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(57) Abstract: The present invention relates to a heat ex-
changer, especially oil cooler for vehicles, comprising a heat
exchanging element with a first terminal plate closing the
heat exchanging element on one of its sides and with at least
one opening provided with a socket for inlet or release of a
fluid into or from the heat exchanger element, at least a first
gasket carrier plate, with a first lateral face being arranged
adjacent to the first terminal plate and a second lateral face
being arranged opposite to the first lateral face, at least one
passage opening leading from the first to the second lateral
face for taking up at least one socket of the first terminal
plate, at least a first sealing element, being arranged between
the first terminal plate and the first gasket carrier plate, com-
pletely encircling the circumferential edge of the at least one
passage opening on the first lateral face and sealing the pas-
sage opening between the first terminal plate and the first
gasket carrier plate, at least a second sealing element, being
arranged adjacent to the second lateral face and completely
encircling the circumferential edge of the passage opening on
the second lateral face, with the at least one socket of the first
terminal plate being bulged outwardly, advantageously ad-
joining to the second sealing element at least in sections.
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Heat exchanger

The present invention relates to a heat exchanger, especially to an oil cooler

for vehicles.

Such oil coolers are typically used for cooling of engine oil, for instance in an
oil/oil cooler or in an oil/water cooler. As is for example described in DE 103
49 141 A1, such oil coolers are often designed as heat exchangers with
stacked plates. To this end, the oil cooler comprises a heat exchanger element
with individual stacked plates. The passages created between adjacent plates
define the flow channels of both fluid media: The medium releasing heat and
the medium taking up heat. Additionally, turbulizers or fins may be inserted
between the stacked plates, to serve as heat transfer augmentation or struc-
tural support devices. The stacked plates are connected to each other, espe-
cially by brazing. Typically the plates are made of a metal that provides pre-
placed filler metal for brazing, for example aluminum brazing sheet. Such a

heat exchanger may however also have a completely different configuration,
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e.g. pairs of individual plates may have parallel flanged edges that are simi-
larly joined by brazing, that may be ribbed or dimpled in form or again contain
turbulizers inserted between them, and that when stacked together may be
contained within a housing.

The stacked plate heat exchangers as described above comprise — at least on
one of the termini of the stack — an end plate with inlets and outlets for me-
dia. In addition to the end plate, such conventional oil heat exchangers com-
prise a flange plate, also referred to as a mounting plate, or a facial base plate,
by which the oil heat exchanger is sealingly mounted on a part, such as an
engine or another part, in such a way that communication means are estab-
lished for the fluid media to be transferred between the engine or other part,
and the heat exchanger inlets and outlets. This flange plate is typically brazed
onto the heat exchanger during the heat exchanger assembly process, again
to maintain sealed fluid media communication passageways to the heat ex-

changer stack.

Because the oil supply system in many internal combustion engines involves
relatively high pressure cyclic foads, often in combination with induced vibra-
tion loads, the flange or facial base plate must be very rigid to minimize de-
flection forces on the attached heat exchanger stack; and to maintain seal
integrity. This often requires the use of heavy gauge metal flange plates,
which complicate brazing due to the mass differences between the facial base
plate, and the much thinner gauge heat exchanger plates. Also, since elas-
tomer sealing materials cannot survive the brazing temperatures during heat
exchanger assembly, subsequent attachment of the flange plate to the engine
or other receiving part requires the use of separately applied gasket compo-

nents.

Such a conventional oil heat exchanger thus requires a laborious sealing in
order to guide the medium in a media-tight manner at the connections be-
tween the supplying pipes and the oil cooler, especially its end plate. This
leads to a complex construction which requires a lot of parts and is cumber-
some to be mounted. Furthermore, the use of heavy gauge metal flange
plates is costly in material, and adds significant complexity to the heat ex-

changer brazing process.

It is therefore the object of the present invention to provide for a heat ex-
changer which can be produced in a simple and cost-efficient manner and
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which can be mounted more simply, with reduced cost and complexity.

This object is solved by an improved heat exchanger structure according to
claim 1. Advantageous embodiments of the heat exchanger according to the
invention are given in the dependent claims.

The heat exchanger according to the present invention comprises a heat ex-
changer element, in which heat is exchanged between two or three media,
especially between oil and oil or oil and water, and in particular between en-
gine oil and glycol-water based engine coolants. The heat exchanger element
comprises at least a first terminal plate with openings for supply and dis-
charge of at least one fluid medium into or out of the heat exchanger ele-
ment. At least one, several or all of the openings comprise fluid port fittings or

sockets.

In an advantageous embodiment, the heat exchanger element comprises a
second terminal plate arranged on the side opposite to the first terminal
plate, which second terminal plate comprises openings for the supply and/or
discharge of a fluid medium into or out of the heat exchanger element. These
openings may be provided with sockets, too. The second terminal plate may
in general be designed in the same way as the first one.

A first gasket carrier plate is arranged adjacent to the first terminal plate,
where said gasket carrier plate comprises passage openings adapted to the
ones in the first terminal plate. These passage openings allow for the insertion
of the at least one socket of the first terminal plate, into or through the gasket
carrier plate. The first gasket carrier plate is thus installed on the first terminal
plate in such a way that its first passage openings receive the sockets in the

first terminal plate.

At least one first sealing element is arranged between the first terminal plate
and the first gasket carrier plate. This first sealing element completely encir-
cles the edge of the passage opening itself or of a passage opening taking up a
socket and seals the passage opening between the first terminal plate and the
first gasket carrier plate. On the surface of the gasket carrier plate facing out-
ward, a further sealing element is arranged, which also circumvents the pas-
sage opening or its edge on the outwardly facing surface completely. This sec-
ond sealing element seals the respective passage opening between the heat
exchanger and a further part to which it is mounted.
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Advantageously, the sealing elements are moulded onto the gasket carrier
plate or are inserted into recesses or grooves in the gasket carrier plate.
Moulding of the elastomer, or optionally of profiled sealing elements, is usu-
ally done by resin transfer moulding, extrusion or liquid injection moulding.
Typical materials used in these processes are fluoropolymers (e.g. FPM, PFA
and/or MFA), NBR rubber (e.g. acryl-butadiene rubber), EPDM (ethylene-
propylene rubber), ACM (polyacrylate) or EAM (ethylene acrylate).

In an advantageous embodiment of the invention, the socket of the first ter-
minal plate is bulged or expanded in its end section, at the socket end point-
ing outward from the gasket carrier plate, and after assembly with the carrier
plate in order to connect the first terminal plate with the carrier plate.

The gasket carrier plate and heat exchanger according to the invention make
it possible that the forces which cause a pressure on the first and second seal-
ing element act in an axial direction, thus in the passage direction of the
socket, meaning orthogonal to the contact face between the terminal plate
and the gasket carrier plate. This provides for the sealing of the gasket carrier
and terminal plate of the heat exchanger. The direction of forces enables a
sealing of the gasket carrier plate, the terminal plate and the heat exchanger
as a whole. This inventive sealing arrangement is particularly reliable and se-

cure but at the same time simple to realize.

As already mentioned above, the terminus of the heat exchanger opposite to
the first terminal plate may be designed in a comparable way.

Each of the gasket carrier plates may also comprise fastening elements, espe-
cially fastener through-holes for mounting and attaching the gasket carrier
plate onto another part, e.g. by means of screws or bolts. These openings or
holes may be situated in an area of the gasket carrier plate which protrudes
beyond the outer edge of the terminal plate and which is therefore easy to

access for assembly.

Further, in case the heat exchanger is designed with a housing, fastening be-
tween the gasket carrier plate and the housing can also be realized via an
opening in an area of the gasket carrier plate which protrudes beyond the
outer edge of the terminal plate of the stack but which adjoins to the housing.
To this end, the housing itself can also comprise a broadened terminal frame

which facilitates this fastening.
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As already mentioned, one, several or all of the sockets are advantageously
bulged on the outer side of the gasket carrier plate. This may be done by
bending the outer edge of the socket by an angle a or by folding over this
outer edge. Bending angles between 30° and 160°, especially between 30°
and 120° are advantageous. The limits mentioned here can be included or
excluded.

If a larger part of the terminal edge of the socket is folded over, this folded
section may cover at least sections of the second sealing element arranged on
the outer surface of the gasket carrier plate. Bending or folding of the soéket’s
edge is particularly easy if the respective edge shows slits. With these slits,
folding over produces tabs, which may for instance be situated immediately
on the sealing element or adjoin to the latter and in interaction with the seal-

ing element cause an axial sealing.

As an alternative, the edge of the socket may be designed in a saw-toothed
manner — as a saw-toothed edge — with these saw teeth being folded over

comparable to a crown cap.

The socket may further provide for additional functions, such as integration of
a fluid flow mass probe which can allow for control of fluid flow in the heat

exchanger.

The gasket carrier plate may advantageously be produced from a polymer
material allowing for a tremendous reduction of the weight of the heat ex-
changer in comparison to a conventional state-of-the-art heat exchanger hav-
ing a metallic flange plate and additional sealing elements. Besides the
weight-related advantages, polymer materials also offer a large variety of ad-
vantages with respect to freedom of design. Compared to metaliic flange
plates, polymer plates allow for designs with ribs for mechanical reinforce-
ment , with domes or frames for fastening or seating parts to which they are
to be mounted including the terminal plate of the stack, variations in thick-
ness, integration of reinforcing elements and the like. Moreover, adhesion of
e.g. moulded-on sealing elements on polymer flange plates is considerably
better than on metallic flange plates. Using polymer flange plates, it is even
possible to apply such sealing elements without further pre-treatment, thus

without having to apply any primer etc.

Among the polymer materials, thermoplastic materials are advantageous over
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thermoset materials as they can be worked by injection moulding. Polyamide
is a preferred material, especially fibre-reinforced polyamide, with polyamide
6 and polyamide 6.6 being most preferred.

It is also possible that the gasket carrier plate design as described here may
consist of a metallic material, e.g. aluminium or steel. Although the weight
advantage may be less in this case, the improved attachment features and
integrated gaskets in the present gasket carrier plate permits assembly to the
heat exchanger after brazing in the same way as the plastic gasket carrier
plate. Thus, there is still an advantage in terms of simplified brazing of the
heat exchanger, for example to allow a reduction of the treatment time in the
brazing oven. Also, die cast metals may be used including aluminum, zinc or
magnesium, to accommodate some of the lattice or structural rib reinforce-
ments also described here in relation to plastic materials, to minimize weight

penalty.

In an advantageous embodiment of the invention, some or all of the passage
openings or through-holes of the gasket carrier plate are reinforced by metal-

lic sleeves, e.g. steel, brass or aluminium sleeves.

In an alternative advantageous embodiment of the invention, the gasket car-
rier plate is made from polymeric material but comprises metallic inserts.
They comprise the actual passage openings for the sockets. These metallic
inserts are preferably stamped from metal sheet, especially steel sheet or
aluminium sheet and serve as carrier of the actual seals, which are preferably
moulded onto both surfaces of the metallic insert or edge-moulded on the
metallic insert. The inserts are integrated into the gasket carrier plate during
the moulding process of the gasket carrier plate, meaning that the edges of
the inserts are covered by the material of the gasket carrier plate. in prefer-
able embodiments, the thickness of the metallic inserts is therefore less than
the thickness of the polymeric gasket carrier plate which in turn is less than
the thickness of the insert in those areas to which the gaskets or seals are
moulded. This also allows for designs in which the height of the seals is
adapted to the thickness of the gasket carrier plate, so that the gasket carrier
plate can act as a limit stop for the seals, preventing them from excessive

compression and fatigue.

Moreover, the use of metallic inserts allows for increased standardization and

modular designs by choosing the inserts from a collection of standard inserts.
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These standard inserts can then be integrated into gasket carrier plates of the

most varied of geometries and sizes.

The weight of the gasket carrier plate may further be reduced without sacrific-
ing structural stiffness by providing recesses in its plane, or if it is designed
with lattice bars or stiffening ribs within such recesses. With a suitable ar-
rangement of the lattice bars, it is possible to achieve a high level of structural

rigidity, while allowing a significant reduction in material.

The gasket carrier plate may incorporate further openings or recesses, espe-
cially slits, which may be used to receive tabs or tongues provided on the ter-
minal plate in a complementary manner, so that they serve as an assembly
means between the carrier plate and the heat exchanger. After assembly in-
sertion, the ends of these tabs protrude beyond the opposite surface of the
gasket carrier plate, and may then be folded over to provide a locking me-
chanical attachment. This way, they provide for a permanent positive fit or
frictional connection of the gasket carrier plate on the terminal plate. It is also

possible to do without such further fixation means.

In the following, some examples of the heat exchanger according to the in-
vention are presented. The same or similar reference numbers are used
throughout all examples for the same or similar elements so that their de-
scription is not repeated in the context of each example. it shall be stressed
that each example shows a multitude of elements and characteristics of the
invention which may be realized in a heat exchanger according to the inven-
tion outside of the context of the accompanying elements of the examples
shown. Thus, the following does not only represent combinations of such
characteristics, but each of the characteristics described in the following sec-
tions can be considered apart and independent of the other characteristics of

the respective example.

In Figures 1 to 14, exemplary embodiments of heat exchangers according to

the invention are shown.

Figure 1 shows a heat exchanger or heat transfer device 1 of the stacked
plates type. It comprises a plurality of stacked plates 10a, 10b, 10c, as well as
further stacked plates which are stacked one on the other and brazed to each
other along their outer edge. During brazing, the interior surface of one plate
is connected to the facing surface of the adjacent plate via interspersed turbu-
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lizers, fins or other augmentation devices. The stacked plates in the area lim-
ited by the outer edge are thus structured in such a way that they define flow-
ing paths for two fluids between alternating plate pairs, namely the fluid to be
heated and the fluid to be cooled.

The stack comprising stacked plates 10a, 10b, 10c, etc. on one of its edges is
limited by a lower terminal plate 2 and on the opposite edge is limited by an
upper terminal plate 4.

The lower terminal plate 2 comprises a facial base plate 20, including a total
of four passage openings, each of which is provided with a downwardly pro-
truding socket 21a, 21b, 21c, 21d énd which openings are each surrounded by
one of the latter ones. Two of these passage openings allow for the supply of
the fluid to be heated and the fluid to be cooled while the other two passage
openings provide for the outlet of the two fluids. The arrangement of the in-
dividual passage openings and the sockets 21a, 21b, 21c, 21d results from the
design of the stacked plates 10a, 10b, 10c, 10d in their inside region.

The facial base plate 20 consists of a metallic material, e.g. a metal sheet, with
the sockets being integrally formed from this metal sheet, for instance by
deep-drawing. In a comparable way, tabs 22a to 22d, 22b’, 22b”, 22b™, 22d’,
22d” are formed from the material of the facial base plate 20. These tabs pro-
vide for an additional connection of a gasket carrier plate 3 onto the terminal

plate 2.

In a heat exchanger according to the present invention, the stack based on
stacked plates typically shows a width of 50 to 150 mm, a length of 70 to 300
mm as well as a height of 20 to 150 mm and a gasket carrier plate with a
width of 80 to 200 mm, a length of 100 to 300 mm and a height of 5 to 15
mm. Typical dimensions are 70 mm x 110 mm x 50 mm for the cooler stack
and 110 mm x 150 mm x 7 mm for the gasket carrier plate, or 70 mm x

140 mm x 50 mm for the cooler stack and 100 mm x 160 mm x 7 mm for the
gasket carrier plate or — especially when used in commercial vehicles, such as
trucks — 110 mm x 200 mm x 105 mm for the cooler stack and 160 mm x 250

mm x 10 mm for the gasket carrier plate.

In the exploded view of Figure 1, which corresponds to the non-installed state
of the heat exchanger, an additional gasket carrier plate 3 made from plastic
is shown from its bottom side. This gasket carrier plate 3 comprises a facial
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base plate 30. This facial base plate 30 comprises a circumferential edge 31.
The facial base plate comprises passage openings 32a to 32d, which are posi-
tioned corresponding to the passage openings and sockets 21a to 21d in the
terminal plate 2. Each of the passage openings 32a to 32d is encircied by a
circumferential elastomeric sealing element 35a to 35d, which is moulded in
place. The terminal plate further shows slit-shaped openings 33a to 33d cor-
responding to the locations of the tabs 22a to 22d, 22b’, 22b"”, 22b"”, 22d’ and
22d”. The slot or slit opening 33a is suited for receiving the tab 22a, which
after insertion through this slit 33a, can be folded-over. The slit 33b is similarly
located and sized for receiving the tabs 22b, 22b’, 22b” and 22b’”. These tabs
can be folded over, too, after having been inserted through the slit 33b. The
slit 33c is suited for taking up the tab 22c, while the slit 33d is provided to re-
ceive the tabs 22d, 22d’ and 22d”. These tabs are folded-over after assembly
of the gasket carrier plate 3 to the terminal plate 2 and this way provide for a
secure positive fit connection of the gasket carrier plate 3 on the terminal
plate 2. Since the terminal plate 2 is brazed to the heat exchanger, in this way
the entire heat exchanger stack is mechanically locked to the gasket carrier

plate 3.

The gasket carrier plate 3 has, in particular regions such dimensions that it
protrudes beyond the outer edge of the terminal plate 2. In these regions,
bores or passages 34 are arranged through which bolts can be inserted in or-
der to fasten the gasket carrier plate 3 to another part. The heat exchanger 1
according to the invention in this way can be fastened to another part.

Figure 2 now shows the same heat exchanger 1 but from a different point of
view. Figure 2 allows viewing of the second terminal plate 4 of the heat ex-

changer, which here is formed as a cover plate 40 without openings.

The top view of the surface of the gasket carrier plate 3 pointing towards the.
heat exchanger plate stack shows that this gasket carrier plate is formed with
ribs in order to reduce its weight. It thus shows internal ribs or webs 37, with
the interspaces of these ribs being free of material. Nevertheless, the gasket
carrier plate 3 as shown in Figure 1 has a closed surface, which is only perfo-
rated by the passage openings 32a to 32d, the slits 33a to 33d and the bolt
holes 34.

On the side of the gasket carrier plate 3 pointing towards the heat exchanger
plate stack and the terminal plate 2 in Figure 2, the passage openings 32a to
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32d are encircled by annular sealing elements 36a to 36d, which are arranged
in grooves formed in the gasket carrier plate 3.

Figure 3 shows a similar heat exchanger as Figures 1 and 2. In contrast to the
example in Figures 1 and 2, the lower terminal plate 2 and the gasket carrier
plate 3 are provided with two passage openings, while the upper terminal
plate 4 is designed in such a way that two sockets 61a, 61b protrude beyond
its closed surface 40 and in this way provides for the inlet- and outlet flow of
the heat exchanging fluids. Other necessary in- and outlet communication of
the heat exchanging fluids is enabled by passage openings 32a and 32c in the
lower gasket carrier plate 3. Here, the gasket carrier plate is formed as a solid
plate without webs. In one alternative embodiment, fastening of the gasket
carrier plate is accomplished via bulging, swaging or expansion of the sockets,
which allows for an attachment means without tabs 22 and slit openings 33.
Besides, the design of the terminal plate 2 and of the gasket carrier plate 3

corresponds to the one shown in Figure 1.

Figure 4 shows a magnified section of the gasket carrier plate shown in Fig-
ures 1 to 3, in particular a detail section around the passage opening 32c.. The
view shown here corresponds to an inverted view of the one in Figure 1.

In Figure 4, one can observe that the upper edge of a passage opening 32 in
the facial base plate 30, and in particular at its transition from the through-
opening 32c to the surface of the plate 30 facing away from the plate stack, is
bevelled. This chamfer enables, as will be described below, connecting of the

socket 21c to the gasket carrier plate 3.

Figure 5 shows a section of the gasket carrier plate 3 according to an alterna-
tive embodiment, comparable to the area around the passage opening 32d
shown in Figure 1. Here, a metal sleeve 5 has been inserted into this passage
opening. This sleeve 5 includes a wall 50, which lines the passage opening
32d. At its end corresponding to the surface of the facial base plate 30 that
faces away from the plate stack, the sleeve 5 comprises a hem 52, which is
seated on this facial base plate surface. An inclination 51 is arranged between
the inner wall surface of the sleeve 5, and the hem 52. This inclination 51 cor-
responds in function to the chamfer or bevelled edge 38c at the passage
opening 32c shown in Figure 4. All in all, this causes that the sleeve 5 is firmly

fastened in the passage opening 32c.
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Figure 6 - a shows an alternative embodiment of the heat exchanger 1 of the
invention. Here, the plate stack is arranged in a housing 41, which is only open
on one side, the side facing towards the gasket carrier plate 3. The gasket car-
rier plate 3 essentially corresponds to the gasket carrier plate depicted in Fig-
ures 1 and 2 so that most of the reference numbers are not repeated in Figure
6. The gasket carrier plate 3 additionally comprises protrusions or tabs 39a to
39 d which allow the gasket carrier plate to be mounted to the housing 41.
The housing 41 at its open side comprises a circumferential collar 43 which
can also be considered as a flange. In this collar, four recesses - of which only
the two recesses 42a and 42d are visible here - are provided which take up
the protrusions 39a (in recess 42a), 39b, 39¢ and 39d (in recess 42d) of the
gasket carrier plate 3. The protrusions 39a, 39b, 39c and/or 39d can be de-
signed with slits 44 and barbed hooks 45 in order to allow for a loss-proof but
reversible mouting of the gasket carrier plate 3 on the housing 41, as can be
seen in Figure 6-b. In addition, the gasket carrier plate 3 can be mounted to
another part via the fastening holes 34 (only one fastening hole being pro-
vided with reference numeral in figure 6-a), which are situated in a region of
the gasket carrier plate 3 protruding beyond the outer edge of the housing 41.

The housing 41 can for instance be deep-drawn from a metal sheet.

Figure 7 shows a view of the bottom side of the heat exchanger 1 in the fully

assembled state.

The sockets 21a to 21d are inserted into the passage openings 32a to 32d. The
socket ends that point away from the plate stack are then expanded radially
outwards, or swaged against the wall of the openings, to lock the heat ex-
changer assembly 1, to the gasket carrier plate 3. The bulging or swaging ac-
tion forces the socket material against the chamfered edges of the openings
21a to 21d, where said chamfered edges are identified as reference numbers
38a to 38d. This clamping of the gasket carrier plate 3 via the bulged sockets
21a to 21d to the terminal plate 2 causes an axial force — a force in a direction
parallel to the longitudinal axis of the opening through holes 21ato 21d or a
force orthogonal to the contact plane between the terminal plate 2 and the
gasket carrier plate 3 — on the gasket carrier plate 3, which causes the sealing
of the mating plates 2 and 3 via compression of the sealing elements 36a to

36d.

In addition, the slits 33a to 33d contain a lateral step in the side-walls of their
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through-openings. In the fastened gasket carrier plate 3 shown in Figure 6, the
tabs 22a to 22d, 22b’, 22b”’, 22b’"’, 22d’ and 22d”’ have been inserted into the
passage openings 33a to 33d and after that have been folded over at the re-
spective lateral step mentioned. This causes a positive fit connection of the
terminal plate 2 to the gasket carrier plate 3. In contrast to foregoing em-
bodiments, here no tabs protrude from the surface of the gasket carrier plate
3.

Figure 8 shows the same heat exchanger as Figure 7, but now with a view to
the upper terminal plate 4. The gasket carrier plate now is shown from its
ribbed side with ribs 37 visible in this view. The gasket carrier 3 protrudes lat-
erally beyond the edges of the terminal plate 2, to accommodate fastener
holes, 34. These fastening openings are used for fastening the gasket carrier
plate 3 and therefore the heat exchanger 1 as a whole, to the engine or an-

other part, for example by means of bolt fasteners.

Figure 9 shows another heat exchanger 1 according to the invention, which is
basically designed in the same way as the heat exchangers depicted in Figures

1to 8.

In contrast to these heat exchangers, here the sockets 21a to 21d are slit; that
is, the outward ends of these sockets have slit sidewalls, which are provided
to aid-in socket swaging to the gasket carrier plate. These slits, some of which
are referenced to with reference number 24, extend a predetermined length
from the free end of the socket in the direction towards the facial base plate
20 of the terminal plate 2. The slits may extend in length as far as the surface
of facial base plate 20. However it is also possible that shorter length slits 24,
corresponding to only the end region of the sockets 21a to 21d, are provided.
Between the slits 24, individual elements protruding from the facial base plate
20 result. For each of the sockets 21a to 21d, one of these individual elements
remaining between the slits is referenced to with reference numbers 233,
23b, 23c and 23d, respectively. Sealing of the fluids through the gasket carrier
plate is done with the sealing elements 35. This allows to optimizing the sock-
ets and their slits only for fastening purposes and without the need for con-

sidering sealing aspects.

The sockets 21a to 21d after insertion into the passage openings 32a to 32d
can be bulged in a particularly simple manner at their respective free end and

this way be clamped to the gasket carrier plate 3.
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Figure 10 shows a plan view of a passage opening, which represents passage
openings 32a to 32d and is referenced to here as passage opening 32. Simi-
larly, the sealing element encircling this passage opening is referenced to as
sealing element 35. This sealing element represents the sealing elements 35a
to 35d, as they are shown in Figure 9. Corresponding reference numbers are

used in the following descriptions for all elements.

Figure 10 shows a top view to a passage opening 32 after socket expansion, at
the surface of the gasket carrier 3 that is facing away from the terminal plate
2. In this view, the folded-over tabs of a slit side-wall socket 21 can be seen.
These individual tabs are referenced to with reference number 23, 23’ and
23”. The socket 21 is comparable to the slit sockets 21a to 21d depicted in
Figure 9. '

Figure 11 shows a sectional view through the gasket carrier plate 3, after as-
sembly and folding over of tabs 22, through slit openings 33. 'Here, a slit-
shaped opening 33, representative for slit-shaped openings 33a to 33d of all
preceding figures is shown. This slit opening 33 includes a recessed stepped
structure, such that its outwardly facing opening width 53 corresponds ap-
proximately to the length of the folded over portion of the tab 22; and where
the tab itself is a tabular extension of the terminal plate 2 as described previ-
ously. The stepped structure includes a cambered or convex shaped feature
54 as shown in this Figure, so that together the recessed opening 53 and cam-
bered feature 54 serve as a ledge or receptacle to receive the folded over end
of lug 22, during assembly of the terminal plate 2, to the gasket carrier plate
3. That is, during assembly of the gasket carrier plate 3 onto the terminal plate
2, the tabs 22 are first guided through the slit opening 33 and then bent onto
and against the cambered surface 54. This results in a clamped connection
between the lugs 22 and base piate 30, in which the achieved joint is counter

sunk below surface of gasket carrier plate 3.

Figure 12 shows an example of the design of the passage opening 32 repre-
sentative for all passage openings shown in the foregoing figures. In the open-
ing of the facial base plate 30 of the gasket carrier plate 3 a sleeve 5 is pro-
vided, which extends along the axial length of this opening starting from its
end pointing towards the terminal plate 2, and ending at a predetermined
distance slightly below the surface of the facial base plate 30 that is facing
away from the terminal plate 2. A socket 21 has been inserted into this sleeve
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so that the facial base plate 30 rests against the terminal plate 2. The socket
21 has then been bulged and folded over above the upper end {(as shown
here) of sleeve 5, so that the socket adjoins to the sleeve 5 in a form- and
force-locking manner. The relative heights of the sleeve 5 and the socket 21
are such that the surface of the facial base plate 30 pointing away from the
terminal plate 2 is situated above the surface of the socket 21, when the
socket end is fully expanded. In the interspace between the facial base plate
surface and that of the expanded socket end just described, an annular gasket
55 is inserted, which seals between the facial base plate 30 and the socket 21.
Adequate selection of the height of the annular seal 55 also enables a fluid-
tight seal against the part to which the gasket carrier plate 3 is fastened to, i.e.
when the carrier plate is bolted to the mating part to which it is mounted.

Figure 12 demonstrates that the annular gasket 55 does not necessarily have
to be arranged on the surface of the facial base plate 30. It is also possible to
arrange the annular gasket 55 only adjacent to this surface, as is shown here.
The annular gasket 55 completely encircles the circumferential edge of the
opening 32 in the facial base plate 30. While in Figures 1 to 11, the circumfer-
ential edge of the opening 32 is encircled by a sealing element outside this
circumferential edge, in Figure 12, the gasket is inside this circumferential
edge. Nevertheless, the sealing function along the circumferential edge of the
facial base plate 30 is achieved in either case.

Figure 13 shows a further embodiment of a passage opening 32, after socket

assembly and expansion. A sleeve has again been inserted into this passage

opening 32 in Figure 13, which at its upper end has a chamfer 38. Here again,
the socket 21 at its upper end pointing away from the terminal plate 2 has
been bent and folded over. In doing so, the socket material is swaged against
and follows the surface contour of the sleeve 5, especially of the chamfer 38.
In this case, the upper edge of the socket in Figure 13 is flush with the surface
of the facial base plate 30 that is facing away from the terminal plate. As there
is no space available for arranging a gasket 55 above the socket 21 in this em-
bodiment, the bendable length of the socket 21 is controlled in such a way
that a free space is maintained between the outer end of the socket 21 and
the passage opening 32 in the facial base plate 30, into which an annular gas-
ket 55 has been pre-placed. In this way, the sealing element is also locked in
place, and again, its thickness can be predetermined to provide a reliable seal
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between the carrier plate 30, and the part to which the carrier plate is fas-
tened.

Figure 14 shows in three partial figures — a plan view in Figure 14 - a and sec-
tional views in Figures 14-b and 14-c - a further embodiment of the gasket
carrier plate 3. Here, it comprises metallic inserts 70a, 70b, 70b’ and 70c¢ de-
fining the passage openings 32a, 32b, 32b" and 32¢ for the sockets and act as
a carrier for the actual sealing elements 35a, 35b, 35b" and 35c which are
moulded onto the metallic inserts 70a to 70c. Each sealing element 35a to 35¢
encircles one of the passage openings 32a to 32c. While insert 70a has a circu-
lar shape and therefore the highest flexibility in installation, inserts 70b and
70b’ have mirror symmetry. In contrast, insert 70c has a waisted shape with-
out any symmetry. Inserts 70b and 70b’ demonstrate that the embodiment of
the invention using inserts allows for a modular design, as for both passage
holes, 32b and 32b’, identical inserts are used. This design also allows to use
inserts of different thicknesses in one gasket carrier plate. Further, it is possi-
ble to use different materials for the sealing elements of the different inserts,
e.g. sealing elements being better suited for oil or for water-glycol mixtures
and the like.

In addition to the slits 33 already know from the previous embodiments, the
gasket carrier plate 3 here also shows dome-shaped protrusions 33* which
can take-up mounting elements formed in the terminal plate of the heat ex-
changer plate stack, e.g. embossments. The interaction may be comparable to

a snap fastener.

As can be seen in Figure 14-b, which corresponds to section A-A in Figure 14-
a, a sealing element 36 is situated at the opposite surface of the gasket carrier
plate 3, immediately opposite to the sealing element 35. These two sealing
elements provide for the complete sealing of the respective passage of a
socket so that the socket itself does not need to be designed with respect to
sealing purposes. Figure 14-b further shows that the insert 70 has been cut
from a plane metal sheet. In its region encircling the passage opening 32c,
sealing elements 35 and 36 have been moulded to the facial surfaces of the
insert 70. These sealing elements 35 and 36 are located close to the passage
opening 32c but distanced to the latter. At their outer edge, the inserts 70 are
integrated into the polymer material 71 of the gasket carrier plate 3. This is
done by moulding the polymer material onto the insert and results in the
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transition area 72 where the polymer material 71 covers the insert 70 on both
surfaces. Figure 14-b also demonstrates that the insert 70 in its region with
the sealing elements 35, 36 shows the largest height, H3, the polymer mate-
rial an intermediate height, H2 and the metal sheet of the insert 70 the small-
est height, H1. As the height H2 of the polymer material 71 and therefore of
the largest part of the gasket carrier plate 3 is smaller than the height H3 of
the insert with the sealing elements 35, 36, the latter cannot be fully com-
pressed. This provides for a long-term stability of the sealing elements 35 and
36.

Figure 14-c shows an alternative embodiment in a comparable sectional view
as in Figure 14-b where the sealing elements 35 and 36 are however applied
at the edge of the insert 70 by edge moulding and therefore also cover the
edge of the insert 70. They are nevertheless considered as first and second

sealing element.

While both Figures 14-b and 14-c show embodiments where sealing elements
35 and 36 show the same thickness, it is also possible to design them with
different heights or to crank the insert in order to adapt the sealing height to
the particular needs of a particular type of heat exchanger.
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Claims
Heat exchanger (1), especially oil cooler for vehicles, comprising

a heat exchanging element with a first terminal plate (2) closing the
heat exchanging element on one of its sides and with at least one
opening provided with a socket (21) for inlet or release of a fluid into
or from the heat exchanger element,

at least a first gasket carrier plate (3), with a first lateral face being ar-
ranged adjacent to the first terminal plate (2) and a second lateral face
being arranged opposite to the first lateral face, at least one passage
opening (32) leading from the first to the second lateral face for taking
up at least one socket (21) of the first terminal plate (2),

at least a first sealing element (36), being arranged between the first
terminal plate (2) and the first gasket carrier plate (3), completely en-
circling the circumferential edge of the at least one passage opening
(32) on the first lateral face and sealing the passage opening (32) be-
tween the first terminal plate (2) and the first gasket carrier plate (3),

at least a second sealing element (35), being arranged adjacent to the
second lateral face and completely encircling the circumferential edge
of the passage opening (32) on the second lateral face, with the at
least one socket (21) of the first terminal plate (2) being bulged out-
wardly, advantageously adjoining to the second sealing element (35) at

feast in sections.

Heat exchanger according to the preceding claim, characterized in that

the heat exchanger comprises:
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a second terminal plate, advantageously being arranged opposite to
the first terminal plate, closing the heat exchanging element on one of
its sides, and a further opening for inlet or release of a fluid into or
from the heat exchanger element, the further opening being advanta-
geously provided with a socket,

at least a second gasket carrier plate with a third lateral face being ar-
ranged adjacent to the second terminal plate and a fourth lateral face
being arranged opposite to the third lateral face, at least a second pas-
sage opening following on the further opening guiding from the third
to the fourth lateral face, which is advantageously formed as a passage
for the socket of the second terminal plate,

at least a second sealing element being arranged between the second
terminal plate and the second gasket carrier plate and completely en-
circling the circumferential edge of the second passage opening of the
second gasket carrier layer and sealing the second passage opening
between the second terminal plate and the second gasket carrier

plate,

at least a fourth sealing element being arranged adjacent to the fourth
lateral face, and encircling the circumferential edge of the passage
opening of the second gasket carrier layer on the fourth lateral face

completely.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sealing elements is moulded from a
polymer material onto the lateral faces of the gasket carrier plate.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sealing elements being arranged on one
of the lateral faces is at least partially pointed and/or partially located

in a groove.
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Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the gasket carrier plates consists of a poly-

mer material or comprises polymer material.

Heat exchanger according to one of the preceding claims, character-
ized in that a metallic sleeve is inserted into the at least one of the
passage openings and/or at least one of the fastening openings of at

least one gasket carrier layer.

Heat exchanger according to the preceding claim, characterized in that
the metallic sleeve on the lateral face of the gasket carrier fayer point-
ing away from the heat exchanger element protrudes beyond the
circumferential edge of the passage opening in a direction orthogonal

to the plane of the gasket carrier layer.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the gasket carrier plates is moulded from a
polymer material and at least one metal sheet insert is integrated in

the polymer material in sections.

Heat exchanger according to the preceding claim, characterized in that
the metal sheet insert comprises a passage opening and carries at least
a sealing element, preferably at least a sealing element on both facial
surfaces with the sealing element completely encircling the passage

opening.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one gasket carrier layer in the plane of its layer has
recesses and/or is constructed from lattice bars or with ribs.

Heat exchanger according to one of the preceding claims, character-
ized in that the first and/or second gasket carrier layer comprises at
least one fastening opening for fastening the heat exchanger to an-

other part.
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Heat exchanger according to the preceding claim, characterized in that
at least one of the gasket carrier layers in the plane of the gasket car-
rier layer at least in sections protrudes beyond the adjacent terminal
plate with at least one of the fastening openings being arranged in the
protruding area.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the gasket carrier plates comprises further

passage openings as resting means.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sockets of the second terminal plate is
bulged outwardly, following the fourth sealing element at least in sec-

tions.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sockets protrudes beyond the lateral
face of the adjacent gasket carrier layer pointing away from the heat

exchanger element.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sockets of the terminal plates on the
side of the adjacent gasket carrier plate pointing away from heat ex-
changer element is folded over outwardly by an angle a with 30° < a <
180°, preferably 30° < a < 120°.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sockets of the first terminal plate covers
the second sealing element at least in sections and/or one of the sock-
ets of the second terminal plate covers the fourth sealing element at

least in sections.

Heat exchanger according to one of the preceding claims, character-
ized in that at least one of the sockets is slit in areas or comprises a

saw-tooth edge, which is folded over partially.
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Heat exchanger according to one of the preceding claims, character-
ized in that the circumferential edge of at least one of the passage
openings of a gasket carrier plate on one of the lateral faces of the
gasket carrier plate shows a web encircling the passage opening at

least in regions.

Heat exchanger according to the preceding claim, characterized in that
on the terminal plate being arranged adjacent to the gasket carrier
plate provided with further passage openings as resting means,
tongues and/or lugs which protrude from the plane of the terminal
plate in the direction of the adjacent gasket carrier layer, are arranged
in such a manner that they can be connected to the adjacent gasket
carrier plate, with the further passage openings being formed as rest-
ing means in this plate, especially in a form-locking manner orin a
force-locking manner orthogonal to the plane of the gasket carrier
layer, with the connection being most preferably achieved by clamp-

ing.
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