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(57) Sammendrag:
The invention relates to a heat exchanger comprising a plurality of heat exchanger plates, wherein each of the
heat exchanger plates comprises a plurality of dimples. The dimples comprise tops and bottoms. Furthermore,
the tops of at least one heat exchanger plate are connected to the bottoms of a neighboring heat exchanger
plate. In order to improve the efficiency 15 and stability of the heat exchanger at least part of the dimples are
con- nected to at least one adjacent dimple by a wall section.
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Heat exchanger with dimples connected by wall sections

The invention relates to a heat exchanger as mentioned in the preamble of

claim 1.

Plate heat exchangers are well known devices for the transport for heat be-
tween two different media, in particular fluids. Such plate heat exchangers
usually comprise a plurality of heat exchanger plates, wherein each heat ex-
changer plate comprises a pattern of indentations as well as inlets and out-
lets for the two media. Each pair of neighboring plates is joined in such a way
that channels for the transport of the separate media are created. The two
media will then be allowed to circulate between alternating pairs of plates to
allow a transfer of heat through the heat exchanger plates. The pattern of
indentations of one plate will be in contact with the indentation patterns of the
two neighboring plates. This way the plates are kept slightly spaced and the
shape of the fluid path can be adjusted to improve the efficiency of the heat

exchange.

In the state of the art, it is common to use a so called herringbone pattern of

indentations comprising ridges and valleys that force the flow of the media to
accelerate and decelerate repeatedly within the plane of the heat exchanger

plate. This usually leads to a large variation of the speed, or flow rates, of the
fluids which reduces the effectiveness of the heat transfer. Thus, a pattern of
indentations that allows for a more homogeneous speed of the fluids would

be beneficial.

In order to improve the efficiency of the heat exchange, it has been tried to
reduce the surface area used as contact surface of the neighboring heat ex-
changer plates or to reduce the thickness of the heat exchanger plates. Both
measures may be problematic because they reduce the durability of the heat
exchanger plates. In particular the high fluid pressures as well as for some
cases the external pre-tension will expose the contact surfaces of the heat
exchanger plates with large forces. Thus, if the contact areas of the heat ex-
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changer plates and/or the thickness of the heat exchanger plates are too
small, these forces can lead to permanent deformations of the heat exchang-

er plates.

In US 8 091 619 B2 a heat exchanger of the type mentioned above is dis-
closed. Therein the herringbone pattern of indentations is replaced by a plu-
rality of dimples, comprising tops and bottoms. The flat tops of one plate are
brazed together with the flat bottoms of a neighboring plate. Thus, the stabil-
ity of such a brazed heat exchanger can be improved allowing to reduce the
thickness of the heat exchanger plates. At the same time the surface area at
which the two neighboring plates meet is optimized. Thus the efficiency of
such a plate heat exchanger is improved.

Such a construction has the disadvantage that the fluid flow is harder to di-

rect and distribute across the whole plane of the heat exchanger plate. This
is one reason why such heat exchangers and those having e.g. herringbone
patterns, has relative slim and long designs, this reducing the width to which

the fluids is to flow.

For herring bone exchangers with wedge shaped flow channels, the higher
the angle of the wedge shape the lower pressure drop seen in the width di-
rection (orthogonal to the overall flow direction seen from inlet to outlet) and
higher drop in the overall flow direction, whereas by making a more narrow
wedge shape with a smaller angle the pressure drop in the width direction
increases whereas the pressure drop in the overall flow direction decreases.
This including the height and slope of the sides of the corrugations in her-
ringbone patterns are the parameters that may be changed to obtain a given
desired flow / pressure characteristic of the heat exchanger. Increasing the
width of the channels by increasing the top surface area of the patterns
would reduce the total heat exchange surface and this is not a desired op-
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tion. Changing one parameter to obtain a desired pressure / flow / speed

characteristic thus compromises another.

Further disadvantages especially for embodiments with gasket heat ex-
changers, where the plates are connected and fixed together such as by
bolts, and where gaskets at the circumferernce seals the flow channels, is
related to the height of the plates, being the height from top to bottom. It may
be an advantage for such heat exchangers, given a certain length and width,
to be able to use the same gaskets despite the height of the actual design, as
this would lower production costs. With the pattern design from US 8 091 619
B2 it may not be possible to design plates with larger height still maintaining
the desired pressure drops of the fluids within.

Consequently, the task of the invention is to provide a heat exchanger with a
more advantageous pattern of indentations that allows for a higher stability
and a reduced thickness of the heat exchanger plates. At the same time it
should be possible to direct the fluid flow more effectively than with the dim-
ple pattern according to the US 8 091 619 B2, thus making it possible to form
more squared heat exchangers, or to be able to define a given height to a
certain gasket, still being able to design to desired pressures / pressure

drops, flow and speed characteristic in all directions

The present invention solves the above problem introducing a heat exchang-
er comprising a plurality of heat exchanger plates, wherein each of the heat
exchanger plates comprises a plurality of dimples protruding in directions
perpendicular to the plane of the heat exchanger plates and wherein some
dimples comprise tops and other dimples comprises bottoms, and wherein
the tops of at least one heat exchanger plate are connected to the bottoms of
another neighboring heat exchanger plate, and in that at least parts of the
dimples are connected to at least one adjacent dimple by a wall section.
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The wall sections will at the one hand provide additional obstacles to the fluid
flow, allowing to more effectively direct the fluid flow across the plane of the
heat exchanger plates.. The invention may be used for brazed heat ex-
changers as well as for gasketed heat exchangers or any other type of heat
exchanger using heat exchanger plates. In the most simple embodiment the
dimples comprising tops will form pairs and the dimples comprising bottoms
will form pairs, each of which are connected by one wall section. Of course
there can also be more complicated patterns of multiple dimples connected

by one or several wall sections, as will be explained in the following.

It is preferred if at least some of the wall sections have the same height as
the dimples. Consequently the tops and/or the bottoms as well as the con-
necting wall section can form a single contact surface. Here and in the follow-
ing the term height is used for both the height of the dimples comprising tops
as well as for the depth of the dimples comprising bottoms, i.e. how far the
dimple or wall section protrudes in a direction perpendicular to the plane of
the heat exchanger plate. Such wall sections that have the same height as
the dimples will thus completely block the fluid flow between the dimples they

connect.

It is furthermore preferred if at least some of the wall sections have a lower
height as the dimples. Again height here refers to both the height of the dim-
ples comprising tops as well as to the depth of the dimples comprising bot-
toms. Such wall sections with a lower height will allow to reduce the fluid flow

in some directions while not completely blocking it.

It is also preferred if at least some of the dimples and/or the wall sections
comprise concave surface sections and/or convex surface sections. Such
concave and/or convex surface sections will allow to more effectively direct

the fluid flow along or around the wall sections. This may also prevent the
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occurrence of a laminar fluid flow if several subsequent wall sections should
be arranged between several dimples along the same direction. The shape of
the wall sections can also be adjusted to the shape of the dimples they con-
nect. For example if the dimples have a substantially circular circumference
comprising convex surface sections, then the wall sections could comprise
mostly concave surface sections. Consequently the fluid would be forced to
smoothly change the direction several times while flowing around the dimples

connected by the wall sections.

It is furthermore preferred if at least some of the wall sections connect three
or more dimples. This could for example be the case if several wall sections
connect dimples comprising tops or if several wall sections connect dimples
comprising bottoms. Thus one may form relatively large barriers to the fluid
flow for example by creating rows of dimples connected by wall sections. Al-
ternatively one may also connect small clusters of dimples using the wall sec-
tions, forming for example rectangular groups of four or more dimples con-
nected by four or more wall sections. Another example may be a plus-shaped
group of five or more dimples connected by four or more wall sections. Such
larger groups of dimples connected by wall sections may be beneficial to im-
prove the stability of the heat exchanger plates locally or to produce larger

obstacles for the fluid flow.

In another preferred embodiment the dimples and/or the wall sections are
elastically deformable(or in alternative wording elastically compressible), in
the context meaning that they may change shape slightly due to a bending of
the wall material, but that this it is reversible. Thus if the forces acting on the
dimples, in particular the tops and bottoms become too large the dimples
and/or the wall sections can deform elastically. Consequently plastic defor-
mations that may lead to permanent damage to the heat exchanger will be
avoided. Such strong forces for example occur in case of gasketed heat ex-

changers where relative pressures of the fluids changes.
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In another preferred embodiment at least some of the wall sections have a
minimum width that is smaller than a maximum width of the dimples. Thus
the wall sections will be relatively thin and not increase the contact surface of
the two neighboring heat exchanger plates by a lot. For example two neigh-
boring dimples that are connected to one another by a wall section could
have a substantially 8-shaped circumference, forming a dimple pair. This

would also significantly increase the total heat exchanging area.

It is furthermore preferred if at least part of the dimples comprising tops are
arranged in first rows and at least part of the dimples comprising bottoms are
arranged in second rows. This way one may arrange the dimples in patterns
that are particularly beneficial for the fluid flow between each two heat ex-
changer plates. In particular it is possible to make the fluid flow reach all
parts of the heat exchanger plates resulting in a higher efficiency of the heat
exchanger. For example along the first rows comprising tops the fluid flow will
be reduced or completely blocked depending on the height of the wall sec-
tions. On the other hand along the second rows comprising bottoms the fluid

flow may be enhanced.

It is furthermore preferable if all dimples in each first row as well as in each
second row are connected by wall sections. Consequently relatively large
obstacles for the fluid flow as well as relatively long fluid pathways can be
created within the plane of the heat exchanger plate. If the wall sections in
this case comprise convex and/or concave surface sections the fluid flow
along the wall sections will be improved, because the occurrence of a laminar

fluid flow along such extended fluid barriers can be avoided.

In another preferred embodiment in each first row and in each second row
wall sections with the same height as the dimples are arranged alternately
with wall sections with a lower height as the dimples. Thus the first and sec-
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ond rows will not form impenetrable barriers to the fluid flow, but rather shape
the main directions of the fluid flow while still allowing some of the fluid to

pass at wall sections with a lower height.

It is also preferred if at least part of the first and second rows are arranged
parallel to an edge of the heat exchanger plate. Thus, one may for example
ensure that the fluids will also flow towards the edges of the heat exchanger
plates resulting in a more homogenous fluid flow across the whole area of the

heat exchanger plates.

It is also preferred if at least part of the first and second rows are arranged at
an angle to an edge of the heat exchanger plate. In particular, some of the
first and second rows may be arranged at an angle of 20°to less than 45°to
an edge of the heat exchanger plate. This way it is ensured that the fluid flow
can be efficiently directed towards all parts of the heat exchanger plate with-
out too abrupt changes in the direction of the fluid flow. Furthermore since
the fluid usually has to enter through one inlet and exit through one outlet the
fluid flow has to be spread out from the inlet across the whole plane of the
heat exchanger plate and then needs to be redirected towards the outlet of

the heat exchanger plate.

It is furthermore preferable if at least part of the first and second rows change
direction within the plane of the heat exchanger plate. Consequently the first
and second rows may for example form wedges or zig-zag patterns within

the plane of the heat exchanger plate to optimize the fluid flow.

In another preferred embodiment at least part of the dimples comprising tops
are arranged alternately with dimples comprising bottoms along a direction
parallel to an edge of the heat exchanger plate. Consequently the fluids will
be forced to change their direction repeatedly to flow around the dimples for
example in a slalom-like path.
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In another preferred embodiment at least part of the dimples comprising tops
are arranged alternately with dimples comprising bottoms along a direction
inclined to an edge of the heat exchanger plate. This way one may create
relatively direct fluid pathways in a direction inclined to an edge of the heat
exchanger plate. Such a pattern may for example be beneficial close to the
inlet as well as close to the outlet of the heat exchanger plate. Consequently
the fluid flow can be either spread out from an inlet or be brought together to

flow into the outlet.

It is preferred that the tops and bottoms are essentially flat such that a flat
plane of a top meets a flat plane of a bottom when heat exchanger plates are
connected.

In another preferred embodiment the dimples are of similar shapes.

The invention will now be described in detail below with reference to the at-

tached drawings, of which:

Fig. 1 is a cut view of a heat exchanger according to the state of the
art,

Fig. 2a,

2b, 3 show a plastic deformation of a contact area of two heat ex-

changer plates according to the state of the art,

Fig. 4 shows a first embodiment for a pair of dimples connected by a
wall section,
Fig. 5 shows another embodiment of a pair of dimples connected by a

wall section,
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Fig. 6a shows a first embodiment of a pattern of dimples arranged on a

heat exchanger plate according to the invention,

Fig. 6b shows a second embodiment of a pattern dimples arranged on

a heat exchanger plate according to the invention,

Fig. 7a,

7b, 7¢c show three different kinds of patterns of first and second rows
of dimples on a heat exchanger plate according to the inven-
tion,

Fig. 8 shows a cross section through two neighboring heat exchanger

plates according to the invention,

Fig. 9a, 9b show two embodiments of a heat exchanger plate according to

the invention in cut views,

Fig. 10 shows an elastic deformation of two dimples in contact to each

other.

In Fig. 1 a cut view of a heat exchanger 1 comprising a plurality of heat ex-
changer plates 2 is shown. The heat exchanger plates 2 are stacked on top
of each other creating a plurality of fluid paths between them. The heat ex-
changer plates 2 are arranged between top and bottom plates 3. Conse-
quently, the heat exchanger plates 2 may be held under a pretension by an
external pressure. Forces 4 can for example be introduced by connecting the
top and bottom plates 3 by a way of introducing bolts through bores in the top
and bottom plate 3 as well as the heat exchanger plates 2.
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In Fig. 2a, 2b and 3, a problem of heat exchangers according to the state of
the art is disclosed. Fig. 2a therein shows a contact area 5 of two heat ex-
changer plates 2. According to the state of the art, the contact area 5 is in
this case formed by a valley of the top heat exchanger plate 2 meeting a
ridge of a bottom heat exchanger plate 2. In order to improve the heat ex-
change, the contact area 5 of the two neighboring heat exchanger plates 2 is
chosen to be very small.

According to Fig. 2b forces 4 as mentioned earlier will now press the two
neighboring heat exchanger plates 2 together, which may result in a plastic
deformation of the very small contact area 5. In Fig. 3 the contact area 5 is
shown again after the forces 4 have either vanished or have been severely
reduced, for example due to a change of the internal fluid pressure. In this
case, the two neighboring heat exchanger plates 2 are permanently de-
formed and do no longer stay in contact in the contact area 5. Thus a bypass
for the fluid flow is formed. This in turn will usually reduce the efficiency of the
heat exchanger, because more direct fluid paths from the inlet to the outlet
may open up which will result in the fluid flow no longer being optimally dis-
tributed between the two heat exchanger plates.

Fig. 4 now shows a cut view of a heat exchanger plate 2 according to the
invention, in particular a pair of dimples 6 comprising tops 7. The following
description of the embodiment of a pair of dimples 6 comprising tops 7 may
be realized correspondingly for dimples 6 comprising bottoms 9. According to
Fig. 4 a pair of adjacent dimples 6 comprising tops 7 is connected to each
other by a wall section 10. In this case the wall section 10 has the same
height as the dimples 6 that it connects. Consequently the pair of dimples 6

together with the wall section 10 may form a closed barrier to the fluid flow.

In the lower part of Fig. 4 a top view of the pair of dimples 6 is shown. In this

embodiment the wall section 10 has a minimum width 11 that is smaller than
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the maximum width 12 of the dimples 6 it connects, thus increasing the heat
transfer area. Consequently the wall section 10 will only slightly increase the
contact area of the heat exchanger plates 2. Furthermore the wall section 10
in this case comprises concave surface sections 13. At the same time the
dimples 6 comprise convex surface sections 14. Of course, the circumfer-
ence of such a pair of dimples comprising a wall section may be of any
shape, for example the wall section 10 may also comprise convex surface

sections 14 or the dimples 6 may comprise concave surface sections 13.

A pair of dimples 6 as disclosed in Fig. 4 thus forms a closed dimple pair 15
that may completely block the fluid flow between them.

In Fig. 5 a different embodiment of a pair of dimples 6 is disclosed. In this
case the wall section 10a between the two dimples 6 comprising tops 7 has a
lower height as the dimples 6 and in particular the tops 7. The pair of dimples
6 does in this case form an open dimple pair 16. In the upper section of Fig. 5
a top view of the open dimple pair 16 is shown. For a better distinction of
closed dimple pairs 15 and open dimple pairs 16 the wall section 10ais in
this top view not shown. This does not mean that the wall section 10a is not
present, but rather that an open fluid path is present between the two dimples
6.

Fig. 6a and 6b show on the left side a simplified top view of a heat exchanger
plate 2. On the right side of Fig. 6a and 6b enlarged views of small sections
of the heat exchanger plate 2 is disclosed.

According to Fig. 6a closed dimple pairs 15 comprising tops 7 are arranged
in first rows 17. At the same time closed dimple pairs 15a comprising bottoms
9 are arranged in second rows 18. In this case substantially direct fluid paths
19 will open up in diagonal directions along the dashed lines. Here the first
rows 17 comprising tops 7 form barriers to the fluid flow. In particular the
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closed dimple pairs 15 completely block the fluid flow, while the tops 7 of ad-
jacent closed dimple pairs 15 may either not be connected by a wall section
10, 10a or they may form an open dimple pair 16. Either way at least some
fluid flow between each pair of adjacent closed dimple pairs 15 is possible in

each of the shown first rows 17.

In contrast to that along the second rows 18 closed dimple pairs 15a com-
prising bottoms 9 are arranged. Along these second rows 18 the fluid can
flow more or less freely. Furthermore by choosing the relative arrangement of
the closed dimple pairs 15 comprising tops 7 relative to the closed dimple
pairs 15a comprising bottoms 9 one may in this case choose whether the
fluid will preferably flow to the left or to the right when coming from above.

According to this embodiment the dimples 6 comprising tops 7 are arranged
alternately with dimples 8 comprising bottoms 9 along a direction inclined to

an edge 20 of the heat exchanger plate 2.

In Fig. 6b an alternative embodiment of a heat exchanger plate 2 according
to the invention is disclosed. Therein the relative arrangement of the dimples
6 comprising tops 7 to the dimples 8 comprising bottoms 9 is changed as
compared to Fig. 6a. In this case the dimples 6 comprising tops 7 are ar-
ranged alternately with dimples 8 comprising bottoms 9 along a direction
parallel to an edge 20 of the heat exchanger plate 2. Also when going from
top to bottom in Fig. 6a each first row 17 is followed by a second row 18,
wherein the closed dimples 15, 15a are arranged synchronously in both
rows. For the following two rows 17, 18 the closed dimple pairs 15, 15a will
be displaced compared to the previous two rows 17, 18. Consequently the
fluid path 21 will in this case be slalom-like in shape. In other words the fluid
path 21 may change the direction in each first row 17. This way it is ensured
that the fluid has to change direction repeatedly ensuring that the fluid reach-
es all parts of the heat exchanger plate 2 evenly. At the same time the dis-
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tance the fluids have to cover will be increased without forcing too abrupt di-

rection changes onto the fluids.

In both Fig. 6a and 6b going along a first row 17 one will find closed dimple
pairs 15 with dimples 7 connected by wall sections 10, having the same
height as the dimple 7 that they connect. After each such closed dimple pair
15 either a wall section 10a with a lower height as the dimples 7 will be ar-
ranged or there may be even no wall section 10, 10a at all. Next one will
again find a closed dimple pair 15 comprising a wall section 10 with the same
height as the tops 7. Thus completely blocked sections will alternate with
openings for the fluid periodically. In the second rows 18 the closed dimple
pairs 15a are arranged correspondingly. Of course numerous different ways
of arranging the dimples 7, 9 in the plane of the heat exchanger plate 2 are
possible. In particular it is not necessary that the dimples 7, 9 are arranged in
such a highly symmetric fashion over the whole plane of the heat exchanger
plate 2.

In Fig. 7a, 7b and 7c three different ways of arranging the first rows 17 and
second rows 18 within the plane of the heat exchanger plate 2 are disclosed.
First rows 17 are shown as solid lines, while second rows 18 are shown as
dashed lines. One may use one or several of these different kinds of ar-
rangements for different areas of a heat exchanger plate 2. In Fig. 7a, 7b and
7c¢ it is not in detail shown where sections 10 with the same height as the
dimples 7, 9 are arranged and where wall sections 10a with a lower height as
the dimples 7, 9 appear. Here it is mostly shown how one may arrange the
first rows 17 and second rows 18 within the plane of the heat exchanger plate
2.

In Fig. 7a the first rows 17 and second rows 18 are arranged parallel to an
edge 22 of the heat exchanger plate 2. Consequently the arrangement is
similar to the ones shown in Fig. 6a and 6b. In Fig. 7b the first rows 17 and
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second rows 18 are arranged inclined to an edge 22 of the heat exchanger
plate 2. One may also use different angles of inclination for the first rows 17
and second rows 18 within the same heat exchanger plate 2. Such an exam-
ple is shown in Fig. 7c where the first rows 17 and second rows 18 change
direction within the plane of the heat exchanger plate 2. Therein the first rows
17 and second rows 18 form wedges 23 in the heat exchanger plate 2. The
first rows 17 and second rows 18 may also change direction several times

within the plane of the heat exchanger plate 2.

Of course one may use a combination of different patterns for the first rows
17 and the second rows 18 to achieve an optimal distribution of the fluid flow
over the whole plane of the heat exchanger plate 2 to improve the efficiency
of the heat exchanger 1.

In Fig. 8 a cross section of two neighboring heat exchanger plates 2a and 2b
is shown. Therein the heat exchanger plate 2a is arranged below the heat
exchanger plate 2b. Fig. 8 here shows how a first row 17 comprising tops 7
of the lower heat exchanger plate 2a is in contact with a second row 18 com-
prising bottoms 9 of the upper heat exchanger plate 2b. Dimples 6 compris-
ing tops 7 are in contact with dimples 8 comprising bottoms 9. In this case
closed dimple pairs 15 comprising tops 7 are alternating with open dimple
pairs 16 also comprising tops 7 in the lower heat exchanger plate 2a. At the
same time in the upper heat exchanger plate 2b closed dimple pairs 15a
comprising bottoms 9 alternate with open dimple pairs 16a also comprising
bottoms 9. Thus wall sections 10 with the same height as the tops 7 or the
bottoms 9 are in contact with each other completely blocking the fluid path
where the closed dimple pairs 15 and 15a meet. At the same time at the sec-
tions where the open dimple pairs 16 and 16a with reduced wall sections 10a
meet an opening 23 for the fluid flow remains. Instead of reduced wall sec-
tions 10a one may also use no wall sections at all to increase the fluid flow

through the openings 23. Consequently it becomes clear how the first rows
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17 of a lower heat exchanger plate 2a in contact with a second row 18 of an
upper heat exchanger plate 2b can be used to shape the fluid pathways
across the heat exchanger plate 2 as desired to improve the efficiency of the

heat exchanger 1.

Fig. 9a shows a horizontal cut view through a heat exchanger plate 2 accord-
ing to the embodiment shown in Fig. 6a. The solid line here shows a first row
17 comprising tops 7 while the dashed lines show a second row 18 compris-
ing bottoms 9 arranged adjacent to the first row 17. In the first row 17 open
dimple pairs 16 comprising tops 7 alternate with closed dimple pairs 15 com-
prising tops 7. In the second row 18 open dimple pairs 16a comprising bot-
toms 9 alternate with closed dimple pairs 16 comprising bottoms 9.

In Fig. 9b a horizontal cut view through a heat exchanger plate 2 according to
the embodiment shown in Fig. 6b is shown. Herein again the solid lines show
a first row 17 while the dashed lines show a second row 18 arranged adja-
cent to the first row 17. When comparing with Fig. 6b it becomes clear that
dimples 6 comprising tops 7 are arranged alternately with dimples 8 compris-
ing bottoms along a direction parallel to the edge 20 of the heat exchanger
plate 2. Similar to the embodiment shown in Fig. 9a wall sections 10a with a
lower height as the dimples are arranged alternately with wall sections 10
with the same height as the dimples both in the first row 17 as well as in the

second row 18.

Furthermore, Fig. 9a and 9b also show an alternative shape of the dimples 6,
8. Therein the dimples 6, 8 comprise flanks 24 that are substantially ellipse-
shaped between adjacent tops and between adjacent bottoms. This way one
may for example ensure that the dimples 6, 8 are elastically deformable. The
flanks 24 may also be substantially straight as shown in Fig. 8. If the dimples
6, 8 are elastically deformable the heat exchanger plates 2 will be more re-
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sistant to the large forces acting upon them caused by the internal fluid pres-

sures as well as for gasketed heat exchangers the pre-tension forces.

In Fig. 10 an elastic deformation of a pair of dimples 6, 8 in contact with each
other at a top 7 and a bottom 9 is shown, this being due to the pressure P1 of
the fluid at the one side of the flank 24 being larger than the pressure P2 of
the fluid at the other side of the flank 24.

The flanks 24 will deform elastically from non-deformed flanks 24a into de-
formed flanks 24b. In Fig. 10 deformed shapes are shown by dashed lines,
while non-deformed shapes are shown as solid lines.

The elastic deformations of the dimples 6, 8 will result in spring forces acting
against the external forces 4. Once the external forces 4 are reduced, the
elastically deformed flanks 24b will revert to their non-deformed shapes 24a.
Consequently, permanent deformations of the contact areas of the heat ex-
changer plates 2 as shown in Fig. 2a, 2b and 3 will be prevented by making

the dimples 6, 8 elastically deformable.
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Krav

En varmeveksler indeholdende flere varmevekslerplader, hvor hver
af varmevekslerpladerne indeholder flere udbulninger (6, 8) som
straekker sig vinkelret til varmevekslerpladens plan og hvor nogle ud-
bulninger (6) omfatter toppe (7) og andre udbulninger (8) omfatter
bunde (9), og hvor toppene af mindst en varmevekslerplade er for-
bundet til bundene af en anden nabo varmevekslerplade, kendeteg-
net ved at i det mindste nogle af udbulningerne (8, 9) er forbundet til

mindst en tilstedende udbulning (6, 8) via en vaegsektion (10, 10a).

En varmeveksler ifglge krav 1, kendetegnet ved at i det mindste nog-
le af veegsektionerne (10) har samme hgjde som udbulningerne (6,
8).

En varmeveksler ifalge krav 1 eller 2, kendetegnet ved at i det mind-
ste nogle af veegsektionerne (10a) har en lavere hgjde end udbulnin-

gerne (6, 8).

En varmeveksler ifglge vilkarlige af kravene 1 til 3, kendetegnet ved
at mindst nogle af udbulningerne (6, 8) og/eller vaegsektionerne (10,
10a) har konkave overfladesektioner (13) og/eller konvekse overflade

sektioner (14).

En varmeveksler ifalge vilkarlige af kravene 1 til 4, kendetegnet ved
at mindst nogle af vaegsektionerne (10, 10a) forbinder tre eller flere
udbulninger (6, 8).

En varmeveksler ifalge vilkarlige af kravene 1 til 5, kendetegnet ved
at udbulningerne (6, 8) og/eller vaegsektionerne (10, 10a) er elastisk

deformerbare.
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En varmeveksler ifglge vilkarlige af kravene 1 til 6, kendetegnet ved
at mindst nogle af veegsektionerne (10, 10a) har en minimumsbredde
(11) der er mindre end en maksimumsbredde (12) af udbulningerne
(6, 8).

En varmeveksler ifalge vilkarlige af kravene 1 til 7, kendetegnet ved
at i det mindste nogle af udbulningerne (6) omfattende toppe (7) er
arrangeret | forste raekker (17) og i det mindste en del af udbulnin-

gerne (8) omfattende bunde (9) er arrangeret i anden raekker (18).

En varmeveksler ifglge krav 8, kendetegnet ved at alle udbulningerne
(6) i hver forste reekke (17) savel som alle udbulningerne (8) i hver

anden rekke (18) er forbundet af veegsektioner (10, 10a).

En varmeveksler ifalge krav 8 eller 9, kendetegnet ved at i hver for-
ste reekke (17) og i hver anden raekke (18) er der arrangeret skiftevis
vaegsektioner med samme hgjde som udbulningerne (6, 8) og vaegs-

ektioner (10a) med en lavere hgjde end udbulningerne (6, 8).

En varmeveksler ifglge vilkarlige af kravene 8 til 10, kendetegnet ved
at i det mindste nogle af forste og anden reekkerne (17, 18) er arran-

geret parallelt til en kant (20, 22) af varmevekslerpladen (2).

En varmeveksler ifglge vilkarlige af kravene 1 til 4, kendetegnet ved
at i det mindste nogle af forste og anden reekkerne (17, 18) er arran-

geret med en vinkel til en kant (20, 22) af varmevekslerpladen (2).
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En varmeveksler ifalge vilkarlige af kravene 8 til 12, kendetegnet ved
at i den mindste nogle af forste og anden raekkerne (17, 18) skifter

retning indenfor planet af varmevekslerpladen (2).

En varmeveksler ifalge vilkarlige af kravene 8 til 12, kendetegnet ved
at i det mindste nogle af udbulningerne (6) omfattende toppe (7) er
arrangeret skiftevist til udbulninger (8) omfattende bunde (9) langs en

retning parallel til en kant (20, 22) af varmevekslerpladen (2).

En varmeveksler ifglge vilkérlige af kravene 1 til 14, kendetegnet ved
at i det mindste nogle af udbulningerne (6) omfattende toppe (7) er
arrangeret skiftevist med udbulninger (8) omfattende bunde (9) langs

en retning skré til en kant (20, 22) af varmevekslerpladen (2).

En varmeveksler ifalge vilkarlige af de foregaende krav, kendetegnet
ved at toppene (7) og bundende (9) i det vaesentligste er flade sale-
des at et fladt plan af en top (7) mader et fladt plan af en bund (9) nar

varmevekslerpladerne (2) er forbundet.

En pakningsvarmeveksler ifglge krav 16, kendetegnet ved at udbul-

ningerne (6, 8) har same form.
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