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(57) A heat transfer plate (8, 8a, 8b, 8c), a cassette
(57) and a heat exchanger (2) are provided. The heat
transfer plate (8, 8a, 8b, 8c) comprises an upper end part
(26) with firstand second port holes (40, 42), a center part
(28) with a heat transfer area (46) and a lower end part
(30) with third and fourth port holes (48, 50). Further, the
heat transfer plate (8, 8a, 8b, 8c) further comprises a
sealing groove (64) comprising a field sealing groove
portion (64a) enclosing the heat transfer area (46) and
two of the first, second, third and fourth port holes (40, 42,
48, 50). The heat transfer plate (8, 8a, 8b, 8c) further
comprises a gasket groove (68) comprising a field gasket
groove portion (68a) enclosing the heat transfer area (46)
and two of the first, second, third and fourth port holes (40,
42, 48, 50) which are not enclosed by the field sealing
groove portion (64a). The heat transfer plate (8, 8a, 8b,
8c) is characterized in that the first port hole (40) and the
third port hole (48) are non-circular and the second port
hole (42), and the fourth port hole (50) are circular.
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Description
Technical Field

[0001] The invention relates to a heat transfer plate, a
cassette comprising two such heat transfer plates and a
heat exchanger comprising a plurality of such cassettes.

Background Art

[0002] Plate heat exchangers, PHEs, typically com-
prises two end plates in between which a number of heat
transfer plates are arranged in a stack or pack. The heat
transfer plates of a PHE may be of the same or different
types and they may be stacked in different ways. In some
PHEs, the heat transfer plates are stacked with the front
side and the back side of one heat transfer plate facing
the back side and the front side, respectively, of other
heat transfer plates, and every other heat transfer plate
turned upside down in relation to the rest of the heat
transfer plates. Typically, this is referred to as the heat
transfer plates being "rotated" in relation to each other. In
other PHEs, the heat transfer plates are stacked with the
front side and the back side of one heat transfer plate
facing the front side and back side, respectively, of other
heat transfer plates, and every other heat transfer plate
turned upside down in relation to the rest of the heat
transfer plates. Typically, this is referred to as the heat
transfer plates being "flipped" in relation to each other.
[0003] In one type of well-known PHEs, the so called
semi-welded PHEs, the heat transfer plates are typically
"flipped" in relation to each other and welded in pairs to
form tight cassettes, and gaskets are arranged between
the cassettes. The end plates, and therefore the cas-
settes, are pressed towards each other by some kind of
tightening means whereby the gaskets seal between the
cassettes. Parallel flow channels are formed between the
heat transfer plates, one channel between each pair of
adjacent heat transfer plates. Two fluids of initially differ-
ent temperatures, which are fed, by means of equipment
like pumps, to/from the PHE through inlets/outlets, can
flow alternately through every second channel for trans-
ferring heat from one fluid to the other, which fluids
enter/exit the channels through inlet/outlet port holes in
the heat transfer plates, which inlet/outlet port holes form
inlet/outlet ports which communicate with the inlets/out-
lets of the PHE.

[0004] Thus, in a semi-welded PHE, there are chan-
nels defined by welds and channels defined by gaskets,
which welds and gaskets typically extend along outer
edges and the inlet/outlet port holes of the heat transfer
plates. Typically, the channels defined by welds can, and
should preferably, withstand a much higher pressure
than the channels defined by gaskets.

[0005] WO2009/082336 discloses a PHE comprising
heat transfer plates permanently connected in pairs by
means of welds to form cassettes, and gaskets sealing
between the cassettes, i.e. a semi-welded heat exchan-
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ger. Even if this heat exchanger works well, it may still
have room for improvement.

Summary

[0006] Anobjectofthe presentinventionis to provide a
heat transfer plate which enables an improved heat ex-
changer as compared to prior art heat exchangers. The
basic concept of the invention is to provide the heat
transfer plate with two port holes having a form that
deviates from a circular form, in other words, two non-
circular port holes. Thereby, the flexibility of the heat
transfer plate may be increased, and the heat transfer
plate may be optimized with respect to different circum-
stances. Another object of the invention is to provide a
cassette comprising two such heat transfer plates and a
heat exchanger comprising a plurality of such cassettes.
The heattransfer plate, which is also referred to herein as
just "plate", the cassette and the heat exchanger are
defined in the appended claims and discussed below.
[0007] A heat transfer plate according to the present
invention comprises an upper end part, a center part and
a lower end part arranged in succession along a long-
itudinal center axis of the heat transfer plate. The upper
end part comprises a first port hole and a second port
hole, and the lower end part comprises a third port hole
and a fourth port hole. The center part comprises a heat
transfer area provided with a heat transfer corrugation
pattern comprising ridges and valleys as seen from a first
side of the heat transfer plate. The ridges and valleys
extend in and between imaginary parallel first and sec-
ond planes. The first side of the heat transfer plate faces
the first plane and an opposite second side of the heat
transfer plate faces the second plane. The heat transfer
plate further comprises, as seen from the first side, a
sealing groove. The sealing groove comprises a field
sealing groove portion enclosing the heat transfer area
and two of the first, second, third and fourth port holes.
The heat transfer plate further comprises a gasket
groove, The gasket groove comprises a field gasket
groove portion enclosing the heat transfer area and
two of the first, second, third and fourth port holes which
are not enclosed by the field sealing groove portion. The
heat transfer plate is characterized in that the first port
hole and the third port hole are non-circular and the
second port hole and the fourth port hole are circular.
[0008] Thefirstand the third portholes may be uniform,
in other words have the same shape. The first and the
third port holes may have the same size. Similarly, the
second and the fourth port holes may be uniform, in other
words have the same shape. Further, the second and the
fourth port holes may have the same size.

[0009] The field sealing groove and the field gasket
groove may at least partly coincide.

[0010] Concerning the mechanical strength of a heat
transfer plate, circular port holes are typically advanta-
geous compared to non-circular port holes. However,
concerning other characteristics of a heat transfer plate,
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such as thermal performance, for instance pressure drop
and flow distribution across the heat transfer plate, non-
circular port holes may be advantageous compared to
circular port holes. By designing the port holes of the heat
transfer plate differently, more particularly with two cir-
cular port holes and two non-circular port holes, the heat
transfer plate, and thus a cassette or a heat exchanger
comprising one or more of these heat transfer plates, can
be optimized to a certain application as regards mechan-
ical strength as well as other characteristics.

[0011] Typically, the circular second and fourth port
holes are dedicated to one and the same fluid while
the non-circular first and third port holes are dedicated
to one and the same, and another fluid. The circular port
holes, just like the non-circular port holes, may be ar-
ranged on opposite sides of the longitudinal center axis of
the heat transfer plate. Such a port hole placement may
enable a heat transfer plate of so-called diagonal flow
type, and a heat exchanger comprising heat transfer
plates according to the invention which are "rotated" in
relation to each other. However, such a heat exchanger
may require heat transfer plates of two different designs.
Alternatively, the first port hole and the third port hole are
arranged on one side of the longitudinal center axis of the
heat transfer plate, while the second port hole and the
fourth port hole are arranged on another side of the
longitudinal center axis of the heat transfer plate. Such
a port hole placement may enable a heat transfer plate of
so-called parallel flow type, and a heat exchanger com-
prising heat transfer plates according to the invention
which are "flipped" in relation to each other.

[0012] The heat transfer plate may be arranged to be
permanently joined to another heat transfer plate along
the sealing groove, for instance by a weld extending
within the sealing groove, to form a cassette. The heat
transfer plate may be so configured that the field sealing
groove portion of the sealing groove encloses the circular
second and fourth port holes. Such a configuration
means that the port holes dedicated for the fluid arranged
to flow inside the cassette are circular. This is beneficial
since, as said before, circular port holes are optimum
from a mechanical strength point of view and the chan-
nels inside the cassettes preferably should withstand a
relatively high pressure.

[0013] In a configuration according to the paragraph
above, the field gasket groove portion of the gasket
groove, which gasket groove is arranged to accommo-
date a gasket for sealing abutment against another heat
transfer plate, may enclose the first port hole and the third
port hole. Such a design means that the port holes
dedicated for the fluid arranged to flow outside the cas-
sette are non-circular. This may be beneficial since, as
said before, non-circular port holes may be optimum as
regards other characteristics than mechanical strength,
for example thermal performance, and the channels out-
side the cassettes preferably should withstand a rela-
tively low pressure.

[0014] The design of the heat transfer plate may be
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such that a bottom of the field sealing groove portion,
along atleast more than half of a length of the field sealing
groove portion, extends in the second plane. Such a
design may facilitate permanent joining of the heat trans-
fer plate to another heat transfer plate.

[0015] The heat transfer plate may be such that the
sealing groove further comprises, as seen from the first
side of the heat transfer plate, a first ring sealing groove
portion enclosing the first port hole and a third ring sealing
groove portion enclosing the third port hole. A bottom of
the first ring sealing groove portion may, along at least
more than half of a length of the first ring sealing groove
portion, extend in the second plane. Further, a bottom of
the third ring sealing groove portion may, along at least
more than half of a length of the third ring sealing groove
portion, extend in the second plane. Such a design may
facilitate permanent joining of the heat transfer plate to
another heat transfer plate.

[0016] The heat transfer plate may be so configured
that the gasket groove further comprises a second ring
gasket groove portion enclosing the second port hole and
a fourth ring gasket groove portion enclosing the fourth
port hole. A bottom of the second ring gasket groove
portion may, along atleast more than half of alength of the
second ring gasket groove portion, extend between the
first plane and the second plane. A bottom of the fourth
ring gasket groove portion may, along at least more than
half of a length of the fourth ring gasket groove portion,
extend between the first plane and the second plane.
Such a design may enable a fluid flow between the
second port hole and the fourth port hole on the second
side of the heat transfer plate.

[0017] The heattransfer plate may be so designed that
each of the first and the third port hole has only one
symmetry axis. This may facilitate a relatively mechani-
cally straightforward construction of a plate heat exchan-
ger comprising the heat transfer plate.

[0018] As said above, equipment like pumps is re-
quired for feeding two fluids through a plate heat exchan-
ger. The smaller the inlet and outlet ports of the heat
exchanger are, the larger the pressure drop of the fluids
inside the PHE gets and the more powerful, and thus
expensive, equipment is required for proper operation of
the PHE. Naturally, the diameter of the inlet and outlet
ports could be made larger in order to decrease the
pressure drop of the fluids and enable use of less power-
ful equipment. However, enlarging the diameter of the
inlet and outlet ports means increasing the diameter of
the of the port holes in the heat transfer plates of the heat
exchanger. In turn, this could result in that valuable heat
transfer surface of the heat transfer plate must be sacri-
ficed which is typically associated with a lowered heat
transfer efficiency of the plate heat exchanger.

[0019] The heat transfer plate may be such that the first
port hole is arranged within a first portion of the heat
transfer plate defined by a first short side, a firstlong side,
the longitudinal center axis and a transverse center axis,
of the heat transfer plate, wherein a reference point of the



5 EP 4 542 158 A1 6

first port hole coincides with a center point of a biggest
imaginary circle that can be fitted into the first port hole.
The first port hole may have different forms. However,
according to one embodiment of the invention, a form of
the first port hole is defined by a number of corner points
of an imaginary plane geometric figure of which at least
one is displaced from an arc of the circle, and the same
number of curved lines having no straight parts and
connecting the corner points. A first corner point of the
corner points is arranged closest to a transition between
the first short side and the first long side and on a first
distance from the reference point. A second one of the
corner points is arranged closest to the first corner pointin
a clockwise direction and on a second distance from the
reference point. A third one of the corner points is ar-
ranged closest to the first corner point in a counterclock-
wise direction and on a third distance from the reference
point.

[0020] The plane geometric figure can be of many
different types, for example a triangle, a quadrangle, a
pentagon and so on. Thus, the number of corner points or
extreme points, and thus curved lines, may differ from
being two and up.

[0021] By thoroughly curved lines is meant lines that
have no straight parts. Thus, the first port hole will have a
contour without any straight portions. This is beneficial
since it will result in relatively low bending stresses
around the port hole. A fluid flowing through the port hole
strives to bend the first port hole into a circular form. Thus,
if the port hole had straight portions, that would result in
relatively high bending stresses in the heat exchanger

plate.

[0022] Each of the curved lines connects two of the
corner points.

[0023] Since at least one of the corner points is dis-

placed from the arc of the imaginary circle, the first port
hole will be non-circular.

[0024] The feature that the second and third corner
points are closest to the first corner point in a clockwise
and a counterclockwise direction, respectively, ex-
presses the relative positioning of the first, second and
third corner points following the contour of the first port
hole.

[0025] Talking about the first, the second and the third
distance between the reference point and the first, the
second and the third corner points, respectively, it is the
shortest distance that is in view.

[0026] The first port hole form described above may
enable a first port hole that is adapted to the design of the
rest of the heat transfer plate and that is larger than the
circular second and fourth port holes by sacrifice of sur-
face of the heat transfer plate that does not contribute
considerably to the heat transfer performance or thermal
performance of the heat transfer plate.

[0027] The heattransfer plate may be such that the first
port hole has one symmetry axis only which extends
through the first corner point and the reference point.
This may facilitate a relatively mechanically straightfor-
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ward construction of a plate heat exchanger comprising
the heat transfer plate.

[0028] According to one embodiment of the inventive
heat exchanger plate, the number of corner points and
curved lines is equal to three. In connection therewith, the
corresponding plane geometric figure could be a triangle.
This embodiment is suitable for many conventional heat
transfer plates with an essentially rectangular shape and
the port holes arranged at the corners of heat exchanger
plate.

[0029] The curved lines may be concave or outwards
bulging as seen from the reference point of the first port
hole. Such a design enables a relatively large port hole
area which is associated with a relatively low pressure
drop.

[0030] In accordance with the invention, the first dis-
tance between the first corner point and the reference
point may be smaller than the second distance between
the second corner point and the reference point and/or
the third distance between the third corner point and the
reference point. Thereby, the shape of the port hole can
be adapted to the design of the rest of the heat transfer
plate. More particularly, depending on the heat transfer
plate design, there may be more room for displacing the
second and third corner points to increase the port hole
area than for displacing the first corner point.

[0031] Acassette accordingtothe invention comprises
two heat transfer plates as described above. The second
side of one of the two heat transfer plates faces the
second side of another one of the two heat transfer plates
and said another one of the two heat transfer plates is
rotated 180 degrees around a normal of said another one
of the two heat transfer plates. In other words, one of the
heat transfer plates is rotated 180 degrees around its
transverse center axis. The two heat transfer plates are
welded to each other along the sealing grooves.

[0032] A heat exchanger according to the invention
comprises a plurality of aligned cassettes according to
the above. The heat exchanger further comprises gas-
kets arranged in the gasket grooves between each two
adjacent ones of the cassettes.

[0033] The above discussed advantages with the dif-
ferent embodiments of the heat transfer plate are natu-
rally transferable to the cassette and the heat exchanger
according to the invention.

[0034] As ageneral remark, herein, when itis said that
some portion, part, section, etc., of the heat transfer plate
extends in a certain plane, it is the main extension of the
portion, part, section, etc. that is referred to. Naturally, a
portion, part, section, etc., may locally have an extension
deviating from the main extension, for example at a
transition to another adjacent portion, part, section, etc.
[0035] It should be stressed that the above discussed
advantages of the different embodiments of the heat
transfer plate according to the invention appears first
when the heat transfer plate is arranged in a PHE to-
getherwith other heat transfer plates (which possibly also
are designed according to the present invention), gas-
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kets and other components needed in a properly func-
tioning PHE.

[0036] Still other objectives, features, aspects and ad-
vantages of the invention will appear from the following
detailed description as well as from the drawings.

Brief Description of the Drawings

[0037] The invention will now be described in more
detail with reference to the appended schematic draw-
ings, in which

Fig. 1 is a schematic front view of a heat exchanger
according to the invention,

Fig. 2 is schematic side view of the heat exchangerin
Fig. 1,

Fig. 3 is a plan view of a heat transfer plate according
to the invention,

Fig. 4 is a schematic side view of a portion of a plate
pack comprised in the heat exchanger in Fig. 1,
Fig. 5 is a plan view of a cassette according to the
invention, and

Fig. 6 is a highly schematic illustration of a portion of
the heat transfer plate in Fig. 3.

Detailed description

[0038] Figs. 1 and 2 show a semi-welded plate heat
exchanger 2 as described by way of introduction. It
comprises a frame plate 4, a pressure plate 6, a pack
of heat transfer plates 8, fluid inlets and outlets 10,
tightening means 12, an upper bar 14 and a lower bar 16.
[0039] At least a majority of the heat transfer plates 8,
hereinafter also referred to as just "plates", are all similar.
One of them, denoted 8a, is illustrated in further detail in
Fig. 3. The plate 8a is an essentially rectangular sheet of
stainless steel. It comprises first and second opposing
long sides 18, 20 and first and second opposing short
sides 22, 24. Further, the plate 8a has a longitudinal
center axis L extending parallel to, and halfway between,
the long sides 18, 20, and a transverse center axis T
extending parallel to, and halfway between, the short
sides 22, 24 and thus perpendicular to the longitudinal
center axis L.

[0040] The plate 8a has a first side 30 (illustrated in
Figs. 3and 4)and an opposing second side 32 (illustrated
in Fig. 4). Further, the plate 8a comprises an upper end
part 34, a center part 36 and a lower end part 38 arranged
in succession along the longitudinal center axis L of the
heat transfer plate 8a. The upper end part 34 comprises a
first port hole 40, a second port hole 42, a first adiabatic
area 39, a second adiabatic area 41 and an upper dis-
tribution area 44. The center part 36 comprises a heat
transfer area 46. The lower end part 38 comprises a third
port hole 48, a fourth port hole 50, a third adiabatic area
49, a fourth adiabatic area 51 and a lower distribution
area 52. The first and third port holes 40 and 48 are
arranged on one side of the longitudinal center axis L
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while the second and the fourth port holes 42 and 50 are
arranged on the other side of the longitudinal center axis
L.

[0041] The heat transfer plate 8a is pressed, in a con-
ventional manner, in a pressing tool, to be given a desired
structure, such as different corrugation patterns within
different portions of the heat transfer plate. The corruga-
tion patterns are optimized for the specific functions of the
respective plate portions. Accordingly, the upper and
lower distribution areas 44 and 52 each comprises a
distribution corrugation pattern adapted for optimized
fluid distribution across the heat transfer plate 8a.
Further, the heat transfer area 46 comprises a heat
transfer corrugation pattern adapted for optimized heat
transfer between two fluids flowing on opposite sides of
the heat transfer plate 8a. Furthermore, the first, second,
third and fourth adiabatic areas 39, 41, 49 and 51 each
comprises a corrugation pattern optimized from an adia-
batic point of view. Moreover, the plate 8a comprises an
outer edge part 54 extending along an outer edge 56 of
the plate. The outer edge part 54 comprises corrugations
58 extending in and between imaginary parallel first and
second planes P1 and P2 (Fig. 4), which first plane P1
and second plane P2 face the first side 30 and the second
side 32, respectively, of the plate 8a. These corrugations
58 are arranged to abut corrugations of adjacent plates
8b and 8cin the plate pack of the plate heat exchanger 2.
Similarly, with reference to Figs. 3 and 4, the heat transfer
corrugation pattern comprises corrugations, more parti-
cularly alternately arranged ridges 60 and valleys 62 as
seen from the first side 30 of the plate 8a, extendinginand
between the first and second planes P1 and P2. These
ridges 60 and valleys 62 are arranged to abut ridges and
valleys of the adjacent plates 8b and 8c in the plate pack
of the plate heat exchanger 2. Also the distribution cor-
rugation pattern comprises corrugations arranged to
abut corrugations of the adjacent plates in the plate pack
of the plate heat exchanger 2. However, this is not further
discussed herein.

[0042] Pressed into the plate 8a, as seen from the first
side 30 of the plate, is also a sealing groove 64 compris-
ing a field sealing groove portion 64a, a first ring sealing
groove portion 64b and a third ring sealing groove portion
64c. The sealing groove 64 is illustrated with lines in Fig.
3. The field sealing groove portion 64a encloses the heat
transfer area 46 and the second and fourth port holes 42
and 50. A bottom 66a of the field sealing groove portion
64a extends in the second plane P2 (Fig. 4) along the
complete length of the field sealing groove portion 64a.
Thefirstring sealing groove portion 64b encloses the first
port hole 40. A bottom 66b of the first ring sealing groove
portion 64b extends in the second plane P2 along the
complete length of the first ring sealing groove portion
64b. The third ring sealing groove portion 64c encloses
the third port hole 48. A bottom 66¢ of the third ring sealing
groove portion 64c extends in the second plane P2 along
the complete length of the third ring sealing groove por-
tion 64c.
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[0043] Withreference to Figs. 3 and 5, pressed into the
plate 8a, as seen from the first side 30 of the plate, is also
a gasket groove 68 for receiving a gasket 59 (comprising
a field gasket portion and two ring gasket portions). The
gasket groove 68 comprises a field gasket groove portion
68a, a second ring gasket groove portion 68b and a fourth
ring gasket groove portion 68c. The field gasket groove
portion 68a encloses the heat transfer area 46 and the
first and third port holes 40 and 48. The field gasket
groove portion 68a partly coincides with the field sealing
groove portion 64a. Therefore, a bottom 70a of the field
gasket groove portion 68a extends in the second plane
P2 (Fig. 4) where the field gasket groove portion 68a
coincides with the field sealing groove portion 64a. Infact,
the bottom 70a of the field gasket groove portion 68a
extends in the second plane P2 everywhere except for at
two diagonal sections 68a’ of the field gasket groove
portion 68a along which the bottom 70a extends be-
tween, here halfway between, the first plane P1 and
the second plane P2. The second ring gasket groove
portion 68b encloses the second port hole 42. A bottom
70b of the second ring gasket groove portion 68b extends
between, here halfway between, the first plane P1 and
the second plane P2 along the complete length of the
second ring gasket groove portion 68b. The fourth ring
gasket groove portion 68c encloses the fourth port hole
50. A bottom 70c of the fourth ring gasket groove portion
68c extends between, here halfway between, the first
plane P1 and the second plane P2 along the complete
length of the fourth ring gasket groove portion 68c.
[0044] In the plate pack of the plate heat exchanger 2,
the plates 8 are arranged with the first side 30 and the
second side 32 of one plate 8 facing the first side and the
second side, respectively, of the neighboring heat trans-
fer plates. Further, every second plate 8 is turned upside-
down or rotated 180 degrees, in relation to a reference
orientation, around a normal direction N which is normal
to the figure plane of Fig. 3. In other words, every second
plate 8 is rotated 180 degrees around its transverse
center axis. Fig. 4 illustrates the contact between the
corrugations 58 of the outer edge parts 54 (Fig.3) of the
plate 8a and two adjacent plates 8b and 8c of the plate
pack of the plate heat exchanger 2.

[0045] The plates 8 of the plate pack are welded to-
gether in pairs, second side 32 to second side 32, along
their respective sealing grooves 64, to form cassettes 57.
Fig. 5 shows one of the cassettes 57 comprising the plate
8aillustrated in Fig. 3 and the plate 8c visible in Fig. 4 (but
notin Fig. 5). In the plate pack of the plate heat exchanger
2, the welded cassettes 57 are separated by gaskets 59,
at least a majority of which gaskets 59 are similar, one of
these gaskets 59 beingiillustrated in Fig. 5. In line with the
above, the gaskets 59 are accommodated in the gasket
grooves 68 of the plates 8, as isillustrated in Fig. 5. Thus,
the heat exchanger 2 comprises channels of two different
types; welded channels inside the cassettes 57 and
gasketed channels between the cassettes 57.

[0046] Hereinafter, with reference to Figs. 3 and 6, the
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first and second port holes 40 and 42 of the heat transfer
plate 8a will be further described. The third and fourth port
holes 48 and 50 are mirror inversions of the first and
second port holes 40 and 42, respectively, and will not be
separately described.

[0047] The first port hole 40 is arranged within a first
portion 72 of the heat transfer plate 8a defined by the first
long side 18, the first short side 22, the longitudinal center
axis L and the transverse center axis T. The first port hole
40is illustrated, very schematically, in Fig. 6. It has a form
defined by first, second and third corner points 74, 76 and
78, respectively, of an imaginary plane geometric figure
80 in the form of a triangle (dashed lines). Further, these
corner points 74, 76 and 78 are connected by first,
second and third thoroughly curved lines 82, 84 and
86, respectively, which are concave as seen from within
the first port hole 40. A reference point 88 of the first port
hole 40 coincides with a center point C of a biggest
imaginary circle 90 (ghost lines) that can be arranged
in the first port hole 40. The first corner point 74 is
positioned closest to a transition 92 between the first
short side 22 and the first long side 18 of the heat transfer
plate 8a. Further, it is arranged on a first imaginary
straight line 94 extending from the reference point 88
and on afirstdistance d1 from the reference point 88. The
second corner point 76 is positioned closest to the first
corner point 74 in the clockwise direction. Further, it is
arranged on a second imaginary straight line 96 extend-
ing from the reference point 88 and on a second distance
d2fromthe reference point88. The third corner point 78 is
positioned closest to the first corner point 74 in the
counterclockwise direction. Further, it is arranged on a
third imaginary straight line 98 extending from the refer-
ence point 88 and on a third distance d3 from the refer-
ence point 88.

[0048] For the above first, second and third distances
d1,d2 and d3 the following relationships are valid: d2 =d3
and d2>d1. Further, afirstangle a1 between the firstand
second imaginary straight lines 94 and 96 is smaller than
a second angle a2 between the second and third ima-
ginary straight lines 96 and 98 and essentially equal to a
third angle a3 between the second and first imaginary
straight lines 96 and 94. In other words, for the first,
second and third angles a1, a2 and a3 the following
relationships are valid: a1 = a3 and a1 < o2. In this
specific example, a1 = a3 = 115 degrees. Moreover,
the first curved line 82 connecting the first and second
corner points 74 and 76 is essentially uniform to the third
curved line 86 connecting the third and first corner points
78 and 74. In all, this means that the first port hole 40 is
symmetric with a symmetry axis s extending through the
first corner point 74 and the reference point 88.

[0049] Asapparentfrom the figures and the description
above, the first port hole 40 has a non-circular form. More
particularly, it has a form defined by a number of corner
points, here three, of which at least one, here all, are
displaced from an arc 100 of the circle 90, and the same
number of curved lines (here thus three) connecting
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these corner points. If the first port hole 40 was circular, it
would preferably have a form corresponding to the circle
90. From a pressure drop point of view, with reference to
the previous discussions in this regard, an even larger
first port hole 40 would be preferable. However, the de-
sign of the rest of the heat transfer plate 8a, limits the
possible size of the first port hole 40. For example, a
larger circular first port hole 40 would mean that a contour
of the first port hole would be arranged closer to the first
short side 22 and/or the first long side 18 which could
result in strength problems of the heat transfer plate 8a.
Further, with reference to Fig. 5, a larger circular first port
hole 40 could also mean that the area between the first
port hole and the upper distribution area 44 could be so
narrow as to cause problems in pressing of the heat
transfer plate with the above referenced corrugation
patterns. Naturally, the upper distribution area 44 of the
heat transfer plate 8a could be displaced further down on
the heat transfer plate to make room for a larger first port
hole 40. However, this would typically be associated with
a smaller heat transfer area 46 and thus a worsened heat
transfer capability of the heat transfer plate.

[0050] As described above and illustrated in the fig-
ures, the area of the first port hole 40 can be increased
without having to amend the design of the rest of the heat
transfer plate. By letting the first port hole 40 occupy more
of the first adiabatic area 39 (Fig. 3) of the heat transfer
plate 8a than a circular first port hole with a form corre-
sponding to the circle 90 would do, a larger first port hole
associated with a smaller pressure drop can be realized.
Sinceitis the firstadiabatic area 39 only thatis affected by
this the enlargement, the distribution and heat transfer
capability of the heat transfer plate 8a remains essentially
unaffected. Further, since the contour of the first port hole
40 lacks straight portions, the bending stresses around
the first port hole will be relatively low.

[0051] It should be stressed that a description corre-
sponding to the one given above is valid also for the third
port hole 48 of the heat transfer plate 8a.

[0052] The second port hole 42 is arranged within a
second portion 102 of the heat transfer plate 8a defined
by the second long side 20, the first short side 22, the
longitudinal center axis L and the transverse center axis
T. The second port hole 42 is circular. Thus, also the
fourth port hole 50 is circular.

[0053] Since the heat transfer plates 8 of the heat
exchanger 2 comprises port holes of different forms,
the ports of the heat exchanger will have different forms.
More particularly, the ports for feeding a fluid into and out
of the gasketed channels will have "rounded triangular”
cross section which is advantageous as regards thermal
performance, for instance concerning pressure drop and
flow distribution inside the gasketed channels. Further,
the ports for feeding a fluid into and out of the welded
channels will have a circular cross section which is ad-
vantageous as regards mechanical strength. Thus, by
designing the cassette with a circular port on the welded
side and a non-circular port on the gasketed side, the
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cassette is pressure maximized for the welded side and
thermally optimized for the gasketed side.

[0054] The above-described embodiment of the pre-
sent invention should only be seen as an example. A
person skilled in the art realizes that the embodiment
discussed can be varied in a number of ways without
deviating from the inventive conception.

[0055] The heat transfer plate need not be rectangular
but may have other shapes, such as circular or oval. The
heat transfer plate need not comprise two non-circular
portholes of rounded triangular form as described above
but could instead comprise two non-circular portholes of
another form. The corrugation patterns within the heat
transfer area, distribution areas and adiabatic areas need
not be designed as in the drawings.

[0056] In the above-described embodiments, a major-
ity of the plates and the gaskets between the cassettes
are similar, but this is not mandatory. As an example, ina
plate pack, plates of two or more different types may be
combined.

[0057] The bottom of the field gasket groove portion
need not extend halfway between the first plane and the
second plane at the two diagonal sections of the field
gasket groove portion but may instead extend closer to
one of the firstand second planes. Similarly, the bottom of
the second ring gasket groove portion, just like the bottom
of the fourth ring gasket groove portion, need not extend
halfway between the first plane and the second plane
along their complete lengths but may instead, along part
of their lengths or their complete lengths extend in an-
other plane, for example closer to the first plane than the
second plane. It should be stressed that the attributes
front, back, upper, lower, first, second, third, etc. is used
herein just to distinguish between details and not to
express any kind of orientation or mutual order between
the details.

[0058] Further, it should be stressed that a description
of details not relevant to the present invention has been
omitted and that the figures are just schematic and not
drawn according to scale. It should also be said that some
of the figures have been more simplified than others.
Therefore, some components may be illustrated in one
figure but left out on another figure.

Claims

1. A heat transfer plate (8, 8a, 8b, 8c) comprising an
upper end part (26), a center part (28) and a lower
end part (30) arranged in succession along a long-
itudinal center axis (L) of the heat transfer plate (8,
8a, 8b, 8¢), the upper end part (34) comprising a first
port hole (40) and a second port hole (42) and the
lower end part (38) comprising a third port hole (48)
and a fourth port hole (50), the center part (36)
comprising a heat transfer area (46) provided with
a heat transfer corrugation pattern comprising ridges
(60) and valleys (62) as seen from a first side (30) of
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the heat transfer plate (8, 8a, 8b, 8c), which ridges
(60) and valleys (62) extend in and between imagin-
ary parallel first and second planes (P 1, P2), the first
side (30) of the heat transfer plate (8, 8a, 8b, 8c)
facing the first plane (P1) and an opposite second
side (32) of the heat transfer plate (8, 8a, 8b, 8c)
facing the second plane (P2), the heat transfer plate
(8, 8a, 8b, 8c) further comprising, as seen from the
first side (30), a sealing groove (64) comprising a
field sealing groove portion (64a) enclosing the heat
transfer area (46) and two of the first, second, third
and fourth port holes (40, 42, 48, 50), the heat
transfer plate (8, 8a, 8b, 8c) further comprising a
gasket groove (68) comprising a field gasket groove
portion (68a) enclosing the heat transfer area (46)
and two of the first, second, third and fourth port
holes (40, 42, 48, 50) which are not enclosed by
the field sealing groove portion (64a), characterized
in that the first port hole (40) and the third port hole
(48) are non-circular and the second port hole (42),
and the fourth port hole (50) are circular.

Aheattransfer plate (8, 8a, 8b, 8c)according to claim
1, wherein the first port hole (40) and the third port
hole (48) are arranged on one side of the longitudinal
center axis (L) of the heat transfer plate (8, 8a, 8b,
8c), and the second port hole (42) and the fourth port
hole (50) are arranged on another side of the long-
itudinal center axis (L) of the heat transfer plate (8,
8a, 8b, 8c).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of the preceding claims, wherein the field sealing
groove portion (64a) encloses the second port hole
(42) and the fourth port hole (50).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of the preceding claims, wherein a bottom (66a) of
the field sealing groove portion (64a), along at least
more than half of a length of the field sealing groove
portion (64a), extends in the second plane (P2).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of the preceding claims, wherein the sealing groove
(64) further comprises, as seen from the first side
(30) of the heat transfer plate, a first ring sealing
groove portion (64b) enclosing the first port hole (40)
and a third ring sealing groove portion (64c) enclos-
ing the third port hole (48), wherein a bottom (66b) of
the first ring sealing groove portion (64b), along at
least more than half of a length of the first ring sealing
groove portion (64b), extends in the second plane
(P2), and a bottom (66c¢) of the third ring sealing
groove portion (64c), along at least more than half
of a length of the third ring sealing groove portion
(64c), extends in the second plane (P2).

A heat transfer plate (8, 8a, 8b, 8c) according to any
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of the preceding claims, wherein the gasket groove
(68) further comprises a second ring gasket groove
portion (68b) enclosing the second port hole (42) and
a fourth ring gasket groove portion (68c) enclosing
the fourth port hole (50), wherein a bottom (70b) of
the second ring gasket groove portion (68b), along at
least more than half of a length of the second ring
gasket groove portion (68b), extends between the
first plane (P1) and the second plane (P2), and a
bottom (70c) of the fourth ring gasket groove portion
(68c), along at least more than half of a length of the
fourth ring gasket groove portion (68c), extends
between the first plane (P1) and the second plane
(P2).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of the preceding claims, wherein the first port hole
(40) and the third port hole (48) each have only one
symmetry axis (s).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of claims 1-6, wherein the first port hole (40) is ar-
ranged within a first portion (72) of the heat transfer
plate (8, 8a, 8b, 8c) defined by afirst short side (22), a
first long side (18), the longitudinal center axis (L)
and a transverse center axis (T), of the heat transfer
plate (8, 8a, 8b, 8c), and wherein a reference point
(88) of the first port hole (40) coincides with a center
point (C) of a biggestimaginary circle (90) that can be
fitted into the first port hole (40), a form of the first port
hole (40) being defined by

a number of corner points (74, 76, 78) of an
imaginary plane geometric figure (80) of which
atleast one is displaced from an arc (100) of the
circle (90), and

the same number of curved lines (82, 84, 86)
having no straight parts and connecting the
corner points (74, 76, 78),

wherein a first corner point (74) of the corner
points (74, 76, 78) is arranged closest to a
transition (92) between the first short side (22)
and the first long side (18) and on afirst distance
(d1) from the reference point (88), a second one
(76) of the corner points (74, 76, 78) is arranged
closesttothefirstcornerpoint (74)in a clockwise
direction and on a second distance (d2) from the
reference point (88) and a third one (78) of the
corner points (74 76, 78) is arranged closest to
the first corner point (74) in a counterclockwise
direction and on a third distance (d3) from the
reference point (88).

Aheattransfer plate (8, 8a, 8b, 8c) according to claim
8, wherein the first port hole (40) has one symmetry
axis (s) only which extends through the first corner
point (74) and the reference point (88).



10.

1.

12.

13.

14.

15.

15 EP 4 542 158 A1

A heat transfer plate (8, 8a, 8b, 8c) according to any
of claims 8-9, wherein the number of corner points
(74, 76, 78) and curved lines (82, 84, 86) is equal to
three.

A heat transfer plate (8, 8a, 8b, 8c) according to any
of claims 8-10, wherein the curved lines (82, 84, 86)
are concave as seen from the reference point (88) of
the first port hole (40).

A heat transfer plate (8, 8a, 8b, 8c) according to any
of claims 8-11, wherein the first distance (d1) be-
tween the first corner point (74) and the reference
point (88) is smaller than the second distance (d2)
between the second corner point (76) and the refer-
ence point (88).

A heat exchanger plate (8, 8a, 8b, 8c) according to
any of claims 8-12, wherein the first distance (d1)
between the first corner point (74) and the reference
point (88) is smaller than the third distance (d3)
between the third corner point (78) and the reference
point (88).

A cassette (57) comprising two heat transfer plates
(8, 8a, 8b, 8c) according to any of the preceding
claims, wherein the second side (32) of one of the
two heat transfer plates (8, 8a, 8b, 8c) faces the
second side (32) of another one of the two heat
transfer plates (8, 8a, 8b, 8c) and said another one
ofthe two heattransfer plates (8, 8a, 8b, 8c)is rotated
180 degrees around a normal (N) of said another one
of the two heat transfer plates (8, 8a, 8b, 8c), wherein
the two heat transfer plates (8, 8a, 8b, 8c) are welded
to each other along the sealing grooves (64).

A heat exchanger (2) comprising a plurality of
aligned cassettes (57) according to claim 14, further
comprising gaskets (59) arranged in the gasket
grooves (68) between each two adjacent ones of
the cassettes (57).
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