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Description
FIELD OF THE INVENTION

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

BACKGROUND OF THE INVENTION

[0002] To reduce the impact on climate change and
under international pressure to reduce the CO, emis-
sions for vehicle refrigerants used in mobile HVAC and
refrigerant systems, the new refrigerant such as R744
(carbon dioxide or CO,) has been introduced.

[0003] Thermodynamically, the R1234yf refrigerant
has similar properties to R134a. However, its global
warming potential or GWP is only 4, as opposed to 1430.
The refrigerant R744 has been assigned a GWP value
of 1 and functions as the reference gas.

[0004] Systems designed for use with R744 have pres-
sures up to ten times higher than those intended for
R1234yf. In summer, the peak pressure is around 100
bar, which is above the critical pressure level (supercrit-
ical process). This makes controlling the system more
difficult, but not problematic. The coefficient of perform-
ance or COP is the same in moderate climate conditions,
butslightly poorerin hot, moist climate zones. The system
can be designed to compensate for this, as the compo-
nents are smaller because of the higher volumetric cool-
ing capacity of R744.

[0005] In comparison to R134a and R1234yf systems,
the R744 refrigerant is at a disadvantage as R744 ab-
sorbs slightly less energy per unit of flow in a refrigerant
cycle. In order to increase the performance level to that
of R134a or R1234yf it is advised to use an Internal Heat
exchanger (IHX).

[0006] An Internal Heat exchanger (IHX) is used to
transfer heat between the low side pressure and the high
pressure flow circuits. Its function is to improve system
performance by further sub-cooling the refrigerant being
supplied to the evaporator through the refrigerant control
device.

[0007] Commonly used internal heat exchangers usu-
ally comprise, forexample, a coaxial tube heat exchanger
and a stacked heat exchanger.

[0008] The coaxial heatexchangeris usually designed
as a "tube in tube" structure. Usually the outer tube is
made of steel/copper, and the inner tube can be titanium,
copper, copper-nickel depending on the requirements of
working conditions. The coaxial heat exchanger usually
conveys two fluids through separate circuits, wherein one
circuit is conveyed in the opposite direction with respect
to the other fluid.

[0009] The stacked plate heat exchanger design is
usually suited to transferring heat between medium- and
low-pressure fluids. Welded, semi-welded and brazed
heat exchangers are used for heat exchange between
high-pressure fluids or where a more compact product
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is required. In place of a pipe passing through a chamber,
there are instead two alternating chambers, usually thin
in depth, separated at their largest surface by a corru-
gated metal plate. The plates used in a plate and frame
heat exchanger are obtained by one piece pressing of
metal plates. Stainless steel is a commonly used metal
for the plates because of its ability to withstand high tem-
peratures, its strength, and its corrosion resistance.
[0010] Due toits structure, both coaxial and plate heat
exchangers are not suitable for high-pressure R744 re-
frigerant. In spite of enhancing their structure and improv-
ing the sealing they are still prone to leakage when the
high-pressure fluid is introduced. Further, the heat ex-
changers such as coaxial tube heat exchanger require
its components to be large enough to efficiently transfer
the heat between the media. Consequently, the heat ex-
changers described above are inconvenient in terms of
packaging, costs of production and weight reduction.
[0011] It would be desired to produce an internal heat
exchanger that would sustain the pressure of high-pres-
sure fluids, such as R744. The sub-components should
preferably be made of inexpensive materials while main-
taining high quality of the final product. Further, the pro-
duction process of sub-components should be simple
and efficienti.e. it would be desired to manufacture each
sub-component using a method that does not require
complicated production process.

SUMMARY OF THE INVENTION

[0012] The object of the invention is, among others, a
heat exchanger, in particular for a motor vehicle compris-
ing at least two manifolds, a primary tubes, a secondary
tubes, characterised inthatthe secondary tubes are shift-
ed with respect to the primary tubes along their axial di-
rection and the manifolds are configured to receive and
fluidly isolate the primary tubes from the secondary
tubes.

[0013] Preferably, the primary tubes and the second-
ary tubes are deployed alternately and in parallel with
respect to each other between the first manifold and the
second manifold.

[0014] Preferably, the primary tubes and the second-
ary tubes form a unitary core.

[0015] Preferably, the quantity of the primary tubes is
equal to the quantity of the secondary tubes.

[0016] Preferably, the quantity of the primary tubes is
different than the quantity of the secondary tubes.
[0017] Preferably, the primary tubes and the second-
ary tubes comprise a plurality of micro channels.

[0018] Preferably, the primary tubes are configured to
convey different media than the secondary tubes be-
tween the manifolds.

[0019] Preferably, the quantity of micro channels com-
prised within the primary tubes is equal to the quantity of
micro channels comprised within the secondary tubes.
[0020] Preferably, the quantity of micro channels com-
prised within the primary tubes is different than the quan-
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tity of micro channels comprised within the secondary
tubes.

[0021] Preferably, at least one manifold, in particular
both manifolds comprises a header, wherein the header
is of substantially cuboidal shape.

[0022] Preferably, atleastone headerin particular both
headers are complementary with respect to the primary
tubes and the secondary tubes.

[0023] Preferably, at least one header, in particular
both headers comprises a plurality of cavities and a plu-
rality of respective protrusions.

[0024] Preferably, the cavities are deployed alternately
with the protrusions.

[0025] Preferably, the header comprises a chamber
configured to receive the primary tubes and the second-
ary tubes, wherein at least a part of a chamber remains
fluidly communicated with at least one type of the tubes.
[0026] Preferably, at least one header, in particular
both headers assembled with the primary tubes and the
secondary tubes create a primary passage and a sec-
ondary passage, respectively.

[0027] Preferably, the protrusions assembled with re-
spective group of tubes that are introduced into cavities
form a separation wall.

[0028] Preferably, the separation wall fluidly isolates
the primary passage from the secondary passage.
[0029] Preferably, the primary passage has the same
dimensions as the secondary passage.

[0030] Preferably, the primary passage has different
dimensions than the secondary passage.

[0031] Preferably, at least one manifold, in particular
both manifolds comprises at least two covers.

[0032] Preferably, the covers are assembled with two
side walls of the headers.

[0033] Preferably, the covers are assembled with the
side walls of the headers having a smallest cross section.
[0034] Preferably, each cover comprises a set of
stacked plates having substantially identical outer perim-
eters, whereas the cross- section of at least one plate is
different than the cross- sections of the other plates.
[0035] Preferably, at least one plate forming a cover
comprises at least one essentially rectangular opening.
[0036] Preferably, at least one plate forming a cover
comprises at least one essentially circular opening.
[0037] Preferably, atleast one cover, in particular both
covers comprise at least one inlet and/ or at least one
outlet.

[0038] Preferably, at least one manifold, in particular
both manifolds comprises at least one inlet and/ or outlet
fluidly communicated with at least one passage thereof.
[0039] Preferably, a first circuit and a second circuit,
wherein each circuit comprises at least one connection
block, atleast one passage comprised within atleastone
manifold, and at least one type of tubes.

[0040] Preferably, the first circuit conveys the media in
the same direction with respect to the second circuit
[0041] Preferably, the first circuit conveys the media in
the counter direction with respect to the second circuit.
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[0042] Preferably, a length of the primary tubes is sub-
stantially equal to the a length of the secondary tubes.
[0043] Preferably, the length of the primary tubes is
different than the length of the secondary tubes.

BRIEF DESCRITPTION OF DRAWINGS

[0044] 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 heat exchanger
assembly in one of the embodiments.

Fig. 2 shows a perspective view of standalone head-
er in one of the embodiments.

Fig. 3 shows a cross- section view of the tubes-head-
er assembly in one of the embodiments.

Fig. 4 shows a partially transparent perspective view
of one side of the heat exchanger in one of the ex-
amples.

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] The invention comprises a heat exchanger 1
assembled using multiple sub-components cooperating
in a fluidal manner in order to enable heat transfer be-
tween two or more circuits, wherein each circuit compris-
es two substantially different fluids. Phrase "substantially
different" means that the fluid in one circuit has different
chemical and/or physical properties than the fluid in other
circuit. In particular, the heat exchanger 1 comprises flu-
ids having different pressure and temperature in their re-
spective circuits. One of the many examples of such fluid
may be a refrigerant such as a liquid carbon dioxide also
known as R744. The heat exchanger (1) may be suitable
for an automobile, in particular an internal combustion
vehicle as well as for an electric vehicle.

[0046] Fig. 1 presents the heat exchanger 1 compris-
ing, inter alia, at least two manifolds 20, 30, a primary
tubes 40, and a secondary tubes 50. The manifolds 20,
30 are fluidly connected with at least one inlet 60 and/or
outlet 70. The deployment of the inlet 60 and/or the outlet
70 on the manifold 20, 30 depends on the predetermined
refrigerant flow arrangement. Possible deployments of
the inlet 60 and/or outlet 70 will be described in further
paragraphs.

Each manifold 20, 30 comprises also a header 21, 31
and at least one cover 22, 32. The heads 21, 31 and the
covers 22, 32 may be substantially identical elements,
however due to their different orientation they are cross-
referenced as different elements of the heat exchanger
1. The headers 21, 31 and the covers 22, 32 will be de-
scribed in detail in further paragraphs.

[0047] The heatexchanger 1in this particular example
may be suitable for heat exchange process between at
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least two circuits, in particular between a high pressure
circuit and a low pressure circuit. The term "circuit" may
refer to the fluid communication path starting from one
ofthe inlets 60 and ending at one of the respective outlets
70 of the heat exchanger 1. Further, the heat exchanger
1 may comprise e.g. two circuits, wherein each circuit
comprises corresponding inlet 60 and outlet 70. Usually
one circuit conveys the media in the opposite direction
with respect to the other circuit, due to increased efficien-
cy, however, the same direction of fluid flow in both neigh-
bouring circuits is also envisaged.

[0048] As shown in Fig. 1 the inlets 60 and the outlets
70 may be deployed on the side walls of the manifolds
20, 30 which have smallest surface. The inlet 60 and/or
outlet 70 may be in a form of e.g. a connection block.
The connection blocks may be in a form predetermined
by e.g. the customer, as the means of connecting the
inlet 60 and/or the outlet 70 to the respective manifolds
20, 30 are universal. The connection block may be made
of metallic material, preferably a lightweight metal alloy,
e.g. aluminum. As shown in Fig.1, the connection blocks
are inclined in the same direction with respect to the re-
spective manifolds 20, 30, however, the direction of the
connectors may vary depending on desired configura-
tion. The inlet 60 and the outlet 70 connection blocks
could be also deployed outwardly with respect to the
tubes 40, 50. Alternatively, the inlet 60 and the outlet 70
connection blocks could be also deployed inwardly with
respect to the tubes 40, 50. Alternatively, the inlet 60 and
the outlet 70 connection blocks could be also deployed
outwardly with respect to the tubes 40, 50. Alternatively,
one inlet 60 and one outlet 70 deployed on one longer
side of the heat exchanger 1 could be facing one direc-
tion, whereas the other inlet 60 and the other outlet de-
ployed on the opposite longer side of the heat exchanger
1 could be facing the other direction. The inlets 60 and/or
the outlets 70 may be connected with the manifolds 20,
30 by the means of e.g. brazing, yet other means of con-
nection that will provide fluid- tight connection are also
envisaged.

[0049] Fig. 2 shows a standalone header 21, 31 shown
in a perspective view to disclose its essential features.
The header 21, 31 is of essentially cuboidal shape. Term
"essentially cuboidal" means that the header 21, 31 is
formed out of initially cuboidal block of material, wherein
the material is preferably a lightweight metal alloy, e.g.
aluminum. This shape and from allows preparing a block
that is feasible in terms of packaging, rigidity and produc-
tion process.

The header 21, 31 comprises a chamber 26 formed in a
block of material which is created by partial material re-
duction in the middle portion thereof. After forming a
chamber 26, the header 21, 31 is essentially C- shaped,
as shown in Fig. 2. Term "essentially C- shaped" means
that the header 21, 31 comprises at least one cross-sec-
tion that forms a letter C or inverted letter C. Further, the
header 21, 31 comprises a plurality of cavities 23, 33 and
a plurality of protrusions 24, 34 formed in the body of the
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essentially C-shaped header 21, 31. The protrusions 24,
34 and cavities 23, 33 forma a comb-like structure, i.e.
the cavities 23, 33 are deployed alternately with the pro-
trusions 24, 34. The protrusions 24, 34 have their ends
facing the chamber 26.

[0050] The header 21, 31 comprising the aforemen-
tioned features enables assembling it with the tubes (not
shown). In other words, the chamber 26 is configured to
receive the primary tubes 40 and the secondary tubes
50, wherein at least a part of a chamber 26 remains fluidly
communicated with at least one type of the tubes. The
other type of the tubes 40, 50 may enter the cavities 23,
33. This kind of assembly will be described in further par-
agraphs.

[0051] Fig. 3 shows a cross- sectional view through
the part of the assembly comprising, inter alia, the primary
tubes 40, the secondary tubes 50, and the headers 21,
31. The inlets 60, outlets 70, and covers 22, 32 are omit-
ted for the sake of clarity.

[0052] The primary tubes 40 and the secondary tubes
50 are usually stacked one on another. The tubes 40, 50
are usually deployed alternately and in parallel with re-
spect to each other between the first header 21 and the
second header 31. Further, the secondary tubes 50 may
be shifted with respect to the primary tubes 40 along their
axial direction. The axial direction of the tubes 40, 50 is
parallel to the direction in which said tubes 40, 50 convey
fluid or fluids. This allows forming two fluidly isolated cir-
cuits in the heat exchanger 1. One of the ways to achieve
this effect is to form at least one header 21, 31, in par-
ticular two headers 21, 31 which would be complemen-
tary with respect to the primary tubes 40 and the second-
ary tubes 50. Term "complementary" should be regarded
as combined in such a way as to enhance or emphasize
the qualities of each other or another. In other words, the
alternate arrangement of the primary tubes 40 and the
secondary tubes 50 determines the arrangement of cav-
ities 23, 33 and protrusions 24, 34 on the headers 21,
31. The dotted line shown in Fig. 3 indicates that the
tubes 40, 50 are materially continuous. The two halves
separated by the dotted line are not symmetrical though.
[0053] The primary tubes 40 may usually be stacked
parallelly with respect to the secondary tubes 50. The
quantity of the primary tubes 40 is usually equal to the
quantity of the secondary tubes 50, however, in some
applications, the quantity of the primary tubes 40 and
quantity of the secondary tubes 50 may be different, e.
g. there are more primary tubes 40 than the secondary
tubes 50, in particular the difference between the two
quantities equals one primary tube 40.

[0054] The tubes 40, 50 usually form a unitary core
which improves overall rigidity and water tightness of the
heat exchanger 1. Term "unitary" means that the primary
tubes 40 are immobilized with respect to the secondary
tubes 50 in the desired configuration without using any
tertiary sub-components, e.g. the headers 21, 31. The
unitary core can be formed, by e.g. brazing the surfaces
of the primary tubes 40 to the surfaces of the secondary
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tubes 50 stacked thereon.

[0055] The headers 20, 30 may be configured to re-
ceive and fluidly isolate the primary tubes 40 from the
secondary tubes 50. The protrusions 24, 34 assembled
with respective group of tubes 40, 50 that are introduced
into cavities 23, 33 may form a separation wall 25. The
separation wall 25 is usually limited by the portions of the
cavities 23, 24 which are in contact with the portions of
the tubes 40, 50 that are introduced therein.

[0056] Usually, atleastone header 21, 31, in particular
both headers 21, 31 assembled with the primary tubes
40 and the secondary tubes 50 create a primary passage
and a secondary passage, respectively. The passages
within the manifolds 20, 30 are fluidly isolated by the sep-
aration wall 25. The primary passage corresponds to the
first fluid circuit and the secondary passage corresponds
to the second fluid circuit. The primary passage of one
header 21 is usually deployed unsymmetrically with re-
spect to the secondary passage of the other header 31,
i.e. the primary passage located in one header 21 is not
located in the same place of the second header 31. Con-
sequently, the headers 21, 31 are not arranged symmet-
rically with respect to each other despite they comprise
identical bodies. However, it is possible to form a sym-
metrical heat exchanger 1 by using tubes 40, 50 of dif-
ferent length e.g. the primary tubes 40 longer than the
secondary tubes 50. In such an arrangement the primary
passages would be located on outer sides of the headers
21, 31 and the secondary passages would be located on
the inner sides of the headers 21, 31.

[0057] Further, the primary passage usually has the
same dimensions as the secondary passage. The term
"dimensions" can be regarded as specific dimensions of
the passage, as well as the volumetric capacity of the
passage. Alternatively, the primary passage could have
different dimensions than the secondary passage. To
change the dimensions of one of the passages, one can,
for example, extend or shorten the protrusions 24, 34 of
the header 21, 31.

[0058] Fig. 4 presents a perspective view of one side
of the heat exchanger 1, wherein some sub-components
are partially transparent. The non-transparent sub-com-
ponents are: the unitary core formed by the primary tubes
40 and the secondary tubes 50, the inlet 60 located on
the right side and the cover 22 located on the right side.
The partially transparent sub-components are: the head-
er 21, the outlet 70 located on the left side, the cover 22
located on the left side. A pair of covers 32 corresponds
to the header 31 on the opposite side of the heat ex-
changer 1. A pair of covers 22, 32 is usually deployed on
the opposite sides of the headers 21, 31, wherein one
cover 22 corresponds to the primary passage, and the
other cover 32 supports the secondary passage. To en-
able fluidal connection between the headers 21, 31 and
the inlet/outlet 60, 70, the covers 22, 32 may be located
on the side walls of the headers 21, 31. The covers 22,
32 usually comprise a plurality of plates having substan-
tially the same outer dimensions. The number of plates
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ferred number of plates in a single stack is three. In this
particular example, the cross- section of atleast one plate
22, 32 is different than the cross- sections of the other
plates 22, 32. Firsttwo plates located closer to the header
21, 31 comprise an essentially rectangular openings
which facilitates fluid distribution and volumetrically in-
creases the corresponding passages. Term "essentially
rectangular" means that the opening comprises two long-
er walls and two shorter walls. The plate located closest
to the inlet 60 or outlet 70 comprises essentially circular
opening to facilitate fluid distribution across the header
21, 31 or collecting it. Term "essentially circular" means
that the opening may have a cross section in the shape
of the circle, oblong or similar, rounded shape.

[0059] As shown in Fig. 4, the primary tubes 40, and
the secondary tubes 50 comprise a plurality of micro
channels that enable increased heat transfer between
the circuits. The micro channels form the open ends on
both terminal ends of the tubes 40, 50. Usually, the quan-
tity of micro channels comprised within the primary tubes
40 is equal to the quantity of micro channels comprised
within the secondary tubes 50. Alternatively, in some ap-
plications the quantity of micro channels comprised with-
in the primary tubes 40 is different than the quantity of
micro channels comprised within the secondary tubes
50. The different quantity of micro channels could facili-
tate optimizing the efficiency of the heat exchanger 1, as
well as using variable diameters of the micro channels.
[0060] One must take into account that the heat ex-
changer 1 described above may be optimized by chang-
ing different dimensions or parameters. The dimensions
of sub-components described in upper paragraphs may
be different, depending on desired heat exchanger 1 ar-
chitecture, packaging, efficiency and other. The quantity
of the tubes 40, 50 as well as the quantity of micro chan-
nels therein may vary. The ratio between size of passag-
es within the manifolds 20, 30 may be the same, but it
also may be different. Finally, the heat exchanger 1 re-
quires no housing, because the tubes 40, 50 forming a
unitary core, and the headers 21, 31 made of metal are
resistant to adverse environmental conditions.

[0061] 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. Aheatexchanger (1) in particular for a motor vehicle
comprising:

- at least two manifolds (20, 30),
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- a primary tubes (40),
- a secondary tubes (50),

characterised in that,

the secondary tubes (50) are shifted with respect to
the primary tubes (40) along their axial direction and
the manifolds (20, 30) are configured to receive and
fluidly isolate the primary tubes (40) from the sec-
ondary tubes (50).

The heat exchanger (1) according to all preceding
claims, wherein the primary tubes (40) and the sec-
ondary tubes (50) are deployed alternately and in
parallel with respect to each other between the first
manifold (20) and the second manifold (30).

The heat exchanger (1) according to all preceding
claims, wherein at least one manifold (20, 30), in
particular both manifolds (20, 30) comprises a head-
er (21, 31), wherein the header (21, 31) is of sub-
stantially cuboidal shape.

The heat exchanger (1) according to all preceding
claims, wherein at least one header (21, 31) in par-
ticular both headers (21, 31) are complementary with
respect to the primary tubes (40) and the secondary
tubes (50).

The heat exchanger (1) according to all preceding
claims, wherein the header (21, 31) comprises a
chamber 26 configured to receive the primary tubes
(40) and the secondary tubes (50), wherein at least
a part of the chamber 26 remains fluidly communi-
cated with at least one type of the tubes (40, 50).

The heat exchanger (1) according to all preceding
claims, wherein at least one header (21, 31), in par-
ticular both headers (21,31) comprises a plurality of
cavities (23, 33) and a plurality of respective protru-
sions (24, 34).

The heat exchanger (1) according to claim 12,
wherein the cavities (23, 33) are deployed alternately
with the protrusions (24, 34).

The heat exchanger (1) according to any of the pre-
ceding claims, wherein at least one header (21, 31),
in particular both headers (21, 31) assembled with
the primary tubes (40) and the secondary tubes (50)
create a primary passage and a secondary passage,
respectively.

The heat exchanger (1) according to all preceding
claims, wherein the protrusions (24, 34) assembled
with respective group of tubes (40, 50) that are in-
troduced into cavities (23, 33) form a separation wall
(25).

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

The heat exchanger (1) according to claim 15,
wherein the separation wall (25) fluidly isolates the
primary passage from the secondary passage.

The heatexchanger (1) according to claim 1, wherein
the primary tubes (40) and the secondary tubes (50)
form a unitary core.

The heat exchanger (1) according to all preceding
claims, wherein the quantity of the primary tubes (40)
is equal to the quantity of the secondary tubes (50).

The heatexchanger (1) according to claim 2, wherein
the quantity of the primary tubes (40) is different than
the quantity of the secondary tubes (50).

The heatexchanger (1) according to claim 6, wherein
the primary tubes (40) are configured to convey dif-
ferent media than the secondary tubes (50) between
the manifolds (20, 30).

The heat exchanger (1) according to all preceding
claims, wherein each cover (22, 32) comprises a set
of stacked plates having substantially identical outer
perimeters, whereas the cross- section of at least
one plate is different than the cross- sections of the
other plates.
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