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DESCRIPTION

TECHNICAL FIELD

[0001] The Iinvention relates to a heat transfer plate and its design. The invention also relates
to a plate pack for a heat exchanger comprising a plurality of such heat transfer plates.

BACKGROUND ART

[0002] Plate heat exchangers, PHEs, typically consist of 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 I1s 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 gasketed PHEs, gaskets are arranged
between the heat transfer plates. The end plates, and therefore the heat transfer plates, are
pressed towards each other by some kind of tightening means, whereby the gaskets seal
between the heat transfer plates. Parallel flow channels are formed between the heat transfer
plates, one channel between each pair of adjacent heat transfer plates. Two fluids of initially
different temperatures, which are fed to/from the PHE through Inlets/outlets, can flow
alternately through every second channel for transferring heat from one fluid to the other,
which fluids enter/exit the channels through inlet/outlet port holes in the heat transfer plates
communicating with the inlets/outlets of the PHE.

[0004] The end plates of a gasketed PHE are often referred to as frame plate and pressure
plate. The frame plate 1s often fixed to a support surface such as the floor while the pressure
plate 1Is movable In relation to the frame plate. Often, an upper carrying bar for carrying the
heat transfer plates, and possibly also the pressure plate, Is fastened to the frame plate and
extends from an upper part thereof, past the pressure plate and to a support column. Similarly,
a lower guiding bar for guiding the heat transfer plates, and possibly also the pressure plate, Is
fastened to the frame plate and extends from a lower part thereof, on a distance from the
ground, past the pressure plate and to the support column.



DK/EP 3467423 T3

[0005] For a PHE to work properly, 1t 1s important that the heat transfer plates are aligned with
each other In the stack since non-aligned heat transfer plates may result in a leaking PHE.
Although the carrying and guiding bars of a heat exchanger may provide alignment of, by
engagement with, the heat transfer plates, this alignment may be insufficient. Also, some PHEs
may lack a carrying bar and/or a guiding bar. In view thereof, some heat transfer plates are
provided with guiding sections wherein a guiding section of one heat transfer plate is arranged
to engage with a guiding section of another heat transfer plate for alignment of the heat
transfer plates. WO 2010/0649/75 discloses such heat transfer plates arranged Iin a stack
wherein every other heat transfer plate is "rotated” in relation to the other heat transfer plates.
Although WO 2010/0649/75 discloses a guiding solution that works very well, it 1s limited to
alignment of heat transfer plates "rotated” in relation to each other.

SUMMARY

[0006] An object of the present invention Is to provide a heat transfer plate which solves the
above mentioned problem. The basic concept of the invention 1s to provide the heat transfer
plate with a guiding solution which is more flexible than known solutions in that it enables
alignment of the heat transfer plate and another heat transfer plate irrespective of whether the
two heat transfer plates are "rotated” or "flipped” in relation to each other. Another object of the
present invention is to provide a plate pack for a heat exchanger comprising a first, a second
and a third such heat transfer plate. The heat transfer plate and the plate pack for achieving
the objects above are defined in the appended claims and discussed below.

[0007] A heat transfer plate according to the present invention has opposing first and second
sides, an outer edge and a central extension plane and includes an edge portion comprising
corrugations. The corrugations extend between first and second planes which are parallel to
the central extension plane, and the central extension plane is arranged between the first and
second planes. The corrugations are arranged, at the first side of the heat transfer plate, to
abut a first adjacent heat transfer plate, and at the second side of the heat transfer plate, to
abut a second adjacent heat transfer plate, when the heat transfer plate is arranged in a plate
heat exchanger. Longitudinal and transverse centre axes of the heat transfer plate extending
parallel to the central extension plane and perpendicular to each other, define a first, a second,
a third and a fourth plate area. The first and second plate areas are arranged on the same
side of the transverse centre axis and the first and the third plate areas are arranged on the
same side of the longitudinal centre axis. The first, third and fourth plate areas comprise a first,
third and fourth guiding section, respectively. The heat transfer plate is characterized in that
the first and fourth guiding sections each comprise, as seen from the first side of the heat
transfer plate, a male projection projecting beyond the first plane and arranged to engage with
the first adjacent heat transfer plate for alignment of the heat transfer plate and the first
adjacent heat transfer plate, and, as seen from the second side of the heat transfer plate, a
female recess arranged to engage with the second adjacent heat transfer plate for alignment
of the heat transfer plate and the second adjacent heat transfer plate. Further, the third guiding
section comprises, as seen from the second side of the heat transfer plate, a male projection
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projecting beyond the second plane and arranged to engage with the second adjacent heat
transfer plate for alignment of the heat transfer plate and the second adjacent heat transfer
plate, and, as seen from the first side of the heat transfer plate, a female recess arranged to
engage with the first adjacent heat transfer plate for alignment of the heat transfer plate and
the first adjacent heat transfer plate.

[0008] The first and second sides of the heat transfer plate may also be referred to as front
and back side.

[0009] The central extension plane may be arranged half way between the first and second
planes.

[0010] The longitudinal centre axis may extend along opposing long sides of the heat transfer
plate, while the transverse centre axis may extend along opposing short sides of the heat
transfer plate.

[0011] The edge portion may be an outer peripheral edge portion of the heat transfer plate or
an inner edge portion such as an edge portion defining a port hole of the heat transfer plate.
Further, the complete edge portion, or only one or more portions thereof, may comprise
corrugations. The corrugations may be evenly or unevenly distributed along the edge portion,
and they may, or may not, all look the same. The edge portion may comprise further
corrugations extending within or outside the first and second planes.

[0012] The corrugations define ridges and valleys which may give the edge portion a wave-like
design. As seen from the first side of the plate, when the heat transfer plate is arranged in a
plate heat exchanger, the ridges are arranged to abut the first adjacent plate while the valleys
are arranged to abut the second adjacent heat transfer plate.

[0013] The heat transfer plate may be essentially rectangular, and the longitudinal and
transverse centre axes essentially perpendicular to each other so as to define four essentially
rectangular plate areas.

[0014] "As seen from the first side of the heat transfer plate” means when the first side of the
heat transfer plate Is viewed at a distance. Similarly, "as seen from the second side of the heat
transfer plate” means when the second side of the heat transfer plate 1s viewed at a distance.

[0015] The heat transfer plate and the first and second adjacent heat transfer plates may all
be of the same type. Alternatively, the heat transfer plate and the first and second adjacent
heat transfer plates may be of different types. For example, the heat transfer plate and the first
and second adjacent heat transfer plates may all comprise guiding sections as defined in the
claims but otherwise be differently designed.

[0016] The above configuration of the guiding sections may enable alignment of the heat
transfer plate and an adjacent heat transfer plate irrespective of whether the adjacent heat
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transfer plate Is rotated or flipped with respect to the heat transfer plate. Further, alignment of
the heat transfer plate and the adjacent heat transfer plate by means of at least two of the
guiding sections of the heat transfer plate may be enabled, which improves the alignment.
Moreover, alignment of the heat transfer plate and two adjacent heat transfer plates, e.g. the
first and second adjacent heat transfer plates referred to above, by means of each of said at
least two of the guiding sections of the heat transfer plate may be enabled, which improves the
alignment. The alignment enablement is naturally dependent on the design of the adjacent
heat transfer plate(s).

[0017] The second plate area may comprise a second guiding section comprising, as seen
from the second side of the heat transfer plate, a male projection projecting beyond the second
plane and arranged to engage with the second adjacent heat transfer plate for alignment of the
heat transfer plate and the second adjacent heat transfer plate, and, as seen from the first side
of the heat transfer plate, a female recess arranged to engage with the first adjacent heat
transfer plate for alignment of the heat transfer plate and the first adjacent heat transfer plate.
Thereby, alignment of the heat transfer plate and the adjacent heat transfer plate by means of
all of the guiding sections of the heat transfer plate may be enabled, which improves the
alignment. Moreover, alignment of the heat transfer plate and two adjacent heat transfer
plates, e.g. the first and second adjacent heat transfer plates referred to above, by means of
each of all the guiding sections of the heat transfer plate may be enabled, which improves the

alignment. Again, the alignment enablement 1s naturally dependent on the design of the
adjacent heat transfer plate(s).

[0018] A respective top of the male projections of the first and second guiding sections may
extend from a distance ML1 to a distance ML2 from the transverse centre axis and from a
distance MW1 to a distance MW2 from the longitudinal centre axis, and a respective opening
or root of the female recesses of the third and fourth guiding sections may extend from a
distance FL1 to a distance FL2 from the transverse centre axis and from a distance FW1 to a
distance FW2 from the longitudinal centre axis, wherein FL1 <ML1 <ML2<FL2 and FW1 <MW1
<MW2<FW?2. Further, (each of) the male projections of the first and second guiding sections
may fit into (each of) the female recesses of the third and fourth guiding sections. By "fit" Is
meant that the male projections at least partly could be received in the female recesses. For
example, the male projections could have outer circumferences which are smaller than inner
circumferences of the female recesses and/or outer surfaces of the male projections could
define volumes which are smaller than volumes defined by Inner surfaces of the female
recesses. Naturally, reception of the male projections of a heat transfer plate in the female
recesses of the same heat transfer plate 1s not relevant and impossible without deforming or
cutting the heat transfer plate. However, this embodiment may enable alignment of the heat
transfer plate and first and second adjacent heat transfer plates of the same type as the heat
transfer plate, or at least comprising guiding sections as above defined, by insertion of the
male projections of the first and second guiding sections of the heat transfer plate in the female
recesses of the third and fourth guiding sections of the first and second adjacent heat transfer
plates, and reception, of the male projections of the first and second guiding sections of the
first and second adjacent heat transfer plates, by the female recesses of the third and fourth
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guiding sections of the heat transfer plate.

[0019] A respective top of the male projections of the third and fourth guiding sections may
extend from a distance ML3 to a distance ML4 from the transverse centre axis and from a
distance MW3 to a distance MW4 from the longitudinal centre axis, and a respective opening
or root of the female recesses of the first and second guiding sections may extend from a
distance FL3 to a distance FL4 from the transverse centre axis and from a distance FW3 to a
distance FW4 from the Ilongitudinal centre axis, wherein FL3<ML3<ML4<FL4 and
FW3<MW3<MW4<FWA4. Further, (each of) the male projections of the third and fourth guiding
sections may fit into (each of) the female recesses of the first and second guiding sections.
The meaning of "fit" is as defined above. This embodiment may enable alignment of the heat
transfer plate and first and second adjacent heat transfer plates of the same type as the heat
transfer plate, or at least comprising guiding sections as above defined, by insertion of the
male projections of the third and fourth guiding sections of the heat transfer plate in the female
recesses of the first and second guiding sections of the first and second adjacent heat transfer
plates, and reception, of the male projections of the third and fourth guiding sections of the first
and second adjacent heat transfer plates, by the female recesses of the first and second
guiding sections of the heat transfer plate.

[0020] The first and fourth guiding sections may each comprise a first plane portion extending
between the outer edge of the heat transfer plate and the male projection, or even surrounding
the male projection, and extending parallel to the central extension plane. Further, the second
and third guiding sections may each comprise a second plane portion extending between the
outer edge of the heat transfer plate and the male projection, or even surrounding the male
projection, and extending parallel to the central extension plane. This embodiment excludes
arrangement of the male projections immediately at an outer edge portion of the heat transfer
plate which may improve the stability of the guiding sections.

[0021] Similarly, the first and fourth guiding sections may each comprise a second plane
portion extending between the outer edge of the heat transfer plate and the female recess, or
even surrounding the female recess, and extending parallel to the central extension plane, and
the second and third guiding sections may each comprise a first plane portion extending
between the outer edge of the heat transfer plate and the female recess, or even surrounding
the female recess, and extending parallel to the central extension plane. This embodiment
excludes arrangement of the female recesses immediately at an outer edge portion of the heat
transfer plate which may improve the stability of the guiding sections.

[0022] The first and second plane portions referred to above may extend in different planes.
For example, they may extend In the first and the second plane, respectively, of the heat
transfer plate. The first and second plane portions may then be arranged to abut the first and
the second adjacent heat transfer plate, respectively, which may improve the stability of the
guiding sections.

[0023] Each of the first plane portions of the first, second, third and fourth guiding sections
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may "branch"” towards the outer edge of the heat transfer plate so as to define and at least
partly enclose a respective third plane portion extending in the second plane.

[0024] The heat transfer plate may be such that, as seen from the first side of the heat transfer
plate, two reinforcement recesses, In relation to the first plane portions, are arranged on
opposite sides of each of the first plane portions, and two reinforcement projections, in relation
to the second plane portions, are arranged on opposite sides of each of the second plane
portions. The reinforcement recesses and projections may be arranged In succession along
the outer edge of the heat transfer plate. As implied by the names, the reinforcement recesses
and projections are arranged to reinforce and stiffen the heat transfer plate so as to reduce the
risk of deformation of the guiding sections of the heat transfer plate when this engages with the
first and second adjacent heat transfer plates, which could affect the alignment of the three
heat transfer plates negatively. Bottoms of the reinforcement recesses may extend in the
second plane while tops of the reinforcement projections may extend in the first plane. The
reinforcement recesses and projections may then be arranged to abut the first and the second
adjacent heat transfer plate, respectively, which may improve the stability of the guiding
sections. For example, one or more of the reinforcement recesses and projections could
comprise a respective one of the corrugations of the edge portion of the heat transfer plates.

[0025] The first, second, third and fourth guiding sections may be arranged at a respective one
of four corners of the heat transfer plate. Then, the guiding sections may be arranged as far
from each other as Is possible and suitable which may result in an optimized alignment
between the heat transfer plate and the first and second adjacent heat transfer plates.

[0026] The heat transfer plate may comprise two opposing long sides extending parallel to the
longitudinal centre axis and two opposing short sides extending parallel to the transverse
centre axis. Within each of the first, second, third and fourth guiding sections, the female
recess and the male projection may be arranged on opposite sides of an imaginary straight
ine extending with an angle of 45 degrees In relation to one of the long sides and one of the
short sides of the heat transfer plate. This may result in an optimized alignment between the
heat transfer plate and the first and second adjacent heat transfer plates.

[0027] The heat transfer plate may be so designed that a depth of the female recesses of the
third and fourth guiding sections Is =2 a height of the male projections of the first and second
guiding sections, and a depth of the female recesses of the first and second guiding sections Is
2 a height of the male projections of the third and fourth guiding sections. Such an embodiment
may enable that the complete male projections of the heat transfer plate may be received In
recesses of first and second adjacent heat transfer plates of the same type as the heat transfer
plate, or at least comprising guiding sections as above defined, and that the female recesses
of the heat transfer plate completely may receive male projections of the first and second
adjacent heat transfer plates. In turn, this enables an optimized alignment of the heat transfer
plate and the first and second adjacent heat transfer plates.

[0028] At least one of the male projections of the first and second guiding sections and at least
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one of the female recesses of the third and fourth guiding sections may have an at least partly
uniform cross section parallel to the central extension plane. Similarly, at least one of the
female recesses of the first and second guiding sections and at least one of the male
projections of the third and fourth guiding sections may have an at least partly uniform cross
section parallel to the central extension plane. Thereby, a good fit between the male
projections and the female recesses of the heat transfer plate and first and second adjacent
heat transfer plates of the same type as the heat transfer plate, or at least comprising guiding
sections as above defined, may be enabled.

[0029] At least one of the male projections of the first and second guiding sections and at least
one of the female recesses of the third and fourth guiding sections may have a cross section
parallel to the central extension plane comprising two perpendicular portions, I.e. two portions
that are perpendicular to each other, each. Similarly, at least one of the female recesses of the
first and second guiding sections and at least one of the male projections of the third and
fourth guiding sections may have a cross section parallel to the central extension plane
comprising two perpendicular portions each. Thereby, alignment, In two perpendicular
directions, I.e. optimum alignment, of the heat transfer plate and first and second adjacent heat
transfer plates of the same type as the heat transfer plate, or at least comprising guiding
sections as above defined, may be enabled.

[0030] A plate pack for a heat exchanger according to the invention comprises a first, a second
and a third heat transfer plate as described above, which heat transfer plates may or may not
be similar. The second heat transfer plate is arranged between the first and third heat transfer
plates. When the first and second sides of the second heat transfer plate abut the second side
of the first heat transfer plate and the first side of the third heat transfer plate, respectively, and
the second heat transfer plate Is rotated 180 degrees In relation to the first and third heat
transfer plates about an axis extending parallel to a normal of the central extension plane, and
through a cross point between the longitudinal and transverse centre axes, of the second heat
transfer plate, i.e. when the heat transfer plates are rotated in relation to each other with the
above definition,

the male projections of the first and fourth guiding sections of the second heat transfer plate
are received In the female recesses of the fourth and first guiding sections, respectively, of the
first heat transfer plate,

the male projections of the second and third guiding portions of the first heat transfer plate are
received In the female recesses of the third and second guiding sections, respectively, of the
second heat transfer plate,

the male projections of the fourth and first guiding sections of the third heat transfer plate are
received In the female recesses of the first and fourth guiding sections, respectively, of the
second heat transfer plate, and

the male projections of the second and third guiding portions of the second heat transfer plate
are received In the female recesses of the third and second guiding sections, respectively, of
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the third heat transfer plate.

[0031] Further, when the first and second sides of the second heat transfer plate abut the first
side of the first heat transfer plate and the second side of the third heat transfer plate,
respectively, and the second heat transfer plate is rotated 180 degrees In relation to the first
and third heat transfer plates about an axis coinciding with the transverse centre axis of the
second heat transfer plate, 1.e. when the heat transfer plates are flipped Iin relation to each
other with the above definition,

the male projections of the first and fourth guiding sections of the second heat transfer plate
are received In the female recesses of the third and second guiding sections, respectively, of
the first heat transfer plate,

the male projections of the first and fourth guiding sections of the first heat transfer plate are
received In the female recesses of the third and second guiding sections, respectively, of the
second heat transfer plate,

the male projections of the second and third guiding sections of the third heat transfer plate are
received In the female recesses of the fourth and first guiding sections, respectively, of the
second heat transfer plate, and

the male projections of the second and third guiding sections of the second heat transfer plate
are received In the female recesses of the fourth and first guiding sections, respectively, of the
third heat transfer plate.

[0032] Still other objectives, features, aspects and advantages of the invention will appear from
the following detailed description as well as from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The Iinvention will now be described in more detall with reference to the appended
schematic drawings, In which

Fig. 1 1s a schematic plan view of a heat transfer plate and a plate pack for a heat exchanger
according to the invention,

Fig. 2a 1s a schematic plan view of an upper left corner portion of the heat transfer plate of Fig.
1 comprising a first guiding section,

Fig. 2b Is a schematic plan view of an upper right corner portion of the heat transfer plate of
Fig. 1 comprising a second guiding section,
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Fig. 2c I1s a schematic plan view of an lower left corner portion of the heat transfer plate of Fig.
1 comprising a third guiding section,

Fig. 2d is a schematic plan view of an lower right corner portion of the heat transfer plate of
Fig. 1 comprising a fourth guiding section,

Fig. 3a schematically illustrates a cross section A-A of the portion of Fig. 2a,
Fig. 3b schematically illustrates a cross section B-B of the portion of Fig. 2b,
Fig. 3¢ schematically illustrates a cross section C-C of the portion of Fig. 2c,
Fig. 3d schematically illustrates a cross section D-D of the portion of Fig. 2d,
Fig. 3e schematically illustrates a cross section E-E of the portion of Fig. 2d,
Fig. 3f schematically illustrates a cross section F-F of the portion of Fig. 2d,

Fig. 3g schematically illustrates a cross section G-G of the portion of Fig. 2d,

Fig. 4a schematically illustrates a cross section X-X of a portion of the plate pack of Fig. 1, with
heat transfer plates rotated in relation to each other,

Fig. 4b schematically illustrates a cross section Y-Y of a portion of the plate pack of Fig. 1, with
heat transfer plates rotated in relation to each other,

Fig. 4c schematically illustrates a cross section Z-Z of a portion of the plate pack of Fig. 1, with
heat transfer plates rotated in relation to each other,

Fig. 4d schematically illustrates a cross section Q-Q of a portion of the plate pack of Fig. 1, with
heat transfer plates rotated in relation to each other,

Fig. 5a schematically illustrates a cross section of a portion of a plate pack corresponding to
cross section X-X, with heat transfer plates flipped in relation to each other,

Fig. Sb schematically illustrates a cross section of a portion of a plate pack corresponding to
cross section Y-Y, with heat transfer plates flipped in relation to each other,

Fig. 5¢c schematically illustrates a cross section of a portion of a plate pack corresponding to
cross section Z-Z, with heat transfer plates flipped in relation to each other,

Fig. 5d schematically illustrates a cross section of a portion of a plate pack corresponding to
cross section Q-Q, with heat transfer plates flipped in relation to each other,

Fig. 6 schematically illustrates a cross section of the plate pack portion of Figs. 4a-4d as well
as the plate pack portion of Figs. 5a-5d parallel to a respective longitudinal centre axis, and
through a respective outer edge portion, of the heat transfer plates, and

Fig. /7 schematically illustrates an alternative cross section of a female recess or a male
projection of the guiding sections.
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DETAILED DESCRIPTION

[0034] With reference to Fig. 1, a plate pack 2 for a gasketed plate heat exchanger comprising
a plurality of heat transfer plates is shown. All of the heat transfer plates are of the same type.
In Figs. 4a-4d, which will be further discussed below, a first, a second and a third heat transfer
plate 4a, 4b and 4c, respectively, of this plurality of heat transfer plates are illustrated. The first
heat transfer plate 4a is also visible in Fig. 1. The design and function of a gasketed plate heat
exchanger are well known and were discussed by way of introduction and, therefore, no further
description Is given here.

[0035] The heat transfer plate 4a will now be further described with reference to Figs. 1, 2a-2d
and 3a-3g which Illustrate the heat transfer plate and portions and cross sections of the heat
transfer plate, respectively. The heat transfer plate 4a i1s an essentially rectangular sheet of
stainless steel having opposing first and second sides 6 and 8, respectively, which also may be
referred to as front and back sides. In Fig. 1, only the first side © Is visible. The heat transfer
plate 4a comprises two opposing long sides 10 and two opposing short sides 12.

[0036] The heat transfer plate further has a longitudinal centre axis 20 extending parallel to,
and half way between, the long sides 10, and a transverse centre axis 22 extending parallel to,
and half way between, the short sides 12, and thus perpendicular to the longitudinal centre
axis 20 (Fig. 1). The longitudinal and transverse centre axes divide the heat transfer plate 4a
Into four equally large first, second, third and four plate areas, 24, 26, 28 and 30, respectively.
The first and second plate areas 24 and 26 are arranged on the same side of the transverse
centre axis 22 while the first and the third plate areas 24 and 28 are arranged on the same
side of the longitudinal centre axis 20.

[0037] The heat transfer plate 4a comprises four port holes 32 arranged at a respective one of
four corners 34, 36, 38 and 40 of the heat transfer plate, and recesses 42 extending from a
respective one of the short sides 12 of the heat transfer plate 4a and arranged to receive
carrying and guiding bars of the plate heat exchanger.

[0038] The heat transfer plate 4a i1s pressed, In a conventional manner, In a pressing tool, to
be given a desired structure, more particularly different corrugation patterns within different
portions of the heat transfer plate. The corrugation patterns are optimized for the specific
functions of the respective plate portions. Accordingly, the heat transfer plate 4a comprises two
distribution areas 44 which each i1s provided with a distribution pattern adapted for optimized
fluid distribution across the heat transfer plate. Further, the heat transfer plate 4a comprises a
heat transfer area 46 arranged between the distribution areas 44 and provided with a heat
transfer pattern adapted for optimized heat transfer between two fluids flowing on opposite
sides of the heat transfer plate. Moreover, the heat transfer plate 4a comprises inner edge
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portions 48 surrounding the port holes 32 and an outer edge portion 50 extending along an
outer edge 51 of the heat transfer plate 4a. The inner and outer edge portions 48 and 50
comprises corrugations 52 which make the inner and outer edge portions stiffer and, thus, the
heat transfer plate 4a more resistant to deformation. Further, the corrugations 52 form a
support structure in that they are arranged to abut adjacent heat transfer plates when the heat
transfer plate 4a 1s arranged In the plate heat exchanger. Depending on the design of the
distribution and heat transfer patterns, the heat transfer plate 4a may also be arranged to abut
adjacent heat transfer plates within the distribution and heat transfer areas 44 and 46,
respectively, when the heat transfer plate is arranged in the plate heat exchanger. However,
this 1s not further discussed herein. Also, the heat transfer plate 4a comprises a groove 53
arranged to recelve a gasket.

[0039] With reference especially to Figs. 2d, 3e and 3f, the corrugations 52 extend within and
between a first plane 54 and a second plane 56, which are parallel to a central extension plane
58 and to the figure plane of Fig. 1. The central extension plane 58 extends half way between
the first and second planes 54 and 56, respectively, and a bottom of the groove 53 extends In
the central extension plane, i.e. Iin so called half plane.

[0040] The first, second, third and fourth plate areas 24, 26, 28 and 30 comprise a first,
second, third and fourth guiding section 60, 62, 64 and 66, respectively, arranged at a
respective one of the four corners 34, 36, 38 and 40 of the heat transfer plate 4a. With
reference especially to Figs. 2a, 3a, 2d, 3d and 3f, the first and fourth guiding sections 60 and
66 comprise, as seen from the first side 6 of the heat transfer plate 4a, a respective male
projection 68 and /0. The male projections 68 and 70 project from a respective first plane
portion 72 and 74 of the first and fourth guiding sections 60 and 66 surrounding the respective
male projections 68 and /70 and extending In the first plane 54. Thus, the male projections 68
and 70 project from the first plane 54, to a third plane 76 arranged on the opposite side of the
first plane 54 than the central extension plane 58. Further, the first and fourth guiding sections
60 and 66 comprise, as seen from the second side 8 of the heat transfer plate 4a, a respective
female recess 78 and 80. The female recesses /8 and 80 extend from a respective second
plane portion 82 and 84 of the first and fourth guiding sections 60 and 66 surrounding the
respective female recesses 78 and 80 and extending in the second plane 56. Thus, the female
recesses /8 and 80 extend from the second plane 56, to a fourth plane 86 arranged on the
same side of the central extension plane 58 as the first plane 54.

[0041] Similarly, with reference especially to Figs. 2b, 3b, 2¢c and 3¢ the second and third
guiding sections 62 and 64 comprise, as seen from the second side 8 of the heat transfer plate
4a, a respective male projection 88 and 90. The male projections 88 and 90 project from a
respective second plane portion 92 and 94 of the second and third guiding sections 62 and 64
surrounding the respective male projections 88 and 90 and extending in the second plane 56.
Thus, the male projections 88 and 90 projects from the second plane 56, to a fifth plane 96
arranged on the opposite side of the second plane 56 than the central extension plane 358.
Further, the second and third guiding sections 62 and 64 comprise, as seen from the first side
6 of the heat transfer plate 4a, a respective female recess 98 and 100. The female recesses
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98 and 100 extend from a respective first plane portion 102 and 104 of the second and third
guiding sections 62 and 64 surrounding the respective female recesses 98 and 100 and
extending In the first plane 54. Thus, the female recesses 102 and 104 extends from the first
plane 54, to a sixth plane 106 arranged on the same side of the central extension plane 58 as
the second plane 56.

[0042] Naturally, the male projections as seen from one side of the heat transfer plate forms
female recesses as seen from the other side of the plate, and vice versa.

[0043] Thus, as Is clear from Figs. 2a, 2b, 2c and 2d, each of the first, second, third and fourth
guiding sections 60, 62, 64 and 66 comprises a male projection and a female recess. Within
each of the first, second, third and fourth guiding sections, the female recess and the male
projection are arranged on opposite sides of an imaginary straight line 108 extending from the
respective one of the corners 34, 36, 38 and 40 with an angle of 45 degrees In relation to the
long side and the short side defining the respective one of the corners.

[0044] The male projections 68, 70, 88 and 90 and the female recesses 78, 80, 98 and 100 all
have, parallel to the central extension plane 58, an essentially uniform rectangular cross
section, with a cross section of the female recesses being larger than the cross section of the
male projections. All the female recesses have essentially the same cross section while all the
male projections have essentially the same cross section. Thus, the male projections fit into the
female recesses. Further, all the female recesses have essentially the same depth d while all
the male projections have essentially the same height h, and d is essentially equal to h. The

depth d and height h of the female recess 78 and the male projection 68 of the first guiding
section 60 is illustrated In Fig. 2a.

[0045] As Is clear from Fig. 1 In combination with Figs. 2a, 2b, 2¢ and 2d, an opening /8" and
98" of each of the female recesses 78 and 98 of the first and second guiding sections 60 and
62, respectively, extends from a distance FL3 to a distance FL4 from the transverse centre
axis 22, and from a distance FW3 to a distance FW4 from the longitudinal centre axis 20.
Further, a top 90" and 70" of each of the male projections 90 and 70 of the third and fourth
guiding sections 64 and 66, respectively, extends from a distance ML3 to a distance ML4 from
the transverse centre axis 22, and from a distance MW3 to a distance MW4 from the
longitudinal centre axis 20. FL3<ML3<ML4<FL4 and FW3<MW3<MW4<FW4. Furthermore, a
top 68" and 88' of each of the male projections 68 and 88 of the first and second guiding
sections 60 and 62, respectively, extends from a distance ML1 to a distance ML2 from the
transverse centre axis 22, and from a distance MW1 to MW2 from the longitudinal centre axis
20. Further, an opening 100" and 80" of each of the female recesses 100 and 80 of the third
and fourth guiding sections 64 and 66, respectively, extends from a distance FL1 to a distance

FL2 from the transverse centre axis 22, and from a distance FVW1 to a distance FWZ2 from the
longitudinal centre axis 20. FL1 <ML1 <ML2<FL2 and FW1 <MW1 <MW2<FW?2.

[0046] With reference especially to Figs. 2a, 2b, 2c, 2d, 3e, 3f and 3g, In order to stiffen the
corners 34, 36, 38 and 40 of the heat transfer plate 4a, each of the first plane portions 72, 102,
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104 and 74 of the first, second, third and fourth guiding sections 60, 62, 64 and 66,
respectively, "branches” towards the outer edge 51 of the heat transfer plate 4a so as to define
and partly enclose a third plane portion 110, 112", 114" and 116, respectively, extending In the
second plane 56. More particularly, the first plane portions 72, 102, 104 and /4 each
comprises a "branch” or sub portion forming a first reinforcement projection 72', 102", 104" and
/4" on one side of the respective one of the second plane portions 82, 92, 94 and 84. The
respective most adjacent one of the corrugations 52 on the other opposing side of the second
plane portions 82, 92, 94 and 84 forms second reinforcement projections 52A, 52B, 52C and
52D. Each of the third plane portions 110, 112", 114" and 116" forms a bottom of a respective
first reinforcement recesses 110, 112, 114 and 116 arranged on one side of the respective one
of the first plane portions 72, 102, 104 and 74. The respective most adjacent one of the
corrugations 52 on the other opposing side of the first plane portions 72, 102, 104 and 74
forms second reinforcement recesses 52a, 52b, 52c and 52d.

[0047] Figs. 4a-4d illustrate cross sections of the first, second and third heat transfer plates 4a,
4b and 4c of the plate pack 2 of Fig. 1. The second heat transfer plate 4b is arranged between
the first and third heat transfer plates 4a and 4c. Further, the second heat transfer plate 4b Is
rotated 180 degrees about an axis perpendicular to, and extending through a cross point
between, its transverse and longitudinal centre axes 20 and 22, in relation to the first and third
heat transfer plates 4a and 4c. Thereby, the first and second sides 6 and 8 of the second heat
transfer plate 4b abut the second side 8 of the first heat transfer plate 4a and the first side 6 of
the third heat transfer plate 4c, respectively. More particularly, portions of the second heat
transfer plate 4b extending In the first plane 54 contact opposing portions of the first heat
transfer plate 4a extending in the second plane 56, and portions of the second heat transfer
plate 4b extending In the second plane 56 contact opposing portions of the third heat transfer
plate 4c extending in the first plane 54. For example, as schematically illustrated in Fig. 6 for
the outer edge portions of the heat transfer plates 4a, 4b and 4c, the corrugations 52 of the
Inner and outer edge portions 48 and 50 (Fig. 1) of the second heat transfer plate 4b abut the
corrugations 52 of the inner and outer edge portions 48 and 50 of the first and third heat
transfer plates 4a and 4c at the first side 6 and the second side 8, respectively, of the second
heat transfer plate 4b. Further, the first reinforcement projections 72', 102', 104', 74" and the
third plane portions 110°, 112, 114', 116" of the second heat transfer plate 4b partly abut the
third plane portions 116', 114', 112', 110" of the first heat transfer plate 4a and the first
reinforcement projections 74', 104', 102", 72" of the third heat transfer plate 4c, respectively.

[0048] Further, the fourth guiding section 66 of the second heat transfer plate 4b engages with
the first guiding sections 60 of the first and third heat transfer plates 4a and 4c (Fig. 4a). More
particularly, the male projection 70 of the second heat transfer plate 4b Is received In the
female recess /8 of the first heat transfer plate 4a and the first plane portion 74 of the second
heat transfer plate 4b abuts the second plane portion 82 of the first heat transfer plate 4a.
Further, the male projection 68 of the third heat transfer plate 4c is received In the female
recess 80 of the second heat transfer plate 4b and the first plane portion 72 of the third heat
transfer plate 4c abuts the second plane portion 84 of the second heat transfer plate 4b.
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[0049] Further, the third guiding section 64 of the second heat transfer plate 4b engages with
the second guiding sections 62 of the first and third heat transfer plates 4a and 4c (Fig. 4b).
More particularly, the male projection 88 of the first heat transfer plate 4a is received In the
female recess 100 of the second heat transfer plate 4b and the second plane portion 92 of the
first heat transfer plate 4a abuts the first plane portion 104 of the second heat transfer plate
4b. Further, the male projection 90 of the second heat transfer plate 4b Is received In the
female recess 98 of the third heat transfer plate 4c and the second plane portion 94 of the

second heat transfer plate 4b abuts the first plane portion 102 of the third heat transfer plate
4c.

[0050] Further, the second guiding section 62 of the second heat transfer plate 4b engages
with the third guiding sections 64 of the first and third heat transfer plates 4a and 4c¢ (Fig. 4c¢).
More particularly, the male projection 90 of the first heat transfer plate 4a is received in the
female recess 98 of the second heat transfer plate 4b and the second plane portion 94 of the
first heat transfer plate 4a abuts the first plane portion 102 of the second heat transfer plate
4b. Further, the male projection 88 of the second heat transfer plate 4b i1s received In the
female recess 100 of the third heat transfer plate 4c and the second plane portion 92 of the
second heat transfer plate 4b abuts the first plane portion 104 of the third heat transfer plate
4c.

[0051] Further, the first guiding section 60 of the second heat transfer plate 4b engages with
the fourth guiding sections 66 of the first and third heat transfer plates 4a and 4c (Fig. 4d).
More particularly, the male projection 68 of the second heat transfer plate 4b is received in the
female recess 80 of the first heat transfer plate 4a and the first plane portion 72 of the second
heat transfer plate 4b abuts the second plane portion 84 of the first heat transfer plate 4a.
Further, the male projection 70 of the third heat transfer plate 4c is received In the female
recess /8 of the second heat transfer plate 4b and the first plane portion 74 of the third heat
transfer plate 4c abuts the second plane portion 82 of the second heat transfer plate 4b.

[0052] Thereby, In the plate pack 2, the second heat transfer plate 4b engages, at all four of its
guiding sections 60, 62, 64 and 66, with both the first and the third heat transfer plate 4a, 4c,
which results in a reliable and effective alignment of the first, second and third heat transfer
plates.

[0053] In the above described plate pack 2, the heat transfer plates are "rotated” in relation to
each other. In an alternative plate pack according to the invention, the heat transfer plates are
Instead "flipped"” In relation to each other. Accordingly, the second heat transfer plate 4b is
arranged between the first and third heat transfer plates 4a and 4c. Further, the first and third
heat transfer plates 4a and 4b are both rotated 180 degrees about their respective transverse
centre axis 22, in relation to the second heat transfer plate 4b. Thereby, the first and second
sides 6 and 8 of the second heat transfer plate 4b abut the first side 6 of the first heat transfer
plate 4a and the second side 8 of the third heat transfer plate 4c, respectively. More
particularly, portions of the second heat transfer plate 4b extending in the first plane 54 contact
opposing portions of the first heat transfer plate 4a extending in the first plane 54, and portions
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of the second heat transfer plate 4b extending in the second plane 56 contact opposing
portions of the third heat transfer plate 4c extending in the second plane 56. For example, as
schematically illustrated in Fig. 6 for the outer edge portions of the heat transfer plates 4a, 4b
and 4c, the corrugations 52 of the inner and outer edge portions 48 and 50 (Fig. 1) of the
second heat transfer plate 4b abut the corrugations 52 of the inner and outer edge portions 48
and 50 of the first and third heat transfer plates 4a and 4c at the first side 6 and the second
side 8, respectively, of the second heat transfer plate 4b. Further, the first reinforcement
projections 72', 102', 104’, 74" and the third plane portions 110°, 112', 114', 116" of the second
heat transfer plate 4b partly abut first reinforcement projections 104, 74', 72', 102" of the first
heat transfer plate 4a and the third plane portions 114", 116", 110°, 112" of the third heat
transfer plate 4c, respectively.

[0054] Further, the third guiding section 64 of the second heat transfer plate 4b engages with
the first guiding sections 60 of the first and third heat transfer plates 4a and 4c (Fig. 5a). More
particularly, the male projection 68 of the first heat transfer plate 4a is received in the female
recess 100 of the second heat transfer plate 4b and the first plane portion 72 of the first heat
transfer plate 4a abuts the first plane portion 104 of the second heat transfer plate 4b. Further,
the male projection 90 of the second heat transfer plate 4b 1s received in the female recess 78
of the third heat transfer plate 4c¢ and the second plane portion 94 of the second heat transfer
plate 4b abuts the second plane portion 82 of the third heat transfer plate 4c.

[0055] Further, the fourth guiding section 66 of the second heat transfer plate 4b engages with
the second guiding sections 62 of the first and third heat transfer plates 4a and 4c (Fig. 5b).
More particularly, the male projection 70 of the second heat transfer plate 4b is received in the
female recess 98 of the first heat transfer plate 4a and the first plane portion 74 of the second
heat transfer plate 4b abuts the first plane portion 102 of the first heat transfer plate 4a.
Further, the male projection 88 of the third heat transfer plate 4c is received In the female
recess 80 of the second heat transfer plate 4b and the second plane portion 92 of the third
heat transfer plate 4¢ abuts the second plane portion 84 of the second heat transfer plate 4b.

[0056] Further, the first guiding section 60 of the second heat transfer plate 4b engages with
the third guiding sections 64 of the first and third heat transfer plates 4a and 4c (Fig. 5¢). More
particularly, the male projection 68 of the second heat transfer plate 4b iIs received In the
female recess 100 of the first heat transfer plate 4a and the first plane portion 72 of the second
heat transfer plate 4b abuts the first plane portion 104 of the first heat transfer plate 4a.
Further, the male projection 90 of the third heat transfer plate 4c is received In the female
recess /8 of the second heat transfer plate 4b and the second plane portion 94 of the third
heat transfer plate 4c abuts the second plane portion 82 of the second heat transfer plate 4b.

[0057] Further, the second guiding section 62 of the second heat transfer plate 4b engages
with the fourth guiding sections 66 of the first and third heat transfer plates 4a and 4c (Fig. 5d).
More particularly, the male projection 70 of the first heat transfer plate 4a i1s received In the
female recess 98 of the second heat transfer plate 4b and the first plane portion 74 of the first
heat transfer plate 4a abuts the first plane portion 102 of the second heat transfer plate 4b.
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Further, the male projection 88 of the second heat transfer plate 4b is received in the female
recess 80 of the third heat transfer plate 4c and the second plane portion 92 of the second
heat transfer plate 4b abuts the second plane portion 84 of the third heat transfer plate 4c.

[0058] Thereby, Iin the plate pack above, the second heat transfer plate 4b engages, at all four
of its guiding sections 60, 62, 64 and 66, with both the first and the third heat transfer plate 4a,
4c, which results Iin a reliable and effective alignment of the first, second and third heat transfer
plates.

[0059] Thus, due to the Inventive construction of the first, second, third and fourth guiding
sections 60, 62, 64 and 66, the heat transfer plates 4a, 4b and 4c are properly aligned with
each other in a plate pack irrespective of whether they are rotated or flipped in relation to each
other. Due to the design, and location on the heat transfer plates, of the female recesses and
male projections, the actual alignment of the heat transfer plates i1s performed by means of
outer portions of the female recesses and the male projections, I.e. portions of the female
recesses and the male projections facing the respective outer edges 51 of the heat transfer
plates. Thus, when the heat transfer plates are aligned, the outer portions of the female
recesses and the male projections of one heat transfer plate engage with the outer portions of
the male projections and the female recesses, respectively, of the adjacent plates. Inner
portions of the female recesses and the male projections, I1.e. portions of the female recesses
and the male projections facing away from the respective outer edges 51 of the heat transfer
plates, do not engage with each other.

[0060] In that the first and second plane portions 72, 74, 102, 104 and 82, 84, 92 and 94
extend In the first and second planes 54 and 56, and the depth of the female recesses 78, 80,
98 and 100 i1s equal to the height of the male projections 68, 70, 88 and 90, the first and
second plate portions, just like Iinside bottom surfaces of the female recesses and outside top
surfaces of the male projections, will abut each other in the plate pack and so make the plate
pack more stable.

[0061] The above described embodiments of the present invention should only be seen as an
example. A person skilled in the art realizes that the embodiments discussed can be varied
and combined in a number of ways without deviating from the inventive conception.

[0062] For example, the female recesses and the male projections need not have a
rectangular cross section. As an example, they may have a round, triangular or pentagonal
cross section, such as the cross section illustrated in Fig. 7, which defines a right angle and
comprises two outer portions 118 and 120 which are perpendicular to each other for optimum
heat transfer plate alignment. Since the alignment function resides within the outer portions
118 and 120, the inner portions can be cut or shortened so as to enable space efficient female
recesses and male projections with large alignment capability.

[0063] Further, the female recesses need not all have the same cross section and the same
depth. Similarly, the male projections need not all have the same cross section and the same
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height. Also, the depth of the female recesses need not be equal to the height of the male
projections but could be larger or even smaller. Also, one or more of the first plane portions of
the guiding sections may extend in a plane different from the first plane. Similarly, one or more
of the second plane portions of the guiding sections may extend in a plane different from the
second plane.

[0064] Also, the alignment function need not reside solely within the outer portions of the
female recesses and the male projections but could instead reside solely within the inner
portions of the female recesses and the male projections, or within one or more of the outer
portions and/or one or more of the Inner portions of the female recesses and the male
projections.

[0065] The heat transfer plate need not be rectangular but may have other shapes, such as
essentially rectangular with rounded corners instead of right corners, circular or oval. The heat
transfer plate need not be made of stainless steel but could be of other materials, such as
titanium or aluminium.

[0066] The guiding sections of the heat transfer plate need not be arranged at a respective
corner of the heat transfer plate but could be arranged closer to the longitudinal centre axis
and/or closer to the transverse centre axis. Also, within each of the guiding sections, the
female recess and the male projection need not be arranged on opposite sides, but could
Instead be arranged on the same side, of the imaginary straight line 108 illustrated in Figs. 2a,
2b, 2c¢ and 2d. Further, the distance between the female recess and the male projection of
each of the guiding section could vary. Typically, the female recesses and the male projections
are arranged where there I1s room available on the heat transfer plate, e.g. in the corners
and/or at the centre of the short sides, close to the outer edge, of the heat transfer plate.

[0067] The plate packs described above comprises one plate type only. Naturally, the plate
packs could instead comprise two or more different types of alternately arranged heat transfer
plates, for example heat transfer plates with different heat transfer patterns and/or guiding
sections as long as the heat transfer patterns and/or the guiding sections are compatible with
each other.

[0068] The present invention could be used In connection with other types of plate heat
exchangers than gasketed ones, such as brazed, all-welded and semi-welded (heat transfer
plates pairwise welded to each other in cassettes, which cassettes are separated by gaskets)
plate heat exchangers. The present invention could also be used with plate heat exchangers
lacking carrying and guiding bars, 1.e. for heat transfer plates lacking recesses for receiving
such carrying and guiding bars.

[0069] The locations of the first, second, central extension, third, fourth, fifth and sixth planes
54, 56, 58, 76, 86, 96 and 106 need not be as above defined but could vary. As an example,
with reference to Figs. 3a, 3d and 4a, the fourth plane 86 could instead extend between the
second plane 56 and the central extension plane 58, and the third plane 76 could consequently
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extend closer to the first plane 54. As another example, the fourth plane 86 could instead
extend between the first plane 54 and the third plane 76, and the third plane 76 could
consequently extend farther away from the first plane 54.

[0070] 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.
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VARMEOVERFORINGSPLADE OG PLADEPAKKE TIL EN VARMEVEKSLER, DER OMFATTER
EN FLERHED AF SADANNE VARMEOVERF@RINGSPLADER

PATENTKRAYV

1. Varmeoverforingsplade (4a, 4b, 4¢), der har modstaende forste og anden sider (6, 8), en ydre kant
(51) og et centralt forlaengelsesplan (58), og som indbefatter en kantdel (48, 50) omfattende bolger (52), der
strekker sig mellem et forste og et andet plan (54, 56), og som er parallelle med det centrale
forlengelsesplan, hvor det centrale forlengelsesplan (58) er anbragt mellem det forste og det andet plan
(54, 56), hvor bolgerne (52) er anbragt, ved den forste side (6) af varmeoverforingspladen, for at ligge an
mod en forste tilstodende varmeoverforingsplade, og pa den anden side (8) af varmeoverforingspladen, for
at ligge an mod en anden tilstodende varmeoverforingsplade, nar varmeoverforingspladen er anbragt 1 en
pladevarmeveksler, hvor langsgaende og tvargaende midterakser (20, 22) af varmeoverforingspladen, der
strackker sig parallelt med det centrale forlaengelsesplan (58) og vinkelret pa hinanden, definerer et forste, et
andet, et tredje og et fijerde pladeomrade (24, 26, 28, 30), hvor de forste og anden pladeomrader (24, 26) er
anbragt pa den samme side af den tvargaende midterakse (22) og de forste og tredje pladeomrader (24, 28)
cr anbragt pa den samme side af den langsgaende midterakse (20), hvor det forste, tredje og fjerde
pladeomrade (24, 28, 30) omfatter henholdsvis et forste, tredje og fjerde foringssektion (60, 64, 66),
kendetegnet ved, at den forste og fjerde foringssektion (60, 66) hver omfatter, set fra den forste side (6) af
varmeoverforingspladen, et han-fremspring (68, 70), der rager ud over det forste plan (54) og er indrettet til
at ga 1 indgreb med den forste tilstodende varmeoverforingsplade til justering af varmeoverforingspladen og
den forste tilstodende varmeoverforingsplade, og, set fra den anden side (8) af varmeoverforingspladen, en
hun-indskaering (78, 80), der er indrettet til at ga 1 indgreb med den anden tilstodende
varmeoverforingsplade til  justering af  varmeoverforingspladen og den anden tilstodende
varmeoverforingsplade, og den tredje foringssektion (64) omfatter, set fra den anden side (8) af
varmeovetrforingspladen, et han-fremspring (90), der rager ud over det andet plan (56) og er indrettet til at
23 1 indgreb med den anden tilstodende varmeoverforingsplade til justering af varmeoverforingspladen og
den anden tilstodende varmeoverforingsplade, og, set fra den forste side (6) af varmeoverforingspladen, en
hun-indskaring (100), der er indrettet til at ga 1 indgreb med den forste tilstodende varmeoverforingsplade

til justering at varmeoverforingspladen og den forste tilstodende varmeoverforingsplade.

2. Varmeoverforingsplade (4a, 4b, 4¢) ifolge krav 1, hvor det andet pladeomrade (26) omfatter en
anden foringssektion (62), der omfatter, set fra den anden side (8) af varmeoverforingspladen, et han-
fremspring (88), der rager ud over det andet plan (56) og er indrettet til at ga 1 indgreb med den anden
tilstodende varmeovertoringsplade til justering af varmeoverforingspladen og den anden tilstodende
varmeoverioringsplade, og, set fra den forste side (6) af varmeoverforingspladen, en hun-indskaring (98),
der er indrettet til at ga 1 indgreb med den forste tilstodende varmeoverforingsplade til justering af

varmeovertoringspladen og den forste tilstodende varmeoverforingsplade.

3. Varmeoverforingsplade (4a, 4b, 4¢) ifolge krav 2, hvor en top (68, 88") af han-fremspringene (68,
88) af den forste og anden foringssektion (60, 62) strakker sig fra en afstand ML1 til en afstand ML2 fra
den tvaergaende mudterakse (22) og fra en afstand MW1 til en afstand MW?2 fra den langsgaende midterakse
(20), og en abning (100, 80") af hun-indskaringerne (100, 80) af den tredje og fjerde foringssektion (64, 66)
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strackker sig fra en afstand FL1 til en afstand FL2 fra den tvergacnde midterakse (22) og fra en afstand
FW1 til en afstand FW2 fra den langsgaende midterakse (20), hvor FL1 <ML1 <ML2<FL2 og FW1 <MW1

<MW2<FW2, og han-fremspringene (68, 88) af den forste og anden foringssektion (60, 62) passer ind 1
hun-indskaringerne (100, 80) af den tredje og fjerde foringssektion (64, 66).

4 Varmeoverioringsplade (4a, 4b, 4¢) ifolge et hvilket som helst af kravene 2-3, hvor en top (90, 70"
at han-fremspringene (90, 70) at den tredje og fjerde foringssektion (64, 66) straeekker sig fra en afstand
ML3 til en afstand ML4 fra den tvergaende midterakse (22) og fra en afstand MW3 til en afstand MW4 fra
den langsgaende midterakse (20), og en abning (78', 98") af hun-indskaringerne (78, 98) af den forste og
anden foringssektion (60, 62) strakker sig fra en afstand FL3 til en afstand FL4 fra den tvargaende
midterakse (22) og fra en afstand FW3 til en afstand FW4 fra den langsgaende midterakse (20), hvor
FL3<ML3<ML4<FL4 og FW3<MW3<MW4<FW4, og han-fremspringene (90, 70) af den tredje og fjerde
foringssektion (64, 66) passer ind 1 hun-indskaringerne (78, 80) af den forste og anden foringssektion (60,
62).

3. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-4, hvor den forste og
flerde foringssektion (60, 66) hver omfatter en forste plandel (72, 74), der strekker sig mellem den ydre
kant (51) af varmeoverforingspladen og han-fremspringet (68, 70) og parallelt med det centrale
forlengelsesplan (58), og den anden og tredje foringssektion (62, 64) hver omfatter en anden plandel (92,
94), der straekker sig mellem den ydre kant (51) af varmeovertoringspladen og han-fremspringet (80, 90) og
parallelt med det centrale forlaengelsesplan (58).

6. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-5, hvor den forste og
fjerde foringssektion (60, 66) hver omfatter en anden plandel (82, 84) der strakker sig mellem den ydre
kant (51) af varmeoverforingspladen og hun-indsk@ringen (78, 80) og parallelt med det centrale
forleengelsesplan (58), og den anden og tredje foringssektion (62, 64) hver omfatter en forste plandel (102,
104), der strakker sig mellem den ydre kant (51) af varmeoverteringspladen og hun-indskaringen (98, 100)
og parallelt med det centrale forlengelsesplan (58).

7. Varmeoverforingsplade (4a, 4b, 4¢) ifolge et hvilket som helst af krav 5-6, hvor de forste og anden
plandele (72, 74, 102, 104, 82, 84, 92, 94) straekker sig 1 henholdsvis det forste og det andet plan (54, 56) af

varmeoverforingspladen.

8. Varmeovertoringsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 35-7, hvor, set fra den
forste side (6) af varmeoverforingspladen, to forsterkningsindskaringer (110, 52a, 112, 52b, 114, 52¢, 116,
52d), 1 forhold til de forste plandele (72, 102, 104, 74), er anbragt pa modstiende sider af hver af de forste
plandele og to forsterkmngsiremspring (72', 52A, 102, 52B, 104", 52C, 74', 52D), 1 forhold til de anden
plandele (82, 92, 94, 84), er anbragt pa modstaende sider af hver af de anden plandele.

9. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-8, hvor den forste,
anden, tredje og fjerde foringssektion (60, 62, 64, 66) er anbragt ved ¢t tilsvarende €t af fire hjorner (34, 36,
38, 40) af varmeovertoringspladen.

10. Varmeovertoringsplade (4a, 4b, 4¢) ifolge et hvilket som helst at kravene 2-9, der omfatter to
modstaende lange sider (10), der strakker sig parallelt med den langsgaende midterakse (20) og to
modstaende korte sider (12), der straekker sig parallelt med den tvargaende midterakse (22), hvor, inde 1
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hver af den forste, anden, tredje og fjerde foringssektion (60, 62, 64, 66), hun-indskaeringen (78, 80, 98,
100) og han-fremspringet (68, 70, 88, 90) er anbragt pa modstacnde sider af en imaginer lige linje (108),
der strakker sig med en vinkel pa 45 grader 1 forhold til én af de lange sider (10) og ¢én af de korte sider

(12) af varmeoverforingspladen.

11. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-10, hvor en dybde (d)
al hun-indskaringerne (100, 80) af den tredje og fjerde foringssektion (64, 66) er > en hojde (h) af han-
fremspringene (68, 88) af den forste og anden foringssektion (60, 62), og en dybde (d) af hun-
indskaeringerne (78, 98) af den forste og anden foringssektion (60, 62) er > en hgjde (h) af han-
fremspringene (90, 70) af den tredje og fjerde foringssektion (64, 66).

12. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-11, hvor mindst ¢t af
han-fremspringene (68, 88) af den forste og anden foringssektion (60, 62) og mindst ¢én af hun-
indskaringerne (100, 80) af den tredje og fjerde foringssektion (64, 66) har et mindst delvist ensartet
tvaersnit parallelt med det centrale forlengelsesplan (58), og mindst ¢n af hun-indskerngerne (78, 98) af
den forste og anden foringssektion (60, 62) og mindst ¢t af han-fremspringene (90, 70) af den tredje og
flerde foringssektion (64, 66) har et mindst delvist ensartet tvarsnit parallelt med det centrale
forleengelsesplan (58).

13. Varmeoverforingsplade (4a, 4b, 4¢) itolge et hvilket som helst af kravene 2-12, hvor mindst ¢t af
han-fremspringene (68, 88) af den forste og anden foringssektion (60, 62) og mindst ¢én af hun-
indskaringerne (100, 80) af den tredje og fjerde foringssektioner (64, 66) har et tvarsnit, der er parallelt
med det centrale forlengelsesplan (58), der hver omfatter to vinkelrette dele.

14. Varmeoverforingsplade (4a, 4b, 4¢) ifolge et hvilket som helst af kravene 2-13, hvor mindst ¢n af
hun-indskeringerne (78, 98) at den forste og anden foringssektion (60, 62) og mindst ¢t af han-
fremspringene (90, 70) af den tredje og fjerde foringssektion (64, 66) har et tvarsnit, der er parallelt med
det centrale forlengelsesplan (58), der hver omfatter to vinkelrette dele.

15. Pladepakke (2) til en varmeveksler, der omfatter en {forste, en anden og en tredje
varmeoverforingsplade (4a, 4b, 4¢) ifolge et hvilket som helst af kravene 2-14, hvor den anden

varmeoverforingsplade (4b) er anbragt mellem den forste og tredje varmeovertoringsplade (4a, 4¢),

hvor, nar den forste og anden side (6, 8) af den anden varmeoverforingsplade (4b) ligger an mod
henholdsvis den anden side (8) af den forste varmeoverforingsplade (4a) og den forste side (6) af den tredje
varmeoverforingsplade (4¢), og den anden varmeoverforingsplade (4b) er roteret 180 grader 1 forhold til den
forste og tredje varmeoverforingsplade (4a, 4¢) omkring en akse, der straekker sig parallelt med den
vinkelrette pa det centrale forlengelsesplan (58), og gennem et krydspunkt mellem de langsgaende og
tvargaende midterakse (20, 22) af den anden varmeoverforingsplade (4b),

han-fremspringene (68, 70) at den forste og fjerde foringssektion (60, 66) af den anden
varmeoverforingsplade (4b) er modtaget 1 hun-indskaringerne (80, 78) at henholdsvis den fjerde og forste
foringssektion (66, 60) af den forste varmeoverforingsplade (4a),

han-fremspringene (88, 90) af den anden og ftredje foringsdel (62, 64) af den forste
varmeoverforingsplade (4a) er modtaget 1 hun-indskaringerne (100, 98) af henholdsvis den tredje og anden

foringssektion (64, 62) af den anden varmeoverforingsplade (4b),
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han-fremspringene (70, 68) af den fjerde og {forste foringssektion (66, 60) af den tredje

varmeoverforingsplade (4¢) er modtaget 1 hun-indskaeringerne (78, 80) af henholdsvis den forste og fjerde
foringssektion (60, 66) af den anden varmeoverforingsplade (4b), og

han-fremspringene (88, 90) af den anden og tredje foringsdel (62, 64) af den anden
varmeoverforingsplade (4b) er modtaget 1 hun-indskaringerne (100, 98) af henholdsvis tredje og anden
foringssektion (64, 62) aft den tredje varmeoverforingsplade (4¢), og

hvor, nar de forste og anden sider (6, 8) af den anden varmeoverforingsplade (4b) ligger an mod
henholdsvis den forste side (6) af den forste varmeoverforingsplade (4a) og den anden side (8) af den tredje
varmeoverforingsplade (4¢), og den anden varmeoverforingsplade (4b) er roteret 180 grader 1 forhold til den
forste og tredje varmeoverforingsplade (4a, 4¢) omkring en akse, der falder sammen med den tvargaende

midterakse (22) af den anden varmeoverforingsplade (4b),

han-fremspringene (68, 70) at den forste og fjerde foringssektion (60, 66) af den anden
varmeoverioringsplade (4b) er modtaget 1 hun-indskaeringerne (100, 98) af henholdsvis den tredje og anden
foringssektion (64, 62) af den forste varmeoverforingsplade (4a),

han-fremspringene (68, 70) af den ferste og fjerde foringssektion (60, 66) af den forste
varmeoverforingsplade (4a) er modtaget 1 hun-indskaringerne (100, 98) af henholdsvis den tredje og anden

foringssektioner (64, 62) af den anden varmeovertoringsplade (4b),

han-fremspringene (88, 90) af de anden og tredje foringssektion (62, 64) af den tredje
varmeoverforingsplade (4¢) er modtaget 1 hun-indskaringerne (80, 78) af henholdsvis den fjerde og forste
foringssektion (66, 60) af den anden varmeoverforingsplade (4b), og

han-fremspringene (88, 90) af de anden og tredje foringssektion (62, 64) af den anden
varmeoverforingsplade (4b) er modtaget 1 hun-indskaringerne (80, 78) at henholdsvis den fjerde og forste
foringssektion (66, 60) at den tredje varmeovertoringsplade (4¢).



DK/EP 3467423 T3

DRAWINGS

1

L

~

S iy

g

Fi

-
¢§h
Fh EPS

o
11
l\, b

%

vy
prnt g g

2
f

SRR

G
A

SR

e RO

N

v)w"\

subla

N, 3
R
I iy,
g
vl
LR
e

¥y
it
*\

\\

A

35

.

-,
B ‘_.-s

R

&
%
b g
e

IR

-

w
N
1

.'\;2: :-z":
LY T
AR
.
A
\\*
\\

A
k&

>
~

R SRR T

G ERY
.oy . u-.--
e L

=5 \.:)J.s\u.

: =
o gH {cxm.,.N.Uoo.
P SRS T

PP T
=y k2

B LSy .Y Wy
R e i A,

Tt e
HAbIHIE

o 3

o TR RS SRR NS MpE AR S L R

]
3

™\




DK/EP 3467423 T3

.-\ . P . Ko .
R N 1 1 O \ o P4
m—— M \ f ’
o

e -~ O PRI JUPRITR RO AR

-~ \ :>:‘;.....

T

R

R L LN e e L A
0t N et Nttt feae 202d feat s

!
/
¢
/s
-cwuv\.I'WWv\
rd
o

s
P
-

.
'4

-
r
P

~

RSP ALY W O

.
>
.

/

Snew s o s Aimmm S Ao - p A

BRI

B T R T

/AI-?
j

/

.

N

~
~
A
- 1. \\..\ LU R Y

~

~

Lo A
‘-..) .

AT M A AN T
T
’
-~
’

- .
/ Z. i
e e :
\'\ s ai >
(RN
N P “e

Fig. 2a

68" -

i ‘-\.

’

| ) / | ~
/ N | 68
. I . '.f
2 . | 3 ’
- - = - - .- - - - = L T - . = - = T/ T . ____"‘T\_T_,c_f"“ e o 2 W\'____ :./'.

¥ #L.‘...E A et B A S e e AN AN DA g
. e IANPINEINL SNV AN A A IS . \-,.V
I o

>”."".‘.' NN RNV I NNV VNN NN NN AN

R " 1

EE R S, N, '
. 4- — — ——— — ——— — — — —'-‘—- —-\|—_— —-.— — — .—- — — — — — — — — -—'- — — — — — — — — —'-‘ — _"-_‘-_.':/ ~ v ﬁ‘}"‘b SN SEm— S— S— —— —'.—' -_—.————— = == &",T. :'-“V‘-WlMIO\.IJ\'“VV\W."\!MIAIAII{IW : N
Foo / . .

st < ~

B e g
: > i b@'ﬁfma\nm:mmn&‘?y' s ~
L

: N . './-
. g\q‘k . . ".*" . . S . 7 . .
o \:—‘dﬂ-\*—*?‘mi’)\‘MWMm'\NWM e . ey du,&u.&w],omﬂﬂ : . . .
i | : .
s

I
|
d |
|
v

I
\
b

-~
\
N

A
N Do ’: 3
3 2ol 7
R B g
SO0 s L2 ’
L ;
R R 7 .
TP o b s '
R i 7’ ——
Do ) - —

A
N
5
!
\

N
A AP AW Vo A ANl 803, AN S A0 A

A
N

.

0y
A8 A S WA P S e VA

2,
LU

-
o
e v ~ |

o $ Bt A R L Y S 2 v T ')t :,". IS B B R R U S S
O . P L

'\\ : .mf
54—————————-——————-———-————-——-—.——u————s————_———w.a‘w,w\m,(-mcwz-——.-——a—-—---——-————-————-———ﬁ:w,,:uwmlﬁ——_

N— . - o . . . . - .':‘. — —

5 8 . ’v,/ i ) “ Pl v o ’
) 7 » KR X
B T 2 % '\. s Neoe . ", e

R4 ] s LT < Y N o
2 Nt ) 3 N ST GNP NN RPN LS P RN D) ATANAT N -
BN A P A R AN PR . symgtit ot ::' o e

r — — — —_—e
3
56 '—.:\mwmvﬂ'.M\,ﬁm.-mnmnwv.mw«v‘ '

3 . P : L
) : 5 e b g o e Y
- e o L B e e A rrera.. crerreY A e - rerere s v e M e e e A e o e o e o — — e — — —— —— A e e e e e e e e e
06— A o __© A | .
' I N
I
!

1

: :
e i
I

|




DK/EP 3467423 T3

AN SN TS APARA

}b.(nmw- [P TPTTH n,'_.\,

\.

Fig. 2c

100"~ ™

‘ N

¢

KA 1

K

>,

i
I
|
|
¥ :
. [ st

N HERGEH

o~ T
s "\

£ o~ .
Segs VNP NN Ryl VAVEENVINENTVZZAN W AR SRR AT A W AW S| A,
.l il i+ S S S S S S G S N S S S S S S | il e < T S S R - P S S

)
Nosons 5 . g N o2
_'Z\.‘;,.uum.un.vm-.,’_ iy — — — — — — — — —— — — — — — — T e e aia s rrmaiaane S v it s umaan
,‘.',:.',u',.;.‘s'.y\;.;l;.Ay;.;’;':,s;)n.;"f,,\v.u-,\Aun.wahu::f"
e e e e e e e e e  — o e e N s . . it 5 M b s v 1 —_
'q S e A A S A S VI TR M A i e

.
T S

e A

~,

“ese "l % we o s o " '.-' * .
1A DA NI NV PN 0 DA AR O

/. \x-’“’“w - teslpn (~.WM.\,_\;V

. et
AR rm»-muwcgh-:

2 . . FE . RO 4 e, r
e NE AT AT RS RN AN 30 2 .- woits Segmnsmp e . A L.
. %:”:‘" ANTRN AN IR N TN i thEAL &:,./,.{\}v:f.?q-,_.s_‘}: .4\'9'.":‘."";'”:’,. RGX AN .:«E“ )
- ..-- - -' - .

‘e e
e X3Pr 0P SAWAYI RN NI . N
RRP R 20975 FALTRN A AR S NS

ISP v TV TN
\\Vm!.'.w:',;ﬁ;{ﬁ s

SR Ny

. p:\_f.vf\)vsfm).’k* ]

« eeeet o "ot L LA T
WYL NI LA an e iy e

AL RTINS, o e G SRR GNP
T . . .

. . .® % . o te
- :' p; ):J.r‘." ol :u PR 0'\‘:30\\'.-‘":(-‘.".\-»'4\\'&‘. a

BT AN T T
: -~ .3

-) Q ’ B

T
P L
CYiEi R

~i . b . A
p e, RS Y AVIEN AR R .
Mg, 5y . :

T e g Ay W

©; X0y 7t et mrs g Al fen g T
. . . ’s./ “ .
RN

PR L B R

e .. .e o N, —
I e Thesisaiioiwanieiaiaiasdet, AN . : ~

Sa

. .
s - /// 7
./ 7 e s
. - ’ 7 7

/ S

Fig. 7



DK/EP 3467423 T3

eese penmeen e

NF e,

L

3

Y
>
.

4

PRI PRy TN
s e s e g

-~

RACNIN

Y

. RN 'uvs_ B LY o
T C el B R ]

eiagmaeten

s
.

N . . . . . . . . . . 7 . . . .

-{.—.—-*Gwlwwtw*ﬂm,_.m——————————————— — e, s e s s S s s e " .

A DAL m n

Sy e e —  c— c— — & ‘e e e e e’ e c— c— —— — c— Ao LAy L AT I-CIL ENERES J ot SR nacacsr, S Ay —— c—— c— — — — S— —— — — — a— c—
Tl NN N SN TN T __“'\ P o-"’a, mESEs : : i ’x':w{ ’W} o

W’&. B P T T LARE R S ).‘A L VN b

Y ; v

/ ..\h&' : ; SEE
—ccas o s e o cos _/_ — e —— .i”’d’{rm'fm:)va:,..wuﬁr"'_ —eces e e o s G G G G e CEEE I GEEE S GEEEE S e . "ﬂ\ku{{pu{:pmf.:;_"u.f_'_'a('w —
. I . . . .

|
2 I I
/ VAR )
' { Y

i P -
5 I ;." l/__,.f"

02095 ’ . . A
— — — — — — — — — — — — - —— — o— : Y Y v 7 A . — N ' e s

AN LMY R N

REY T INTY NP

1 R AN R A A S I AN I B AN R A Y e St e s Soavan” AN ANV ML AV A

. o3t "2 "

. ?
. ™ o D
6 — — — T R, A, A A DA ¢ M D L A e, DAL C At LAY, s e — — — — — — Jm-\-..o-mf-'-‘— — — — — i — — — — — —'M.‘.-—M‘.m"ﬂyuw::%‘::w:- — — — — — — — — — — — — :Mwwix e

s /
; s
- . P -~

I ( ~

STIA 2 e
o,

- K
L3t
o

S, =,
S ceeeeds Yo )
. N A

3,

5 I PRRTE LA W "'Qf\hn\.\‘l‘\ilvt:M-h‘lll.l—f‘ . Y AR AL AT A T AAAAL VAN AL LA A A N AANM LA St sl *
b e o A TR i T : : A - &
. LAY

N RAnA L N AR AR LA (A WY SN S AN i oS N (L e N E N St m e Y

Y N

T Anms L
8y

e L et T L TR Y

A
s

RSV AVIR AN DA ?~1".'.".1'.'.v'."!:*",‘.'.‘!".‘!.‘.“‘&'.‘.".'f“‘.‘.‘.".'f“.'.‘.“."‘t‘f‘.""’”‘

25 s
& i

o
~ e Y ) i )
6 -_—-— - A WW\WJWWWWW“ e o — e —— — —— —— — ‘memm T e D A T T o TR WIS g e Sm=— EmEs E——e—— S=——e— == me=— == == === == === e_ - V= =

!

~

Fig. 3g



DK/EP 3467423 T3

L 'oun,u\ mwv .' N

o/
L

Ealat ‘_,"v? " ., “, _ -v"' DA y 0] %°‘MM'M'MW

-

..W#W WMMWMMW% . ;.

RRER e S L PN AN TS T .

0 AR IR A A e

e, -
. e saninn i

PR Y NSt it

B AR R N D A
kM,

\

i I P PR 1 LIPS s ba 3

,,J M"ﬁm?h%:«- e
igf, ﬁlcnm SV AR IR IS i

k!
_5.:..:,.% mmwww““"‘%:%

v Sy b age SR ’:’ .
>

--#lwww@\«;w-'mw.wr' ¥ . )/ . &
. . L !"'. I
! o

{m-ﬁwxmvww%% wwu) r Y>r"'<-Mn¢va- q&!w

f -.f\ S AL VI T S AN ‘%'RN
. e 00
k"g’.‘) \VMJWWMMMWMIWW%\VMWWWW Mé ' T .

E) Cabeaed .

%m«m' A PO SIS Py RPN R N i “"L J|

wizdng, mmmmfg,o

’M Auoi . -‘v- \-.--w-.\

3 M P A AL AN e i

‘ ; . f
.I s
et y! .u.-.'nc‘m werhl M.‘;fnsaym"(u_-f‘g ' '\ . N : .. . )
M“\"\s A e B AL \‘l'kmc-vww Y W\MWM*L""” ao?' jgg

8 8 L “sx .V i
. NIRRT S o 3 3“’

I "‘w ey aw(s B « S e -..”%nii-.’"o:(.- WWMC"M.’? j wenans i ‘#‘

ys
\.r.;,

%‘ x&g_’_ Ay war;w»){-' L ANCIHE I I AL it HSEE S MM B TR

*”}~,-,,..-.;m“’,;<‘.mwwmufm QAR R AR R0

fw " ..
N'&" IR‘CAWMI" v

ot * . .. - e o . . o8 "".
Mr uﬂvl a I.'M r N vmw SRV SV AN AT R W NV N N e

. '%&»W’anwk-&\wwg;:'.'- /( wwwmwm.mm-»-mwwsé
) A /, o B
f o "
. 98 ys

"\ ’&’& M“W" PV WM B Pt A AR N A R M A AN e ff

P
: s .
“W MBS ARt R R *ﬂoaolw;w&‘w q«\\mvaw‘" =

Fig. 4c¢

--w4%m»>iwm:' R

L’Q"W‘)M‘mlmﬁw;"wwm

t-cmwmmam""

#mew mﬁ.m'_ R RN S AN A

. i
. ‘f TN RN e, ~ o) Tor v
’

. '. .Nﬂ'ﬂ‘f‘mm{l WI_Y')’ /M" .

';- v ﬁ«.mmmmw-’ ;

W,@m e
. mw&w&zmw& i L

\

g’wk{wum( ey . .{ ,;l?? .

‘”W@.ﬁmmw«n?mm .m; 5.
/£

68 {/
72

EEASHN A PR A
gi e wnM\mh«wxmqo vagtl

- w«%-!qum%mlw»wlmmu»w;: Wl

o T g TR '...A.Xl\“r..l.mm'
l‘ ..

v - "'. =
Peaard | R S B s,

!

!

!

l/ )

74

R e e



DK/EP 3467423 T3

’ wcl&-‘ »\'S«,""%?.Wv"h"'&\"wmg’

SHERINOLSES T TS OA AR AL AT S

N THME I .y " S ..,'.; ,mwo‘m& o&{ﬂ"w}

90

W‘ﬁv‘l‘m; (st ste. it b |I:Qq.,l_§;?:

e e S L-v-wa—nw-m" - If
.o - Sl T
L !

M*W SRRl ‘N"‘ﬁmw '\MI‘MMWMHWM&)%NR‘GMA» Wx

A
i
*moun—»x-.,@ 2 *\J.WWN!&M\&lw aitad: /MQsmM"'# e

Ty }.hmm"wmhm g.‘ﬂ-w,& . I . wlnf‘wmmmurm
amaThntil hw«w"‘

uﬁa.w wm@c.&ew- RN AR Al g u‘&g&

! % 51 o AN s a1 4 1y o

,./ %WMMWMM . LI 82 \'-\
. . o \
\

e '® Fig. 5a

of ) T gy).-}' rmmﬁw__»_m-s...@m., FEYeY

93

gp sssemsmes

A T SN SASIA SR e M"{RﬁN\hWMnmmuMy(%\

1 0 2 f’ﬁ AR ZAALE VAN ’
4 : ; M WAMumwvwmuwva "‘0 N .
B MMMW va

AN i L,,wmo:mum.v:,am T A! Wl ("?W<WW-'IIIIWWAWAWM\, n_ . ‘ V#" .' : -xk',u,m\-k RN aunmnunh‘b
' #% st As"? :o» Fogs g zh)' R .
. f e """'.‘”"‘.'""-"'."V"'zf:"‘::"V;'-'{',‘:?“Q‘."..:"“.r"-'ﬁ.’#". .

)

1

m-m;-b X0 2 'M-“ wwuv MVW\-& 1
,&WMWNwWQm‘f?S&'WMMY i ; .-vu

mcb'fﬂn“ ""r---w.«m-w 71 P S

/

!

= m—

‘w\"t 50 ’éﬂf—.:’% i
AN ot diniit it .m....se, m?"’

e v‘vr - X v " ot A

70

w.é..wwnmwwwowmm-#&- SR AR RN T R N

\'4 N
ﬁ* IR L R R S Ay S R g RN Yoy wnuévﬁ -
g\.‘bﬂ:z'&\‘;@.n&w}m#’

LR HE A . ~.'.~ . _: ._' wlbw.h\w‘\ {\}"l\-\p‘f
g A i
VNI o, gk R

R [TRRrer e wk i g TR

W’ "; NI "‘4“’. JO’/‘\M;"') >'¥n~'/.w£

t | !

‘92 Fig. 5b

e P R s w&wr-o A

/

= 'WH"QMWW"RW

A,

L ...«m.u.mr_m.‘ MM:SW' Y/‘Q\N&‘ s q:‘»‘»(;«im.-m’k%@muﬂ.w ..$-<dw_..q" g
J' . A, ] ) i w’l&ﬂmﬂwﬂ‘dﬂ. VI x i lwwyuw'“ . H
. = . . . :M"”,,qﬁﬁmn.h SR A %W'M“ TN LA 1A AE e ..

f
!

e A |

' N \,,deh\‘%' [T TR RV S M

a8 ‘
L 68

N

.Wwawwm N ..

“'o"z or* re ;W,;«Ovytg' "W""""” wee

; &* i A TMERTU AT RS R e R R ngy

wd\mmm@wmngh@s?.....y..-mx--.,_,, ..e..,;nw...a-w, 'q‘f”“m» .

".. ‘.

i u PR REA K‘»ﬂ %%W‘MX& 5- WA W W ﬁffy{a

f QXEEP

Mq Lo l
>.'> WJW”".' s.g_'."_"f.“."’:.,?':.-,z,.. ..u o

. .‘g. 3 ,.?y NW‘& 3 R R WOLE f_,% “
"M *"bt I )0\ . gptivt > < " S ~
3 MWWWWEU . %'—'\/nlwwmﬂmuul‘r(_ . w;-ﬁ& . A Cy Ak A e o : W‘w&_. \\
A, . .
| \ ‘\% % " 9‘& . "i‘"” PR m. '.'M,-nf .,:. N RN A A T AL W-ankw,gw% Lot

\ 9 O \ 4&&%:&% | f ;”" x

\ 'Kﬁv. f
\ - 3 'A_ s L seredl mvhwl-xw*o»”a' f

94

'V».

o e =>>',».<.«>;§

\m._, - .,X . . .
“ " "‘V" W ’MW Rt T L favivingh e

Fig. bc

s e Ava 20 BT A e e i S
,l

e e AR S --'Aw:«.(-_\_-.«-n.»-mxK
Xﬁdﬁ . Sty . v e

W8 A -

,;E?}.‘WWMWWW FAIAIR Y,

R T A ANV C WY AN AN A0 N el ANt W s i
@

- .n- Mmqwmxm-m-omrm-v R M

.~

ﬁ""ﬂﬁh’»ﬂv%‘(\ ek 29‘£

88 } f_ht"ii’ﬂ 3 3"}% %;“";W%WN'W”" il _

?’ LT j;i@l l \ ‘yi" %k - W' ,&ﬁwhmmwkt:' s “ ,.y‘(.:, “':. s ;’ . oo v’xﬁ” ‘; N":- ;.’#.. :'-,.-_#~ .' .
*”M o % o, A o >
\ HSS -v'-- > Y v . " /"f

A ."G:.k"'."<"3»'r.'s‘£0§'$‘ K EDPPE S HOA PR Y g, ll VL G )ﬁwp&‘gﬂ .
Y 2 TR Ligu vy TN RS AN g SR e
D3 PRI SV, 5 A_A\W'- . ?

Q&u" g
mmwm Lol aalil .o
’H o3 AN OLAVTTAR 55' ng%’(\\ . | f Y o4 ’ﬂb-» E o
VL

P P ity . f. P
' gtife, ipt""'“"'i;"“‘“"‘*"““‘*"- : N\'n ) 1 02 .i ’/,,

i "° 'uwunn(ot\klmliﬂlﬁm"”lm«w<w1)'VMWWIVMJSOOIM?MJV&’V.?F‘V\.(N ~$‘"

r o PV WPV ,%w:z::.--wmwm“u .

Fi /' 84 wwNﬁ.mw%x. &98

va#wM---w-kuwmwmwwm“ Mj

80 Fig. 5d

c“l
M. Waer e i ALY \Z‘swh N § I NS S AR S A .u‘h'

' '.,,.,‘,,-,,,,,w,'.@.m'&;wm. o ol g

Mot e e et

; #&-'zv"o-:v-.WN . a- iy b,




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS

