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(54) A HEAT EXCHANGER

(57) The present invention herein provides a heat ex-
changer for heat exchange between two fluids. The heat
exchanger includes a stack of plates forming at least one
first channel for a first fluid and at least one second chan-
nel for a second fluid. Further, the plates includes open-

ings forming conduits for enabling the flow of the first fluid
and the second fluid in the first and second channels
respectively. The openings further includes collars con-
figured to promote laminar fluid flow between the chan-
nels and the respective conduits.
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Description

[0001] The present invention relates to a plate heat
exchanger. In particular, the invention relates to collars
of the plate heat exchanger which promote laminar fluid
flow within the heat exchanger.
[0002] A plate-type heat exchangers may include a plu-
rality of plates stacked together to form two fluid chan-
nels. The two fluid channels are fluidically isolated from
each other, yet thermal coupled with each other. In one
example, adjacent plates of the stacked plates delimit
the path for the fluid channels. Each plate may include
openings for enabling fluid flow into the respective fluid
channels. The openings provided in the stack of plates
form conduits that transfers the fluid to the respective
fluid channels. Further, the openings may include collars
to fluidically connect the conduits with the respective fluid
channels. The two fluid channels can be a refrigerant
channel and a coolant channel.
[0003] Conventionally, the collars may include a por-
tion that protrudes from the plates in a direction parallel
to the longitudinal axis of the plates. Such portion in the
collars may cause detrimental change in fluid path be-
tween the conduit and the fluid channels. For example,
the fluid flowing between the conduit and the respective
fluid channel may have detrimental change in its flow
path, i.e., 900 change in fluid flow direction. Such change
in direction flow between the conduits and the fluid chan-
nels may leads to high pressure drop of the fluid at an
inlet area in the conduits. Such highpressure drop of the
fluid may cause non-uniform fluid distribution in the fluid
channels that leads to inefficient heat exchange between
two fluid flowing in the heat exchanger. In case, pressure
drop of the coolant is high at the inlet of the heat exchang-
er, the compressor provided in the coolant pump may
consume more energy to pump the coolant to the heat
exchanger. As a result, overall performance of the cool-
ing circuit, in which the heat exchanger is provided, is
affected.
[0004] Accordingly, there remains a need for a heat
exchanger that increases performance of the cooling cir-
cuit of a vehicle. Further, there remains another need for
a simple design of collar defined on plates of a heat ex-
changer that reduces pressure drop at the inlet area of
a heat exchanger. Yet, there remains another need for
a collar that promotes laminar flow between an inlet and
fluid channels of a heat exchanger. Furthermore, there
remains another need for a plate heat exchanger that
reduces power consumption by a compressor provided
in a coolant pump disposed at upstream to the heat ex-
changer.
[0005] In the present description, some elements or
parameters may be indexed, such as a first element and
a second element. In this case, unless stated otherwise,
this indexation is only meant to differentiate and name
elements, which are similar but not identical. No idea of
priority should be inferred from such indexation, as these
terms may be switched without betraying the invention.

Additionally, this indexation does not imply any order in
mounting or use of the elements of the invention.
[0006] In view of the foregoing, an embodiment of the
invention herein provides a heat exchanger for heat ex-
change between two fluids. The heat exchanger includes
a stack of plates forming at least one first channel for a
first fluid and at least one second channel for a second
fluid. Further, the plates includes openings forming con-
duits for enabling the flow of the first fluid and the second
fluid in the first and second channels respectively. The
openings further include collars configured to promote
laminar fluid flow between the channels and the respec-
tive conduits.
[0007] In one embodiment, at least one collar is in-
clined in a direction opposite to the intended fluid flow
direction in the respective conduits.
[0008] In another embodiment, at least one collar is
inclined along the intended fluid flow direction in the re-
spective conduits.
[0009] In one example, the openings providing the first
fluid to the first channel are defined on one end of the
plates, and the openings receiving the first fluid from the
first channel are defined on opposite end of the plates.
[0010] In another example, the openings providing the
first fluid flow into the first channel are defined on a same
end of the plates.
[0011] Generally, the openings providing the second
fluid flow into the second channel are provided on a same
end of the plates.
[0012] Further, the collars of the openings are inclined
in a range of 30° to 60°, preferably 450 with respect to
longitudinal axis "L" of the plates.
[0013] In one example, the heat exchanger further in-
cludes at least one separation plate having at least one
baffle, and the separation plate being located in between
two plates to define two fluid flow paths for the first chan-
nel and the second channel.
[0014] In another example, the heat exchanger further
includes at least one cover plate provided in contact with
the plates to encapsulate at least a portion of the plates.
Further, the cover plate includes cover-openings com-
plementary to the openings formed on the plates.
[0015] Further, the cover-openings in the cover plate
are bent beyond the collars of the openings.
[0016] In one embodiment, the collars of the alternate
plates are extended beyond the collars of the adjacent
plates.
[0017] Further, the heat exchanger is configured for an
operation as a condenser, the first fluid being a liquid
coolant and the second fluid being a refrigerant.
[0018] In one example, the plates include a corrugation
on its surface. Further, at least a portion of the collar may
protrude directly from the corrugation formed on the
plates.
[0019] Other characteristics, details and advantages
of the invention can be inferred from the description of
the invention hereunder. A more complete appreciation
of the invention and many of the attendant advantages
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thereof will be readily obtained as the same becomes
better understood by reference to the following detailed
description when considered in connection with the ac-
companying figures, wherein:

Fig. 1 illustrates a schematic view of the heat ex-
changer, in accordance with an embodiment of the
present invention;

Figs. 2 and 3 illustrate cross-sectional views of the
heat exchanger of Fig. 1, showing fluid channels
formed by a plurality of plates;

Figs. 4A and 4B illustrate schematic views of the
plates of the heat exchanger of Fig. 1, depicting a
first opening and a second opening;

Figs. 5A and 5B illustrate cross-sectional views of
the heat exchanger along the longitudinal axis "L" of
the heat exchanger of Fig. 1 depicting the first set of
openings;

Fig. 5C illustrates another cross-sectional view of
the heat exchanger along the longitudinal axis "L" of
the heat exchanger of Fig. 1 depicting the second
set of openings; and

Fig. 6 illustrates schematic view of the cover plate
of the heat exchanger of Fig. 1

[0020] It must be noted that the figures disclose the
invention in a detailed enough way to be implemented,
the figures helping to better define the invention. The
invention should however not be limited to the embodi-
ments disclosed in the description.
[0021] The present invention relates to a plate heat
exchanger having laminar fluid flow between fluid chan-
nels and openings defined in the heat exchanger. Gen-
erally, plate heat exchanger may include a stack of plates
forming two fluid channels, one set of channels being a
coolant channel and another set of channels being a re-
frigerant channel. The plates may include openings form-
ing conduits for enabling fluid flow into the channels. Fur-
ther, the conduits may be connected to respective fluid
circuits for enabling fluid flow into the respective chan-
nels. The openings may include collars having at least a
portion of the plates that is substantially perpendicular to
the fluid flow direction in the openings. As a result, the
fluid flow path between the conduits and the respective
fluid channels is substantially changed, that increases
pressure drop of the fluid at the conduits. Particularly, if
the pressure drop at the coolant conduit increases, power
consumption of a coolant pump provided at upstream to
the heat exchanger is increased. As a result, perform-
ance of the system is affected and efficiency of the heat
exchanger is reduced. To overcome such problems, the
collars of the openings are inclined to promote laminar
fluid flow between the conduits and the fluid channels.

Particularly, the collar of the openings providing the cool-
ant flow into the fluid channels are inclined to promote
laminar coolant flow between the conduits and respective
channels. In fluid dynamics, laminar flow is characterized
by fluid particles following smooth paths in layers, with
each layer moving smoothly past the adjacent layers with
little or no mixing. As a result, pressure drop of the fluid
is reduced and achieving effective heat exchange in the
heat exchanger. Hence, efficiency of the cooling circuit
of a vehicle, in which the heat exchanger is disposed, is
increase. Position and geometry of the inclination pro-
vided in the collars are explained with respect to forth-
coming figures in the description.
[0022] Figs. 1 to 3 illustrate different views a heat ex-
changer 100, in accordance with an embodiment of the
present invention. Particularly, Fig. 1 shows a schematic
view of the heat exchanger 100 and Figs. 2 and 3 show
different cross-sectional views of the heat exchanger 100
of Fig. 1. The heat exchanger 100 may be configured for
heat exchange between a first fluid and a second fluid,
for example, a refrigerant and a liquid coolant. The liquid
coolant can be water or water-glycol mixture. In this ex-
ample, the heat exchanger 100 is configured for an op-
eration as a condenser, here the first fluid being a liquid
coolant and the second fluid being a refrigerant. The heat
exchanger 100 includes a plurality of plates 102 stacked
together to form at least two fluid channels, namely, first
channels 102A being liquid coolant channels and second
channels 102B being refrigerant channels. In one em-
bodiment, the plates 102 are corrugated plates. In an-
other embodiment, the plates 102 may have corrugation
on its surface. As shown in detailed view of Fig. 2, the
first channels 102A and the second channels 102B are
alternatively formed with each other by the plates 102.
In other words, the plates 102 are stacked together so
as to delimit one first channel 102A by a bottom surface
of a first plate and a top surface of a second plate and to
delimit one second channel 102B by a bottom surface of
the second plate and a top surface of a third plate. In one
embodiment, the stack of plates 102 are brazed together
without disturbing the fluid channels formed therein. In
one example, at least a portion of the top surface of one
plate is brazed to at least a portion of the bottom surface
of the adjacent plate without disturbing the fluid flow path
defined therein.
[0023] Further, the plates 102 may comprise openings
202, 204 forming conduits 202A-B, 204A-B to enable fluid
flow in the first channels 102A and the second channels
102B. Particularly, the openings 202, 204 may be clas-
sified into two sets of openings, a first set of openings
202 enabling the coolant circulation in the first channels
102A and a second set of openings 204 enabling the
refrigerant circulation in the second channels 102B. As
shown in Fig. 3, the first set of openings 202 forming the
first conduits 202A, 202B is to introduce and receive the
coolant to/ from the first channels 102A respectively. As
shown in Fig. 2, the second set of openings 204 forming
the second conduits 204A, 204B is to introduce and re-
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ceive the refrigerant to/from the second channels 102B
respectively. Further, the first set of openings 202 and
the second set of openings 204 formed on the plates 102
are clearly shown in Figs. 4A and 4B. The openings 202,
204 may further comprise collars 302 configured to pro-
mote laminar fluid flow between the conduits 202A-B,
204A-B and the respective fluid channels 102A-B. Par-
ticularly, the collars 302 provided in the first set of open-
ings 202 may be configured to promote laminar flow of
the first fluid between the first conduits 202A-B and the
first channels 102A. Further, the collars 302 provided in
the second set of openings 204 are configured to promote
laminar flow of the second fluid between the second con-
duits 204A-B and the second channels 102B. Generally,
the collars 302 are defined in the plates 102 at the open-
ings 106. Particularly, the collars 302 may protrude di-
rectly from the corrugation formed on the plates 102.
[0024] Figs. 4A and 4B illustrate top views of the two
plates 102 of the heat exchanger 100 of Fig. 1, depicting
the first opening 202 and the second opening 204. In the
plate 102 as shown in Fig. 4A, the first set of openings
202 is formed on opposite ends of the plates 102. In other
words, the first set of openings 202 providing the first
fluid to the first channel 102A is formed on a first end
108A of the plates 102, whereas the first set of openings
202 receiving the first fluid from the first channels 102A
is formed on a second end 108B of the plates 102. Sim-
ilarly, the second set of openings 202 is formed on op-
posite ends of the plates 102. In other words, the second
set of openings 204 providing the second fluid to the sec-
ond channel 102B is formed on the first end 108A of the
plates 102, whereas the second set of openings 204 re-
ceiving the second fluid from the second channels 102B
is formed on the second end 108B of the plates 102.
[0025] In another embodiment, the first set of openings
202 providing the first fluid to the first channel 102A and
the first set of openings 202 receiving the first fluid from
the first channel 102A are formed on same end of the
plates 102, i.e., either on the first end 108A or the second
end 108B of the plates 102. Similarly, the second set of
openings 204 enabling the second fluid circulation in the
second channel 102B are formed on same end of the
plates 102. In such embodiment, each of the first channel
102A and the second channel 102B may require a par-
tition plate to enable two-pass flow in the heat exchanger
100. The above-mentioned embodiment is not shown in
any of the figures.
[0026] Figs. 5A and 5B illustrate cross-sectional views
of the heat exchanger 100 along the longitudinal axis "L"
of the heat exchanger 100 of Fig. 1 depicting the first set
of openings 202. Fig. 5C illustrates another cross-sec-
tional view of the heat exchanger 100 along the longitu-
dinal axis "L" of the heat exchanger 100 of Fig. 1 depicting
the second set of openings 204. As explained above, the
collars 302 provided in the first set of openings 202 are
referred to as first collars 302A and the collars 302 pro-
vided in the second set of openings 204 are referred to
as second collars 302B. In one example, at least one

collar amongst the first collars 302A is inclined in a di-
rection opposite to the intended fluid flow direction in the
respective first conduit 202A, as shown in the detailed
view of Fig. 5A. Here, the intended fluid flow direction
means the direction of the first fluid flowing in the first
conduit 202A, and the first conduits 202A, 202B is defined
by the first set of openings 202.
[0027] In another example, at least one collar amongst
the first collars 302A is inclined along the intended fluid
direction in the first conduit 202B, as shown in Fig. 5B.
In yet another example, a set of first collars 302A is in-
clined in a direction opposite to the intended fluid flow
direction in the respective conduits 202A, 202B and an-
other set of first collars 302A is inclined along the intend-
ed fluid direction in the respective conduits 202A, 202B
as shown in detailed view of Figs. 5A-B. In one embod-
iment, the first collars 302A formed in the plates 102 at
the first set of openings 202 are inclined between 30°
and 600, preferably 450 with respect to longitudinal axis
"L" of the plates 102.
[0028] Further, the plate 102 as shown in Fig. 4A and
the plate 102 as shown in Fig. 4B are alternatively ar-
ranged/stacked to form the heat exchanger 100. Upon
arranging the plates 102, at the first set of openings 202,
the first collars 302A of the alternate plates 102 is in con-
tact with the adjacent collars, so as to close flow path of
the second channels 102B, as shown in detailed view of
the Fig. 5A. As a result, the first fluid, i.e., coolant, flowing
in the first conduit 202A, 202B may not enter into the
second channels 102B. Similarly, at the second set of
openings 204, the second collars 302B of the alternate
plates 102 is in contact with the adjacent collars, so as
to close flow path of the first channel 102A, as shown in
the detailed view of Fig. 5C. As a result, the second fluid,
i.e., refrigerant flowing in the second conduit 204A, 204B
may not enter into the first channels 102A. In this exam-
ple, the first collars 302A of the alternative plates are
extended beyond the collars of adjacent plates as shown
in Fig. 5A-B, so as to effectively close the first channel
102A at the second openings 204 and the second chan-
nel 102B at the first openings 202.
[0029] In the embodiment as shown in Fig. 5C, the sec-
ond collars 302B are not inclined collars, however it is
possible to configure the second collars 302B as inclined
collars. Generally, pressure of the refrigerant flowing into
the second conduits 204A is higher, so the shape of the
second collars 302A does not substantially change the
pressure drop of the refrigerant at the second conduits
204A, 204B. Nevertheless, it is possible to configure the
second collars 302B as inclined collars to further de-
crease pressure drop of refrigerant and promote laminar
fluid flow between the second conduits 204A, 204B and
the second channel 102B.
[0030] Further, the heat exchanger 100 includes a sep-
aration plate 306 located in between two plates 102
amongst the plurality of plates 102 to define two fluid flow
paths for the first channels 102A and the second chan-
nels 102B. The separation plate 306 may include at least
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one baffle that enable fluid communication between two
fluid paths. In this example as shown in Fig. 5A, the first
channels 102A are configured as a U-pass flow. Partic-
ularly, the first fluid, i.e., coolant may be introduced to
the first conduit 202A through a coolant-inlet connector
402, and it is represented as COOL_IN in Fig. 5A. There-
after, the first fluid may pass through the first channels
102A defined in a first coolant pass 308A and reaches
the first channels 102A defined in the second coolant
pass 308B through the first conduit 202B formed on other
side of the plates 102A as shown in Fig. 5B. Here, the
separation plate 306 may include the baffle so that the
first fluid may flow from the first coolant pass 308A of the
first channel 102A to the second coolant pass 308B of
the second channel 102B. Thereafter, the first fluid may
exist from the second coolant pass 308B of the first chan-
nels 102A through the first conduit 202A and a coolant-
outlet connector 404 as shown in Fig. 5B. Further, intro-
duction of the first fluid into the heat exchanger 100 is
denoted as "COOL-IN" and reception of the first fluid from
the heat exchanger 100 is denoted as "COOL_OUT". As
the first collars 302A formed on the plates 102 at the first
set of openings 202 are inclined, flow path of the first fluid
between the first conduits 202A, 202B and the first chan-
nels 102A is not substantially changed, thereby eliminat-
ing pressure drop of the first fluid at the first conduit 202A.
As a result, power consumed by a compressor provided
in a coolant pump at the coolant circuit of the heat ex-
changer is reduced.
[0031] Similarly, the separation plate 306 may define
two refrigerant flow paths for the second channels 102B.
In this example as shown in Fig. 5C, the second channels
is defined as "U" pass flow and having two flow paths,
namely a first refrigerant pass 310A and a second refrig-
erant pass 310B. The second fluid, i.e.the refrigerant may
enter into the second conduit 204A through a refrigerant-
inlet connector 406 connected to the heat exchanger 100.
The refrigerant-inlet connector 406 is in-line to the sec-
ond openings 204 formed on the plates 102, so as intro-
duce the second fluid to the second conduit 204A. In
other words, the refrigerant-inlet connector 406 is in-line
to the second conduit 204A. Thereafter, the second fluid
may flow from the second conduit 204A formed in the
first refrigerant pass 310A to the second conduit 204B
through the second channel 102B.
[0032] Here, the first channel 102A and the second
channel 102B are in heat exchange configuration, so as
to exchange heat between the first fluid and the second
fluid. Thereafter, the second conduit 204B connected to
the first refrigerant pass 310A may direct the second fluid
to a receiver drier 312 for filtering process. Upon filtering,
the second fluid may flow back to the second conduit
204B connected to the second refrigerant pass 310B.
Thereafter, the second fluid may flow from the second
conduit 204B to the second conduit 204A through the
second channel 102B formed in the second refrigerant
pass 310B. Here again, the first channels 102A and the
second channels 102B are in heat exchange configura-

tion, so as to exchange heat between the first fluid and
the second fluid. Thereafter, the second fluid may exit
from the second refrigerant pass 310B through the sec-
ond conduit 204A and may exit from the heat exchanger
100 through a refrigerant-outlet connector 408.
[0033] In the example as shown in Figs. 5A-C, the first
collars 302A at the first set of openings 202 forming the
first conduit 202A are inclined in a direction opposite to
the intended fluid flow direction in the first conduit 202A.
Hence, the first collars 302A promoting laminar first fluid
flow between the first channel 102A in the first coolant
pass 308A and the first conduit 202A. Further, the first
collars 302A at the first set of openings 202 forming the
first conduit 202B in the first coolant pass 308A are in-
clined along the intended fluid flow direction in the first
conduit 202B, thereby promoting laminar first fluid flow
between the first channel 102A and the first conduit 202B.
[0034] Further, the first collars 302A at the first set of
openings 302A forming the first conduit 202B in the sec-
ond coolant pass 308B are inclined in a direction opposite
to the intended fluid flow direction in the first conduit
202B, thereby promoting laminar first fluid flow between
the first conduit 202B and the first channel 102A in the
second coolant pass 308B. Similarly, the first collars
302A at the first set of openings 302A forming the first
conduit 202A in the second coolant pass 308B are in-
clined along the intended fluid flow direction in the first
conduit 202A. Hence, the first collars 302 may promote
laminar first fluid flow between the first channel 102A and
the first conduit 202A in the second coolant pass 308B.
Although the present example is U-pass coolant flow heat
exchanger 100, it is possible to implement same config-
uration of the first collars 302A in an "I-pass or single
pass" coolant flow heat exchanger 100. In such case, the
first fluid may flow from either the first conduit 202A to
first conduit 202B or vice-versa.
[0035] As a result, the first fluid flowing into the heat
exchanger 100 may not encounter substantial change in
flow path, thereby maintaining uniform distribution of the
first fluid across the first channels 102A in the heat ex-
changer. As a result, the pressure drop of the first fluid
at the coolant inlet area is reduced and efficient heat ex-
change between the first fluid and the second fluid. Fur-
ther, the coolant pump is connected to the upstream of
the coolant-inlet connector 402, so power consumed by
the pump is reduced as there is not substantial pressure
drop of the first fluid in the heat exchanger 100.
[0036] The heat exchanger 100 further includes a pair
of cover plates 502 provided in-contact with the plates
102 to encapsulate at least a portion of the plates 102.
In one example, the plates 102 are sandwiched by the
pair of cover plates 502. The cover plates 502 may in-
clude cover-openings 504 complementary to the first set
of openings 202 and the second set of openings 204 as
shown in Fig. 6, so as enable fluid circulation in the re-
spective conduits 202A, 204A. Fig. 6 illustrates schemat-
ic view of the cover plate 502 of the heat exchanger 100
of Fig. 1. The inlet connectors 402, 406 and the outlet
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connectors 404, 408 are connected to the cover plate
502 at the respective cover-openings 504. In one exam-
ple, the cover openings 504 are bent beyond the respec-
tive collars 302A, 302B of the respective openings 202,
204.
[0037] In any case, the invention cannot and should
not be limited to the embodiments specifically described
in this document, as other embodiments might exist. The
invention shall spread to any equivalent means and any
technically operating combination of means.

Claims

1. A heat exchanger (100) for heat exchange between
two fluids comprising: a stack of plates (102) forming
at least one first channel (102A) for a first fluid and
at least one second channel (102B) for a second
fluid, the plates (102) comprising openings (202,
204) forming conduits (202A-B, 204A-B) for enabling
the flow of the first fluid and the second fluid in the
first and second channels (102A, 102B) respectively,
wherein the openings (202, 204) comprise collars
(302) configured to promote laminar fluid flow be-
tween the channels (102A, 102B) and the respective
conduits (202A-B, 204A-B).

2. The heat exchanger (100) according to claim 1,
wherein at least one collar (302A) is inclined in a
direction opposite to the intended fluid flow direction
in the respective conduits (202A-B, 204A-B).

3. The heat exchanger (100) according to claim 1,
wherein at least one collar (302A) is inclined along
the intended fluid flow direction in the respective con-
duits (202A-B, 204A-B).

4. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the openings (202, 204)
providing the first fluid to the first channel (102A) are
defined on one end of the plates (108A), and the
openings (202, 204) receiving the first fluid from the
first channel (102A) are defined on opposite end of
the plates (108B).

5. The heat exchanger (100) according to any of the
claims 1 to 3, wherein the openings (202, 204) pro-
viding the first fluid flow into the first channel (102A)
are defined on a same end of the plates (108A or
108B).

6. The heat exchanger (100) according to any of the
preceding claims, wherein the openings (202, 204)
providing the second fluid flow into the second chan-
nel (102B) are provided on a same end of the plates
(108A or 108B).

7. The heat exchanger (100) as claimed in any of the

preceding claims, wherein the collars (302A) of the
openings (202, 204) are inclined in a range of 300 to
600, preferably 450 with respect to longitudinal axis
"L" of the plates (102).

8. The heat exchanger (100) as claimed in any of the
preceding claims, further comprising at least one
separation plate (306) comprising at least one baffle,
the separation plate (306) being located in between
two plates (102to define two fluid flow paths (308A,
308B, 310A, 310B) for the first channel (102A) and
the second channel (102B).

9. The heat exchanger (100) as claimed in any of the
preceding claims, further comprising at least one
cover plate (502) provided in-contact with the plates
(102) to encapsulate at least a portion of the plates
(102), wherein the cover plate (502) further compris-
ing cover-openings (504) complementary to the
openings (202, 204) formed on the plates (102).

10. The heat exchanger (100) as claimed in the claim 9,
wherein the cover-openings (504) in the cover plate
(502) are bent beyond the collars (302A) of the open-
ings (202).

11. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the collars (302A) of the
alternate plates (102) are extended beyond the col-
lars of the adjacent plates (102).

12. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the heat exchanger (100)
is configured for an operation as a condenser, the
first fluid being a liquid coolant and the second fluid
being a refrigerant.

13. The heat exchanger (100) according to any of the
preceding claims, wherein the plates (102) comprise
a corrugation on its surface.

14. The heat exchanger (100) according to the preced-
ing claim, wherein at least a portion of the collar
(302A, 302B) protrude directly from the corrugation
formed on the plates (102).
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