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Description

BACKGROUND

[0001] The present invention relates to a heat ex-
changer.

SUMMARY

[0002] The invention relates to a heat exchanger, for
example an indirect air cooler, in which the air, for exam-
ple compressed charge air for an internal combustion
engine, is cooled, for example, by means of a fluid,
wherein the heat exchanger is constructed from stacked
pairs of plates with fins arranged therebetween, and the
stack is arranged in a housing to which the air flows, flows
through the fins and flows out, wherein said air is cooled
by the fluid flowing in the plate pairs, which fluid is con-
ducted into the plate pairs via at least one inlet and con-
ducted away via at least one outlet, wherein the inlet and
the outlet are located at a common edge of the plates
and the air flows through the fins approximately in the
direction of this edge.
[0003] Charge air coolers which are installed in motor
vehicles and serve to cool the charge air by means of a
cooling fluid are often referred to as indirect air coolers,
in contrast to direct air coolers, a term used when the
exemplary charge air is cooled with ambient air which is
conveyed through the cooler by means of a fan.
[0004] The cooling fluid used is cooled directly by
means of cooling air and is then used for cooling the
engine as well as for other cooling purposes, and recently
also to a greater extent for (indirect) charge air cooling.
[0005] The efficiency of the transmission of heat is
known to be highest if the media are conducted through
the heat exchanger in countercurrent (DE 29 809 080
Ul). However, a throughflow in countercurrent is not al-
ways possible depending on the locality in which the air
cooler (heat exchanger) is located and on other restric-
tions. The positions of the inlets and outlets can actually
rarely be defined in such a way that the preferred through-
flow can also occur or the actualization thereof often re-
quires excessively high complexity in terms of design and
construction.
[0006] For this reason, sometimes what is referred to
as countercurrent or often cross-countercurrent is select-
ed in which, for example, at least one of the media de-
scribes a meandering path. An example of cross-coun-
tercurrent can be found in DE 10 2006 048 667 A1.
[0007] DE-A-102012006346 and US-A-2015068717
disclose a heat exchanger according to the preamble of
claim 1.
[0008] The object of the invention is to construct the
described heat exchanger with simple structural fea-
tures, that is to say features which are also manufacture-
friendly, in such a way that said heat exchanger provides
a relatively high level of efficiency. This object is met by
a heat exchanger and a method of cooling a flow of heat-

ed air according to claims 1 and 9 respectively. Advan-
tageous embodiments of the invention are defined in
claims 2-8 and 10-13.
[0009] According to one particular aspect of the inven-
tion there is provision that the fluid can be conducted in
an inlet region and/or outlet region of the plate pairs in
at least one flow path approximately parallel to the air
flow direction and/or of the common edge, flows further
through at least a first duct approximately in cross current
with respect to the air, and passes through the plate pairs
over the largest heat exchange area of the plate pairs,
substantially approximately in countercurrent with re-
spect to the air, in order to flow through at least one sec-
ond duct, approximately in cross current, back to the out-
let.
[0010] There is preferably at least one inlet-side flow
path and the inlet-side first duct as well as the at least
one outlet-side second duct and also outlet-side flow
path. In both flow paths, the preferred fluid flows approx-
imately in the direction of the air. The lengths of the flow
paths can be minimized by arrangement of the inlets and
outlets at the corners of the plates. According to the
present invention the entire mass flow of the fluid does
not pass over the entire length of the ducts but instead
a considerable portion thereof does. Shortly after the en-
try of the fluid into the at least one first duct, a partial flow
already flows through the plate pairs in countercurrent
with respect to the air via corrugated internal fins. The
same applies to the at least one second duct which leads
to the outlet-side flow path. The ducts have a relatively
low flow resistance so that the regions of the plates which
are remote from the outlet are also sufficiently involved
in the exchange of heat. The cross-sectional geometry
of the ducts can be of corresponding design so that suf-
ficient involvement is achieved.
[0011] The largest heat-exchanging region of the
plates is equipped with the corrugated internal fins. The
corrugated internal fins can be embodied as lanced and
offset fins, such as are used, for example, in the field of
oil cooling and elsewhere. In such fins, parts of the cor-
rugation edges are arranged offset alternately to the right
and to the left. Breakthroughs or cutouts are present be-
tween the offset parts. They permit a throughflow in the
longitudinal direction. If this direction is blocked, a
throughflow in the lateral direction is also possible. The
longitudinal direction is parallel to the direction of the cor-
rugation edges here. The internal fins in the plate pairs
have a significantly smaller pressure loss than in the lat-
eral direction when throughflow occurs in the longitudinal
direction.
[0012] The direction in which the corrugations of the
corrugated internal fins run is preferably provided trans-
versely with respect to the longitudinal direction of the
plates so that the fluid can flow in the longitudinal direction
with relatively little resistance along the offset corrugation
edges. A significantly larger flow resistance is present in
the direction in which the corrugations run, a direction
which, as mentioned above, is located transversely with
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respect to the direction of the corrugation edges because
the fluid must flow through the numerous breakthroughs
or cutouts in the corrugation edges and in the process
also experiences numerous changes in the direction of
flow. Approximately the entire mass flow flows through
one flow path which is formed near to the inlet and the
outlet by means of a flow barrier. In the flow path, the
fluid flows in countercurrent with exemplary air since the
flow barrier is arranged approximately parallel to the lat-
eral edges. This can be accepted because the proportion
of the entire heat-exchanging area taken up by the portion
of the inlet and outlet region including the flow paths in
terms of area is very small. It is generally not significantly
more than approximately 15%, with 3 to 12% being pre-
ferred. The flow barrier is also located relatively close to
the one lateral edge of the plate pairs, which is referred
to above as the common edge. At the ends of the flow
barrier located opposite there is a hydraulic connection
to the ducts. At the other lateral edge of the plate pairs
there is preferably no such flow path or duct so that the
fluid cannot escape or is forced to take the path through
the internal fin which has greater pressure loss and is
located in countercurrent with respect to the airflow.
[0013] Simulation calculations carried out by the Ap-
plicant have resulted in a significant increase in the heat
exchange rate for the proposed heat exchanger com-
pared to the prior art.
[0014] The invention will be described in exemplary
embodiments with reference to the appended drawings.
Further features of the invention can be found in the fol-
lowing description, said features being either contained
in the dependent claims or may prove to be significant
later.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 shows a perspective view of a heat exchanger
according to the prior art (illustrated without a hous-
ing).
Fig. 2 shows a similarly perspective view with a cover
plate on the stack of plate pairs and fins.
Fig. 3 shows a stack made of plates and fins in which
the one plate of the upper plate pair has been re-
moved in order to make the interior of this plate pair
visible.
Figs. 4 and 5 show two plates which form a plate pair.
Fig. 6 shows a perspective view of a plate part with
an internal fin.
Fig. 7 shows a view of the heat exchanger in a suit-
able housing.
Figs. 8 and 9 show modified plate configurations.
Figs. 10A-10D show a plate of a plate pair according
to the invention

DETAILED DESCRIPTION

[0016] Before any embodiments of the invention are
explained in detail, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of components set forth in the fol-
lowing description or illustrated in the accompanying
drawings. The invention is capable of other embodiments
and of being practiced or of being carried out in various
ways. Also, it is to be understood that the phraseology
and terminology used herein is for the purpose of de-
scription and should not be regarded as limiting. The use
of "including," "comprising," or "having" and variations
thereof herein is meant to encompass the items listed
thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms
"mounted," "connected," "supported," and "coupled" and
variations thereof are used broadly and encompass both
direct and indirect mountings, connections, supports,
and couplings. Further, "connected" and "coupled" are
not restricted to physical or mechanical connections or
couplings.
[0017] In the perspective illustration (Fig. 1) of the heat
exchanger, which is an indirect air cooler, the inlet 4 and
the outlet 5 are located at the right-hand edges of metallic
plates 1, which therefore represent the "common" edges
E here. The inlet 4 is arranged at the end remote from
the air inflow side AAir of the heat exchanger. The outlet
5 is, on the other hand, located closer to the inflow side
of the charge air which is indicated by three block arrows.
The inlet and outlet connectors have the reference sym-
bols 40 and 50. The inlet and outlet cross sections have
a circular shape in these embodiments. Instead of charge
air, a mixture of charge air and exhaust gas or pure ex-
haust of an internal combustion engine (not shown) can
also be present.
[0018] An advantage is that the inlet 4 and the outlet
5 can be located on opposite edges which would then
constitute the "common" edges E, without changing the
throughflow. The edges E are the lateral edges of the
plates 1. Two parallel longitudinal edges of the plates 1
are located approximately perpendicularly on the lateral
edges, wherein the terms are used merely to differentiate
between the edges, but do not in any case mean that the
longitudinal edges, as shown in the exemplary embodi-
ment, are longer than the lateral edges. The edges can
all have the same length. The lateral edges can also be
longer than the longitudinal edges. The fact that the edg-
es in the exemplary embodiment shown are straight and
therefore approximately rectangular plates 1 are present
is also not an important precondition for solving the stated
problem. The edges can also be arcuate or embodied in
some other way which deviates from a straight line.
[0019] In the exemplary embodiment shown, the plates
1 have a cutout 8 at the common edge E which is the
right-hand lateral edge in fig. 1. The depth of the cutout
8 is somewhat smaller than the depth of the inlet and
outlet region 10. The position of the inlets and outlets 4,
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5 is situated approximately in the center between the
central longitudinal axis 15 of the plates 1 and their lon-
gitudinal edges. The inlet-side flow paths 11 extend from
the inlets to the first ducts 12, which are arranged in the
inner edge region of the one longitudinal edge in the plate
pairs 1a, 1b. In the inner edge region of the other longi-
tudinal edge there is the at least one second duct 13
which leads to the outlet-side flow path 11 and further to
the outlet 5.
[0020] In the exemplary embodiment shown, the ducts
12, 13 have the same cross section throughout. The
ducts 12, 13 have a low flow resistance, that is to say at
least a partial cross section of the ducts 12, 13 does not
have flow impediments or the like. Since, as mentioned,
approximately rectangular plates are present in the ex-
emplary embodiment shown, the flow paths 11 and the
ducts 12, 13 are also located approximately perpendic-
ularly with respect to one another.
[0021] In some embodiments (not shown), the inlets
and outlets 4, 5 are also arranged at a common edge E
but in the vicinity of the corners of the plates 1 here, with
the result that the lengths of the flow paths 11 becomes
virtually zero. In other words, fluid can enter virtually di-
rectly into the first ducts 12 and virtually directly enter the
outlets 5 from the second ducts 13. There would also be
no reason, in at least some embodiments, not to arrange
the inlets 4 in the corners and merely to position the out-
lets 5 approximately as shown, or vice versa. As a result,
only significantly pronounced outlet-side flow paths 11
would be present in such embodiments while the length
of the inlet-side flow paths 11 would approach zero, that
is to say would be virtually invisible. The designer there-
fore has multiple options available for adapting the heat
exchanger to restrictions forced on him by the installation
location, without having to accept a loss of power.
[0022] The flow paths 11 can be implemented by con-
struction of beads in the plates 1 forming the pairs, as is
apparent from the illustrations according to figs. 4 and 5.
Instead of beads, rods which are inserted and soldered
in the plate pairs can also be provided. In the exemplary
embodiment shown, the beads or the rods form the flow
barriers 6 mentioned above. These figures show plan
views of the two plates 1 which form a plate pair 1a, 1b,
with an internal fin 14 which is inserted therein, but is not
illustrated in detail here.
[0023] The plate 1b shown in figure 5 is rotated through
180° about its longitudinal axis 15 and is positioned on
the plate 1a in fig. 4. The two beads come to bear one
against the other in the plate pair 1a, 1b and are con-
nected later. They accordingly have a height which is
approximately half as large as the distance between the
two plates 1 which form the plate pair 1a, 1b. The height
of the internal fin 14 must correspond to this distance. In
addition, the plates 1a and 1b come to bear one against
the other with their edges and are connected to one an-
other in a sealed fashion. In the exemplary embodiment
they are bent-over edges.
[0024] Various other edge configurations are known

from the prior art. These can alternatively be provided.
[0025] The inlet and outlet openings 4, 5 of the plate
pair 1a, 1b are provided with collars 41, 51 which protrude
upward at the upper plate 1a and downward at the lower
plate 1b. The connection to the adjacent plate pairs 1a,
1b takes place at these collars. Sealing rings which are
located between the plate pairs and connect the latter
are also an alternative to such collars 41, 51. In embod-
iments which are not shown just one of the plates 1 has
a bead whose height has to be correspondingly larger,
that is to say which should correspond to the height of
the internal fin 14. Of course, the entire stack, that is to
say the plate pairs and the fins 2 located therebetween,
are connected to one another, preferably connected me-
tallically, for example soldered in a soldering oven. The
soldered-in internal fin 14 through which the fluid flows
is located within each plate pair 1a, 1b.
[0026] Since the aforementioned internal fin 14 can
have a smaller dimension than the plate 1 in which it is
inserted owing to construction of the ducts 12, 13, the
position of the internal fin 14 is indeterminate, which is
disadvantageous. A correct position of the internal fin 14
within the plate 1 can be implemented by virtue of the
fact that inwardly protruding knobs or similar shaped el-
ements 16 are formed in the corners of the plates 1 and
serve as a stop for the internal fin 14. As a result, the
preassembly of the heat exchanger improves. With this
measure it is also possible to prevent an undesired by-
pass for the fluid, or at least largely suppress it. However,
in some embodiments such a bypass may be desirable,
as described in greater detail hereafter.
[0027] In Figs. 3, 4 and 5, the inlet and outlet region
which has already been mentioned is provided with the
reference symbol 10. It makes up approximately 12% of
the entire heat-exchanging area here. Since this region
for exchanging heat cannot contribute very much, the
aim is to make it as small as possible. In Fig. 3, two arrows
indicate that the corrugated internal fin 14 is preferably
inserted into the plate pair 1a, 1b in such a way that when
there is a flow through them in the longitudinal direction
a significantly lower pressure loss dp occurs than when
there is a throughflow in the lateral direction. The fluid is
forced by the special design to take the path in the lateral
direction and accordingly to flow though the plate pairs
1a, 1b in countercurrent with respect to the direction of
the flow of air.
[0028] The heat exchanger thereby provides multiple
cooling fluid flow paths extending hydraulically in parallel
with one another between the inlet 4 for the cooling fluid
and the outlet 5 for the cooling fluid, with each one of the
multiple cooling fluid flow paths extending through one
of the plate pairs 1a, 1b. Each such cooling fluid flow
path includes a first portion 12 extending between one
of the internal fins 14 and a longitudinal edge of the pair,
and a second portion 13 extending between that one of
the internal fins 14 and the opposing longitudinal edge
of the plate pair. A third portion of the cooling fluid flow
path extends through the internal fin in the high pressure
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drop direction to provide fluid communication between
the first portion 12 and the second portion 13. Preferably,
the direction of the cooling fluid flow along that third por-
tion of the cooling fluid flow path is counter to the direction
of the heated air flow. In some, but not all, embodiments
the cooling fluid flow path also includes a portion 11 lo-
cated within the inlet and outlet region and extending
from the inlet 4 for the cooling fluid to the first portion 12,
as well as another portion 11 located within the inlet and
outlet region and extending from the second portion 13
to the outlet 5 for the cooling fluid.
[0029] Fig. 6 shows, in a section, a perspective view
of the corrugated internal fin 14 which is located in the
plate 1. Some details of the corrugated internal fin 14 can
be seen. The direction in which the corrugation runs in
the heat exchanger is the lateral direction thereof, that is
to say the direction of the significantly higher pressure
loss dp. In the corrugation edges 17 there are break-
throughs or cutouts 18 offset alternately to the left and
to the right when viewed in the direction of said corruga-
tion edge 17. The width of the ducts 12, 13 is determined
by the distal end of the flow barrier 6 and the longitudinal
edge of the plate. As is also shown by Fig. 6, a narrow
strip of the duct 12 is completely free.
[0030] In embodiments according to the invention (not
shown) the entire duct 12, 13 is of free design. In other
embodiments (not shown) the longitudinal edge of the
internal fin 14 extends directly to the longitudinal edge of
the plates 1, with the result that the entire duct cross
section is occupied by a section of the internal fin 14. The
function of the ducts 12, 13 is retained because the afore-
mentioned section points in the direction of the low pres-
sure loss dp which corresponds to the direction of the
duct. There is also the possibility of covering the cross
section of the one duct completely with part of the internal
fin 14 and leaving the other duct completely free.
[0031] As is also the case in known heat exchangers,
the compressed charge air AAir to be cooled flows
through an opening into a housing 3 in which the afore-
mentioned stack made of plate pairs 1a, 1b and fins 2
(not illustrated in more detail) are located (Fig. 7). The
housing 3 can be the intake manifold of an internal com-
bustion engine. According to the proposal, the charge air
then flows through the corrugated fins 2 in countercurrent
with respect to the fluid flowing in the plate pairs, and in
the process it is cooled extremely efficiently. The direc-
tion of flow of the charge air is, also according to the
proposal, provided in the direction of the common edge
E at which the inlet 4 and the outlet 5 for the fluid are
located, or in the exemplary embodiment in the direction
of the lateral edges of the plates 1. As a result, the cooled
charge air leaves the heat exchanger through another
opening in the housing 3 in order to be available for charg-
ing the internal combustion engine (not shown). The pro-
truding edge 9.1, of the cover plate 9 which can be seen
in Fig. 2 and which terminates the stack and is connected
metallically thereto, for example, can be used in a known
fashion to attach the plate stack in the housing 3 and

therefore serves as a closure of an assembly opening in
the housing 3.
[0032] Fig. 8 shows a plate 1 with elongate holes as
inlets and outlets 4, 5. The flow paths 11 have been vir-
tually integrated into the elongate holes since there to a
certain extent a flow guide is formed in the direction of
the common edge E, as is also the case with the flow
paths of the other exemplary embodiments. In embodi-
ments which are not shown, the inlets and outlet 4, 5
have other different hole shapes. These may also include
hole shapes which are configured asymmetrically. Fig. 9
in turn shows round plate holes 4, 5 but modified flow
barriers 6.
[0033] Figs. 10A-10D show several variations of a
plate 1 of the invention, wherein a bypass channel 21 is
incorporated into each one of the plate pairs 1a, 1b. As
can be seen in Fig. 10A, the bypass 21 allows a portion
of the cooling fluid passing through the plate pair 1a, 1b
between the cooling fluid inlet 4 and the cooling fluid out-
let 5 to bypass the corrugated internal fin 14 along a lat-
eral edge of the plates 1. A flow barrier 18 is provided in
order to provide a fluid separation between the heat trans-
fer region, characterized for example by the corrugated
internal fin 14, and the bypass channel 21. The flow bar-
rier 18 can be constructed in a similar fashion as the flow
barrier 6, such as by beads formed into the plates 1.
[0034] In such an embodiment, the cooling fluid flow
path through the plate pair 1a, 1b is thereby modified to
add a fourth portion (characterized by the bypass channel
21) arranged between the internal fin 14 and a lateral
edge of the plates 1. The fourth portion 21 is fluidly con-
nected to the first portion 12 of the cooling fluid flow path,
so that the cooling fluid flowing along the cooling fluid
flow path is directed through either the third portion or
the fourth portion.
[0035] Heat transfer between the charge air and that
portion of the cooling fluid which passes through the by-
pass channel 21 is intentionally inhibited, for example
through the absence of any heat transfer enhancing fea-
tures within the bypass channel 21, so that the portion
of the cooling fluid passing through the bypass channel
21 is essentially unchanged in temperature. Alternatively
or in addition, the transfer of heat between the charge air
and the portion of the cooling fluid passing through the
bypass channel 21 can be inhibited by blocking or im-
peding the flow of charge air through those portion of the
air flow passages directly adjacent the bypass channel
21, for example by way of formed features of the edges
of the plates 1. The bypass section 21 thereby allows a
portion of the cooling fluid to bypass the heat exchange
section of the plate pair 1a, 1b, characterized by that
section of the plate pair that is occupied by the corrugated
internal fin 14.
[0036] As seen in Fig. 10A, the bypass channel 21 can
be fluidly connected to the channel 13 so that the portion
of the cooling fluid passing through the bypass channel
21 can discharge directly into the channel 13. The mo-
mentum of the cooling fluid passing through the bypass
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channel 21 will cause it to be directed towards the longi-
tudinal plate edge of the channel 13. This has the bene-
ficial effect of allowing the relatively unheated cooling
fluid to cool the leading edges of the plates 1 onto which
the heated charge air directly impinges. The inventors
have found that such a cooling effect helps to reduce the
metal temperature of these leading plate edges, thereby
avoiding an undesirable boiling of the cooling fluid which
might otherwise result.
[0037] In the alternate plate design of Fig. 10B, the
channel 13 is divided into a first portion 13a and a second
portion 13b by another flow barrier 19. The flow barrier
19 can be, but need not necessarily be, joined to the flow
barrier 18. The flow barrier 19 maintains the separation
within the flow channel 13 of the portion of the cooling
fluid that passed through the bypass channel 21 and the
portion of the cooling fluid that passed through the heat
exchange section 14. As a result, the cooling effect on
the leading edges of the plates 1 can be enhanced, and
the risk of cooling fluid boiling can be further reduced.
The flow channel portion 13b thereby defines a fifth por-
tion of the cooling fluid flow channels that is connected
in series to the fourth portion defined by the bypass chan-
nel 21.
[0038] Figs. 10C and 10D depict variations of the
plates 1 of Figs. 10A and 10B, respectively. In the plates
1 of Figs. 10C and 10D, the corrugated internal fin 14
defining the heat exchange section of the plate pair has
been replaced by a successively arranged series of flow
passages 22 through which that portion of the cooling
fluid flow that is not directed through the bypass channel
21 is directed. The series of flow passages 22 together
constitute a heat exchange section 14’ of the plate pair.
Each of the flow passages 22 extend in a direction that
is parallel to the longitudinal edges of the plates 1 be-
tween the flow barrier 6 and the flow barrier 18. The cool-
ing fluid is directed through the series of flow passages
22 in a counter-cross-flow direction to the flow of heated
air through the heat exchanger. Additional flow barriers
23 are arranged between adjacent ones of the flow chan-
nels 22 in order to define the flow channels 22, with the
flow barriers 23 alternatingly extending from the flow bar-
rier 6 and from the flow barrier 18. One of those flow
barriers 23 also serves to separate the initial one of the
flow passages 22 from the duct 12, while another one of
those flow barriers 23 also serves to separate the terminal
one of the flow passages 22 from the duct 13.
[0039] A heat exchanger built using the plates 1 as
described in Figs. 10A-D can be particular desirable for
cooling a flow of heated air (such as for example com-
pressed charge air for an internal combustion engine)
using a flow of liquid cooling fluid with high heat exchange
efficiency without the increased risk of causing undesir-
able boiling of the cooling fluid. In at least one embodi-
ment of a method of cooling such a flow of heated air, a
flow of heated air Aair (for example, compressed charge
air for an internal combustion engine) is directed through
the air flow passages of the heat exchanger in an air flow

direction. Simultaneously, a flow of cooling fluid is direct-
ed into the heat exchanger and is distributed among the
plate pairs 1a, 1b of the heat exchanger through coolant
inlets 4 of the plate pairs. Within each one of the plates
pairs 1a, 1b, the cooling fluid is first directed through a
first duct 12 in a direction that is perpendicular to the air
flow direction. A first portion of the cooling fluid is then
directed from the first duct 12 through a heat exchange
section 14, 14’. Within the heat exchange section 14, 14’,
the cooling fluid is directed in a direction that is overall
counter to the air flow direction, such as in a counter-flow
or a cross-counter-flow direction. Heat is transferred from
the flow of heated air to that first portion of the cooling
fluid as it flows through the heat exchange section 14,
14’. Simultaneously, a second portion of the cooling fluid
is directed from the first duct 12 through a bypass section
21 of the plate pair, also in a direction that is counter to
the air flow direction. The transfer of heat between the
flow of heated air and the second portion of the cooling
fluid is inhibited within the bypass section, so that the
second portion of the cooling fluid exits the bypass sec-
tion at a lower temperature than the first portion exits the
heat exchange section. The first and the second portions
are subsequently directed through a second duct 13 in
a direction that is again perpendicular to the air flow di-
rection.
[0040] In some embodiments, such as ones using
plates 1 such as are depicted in Fig. 10A and Fig. 10C,
the second duct 13 is a single duct through which the
first portion of the cooing fluid and the second portion of
the cooling fluid both flow. In such an embodiment, some
mixing of the first and second portions of the cooling fluid
can occur within the second duct 13. In other embodi-
ments, such as for example ones using plates 1 as are
depicted in Fig. 10B and Fig. 10D, the first portion of the
cooling fluid and the second portion of the cooling fluid
are separated within the second duct 13 and mixing of
the two portions within that duct 13 is prevented. The first
portion of the cooling fluid can be directed through a por-
tion 13a of the second duct 13 while the second portion
of the cooling fluid can be directed through a portion 13b
of the second duct 13. The portion 13b can advanta-
geously be arranged to be upstream of the portion 13b
with respect to the direction of the heated air flow through
the heat exchanger, so that the portion of the flow of
cooling fluid that passed through the bypass duct 21 (and
which is, consequently, at a lower temperature) can suf-
ficiently depress the temperature of the plates surfaces
that are directly impacted by the hottest air in order to
prevent any boiling of the cooling fluid.
[0041] Various alternatives to the certain features and
elements of the present invention are described with ref-
erence to specific embodiments of the present invention.
With the exception of features, elements, and manners
of operation that are mutually exclusive of or are incon-
sistent with each embodiment described above, it should
be noted that the alternative features, elements, and
manners of operation described with reference to one
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particular embodiment are applicable to the other em-
bodiments.
[0042] The embodiments described above and illus-
trated in the figures are presented by way of example
only and are not intended as a limitation upon the con-
cepts and principles of the present invention. As such, it
will be appreciated by one having ordinary skill in the art
that various changes in the elements and their configu-
ration and arrangement are possible without departing
from the scope of the present invention as defined in the
appended claims.

Claims

1. A heat exchanger comprising:

a plurality of stacked plate pairs (1a, 1b) having
air flow passages arranged between adjacent
ones of the plurality of stacked plate pairs (1a,
1b), the air flow passages extending between a
set of first longitudinal edges of the stacked plate
pairs (1a, 1b) and an opposing set of second
longitudinal edges of the stacked plate pairs (1a,
1b) to define an air flow direction through the
heat exchanger perpendicular to the first and
second longitudinal edges;
an inlet and outlet region (10) for cooling fluid,
each of the plurality of stacked plate pairs (1a,
1b) having an inlet (4) for cooling fluid and an
outlet (5) for cooling fluid arranged within the
inlet and outlet region (10) and aligned with the
air flow direction;
a plurality of corrugated internal fins, each being
located within one of the plurality of stacked
plate pairs (1a, 1b) and having a low pressure
drop direction aligned with the direction of the
longitudinal edges and a high pressure drop di-
rection aligned with the air flow direction;
a plurality of flow barriers comprising a plurality
of first flow barriers (6) constructed by beads of
the plate pairs (1a, 1b), said plurality of first flow
barriers (6) arranged between the inlet and out-
let region (10) for the cooling fluid and the plu-
rality of corrugated internal fins; and
a plurality of cooling fluid flow paths (11), each
of the cooling fluid flow paths (11) extending
through one of the plurality of stacked plate pairs
(1a, 1b) between the inlet (4) for cooling fluid
and the outlet (5) for cooling fluid and including
a first portion extending between one of the plu-
rality of corrugated internal fins (14) and one of
the set of first longitudinal edges, a second por-
tion extending between that one of the plurality
of corrugated internal fins (14) and one of the
set of second longitudinal edges, and a third por-
tion extending through that one of the plurality
of corrugated internal fins (14) in the high pres-

sure drop direction to provide fluid communica-
tion between the first portion and the second por-
tion, wherein the direction of cooling fluid flow
along the third portion is counter to the air flow
direction,
characterized in, that
each one of the cooling fluid flow paths (11) fur-
ther includes a fourth portion arranged between
that one of the plurality of corrugated internal
fins (14) and a lateral edge of the plate pairs (1a,
1b) perpendicular to the longitudinal edges of
the plate pairs (1a, 1b), the fourth portion being
fluidly connected to the first portion such that
cooling fluid directed along the cooling fluid flow
path (11) flows through either the third portion
or the fourth portion and that the plurality of flow
barriers further comprising a second plurality of
flow barriers (18) constructed by beads of the
plate pairs (1a, 1b), the second plurality of flow
barriers (18) at least partially bounding the fourth
portions of the plurality of cooling fluid flow paths
(11).

2. The heat exchanger of claim 1, wherein each of the
cooling fluid flow paths (11) further includes a fourth
portion located within the inlet and outlet region (10)
and extending from the inlet (4) for cooling fluid and
the first portion, and a fifth portion located within the
inlet and outlet region (10) and extending from the
second portion to the outlet (5).

3. The heat exchanger of claim 1, wherein the inlet and
outlet region (10) for cooling fluid is at least partially
bounded by lateral edges of the plate pairs (1a, 1b)
perpendicular to the longitudinal edges of the plate
pairs (1a, 1b).

4. The heat exchanger of claim 1, wherein each one of
the plurality of corrugated internal fins (14) is ar-
ranged between one of the first plurality of flow bar-
riers (6) and one of the second plurality of flow bar-
riers (18).

5. The heat exchanger of claim 1, wherein each one of
the cooling fluid flow paths (11) further includes a
fifth portion fluidly connected to the fourth portion to
receive flow therefrom, the fifth portion being ar-
ranged between the second portion and one of the
set of second longitudinal edges.

6. The heat exchanger of claim 5, further comprising a
third plurality of flow barriers (23) constructed by
beads of the plate pairs (1a, 1b), the second portions
of the cooling fluid flow paths (11) being separated
from the fourth portions of the cooling fluid flow paths
(11) by the third plurality of flow barriers (23).

7. The heat exchanger of claim 6, wherein each one of
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the second plurality of flow barriers (18) is joined to
one of the third plurality of flow barriers (23).

8. The heat exchanger of claim 1, wherein the fourth
portion is fluidly connected to the second portion.

9. A method of cooling a flow of heated air, comprising:

directing a flow of heated air through air flow
passages of a heat exchanger in an air flow di-
rection;
directing a flow of cooling fluid into the heat ex-
changer and distributing the flow of cooling fluid
among plate pairs (1a, 1b) of the heat exchanger
through cooling fluid inlets of the plate pairs (1a,
1b), the air flow passages being arranged be-
tween adjacent ones of the plate pairs (1a, 1b);
within each one of the plate pairs (1a, 1b), di-
recting the cooling fluid through a first duct (12)
in a direction perpendicular to the air flow direc-
tion;
within each one of the plate pairs (1a, 1b), di-
recting a first portion of the cooling fluid from the
first duct (12) through a heat exchange section
of the plate pair (1a, 1b) (1a, 1b) in a direction
counter to the air flow direction;
transferring heat from the flow of heated air to
the first portion of the cooling fluid as the first
portion of the cooling fluid flows through the heat
exchange section of the plate pair;
within each of the plate pairs (1a, 1b), directing
a second portion of the cooling fluid from the first
duct (12) through a bypass section (21) of the
plate pair (1a, 1b) (1a, 1b) in a direction counter
to the air flow direction, the transfer of heat be-
tween the flow of heated air and the second por-
tion of the cooling fluid being inhibited within the
bypass section (21) so that the second portion
of the cooling fluid exits the bypass section (21)
at a lower temperature than the first portion of
the cooling fluid exits the heat exchange section;
within each of the plate pairs (1a, 1b), directing
the first portion of the cooling fluid through a sec-
ond duct (13) in a direction perpendicular to the
air flow direction after directing the first portion
of the cooling fluid through the heat exchange
section of the plate pair;
within each of the plate pairs (1a, 1b), directing
the second portion of the cooling fluid through
the second duct (13) in a direction perpendicular
to the air flow direction after directing the second
portion of the cooling fluid through the bypass
section (21) of the plate pair; and
removing the flow of cooling fluid from the heat
exchanger through cooling fluid outlets of the
plate pairs (1a, 1b).

10. The method of claim 9, wherein the steps of directing

the first portion of the cooling fluid through the second
duct (13) and directing the second portion of the cool-
ing fluid through the second duct (13) includes ar-
ranging the second portion upstream of the first por-
tion with respect to the air flow direction.

11. The method of claim 9, wherein mixing of the first
portion of the cooling fluid flow with the second por-
tion of the cooling flow within the second duct (13)
is prevented.

12. The method of claim 9, wherein directing the first
portion of the cooling fluid flow through a heat ex-
change section of the plate pair (1a, 1b) (1a, 1b)
includes passing the first portion of the cooling fluid
flow through a corrugated internal fin (14) arranged
within the plate pair.

13. The method of claim 9, wherein directing the first
portion of the cooling fluid flow through a heat ex-
change section of the plate pair (1a, 1b) includes
passing the first portion of the cooling fluid flow
through a successively arranged series of flow pas-
sages (22), each of the successively arranged series
of flow passages (22) extending in a direction per-
pendicular to the air flow direction.

Patentansprüche

1. Wärmetauscher, umfassend:

eine Vielzahl von gestapelten Plattenpaaren
(1a, 1b) mit Luftstromkanälen, die zwischen be-
nachbarten der Vielzahl von gestapelten Plat-
tenpaaren (1a, 1b) angeordnet sind, wobei sich
die Luftstromkanäle zwischen einem Satz erster
Längskanten der gestapelten Plattenpaare (1a,
1b) und einem gegenüberliegenden Satz zwei-
ter Längskanten der gestapelten Plattenpaare
(1a, 1b) erstrecken, womit eine Luftstromrich-
tung durch den Wärmetauscher senkrecht zu
den ersten und den zweiten Längskanten defi-
niert wird;
einen Einlass- und Auslassbereich (10) für Kühl-
flüssigkeit, wobei jedes der Vielzahl von gesta-
pelten Plattenpaaren (1a, 1b) einen Einlass (4)
für Kühlflüssigkeit und einen Auslass (5) für
Kühlflüssigkeit aufweist, die innerhalb des Ein-
lass- und Auslassbereichs (10) angeordnet und
mit der Luftstromrichtung ausgerichtet sind;
eine Vielzahl von gewellten Innenrippen, von
denen jede innerhalb eines der Vielzahl von ge-
stapelten Plattenpaaren (1a, 1b) angeordnet ist
und eine Richtung mit niedrigem Druckabfall,
die mit der Richtung der Längskanten ausge-
richtet ist, und eine Richtung mit hohem Druck-
abfall, die mit der Luftstromrichtung ausgerichtet
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ist, aufweist;
eine Vielzahl von Strömungsbarrieren, umfas-
send eine Vielzahl von ersten Strömungsbarri-
eren (6), die durch Wülste der Plattenpaare (1a,
1b) aufgebaut sind, wobei die Vielzahl von ers-
ten Strömungsbarrieren (6) zwischen dem Ein-
lass- und Auslassbereich (10) für die Kühlflüs-
sigkeit und der Vielzahl von gewellten Innenrip-
pen angeordnet ist; und
eine Vielzahl von Kühlflüssigkeitsströmungs-
pfaden (11), wobei sich jeder der Kühlflüssig-
keitsströmungspfade (11) durch eines der Viel-
zahl von gestapelten Plattenpaaren (1a, 1b) zwi-
schen dem Einlass (4) für Kühlflüssigkeit und
dem Auslass (5) für Kühlflüssigkeit erstreckt und
einen ersten Abschnitt, der sich zwischen einer
der Vielzahl von gewellten Innenrippen (14) und
einer des Satzes von ersten Längskanten er-
streckt, einen zweiten Abschnitt, der sich zwi-
schen der einen der Vielzahl von gewellten In-
nenrippen (14) und einer des Satzes von zwei-
ten Längskanten erstreckt, und einen dritten Ab-
schnitt, der sich durch die eine der Vielzahl von
gewellten Innenrippen (14) in der Richtung mit
hohem Druckabfall erstreckt, beinhaltet, zum
Bereitstellen von Fluidverbindung zwischen
dem ersten Abschnitt und dem zweiten Ab-
schnitt, wobei die Richtung des Kühlflüssigkeits-
stroms entlang des dritten Abschnitts der Luft-
stromrichtung entgegengesetzt ist,
dadurch gekennzeichnet, dass
jeder der Kühlflüssigkeitsströmungspfade (11)
ferner einen vierten Abschnitt beinhaltet, der
zwischen dem einen der Vielzahl von gewellten
Innenrippen (14) und einer Seitenkante der Plat-
tenpaare (1a, 1b) senkrecht zu den Längskan-
ten der Plattenpaare (1a, 1b) angeordnet ist, wo-
bei der vierte Abschnitt mit dem ersten Abschnitt
in Fluidverbindung steht, und zwar derart, dass
Kühlflüssigkeit, die entlang des Kühlflüssig-
keitsströmungspfads (11) geleitet wird, entwe-
der durch den dritten Abschnitt oder den vierten
Abschnitt strömt, und dass wobei die Vielzahl
von Strömungsbarrieren ferner eine zweite Viel-
zahl von Strömungsbarrieren (18) umfasst, die
durch Wülste der Plattenpaare (1a, 1b) aufge-
baut sind, wobei die zweite Vielzahl von Strö-
mungsbarrieren (18) zumindest teilweise die
vierten Abschnitte der Vielzahl von Kühlflüssig-
keitsströmungspfaden (11) begrenzt.

2. Wärmetauscher nach Anspruch 1, wobei jeder der
Kühlflüssigkeitsströmungspfade (11) ferner einen
vierten Abschnitt, der sich innerhalb des Einlass- und
Auslassbereichs (10) befindet und sich vom Einlass
(4) für Kühlflüssigkeit und dem ersten Abschnitt er-
streckt, und einen fünften Abschnitt, der sich inner-
halb des Einlass- und Auslassbereichs (10) befindet

und sich vom zweiten Abschnitt zum Auslass (5) er-
streckt, beinhaltet.

3. Wärmetauscher nach Anspruch 1, wobei der Ein-
lass- und Auslassbereich (10) für Kühlflüssigkeit zu-
mindest teilweise durch Seitenkanten der Platten-
paare (1a, 1b) senkrecht zu den Längskanten der
Plattenpaare (1a, 1b) begrenzt ist.

4. Wärmetauscher nach Anspruch 1, wobei jede der
Vielzahl von gewellten Innenrippen (14) zwischen
einer der ersten Vielzahl von Strömungsbarrieren (6)
und einer der zweiten Vielzahl von Strömungsbarri-
eren (18) angeordnet ist.

5. Wärmetauscher nach Anspruch 1, wobei jeder der
Kühlflüssigkeitsströmungspfade (11) ferner einen
fünften Abschnitt beinhaltet, der mit dem vierten Ab-
schnitt in Fluidverbindung steht, um von diesem ei-
nen Strom zu empfangen, wobei der fünfte Abschnitt
zwischen dem zweiten Abschnitt und einer des Sat-
zes von zweiten Längskanten angeordnet ist.

6. Wärmetauscher nach Anspruch 5, ferner umfassend
eine dritte Vielzahl von Strömungsbarrieren (23), die
durch Wülste der Plattenpaare (1a, 1b) aufgebaut
sind, wobei die zweiten Abschnitte der Kühlflüssig-
keitsströmungspfade (11) von den vierten Abschnit-
ten der Kühlflüssigkeitsströmungspfade (11) durch
die dritte Vielzahl von Strömungsbarrieren (23) ge-
trennt sind.

7. Wärmetauscher nach Anspruch 6, wobei jede der
zweiten Vielzahl von Strömungsbarrieren (18) mit ei-
ner der dritten Vielzahl von Strömungsbarrieren (23)
verbunden ist.

8. Wärmetauscher nach Anspruch 1, wobei der vierte
Abschnitt mit dem zweiten Abschnitt in Fluidverbin-
dung steht.

9. Verfahren zum Kühlen eines Stroms erwärmter Luft,
umfassend:

Leiten eines Stroms erwärmter Luft durch Luft-
stromkanäle eines Wärmetauschers in einer
Luftstromrichtung;
Leiten eines Stroms von Kühlflüssigkeit in den
Wärmetauscher und Verteilen des Stroms von
Kühlflüssigkeit auf Plattenpaare (1a, 1b) des
Wärmetauschers durch Kühlflüssigkeitseinläs-
se der Plattenpaare (1a, 1b), wobei die Luft-
stromkanäle zwischen benachbarten der Plat-
tenpaare (1a, 1b) angeordnet sind;
innerhalb jedes der Plattenpaare (1a, 1b), Leiten
der Kühlflüssigkeit durch einen ersten Kanal
(12) in einer Richtung senkrecht zur Luftstrom-
richtung;
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innerhalb jedes der Plattenpaare (1a, 1b), Leiten
eines ersten Anteils der Kühlflüssigkeit aus dem
ersten Kanal (12) durch einen Wärmeaus-
tauschbereich des Plattenpaares (1a, 1b) (1a,
1b) in einer Richtung entgegen der Luftstrom-
richtung;
Übertragen von Wärme aus dem Strom erwärm-
ter Luft auf den ersten Anteil der Kühlflüssigkeit,
während der erste Anteil der Kühlflüssigkeit
durch den Wärmeaustauschbereich des Plat-
tenpaares fließt;
innerhalb jedes der Plattenpaare (1a, 1b), Leiten
eines zweiten Anteils der Kühlflüssigkeit aus
dem ersten Kanal (12) durch einen Bypass-Be-
reich (21) des Plattenpaares (1a, 1b) (1a, 1b) in
einer Richtung entgegen der Luftstromrichtung,
wobei die Wärmeübertragung zwischen dem
Strom erwärmter Luft und dem zweiten Anteil
der Kühlflüssigkeit innerhalb des Bypass-Be-
reichs (21) verhindert wird, so dass der zweite
Anteil der Kühlflüssigkeit den Bypass-Bereich
(21) mit einer niedrigeren Temperatur verlässt
als der erste Anteil der Kühlflüssigkeit den Wär-
meaustauschbereich verlässt;
innerhalb jedes der Plattenpaare (1a, 1b), Leiten
des ersten Anteils der Kühlflüssigkeit durch ei-
nen zweiten Kanal (13) in einer Richtung senk-
recht zur Luftstromrichtung, nachdem der erste
Anteil der Kühlflüssigkeit durch den Wärmeaus-
tauschbereich des Plattenpaares geleitet wur-
de;
innerhalb jedes der Plattenpaare (1a, 1b), Leiten
des zweiten Anteils der Kühlflüssigkeit durch
den zweiten Kanal (13) in einer Richtung senk-
recht zur Luftstromrichtung, nachdem der zwei-
te Anteil der Kühlflüssigkeit durch den Bypass-
Bereich (21) des Plattenpaares geleitet wurde;
und
Entfernen des Stroms von Kühlflüssigkeit aus
dem Wärmetauscher durch Kühlflüssigkeits-
auslässe der Plattenpaare (1a, 1b).

10. Verfahren nach Anspruch 9, wobei die Schritte des
Leitens des ersten Anteils der Kühlflüssigkeit durch
den zweiten Kanal (13) und des Leitens des zweiten
Anteils der Kühlflüssigkeit durch den zweiten Kanal
(13) das Anordnen des zweiten Anteils stromauf-
wärts des ersten Anteils in Bezug auf die Luftstrom-
richtung beinhaltet.

11. Verfahren nach Anspruch 9, wobei ein Vermischen
des ersten Anteils des Kühlflüssigkeitsstroms mit
dem zweiten Anteil des Kühlflüssigkeitsstroms in-
nerhalb des zweiten Kanals (13) verhindert wird.

12. Verfahren nach Anspruch 9, wobei das Leiten des
ersten Anteils des Kühlflüssigkeitsstroms durch ei-
nen Wärmeaustauschbereich des Plattenpaares

(1a, 1b) (1a, 1b) das Leiten des ersten Anteils des
Kühlflüssigkeitsstroms durch eine gewellte Innenrip-
pe (14), die innerhalb des Plattenpaares angeordnet
ist, beinhaltet.

13. Verfahren nach Anspruch 9, wobei das Leiten des
ersten Anteils des Kühlflüssigkeitsstroms durch ei-
nen Wärmeaustauschbereich des Plattenpaares
(1a, 1b) das Durchleiten des ersten Anteils des Kühl-
flüssigkeitsstroms durch eine Reihe von aufeinan-
derfolgend angeordneten Strömungskanälen (22)
beinhaltet, wobei sich jede der in einer Reihe aufei-
nanderfolgend angeordneten Strömungskanäle (22)
in einer Richtung senkrecht zur Luftstromrichtung er-
streckt.

Revendications

1. Échangeur de chaleur, comprenant :

une pluralité de paires de plaques empilées (1a,
1b) ayant des passages d’écoulement d’air
agencés entre des paires adjacentes de la plu-
ralité de paires de plaques empilées (1a, 1b),
les passages d’écoulement d’air s’étendant en-
tre un ensemble de premiers bords longitudi-
naux des paires de plaques empilées (1a, 1b)
et un ensemble opposé de seconds bords lon-
gitudinaux des paires de plaques empilées (1a,
1b) pour définir une direction d’écoulement d’air
à travers l’échangeur de chaleur perpendiculai-
re aux premiers et seconds bords
longitudinaux ;
une région d’entrée et de sortie (10) pour fluide
de refroidissement, chacune de la pluralité de
paires de plaques empilées (1a, 1b) ayant une
entrée (4) pour fluide de refroidissement et une
sortie (5) pour fluide de refroidissement agen-
cées à l’intérieur de la région d’entrée et de sortie
(10) et alignées avec la direction d’écoulement
d’air ;
une pluralité d’ailettes internes ondulées, cha-
cune étant située à l’intérieur d’une de la pluralité
de paires de plaques empilées (1a, 1b) et ayant
une direction de chute de basse pression ali-
gnée avec la direction des bords longitudinaux
et une direction de chute de haute pression ali-
gnée avec la direction d’écoulement d’air ;
une pluralité de barrières d’écoulement compre-
nant une pluralité de premières barrières
d’écoulement (6) construites par des nervures
des paires de plaques (1a, 1b), ladite pluralité
de premières barrières d’écoulement (6) étant
agencées entre la région d’entrée et de sortie
(10) pour le fluide de refroidissement et la plu-
ralité d’ailettes internes ondulées ; et
une pluralité de chemins d’écoulement de fluide
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de refroidissement (11), chacun des chemins
d’écoulement de fluide de refroidissement (11)
s’étendant à travers une de la pluralité de paires
de plaques empilées (1a, 1b) entre l’entrée (4)
pour fluide de refroidissement et la sortie (5)
pour fluide de refroidissement et incluant une
première partie s’étendant entre une de la plu-
ralité d’ailettes internes ondulées (14) et un de
l’ensemble de premiers bords longitudinaux,
une deuxième partie s’étendant entre celle-ci de
la pluralité d’ailettes internes ondulées (14) et
un de l’ensemble de seconds bords longitudi-
naux, et une troisième partie s’étendant à tra-
vers celle-ci de la pluralité d’ailettes internes on-
dulées (14) dans la direction de chute de haute
pression pour fournir une communication fluidi-
que entre la première partie et la deuxième par-
tie, dans lequel la direction d’écoulement de flui-
de de refroidissement le long de la troisième par-
tie est contraire à la direction d’écoulement d’air,
caractérisé en ce que
chacun des chemins d’écoulement de fluide de
refroidissement (11) inclut en outre une quatriè-
me partie agencée entre celle-ci de la pluralité
d’ailettes internes ondulées (14) et un bord la-
téral des paires de plaques (1a, 1b) perpendi-
culaire aux bords longitudinaux des paires de
plaques (1a, 1b), la quatrième partie étant rac-
cordée de façon fluidique à la première partie
de telle sorte qu’un fluide de refroidissement
orienté le long du chemin d’écoulement de fluide
de refroidissement (11) s’écoule à travers la troi-
sième partie ou la quatrième partie et que la plu-
ralité de barrières d’écoulement comprenant en
outre une deuxième pluralité de barrières
d’écoulement (18) construites par des nervures
des paires de plaques (1a, 1b), la deuxième plu-
ralité de barrières d’écoulement (18) bornant au
moins partiellement les quatrièmes parties de la
pluralité de chemins d’écoulement de fluide de
refroidissement (11).

2. Échangeur de chaleur selon la revendication 1, dans
lequel chacun des chemins d’écoulement de fluide
de refroidissement (11) inclut en outre une quatrième
partie située à l’intérieur de la région d’entrée et de
sortie (10) et s’étendant depuis l’entrée (4) pour flui-
de de refroidissement et la première partie, et une
cinquième partie située à l’intérieur de la région d’en-
trée et de sortie (10) et s’étendant depuis la deuxiè-
me partie jusqu’à la sortie (5).

3. Échangeur de chaleur selon la revendication 1, dans
lequel la région d’entrée et de sortie (10) pour fluide
de refroidissement est au moins partiellement bor-
née par des bord latéraux des paires de plaques (1a,
1b) perpendiculaires aux bords longitudinaux des
paires de plaques (1a, 1b).

4. Échangeur de chaleur selon la revendication 1, dans
lequel chacune de la pluralité d’ailettes internes on-
dulées (14) est agencée entre une de la première
pluralité de barrières d’écoulement (6) et une de la
deuxième pluralité de barrières d’écoulement (18).

5. Échangeur de chaleur selon la revendication 1, dans
lequel chacun des chemins d’écoulement de fluide
de refroidissement (11) inclut en outre une cinquiè-
me partie raccordée de façon fluidique à la quatrième
partie pour recevoir un écoulement à partir de celle-
ci, la cinquième partie étant agencée entre la deuxiè-
me partie et un de l’ensemble de seconds bords lon-
gitudinaux.

6. Échangeur de chaleur selon la revendication 5, com-
prenant en outre une troisième pluralité de barrières
d’écoulement (23) construites par des nervures des
paires de plaques (1a, 1b), les deuxièmes parties
des chemins d’écoulement de fluide de refroidisse-
ment (11) étant séparées des quatrièmes parties des
chemins d’écoulement de fluide de refroidissement
(11) par la troisième pluralité de barrières d’écoule-
ment (23).

7. Échangeur de chaleur selon la revendication 6, dans
lequel chacune de la deuxième pluralité de barrières
d’écoulement (18) est jointe à une de la troisième
pluralité de barrières d’écoulement (23).

8. Échangeur de chaleur selon la revendication 1, dans
lequel la quatrième partie est raccordée de façon
fluidique à la deuxième partie.

9. Procédé de refroidissement d’un écoulement d’air
chauffé, comprenant :

l’orientation d’un écoulement d’air chauffé à tra-
vers des passages d’écoulement d’air d’un
échangeur de chaleur dans une direction
d’écoulement d’air ;
l’orientation d’un écoulement de fluide de refroi-
dissement dans l’échangeur de chaleur et la dis-
tribution de l’écoulement de fluide de refroidis-
sement parmi des paires de plaques (1a, 1b) de
l’échangeur de chaleur à travers des entrées de
fluide de refroidissement des paires de plaques
(1a, 1b), les passages d’écoulement d’air étant
agencés entre des paires adjacentes des paires
de plaques (1a, 1b) ;
à l’intérieur de chacune des paires de plaques
(1a, 1b), l’orientation du fluide de refroidisse-
ment à travers une première conduite (12) dans
une direction perpendiculaire à la direction
d’écoulement d’air ;
à l’intérieur de chacune des paires de plaques
(1a, 1b), l’orientation d’une première partie du
fluide de refroidissement à partir de la première
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conduite (12) à travers une section d’échange
de chaleur de la paire de plaques (1a, 1b) (1a,
1b) dans une direction contraire à la direction
d’écoulement d’air ;
le transfert de chaleur à partir de l’écoulement
d’air chauffé à la première partie du fluide de
refroidissement lorsque la première partie du
fluide de refroidissement s’écoule à travers la
section d’échange de chaleur de la paire de
plaques ;
à l’intérieur de chacune des paires de plaques
(1a, 1b), l’orientation d’une deuxième partie du
fluide de refroidissement à partir de la première
conduite (12) à travers une section de dérivation
(21) de la paire de plaques (1a, 1b) (1a, 1b) dans
une direction contraire à la direction d’écoule-
ment d’air, le transfert de chaleur entre l’écou-
lement d’air chauffé et la deuxième partie du flui-
de de refroidissement étant empêché à l’inté-
rieur de la section de dérivation (21) pour que
la deuxième partie du fluide de refroidissement
sorte de la section de dérivation (21) à une tem-
pérature inférieure à celle à laquelle la première
partie du fluide de refroidissement sort de la sec-
tion d’échange de chaleur ;
à l’intérieur de chacune des paires de plaques
(1a, 1b), l’orientation de la première partie du
fluide de refroidissement à travers une seconde
conduite (13) dans une direction perpendiculai-
re à la direction d’écoulement d’air après l’orien-
tation de la première partie du fluide de refroi-
dissement à travers la section d’échange de
chaleur de la paire de plaques ;
à l’intérieur de chacune des paires de plaques
(1a, 1b), l’orientation de la deuxième partie du
fluide de refroidissement à travers la seconde
conduite (13) dans une direction perpendiculai-
re à la direction d’écoulement d’air après l’orien-
tation de la deuxième partie du fluide de refroi-
dissement à travers la section de dérivation (21)
de la paire de plaques ; et
l’élimination de l’écoulement de fluide de refroi-
dissement à partir de l’échangeur de chaleur à
travers des sorties de fluide de refroidissement
des paires de plaques (1a, 1b).

10. Procédé selon la revendication 9, dans lequel les
étapes de l’orientation de la première partie du fluide
de refroidissement à travers la seconde conduite
(13) et l’orientation de la deuxième partie du fluide
de refroidissement à travers la seconde conduite
(13) inclut l’agencement de la deuxième partie en
amont de la première partie par rapport à la direction
d’écoulement d’air.

11. Procédé selon la revendication 9, dans lequel le mé-
langeage de la première partie de l’écoulement de
fluide de refroidissement avec la deuxième partie de

l’écoulement de refroidissement à l’intérieur de la
seconde conduite (13) est empêché.

12. Procédé selon la revendication 9, dans lequel l’orien-
tation de la première partie de l’écoulement de fluide
de refroidissement à travers une section d’échange
de chaleur de la paire de plaques (1a, 1b) (1a, 1b)
inclut le passage de la première partie de l’écoule-
ment de fluide de refroidissement à travers une ailet-
te interne ondulée (14) agencée à l’intérieur de la
paire de plaques.

13. Procédé selon la revendication 9, dans lequel l’orien-
tation de la première partie de l’écoulement de fluide
de refroidissement à travers une section d’échange
de chaleur de la paire de plaques (1a, 1b) inclut le
passage de la première partie de l’écoulement de
fluide de refroidissement à travers une série succes-
sivement agencée de passages d’écoulement (22),
chacun de la série successivement agencée de pas-
sages d’écoulement (22) s’étendant dans une direc-
tion perpendiculaire à la direction d’écoulement d’air.
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