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(54)
SUCH A MANIFOLD

(57)  The present invention relates to a manifold (2)
for a heat exchanger assembly (1), which comprises a
cover (23), a header (21) applied on said cover (23) and
an internal plate sandwiched between the cover (23) and
the header (21). Prior to assembly of the manifold (2) an

MANIFOLD FOR A HEAT EXCHANGER ASSEMBLY AND METHOD FOR MANUFACTURING

internal surface (217) of the header (21) has a radius
Risp, @n internal surface (237) of the cover (23) has a
radius Ry, a first surface (223) and a second surface

(224) of the internal plate (22) have a radii Ry1 and Rjpp,
respectively, and Righ>Rp12Ripo>Risc.
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Description
Technical Field

[0001] The present invention relates to a manifold for
a heatexchanger assembly, especially to a high pressure
manifold for automotive heat exchanger assemblies, and
a method for manufacturing such a manifold.

Prior Art

[0002] A prior art manifold generally comprises a cover
and a header applied and bent on the cover. The cover
comprises at least one channel defined therein. The
header comprises a series of through slots, which receive
a series of flow ducts of a heat exchanger and are in fluid
communication with the channel of the cover. Cooperat-
ing surfaces of the header and the cover as well as an
external surface of the header are bent in a direction op-
posite to a direction in which the flow ducts are inserted
into the manifold.

[0003] However, a series of weak points between the
header and the cover can be present in the prior art man-
ifold described above. This is caused by the fact that a
brazing material is unevenly distributed over the cooper-
ating surfaces what in turn lead to brazing failures and
brazing voids in areas critical for structural strength of
the manifold, which operates under very high pressures,
typically 120-170 bars with burst up to 250 bars.

[0004] Therefore, during the manifold assembly and
brazing process special attention must be paid to the way
in which the brazing material is spread over the cooper-
ating surfaces of the manifold. Moreover, special meas-
ures must be taken to keep all components of the man-
ifold in tight contact with each other during the assembly
and brazing process.

Aims of Invention

[0005] One aim of the present invention is to provide
a manifold for a heat exchanger assembly, which elimi-
nates or at least significantly reduces the drawbacks of
the prior art solution described above.

[0006] Another aim of the present invention is to pro-
vide a manifold for a heat exchanger assembly, which is
more durable, easier to manufacture and more cost-ef-
fective.

[0007] The above and other aims are achieved by a
manifold and a method as defined in the accompanying
claims.

Disclosure of Invention

[0008] A manifold for a heat exchanger assembly com-
prises a cover, which in turn comprises at least one chan-
nel defined therein. The manifold further comprises a
header applied on the cover. The header comprises a
plurality of slots. The cover and the header are bentin a
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direction extending from the cover towards the header.
The manifold further comprises an internal plate sand-
wiched between the cover and the header and compris-
ing a plurality of slots in fluid communication with the slots
of the header and the at least one channel of the cover.
The internal plate is bent in the direction extending from
the cover towards the header .

[0009] Inanother embodiment of the present invention
the cover includes an internal surface, which has a radius
Risc prior to assembly of the manifold. The header in-
cludes an internal surface, which has a radius Ry, prior
to assembly of the manifold. The internal plate includes
a first surface facing the internal surface of the header
and a second surface facing the internal surface of the
cover. Prior to assembly of the manifold the first surface
of the internal plate has aradius R;4, the second surface
of the internal plate has a radius R, and
Rish>Rip1>Rip2>Risc-
[0010] Further advantageous embodiments of the
present invention are defined in dependent claims.
[0011] Another object of the present invention is a
method for manufacturing a manifold for a heat exchang-
er assembly as defined in claims 6 and 7.

[0012] The manifold constructed according to the
present invention is more robust compared to the prior
art solutions. Additionally, elastic forces generated by
tensioning the components of the manifold ensure that
they are tightly kept together what in turn means that non-
brazed voids/isles are not formed between surfaces to
be brazed.

ip1

Brief Description of Drawings

[0013] The invention will be discussed in more detail
below, with reference to the annexed drawings, which
show nonlimiting embodiments of the invention, wherein:

Fig. 1 shows a perspective view of a heat exchanger
assembly,

Fig. 2 shows a perspective exploded view of a man-
ifold used in the heat exchanger assembly of figure 1,
Fig. 3 shows an another perspective exploded view
of the manifold of figure 2,

Fig. 4 shows yet another perspective exploded view
of the manifold of figure 2,

Fig. 5 shows a cross-section exploded view of the
manifold,

Fig. 6 shows a cross-section view of the manifold
just before its final assembly,

Fig. 7 shows a cross-section view of the manifold,
once assembled,

Fig. 8 shows a detail of figure 7,

Fig. 9 shows an another embodiment of a cover.

Embodiments of Invention

[0014] Generally, a heat exchanger assembly 1 com-
prises two manifolds 2 and a plurality of flat hollow flow
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ducts 3. Ends of the flow ducts 3 are received in corre-
sponding slots provided in the manifolds 2. A plurality of
coolant turbulators 4 can be placed between the flow
ducts 3 in such a way that one coolant turbulator 4 is
situated between and in contact with two adjacent flow
ducts 3. In the embodiment shown in figure 1 one of the
manifolds 2 is an inlet manifold, while the other is an
outlet manifold.

[0015] In another embodiments of the invention, one
of the manifolds 2 can operate both as the inlet manifold
and the outlet manifold, whereas the other is in fact an
intermediate manifold. It means that the intermediate
manifold receives a fluid to be cooled down from some
flow ducts 3 and guides it back to the other flow ducts 3
so that an U-shaped flow path is created. The other man-
ifold 2 is configured to both receive a hot fluid from a
vehicle and deliver a cool fluid back to the vehicle. Gen-
erally, all components of the manifold 2 are brazed to
each other.

[0016] The manifold 2 comprises a header 21, an in-
ternal plate 22 and a cover 23. The internal 22 plate is
sandwiched between and is in tight contact with the head-
er 21 and the cover 23. The internal plate 22 functions
as an interface between the header 21 and the cover 23.
The cover 23 can define therein at least one longitudinal
channel 231 for a fluid to be cooled down. The number
of longitudinal channels 231 depends on whether the
manifold 2 operates as the intermediate manifold (one
longitudinal channel) or as the inlet/outlet manifold (two
longitudinal channels). The function of the longitudinal
channel 231 is to distribute the fluid to be cooled down
along the manifold 2. The longitudinal channel 231 is
opentowards the internal plate 22. The longitudinal chan-
nel 231 can also be opentolongitudinal faces of the cover
23 or can end in a distance from the longitudinal faces
of the cover 23. If the channel 231 opens to both longi-
tudinal faces the manifold 2 can be provided with a plug
24 at each of its ends. The plugs 22 cover and close the
ends of the manifold 2, thus ensuring that the manifold
2 is fluid-tight once assembled.

[0017] The header 21 and the internal plate 22 com-
prise a plurality of slots 211 and 221, respectively. The
number and the shape of the slots 211, 221 correspond
to the number and the shape of the flow ducts 3. The flow
ducts 3 fit inside the slots 211, 221 and are in fluid com-
munication with the longitudinal channel 231 of the cover
23. The cover 23 is provided with a through port 233 that
is in fluid communication with the at least one longitudinal
channel 231 of the cover 23. However, in another em-
bodiment of the invention, if the manifold 2 operates as
the intermediate manifold the cover 23 does not comprise
the through port 233. Moreover, if the manifold 2 operates
as the inlet/outlet manifold the cover 23 is provided with
two through ports 233, each being in fluid communication
with one longitudinal channel 231. In the latter case, the
heat exchanger assembly 1 can be provided with two
rows of the flow ducts 3, two rows of the slots 211 and
two rows of the slots 221 in both manifolds 2, two separate
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longitudinal channels 231 in the first manifold 2, one lon-
gitudinal channel 231 in the second manifold 2 and two
through ports 233 in the first manifold 2. The second man-
ifold 2 comprises no through ports 233. The manifold 2
can further comprise a connection block 25 placed over
and in fluid communication with each of the through ports
233 of the cover 23.

[0018] The header 21 is an U-shaped longitudinal el-
ement provided with one row of the slots 211. Of course,
if more than one row of the flow ducts 3 are used, for
example two, the header 21, as well as the internal plate
22, is provided with a corresponding number of rows of
the slots 211, in this case two. Additionally, the number
of the longitudinal channels 231 of the cover 23 also cor-
responds to the number of the rows of the flow ducts 3
and the slots 211, 221, each longitudinal channel 231
being in fluid communication with one of the rows of the
flow ducts 3 and the slots 211, 221. The header 21 com-
prises two side walls 213, which are longer that the sum-
marized length of the internal plate 22 and the cover 23
stacked together. Ends 214 of the side walls 213 are bent
on ends 234 of the cover 23 to assemble all components
of the manifold 2 into one unit and keep them together.
[0019] The header 21, the internal plate 22 and the
cover 23 and bent on their cooperating surfaces. The
header 21 has an external surface 216 and an internal
surface 217. The internal surface 217 faces the internal
plate 22. The external surface 216 and the internal sur-
face 217 are both bent towards the flow ducts 3, namely
the external surface 216 is convex and the internal sur-
face 217 is concave when viewed in cross-section. Prior
to assembly of the manifold 2 the internal surface 217
has a radius Rig,.

[0020] The internal plate 22 has first and second sur-
faces 223, 224. The first surface 223 faces the internal
surface 217 of the header 21. The second surface 224
faces the cover 23. The first and second surfaces 223,
224 are bent towards the flow ducts 3, namely the first
surface 223 is convex and the second surface 224 is
concave when viewed in cross-section. Prior to assembly
of the manifold 2 the first surface 223 has a radius Ry,
while the second surface 224 has a radius R;p,.

[0021] Similarly, the cover 23 has an internal surface
237 and an external surface 238. The internal surface
237 faces the second surface 224 of the internal plate
22. The internal surface 237 is bent towards the flow
ducts 3, namely the internal surface 237 is convex when
viewed in cross-section. Prior to assembly of the manifold
2 the internal surface 237 has a radius Rig;.
[0022] Inshort, the header 21, the internal plate 22 and
the cover 23 are bent in a direction D1, which extends
from the cover 23 towards the header 21 and through
their centers, when viewed in cross-section. It means that
physical points on the external surface 216, the first sur-
face 223 and the internal surface 237 located at or near
atransverse axis A of the manifold 2 are situated farther
away, in respect of the dimension D1, than ends of the
header 21, the internal plate 22 and the cover 23, respec-
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tively. In other words, the direction D1 is opposite to a
direction D2, in which the flow ducts 3 are to be inserted
into the manifold 2.

[0023] Prior to assembly of the manifold 2, the radii
described above meet the following relationship:

Rish > Rip1 > Ripz > Risc

[0024] The above relationship can be fulfilled not only
by appropriate selection of radius values, but also by ap-
propriate selection of dimensional tolerances of the radii.
[0025] Duringfirst steps ofthe manifold assembly proc-
ess the relationship referred to above secures physical
contact between the header 21, the internal plate 22 and
the cover 23 in their central area near the transverse axis
A of the manifold 2. Then, a pressing force F is exerted
on the components of the manifold 2 to bring them to-
gether and guarantee complete physical contact be-
tween corresponding brazing areas, namely between a
brazing area 212 of the header 2 and a first brazing area
222aoftheinternal plate 22 as well as between a second
brazing area 222b of the internal plate 22 and a brazing
area 232 of the cover 23. To ensure that the header 21,
the internal plate 22 and the cover 23 are in tight contact
during the CAB (Controlled Atmosphere Brazing) brazing
process the ends 214 of the side walls 213 of the header
21, as discussed above, are bent at a bending angle o
on the ends 234 of the cover 23 so that a bend 215 is
created. The bending angle o is defined as an angle be-
tween the extension of the wall 213 of the header 21 and
the end 214 itself after bending.

[0026] This particular relationship of the radii, com-
bined with the fact that the ends 214 of the side walls 213
of the header 21 are bent on the ends 234 of the cover
23, guarantees excellent matching of the mating surfaces
of the manifold 2, namely the brazing areas 212, 222a,
222b and 232, without any voids (non-brazed isles) be-
tween them. This ensures that, when the manifold 2 has
beenassembled, all cooperating surfaces of the manifold
2 are in tight contact with each other. The shape and
surface area of the mating surfaces are configured in
such a way that they are sufficient to withstand working
conditions of the manifold 2. Moreover, elastic forces
arising from the tension of the header 21, the internal
plate 22 and the cover 23 ensure that all components of
the manifold 2 are held as a single unit.

[0027] The cover 23 can be provided at both its ends
234 with arecess 235 and a protruding edge 236 adjacent
to the recess 235. The protruding edge 236 of the cover
23 defines a precise bending line for the ends 214 of the
side walls 213 of the header 21. The recesses 235 re-
ceive the ends 214 of the side walls 213. This means that
the bending angle o is in fact greater than the required
minimum bending value of 90°, preferably greater than
or equal to 100°, more preferably greater than or equal
to 120°, for stable crimping purpose. This way a stable
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configuration of the manifold 2 during CAB thermal treat-
ment is ensured. In addition, this ensures that the risk of
loosening the connection between the header 21, the
internal plate 22 and the cover 23, and thus the risk of
creating gaps between them, is significantly reduced.
[0028] In the embodiments described above it has
been indicated that the internal plate 22 comprises two
surfaces 223, 224 with two different radii R4 and Ry,
respectively. However, in another embodiment of the in-
vention the internal plate 22 still has first and second
surfaces 223, 224 but their radii are equal to each other,
namely Rj,4 equals R;,. In this case, prior to assembly
of the manifold 2 the relationships between all radii take
the following forms:

Rish > Rip1
Rip1=Rip2

Rip2 > Rise

[0029] Taking into account the relationship where Ry
> Ripz, as discussed earlier, prior to assembly of the man-
ifold 2 the general relationship between all radii in differ-
ent embodiments of the invention can be expressed in
the following form:

Risn > Ripl 2 Ripz > Risc

[0030] The manifold 2 is manufactured in the following
way. First, the header 21, the internal plate 22 and the
cover 23, as described above, are provided. At this stage,
generally, the radius relationships defined above apply.
Next, the header 21 is applied on the cover 23 and the
internal plate 22 so that the internal plate 22 is sand-
wiched between the header 21 and the cover 23 and all
these three elements are kept together. Also, the press-
ing force F is exerted on the header 21, the internal plate
22 and the cover 23 to bring all these elements to com-
plete tight contact with each other at their corresponding
brazing areas. At the end, the ends 214 of the header 21
are bent on the ends 234 of the cover 23 and the brazing
process takes place.

[0031] As described earlier in this description, the cov-
er 23 can comprise at least one longitudinal channel 231.
The longitudinal channel 231 distributes the fluid to be
cooled down, especially CO,, along the manifold 2. The
longitudinal channel 231 can be circular or oval in cross-
section. The longitudinal channel 231 is arranged in the
cover 23 so that the largest dimension LD of the channel
231 in a direction B between two ends 234 of the cover
23 is contained within the cross-section of the channel
231. In other words an open side 231a of the channel
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231 does not include the largest dimension LD of the
channel 231. The width of the open side 231a in the di-
rection B is smaller than the largest dimension LD of the
cover 23 in the same direction. This way a protrusion
231b is formed at both edges of the longitudinal channel
231 andthe protrusions 231b are separated by adistance
that is smaller than the largest dimension LD of the chan-
nel 231. Furthermore, the stresses arising from mechan-
ical deformations due to the pressure of the fluid to be
cooled down concentrate at an area C of the longitudinal
channel 231 and not at the protrusions 231b. This in turn
means that the projections 231b are subjected to less
stress compared to other parts of the longitudinal channel
231, which in turn makes the connection between the
internal surface 237 of the cover 23 and the second sur-
face 224 of the internal plate 22 more durable, especially
in an area near the projections 231b, and increases the
durability of the manifold 2. In addition, by applying this
feature, the thickness of the cover 23 can be reduced
because the cover 23 itself is more robust. Moreover,
this configuration of the cover 23 ensures that the whole
manifold 2 is very durable despite bending and tensioning
of its components.

[0032] Additionally, a bulge 239 is formed on the ex-
ternal surface 238 of the cover 23. The position of the
bulge 239 corresponds to and is a result of the position
of the longitudinal channel 231. As shown in the figures,
the bulge 239 can take different shapes and enables eas-
ier attachment of the connection block 25 and/or other
elements like hooks, brackets, etc. In fact the connection
block 25 can be integrated in the bulge 239 itself. More-
over, the shape of the bulge 239 can be chosen to match
the shape of surrounding components of a vehicle. This
feature offers high flexibility in forming the longitudinal
channel 231 and makes it possible to control and mini-
mize an internal volume of the whole manifold 2.
[0033] In the embodiments described above and
shown in the figures the through port 233 for the connec-
tion block 25 is formed on the external surface 238 of the
cover 23. However, in another embodiment of the present
invention, not shown in the figures, the through port 233
can be defined in the plug 24. In this case, the longitudinal
channel 231 opens to longitudinal faces of the cover 23,
which are closed by the plugs 24. One of the plugs 24,
or both, comprises at least on through port 233, which is
in fluid communication with the longitudinal channel 231.
This in turn means that the connection block(s) 25 is(are)
placed over the through port 233 in the plug 24 andis(are)
connected to the plug 24 itself, either directly or via ad-
ditional intermediate tubes.

Claims

1. A manifold (2) for a heat exchanger assembly (1)
comprising:

acover (23), which comprises at least one chan-
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nel (231) defined therein;

a header (21) applied on said cover (23), said
header (21) comprising a plurality of slots (211);
wherein said cover (23) and said header (21)
are bent in a direction (D1) extending from said
cover (23) towards said header (21);
characterized in that

it further comprises an internal plate (22) sand-
wiched between said cover (23) and said header
(21) and comprising a plurality of slots (221) in
fluid communication with said slots (211) of said
header (21) and said at least one channel (231)
of said cover (23), said internal plate (22) being
bent in said direction (D1) extending from said
cover (23) towards said header (21).

The manifold (1) according to claim 1, characterized
in that said cover (23) includes an internal surface
(237), which has a radius R prior to assembly of
said manifold (2), said header (21) includes an inter-
nal surface (217), which has a radius R;g, prior to
assembly of said manifold (2), and said internal plate
(22) includes a first surface (223) facing said internal
surface (217) of said header (21) and a second sur-
face (224) facing said internal surface (237) of said
cover (23), wherein prior to assembly of said mani-
fold (2) said first surface (223) of said internal plate
(22) has aradius Ry4, said second surface (224) of
said internal plate (22) has a radius

Rip2 and Rish>Rip12Rip2>Risc.

The manifold according to any of claims 1 and 2,
characterized in that said cover (23) includes an
external surface (238) and two ends (234), said cov-
er (23) being provided on said external surface (238)
and at said ends (234) with recesses (235) so that
two protruding edges (236) are formed adjacent to
said recesses (235), said recesses (235) receiving
ends (214) of side walls (213) of said header (21).

The manifold according to claim 3, characterized in
that said ends (214) of said header (21) are bent on
said cover (23) at abending angle (o), which is great-
er than 90°, preferably greater than 100°, more pref-
erably greater than 120°.

The manifold according to any of the preceding
claims, characterized in that said atleast one chan-
nel (231) of said cover (23) has the largestdimension
(LD), which extends in a direction (B) between said
ends (234) of said cover (23) and is included in a
cross-section of said at least one channel (231) so
that two protrusions (231b) are formed at both edges
of said at least one channel (231), said protrusions
(231b) are separated by a distance smaller than the
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largest dimension (LD) of said at least one channel
(231).

A method for manufacturing a manifold (2) for a heat
exchanger assembly (1) including the steps of:

a: providing a cover (23) comprising at least one
channel (231) defined therein, a header (21)
having a plurality of slots (211) and an internal
plate (22) intended to be sandwiched between
said cover (23) and said header (21) and having
a plurality of slots (221); said header (21), said
internal plate (22) and said cover (23) each be-
ing bent in a direction (D1) extending from said
cover (23) towards said header (21) ;

b: applying said header (21) on said internal
plate (22) and said cover (23) so that said header
(21), said internal plate (22) and said cover (23)
are kept together and said internal plate (22) is
sandwiched between said header (21) and said
cover (23); and

c: brazing said header (21), said internal plate
(22) and said cover (23) together.

The method according to claim 6, wherein said cover
(23) includes an internal surface (237), which has a
radius R prior to step b, said header (21) includes
an internal surface (217), which has a radius Rig,
prior to step b, and said internal plate (22) includes
afirst surface (223) facing said internal surface (217)
ofsaid header (21) and a second surface (224) facing
said internal surface (237) of said cover (23), and
wherein prior to step b said first surface (223) of said
internal plate (22) has aradius R;,4, said second sur-
face (224) of said internal plate (22) has a radius Rip2
and Rigp>Ri512Rip2>R;sc. and wherein step b also in-
cludes exerting a force F on said header (21), said
internal plate (22) and said cover (23) to bring their
corresponding brazing areas into complete contact.
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