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(54) A HEAT EXCHANGER FOR VEHICLES

(57) A heat exchanger (100) comprising a first man-
ifold (102) including a first cover element (104) and a first
header plate (108), a second manifold (110) including a
second cover element (112) and a second header plate
(116), and a plurality of tubes (118) fluidically connected
between the first manifold (102) and the second manifold
(110) such that a first fluid circuit is defined through the
first manifold (102), the second manifold (110) and the
plurality of tubes (118). At least one of the first cover
element (104) and the second cover element (112) in-
cudes an inlet canal (120) for ingress of a first fluid with
respect to the first fluid circuit, one or more inlet openings
(122) to fluidically connect the inlet canal (120) to at least
one tube of the plurality of tubes (118), an outlet canal
(124) for egress of the first fluid with respect to the first
fluid circuit, and one or more outlet openings (126) to
fluidically connect the outlet canal (124) to one or more
tubes of the plurality of tubes (118).
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Description

FIELD OF INVENTION

[0001] The present invention relates to heat exchang-
ers, more specifically, the present invention relates to an
improved and efficient chiller for vehicles.

BACKGROUND

[0002] In hybrid and pure electric vehicles, heat ex-
changer such as chillers are used for cooling of power
electronics and battery packs powering such vehicles
along with a Heating Ventilation and Air Conditioning
(HVAC) system. For instance, such a heat exchanger
can operate either as a R744 refrigerant-cooled water
chiller or as a gas cooler using R744 refrigerant depend-
ing on the requirements.
[0003] A conventional R744 chiller include a housing
that encapsulates components of a heat exchanger core
that are involved in heat exchange between a coolant/re-
frigerant and a fluid to be cooled down and a pair of man-
ifolds arranged at two opposite ends of the heat exchang-
er core. Ends of tubes/flow ducts of the heat exchanger
core are received in the manifolds, thereby fluidically con-
necting the two manifolds. In addition, a fluid flow pas-
sage is defined through the manifolds and the tubes of
the heat exchanger, through which a refrigerant/coolant
or liquid to be cooled circulates. However, in the conven-
tional heat exchanger, the tubes are arranged in two rows
to create two passes for refrigerant through the tubes in
the heat exchanger core. However, arrangement of the
tubes in two rows increases size of the heat exchanger
and requires large packaging space in the vehicle, as
well as increases the overall weight of the heat exchang-
er.
[0004] Besides, the housing of the conventional R744
chiller is made of plastic materials and all the components
contained therein are protected effectively against cor-
rosion. However, the housing of the conventional chiller
is associated with several drawbacks, for example, to
ensure that the housing is fluid-tight sealing means, such
as gaskets, are provided between two half-shells of the
housing and at other adjoining interface of metal and non-
metal pats of the heat exchanger such as between the
connection block and the housing, which increases as-
sembly time and assembly cost. In addition, as the hous-
ing is made of plastic, it requires different moulds of spe-
cific dimensions for the two half-shells of different shapes
and sizes, which increases tooling cost. Furthermore, to
join the two half-shells of the housing, it requires ultra-
sonic plastic welding, which increases overall manufac-
turing cost. Moreover, the conventional housing is com-
plex and ribs are provided on outer surfaces of the two
half-shells for strengthening, which requires more pack-
aging space in the vehicle.
[0005] Therefore, there is a need for a simple and cost
effective solution which can overcome the abovemen-

tioned drawback associated with the conventional heat
exchanger.

SUMMARY

[0006] The present invention discloses a heat ex-
changer, such as but not limited to a chiller, with an alu-
minum housing defined through housing and closing
plates brazed with each other at adjoining side ends to
ensure no fluid leakage through the housing and encap-
sulate a heat exchanger core of the chiller, which can
overcome drawback of the conventional plastic housing
of the existing chiller.
[0007] In addition, the present invention proposes sim-
ple and cost effective heat exchanger manifolds to create
one or more passes through a single rows of tubes of the
heat exchanger core for the refrigerant. For instance, two
or more fluid passes for the refrigerant through the heat
exchanger core can provide efficient heat exchange be-
tween the refrigerant and the fluid to be cooled. In addi-
tion, by changing size of the passes, refrigerant flow can
be optimised and matched to the requirements.
[0008] In accordance with an embodiment of the
present invention, the proposed heat exchanger includes
a first manifold including a first cover element and a first
header plate, and a second manifold configured spaced
apart from the first manifold and including a second cover
element and a second header plate. The proposed heat
exchanger further includes a plurality of tubes configured
one over another in one row and fluidically connected
between the first manifold and the second manifold,
wherein a first fluid circuit is defined through the first man-
ifold, the second manifold and the plurality of tubes. Be-
sides, at least one of the first cover element and the sec-
ond cover element includes an inlet canal for ingress of
a first fluid with respect to the first fluid circuit, one or
more inlet openings, preferably at least two inlet open-
ings, configured to fluidically connect the inlet canal to at
least one tube of the plurality of tubes, an outlet canal for
egress of the first fluid with respect to the first fluid circuit,
and one or more outlet openings, preferably at least two
outlet openings, to fluidically connect the outlet canal to
one or more tubes of the plurality of tubes.
[0009] Further, the proposed heat exchanger includes
one or more first internal plates arranged between the
first cover element and the first header plate.
[0010] In addition, the proposed heat exchanger in-
cludes one or more second internal plates arranged be-
tween the second cover element and the second header
plate.
[0011] The inlet canal, the one or more inlet openings,
the outlet canal, the one or more outlet openings, the one
or more first internal plates, and the one or more second
internal plates are adapted to create one or more flow
passes for the first fluid through the plurality of tubes.
[0012] Each of the first header plate and the second
header plate include a plurality of first slots to receive
opposite ends of the plurality of tubes.
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[0013] In an embodiment, at least one of the one or
more first internal plates can include second slots ex-
tending parallel to the first slots of the first header plate.
[0014] In an embodiment, at least one first internal
plate of the one or more first internal plates can include
any or a combination of second slots and third slots. The
third slots are extending perpendicular to the first slots
of the first header plate.
[0015] In an embodiment, at least one of the one or
more second internal plates can include fourth slots ex-
tending parallel to the first slots of the second header
plate.
[0016] In an embodiment, at least one second internal
plate of the one or more second internal plates can in-
clude any or a combination of fourth slots and one or
more sets of fifth slots. The one or more sets of fifth slots
are extending perpendicular to the first slots of the second
header plate.
[0017] The proposed heat exchanger further includes
at least one connection block connected to at least one
of the first manifold and the second manifold. The at least
one connection block includes an inlet port fluidically con-
nected to the inlet canal and an outlet port fluidically con-
nected to the outlet canal.
[0018] The plurality of tubes with a plurality of turbula-
tors define a heat exchanger core. The plurality of turbu-
lators are configured between the plurality of tubes.
[0019] The proposed heat exchanger further includes
one or more housing plates configured on one or more
sides of the heat exchanger core to cover the heat ex-
changer core from one or more sides. A material of the
one or more housing plates can be but not limited to alu-
minum.
[0020] The proposed heat exchanger further includes
one or more closing plates configured on one or more
sides of the heat exchanger core adjacent to the one or
more housing plates to cover the heat exchanger core
from one or more sides. A material of the one or more
closing plates can be but not limited to aluminum.
[0021] In the present description, some elements or
parameters may be indexed, such as a first element and
a second element. In this case, unless stated otherwise,
this indexation is only meant to differentiate and name
elements which are similar but not identical. No idea of
priority should be inferred from such indexation, as these
terms may be switched without betraying the invention.
Additionally, this indexation does not imply any order in
mounting or use of the elements of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Other characteristics, details and advantages
of the invention may be inferred from the description of
the invention hereunder. A more complete appreciation
of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes
better understood by reference to the following detailed
description when considered in connection with the ac-

companying figures, wherein:

FIG. 1 illustrates an exploded view of a heat ex-
changer with two flow passes for a fluid through a
plurality of tubes in accordance with an embodiment
of the present invention;

FIG. 2 illustrates an isometric view of the heat ex-
changer of FIG. 1;

FIG. 3 illustrates a first manifold of the heat exchang-
er of FIG. 1;

FIG. 4 illustrates the first manifold with a connection
block 136a of the heat exchanger of FIG. 1;

FIG. 5 illustrates an exploded view of the first man-
ifold of the heat exchanger of FIG. 1;

FIG. 6 illustrates an exploded view of a second man-
ifold of the heat exchanger of FIG. 1;

FIG. 7 illustrates a heat exchanger core of the heat
exchanger of FIG. 1;

FIG. 8 illustrates an exploded view of a heat ex-
changer with one flow pass for a fluid through a plu-
rality of tubes in accordance with an embodiment of
the present invention;

FIG. 9 illustrates an isometric view of the heat ex-
changer of FIG. 8;

FIG. 10 illustrates an exploded view of a first manifold
of the heat exchanger of FIG. 8;

FIG. 11 illustrates an exploded view of a second
manifold of the heat exchanger of FIG. 8;

FIG.12 illustrates an exploded view of a heat ex-
changer with three flow passes for a fluid through a
plurality of tubes in accordance with an embodiment
of the present invention;

FIG. 13 illustrates an isometric view of the heat ex-
changer of FIG. 12;

FIG. 14 illustrates an exploded view of a first manifold
of the heat exchanger of FIG. 12;

FIG. 15 illustrates an exploded view of a second
manifold of the heat exchanger of FIG. 12;

FIG. 16 illustrates a heat exchanger core of the heat
exchanger of FIG. 12;

FIG.17 illustrates an exploded view of a heat ex-
changer with four flow passes for a fluid through plu-
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rality of tubes in accordance with an embodiment of
the present invention;

FIG. 18 illustrates an isometric view of the heat ex-
changer of FIG. 17;

FIG. 19 illustrates an exploded view of a first manifold
of the heat exchanger of FIG. 17;

FIG. 20 illustrates an exploded view of a second
manifold of the heat exchanger of FIG. 17; and

FIG. 21 illustrates a heat exchanger core of the heat
exchanger of FIG. 17.

DETAILED DESCRIPTION

[0023] It must be noted that the figures disclose the
invention in a detailed enough way to be implemented,
said figures helping to better define the invention if needs
be. The invention should however not be limited to the
embodiment disclosed in the description.
[0024] Embodiments of the present invention, ex-
plained in the forthcoming description and the accompa-
nying drawings, relate to a heat exchanger, such as but
not limited to chiller, for a motor vehicle. The proposed
heat exchanger has a simple and efficient heat exchang-
er manifolds to create one or more passes, preferably at
least two passes, for a fluid/refrigerant through a single
rows of tubes of the heat exchanger core. Besides pro-
posed heat exchanger incorporates an aluminum hous-
ing defined through housing plates and closing plates to
encapsulate a heat exchanger core, which can overcome
drawback of conventional plastic housings of existing
R744 heat exchangers/chillers.
[0025] Further, the aluminum housing can be formed
of smaller dimensions compared to the conventional
plastic housing for same operating capacity of the heat
exchanger, this provides better packaging, requires less
space in the vehicle and reduces overall weight of the
heat exchanger. Furthermore, as the disclosed alumi-
num housing is made through the housing plates and the
closing plates, it may not require different moulds of spe-
cific dimensions in contrast to the conventional plastic
housing, which reduces operations to manufacture the
heat exchanger, thereby reducing the manufacturing
cost.
[0026] Although, embodiments of the present inven-
tion are explained with example of a heat exchanger for
the vehicles, however, the concept of the present inven-
tion or the heat exchanger of present invention is appli-
cable for use in vehicular as well as non-vehicular envi-
ronment for heat exchange between two fluids, and all
such applications are within scope of the present inven-
tion without any limitations whatsoever.
[0027] Referring to FIGs 1, 2, 8, 9, 12, 13, 17, and 18,
the present invention discloses a heat exchanger 100
including a pair of manifolds, including a first manifold

102 and a second manifold 110, configured on two op-
posite sides of a heat exchanger core 134 which fluidi-
cally connects the two manifolds 102 and 110. The first
manifold 102 is defined through a first cover element 104,
one or more first internal plates 106a, 106b, 106c, and a
first header plate 108. The second manifold 110 is de-
fined through a second cover element 112, one or more
second internal plates 114a, 114b, 114c, and a second
header plate 116. Both, the first cover element 104 and
the second cover element 112 cover the one or more first
internal plates 106a, 106b, 106c and the one or more
second internal plates 114a, 114b, 114c from respective
outer sides. The heat exchanger core 134 includes a plu-
rality of tubes 118 arranged one over another with a plu-
rality of turbulators 142 configured between two adjacent
tubes 118, in another words, the tubes 118 are placed in
the heat exchanger core 134 alternately with the turbu-
lators 142. Besides, a first fluid circuit is defined through
the first manifold 102, the second manifold 110 and the
plurality of tubes 118 of the heat exchanger core 134. In
addition, the proposed heat exchanger 100 can further
include at least one connection block 136a, 136b that
can be connected to at least one of the first manifolds
102 and the second manifold 110.
[0028] Besides, each of the first and second header
plates 108 and 116 includes a plurality of first slots 128
that are configured spaced apart along length of the re-
spective header plates 108 and 116. Opposite open ends
of the tubes 118 are received in the corresponding first
slots 128 of the first and second header plates 108 and
116. Each of the first slots 128 arranged with the tubes
118 can have a chamfer to make the assembly process
with the tubes 118 easier.
[0029] The proposed heat exchanger 100 further in-
cludes one or more housing plate, such as housing plates
103a and 103b, configured on two opposite side of the
heat exchanger core 134 to cover the heat exchanger
core 134 from the two opposite sides that corresponds
to shortest side walls of the tubes 118. Opposite trans-
verse end of the housing plates 103a and 103b abut with
the respective first and second header plates 108 and
116 along the length of the header plates 108 and 116.
[0030] In addition, one or more closing plates, such as
closing plates 105a and 105b, are configured on other
two side of the heat exchanger core 134 adjacent to the
housing plates 103a and 103b to cover the heat exchang-
er core 134 from other two sides that corresponds to long-
est side walls of the tubes 118. Opposite transverse ends
of the closing plates 105a and 105b can be received in
corresponding first slots 128, for instance, extreme upper
and lower first slots 128, of the first and second header
plates 108 and 116. Besides, longitudinal ends of the
closing plates 105a and 105b abut with adjacent longi-
tudinal sides of the housing plates 103a and 103b.
[0031] In addition, for instance, a material of the hous-
ing plates 103a and 103b and the closing plates 105a
and 105b can be aluminum, aluminum alloy or any other
suitable alloy. The housing plates 103a and 103b and
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the closing plates 105a and 105b can be joined at the
adjoining surfaces through a suitable joining process
such as brazing, to define a leak-proof housing to encap-
sulate the heat exchanger core 134. The housing/cover
created by the housing plates 103a and 103b and the
closing plates 105a and 105b can be closed by the first
and second header plates 108 and 116 from two opposite
ends. The housing plates 103aand 103b and the closing
plates 105a and 105b can be brazed to the header plates
108 and 116. For instance, whole assembly of the heat
exchanger 100 can be brazed together. Besides, the
housing plates 103a and 103b and the closing plates
105a and 105b with the header plates 108 and 116 en-
sure hermetic connections and ensure no leakage of fluid
of the heat exchanger 100.
[0032] Further, a second fluid circuit can be defined
through the housing plates 103a and 103b, the heat ex-
changer core 134, the closing plates 105a and105b and
the header plates 108 and 116. In addition, one of the
housing plates, such as, the housing plate 103a, can be
provided with an inlet port for ingress of a second fluid
and an outlet port for egress of the second fluid with re-
spect to the second fluid circuit. The second fluid can be,
but not limited to, water. In an alternate embodiment, the
inlet port and the outlet port can be configured on the
different housing plates, for instance, the inlet port can
be provide on one housing plate 103a and the outlet port
can be provided on the other housing plate 103b.
[0033] Referring to FIGs 1 to 7, in accordance with an
embodiment, the first manifold 102 can include two first
internal plates 106a and 106b arranged between the first
cover element 104 and the first header plate 108. Each
of the first internal plates 106a and 106b can include sec-
ond slots 130a extending parallel to the first slots 128 of
the first header plate 108. In another words, the second
slots 130a extend along width of the tubes 118 or parallel
to end openings of the tubes 118. The second slots 130a
allow the first fluid to flow along an axis parallel to a length
of the tubes 118. In addition, the second manifold 110
can include three second internal plates 114a, 114b and
114c arranged between the second cover element 112
the second header plate 116. For instance, two second
internal plates 114a and 114b can include fourth slots
132a extending parallel to the first slots 128 of the second
header plate 116, whereas another second internal plate
114c can include a set of fifth slots 132b.The set of fifth
slots 132b are extending perpendicular to the fourth slots
132a or the first slots 128 of the second header plate
116. In another words, the fourth slots 132a extend along
the width of the tubes 118 or parallel to the end openings
of the tubes 118, whereas the fifth slots 132b extend per-
pendicular to the width of the tubes 118 or perpendicular
to the end openings of the tubes 118. The fourth slots
132a allows the first fluid to flow along the axis parallel
to the length of the tubes 118, whereas the fifth slots 132b
allow the first fluid to flow along an axis perpendicular to
the length of the tubes 118 or along an axis parallel to
the length of the second header plate 116.

[0034] In addition, the second slots 130a, the fourth
slots 132a, and the fifth slots 132b are provided to enable
proper distribution of the first fluid, such as a refrigerant,
to and/or from channels in the plurality of tubes 118.
[0035] In addition, as shown in FIGs 3 to 5, the first
cover element 104 can include an inlet canal 120 for in-
gress of the first fluid with respect to the first fluid circuit
and one or more inlet openings, such as inlet openings
122, fluidically connected to the inlet canal 120. The inlet
openings 122 are provided on a portion of an inner sur-
face 121 of the first cover element 104, wherein the inlet
openings 122 are configured along the length of the first
cover element 104 with a space between adjacent inlet
openings 122. The first cover element 104 can further
include an outlet canal 124 for egress of the first fluid with
respect to the first fluid circuit and one or more outlet
openings, such as outlet openings 126, fluidically con-
nect to the outlet canal 124. For instance, the outlet open-
ings 126 can be provided on a portion of the inner surface
121 below the inlet openings 122, wherein the outlet
openings 126 are configured along the length of the first
cover element 104 with a space between adjacent outlet
openings 126. The inlet openings 122 are configured to
fluidically connect the inlet canal 120 to a set of tubes
118a of the plurality of tubes 118, and the outlet openings
126 are configured to fluidically connect the outlet canal
124 to another set of tubes 118b of the plurality of tubes
118, as shown in FIG. 7. In addition, a number of the inlet
openings 122 can be different from the numbers of the
outlet openings 126, accordingly a number of tubes in
the set of tubes 118a can be different from the numbers
of tubes in the other set of tubes 118b. In an embodiment,
the number of the inlet openings 122 can be less than
the number of outlet openings 126. In alternate embod-
iment, the number of the inlet openings 122 can be more
than the number of outlet openings 126.
[0036] In addition, the connection block 136a can be
connected to the first manifold 102. The connection block
136a can include an inlet port 138 fluidically connected
to the inlet canal 120 and an outlet port 140 fluidically
connected to the outlet canal 124.
[0037] In addition, the inlet canal 120, the inlet open-
ings 122, the outlet canal 124, the outlet openings 126,
the first internal plates 106a and 106b, and the second
internal plates 114a, 114b and 114c are adapted to create
two flow passes (indicated by dotted lines in FIG. 1) for
the first fluid through the plurality of tubes 118. The two
flow passes through the tubes 118 enables U-flow of the
first fluid through the heat exchanger core 134. For in-
stance, the first flow pass can be defined through the set
of tubes 118a, and the first fluid exiting the set of tubes
118a can be directed downward through the fifth slots
132b in the second internal plate 114c and the second
cover element 112 to the other set of tubes 118b through
which the second pass is defined.
[0038] In addition, by changing number of the inlet
openings 122 and the outlet openings 126 or by changing
dimensions of the inlet openings 122 and the outlet open-
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ings 126, distribution of the first fluid/refrigerant between
the two passes can be customized. In an embodiment,
by changing size of the individual flow passes flow of the
first fluid/refrigerant flow can be optimized and matched
to the requirements. Two flow passes for the first fluid/re-
frigerant can provide effective heat exchange between
the second fluid to be cooled and the first fluid/refrigerant.
[0039] Referring to FIGs 8 to 11, in accordance with
another embodiment, the first manifold 102 can include
three first internal plates 106a, 106b and 106c arranged
between the first cover element 104 and the first header
plate 108. Each of the first internal plates 106a, 106b and
106c can include second slots 130a extending parallel
to the first slots 128 of the first header plate 108. The
second slots 130a allow the first fluid to flow along the
axis parallel to a length of the tubes 118. In addition, the
second manifold 110 can include three second internal
plates 114a, 114b and 114c arranged between the sec-
ond cover element 112 and the second header plate 116.
For instance, each of the second internal plates 114a,
114b and 114c can include fourth slots 132a extending
parallel to the first slots 128 of the second header plate
116. The fourth slots 132a allows the first fluid to flow
along the axis parallel to the length of the tubes 118.
[0040] In addition, as shown in FIG. 10 and FIG. 11,
the first cover element 104 can include the inlet canal
120 for ingress of the first fluid with respect to the first
fluid circuit and the inlet openings 122 fluidically connect-
ed to the inlet canal 120. The inlet openings 122 are pro-
vided on the inner surface 121 of the first cover element
104, wherein the inlet openings 122 are configured along
the length of the first cover element 104 with a space
between adjacent inlet openings 122. The second cover
element 112 can include the outlet canal 124 for egress
of the first fluid with respect to the first fluid circuit and
the outlet openings 126 fluidically connect to the outlet
canal 124. The outlet openings 126 are provided on an
inner surface 125 of the second cover element 112,
wherein the outlet openings 126 are configured along the
length of the second cover element 112 with a space
between adjacent outlet openings 126. The inlet open-
ings 122 are configured to fluidically connect the inlet
canal 120 to the plurality of tubes 118, and the outlet
openings 126 are configured to fluidically connect the
outlet canal 124 to the plurality of tubes 118.
[0041] In addition, the proposed heat exchanger 100
can include two connection blocks 136a and 136b con-
nected to the first manifold 102 and the second manifold
110. The connection block 136a can include the inlet port
138 fluidically connected to the inlet canal 120 and the
other connection block 136b can include the outlet port
140 fluidically connected to the outlet canal 124.
[0042] In addition, the inlet canal 120, the inlet open-
ings 122, the outlet canal 124, the outlet openings 126,
the first internal plates 106a, 106b and 106c, and the
second internal plates 114a, 114b and 114c can be
adapted to create one flow pass (indicated by dotted line
in FIG. 8) for the first fluid through the plurality of tubes

118. The first fluid received in the first manifold 102,
through the connection block 136a, flows through the
tubes 118 to the second manifold 110 and then egresses
the heat exchanger 100 through the other connection
block 136b mounted on the second manifold 110.
[0043] Referring to FIGs 12 to 16, in accordance with
another embodiment, the first manifold 102 can include
three first internal plates 106a, 106b and 106c arranged
between the first cover element 104 and the first header
plate 108. For instance, two first internal plates 106a and
106b can include second slots 130a extending parallel
to the first slots 128 of the first header plate 108. The
other first internal plate 106c can include the second slots
130a on a portion of the first internal plate 106c and third
slots 130b on other portion of the first internal plate 106c
below the second slots 130a. The third slots 130b are
extending perpendicular to the second slots 130a or per-
pendicular to the first slots 128 of the first header plate
108. The second slots 130a allow the first fluid to flow
along the axis parallel to the length of the tubes 118,
whereas the third slots 130b allow the first fluid to flow
along an axis perpendicular to the length of the tubes
118 or along an axis parallel to the length of the first
header plate 108. In addition, the second manifold 110
can include three second internal plates 114a, 114b and
114c arranged between the second cover element 112
and the second header plate 116. For instance, two sec-
ond internal plates 114a and 114b can include fourth slots
132a extending parallel to the first slots 128 of the second
header plate 116. Other second internal plate 114c can
include fourth slots 132a on a portion of the second in-
ternal plate 114c and fifth slots 132b on other portion of
the second internal plate 114c above the fourth slots
132a. The fifth slots 132b are extending perpendicular
to the first slots 128 of the second header plate 116.
[0044] The fourth slots 132a allows the first fluid to flow
along the axis parallel to the length of the tubes 118,
whereas the fifth slots 132b allow the first fluid to flow
along the axis perpendicular to the length of the tubes
118 or along the axis parallel to the length of the second
header plate 116.
[0045] In addition, as shown in FIG. 14 and FIG. 15,
the first cover element 104 can include the inlet canal
120 for ingress of the first fluid with respect to the first
fluid circuit and the inlet openings 122 fluidically connect-
ed to the inlet canal 120. The inlet openings 122 are pro-
vided on a portion, for instance an upper portion, of the
inner surface 121 of the first cover element 104, wherein
the inlet openings 122 are configured along the length of
the first cover element 104 with a space between adja-
cent inlet openings 122. The second cover element 112
can include the outlet canal 124 for egress of the first
fluid with respect to the first fluid circuit and the outlet
openings 126 fluidically connect to the outlet canal 124.
The outlet openings 126 are provided on a portion, for
instance a lower portion, of the inner surface 125 of the
second cover element 112, wherein the outlet openings
126 are configured along the length of the second cover
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element 112 with a space between adjacent outlet open-
ings 126. The inlet openings 122 are configured to fluid-
ically connect the inlet canal 120 to a set of tubes 118a
of the plurality of tubes 118, and the outlet openings 126
are configured to fluidically connect the outlet canal 124
to another set of tubes 118c of the plurality of tubes 118,
as shown in FIG. 16.
[0046] In addition, the proposed heat exchanger 100
can include two connection blocks 136a and 136b con-
nected to the first manifold 102 and the second manifold
110. The connection block 136a can include the inlet port
138 fluidically connected to the inlet canal 120 and the
other connection block 136b can include the outlet port
140 fluidically connected to the outlet canal 124.
[0047] In addition, the inlet canal 120, the inlet open-
ings 122, the outlet canal 124, the outlet openings 126,
the first internal plates 106a, 106b and 106c, and the
second internal plates 114a, 114b and 114c can be
adapted to create three flow passes (indicated by dotted
lines in FIG. 12) for the first fluid through the plurality of
tubes 118. The first fluid received in the first manifold
102, through the connection block 136a, flows through
three passes defined through the tubes 118 and then
egresses the heat exchanger 100 through the other con-
nection block 136b mounted on the second manifold 110.
For instance, the first flow pass can be defined through
the set of tubes 118a, and the first fluid exiting the set of
tubes 118a can be directed downward through the fifth
slots 132b in the second internal plate 114c and the sec-
ond cover element 112 to another set of tubes 118b
through which the second flow pass is defined. In addi-
tion, the first fluid exiting the set of tubes 118b can be
directed downward by the third slots 130b of the first in-
ternal plate 106c and the first cover element 104 to the
other set of tubes 118c through which the third flow pass
is defined. In addition, a number of the inlet openings 122
can be different from the numbers of the outlet openings
126, accordingly a number of tubes in the set of tubes
118a can be different from the numbers of tubes in the
other set of tubes 118c. In an embodiment, the number
of the inlet openings 122 can be more than the number
of outlet openings 126. Besides, by changing number of
the inlet openings 122 and the outlet openings 126, dis-
tribution of the first fluid/refrigerant between the three
passes can be customized.
[0048] Referring to FIGs 17 to 21, in accordance with
another embodiment, the first manifold 102 can include
three first internal plates 106a, 106b and 106c arranged
between the first cover element 104 and the first header
plate 108. For instance, two first internal plates 106a and
106b can include second slots 130a extending parallel
to the first slots 128 of the first header plate 108. The
other first internal plate 106c can include two sets of sec-
ond slots 130a and one set of third slots 130b. The two
sets of second slots 130a are provided on an upper por-
tion and a lower portion of the first internal plate 106c
and the third slots 130b are provided on a middle portion
of the first internal plate 106c between two sets of the

second slots 130a. The third slots 130b are extending
perpendicular to the second slots 130a or perpendicular
to the first slots 128 of the first header plate 108. The
second slots 130a allow the first fluid to flow along the
axis parallel to the length of the tubes 118, whereas the
third slots 130b allow the first fluid to flow along the axis
perpendicular to the length of the tubes 118 or along the
axis parallel to the length of the first header plate 108. In
addition, the second manifold 110 can include three sec-
ond internal plates 114a, 114b and 114c arranged be-
tween the second cover element 112 and the second
header plate 116. For instance, two second internal
plates 114a and 114b can include fourth slots 132a ex-
tending parallel to the first slots 128 of the second header
plate 116. Other second internal plate 114c can include
two sets of fifth slots 132b on upper and lower portions
of the second internal plate 114c. A separating portion
133 of the second internal plate 114c separates the two
sets of fifth slots 132b. The two sets of fifth slots 132b
are extending perpendicular to the first slots 128 of the
second header plate 116. The two sets of fifth slots 132b
can allow the first fluid to flow along the axis perpendicular
to the length of the tubes 118 or along the axis parallel
to the length of the second header plate 116.
[0049] In addition, as shown in FIGs 19 to 20, the first
cover element 104 can include the inlet canal 120 for
ingress of the first fluid with respect to the first fluid circuit
and inlet openings 122 fluidically connected to the inlet
canal 120. The inlet openings 122 are provided on a por-
tion of the inner surface 121 of the first cover element
104, wherein the inlet openings 122 are configured along
the length of the first cover element 104 with a space
between adjacent inlet openings 122. The first cover el-
ement 104 can further include the outlet canal 124 for
egress of the first fluid with respect to the first fluid circuit
and the outlet openings 126 fluidically connect to the out-
let canal 124. For instance, the outlet openings 126 are
provided on a portion of the inner surface 121 below the
inlet openings 122, wherein the outlet openings 126 are
configured along the length of the first cover element 104
with a space between adjacent outlet openings 126. The
inlet openings 122 are configured to fluidically connect
the inlet canal 120 to a set of tubes 118a of the plurality
of tubes 118, and the outlet openings 126 are configured
to fluidically connect the outlet canal 124 to another set
of tubes 118d of the plurality of tubes 118, as shown in
FIG. 21. In addition, a number of the inlet openings 122
can be different from the numbers of the outlet openings
126, accordingly a number of tubes in the set of tubes
118a can be different from the numbers of tubes in the
other set of tubes 118b. In an embodiment, the number
of the inlet openings 122 can be more than the number
of outlet openings 126.
[0050] In addition, the connection block 136a can be
connected to the first manifold 102. The connection block
136a can include an inlet port 138 fluidically connected
to the inlet canal 120 and an outlet port 140 fluidically
connected to the outlet canal 124.
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[0051] In addition, the inlet canal 120, the inlet open-
ings 122, the outlet canal 124, the outlet openings 126,
the first internal plates 106a, 106b and 106c, and the
second internal plates 114a, 114b and 114c can be
adapted to create four flow passes (indicated by dotted
lines in FIG. 17) for the first fluid through the plurality of
tubes 118. The four flow passes through the tubes 118
enables double U-flow of the first fluid through the heat
exchanger core 134. For instance, the first flow pass can
be defined through the set of tubes 118a, and the first
fluid exiting the set of tubes 118a can be directed down-
ward through the set of fifth slots 132b configured on the
upper portion of the second internal plate 114c and the
second cover element 112 to another set of tubes 118b
through which the second pass is defined. In addition,
the first fluid exiting the set of tubes 118b can be directed
downward by the third slots 130b of the first internal plate
106c and the first cover element 104 to another set of
tubes 118c through which the third flow pass is defined.
In addition, the first fluid exiting the set of tubes 118c can
be directed downward through the set of fifth slots 132b
configured on the lower portion of the second internal
plate 114c and the second cover element 112 to the other
set of tubes 118d through which the fourth pass is de-
fined.
[0052] In addition, by changing number of the inlet
openings 122 and the outlet openings 126 or by changing
dimensions of the inlet openings 122 and the outlet open-
ings 126, distribution of the first fluid/refrigerant between
the four passes can be customized. In an embodiment,
the first fluid that can be a refrigerant, such as but not
limited to R744, also commonly known as refers as CO2,
that circulates through the first fluid circuit to cool the
second fluid circulating through the second fluid circuit.
[0053] Besides, the plurality of turbulators 142 of the
heat exchanger core 134 are adapted for creating turbu-
lence in the flow of the second fluid or water, passing
through them. The shape of the turbulators 142 is such
that turbulence is created in the first fluid flow passing
through the turbulators, in another words, the function of
the turbulators 142 is to transform a laminar flow of the
second fluid into a turbulent one, which, in turn, increases
the heat exchange efficiency of the heat exchanger 100.
[0054] In any case, the invention cannot and should
not be limited to the embodiments specifically described
in this document, as other embodiments might exist. The
invention shall spread to any equivalent means and any
technically operating combination of means.

Claims

1. A heat exchanger (100) comprising:

a first manifold (102) including a first cover ele-
ment (104) and a first header plate (108);
a second manifold (110) configured spaced
apart from the first manifold (102), and including

a second cover element (112) and a second
header plate (116); and
a plurality of tubes (118) fluidically connected
between the first manifold (102) and the second
manifold (110), wherein a first fluid circuit is de-
fined through the first manifold (102), the second
manifold (110) and the plurality of tubes (118);
characterized in that at least one of the first
cover element (104) and the second cover ele-
ment (112) comprises:

an inlet canal (120) for ingress of a first fluid
with respect to the first fluid circuit;
one or more inlet openings (122) configured
to fluidically connect the inlet canal (120) to
at least one tube of the plurality of tubes
(118);
an outlet canal (124) for egress of the first
fluid with respect to the first fluid circuit; and
one or more outlet openings (126) to fluidi-
cally connect the outlet canal (124) to one
or more tubes of the plurality of tubes (118).

2. The heat exchanger (100) as claimed in the preced-
ing claim, further comprises one or more first internal
plates (106a, 106b, 106c) arranged between the first
cover element (104) and the first header plate (108).

3. The heat exchanger (100) as claimed in any of the
preceding claims, further comprises one or more
second internal plates (114a, 114b, 114c) arranged
between the second cover element (112) and the
second header plate (116).

4. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the inlet canal (120), the
one or more inlet openings (122), the outlet canal
(124), the one or more outlet openings (126), the one
or more first internal plates (106a, 106b, 106c), and
the one or more second internal plates (114a, 114b,
114c) are adapted to create one or more flow passes
for the first fluid through the plurality of tubes (118).

5. The heat exchanger (100) as claimed in any of the
preceding claims, wherein each of the first header
plate (108) and the second header plate (116) com-
prises a plurality of first slots (128) to receive oppo-
site ends of the plurality of tubes (118).

6. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one of the one or
more first internal plates (106a, 106b, 106c) com-
prises second slots (130a) extending parallel to the
first slots (128) of the first header plate (108).

7. The heat exchanger (100) as claimed any of the pre-
ceding claims, wherein at least one first internal plate
(106c) of the one or more first internal plates (106a,
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106b, 106c) comprises any or a combination of sec-
ond slots (130a) and third slots (130b), wherein the
third slots (130b) are extending perpendicular to the
first slots (128) of the first header plate (108).

8. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one of the one or
more second internal plates (114a, 114b, 114c) com-
prises fourth slots (132a) extending parallel to the
first slots (128) of the second header plate (116).

9. The heat exchanger (100) as claimed in any of the
preceding claims, wherein at least one second inter-
nal plate (114c) of the one or more second internal
plates (114a, 114b, 114c) comprises any or a com-
bination of fourth slots (132a) and one or more sets
of fifth slots (132b), wherein the one or more sets of
fifth slots (132b) are extending perpendicular to the
first slots (128) of the second header plate (116).

10. The heat exchanger (100) as claimed in any of the
preceding claims, further comprises at least one con-
nection block (136a, 136b) connected to at least one
of the first manifold (102) and the second manifold
(110), wherein the at least one connection block
(136a, 136b) comprises an inlet port (138) fluidically
connected to the inlet canal (120) and an outlet port
(140) fluidically connected to the outlet canal (124).

11. The heat exchanger (100) as claimed in any of the
preceding claims, wherein the plurality of tubes (118)
with a plurality of turbulators (142) define a heat ex-
changer core (134), and wherein the plurality of tur-
bulators (142) are configured between the plurality
of tubes (118).

12. The heat exchanger (100) as claimed in any of the
preceding claims, further comprises one or more
housing plates (103a, 103b) configured on one or
more sides of the heat exchanger core (134) to cover
the heat exchanger core (134) from one or more
sides.

13. The heat exchanger (100) as claimed in any of the
preceding claims, further comprises one or more
closing plates (105a, 105b) configured on one or
more sides of the heat exchanger core (134) adja-
cent to the one or more housing plates (103a, 103b)
to cover the heat exchanger core (134) from one or
more sides.
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