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(57) The object of the invention is, among others, a
tube bundle (10) for a heat exchanger (1), the bundle
(10) comprising: a firsttube (11), and atleast one second
tube (12), each tube (11, 12) comprising two juxtaposed
longer walls (13) having essentially flat surface, two
shorter walls (14) connecting the longer walls (13) to form
a closed profile of the tube (11, 12), and an axis of elon-
gation extending between two open ends (15) thereof,
wherein the open ends (15) of each tube and are ar-
ranged next to each other and at the same level, the
longer walls (13) of the adjacent tubes (11, 12) are ar-
ranged so that their flat surfaces are coplanar with re-
spect to each other, wherein the first tube (11) is fixed to
the second tube (12) via a bridge (20) extending between
median portion of corresponding shorter walls (14).

A TUBE BUNDLE FOR AHEAT EXCHANGER
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a heat exchanger. In
particular, the invention relates to the heat exchanger for
a motor vehicle.

BACKGROUND OF THE INVENTION

[0002] The presentinvention relates to the field of heat
exchanger and in particular to heat exchangers intended
to be traversed by a fluid under high pressure. In this
respect, the invention relates more particularly to air con-
ditioning gas coolers, inner gas coolers or evaporators
capable of being traversed by a refrigerant fluid in the
supercritical state, as is the case for natural gases such
as carbon dioxide, also known as CO2 or R744. Such
heat exchangers find particular application in motor ve-
hicles.

[0003] A known fluid refrigerant circuit forms a closed
loop in which the refrigerant fluid flows in order to dissi-
pate or collect calories through heat exchangers. The
heat exchanger comprises the manifold to connect said
heat exchanger to the fluid refrigerant circuit, said man-
ifold linking pipes from the fluid refrigerant circuit to the
heat exchanger core, in order for the refrigerant fluid to
flow through heat exchanger tubes.

[0004] In afluid refrigerant circuit traversed by a refrig-
erant fluid in the supercritical state, this refrigerant fluid
remains essentially in the gaseous state and under a very
high pressure, which is usually around 100 bar. As a re-
sult, heat exchangers must be able to withstand such
high pressure, the recommended burst pressure being
generally three times the value of the nominal operating
pressure, burst pressure thus reaching around 300 bars.
[0005] A known heat exchangers comprise the mani-
folds and the heat exchange tubes allowing the refriger-
ant fluid to migrate between the manifolds. The heat ex-
change tubes also allow a thermal exchange between
the refrigerant fluid, flowing inside said heat exchange
tubes, and an air flowing outside the heat exchanger,
thus capturing calories from the air flowing across the
heat exchanger core.

[0006] The manifold comprises a cover plate a header
plate and a distribution plate localized between the tank
and the header plate. The tank plate of the manifold is
configured to delimit said manifold. The header plate of
the manifold is designed to allow the refrigerant fluid to
flow between the first manifold or the second manifold
and the heat exchange tubes.

[0007] The tank plate, the distribution plate and the
header plate are brazed together to ensure the sealing
of the manifold, avoiding leaks of the refrigerant fluid.
The header plate comprises teeth configured to secure
the assembly of the header plate, the distribution plate
and the tank plate together, in order to help the brazed
manifold to withstand the very high pressure generated
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into the fluid refrigerating circuit.

[0008] In known heat exchangers, the tubes are ar-
ranged in one stack, or two stacks arranged next to each
other. The individual tubes are located in respective man-
ifolds and they are not in a direct contact with each other.
This brings many drawbacks, starting from the assem-
bling process of the heat exchanger. Individual tubes are
difficultto introduce into tight slots in the manifolds. More-
over, the stack of tubes is not robust as such, since there
is no interaction between the tubes forming said stack.
[0009] The above-mentioned tube may be improved
so that the robustness of the tube is increased and as-
sembling process the of the heat exchanger is facilitated.

SUMMARY OF THE INVENTION

[0010] The object of the invention is, among others, a
tube bundle for a heatexchanger, the bundle comprising:
afirsttube, and at least one second tube, each tube com-
prising two juxtaposed longer walls having essentially flat
surface, two shorter walls connecting the longer walls to
form a closed profile of the tube, and an axis of elongation
extending between two open ends thereof, wherein the
open ends of each tube and are arranged next to each
other and at the same level, the longer walls of the ad-
jacent tubes are arranged so that their flat surfaces are
coplanar with respect to each other, wherein the first tube
is fixed to the second tube via a bridge extending between
median portion of corresponding shorter walls.

[0011] Advantageously the bundle further comprises
a third tube and at least fourth tube arranged in series
with respect to the first tube and the second tube.
[0012] Advantageously, the third tube and fourth tube
comprise the bridge extending between median portion
of corresponding shorter walls.

[0013] Advantageously, the bundle comprisesa bridge
between the second tube and the third tube, the bridge
extending between median portion of corresponding
shorter walls.

[0014] Advantageously, wherein at least the first tube
is bigger than the other tubes.

[0015] Advantageously, the first tube is greater than
the second tube, the second tube is greater than the third
tube and the third tube is greater than at least the fourth
tube.

[0016] Advantageously, the bridge comprises a deple-
tion on at least one of the terminal ends thereof.

[0017] Advantageously, the bridge comprises at least
one aperture located between the shorter walls of adja-
cent tubes.

[0018] Advantageously, the bridge is shifted towards
any of the longer walls of the adjacent tubes, so that it
forms a substantially flat surface with at least one of said
longer walls.

[0019] Theinvention may alsoinclude a heat exchang-
er comprising a tube bundle. The heat exchanger may
comprise: the plurality of tube bundles arranged in a
stacking direction, the stacking direction being perpen-



3 EP 4 317 889 A1 4

dicular to the flat surfaces of the tubes, at least one first
manifold group configured to receive one end of the tube
bundle and a second manifold group configured to re-
ceive the other end of the tube bundle, characterised in
that the first manifold group comprises at least a first
channel fluidly connected with the first tubes, so that a
fluidal communication between at least two tube bundles
is provided, and in that the second manifold group com-
prises a second channel fluidly communicated with at
least second tubes.

[0020] Advantageously, the tube bundle further com-
prises afirst tube, a second tube, a third tube and a fourth
tube, wherein the first tubes form a first pass for a fluid,
the second tubes form a second pass for the fluid, the
third tubes form a third pass for the fluid, and the fourth
tubes form a fourth pass for the for the fluid, the first tubes
being fluidly connected together by a first channel in the
first manifold group, the second tubes being fluidly con-
nected with respective first tubes by the second channel
in the second manifold group, the third tubes being fluidly
connected with the second tubes by the second channel
in the first manifold group, and the fourth tubes are fluidly
connected with the third tubes by the first channel in the
first manifold group.

[0021] Advantageously, the first and the second man-
ifold groups comprise a header plate comprising slots for
receiving the tubes, a distribution plate configured to form
the first and the second channel in the manifold groups,
and the tank plate for closure of the manifold groups.
[0022] Advantageously, the header plate comprises a
plurality of teeth configured to fix the distribution plate
and the tank plate.

[0023] Advantageously, the header plate comprises at
least one wall portion configured to support the depletion
in the bridge of the tube bundle.

BRIEF DESCRITPTION OF DRAWINGS

[0024] Examples of the invention will be apparent from
and described in detail with reference to the accompa-
nying drawings, in which:

Fig. 1 shows a perspective view of the tube bundle
comprising two tubes.

Fig. 2 shows a cross-section view of the tube bundle
comprising four tubes with micro channels.

Fig. 3 shows a side-perspective view of the tube bun-
dle of Fig. 2.

Fig. 4 shows a heat exchanger comprising at least
one tube bundle.

Fig. 5 shows the simplified view of the heat exchang-
er of Fig. 4, showing the header plate and the distri-
bution plate.
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Fig. 6 shows a detailed perspective view of the Fig. 5.
DETAILED DESCRIPTION OF EMBODIMENTS

[0025] The subject-matter of an invention is tube bun-
dle 10 for the heat exchanger 1 which is adapted for heat
exchange between a first fluid and a second fluid. The
first fluid may be for, example pressurized refrigerant
such as carbon-dioxide circulating within the heat ex-
changer 1, whereas the second fluid may be, for example
air. The heat exchanger 1 aims to decrease the temper-
ature of the first fluid. It can therefore be associated with
the gas coolers, inner gas coolers, evaporators and alike.
Further paragraphs provide discuss the main compo-
nents and the mechanical or structural features which
ensure improvement in terms of efficiency with respect
to know heat exchangers.

[0026] Fig. 1 shows a simple tube bundle 10 for a heat
exchanger 1. The term "tube bundle" means that there
is more than one tubular element suitable for fluid trans-
portation, whereas the tubular elements are at least par-
tially integrated to form one sub-component. The tube
bundle 10 may be further referred to as "the bundle" The
bundle 10 may comprise first tube 11, and at least one
second tube 12. An embodimentin which more tubes are
introduced, i.e. a third tube 30 and a fourth tube 40, is
discussed in further paragraphs. Each tube 11, 12, 30,
40 may comprise two juxtaposed longer walls 13 having
essentially flat surface. In other words, the longer walls
13 are substantially identical wall portions arranged in
parallel and facing each other with their respective flat
surfaces. The tube 11, 12, 30, 40 may also comprise two
shorter walls 14 connecting the longer walls 13 to form
a closed profile of the tube 11, 12, 30, 40, and an axis of
elongation extending between two open ends 15. The
term open end refers to a terminal ends of the tube 11,
12, 30, 40 which allows the fluid to enter or exit said tube
11, 12, 30, 40.

[0027] As shown in Figs 2 and 3, in the bundle 10 the
open ends 15 of each tube 11, 12, 30, 40 are arranged
next to each other and at the same level, whereas the
longer walls 13 of the adjacent tubes 11, 12 are arranged
so that their flat surfaces are coplanar with respect to
each other. The first tube 11 may be fixed to the second
tube 12 via a bridge 20 extending between median por-
tion of corresponding shorter walls 14. The bridge 20
allows the tube 11, 12, 30, 40 to be more rigid as stan-
dalone sub-component, as well as functional element of
the heat exchanger 1 in operational mode. The bridge
20 allows part of the heat accumulated in the tube 11,
12, 30, 40 to be evacuated, so that the risk of thermal
shock to the individual tube 11, 12, 30, 40 is reduced.
[0028] The bridge 20 allows fixing the first tube 11 and
the second tube 12 together. Thickness of bridge, meas-
ured in perpendicular direction with respect to the flat
surface of the longer walls 13 may be reduced in to in-
crease thermal resistance between the first and second
tube 11, 12, and thus prevent internal heat exchange
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between the first and second tubes 11 ,12. To prevent
this there is higher heat exchange between consecutive
tubes (for example refrigerant and the air).

[0029] As further shown in Figs 2 and 3, the bundle 10
may further comprise a third tube 30 and at least fourth
tube 40 arranged in series with respect to the first tube
11 and the second tube 12. The third tube 30 and the
fourth tube 40 are the same as or similar to the first tube
11 and the second tube 12. It is apparent, that each tube
11, 12, 30, 40 comprises a set of micro channels extend-
ing between the open ends, in parallel to the main axis
of elongation of the tube 11, 12, 30, 40. The tubes 11,
12, 30, 40 may be of the same size, i.e. their external
dimensions such as: width, measured as the distance
between the outer faces of the shorter walls 14; the
length- measured along the longer walls 13, as the dis-
tance between the open ends of the tube; or as the height,
measured as the distance between the outer faces of the
longer walls of the same tube 11, 12, 30, 40. Even if the
tubes 11, 12, 30, 40 are of the same size, they may com-
prise the same or different number of micro channels
formed therein.

[0030] As further shown foe example in Fig. 3, the third
tube 30 and fourth tube 40 may comprise the bridge 20
extending between median portion of corresponding
shorter walls 14, similarly as the bridge 20 extending be-
tween the first tube 11 and the second tube 12.

[0031] Further, the bundle 10 may comprise a bridge
20 between the second tube 12 and the third tube 30.
The bridge 20 may extend between median portion of
corresponding shorter walls 14.

[0032] Alternatively, the bundle 10 may comprise the
firsttube 11 and the second tube 12 connected via bridge
20, whereas the third tube and the fourth tube 40 are
free. In one example, the bundle 10 may this comprise
an arrangement in which the first tube 11 and the second
tube 12 are sandwiched between the third tube 30 and
the fourth tube 40, or an arrangement in which the first
tube 11 and the second tube 12 are arranged subse-
quently to the third tube 30 and the fourth tube 40. These
examples are not shown in the figures though. Similarly,
the bundle 10 may comprise the first tube 11, the second
tube 12 and the third tube 30 connected via respective
bridges 20, whereas the fourth tube 40 is free in the bun-
dle 10.

[0033] As already mentioned, at least the first tube 11
may be bigger than the other tubes 12, 30, 40, Term
bigger means that at least one of the external dimensions
in the first tube 11 is greater than in the other tubes 12,
30, 40, yet it should be understood that term bigger
should refer to width of the first tube 11, since it is the
most promising dimension to change. Manipulating with
the length of the tube 11, 12, 30, 40 or its height may
cause the bundle 10 impossible to be used in production
of heat exchanger 1.

[0034] In one of the options, the first tube 11 may be
greater than the second tube 12, the second tube 12 may
be greater than the third tube 30 and the third tube 30 is
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greater than at least the fourth tube 40. In other words,
the size of the tubes forming the tube bundle 10 may
gradually decrease from the first tube 11 to the last tube
forming said bundle 10. This will allow to increase the
heat transfer.

[0035] As shown in the Fig. 3, the bridge 20 may com-
prise a depletion 21 on at least one of the terminal ends
thereof. The depletion 21 allows the tube bundle 10 to
be tightly assembled with the sub-components of the heat
exchanger 1. In other words, the depletion 21 compen-
sates the tolerances required to provide the heat ex-
changer 1 of reduced packaging. The depletion 21 ex-
tends from the plane formed by the open ends of the
tubes 11, 12, 30, 40 towards the median portion of the
depletion 21. As shown in the figures, the depletion may
comprise a curved profile, yet other shapes are also en-
visaged.

[0036] The bridge 20 may also comprise at least one
aperture 22 located between the shorter walls 14 of ad-
jacent tubes 11, 12, 30, 40. The aperture 22 facilitates
heat evacuation. In other words, the aperture increases
the heat transfer between the tube bundle 10 and the
ambience. The aperture 22, may be present in different
numbers, shapes and sizes. For example, the bridge 20
may comprise at least one circular aperture, a rectangu-
lar aperture, or an undefined shape. The aperture 22 may
be easily adjusted according to the needs.

[0037] The bridge 20 may also be shifted towards any
of the longer walls 13 of the adjacent tubes 11, 12, 30,
40. The term shifted includes any type of bridge 20 which
is deployed asymmetrically with respect to the axis ex-
tending between the shorter walls 14 of adjacent tubes
11,12 ,30 ,40. The bridge 20 may also be shifted to such
extent, that it forms a substantially flat surface with at
least one of said longer walls 13.

[0038] The tube bundle may be implemented in a heat
exchanger 1, as shown in Figs 4 and 5. The exchanger
1 may comprise, inter alia: the plurality of tube bundles
10 which arranged in a stacking direction, wherein the
stacking direction is perpendicular to the flat surfaces of
the tubes 11, 12, 30, 40.

[0039] The heat exchanger 1 may further comprise at
least one first manifold group 100 and the second man-
ifold group 200. The first manifold group 100 may be con-
figured to receive one end of the tube bundle 10 and the
second manifold group 200 may be configured to receive
the other end of the tube bundle 10. In other embodiment
not presented in the figures, the heat exchanger 1 may
also comprise a first set comprising the tube bundle 10
and a second set comprising plurality of individual tubes
arranged in a stack. The term individual refers to the
tubes not comprising bridges 20.

[0040] The first manifold group 100 may at least a first
channel 101 fluidly connected with the first tubes 11, so
that a fluidal communication between at least two tube
bundles 10 is provided. The second manifold group 200
may comprise a second channel 202 fluidly communi-
cated with at least second tubes 12.



7 EP 4 317 889 A1 8

[0041] Figs5and6 show the heatexchanger 1, where-
in the tube bundle 10 further comprises a first tube 11, a
second tube 12, a third tube 30 and a fourth tube 40,
wherein the first tubes 11 form a first pass P1 for a fluid,
the second tubes 12 form a second pass P2 for the fluid,
the third tubes 30 form a third pass P3 for the fluid, and
the fourth tubes 40 form a fourth pass P4 for the for the
fluid. The term pass refers to intended direction of the
fluid moving in said pass in the same sense. The heat
exchanger 1 comprising four passes arranged as in
presentinvention allow better heat evacuation, increased
heat transfer and generally, increased performance of
the heat exchanger while keeping relatively small pack-
aging.

[0042] Term "manifold group" may refer to one or more
manifolds arranged in the vicinity one to another. For
example, "first manifold group" may refer to two manifolds
arranged next to each other, wherein these manifolds
share the same structural features.

[0043] Further, the first tubes 11 may be fluidly con-
nected together by a first channel 101 in the first manifold
group 101, the second tubes 12 may be fluidly connected
with respective first tubes 11 by the second channel 202
in the second manifold group 200, the third tubes 30 may
be fluidly connected with the second tubes 12 by the sec-
ond channel 202 in the first manifold group 100, and the
fourth tubes 40 may be fluidly connected with the third
tubes 30 by the first channel 101 in the first manifold
group 100. The term "channel" refers to all structural el-
ements which allow to provide a conduit for the fluid within
the manifold.

[0044] The first and the second manifold groups 100,
200 may thus comprise a header plate 100a, 200a com-
prising slots 150 for receiving the tubes 11, 12, 30, 40, a
distribution plate 100b. 200b configured to provide U-flow
between the tubes 11, 12, 30, 40 forming the same bun-
dle 10, and the tank plate 100c, 200c configured to form
the first and the second channel 101, 202 in the manifold
groups 100, 200.

[0045] Referring to Fig. 6, since the manifold groups
100, 200 may be manufactured by crimping and brazing
the latter components, they may comprise plurality of
teeth 160) configured to fix the distribution plate 100b,
200b) and the tank plate 100c, 200c) to the header plate
100a, 200a .

[0046] Further the header plate 100a, 200a may com-
prise at least one wall portion 170 configured to support
the depletion 21 in the bridge 20 of the tube bundle 10.
The wall portion 170 is basically the portion of the header
plate 100a, 200a located between each slot 150. The
function of the depletion has already been discussed in
previous paragraphs. In one embodiment, the depletion
21 may be in contact with the wall portion 170 to increase
the robustness of the assembly. Alternatively, the deple-
tion may be spaced away from the wall portion 170, so
that the two are not in contact with each other, to com-
pensate the thermal expansion of the sub-components
during operational mode of the heat exchanger 1.
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[0047] The heat exchanger 1 may comprise an inlet
and an outlet for the first fluid (not shown). Both inlet an
outlet may be in form of openings fluidly connected to
respective pipes of the refrigerant loop. The openings
may also be connected indirectly, for example by means
of connection block or other types of connectors. The
pipes or the connection blocks may be fixed wherever
suitable, depending on desired flow pattern or location
of the inlet and outlet.

[0048] In Fig. 6, the arrows marked on the tube bundle
10 represent an exemplary flow direction within each
pass P1, P2, P3, P4 of respective tube 11, 12, 30, 40.
[0049] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
drawings, the disclosure, and the appended claims. The
mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a com-
bination of these measures cannot be used to the advan-
tage.

Claims

1. Atube bundle (10) for a heat exchanger (1), the bun-
dle (10) comprising: a first tube (11), and atleastone
second tube (12), each tube (11, 12) comprising two
juxtaposed longer walls (13) having essentially flat
surface, two shorter walls (14) connecting the longer
walls (13) to form a closed profile of the tube (11,
12), and an axis of elongation extending between
two open ends (15) thereof, wherein the open ends
(15) of each tube and are arranged next to each other
and at the same level, the longer walls (13) of the
adjacenttubes (11, 12) are arranged so that their flat
surfaces are coplanar with respect to each other,
wherein the first tube (11) is fixed to the second tube
(12)viaa bridge (20) extending between median por-
tion of corresponding shorter walls (14).

2. The tube bundle (10) according to claim 1, wherein
the bundle (10) further comprises a third tube (30)
and at least fourth tube (40) arranged in series with
respecttothe firsttube (11)and the second tube (12).

3. The tube bundle (10) according to claim 2, wherein
the third tube (30) and fourth tube (40) comprise the
bridge (20) extending between median portion of cor-
responding shorter walls (14).

4. The tube bundle (10) according to claim 2 or 3,
wherein the bundle (10) comprises a bridge (20) be-
tween the second tube (12) and the third tube (30),
the bridge (20) extending between median portion
of corresponding shorter walls (14).

5. Thetube bundle (10) according to any of the preced-
ing claims, wherein atleast the firsttube (11)is bigger
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than the other tubes (12, 30, 40).

The tube bundle (10) according to claim 5, wherein
the first tube (11) is greater than the second tube
(12), the second tube (12) is greater than the third
tube (30) and the third tube (30) is greater than at
least the fourth tube (40).

The tube bundle (10) according to any of the preced-
ing claims, wherein the bridge (20) comprises a de-
pletion (21) on atleast one of the terminal ends there-
of.

The tube bundle (10) according to any of the preced-
ing claims, wherein the bridge (20) comprises atleast
one aperture (22) located between the shorter walls
(14) of adjacent tubes (11, 12, 30, 40).

The tube bundle (10) according to any of the preced-
ing claim, wherein the bridge (20) is shifted towards
any of the longer walls (13) of the adjacent tubes
(11, 12, 30, 40), so that it forms a substantially flat
surface with at least one of said longer walls (13).

A heat exchanger (1) comprising a tube bundle (10)
according to claim 1, the heat exchanger (1) com-
prising: the plurality of tube bundles (10) arranged
in a stacking direction, the stacking direction being
perpendicular to the flat surfaces of the tubes (11,
12, 30, 40), at least one first manifold group (100)
configured to receive one end of the tube bundle (10)
and a second manifold group (200) configured to re-
ceive the other end of the tube bundle (10), charac-
terised in that the first manifold group (100) com-
prises at least a first channel (101) fluidly connected
with the first tubes (11), so that a fluidal communi-
cation between at least two tube bundles (10) is pro-
vided, and in that the second manifold group (200)
comprises a second channel (202) fluidly communi-
cated with at least second tubes (12).

The heat exchanger (1) according to claim 10,
wherein the tube bundle (10) further comprises afirst
tube (11), a second tube (12), a third tube (30) and
a fourth tube (40), wherein the first tubes (11) form
a first pass (P1) for a fluid, the second tubes (12)
form a second pass (P2) for the fluid, the third tubes
(30) form a third pass (P3) for the fluid, and the fourth
tubes (40) form a fourth pass (P4) for the for the fluid,
the first tubes (11) being fluidly connected together
by a first channel (101) in the first manifold group
(101), the second tubes (12) being fluidly connected
with respective first tubes (11) by the second channel
(202) in the second manifold group (200), the third
tubes (30) being fluidly connected with the second
tubes (12) by the second channel (202) in the first
manifold group (100), and the fourth tubes (40) are
fluidly connected with the third tubes (30) by the first
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12.

13.

14.

channel (101) in the first manifold group (100).

The heat exchanger (1) according to any of claim
10-12, wherein the first and the second manifold
groups (100, 200) comprise a header plate (100a,
200a) comprising slots (150) for receiving the tubes
(11,12, 30,40), adistribution plate (100b, 200b) con-
figured to form the first and the second channel (101,
202) in the manifold groups (100, 200), and the tank
plate (100c, 200c) for closure of the manifold groups
(100, 200).

The heat exchanger (1) according to claim 12,
wherein the header plate (100a, 200a) comprises a
plurality of teeth (160) configured to fix the distribu-
tion plate (100b, 200b) and the tank plate (100c,
200c).

The heat exchanger (1) according to any of claims
10-13, wherein the header plate (100a, 200a) com-
prises at least one wall portion (170) configured to
support the depletion (21) in the bridge (20) of the
tube bundle (10).
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