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DESCRIPTION

Field of invention

[0001] The invention relates to a plate package for a heat exchanger device, and also a heat
exchanger device as such.

Technical Background

[0002] A typical plate package to be used in a plate heat exchanger device comprises a
plurality of heat exchanger plates, alternatingly arranged one on top of the other together with
an intermediate bonding material. Each heat exchanger plate is typically provided with a
complex pattern of ridges and valleys to thereby form a pattern of flow channels in the resulting
plate interspaces between adjacent heat exchanger plates. The resulting stack is arranged in
an oven where the heat exchanger plates are subjected to heat and thereby are bonded to
each other along their contact surfaces. As a result, a plate package is provided.

[0003] To allow a fluid flow through the plate interspaces of the plate package, each heat
exchanger plate is provided with an inlet porthole and an outlet porthole. The portholes are
typically arranged in the proximity of a circumferential edge of the heat exchanger plate. The
proximity to a circumferential edge is advantageous since the available heat transferring
surface in the plate package thereby is affected to a low extent. Also, it is a well-known truth
that it is difficult to distribute the fluid into the intermediate area between the porthole and the
circumferential edge whereby the efficiency provided by the intermediate area typically is lower
as compared to the remainder of the area of the heat exchanger plate. It is also a matter of
reducing material consumption and thereby cost and weight of the plate package.

[0004] Still, the proximity must not be too small since that also induces an overall weakness to
the heat exchanger plate and the plate package. Areduced weakness becomes obvious when
handling the individual heat exchanger plates during stacking since the plates may be
experienced as being flabby. This is especially the case of larger heat exchanger plates.

[0005] The proximity may also cause quality problems to the plate package during
manufacturing. If a porthole is arranged too close to the circumferential edge, the heat transfer
across the main extension plane during the step of bonding the stacked heat exchanger plates
in an oven becomes uneven. This results in buckling which is due to an uneven thermal
expansion across the surface of the heat exchanger plates and especially in the intermediate
area that is formed between the circumferential edge of the heat exchanger plate and the
porthole as compared to the overall area of the heat exchanger plate. Buckling causes the risk
of insufficient bonding along the intended contact surfaces between adjacent heat exchanger
plates. Insufficient bonding may cause leakage of fluid between the intended flow channels that
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are to be formed by bonding between two adjacent heat exchanger plates. Insufficient bonding
may also cause leakage of fluid to the ambience along the perimeter of the plate package. The
latter is a non-acceptable defect.

[0006] Accordingly, the positioning of the portholes requires a lot of considerations.

[0007] The documents WO2004111564A, US2011/0011568A, DE102013227094A,
WO2008063121A and DE102006025536A show plate packages and heat exchanger devices
according to the state of the art.

Summary of invention

[0008] It is an object of the invention to provide a plate package with heat exchanger plates in
which the portholes may be arranged in the proximity to a circumferential edge portion of the
heat exchanger plate while at the same time allowing an even heat distribution during bonding
and thereby an improved joint quality.

[0009] It is also an object of the invention to provide a plate package with an overall stiffer heat
exchanger plate, which as such facilitates handling and stacking of the heat exchanger plate.

[0010] As yet another object, a heat exchanger plate should be provided which is allows more
simple fixtures to be used during stacking of the heat exchanger plates.

[0011] These objects are met by a plate package for a heat exchanger with the features of
claim 1.

[0012] The invention refers to a plate package comprising a plurality of heat exchanger plates
of a first type and a plurality of heat exchanger plates of a second type arranged alternatingly
in the plate package one on top of the other, with the features of claim 1.

[0013] Reference is made to claim 1 with the essence that the provision of flanges having a
local and limited longitudinal extension along the intermediate portions that are formed
between the portholes and the upper and lower portions of the circumferential edge portions, a
heat shielding effect is provided for during the manufacturing of the plate package. This allows
for a more even temperature gradient. The resulting improved heat distribution allows for an
overall higher joint quality and thereby a lower risk of leakage.

[0014] The heat exchanger plates of the first type may be identical with the heat exchanger
plates of the second type, with the exception that the lower and/or the upper flanges are cut-
off. Thereby one and the same press-tool can be used.

[0015] The flanges of the heat exchanger plates of the first type may be oriented in one and
the same direction, and have an extension with a component along a normal to the main
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extension plane such that a flange of a heat exchanger plate of the first type overlaps a flange
of a second subsequent heat exchanger plate of the first type.

[0016] From a heat shielding aspect, the overlap provides for a facilitated and enhanced heat
distribution across the edge of the plate package during the bonding operation. This due to the
locally added material (twice the material thickness). Also, an overall improved stiffening of the
heat exchanger plates is provided which reduces the risk of buckling in the intermediate
portions during the heat treatment. The reduced risk of buckling reduces the risk of insufficient
bonding along the contact surfaces between adjacent heat exchanger plates and thereby
leakage. Further, the overlap provides for a guiding effect during stacking of the heat
exchanger plates, thereby reducing the requirements put on fixtures.

[0017] The flanges of the heat exchanger plates may be oriented in one and the same
direction, and have an extension with a component along a normal to the main extension plane
such that a flange of a first heat exchanger plate of the first type abuts or overlaps a flange of a
subsequent heat exchanger plate, said subsequent heat exchanger plate being a heat
exchanger plate of the second type.

[0018] The overlap between two subsequent flanges may form a sealed joint. Thus, it is
preferred that a bonding material is arranged not only between the intended contact and
bonding points across the heat transferring surfaces of the heat exchanger plates but also
along the flanges during stacking of the heat exchanger plates.

[0019] The alternatingly arranged heat exchanger plates may form first plate interspaces
which are substantially open and arranged to permit a flow of a medium to be evaporated
there through, and second plate interspaces, which are closed and arranged to permit a flow of
a fluid for evaporating the medium,

wherein the heat exchanger plates of the first type and of the second type further comprise,
along at least a section of the opposing side portions, mating abutment portions extending
along and at a distance from the circumferential edge portion, thereby separating the
respective first plate interspaces into an inner heat transferring portion and two outer draining
portions,

wherein at least the heat exchanger plates of the first type further comprise, along at least a
section of the opposing side portions, a draining channel flange extending from the
circumferential edge portion in direction from the geometrical main extension plane,

wherein the draining channel flanges of the respective heat exchanger plates are oriented in
one and the same direction, and have an extension with a component along a normal to the
main extension plane such that a draining channel flange of a first heat exchanger plate of the
first type overlaps a draining channel flange of a subsequent heat exchanger plate, said
subsequent heat exchanger plate being either a heat exchanger plate of the first type or a heat
exchanger plate of the second type,
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whereby the draining channel flanges form outer walls to the outer draining portions thereby
transforming the outer draining portions into draining channels.

[0020] As an alternative or a supplement to the formulation that the draining channel flange
extends from the circumferential edge portion in direction from the geometrical main extension
plane, the draining channel flange may extend from the circumferential edge portion at an
angle B to the normal of the geometrical main extension plane.

[0021] Heat exchanger devices are well known for evaporating various types of cooling
medium such as ammonia in applications for generating e.g. cold. The evaporated medium is
conveyed from the heat exchanger device to a compressor and the compressed gaseous
medium is thereafter condensed in a condenser. Thereafter the medium is permitted to
expand and is recirculated to the heat exchanger device. One example of such heat exchanger
device is a heat exchanger of the plate-and-shell type, see e.g. WO2004/111564 which
discloses a plate package composed of substantially half-circular heat exchanger plates. The
use of half-circular heat exchanger plates is advantageous since it provides a large volume
inside the shell in the area above the plate package, which volume improves separation of
liquid and gas. The separated liquid is transferred from the upper part of the inner space to a
collection space in the lower part of the inner space via an interspace. The interspace is
formed between the inner wall of the shell and the outer wall of the plate package. The
interspace is part of a thermo-syphon loop which sucks the liquid towards the collection space
of the shell.

[0022] Accordingly, by a plate package design of the above type, cooling medium in liquid form
that is present in the upper part of the shell may be guided inside and along a plurality of
draining channels that extend along opposing side portions of the inner wall of the shell but at
a distance therefrom, and also at a distance from the first plate interspaces that are formed
between opposing major surfaces of the heat exchanger plates. The distance is provided,
depending on the design of the walls and the joints respectively defining the cross section of
the draining channel, by at least the material thickness of the sheet material making up the
heat exchanger plates. The distance formed can be seen as an insulation which reduces heat
transfer from the inner wall of the shell and from the plate interspaces in the plate package
towards the draining channel and which thereby reduces the risk of the liquid medium
evaporating inside the draining channel and thereby disturbance or stopping of the thermo-
syphon loop. Thereby a more stable liquid flow is promoted.

[0023] Also, the draining channels prevents compressor oil, which typically, due to its stronger
affinity to carbon steel than stainless steel, is prone to follow the curvature of the inner wall of
the shell, from transferring into the first interspaces of the plate package. By the presence of
the draining channels, compressor oil that is present inside the interspace between the inner
wall of the shell and the outer boundary of the plate package is prevented, from transferring in
a direction transverse the longitudinal extension of the draining channel and into the first plate
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interspaces. Instead, the inflow of compressor oil into the first plate interspaces is now
restricted to the longitudinal gaps facing the upper portion of the shell and which forms
openings towards to the first interspaces.

[0024] By reducing the amount of compressor oil that will come into contact with the first plate
interspaces, the risk of formation of thermally insulating deposits on the heat transferring
surfaces is reduced. This allows the plate package to be made smaller in terms of foot print or
in terms of the number of heat exchanger plates included in the plate package while remaining
the efficiency. Thereby the overall cost may be reduced.

[0025] According to another aspect, the invention refers to a heat exchanger device including
a shell which forms a substantially closed inner space and which includes an inner wall surface
facing the inner space, said heat exchanger device being arranged to include a plate package
comprising a plurality of heat exchanger plates of the type discussed above. Advantages of the
inventive heat exchanger plate as such have been discussed above, and to avoid undue
repetition, reference is made to the sections given above.

[0026] Preferred embodiments appear in the dependent claims and in the description.

Brief description of the drawings

[0027] The invention will now by way of example be described in more detail with reference to
the appended schematic drawings, which shows a presently preferred embodiment of the
invention.

Fig. 1 discloses a schematic and sectional view from the side of a typical heat exchanger
device of the plate-and-shell type.

Fig. 2 discloses schematically another sectional view of the heat exchanger device of Fig. 1.
Fig. 3 discloses a heat exchanger plate.

Fig. 4 discloses a cross section of the plate package across a lower flange.

Fig. 5 discloses a cross section of the plate package across a draining flange.

Fig. 6 discloses a schematic cross section of a heat exchanger device.

Detailed description of preferred embodiments

[0028] Referring to Figs. 1 and 2, a schematic cross section of a typical heat exchanger device
of the plate-and-shell type is disclosed. The heat exchanger device includes a shell 1, which
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forms a substantially closed inner space 2. In the embodiment disclosed, the shell 1 has a
substantially cylindrical shape with a substantially cylindrical shell wall 3, see Fig. 1, and two
substantially plane end walls (as shown in Fig.2). The end walls may also have a semi-
spherical shape, for instance. Also other shapes of the shell 1 are possible. The shell 1
comprises a cylindrical inner wall surface 3 facing the inner space 2. A sectional plane p
extends through the shell 1 and the inner space 2. The shell 1 is arranged to be provided in
such a way that the sectional plane p is substantially vertical. The shell 1 may by way of
example be of carbon steel.

[0029] The shell 1 includes an inlet 5 for the supply of a two-phase medium in a liquid state to
the inner space 2, and an outlet 6 for the discharge of the medium in a gaseous state from the
inner space 2. The inlet 5 includes an inlet conduit which ends in a lower part space 2' of the
inner space 2. The outlet 6 includes an outlet conduit, which extends from an upper part space
2" of the inner space 2. In applications for generation of cold, the medium may by way of
example be ammonia.

[0030] The heat exchanger device includes a plate package 200, which is provided in the inner
space 2 and includes a plurality of heat exchanger plates 100 provided adjacent to each other.
The heat exchanger plates 100 are discussed in more detail in the following with reference in
Fig. 3. The heat exchanger plates 100 are permanently connected to each other in the plate
package 200, for instance through welding, brazing such as copper brazing, fusion bonding, or
gluing. Welding, brazing and gluing are well-known techniques and fusion bonding can be
performed as described in WO 2013/144251 A1. The heat exchanger plates 100 may be made
of a metallic material, such as a iron, nickel, titanium, aluminum, copper or cobalt based
material, i.e. a metallic material (e.g. alloy) having iron, nickel, titanium, aluminum, copper or
cobalt as the main constituent. Iron, nickel, titanium, aluminum, copper or cobalt may be the
main constituent and thus be the constituent with the greatest percentage by weight. The
metallic material may have a content of iron, nickel, titanium, aluminum, copper or cobalt of at
least 30% by weight, such as at least 50% by weight, such as at least 70% by weight. The heat
exchanger plates 100 are preferably manufactured in a corrosion resistant material, for
instance stainless steel or titanium.

[0031] Each heat exchanger plate 100 has a main extension plane q and is provided in such a
way in the plate package 200 and in the shell 1 that the extension plane q is substantially
vertical and substantially perpendicular to the sectional plane p. The sectional plane p also
extends transversally through each heat exchanger plate 100. In the embodiment is disclosed,
the sectional plane p also thus forms a vertical centre plane through each individual heat
exchanger plate 100.

[0032] The heat exchanger plates 100 form in the plate package 200 first interspaces 12,
which are open towards inner space 2, and second plate interspaces 13, which are closed
towards the inner space 2. The medium mentioned above, which is supplied to the shell 1 via
the inlet 5, thus pass into the plate package 200 and into the first plate interspaces 12.
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[0033] Each heat exchanger plate 100 includes a lower porthole 107 and an upper porthole
108. The lower portholes 107 form an inlet channel connected to an inlet conduit 16. The
upper portholes 108 form an outlet channel connected to an outlet conduit 17. It may be noted
that in an alternative configuration, the lower portholes 107 form an outlet channel and the
upper portholes 108 form an inlet channel. The sectional plane p extends through both the
lower portholes 107 and the upper portholes 108. The heat exchanger plates 100 are
connected to each other around the portholes 107 and 108 in such a way that the inlet channel
and the outlet channel are closed in relation to the first plate interspaces 12 but open in
relation to the second plate interspaces 13. A fluid may thus be supplied to the second plate
interspaces 13 via the inlet conduit 16 and the associated inlet channel formed by the lower
portholes 107, and discharged from the second plate interspaces 13 via the outlet channel
formed by the upper portholes 107 and the outlet conduit 17.

[0034] As is shown in Fig. 1, the plate package 200 has an upper side and a lower side, and
two opposite transverse sides. The plate package 200 is provided in the inner space 2 in such
a way that it substantially is located in the lower part space 2' and that a collection space 18 is
formed beneath the plate package 200 between the lower side of the plate package and the
bottom portion of the inner wall surface 3.

[0035] Furthermore, recirculation channels 19 are formed at each side of the plate package
200. These may be formed by gaps between the inner wall surface 3 and the respective
transverse side or as internal recirculation channels formed within the plate package 200.

[0036] Each heat exchanger plate 100 includes a circumferential edge portion 20 which
extends around substantially the whole heat exchanger plate 100 and which permits said
permanent connection of the heat exchanger plates 100 to each other. These circumferential
edge portions 20 will along the transverse sides abut the inner cylindrical wall surface 3 of the
shell 1. The recirculation channels 19 are formed by internal or external gaps extending along
the transverse sides between each pair of heat exchanger plates 100. It is also to be noted
that the heat exchanger plates 100 are connected to each other in such a way that the first
plate interspaces 12 are closed along the transverse sides, i.e. towards the recirculation
channels 19 of the inner space 2.

[0037] The embodiment of the heat exchanger device disclosed in this application may be
used for evaporating a two-phase medium supplied in a liquid state via the inlet 5 and
discharged in a gaseous state via the outlet 6. The heat necessary for the evaporation is
supplied by the plate package 200, which via the inlet conduit 16 is fed with a fluid for instance
water that is circulated through the second plate interspaces 13 and discharged via the outlet
conduit 17. The medium, which is evaporated, is thus at least partly present in a liquid state in
the inner space 2. The liquid level may extend to the level 22 indicated in Fig. 1. Consequently,
substantially the whole lower part space 2' is filled by medium in a liquid state, whereas the
upper part space 2" contains the medium in mainly the gaseous state.

[0038] Now turning to Fig. 3, a first embodiment of a heat exchanger plate 100 according to
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the invention is disclosed. The heat exchanger plate 100 is intended to form part of the plate
package according to the invention. The heat exchanger plate 100 may easily be converted
into a first type A or a second type B in a manner to be described below.

[0039] The heat exchanger plate 100 is provided by a pressed thin walled sheet metal plate.
The heat exchanger plate 100 may by way of example be made of stainless steel. The heat
exchanger plate 100 has a geometrical main extension plane q and a circumferential edge
portion 101. The circumferential edge portion 101 delimits a heat transferring surface 102
extending essentially across the geometrical main plane q.

[0040] The circumferential edge portion 101 comprises a curved upper portion 103, a
substantially straight lower portion 104 and two opposing side portions 105 interconnecting the
upper and the lower portions 103, 104. The two opposing side portions 105 do each have a
curvature corresponding to the curvature of the inner wall 3 of the shell 1 of the heat
exchanger device 300.

[0041] The heat transferring surface 102 comprises a corrugated pattern 106 of ridges and
valleys. To facilitate the understanding of the invention the corrugation in and around the upper
and lower portholes 107, 108 (to be discussed below) have been removed. The corrugated
pattern 106 extends in different directions at different parts of the heat exchanger plate 100.
When a plurality of heat exchanger plates 100 are stacked, one on top of the other, to thereby
form the plate package 200, every second heat exchanger plate 100 (heat exchanger plate of
the first type A) is turned in the manner disclosed in Fig 3, whereas every other plate (heat
exchanger of the second type B) is rotated 180 degrees about a substantially vertical rotary
axes coinciding with the sectional plane p. Thereby the corrugations 106 of adjacent heat
exchanger plates 100 will cross each other. Also, a plurality of contact points will be formed
where the ridges of the adjacent heat exchanger plates 100 abut each other. A layer of
bonding material (not disclosed) may be arranged between the heat exchanger plates 100
during stacking. As the stack later is subjected to heat in an oven, the heat exchanger plates
100 will bond to each other along the contact points and thereby form a complex pattern of
fluid channels. In such a way, an efficient heat transfer from the fluid to the medium is ensured
at the same time as the plates included in the plate package are given the required mechanical
support.

[0042] The bonding of the heat exchanger plates 100 to provide the plate package 200 may
be made by brazing or by fusion bonding as discussed above. Fusion bonding is especially
suitable when the heat exchanger plates 100 are made by stainless steel.

[0043] Depending on how the heat exchanger plate 100 is oriented in the plate package 200,
one side of the heat exchanger plate 100 will, during operation of the plate package 200 in a
heat exchanger device 300, face the first plate interspace 12 and hence be in contact with the
two-phase medium, whereas the opposite side of the heat exchanger plate 100 will face the
second plate interspace 13 and hence be in contact with the fluid.
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[0044] The heat exchanger plate 100 comprises a lower porthole 107 intended to form an inlet
port and an upper porthole 108 intended to form an outlet port. In the disclosed embodiment,
the lower porthole 107 is located in the proximity of the lower portion 104 and the upper
porthole 108 is located in the proximity of the upper portion 103. When the heat exchanger
plate 100 is arranged to form part of a plate package 200, the fluid will hence during operation,
flow upwardly through the second plate interspaces 13 in the plate package 200. It is to be
understood that it is possible to provide the portholes 107, 108 in other positions on the heat
exchanger plate 100.

[0045] The lower porthole 107 is arranged in a lower section of the heat exchanger plate 100
and located at a distance from the lower portion 104 of the circumferential edge portion 101.
Thereby a lower intermediate portion 117 is defined which is located between the
circumferential edge portion 101 and a circumferential edge 118 of the lower porthole 107. The
lower intermediate portion 117 includes the shortest distance d1 between a centre of the lower
porthole 107 and the lower portion 104 of the circumferential edge portion 101. Also, the lower
intermediate portion 117 has a height Y1 along the shortest distance and a width X1 transverse
to the shortest distance d1.

[0046] A lower flange 119 is arranged to have an extension along the lower portion 104 of the
circumferential edge portion 101. The lower flange 119 is arranged to extend along at least a
section of the lower intermediate portion 117. The lower flange 119 extends towards the
surface of the heat exchanger plate 100 that is intended to be in contact with the fluid, i.e. the
surface that is intended to face the second plate interspace 13. The lower flange 119 extends
from the circumferential edge portion 101 in direction from the geometrical main extension
plane g. The lower flange 109 extends from the circumferential edge portion 101 at an angle a
to the normal of the geometrical main extension plane q.

[0047] The lower flange 119 has a length L1 as seen in a direction transverse the shortest
distance d1, being smaller than the diameter D1 of the lower porthole 107 and more preferred
smaller than 80% of the diameter D1 of the lower porthole 107.

[0048] The upper porthole 108 is arranged in an upper section of the heat exchanger plate
100 and located at a distance from the upper portion 103 of the circumferential edge portion
101. Thereby an upper intermediate portion 120 is defined which is located between the
circumferential edge portion 101 and a circumferential edge 121 of the upper porthole 108.
The upper intermediate portion 120 includes the shortest distance d2 between a centre of the
upper porthole 108 and the upper portion 103 of the circumferential edge portion 101. Also,
the upper intermediate portion 120 has a height Y2 along the shortest distance d2 and a width
X2 transverse to the shortest distance d2.

[0049] An upper flange 122 is arranged to have an extension along the upper portion 103 of
the circumferential edge portion 101. The upper flange 122 is arranged to extend along at
least a section of the upper intermediate portion 120. The upper flange 122 extends towards
the surface of the heat exchanger plate 100 that is intended to be in contact with the fluid, i.e.
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the surface that is intended to face the second plate interspace 13. The upper flange 122
extends from the circumferential edge portion 101 in direction from the geometrical main
extension plane q. The upper flange 109 extends from the circumferential edge portion 101 at
an angle a to the normal of the geometrical main extension plane q.

[0050] The upper flange 122 has a length L2 as seen in a direction transverse the shortest
distance d2, being 200-80% of the diameter D2 of the upper porthole 108 and more preferred
180-120% of the diameter D2 of the upper porthole 108.

[0051] As is best seen in Figs. 3 and 6, the curvature of the upper portion 103 of the
circumferential edge portion 101 of the heat exchanger plate 100 differs from the curvature of
the lower portion 104 of the heat exchanger plate 100. When the heat exchanger plate 100 is
included in a plate package 200 and used in a heat exchanger device 300, the lower portion
104 is intended to face the collection space 18 that is formed in the shell 1 beneath the plate
package 200. To allow the collection space18 to have a certain volume, the lower portion 104
is in the disclosed embodiment more or less straight, whereas the upper portion 103 which is
intended to face the upper part space 2" of the shell 1 has a convex curvature. Accordingly, the
extension of the circumferential edge portion 101 adjacent a porthole 107, 108 affects the area
of the available intermediate portion 117, 120.

[0052] In the case where the lower portion 104 is essentially straight, the height Y1 of the
lower intermediate portion 117 between the lower portion 104 and the circumferential edge 101
of the lower porthole 107 will increase rather rapidly with the distance X1 from the sectional
plane p.

[0053] This can be compared to the upper porthole 108 adjacent the upper curved portion
103, where the height Y2 of the upper intermediate portion 120 between the curved upper
portion 103 and the circumferential edge 101 of the upper porthole 108 will increase more
slowly with the distance X2 from the sectional plane p. The decisive factor in this case is the
radius of the curved edge portion.

[0054] The impact from this difference can be seen by studying the temperature gradient when
subjecting a stack of heat exchanger plates 100 to heat in an oven for bonding purposes. The
upper intermediate portion 120 with the curved upper portion 103 will heat more rapidly than
the lower intermediate portion 117 with the straight edge portion 104. By introducing the lower
and the upper flanges 119, 122 and adjusting their lengths L1, L2 to the diameter D1, D2 of the
respective portholes 107, 108, the difference in heating may be compensated for. Thereby the
risk of buckling due to uneven thermal expansion and thereby insufficient bonding may be
dealt with.

[0055] Now turning to Figs. 3 and 5, the heat exchanger plate 100 may comprise, along at
least a section of the opposing side portions 105, a ridge 110 extending along and at a
distance from the two opposing side portions 105 of the circumferential edge portion 101.
When the heat exchanger plates 100 are stacked, the ridge 110 of a heat exchanger plate 100
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of the first type A is arranged to abut the ridge 110 of an adjacent heat exchanger plate 100 of
the second type B. Thereby, the respective second plate interspaces 13 are separated into an
inner heat transferring portion HTP and two outer draining portions DP. The respective draining
portion DP will have an extension along the respective side portion 105 of the heat exchanger
plate 100.

[0056] The ridges 110 may have an extension that extends past the transition between the
upper portion 103 and the respective side portions 105. The ridges 110 may also have an
extension that extends past the transition between the respective opposing side portions 105
and the lower portion 104.

[0057] The heat exchanger plate 100 further comprises a draining channel flange 109 along at
least a section of the two opposing side portions 103. The draining channel flanges 109 extend
towards the surface of the heat exchanger plate 100 that is intended to be in contact with the
fluid, i.e. the surface that is intended to face the second plate interspace 13. The draining
channel flange 109 extends from the circumferential edge portion 101 in direction from the
geometrical main extension plane q. The draining channel flange 109 extends from the
circumferential edge portion 101 at an angle B to the normal of the geometrical main extension
plane q.

[0058] Now turning to Figs. 4 and 5, two schematic cross sections of a plate package 200
which is composed of a plurality of heat exchanger plates 100 of the above type is disclosed.
The cross section in Fig. 4 is taken transverse the lower flange 119. For the record, a
corresponding cross section taken transverse the upper flange 122 may look the same. The
cross section in Fig. 5 is taken transverse the draining channel flange 109. In Fig. 5 also the
wall 3 of the shell 1 of a heat exchanger device 300 is shown.

[0059] As given above, the heat exchanger plate 100 according to the invention can easily be
converted into either a heat exchanger plate 100 of a first type A or into a heat exchanger plate
100 of a second type B by simply cutting off the lower and upper flanges 110, 122 and the
draining channel flanges 109 after pressing.

[0060] When stacking the heat exchanger plates 100 to a form a plate package 200, one on
top of the other, every second heat exchanger plate 100 is turned in the manner disclosed in
Fig 3, whereas every other heat exchanger plate 100 is rotated 180 degrees about a
substantially vertical rotary axes coinciding with the sectional plane p. Thereby the corrugated
pattern 106 of adjacent plates 11 will cross each other. Also, a plurality of contact points will be
formed where the ridges 110 of the adjacent heat exchanger plates 100 abut each other. A
layer of bonding material (not disclosed) may be arranged between the heat exchanger plates
100 during stacking. As the stack later is subjected to heat in an oven, the heat exchanger
plates 100 will bond to each other along the contact points and thereby form a complex pattern
of fluid channels. It is to be understood that the width of the joint depends of the cross section
of the corrugations.
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[0061] As is seen in the embodiments of Figs. 4 and 5, the flanges of every second heat
exchanger plate 100, i.e. the heat exchanger plate 100 of the second type B have been cut off.
Also, the flanges 119, 122, 109 of the respective heat exchanger plates 100 of the first type are
oriented in one and the same direction, and have an extension with a component along a
normal to the main extension plane q such that a flange 119, 122, 109 of a heat exchanger
plate 100 of the first type A abuts or overlaps a flange 119, 122, 109 of a second subsequent
heat exchanger plate 100 of the first type A. The thus formed overlap between two subsequent
flanges 119, 122, 109 has a length e as seen in a direction corresponding to the normal of the
geometrical main extension plane q corresponding to 5-90% of the height f of the flange 119,
122, 109.

[0062] It is to be understood that it may be sufficient if the flange 119, 122, 109 of a heat
exchanger plate 100 of the first type A abuts a flange 119, 122, 109 of a subsequent heat
exchanger plate 100.

[0063] The flanges 119, 122, 109 are disclosed as having an extension along the lower portion
104 of the circumferential edge portion 101 and extending from the circumferential edge
portion 101 at an angle a, B to the normal of the geometrical main extension plane q. The
angle a, B is preferably smaller than 20 degrees to the normal and more preferred smaller than
15 degrees to the normal. The angle a, B depends on if both of two subsequent heat
exchanger plates 100 of a plate pair to be joined are provided with flanges 119, 122, 109 or if
only one of the heat exchanger plates 100 have a flange. In case of only one of the plates
having a flange 119, 122, 109, the angle a, B can be made smaller, such as smaller than 10
degrees, such as smaller than 8 degrees and typically about 6-7 degrees. It is also to be
understood that the angle a, B can be even 0 degrees. The angles a, f may be the same or be
different from each other.

[0064] It is to be understood that the presence of the lower and upper flanges 119, 122 and
also the draining channel flanges 109 contributes to guidance of the heat exchanger plates
during stacking. Thereby fixtures can be made simpler.

[0065] Now turning to Fig. 6 one embodiment of the plate package 200 according to the
invention is schematically disclosed as being contained in a heat exchanger device 300. From
this view it can clearly be seen how the lower and upper flanges 119, 122 and also the two
opposing draining channel flanges 109 form sealed circumferential side walls of the plate
package 200. By the limited length of the lower and upper flanges 119, 122, the
communication between the upper part space 2" of the shell 1 and the first plate interspace 12
is not influenced to any substantial effect.

[0066] Medium in liquid form that is present in the upper part space 2" of the shell 1 may be
guided inside and along the plurality of draining channels 111 that extend along opposing side
portions of the inner wall surface 3 of the shell 1 but at a distance therefrom, and also at a
distance from the first plate interspaces 12 that are formed between opposing major surfaces
of the heat exchanger plates 100. The distance is provided, depending on the design of the
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walls and the joints respectively defining the cross section of the draining channel 111 by at
least the material thickness of the sheet material making up the heat exchanger plates 100.
The distance formed can be seen as an insulation which reduces heat transfer from the inner
wall surface 3 of the shell 1 and from the first plate interspaces 12 in the plate package 200
towards the draining channel 111 and which thereby reduces the risk of the liquid medium
evaporating inside the draining channel 111 and thereby disturbance or stopping of the
thermo-syphon loop. Thereby a more stable liquid flow is promoted.

[0067] Also, the draining channels 111 prevents compressor oil, which typically, due to its
stronger affinity to carbon steel than stainless steel, is prone to follow the curvature of the inner
wall surface 3 of the shell 1, from transferring into the first interspaces 12 of the plate package
200. By the presence of the draining channels 111, the compressor oil that is present inside the
interspace between the inner wall surface 3 of the shell 1 and the outer boundary of the plate
package 200 is prevented from transferring in a direction transverse the longitudinal extension
of the draining channel 111 and into the first plate interspaces 12. Instead, the inflow of
compressor oil into the first plate interspaces 12 is now restricted to longitudinal gaps 116
facing the upper part space 2" of the shell 1 and which forms openings towards to the first
interspaces 12.

[0068] It is contemplated that there are numerous modifications of the embodiments described
herein, which are still within the scope of the invention as defined by the appended claims.

[0069] By way of example, the heat exchanger plates 100 of the first and second types A; B
may be identical with the only exception that the lower and upper flanges 119, 122 and the
draining channel flanges 109 on every second heat exchanger plate 100 are cut-off to thereby
convert them into heat exchanger plates 100 of the first and the second type A, B. Thereby,
one and the same press tool may be used.

[0070] It is to be understood that also the heat exchanger plates 100 of the second type B may
be provided with flanges 119, 122, 109 of the type described above and that these flanges are
not cut-off. This allows for the flanges 119, 122, 109 of heat exchanger plates 100 of the first
type A to sealingly abut flanges of heat exchanger plates A of the second type B.
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PLADEPAKKE TIL VARMEVEKSLERANORDNINGER OG EN VARMEVEKSLERANORDNING
PATENTKRAV

1. Pladepakke til en varmeveksleranordning, hvilken pladepakke omfatter en flerhed af
varmevekslerplader (100) af en fgrste type (A) og en flerhed af varmevekslerplader (100) af en anden type
(B), der er skiftevist anbragt i pladepakken (200) den ene oven pa den anden, hvor mindst
varmevekslerpladerne (100) af den fgrste type (A) hver har:

et geometrisk hovedforlengelsesplan (q) og en periferisk kantdel (101), hvor den periferiske kantdel
(101) har en buet gvre del (103), en i alt vaesentligt lige nedre del (104) og to modstdende sidedele (105), der
forbinder de gvre og nedre dele (103, 104), og

en gvre abning (108), der er anbragt i en gvre sektion af varmevekslerpladen (100) og placeret i en
afstand fra den gvre del (103) af den periferiske kantdel (101), hvorved der defineres en gvre mellemdel (120),
der er placeret mellem den gvre del (103) af den periferiske kantdel (101) og en periferisk kant (121) af den
gvre abning (108), hvor den gvre mellemdel (120) indbefatter den korteste afstand (d2) mellem en midte af
den gvre abning (108) og den gvre del (103) af den periferiske kantdel (101),

kendetegnet ved, at varmevekslerpladen (100) af den farste type (A), langs mindst en sektion af den
gvre mellemdel (120), endvidere omfatter en gvre flange (122), der har en forlengelse langs den gvre del
(103) af den periferiske kantdel (101), og som strekker sig fra den periferiske kantdel (101) i en retning fra

det geometriske hovedforlengelsesplan (q),

hvor den gvre flange (122) har en lzengde (L2) set i en retning pa tveers af den korteste afstand (d2),
der er 200-80 % af diameteren (D2) af den gvre &bning (108) og mere foretrukket 180-120 % af diameteren
(D2) af den gvre abning (108),

hvor de gvre flanger (122) af varmevekslerpladerne (100) af den fgrste type (A) er orienteret i én og
samme retning og har en forleengelse med en komponent langs den vinkelrette pa hovedforlzengelsesplanet
(q), saledes at en gvre flange (122) af en varmevekslerplade (100) af den fgrste type (A) overlapper en gvre
flange (122) af en anden efterfglgende varmevekslerplade (100) af den fgrste type (A).

2. Pladepakke ifglge krav 1, hvor de gvre flanger (122) har en forlengelse med en komponent langs
den vinkelrette pa hovedforleengelsesplanet (q) af varmevekslerpladen (100), og hvor en vinkel (o) dannet af
de gvre flanger (122) pa den vinkelrette af det geometriske hovedforlengelsesplan (q) er mindre end 20 grader

pa den vinkelrette.

3. Pladepakke ifglge et hvilket som helst af kravene 1-2, hvor overlapningen mellem to efterfglgende

gvre flanger (122) danner en t®tnet samling.

4. Pladepakke ifglge et hvilket som helst af kravenel-3, hvor varmevekslerpladerne (100) af den fgrste
type (A) er identiske med varmevekslerpladerne (100) af den anden type (B), med undtagelse af, at de gvre

flanger er afskaret.

5. Pladepakke ifglge et hvilket som helst af kravene 1-3, der endvidere omfatter en nedre abning (107),
der er anbragt i en nedre sektion af varmevekslerpladen (100) og placeret i en afstand fra den nedre del (104)
af den periferiske kantdel (101), hvorved der defineres en nedre mellemdel (117), der er placeret mellem den

nedre del (104) af den periferiske kantdel (101) og en periferisk kant (118) af den nedre abning (107), hvor
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-2
den nedre mellemdel (117) indbefatter den korteste afstand (d1) mellem en midte af den nedre dbning (107)
og den nedre del (104) af den periferiske kantdel (101),

hvor varmevekslerpladen (100), langs mindst en sektion af den nedre mellemdel (117), endvidere
omfatter en nedre flange (119), der har en forl®ngelse langs den nedre del (104) af den periferiske kantdel
(101), og som strekker sig fra den periferiske kantdel (101) i retning fra det geometriske
hovedforlengelsesplan (q),

hvor den nedre flange (119) har en lngde (L1) set i en retning pa tveers af den korteste afstand (d1),
der er mindre end diameteren (D1) af den nedre &bning (107) og mere foretrukket mindre end 80 % af

diameteren (D1) af den nedre abning (107).

6. Pladepakke ifglge krav 5, hvor de nedre flanger (119) har en forlengelse med en komponent langs
den vinkelrette pa hovedforlengelsesplanet (q) af varmevekslerpladen (100), og hvor en vinkel (o) dannet af
de nedre flanger (119) pa den vinkelrette af det geometriske hovedforlengelsesplan (q) er mindre end 20

grader i forhold til den vinkelrette.

7. Pladepakke ifglge et hvilket som helst af kravene 5-6, hvor varmevekslerpladerne (100) af den fgrste
type (A) er identiske med varmevekslerpladerne (100) af den anden type (B), med undtagelse af, at de nedre

og/eller de gvre flanger er afskaret.

8. Pladepakke ifglge et hvilket som helst af kravene 5-7, hvor overlapningen mellem to efterfglgende

nedre flanger (119) danner en tztnet samling.

9. Pladepakke ifglge et hvilket som helst af kravene 5-8 hvor de nedre flanger (119) af
varmevekslerpladerne (100) af den fgrste type (A) er orienteret i én og samme retning og har en forlengelse
med en komponent langs den vinkelrette pa hovedforleengelsesplanet (q), saledes at en nedre flange (119) af
en varmevekslerplade (100) af den farste type (A) overlapper en nedre flange (119) af en anden efterfglgende
varmevekslerplade (100) af den fgrste type (A).

10. Pladepakke ifglge et hvilket som helst af kravene 1-9, hvor de skiftevist anbragte varmevekslerplader
(100) danner fgrste plademellemrum (12), der i alt vaesentligt er abne og indrettet til at muligggre en strgm af
et medium, der skal fordampes, derimellem, og anden plademellemrum (13), der er lukkede og indrettet til at

muligggre en strgm af et fluid til fordampning af mediet,

hvor varmevekslerpladerne (100) af den fgrste type (A) og af den anden type (B) endvidere omfatter,
langs mindst en sektion af de modstaende sidedele (105), tilsvarende anlegsdele, der strakker sig langs med
og i en afstand af den periferiske kantdel (101), hvorved tilsvarende fgrste plademellemrum (12) adskilles i

en indvendig varmeoverfgringsdel (HTP) og to udvendige aflgbsdele (DP),

hvor mindst varmevekslerpladerne (100) af den fgrste type (A) endvidere omfatter, langs mindst en
sektion af de modstiende sidedele (105), en aflgbskanalflange (109), der strekker sig fra den periferiske

kantdel (101) i en retning fra det geometriske hovedforlengelsesplan (q),

hvor de tilsvarende varmevekslerpladers (100) aflgbskanalflanger (109) er orienteret i én og samme
retning, og har en forlengelse med en komponent langs den vinkelrette pa hovedforlengelsesplanet (q),
saledes at en aflgbskanalflange (109) af en fgrste varmevekslerplade (100) af den fgrste type (A) overlapper
en aflgbskanalflange (109) af en efterfglgende varmevekslerplade (100), hvilken efterfglgende
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varmevekslerplade (100) enten er en varmevekslerplade (100) af den fgrste type (A) eller en
varmevekslerplade (100) af den anden type (B),

hvorved aflgbskanalflangerne (109) danner udvendige vagge til de udvendige aflgbsdele (DP),
hvorved de udvendige aflgbsdele (DP) omdannes til aflgbskanaler (111).

11. Varmeveksleranordning indbefattende en skal, der danner et i alt vasentligt lukket indvendigt rum
(2), og som indbefatter en indvendig vagflade (3), der vender ind mod det indvendige rum (2), hvilken
varmeveksleranordning (300) er indrettet til at indbefatte en pladepakke (200) ifglge et hvilket som helst af
kravene 1-10.
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