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(54) Plate Heat Exchanger
(57) The invention relates to a plate exchanger pro-
viding heat exchange between at least two fluids (A and
B). Such plate heat exchanger consists of more than one
exchanger plates wavy profile structure of which has
been arranged in fishbone shape and the said curves
provides a flowing turbulence during flowing of at least
two fluids (A and B) through plate heat exchanger.

The main purpose of the invention is to disclose a
plate heat exchanger which increase the current heat

Fig. 1

transfer area between the channels where at least two
different fluids (A and B) passes and increase the turbu-
lence in the flowing channels where the cooling (heat
taking) fluid passes, at least at the same rate provided
by the existing art, with the feature of same size and at
least of the same strength.

The plate heat exchanger of the invention is char-
acterized in that the curves forming the profile of the
exchanger plates have at least two different heights along
the longitudinal axis.
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Description

[0001] The invention relates to a plate exchanger pro-
viding heat exchange of at least two fluids (A and B) as
described under Claim 1. Such plate exchanger normally
consists of two fluid chambers for two fluids (A and B).
This exchanger consists of at least three, normally twelve
and more exchangers forming a plate package. Exchang-
er plates are sequenced successively within the said
plate package and the two exchanger plates next to each
other determine the borders of fluid channels between
them. Alternatively at least two fluids (A and B) pass
through fluid channels following each other in the plate
package. Exchanger plates normally consists of four
holes, namely inlet, passage and/or outlet directing the
fluids (A and B) to independent fluid channels. Geometric
structure of different exchanger plates in the outside side
and/or medium of a plate package vary depending on
design of the exchanger and connection status of the
pipes where the fluid passes. Exchanger plates has a
wavy profile and this profile shape consists of curves ar-
ranged in the form of fishbone and raised in general and
providing occurrence of a turbulence during flowing of at
least two fluids (A and B) flowing through the plate ex-
changer. Fishbone model can also be in arrow shape or
V-shape and V-shape curves located successively as it
is herein spread almost all areas of the exchanger plates.
Exchanger plates are generally made of stainless steel
sheet by use of pressing or deep extraction process.
[0002] During mounting of plate packages, exchanger
plates should be located in a manner directions of fish-
bone like profiles are opposite, Thus, a three-dimensional
turbulence flowing is provided in a highly complex struc-
ture in the flowing channel, the degree of the turbulence
determines the rate of reaching balance of temperature
in the fluid flowing in the fluid channel and therefore the
efficiency of the plate exchanger. The exchanger plates
adjacent to each other contact each other at the top parts
of the curves. During mounting made in opposite direc-
tion, point contact surfaces occur between curves over-
lapping of plates adjacent to each other.

[0003] In a solder plate exchanger design, the plates
are soldered to each other on the contact or contact sur-
faces, and this operation provides the exchanger with a
superior strength. In addition, exchanger plates are also
soldered to each other on outer edges and thus flowing
channels are closed to outside. since the same fluid (A
or B) flows on both sides on the soldered contact surfaces
and therefore, there is no heat difference therein, heat
transfer from one fluid to the other on such surfaces does
not occur. For that reason, heat transfer surface existing
theoretically decreases at an amount equal to sum of
contact surfaces. As the curves have the same cross-
section, cross-sections of fluid channels are also the
same. As aresult, the pressure loss occurring along both
fluid chambers in volume flow rates of equal size are
equal. Such plate exchangers are called symmetric.
[0004] Patentapplicationno. EP 1630510 B1 disclos-
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es a plate heat exchanger comprising at least two sep-
arate flow paths for primary and secondary fluids to ex-
change heat, the said two flow paths being substantially
defined by heat exchanger plates interconnected by sol-
dering provided with a herring bone pattern of ridges and
depressions (curves) and offering different pressure
drops at equal mass flows of the two fluids In other words,
the curves of the said heat exchanger plates have two
different height measures. Thus, after a lower curve
comes either a lower curve or a higher curve. The design
aims to decrease the number of contact surfaces be-
tween the neighbouring heat exchanger plates and thus
increase the effective heat transfer area for the same
exchange magnitude. In addition, during constructive de-
sign of this type of exchanger the pressure loss occurring
along both flow chambers vary independent of volume
flow rates of the fluids by help of the described profile
structure. Such plate exchangers are called asymmetric.
[0005] The main purpose of the invention is to disclose
a plate heat exchanger which increase the current heat
transfer area and increase the turbulence in the flowing
channels where the cooling (heat taking) fluid passes, at
least at the same rate provided by the existing art, pro-
vided that it is of the same size and at least of the same
strength.

[0006] Under the frame, the purpose is achieved by
help of embodiments of the characteristics described un-
der claim 1. Other beneficial embodiments of the inven-
tion are described under sub-claims. The plate heat ex-
changer of the invention is characterized in that the
curves arranged in fish bone shape in general and form-
ing the profile of the exchanger plates have at least two
different heights along the longitudinal axis. The height
here is measured vertically plane determined by surfaces
of fixed height where V-shape curves forming fishbone
in the exchanger plate are interconnected. Approximate-
ly V shape curves of the exchanger plate consist of curve
sections following each other along the longitudinal axis,
and height measure of each curve section here is fixed
and this height is different from height of the next section
of the same curve. In such embodiment, the sections of
a curve succeeding each other are formed by means of
at least two different height gradually and as a result, low
and high curve sections are provided.

[0007] The curves forming profile of an exchanger
plate and arranged in fishbone shape consist of more
than one and preferably, three or five or seven sections.
[0008] Particularly, in a beneficial embodiment of the
invention, the curve sections of an exchanger plate di-
rectly neighbouring each other at the same level are lo-
cated by sliding in the height measure. Curve sections
of the neighbouring each other of the same level with
each other here refers to first, second or third curve sec-
tions etc.

[0009] Thus, while one line of curves following each
other in an exchanger plate contains firstly one low curve
section, then one high curve after it and then one low
curve section after it etc. in longitudinal direction of the
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first, second, third, fifth curve etc., the direct neighbouring
second, fourth, sixth curve etc. of the same exchanger
plate longitudinally contain firstly one high curve section,
then one low section after it and one high curve after it.
[0010] The passage between succeeding curve sec-
tions of a curve can be formed in a passage zone con-
sisting of flat or cavity surfaces providing connection of
border lines of the curve sections. since the curves di-
rectly neighbouring each other are located in a separate
manner in respect to height measures, a cross-section
A-A taken vertically to the curve sections of neighbouring
curves attached to each other in more than one has an
appearance different from Cross-section B-B taken in di-
rection vertical to curve sections neighbouring the said
Cross-section A-A.

[0011] In this invention the number of contact points
between neighbouring plates is decreased and area of
heat transfer occurring in the equal exchanger volume is
increased. Thus, exchanger efficiency depending on
structural volume also increases. This change is realized
in a manner the mechanical strength of the plate ex-
changer remains at least the same, because more sen-
sitive and multidirectional profile of exchanger plates in-
creases bending and torsion torque moment measures
that can be met by the plates. a change of the same type
in the profile shape increases the turbulence occurring
in the fluid channels where the cooling 8heat taking) fluid
passes at least in the amount of the one in existing art
and this widens the heat transfer area and also efficiency
of the exchanger.

[0012] The drawings show several illustrative embod-
iments of the invention and consist of five figures:
Figure 1.  shows two perspective views of two neigh-
bouring exchanger plates of a plate ex-
changer.

Figure 2. shows top view of two neighbouring ex-
changer plates of a plate exchanger.
Figure 3.  shows four longitudinal (4-1,4-11,4’-] and 4'-
II) cross-sections taken along two neigh-
bouring exchanger plates indicated in figure
2 and different embodiment samples.
Figure 4. shows top view displaying hidden edges
(terminal forms) of a plate package (also
showing curve forms in the plates forming
this plate package).

Figure 5.  shows two cross-sections (A-A and B-B)
taken along curves of four neighbouring ex-
changer plates of an exchanger package of
figure 4.

[0013] Figure 1 shows two perspective views of two
neighbouring exchanger plates (1 and 1’) of a plate ex-
changer. The figure shows four holes (2) for inlet, pas-
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sage and/or outlet of the fluids conducting heat ex-
change, edge (3) curved at conical angle and hole sur-
rounding surfaces (51 and 52). The neighbouring ex-
changer plates (1 and 1’) can be combined into a plate
package by help of zones where this edge (3) and hole
surrounding surfaces (51 and 52) contact each other.
The said exchanger plates are preferably soldered. In
addition, wavy curves (4 and 4’) of fish bone shape are
seen wherein in the said curves (4 and 4’) form the profile
of exchanger plates (1 and 1’). The said curves (4 and
4’) are illustratively divided into five curve sections (411,
412,413,414,415infigure laand 411°, 412", 413’, 414,
415’infigure 1b) following each other longitudinally along
the axis. The curves are preferably divided into five curve
sections. The height measure of each curve section (411,
412, 413, 414, 415 and 411’, 412, 413, 414’, 415) is
constant within itself and the said height measure is dif-
ferent from the height measure of the next section of the
same curve (4 and 4’). Thus, gradually arranged low and
high curve sections (411, 412, 413, 414, 415 and 411’,
412’, 413, 414’, 415’) are provided. The said curve sec-
tions (411, 412, 413, 414, 415 and 421, 422, 423, 424,
425and 411°, 412, 413,414, 415 and 421, 422°, 423’,
424, 425’) following each other are interconnected by
means of a passage zone (7) composed of flat or cavity
surfaces. Furthermore, curves (4 and 4’) of each plate (1
and 1’) are interconnected by means of flat or cavity sur-
faces determining lower (6) or top (6’) levels of the fish-
bone zone. In this embodiment, the low (6) border (in
respect to figure) of fishbone zone shown in the figure
1a is of the same level as the hole (2) surrounding low
surface (52) while top (6°) border (in respect to the figure)
of the fish bone shown in figure 1b is of the same level
as the hole (2) surrounding high surface (51).

[0014] Figure 2a and 2b shows top view of two neigh-
bouring exchanger plates (1 and 1’) according to Figure
1aand 1b. Italso contains four holes (2) for inlet, passage
and/or outlet of the fluids. The figure also shows fishbone
zones formed by curves (4 and 4’) arranged in V shape.
The probable contour lines of neighbouring two curves
(41, 42 and 41’, 42’) in each neighbouring plate (1 and
1’) are described in details according to cross-sections
4-1, 4-11, 4'-1 and 4’-II for better understanding of the in-
vention.

[0015] Figures 3a, 3b and 3¢ show four probable pro-
jections of curves (4 and 4’) onto the neighbouring ex-
changer plates (1 and 1°). Subject to the cross-sections
(4-1, 4-11) shown with emphasizing in Figure 2, Figures
3a-1 and 3a-2 shows longitudinal cross-sections of two
neighbouring curves (41 and 42) of a heat exchanger
plate (1) of Figure 1 and Figure 2 and five curve sections
(411, 412, 413, 414, 415 and 421, 422, 423, 424, 425)
each arranged gradually. Subject to the cross-sections
(4-1, 4-11) shown in Figure 2, Figures 3a-3 and 3a-4 shows
longitudinal cross-sections of two neighbouring curves
(41" and 42’) of a heat exchanger plate (1) of Figure 1
and Figure 2 and five curve sections (411, 412’, 413’,
414’ and 415’ and 421’, 422', 423’, 424’, 425’) each ar-
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ranged gradually. The height of the curves has at least
two different measurement value (H1 and H2) of each
curve (41, 42 and 41’, 42’) along the longitudinal axis.
The said measurement values are generally indicated as
H. each measurement value may vary as H1, H2, H3...
and height measurement value has been given according
to surface determined by top (6) or low (6’) surface levels
of constant height remaining between curves (4 and 47)
forming fishbone appearance in the exchange plates (1
and 1’). The curve sections (411, 421; 412, 422; 411,
421’; 412°, 422’;...) of the same level with each other of
directly neighbouring curves (41, 42 and 41’, 42’) of a
heat exchanger plate (1 and 1’) are located by sliding
according to height measurement values. Figure 3b
shows a potentially different embodiment of the inven-
tion. Subject to the cross-sections (4-1, 4-Il, 4’-1 and 4’-
I1) shown in Figure 2, Figures 3b-1, 3b-2, 3b-3 and 3b-4
show longitudinal cross-sections of two neighbouring
curves (41,42 and 41, 42’) of each heat exchanger plate
(1 and 1’) and curve sections (416, 417, 426, 427; 416,
417 °, 426 °, 427 ’) forming the said curves. In this em-
bodiment, height measurement value within each curve
section (416, 417, 426, 427; 416 °, 417 °, 426 °, 427 )
varies between two different height measurement values
(H1, H2). The height measurement values ’(for 416 and
417, H2, for 426 and 427, H1, etc.) of two succeeding
curve sections in the zones where they are interconnect-
ed are equal to each other. Figure 3c shows another po-
tentially different embodiment of the invention. Subject
to the cross-sections (4-1, 4-1l, 4’-I and 4’-11) shown in
Figure 2, Figures 3c-1, 3c-2, 3c-3 and 3c-4show longi-
tudinal cross-sections of two neighbouring curves (41,
42 and 41’, 42’) of each heat exchanger plate (1 and 1))
and curve sections (418, 419, 4110, 4111, 428, 429,
4210, 4211; 418, 419, 4110',4111° 4110, 4111, 428,
429 4210°, 4211’,)) forming the said curves. In this em-
bodiment, height measurement value within each curve
section (418, 419, 418’, 419, ) varies between two dif-
ferent height measurement values (H1 and H2, H3 and
H4). While the height measurement values (H2 and H3)
of two succeeding curve sections (418 and 419, 4110
and 4111, 418’ and 419’, 4110’ and 4111’) in the zone
where they are interconnected are different, the height
measurement values (for419 and 4110, 419’and 4110’ ,
H4; for429 and 4210, 429 and 4210’ , H1) of some curve
sections succeeding each other in zones where they are
interconnected are identical.

[0016] Figure 4 shows top view of a plate package con-
sisting of more than one neighbouring exchanger plates
(1 and 1’) shown in Figure 1 with hidden edge (terminal)
forms. The figure shows the status where heat exchanger
plates (1 and 1) of fishbone like profile (curves (4 and
4’)) show opposite directions as in Figure 1, and thus
curves (4 and 4’) of neighbouring exchanger plates (1
and 1’) contact each other in projection plane.

[0017] Figures 5aand 5b show two cross-sections par-
allel to each other passing through a plate package con-
sisting of four exchanger plates (1 and 1’) and indicated
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with A-A and B-B cross-section lines according to Figure
4. In both cross-sections (A-A and B-B) contours (S1 and
S1’) of exchanger plates (1 and 1’) show difference. Lim-
ited flow channels (8 and 9) for fluids conducting heat
exchange in neighbouring exchanger plates (1 and 1’)
are shown. For instance, the flowing channel (8) is a pri-
mary circuit flowing channel where a heater or heat giving
fluid passes and flowing channel (9) forms the secondary
flowing channel where cooler or heat taking fluid passes.
The number of points (P1 and P2) where exchanger
plates (1 and 1’) contact each other where heater or heat
giving fluid passes, by means of curve sections (411,
412,413,414,415and 421,422,423,424,425and 411’,
', 412°, 413, 414°, 415" and 421°, 422', 423’, 424’, 425’)
of different height measurement valuesin respectto each
other in profile form, particularly neighbouring curves (41,
42 and 41, 42’) is decreased when compared to number
of existing art (see particularly Figure 5b). While the dis-
closed profile form decreases the turbulences occurring
in secondary circuit flowing channel (9) at least up to the
one of the existing art, the number of contact (soldering)
points in the primary circuit flowing channel (8) is de-
creased and heat transfer surface is increased.

Claims

1. A plate heat exchanger providing heat transfer be-
tween at least two fluids (A and B) and having at
least one flowing channel (8, 9) for each fluid (A and
B) and containing at least two flowing chambers and
atleast three exchanger plate (1, 1’) located succes-
sively and formed in profile shape in a manner to
provide a plate package,

» wherein flowing channels (8, 9) are formed be-
tween two neighbouring heat exchanger plates
(1, 1’)and which forms at least two flowing cham-
bers following each other alternatively in plate
package and

» wherein profile structure of the heat exchanger
plates (1, 1°) are more than one and in general
contains curves (4, 4’) arranged in fishbone
shape and it is characterized in that;

it consists of at least two different height meas-
urement values (H1, H2) provided that it is
measured from a plane determined by the sur-
faces forming low (6) and/or top (6’) levels of the
fishbone zone by means of connecting the
curves '(4, 4’) in each plate (1, 1°) along the lon-
gitudinal axis of the curves (4, 4’).

2. A plate heat exchanger according to claim 1 and it
is characterized in that
curves (4, 4’) of a heat exchanger plate (1, 1’) are
divided into more than one curve sections (411,412,
413, 414, 415,411°,412’, 413, 414, 415’) following
each other along longitudinal axis, and that height
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measurement values (H1, H2) in each curve section
(411,412, 413, 414, 415 and 411, 412°, 413’, 414,
415’) is constant that height measures of successive
curve sections (411 and 412,412 and 413, 411’ and
412, 412’ and 413, etc.) of the curves (4, 4’) are
different from each other.

A plate heat exchanger according to claim 1 or 2 and
it is characterized in that

Successive sections (411,412,413, 414,415 ; 411,
412',413,414’,415") of a curve (4, 4’) is formed with
two different height measurement values (H1 and
H2) and that as a result, that low (411, 413, 415;
411’,413’, 415’) and high curve sections (412, 414;
412, 414’) are formed alternatively.

A plate heat exchanger according to claim 1 and it
is characterized in that

curves (4, 4’) of a heat exchanger plate (1, 1°) are
divided into more than one curve sections (416,417,
426,427,416, 417,426, 427’) following each other
along longitudinal axis,

* height measurement value within each curve
section (416, 417; 426, 427; 416, 417’; 426,
427’) varies in its own length and

* The height measurement values (for 416 and
417, H2, for 426 and 427, H1, for 416’ and 417,
H2, for 426’ and 427’, H1) of two succeeding
curve sections (416, 417; 426, 427; 416, 417’;
426’, 427’) in the passing zones where they are
interconnected are equal to each other.

A plate heat exchanger according to claim 1 and it
is characterized in that

curves (4, 4’) of a heat exchanger plate (1, 1’) are
divided into more than one curve sections (418, 419,
4110, 4111, 418, 419’,4110’, 4111’ following each
other along longitudinal axis,

* height measurement value within each curve
section (418,419,4110,4111,418,419’,4110’,
4111’) varies in its own length and

+ the height measurement values of two suc-
ceeding curve sections (418 and 419, 4110 and
4111, 418 and 419, 4110’ and 4111’) in the
zone where they are interconnected are identi-
cal (for 419 and 4110, 419’ and 4110’ , H4; for
429 and 4210, 429’ and 4210, H1) or different
(for418and 419,4110and 4111,418’and 419,
4110’ and 4111’ , H2 and H3),

A plate heat exchanger according to claim 1 to claim
5 and it is characterized in that

curves (4, 4’) of a heat exchanger plate (1, 1) are
divided into more than one, preferably three or five
or seven curve sections (411, 412, 413, 414, 415;
411°, 412, 413, 414’, 415’)
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7.

10.

11.

A plate heat exchanger according to claim 1 to claim
6 and it is characterized in that

direct neighbouring curves (41,42; 41°,42’) of a heat
exchangerplate (1, 1) are located indistance to each
other in respect to height measures (H1 and H2) of
curve sections (411, 412, 413, 414, 415 and 421,
422,423, 424, 425; 411’, 412’, 413', 414, 415’ and
421°,422',423’,424’,425’), of the same level to each
other.

A plate heat exchanger according to claim 1 to claim
7 and it is characterized in that

while at least one curve (41, 41’) of an exchanger
plate (1, 1°) contains firstly longitudinally (4-1, 4’-I)
one low curve section (411, 411’), then one high
curve (412, 412’) after it and then one low curve sec-
tion (413, 413’) after it etc. in longitudinal axis, a
curve (42, 42’) directly adjacent to this curve (41, 41)
in the same exchanger plate (1, 1’) longitudinally
consist of firstly (4-11, 4-11) one high curve section
(421, 427’), , then one low section (422, 422’) after
it and one high curve (423, 423’) etc. after it.

A plate heat exchanger according to claim 1 to claim
8 and it is characterized in that

the curve sections (411, 412, 413, 414, 415 ; 421,
422,423,424,425 ;411°,412',413',414°,415 ;421’,
422’, 423, 424’, 425’) following each other are
formed by means of a passage zone (7) composed
of flat or cavity surfaces providing connection of bor-
der lines.

A plate heat exchanger according to claim 3 and
claim 8 and it is characterized in that

Contour lines (S1 and S71’) of a cross-section (A-A)
taken in vertical direction to the curve sections at
contact (welding) points (P1) level in neighbouring
heat exchanger plates (1, 1’) of curves (41,42 ; 41’,
42’) in neighbouring positions because of low and
high curve sections (411, 412, 413, 414, 415 and
421, 422, 423, 424, 425 and 411, 412, 413’, 414/,
415’ and 421’, 422’, 423, 424’, 425’) following each
other, and the parallel cross-section (B-B) taken in
vertical direction to curve sections in contact (weld-
ing) points (P2) adjacent to the said cross-section
(A-A) are different.

A plate heat exchanger according to claim 3 and
claim 8 and it is characterized in that

Contour lines (S1 and S1’) of a cross-section taken
in vertical direction to the curve sections at contact
(welding) points (P1. P2,..) level in neighbouring heat
exchanger plates (1, 1’) of curves (41,42 and 41’,
42’) in neighbouring positions because of low and
high curve sections (411, 412, 413, 414, 415 and
421, 422, 423, 424, 425 and 411°, 412’, 413, 414,
415 and 421, 422', 423', 424’, 425’) following each
other have at least two different contour appearance
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Fig. 3c
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