow heat exchanger with a subcooling region as the one described
herein. In that case, a similar design as the ones illustrated in the figures can be used, but
wherein the second medium inlet and outlet are switched, so that the second medium flows

in the opposite direction as described herein.
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The plate 100 comprises, in reverse order in the longitudinal direction L, a first region 110,
a second region 120 and a third region 130. The first 110 and third 130 regions comprise
media inlets and outlets, while the second region 120 is a transfer region across which the
media are transported between regions 110, 130. Preferably, there are no media inlets or
outlets along the transfer region 120, which preferably occupies at least half of the total

length of the plate 100 in the longitudinal direction L.

The plate 100 furthermore comprises an inlet 131 for the first medium and an outlet 112
for the first medium, as well as aninlet 111 for the second medium and an outlet 132 for
the second medium. These inlets 111, 131 and outlets 112, 132 may be in the form of
through holes in the plate 100. In the Figures, the said through holes have circular shape.
However, it is realized that any suitable shape can be used, such as quadratic shapes. Since
the plates 100, 200 are preferably identical or substantially identical (apart from some being
mirrored — see below regarding plates 100, 200 of first and second types), when the plates
100, 200 are stacked these through holes will align to form a tunnel with a cross-sectional
shape being the same as the shape of the through holes in question. During use, when the
plate 100 is mounted as one of a plurality of such plates 100 in a heat exchanger according
to the invention, as described in further detail below, each of the inlets and outlets 131;
112; 111; 132 are connected to corresponding inlets/outlets of other plates in the same
plate stack so as to form a general first medium inlet, first medium outlet, second medium
inlet and second medium outlet port. Then, the inlet ports are arranged to distribute the
first and second medium, respectively, to the inlets 131; 111 of each plate, and which outlet
ports are arranged to convey the first and second medium, respectively, from the outlets

112; 132 and away from the heat exchanger.

Inlet 111 and outlet 112 are preferably completely arranged in said first region 110, while

inlet 131 and outlet 132 preferably are completely arranged in the second region 130.



10

15

20

25

30

CA 03048937 2019-06-28

WO 2018/133954 PCT/EP2017/053556

Along the flow direction F1, F2, the first and second medium, respectively, flow in channels
formed by adjacent plates 100 in the same plate stack, between respective inlet 111, 131

and respective outlet 112, 132.

It is noted that the respective pairs 131, 112; 111, 132 of inlets are arranged so that both
heat mediums flow in a crossing fashion in relation to the cross direction C, whereby each
heat medium crosses over, on its way from inlet to outlet, from one cross direction C side
105, 106 to the other, and even so that the flow paths cross as seen in the main plane of
the plate 100. Even if this is the preferred arrangement, it is realized that other arrange-

ments are also possible, for instance by switching the locations of 131 and 132.

More particularly, a heat exchanger according to the present invention comprises a plurality
of plates 100 of two types - a first type and a second type. Plates 100 of both said first 100a
and said second 100b type are as such plates of the type described herein, where the plates
of said second type have a shape which is substantially mirrored, in relation to the said main
plane of the plate 100 in question, to the shape of the plates of said first type. All plates of
the first type may be identical within the group of first type plates, while all plates of the
second type may be identical within that group. Furthermore, the plates are arranged in a
stack on top of each other (stacked in a direction perpendicular to the main plane of the
plates, which main planes are arranged to be parallel), with plates of said first and second
type arranged alternatingly. Since the plates of first and second type are mirrored, corre-
sponding ones of dimples and ridges arranged on adjacent plates come into and stay in
direct contact with each other, so that corresponding first 101 and/or second surfaces 102
of adjacent plates directly abut each other and so that flow channels 103, 104 for said first
and second media are formed between said surfaces 101, 102. This is illustrated in figure 7,
using the plate 200 and illustrated with a small distance between each pair of adjacent
plates for increased clarity. In a mounted state, however, there is no distance - the plates
200 are arranged so that the dimples 223 and ridges 221 of neighbouring plates 200 come

into direct contact with each other.
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It is realized that the plate 100 may preferably be stacked in a corresponding manner so as
to constitute component parts of a corresponding heat exchanger according to the inven-
tion. As is clear from Figures 2 and 3, the plate 100 (in contrast to plate 200) has a bent edge
107 running around the periphery of the plate 100. The edge 107 is bent in relation to the
main plane of the plate 100, and has the purpose of simplifying the process of joining the
plates 100 together to form said stack of plates 100. If such a bent edge 107 is present, the
edge 107 is not mirrored between plates of first and second types, as opposed to the ridges

and dimples of the plate 100.

Herein, by “substantially mirrored” is meant that all, or at least 95%, of the dimples and
ridges described herein are present and coinciding between neighbouring plates. Prefera-
bly, mirrored plates are identical but mirrored, apart from a possible bent side edge of the

above mentioned type.

In such a heat exchanger, suitably designed end plates may be used, sealing the last plate
100, 200 in the stack on either stack end and forming a sealed heat exchanger the only

inlets/outlets of which are the above described inlet and outlet ports.

Hence, each plate 100, 200 transfers heat between the said first and second media, as a
result of the first medium being transported in a channel 203 (see Figure 7) having the first
surface 101, 201 as a limiting side wall while the second medium is transported in a channel
104, 204 having the second surface 102, 202 as a limiting side wall, which channels 103,
104; 203, 204 are only separated by said plate 100, 200. More particularly, the first medium
flows in a channel defined by opposing respective surfaces 101, 201 of adjacent plates 200a,
200b, while the second medium with which the first medium is heat exchanged flows in a
corresponding channel defined by opposing respective surfaces 102, 202 of adjacent plates

200b, 200a. See furthermore Figures 8 and 9.

According to a preferred embodiment, the first surface 101 comprises protruding ridges

121, defining at least two parallel and open-ended channels 122 extending in the first flow
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direction F1. Furthermore, the second surface 102 preferably comprises a plurality of pro-
truding dimples 123 arranged in said channels 122 between neighbouring respective pairs

of said ridges 121.

Herein, a “ridge” refers to an elongated protruding geometric feature of the surface 101 in
guestion on which the ridge is arranged. Preferably, such a ridge 121 in the first surface 101
is associated with a corresponding elongated indentation or recess in the opposite surface

102.

Similarly, a “dimple” refers herein to a point-like protruding geometric feature of the sur-
face 102 in question on which the dimple in question is arranged. Preferably, such a dimple
is associated with a corresponding point-like indentation or recess in the opposite surface
101. In the Figures, dimples are shown with a generally circular shape. It is, however, real-
ized that any suitable shape, such as quadratic or octagonal, may be used, depending on
application. Hence, the word “point-like” is intended to mean “with a shape, in the main
plane of the plate in question, which is generally centred about a particular point rather

than elongated”.

Both ridges and dimples are preferably arranged with a planar top surface, arranged to abut
a corresponding planar top surface of a corresponding respective ridge or dimple, of an

adjacently arranged, mirrored heat exchanger plate.

The plate 100 is preferably manufactured from sheet metal, with a material thickness which
preferably is substantially equal across the whole plate 100 main plane, and in particular
across ridges 115, 116, 121, 125 and dimples 118, 119, 123, 113, 114, 133, 134, 135 (see
below). Advantageously, the plate 100 is manufactured from a piece of sheet metal which

is stamped into the desired shape.

Such a heat exchanger plate 100, and in particular a heat exchanging plate 100 with such a
pattern of channel-forming ridges 121 and dimples 123 arranged in the formed channels

122, has been found to provide very good mechanical stability when used as a component
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partin a heat exchanger of the type described herein, while still being able to very efficiently
transfer heat between said first and second media, across a wide range of applications. It
is, however, noted that different patterns of dimples and/or ridges than the ones illustrated
in the Figures may be used, in particular in the transfer region 120, 220, while still reaping

the benefits of the cooling part with the channel 117, 217 (see below)

Using such a plate 100 also makes it possible for the ridges and dimples to be designed with
very small height (see below), so as to achieve a heat exchanger using only a very small
volume of first and/or second medium. In particular, the ridge height can be made very
small, whereby the amount of first medium can be reduced. Such miniaturizing can be made

without jeopardizing efficiency and pressure drop requirements.

Figures 5 and 6 illustrate a second exemplifying heat exchanger plate 200, with correspond-
ing first 201 and second 202 surfaces; regions 210, 220, 230; inlets 211, 231; outlets 212,
232; ridges 221, channels 222 and dimples 223. This second heat exchanger plate 200 offers

similar advantages as the first plate 100, as described above and further below.

Asillustrated in the Figures, said protruding ridges 121, 221 preferably define at least three,
preferably at least five (in the exemplifying plate 100, there are seven channels 122, while
there are thirteen channels 222 in the exemplifying plate 200), parallel and open-ended
channels 122 extending in the first flow direction F1. The inventors have found that, for
small heat exchangers, substantial advantages can be achieved already with two, in some
cases at least three, such channels, while, for larger heat exchangers, more channels will

provide better distribution of the first medium.

Itis preferred that the channels 122 extend along substantially the whole second region 120
of the plate 100, along the longitudinal direction L. In particular, at least three of the chan-
nels 122 preferably each extend along at least 50%, preferably at least 60%, of the entire

length, in the longitudinal direction L, of the plate 100.

Date Regue/Date Received 2021-01-05
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It is preferred that the dimples 123 are arranged along at least three of the channels 122,
preferably along all channels 122. Preferably, the dimples 123 are distributed along sub-
stantially the entire length of each individual channel 122, preferably substantially equidis-
tantly. Preferably, each channel having dimples 123 is arranged with at least three, prefer-
ably at least five, preferably at least ten, such dimples 123 along its respective length. The
dimples 123 of adjacent parallel channels 122 are preferably arranged so that they are dis-
placed somewhat in the longitudinal direction L in relation to each other, as disclosed in the

Figures.

According to one preferred embodiment, the channels 122 are arranged with a shape per-
mitting the channels 122, 103 (wherein channel 103 is formed by two opposed and mirrored
open channel parts 122 as described above) to be completely emptied of the first medium,
when the first medium is in liquid form and when the plate 100 is arranged in a mounted
state for use, which mounted state is illustrated in figure 4. In this mounted state, the main
plane of the plate 100 is substantially vertically oriented and with the cross direction C ar-
ranged at an angle A to the vertical V, and the longitudinal direction L inclined with the same
angle A in relation to the horizontal direction H. The angle A is preferably between 5° and
40°. In order to be completely emptied of said first medium, the curvature of at least one
respective side wall (in figure 5, the side wall facing upwards in the vertical direction) of
each of the ridges 121 lacks local minima in the main plane and said cross direction C. Since
the side wall of the ridge 121 forms the floor of the channel 122 when the plate 100 is
mounted in the orientation illustrated in figure 5, the absence of such local minima guaran-
tees that no liquid first medium will become trapped in such local minima during operation,
and as a result the channels 122 can be completely emptied. Of course, at the longitudinal
end of each ridge 121 the curvature of the ridge side wall in question bends downwards,

but this does not count as a local minimum in the sense intended here.

That the channels 122 can be emptied completely when the plate 100 is in the slightly
slanted mounted orientation as illustrated in figure 4 achieves good efficiency for the pre-
ferred condensing heat exchanger application, with a cooling or subcooling function de-

scribed in fuller detail below, while still achieving the above-described advantages in terms
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of efficiency and robustness. Also, problems with overheating in areas where condensate is

caught are avoided.

Preferably, at least one, preferably at least two neighbouring ones, of said ridges 121 is or
are interrupted in at least one location along said first flow direction F1, defining a respec-
tive mixing zone 124 for the first medium flowing through corresponding neighbouring ones
of said channels 122. Further preferably, the said mixing zone 124 interconnects all, or at
least a majority, of said parallel channels 122 being present in said at least one location
along the first flow direction F1. This provides good heat transfer efficiency while maintain-
ing structural robustness of the heat exchanger. By distributing the first medium evenly
across the cross-direction, plate 100 tensions are also kept to a minimum since the heat
transfer process will be even. According to an alternative embodiment, the mixing zones
124 do not interconnect all of said parallel channels 122 being present in said at least one

location along the first flow direction F1.

It is preferred that several such mixing zones 124 are arranged at different locations along
the longitudinal direction L, such as equidistantly arranged. It is also preferred, as illustrated
in the Figures, that neighbouring mixing zones 124 are displaced in relation to each other in
the cross direction C, so that at least one channel 122 extends uninterrupted past at least

ohe mixing zone.

The mixing zones may be arranged as simple interruptions in the corresponding ridges, al-
lowing the first medium to mix between channels at the mixing zone in question. However,
as illustrated in the Figures, it is alternatively preferred that the second surface comprises
at least one protruding barrier structure, preferably a ridge 125, 225 extending in a direction
substantially perpendicular tc the second flow direction F2 and arranged in said mixing zone
124, 224, As shown in figures 1-4, the ridge 125 may define a penetrable barrier for the
second medium. As illustrated in Figure 5, the ridge 225 may alternatively comprise a con-
nected barrier, not being penetrable to the second medium, but extending across the whole
cross-direction C so as not to allow the first medium past but forcing it to move along a

curvilinear path.
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As mentioned above, the plate 100 preferably comprises, in reverse order along the main
longitudinal direction L, regions 110, 120 and 130. The region 130 may comprise, on the first
surface 101, a first medium inlet region. The region 120 may comprise, on the first surface
101, a first medium transfer region. The region 110 may comprise, on the first surface 101,

a first medium outlet region.

In a preferred embodiment, the first surface 101 comprises at least three mixing zones 124
of the above described type, arranged at different locations in the first flow direction F1,
and wherein the said mixing zones 124 are more densely or closer arranged, as seen in the
first flow direction F1, closer to the first medium inlet region than further from the first
medium inlet region. Note that such varying mixing region 124 density is not illustrated in

the Figures.

According to the invention, the first heat transfer surface 101, 201 comprises said first me-
dium inlet region, said first medium transfer region and said first medium cutlet region.

Moreover, the first medium outlet region comprises the first medium outlet port 112, 212.

Further according to the invention, the second heat transfer surface 102, 202 comprises a
second medium inlet region, a second medium transfer region and a second medium outlet
region, and the second medium inlet region overlaps, in the main plane, with the said first
medium outlet region. Moreover, the second medium inlet region comprises the second
medium inlet port 111, 211, which in turn does not overlap, in the main plane, with the said

first medium outlet port 112, 212.

Preferably, the second medium outlet region overlaps with the first medium inlet region.
This then defines a plate for use in a counter-flow heat exchanger. In general, the plate 100,
200 preferably comprises, on the second surface 102, 202, a second medium transfer re-

gion, overlapping with the first medium transfer region.
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In particular, it is preferred that the said first medium inlet region comprises the first me-
dium inlet 131, 231. Then, it is preferred, in particular in case the heat exchanger is a con-
denser type heat exchanger, that the first medium inlet 131, 231 has a larger, preferably at
least two times the size, cross-section, in the main plane, than the first medium outlet 112,
212. This cross-section size is hence the hole size in the preferred case in which the inlet
131, 231 and the outlet 112, 212 are through holes. Such configuration caters for an effi-
cient construction when using a first medium which is condensed from gas phase to liquid

phase as a result of the heat exchange.

Furthermore, it is preferred that the first medium inlet region comprises a pattern of pro-
trusions 135, 235, preferably short ridges extending with a component along the first me-
dium flow direction F1 (Figures 1-4) or along the cross direction C (Figures 5 and 6), arranged
to distribute the first medium to respective inlets of at least two of said parallel channels

122, 222.

Apart from the above described ridges 121, 221 and dimples 123, 223 arranged in the chan-
nels 122, 222, at least one of the first 101 and second 102 surfaces, preferably both, com-
prises a respective plurality of additional protruding dimples. In the Figures, these additional
dimples are illustrated as first surface 101, 201 dimples 113, 213 in the first region 110, 210;
first surface 101, 201 dimples 133, 233 in the third region 130, 230; second surface 102, 202
dimples 114, 214 in the first region 110, 210; and second surface 102, 202 dimples 134, 234
in the third region 130, 230. It is preferred that the plate 100, 200 comprises all four or these
types of dimples 113, 133, 114, 134; 213, 233, 214, 234.

These dimples share the joint purpose of distributing the respective medium across the
plate 100; 200 respective surface 101, 102; 201, 202, increasing heat transfer efficiency; as

well as providing mechanical stability to the heat exchanger.

In particular, it is preferred that the first surface 101, 201 comprises more, preferably at
least twice as many, preferably at least three times as many, of said additional dimples 113,

133; 213, 233 as compared to the number of second surface 102, 202 additional dimples
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114, 134; 214, 234. This has proven to achieve very efficient heat transfer, in particular in
the case of a condenser-type heat exchanger, without jeopardizing its mechanical stability.
Also, this achieves the possibility of handling larger medium pressure resistance to the heat

exchanger.

As is clear from Figure 7, the first medium channels 203 are lower (in a direction perpendic-
ular to the main plane of each plate 200) than the second medium channels 204. This is
particularly preferred in case of a condenser-type heat exchanger, in which the first medium

is condensed as a result of the heat exchanging.

In particular, it is preferred that the respective height, perpendicular to the said main plane,
of the above described dimples and ridges define a first flow height for the first medium, in
said first medium channel 203, and a second flow height for the second medium, in said
second channel 204. Then, it is preferred that the second flow height is at least 2 times,
preferably at least 5 times, larger than the first flow height. The corresponding is true re-

garding the exemplifying plate illustrated in Figures 1-4.

Inorder for all corresponding dimples and ridges to abut between adjacent, mirrored plates,
it is realized that all dimples and ridges on either surface 101, 102; 201, 202 are preferably

of the same height as measured from the said main plane.

In a particularly preferred embodiment, the first flow height, of the first medium channel
203, is at the most 2 mm, preferably at the most 1 mm, preferably at least 0.5 mm. This
means that the height, including any additional material used to join the plates together,
such as brazing material between abuting dimpels and ridges, of individual dimples and
ridges is at the most 1 mm, preferably 0.4 mm, preferably at least 0.2 mm. In the preferred
case of a brazed together structure (see below), it is preferred that the brazing material
used, preferably in the form of a foil, such as a copper foil, before heating, is 0.01 mm to

0.08 mm thick.
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As regards the parallel channels 122, 222, they are preferably between 5 and 20 mm, pref-

erably between 8 and 15 mm, wide, in the cross direction C.

In the following, the first medium outlet region will be described in closer detail, specifically
with respect to a structure providing efficient cooling of the first medium before exiting
through the first medium outlet port 112, 212. In particular, such a structure is useful as a
subcooling structure, efficiently cooling a condensed first medium below a condensation
temperature of the first medium before exiting through the first medium outlet port 112,
212. This is particularly useful in a counter-flow type heat exchanger as described above and
below. These advantages can be achieved without risking the mechanical stability of the
heat exchanger, even at relatively large media pressures, and requires only limited amounts

of the first medium.

Hence, according to the invention the first medium outlet region comprises at least one,
preferably at least two, protruding ridges 115, 116; 215, 216 extending from a respective
edge, such as a side edge 105, 106, 205, 206, of the first heat transfer surface 101; 201 and
along a direction which has at least a component which is perpendicular to said main longi-
tudinal direction L. Furthermore, said one or more protruding ridges 115, 116; 215, 216
form a barrier system for the first medium and define a channel 117, 217 along which the
first medium is forced to travel, as seenin said main plane, on its way from the first medium
transfer region to the first medium outlet port 112, 212. As seen in the Figures, the channel
117, 217 runs first towards, then around and thereafter away from the second medium inlet

port 111, 211. The channel 117, 217 is associated with a channel inlet 117a, 217a.

This provides a very powerful and efficient heat transfer between the first and second me-
dia in the first medium outlet region, in particular such a heat transfer from the first medium
to the second medium in case the first medium is cooled. In case of a condenser type heat
exchanger, it is preferred that the heat exchanger is dimensioned so that the first medium
is condensed, preferably fully condensed, already upon entry into the channel 117, 217,
whereupon the heat transfer from the condensed first medium to the second medium en-

tering via the second medium inlet port 111, 211 becomes very efficient.
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According to a preferred embodiment, the channel 117, 217 has a flow cross-section which
is at least 3 times, preferably at least 5 times, smaller than a total flow cross-section for the
first medium immediately upstream of the channel 117, 217, so that, in case the first me-
dium is in the same phase before and after the entering into the channel 117, 217, the first
medium flow velocity is higher when passing through the channel 117, 217 as compared to
immediately upstream of the channel 117, 217. However, it is preferred that the plate 100,
200 is dimensioned so that a first medium entering through the first medium inlet 131, 231
in gas phase traverses at least half of the first medium transfer region, preferably substan-
tially the whole first medium transfer region, before it is fully condensed to liquid form. In
particular, the condensation preferably occurs in connection to, and/or before entering, the
channel 117, 217 entry, in such a way that the first medium, in liquid phase, still travels at
lower flow velocity through the relatively narrower channel 117, 217 than the same first
medium, in gaseous phase, travelling through the relatively broader first medium transfer
region. Dimensioning a plate 100, 200 this way, in relation to particular selected first and
second medium types and inlet temperatures, will yield a very efficient subcooling of the
first medium. Said dimensioning may incur design choices regarding plate 100, 200 length

and width, dimple and ridge arrangement, channel 203, 204 height, and so on.

Herein, “upstream” means upstream with respect to the first medium flow direction F1. As
seen in figures 1-4, for instance, the total flow cross-section immediately upstream of the
channel 117 is substantially the whole cross-direction C width of the plate 100, while the
total flow cross-section for the first medium in the channel 117 is, for instance, the longitu-
dinal-direction L distance between the ridges 115, 116; the cross-direction C distance be-
tween the second medium inlet port 111 and the plate 100 edge 106; and the longitudinal-
direction L distance between the ridge 115 and the plate 100 short-end, depending on

which part of the channel 117 that is considered. The corresponding is valid for plate 200.

More particularly, it is preferred that the channel 117, 217, along a majority of its length,
preferably along its entire length, is between 5 and 30 mm, preferably between 8 and 20

mm, wide.
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In the preferred examples illustrated in the Figures, the plate 100, 200 comprises a first side
edge 105, 205 and a second, opposite, side edge 106, 206, preferably long edges of the
elongated plate 100, 200. The side edges 105, 106, 205, 206 are hence arranged at a dis-

tance from each other in the cross direction C.

The side edges 105, 106, 205, 206 are preferably disposed so that the first medium outlet
port 112, 212 is arranged closer to the first side edge 105, 205 than the second medium
inlet port 111, 211.

The said at least one protruding ridges preferably comprises a distal ridge 115, 215, running
from the first side edge 105, 205 up to the second medium inlet port 111, 211. Furthermore,
the said at least one protruding ridges preferably comprise a proximal ridge 116, 216, run-
ning from the second side edge 106, 206 towards but not up to the first side edge 105, 205.
Hence, the proximal ridge 116, 216 preferably has a blind end, which is preferably not the
case for the distal ridge 115, 215, ending in and preferably forming part of a ridge structure
formed around and completely surrounding inlet 112, 212. In general, it is preferred that
the proximal ridge 116, 216 is arranged closer to the first medium transfer region than the
distal ridge 115, 215, and that the distal ridge 115, 215 is arranged between the first me-

dium outlet port 112, 212 and the first medium transfer region.

In contrast thereto, Figure 10 illustrates a heat plate not according to the present invention.
Since the ridge in Figure 10 corresponding to the proximal ridge 116, 216 does not extend
all the way up to the port corresponding to the second medium inlet 111, 211, the first
medium in Figure 10 is not forced to travel around the second medium inlet. In particular,
all of the first medium flowing from the first medium transfer region up to and out from the

first medium outlet is not forced to travel around the second medium inlet.

As used herein in this context, that the first medium is “forced to travel around the second
medium inlet” is intended to mean that all of the first medium travelling from the first me-

dium transfer region up to and out from the first medium outlet is forced to travel around
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the second medium inlet, as opposed to only part of said first medium travelling around the

second medium inlet.

Figure 11 shows the respective first region 410 of a heat exchanger plate 400 according to
the invention. The plate 400 comprises a first medium outlet 412 and a second medium
inlet 411; a distal barrier 415 and a proximal barrier 416; a first side 405 and a second side
406; and a channel 417, comprising an inlet 417a, a first upstream portion 417b, an inter-

mediate portion 417c and a second downstream portion 417d.

It is noted that the distal barrier 415 extends past the second medium inlet 411, but that
the channel 417 still passes around the second medium inlet 411, via intermediate portion
417c. For instance, the proximal barrier 416 extends past the second medium inlet 411 in
the cross direction C, which forces the first medium to pass the second medium inlet 411

both in the upstream portion 417b and the downstream portion 417d.

It is further noted that the channel 117, 217, 417 could also, for instance, be divided into a
number of parallel sub-channels, all going around the second medium outlet. This would

also mean that the channel in question, as a whale, passes around the second medium inlet.

In particular, and as shown in Figures 1-4, the distal ridge 115 comprises a curved part 115a,
and is hence curved along at least one portion of the length of the channel 117, so as to
generally follow the contour of the first medium outlet port 112. Herein, the expression
“generally follow the countour of a port” means that the ridge in question has a curvature
which at least roughly corresponds to the peripheral geometry of the port in question, but
running at a distance, such as equidistantly, from and along a part of the port in question.
Preferably, the curvature corresponds to the port geometry along at least 10 angular de-

grees with respect to the centre of the port in question.

Similarly, it is preferred that the proximal ridge 116 comprises a curved part 116a, and is

hence curved along at least one portion of the length of the channel 117, so as to generally
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follow the contour of the second medium inlet port 111, with the corresponding meaning

as for the curved part 115a in relation to the first medium outlet port 111.

Such a curved part 115a and/or 116a, and preferably a combination of both, achieves a very
compact channel 117 geometry, providing high efficiency heat transfer in the region 110

while allowing a larger surface for the said transfer regions.

According to an alternative embodiment, shown in Figures 5 and 6, at least one, preferably
both, of the distant 215 and proximal 216 ridges are straight. This makes for a simpler plate
200 design.

As described above, in preferred embodiments both the first and second heat transfer sur-
faces 101, 201 comprise respective dimples 113, 114, 123, 133, 134, 213, 214, 223, 233,
234. Preferably, such dimples are also present in the first region 110, 210, preferably com-
prising both first heat transfer surface 101, 201 dimples 113, 213 and second heat transfer
surface 102, 202 dimples 114, 214.

Preferably, the channel 117, 217 comprises a first, upstream (with respect to the flow di-
rection of the first medium through the channel 117, 217) portion 117b, 217b of the channel
117, 217; an intermediary portion 117c, 217c of the channel 117, 217; and a second, down-
stream portion 117d, 217d of the channel 117, 217. The intermediary portion 117¢, 217c is
arranged between the upstream 117b, 217b and downstream 117d, 217d portions, ar-
ranged to convey the first medium around the second medium inlet port 111, 211. Further
preferably, each of the first 117b, 217b and the second 117d, 217d portions comprise both
first heat transfer surface 101, 201 dimples 113, 213 and second heat transfer surface 102,
202 dimples 114, 214, while the intermediary portion 117c, 217c comprises at least 80%,
preferably only, first heat transfer surface 101, 201 dimples 113, 213. Preferably, there are
a number of first heat transfer surface 101, 201 dimples 118, 218 arranged around the sec-
ond medium inlet 111, 211, preferably arranged equidistantly and surrounding the second

medium inlet 111, 211, preferably at equal distance from the inlet 111, 211 periphery. Pref-
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erably, a dimple-free channel 118a, 218a is defined outside of the dimples 118, 218, be-
tween the dimples 118, 218 and the periphery of the plate 100, 200, for allowing uninter-

rupted flow of the first medium.

This provides a sturdy, compact construction while still maintaining sufficient heat transfer.

Similarly, a number of first heat transfer surface 101, 201 dimples 119, 219 are arranged
around the first medium outlet 112, 212. The dimples 119, 219 are preferably arranged
equidistantly and surrounding the first medium outlet 112, 212, preferably at equal distance

from the outlet 121, 212.

According to a very preferred embodiment, the plates 100, 200 together forming a heat
exchanger by being brazed together in the stack structure described above, so that corre-
sponding ones of said dimples and ridges of adjacent, mirrored plates 100, 200 are brazed
together, top face against top face. This forms a very sturdy construction, without risking
the integrity of the complicated channels formed between said ridges and dimples. In par-
ticular, the plates 100, 200 are preferably manufactured from stainless steel, and are brazed
together using copper or nickel; or alternatively the plates 100, 200 may be manufactured
from aluminium, and brazed together using aluminium. In practise, plates 100, 200 are ar-
ranged in the said stack structure, with brazing foil material in between. Then, the whole
stack is subjected to heat in a furnace, causing the brazing material to melt and permanently

join the plates 100, 200 together via the above described dimples and ridges.

In particular, such a heat exchanger according to the invention may preferably be a closed
counter flow heat exchanger, comprising a first medium inlet port 353 arranged to distrib-
ute the first medium to the respective first medium channels 203 in contact with said first
surfaces 201 of said plates 200; a first medium outlet port 351 arranged to lead the first
medium from said first channels 203 in contact with said first surfaces 201 and out from the
heat exchanger; a second medium inlet port 350 arranged to distribute the second medium
to the respective second medium channels 204 in contact with the second surfaces 202 of

said plates; and a second medium outlet port 352 arranged to lead the second medium from
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said second medium channels 204 in contact with the second surfaces 202 and out from the
heat exchanger. The corresponding is true regarding a heat exchanger using plates 100 as

shown in Figures 1-4.

In particular, and as mentioned above, the heat exchanger is a condenser-type heat ex-
changer, arranged to heat exchange the first medium in gas phase to the second medium,
so that the first medium condenses, preferably fully condenses, into liquid form. In this case,
it is preferred that the heat exchanger is arranged so that the condensed, liquid first me-
dium thereafter flows out from the first medium outlet port 351, preferably after being
cooled below a condensation temperature of the first medium, preferably at least 3°C be-
low, most preferably between 3° and 7°C below, such condensation temperature, in a sub-

cooling region as described above.

In particular, the present invention is useful in the specific case in which the first medium is
a refrigerant, preferably a hydrocarbon, preferably propane. Similarly, the second medium

may preferably be a liquid, preferably water.

Preferred uses of such a heat exchanger comprise use as a heat exchanger in a cooling ap-
paratus, such as a freezer or refrigerator; in a heat pump for heating indoors air, water or
similar in a property; for industrial heat exchanging and refrigeration purposes, such as

within the food industry; and so on.

Preferably, a heat exchanger according to the invention is maximally 1 meter in its longest

dimension.

Figures 8 and 9 show a heat exchanger 300, comprising a plurality (in the example shown,
ten) heat exchanging plates 100 of the type illustrated in Figures 1-4 and described above.
The plates 100 are stacked one on top of the other, with every other plate 100 being mir-
rored with respect to its adjacent neighbouring plates, also as described above. It is noted

that the bent edge 205 of each plate 200 is not mirrored in the heat exchanger 300.
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The first medium enters the heat exchanger 300 via a first medium inlet port 353, in com-
munication with all the channels formed between respective adjacent pairs of plates 100,
and delimited by their respective first surfaces 101. Preferably, these channels are parallel,
so that the first medium flows in parallel flows along the first flow direction F1. The first

medium is then collected from these channels and exit via a first medium outlet port 351.

The second medium enters the heat exchanger 300 via a second medium inlet port 350, in
communication with all the channels formed between respective adjacent pairs of plates
100, and delimited by their respective second surfaces 102. Preferably, these channels are
parallel, so that the second medium flows in parallel flows along the second flow direction
F2. The second medium is then collected from these channels and exit via a second medium

outlet port 352.

It is hence realized that the flow of both the first and second media flow in a parallel-flow
manner, through a plurality of channels of said type, between pairs of individual plates 100

in said stack, between respective inlet and outlet ports.

As best seen in figure 9, the heat exchanger 300 also comprises end plates 360, 361 for
delimiting the said channels on each extreme end of the plate 100 stack, guaranteeing that
the heat exchanger 300 is entirely closed, and liquid and gas tight, apart from ports 350-
353.

Above, preferred embodiments have been described. However, it is apparent to the skilled
person that many modifications can be made to the disclosed embodiments without de-

parting from the basic idea of the invention.

In general, the above described features of the plates 100, 200 and heat exchangers are

freely combinable, as applicable.
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Everything which has been said regarding plates 100, 200 and 400 is interchanglingly useful
for to the other plates, as applicable. Hence, the plate 200 may for instance also be arranged

with a bent edge 107 as shown in plate 100, and so on.

The specific patterns of dimples and ridges illustrated in the Figures may vary, as long as the
above-described design principles are respected. This is particularly true regarding the sub-

cooling structure channel 117, 217 and its associated dimples 113, 118, 119, 213, 218, 219.

As an example, in the figures there are two cooperating ridges 115, 116; 215, 216 that to-
getherform the channel 117; 217. Even if this configuration is preferred, it would, however,
be possible to use only one barrier. For instance, the barrier 116; 216 could be omitted, or

perhaps be replaced with a dense set of first-surface dimples.

Hence, the invention is not limited to the described embodiments, but can be varied within

the scope of the enclosed claims.
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CLAIMS

1. Plate for a heat exchanger between a first medium and a second medium, the
plate being associated with a main plane of extension and a main longitudinal direction
(L) and comprising

a first heat transfer surface, extending substantially in parallel to said main plane and
arranged to be in contact with the first medium, generally flowing along the first surface
in a first flow direction:; and

a second heat transfer surface, extending substantially in parallel to said main plane and
arranged to be in contact with the second medium, generally flowing along the second
surface in a second flow direction; wherein the first heat transfer surface comprises a
first medium inlet region, a first medium transfer region and a first medium outlet region,
which first medium outlet region comprises a first medium outlet port; and

the second heat transfer surface comprises a second medium inlet region, a second
medium transfer region and a second medium outlet region, which second medium inlet
region overlaps, in the main plane, with the first medium outlet region and comprises a
second medium inlet port not overlapping, in the main plane, with said first medium
outlet port;

wherein the first medium outlet region comprises at least one protruding ridge extending
from a respective edge of the first heat transfer surface and along a direction which has
at least a component which is perpendicular to said main longitudinal direction, and in
that said at least one protruding ridge forms a barrier system for the first medium and
define a channel along which the first medium is forced to travel, as seen in said main
plane, on its way from the first medium transfer region to the first medium outlet port,
which channel runs first towards, then around and thereafter away from the second

medium inlet port.

2. Plate according to claim 1, wherein said channel has a flow cross-section
which is at least 3 times smaller than a total flow cross-section for the first medium
immediately upstream of the channel, so that the first medium flow velocity is higher
when passing through the channel as compared to immediately upstream of the

channel.
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3. Plate according to claim 1, wherein said channel has a flow cross-section
which is at least 5 times smaller than a total flow cross-section for the first medium
immediately upstream of the channel, so that the first medium flow velocity is higher
when passing through the channel as compared to immediately upstream of the

channel.

4, Plate according to any one of claims 1 to 3, wherein the channel, along a

maijority of its length, is between 5 and 30 mm wide.

5. Plate according to any one of claims 1 to 3, wherein the channel, along a

maijority of its length, is between 8 and 20 mm wide.

6. Plate according to any one of claims 1 to 3, wherein the channel, along its

entire length, is between 5 and 30 mm wide.

7. Plate according to any one of claims 1 to 3, wherein the channel, along its

entire length, is between 8 and 20 mm wide.

8. Plate according to any one of claims 1 to 7, wherein the plate comprises a
first side edge and a second, opposite, side edge, which side edges are arranged at a
distance from each other in a cross direction, perpendicular to the main longitudinal
direction and parallel to the main plane, in that the first medium outlet port is arranged
closer to the first side edge than the second medium inlet port, in that said at least one
protruding ridge comprises a distal ridge running from the first side edge up to the
second medium inlet port and a proximal ridge running from the second side edge
towards but not up to the first side edge, in that the proximal ridge is arranged closer to
the first medium transfer region than the distal ridge, and in that said distal ridge is

arranged between the first medium outlet port and the first medium transfer region.

Date Regue/Date Received 2021-01-05
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9. Plate according to claim 8, wherein the distal ridge is curved along at least
one portion of the channel, so as to generally follow the contour of the first medium

outlet port.

10. Plate according to claim 8 or 9, wherein the proximal ridge is curved along at
least one portion of the channel, so as to generally follow the contour of the second

medium inlet port.

11. Plate according to any one of claims 1 to 10, wherein both the first and
second heat transfer surfaces comprise respective dimples, and in that a first, upstream
portion of the channel as well as a second, downstream portion of the channel, each
comprises both first heat transfer surface dimples and second heat transfer surface
dimples, but that an intermediary portion of the channel, arranged between said
upstream and downstream portions, conveying the first medium around the second

medium inlet port, comprises only first heat transfer surface dimples.

12. Plate according to claim 11, wherein a respective height, perpendicular to the
main plane, of said dimples and said at least one protruding ridge define a first flow
height for the first medium and a second flow height for the second medium, and in that

the second flow height is at least 2 times larger than the first flow height.

13. Plate according to claim 11, wherein a respective height, perpendicular to the
main plane, of said dimples and said at least one protruding ridge define a first flow
height for the first medium and a second flow height for the second medium, and in that

the second flow height is at least 5 times larger than the first flow height.

14. Plate according to claim 12 or 13, wherein the first flow height is at the most 2
mm.
15. Plate according to claim 12 or 13, wherein the first flow height is at the most 1
mm.

Date Regue/Date Received 2021-01-05
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16. Plate according to claim 12 or 13, wherein the first flow height is at the most
0.5 mm.
17. Heat exchanger comprising a plurality of plates of a first type and a second

type, which plates of both said first type and said second type are plates according to
any one of claims 1 to 16 but wherein the plates of said second type have a shape
which is substantially mirrored to the shape of the plates of said first type, which plates
are arranged in a stack on top of each other, with plates of said first type and said
second type arranged alternatingly, whereby corresponding ones of said dimples and
said at least one protruding ridge of adjacent plates come and stay into direct contact
with each other, so that corresponding first and/or second surfaces of adjacent plates
abut each other and so that flow channels for said first medium and said second

medium are formed between said surfaces.

18. Heat exchanger according to claim 17, wherein the plates are brazed
together, so that corresponding ones of said dimples and said at least one protruding

ridge of adjacent, mirrored plates are brazed together.

19. Heat exchanger according to claim 17 or 18, wherein the heat exchanger is a
closed counter flow heat exchanger, comprising a first medium inlet port arranged to
distribute the first medium to the respective first heat transfer surfaces of said plates;

a first medium outlet port arranged to lead the first medium from said first heat transfer
surfaces and out from the heat exchanger;

a second medium inlet port arranged to distribute the second medium to the respective
second heat transfer surfaces of said plates; and

a second medium outlet port arranged to lead the second medium from said second

heat transfer surfaces and out from the heat exchanger.

20. Heat exchanger according to any one of claims 17-19, wherein the heat
exchanger is a condenser, arranged to heat exchange the first medium in gas phase to
the second medium so that the first medium condenses, and arranged so that the

condensed, liquid first medium thereafter is first cooled, while flowing through the

Date Regue/Date Received 2021-01-05
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channel below a condensation temperature of the first medium, and thereafter flows out

from the first medium outlet.

21. Heat exchanger according to claim 20, wherein the first medium is a
hydrocarbon.

22, Heat exchanger according to claim 20, wherein the first medium is propane.
23. Heat exchanger according to claim 20 or 21, wherein the second medium is a
liquid.

24. Heat exchanger according to claim 20 or 21, wherein the second medium is
water.

Date Regue/Date Received 2021-01-05
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Fig. 10
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