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Description
FIELD OF INVENTION

[0001] The present invention relates to a heat ex-
changer for an air conditioning system of a vehicle, more
specifically, the present invention relates to a heat ex-
changer such as a two-pass evaporator for the air con-
ditioning system.

BACKGROUND

[0002] A vehicle is equipped with air conditioning sys-
tem such as a heating, ventilation, and air conditioning
(HVAC) system that purifies and circulates cold airand/or
hot air in the passenger compartment to maintain pleas-
ant climate in the passenger compartment to enhance
occupant’s comfort. The air conditioning system includes
several components such as ducts, a compressor, heat
exchangers such as a condenser and an evaporator, an
expansion valve, air blowers etc.

[0003] In addition, in the automotive air conditioning
system, cold, low-pressure liquid refrigerant enters the
evaporator. Warm air from the interior and/or exterior of
the vehicle passes through the evaporator by action of
the blower fan. The cooler refrigerant flowing inside the
evaporator’'s absorbs heat from the warm air and then
the cooled and dehumidified air is delivered in the pas-
senger compartment.

[0004] A conventional evaporator having a plurality of
parallel tubes, which are interconnected and made of
plates for flow of a refrigerant fluid, is known in the art.
Such evaporators can have two passes for flow of the
refrigerant fluid, commonly known as two pass evapo-
rates, or multi-passes (4 to 6 passes) for flow of the re-
frigerant fluid, commonly known as multi-pass evapora-
tors. It has been observed that two-pass evaporator has
benefits/advantages with low refrigerant pressure drop,
which cause lower evaporation temperature of the refrig-
erant fluid compare to the evaporator with multi-passes
arrangement. This lower evaporation temperature no-
ticeably improves cooling power of the two-pass evapo-
rator. However, a major drawback of this conventional
two-pass evaporator is bad refrigerant repartition across
the conventional two-pass evaporator, which leads to
temperature non-homogeneity of evaporator surface.
[0005] Therefore, there is a need of an efficient and
cost-effective solution to overcome abovementioned
problem of bad refrigerant repartition across the conven-
tional two-pass evaporator.

SUMMARY

[0006] The present invention discloses a heat ex-
changer for a HVAC system of a vehicle, more specifi-
cally, the present invention discloses an improved two-
pass evaporator which can overcome drawbacks of the
conventional two-pass evaporators. Refrigerant reparti-
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tion can be improvement by geometry modification of
communication channels/bypass channels between two
rows of the two-pass evaporator.

[0007] In accordance with an embodiment of the
presentinvention, the disclosed heat exchanger includes
a heat exchanger core comprising a plurality of tubes
including first tubes and second tubes, and a plurality of
outer fins arranged between adjacent tubes of the plu-
rality of tubes. Each of the first tubes and the second
tubes includes a first tank and a second tank at a first
end of the respective tube, wherein a first passage is
defined though the first tanks, fluidically connected to
each other, of the plurality of tubes to receive and dis-
tribute a fluid to the plurality of tubes, and a second pas-
sage is defined though the second tanks, fluidically con-
nected to each other, of the plurality of tubes for egress
of the fluid from the heat exchanger core. Each of the
first tubes and the second tubes further includes a third
tank and a fourth tank at a second end of the respective
tube, wherein a third passage is defined though the third
tanks, fluidically connected to each other, of the plurality
of tubes.

[0008] Each of the second tubes comprises a bypass
channel between the respective third tank and the fourth
tank to bypass at least a portion the fluid, flowing through
the third passage, to the respective fourth tank from the
third tank. In addition, cross-section of the bypass chan-
nel of each of the second tubes is in a range of 2.704 to
8.921 mm2,

[0009] Inanembodiment, the cross-sections of the by-
pass channels of the second tubes are different.

[0010] Inanembodiment, the cross-sections of the by-
pass channels can be in a range of 6.542 to 7.021 mm?2.
[0011] Inanembodiment, the cross-sections of the by-
pass channels can be 6.742 mm2.

[0012] Each of the first tubes and the second tubes
comprises a pair of adjacent ducts including a first duct
defined between the first tank and the third tank to allow
flow of the fluid between the first tank and the third tank
of the respective tube, and a second duct defined be-
tween the second tank and the fourth tank to allow flow
of the fluid between the second tank and the fourth tank
of the respective tube.

[0013] Each of the first tubes comprises a pair of first
plates coupled to each other. In addition, each of the first
tubes comprises at least one inner fin arranged between
the pair of first plates.

[0014] Eachofthe second tubes comprises afirst plate
and a second plate coupled to each other. In addition, at
least one inner fin is arranged between the first plate and
the second plate.

[0015] Further, each of the first plates and the second
plate comprises two connecting flanges extending from
the respective plate at both opposite ends, and two ad-
jacent duct-forming structures extending between the re-
spective connecting flanges at the opposite ends.
[0016] The second plate of each of the second tubes
comprises a bypass groove between the connecting
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flanges at one end corresponding to the second end of
the respective second tubes.

[0017] In an embodiment, the first plates can be flat
compare to the second plates and the bypass grooves
can be defined on the second plates.

[0018] In an embodiment, the first tubes and the sec-
ond tubes can be arranged alternatively in atleast a por-
tion of the heat exchanger core.

[0019] Inaddition, the heatexchangercomprises a dis-
tribution device configured in the first passage of the heat
exchanger core. The distribution device includes an inlet
opening to receive the fluid and a plurality of spaced dis-
tribution openings configured along length of the distri-
bution device to distribute the fluid in the first tanks.
[0020] Furthermore, the heat exchanger comprises a
first end plate configured at a fluid inlet and exit side of
the heat exchanger core and a second end plate config-
ure at other side opposite to the fluid inlet and exit side
of the heat exchanger core. Arrangement of the first
tubes, the second tubes, and the end plates define two
passes for the fluid through the heat exchanger.

[0021] The heat exchanger further comprises a cap
extended though the second end plate and adapted to
block another opening, opposite to the inlet opening, of
the distribution device.

[0022] Moreover, the heat exchanger comprises anin-
let sleeve connected to the distribution device at the inlet
side, and an outlet sleeve fluidically connected to the
second passage through which the fluid egress the heat
exchanger core.

BRIEF DESCRIPTION OF DRAWINGS

[0023] 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. 1illustrates anisometric view of a heatexchang-
er with two flow passes for a refrigerant fluid, in ac-
cordance with an embodiment of the present inven-
tion;

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

FIG. 3 illustrates a sectional view of the heat ex-
changer of FIG. 1 depicting internal details of tubes
of the heat exchanger;

FIG. 4 illustrates a sectional view of the heat ex-
changer of FIG. 1 depicting different arrangement of
tubes of the heat exchanger, in accordance with an-
other embodiment of the present disclosure;
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FIG. 5 illustrates a sectional view of the heat ex-
changer of FIG. 1 depicting a first passes with a dis-
tribution device, and a second passage;

FIG. 6 illustrates a sectional view of the heat ex-
changer of FIG. 1 depicting flow of a refrigerant fluid
from third tanks to fourth tanks through bypass chan-
nels of second tubes;

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

FIG. 8 illustrates a sectional view of a tube depicting
a first tank and a second tank;

FIG. 9illustrates a sectional view of a tube depicting
a third tank and a fourth tank;

FIG. 10 llustrates a sectional view of a tube depicting
a first duct and a second duct;

FIG. 11 illustrates an exploded view of a tube;
FIG. 12 illustrates a first plate of a tube;
FIG. 13 illustrates a second plate of a tube;

FIG. 14 illustrates a distribution device of the heat
exchanger of FIG. 1;

FIG. 15 illustrates a first end plate of the heat ex-
changer of FIG. 1; and

FIG. 16 illustrates a second end plate of the heat
exchanger of FIG. 1.

DETAILED DESCRIPTION

[0024] 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.

[0025] The present invention is explained in the forth-
coming description and the accompanying drawings with
an example of a heat exchanger for a HVAC system of
a vehicle, more specifically, the present invention dis-
closes animproved two-pass evaporator which can over-
come drawbacks of the conventional two-pass evapora-
tors. The proposed evaporator is provided with a first
tubes and second tubes, wherein geometry/design of
communication channels/bypass channels of the second
tubes are modified to secure best refrigerant distribu-
tion/repartition across the evaporator with constrain to
not degrade cooling power of the evaporator, thereby
avoiding temperature non homogeneity on the evapora-
tor surface. In other words, refrigerant bypass sections
with restrictions are provided in the second tubes, and
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the second tubes are arranged in a fashion to insure ef-
ficient refrigerant distribution/repartition across the heat
exchanger/evaporator.

[0026] Referring to FIG. 1 and FIG. 2, the proposed
invention discloses a heat exchanger 100, for instance
an evaporator, for air conditioning system of a vehicle.
The heat exchanger 100 includes a heat exchanger core
102 having a plurality of parallel tubes including first tubes
104 and second tubes 106, and a plurality of outer fins
105 arranged between adjacent tubes of the plurality of
tubes 104 and 106. The plurality of tubes 104 and 106
are fluidically connected to each other by their both op-
posite ends. In addition, the heat exchanger 100 includes
a pair of end plates including a first end plate 148 and a
second end plate 150. The first end plate 148 is config-
ured at a fluid inlet and exit side of the heat exchanger
core 102, whereas the second end plate 150 is configure
at other side opposite to the fluid inlet and exit side of the
heat exchanger core 102.

[0027] As shown in FIG. 4 to FIG. 9, each of the first
tubes 104 and the second tubes 106 includes a first tank
108 and a second tank 110 at a first end 116 of the re-
spective tube 104/106. A third tank 112 and a fourth tank
114 are provided at a second end 118 of each of the first
tubes 104 and the second tubes 106. The first tanks 108
of the plurality of tubes 104 and 106 are fluidically con-
nected to each other and a first passage 120 is defined
though the first tanks 108 to receive and distribute a fluid,
such as but not limited to R-134a or R-1234yf refrigerant
fluid but also to receive and distribute a natural refrigerant
fluid such as carbon-dioxide(R744) or propane (R290),
to the tubes 104 and 106. In addition, the second tanks
110 of the plurality of tubes 104 and 106 are fluidically
connected to each other and a second passage 122 is
defined though the second tanks 110 for egress of the
fluid from the heat exchanger core 102. Similarly, the
third tanks 112 of the plurality of tubes 104 and 106 are
fluidically connected to each other and a third passage
124 is defined though the third tanks 112. Similarly, the
fourth tanks 114 of the plurality of tubes 104 and 106 are
fluidically connected to each other and a fourth passage
126 is defined though the fourth tanks 114.

[0028] Asshownin FIG. 10, each of the first tubes 104
and the second tubes 106 comprises a pair of adjacent
ducts including a first duct 130-1 and a second duct
130-2. The first duct 130-1 is defined between the first
tank 108 and the third tank 112 to allow flow of the fluid
between the first tank 108 and the third tank 112 of the
respective tube 104/106, and the second duct 130-2 is
defined between the second tank 110 and the fourth tank
114 to allow flow of the fluid between the second tank
110 and the fourth tank 114 of the respective tube
104/106. For instance, each of the tubes 104 and 106
allow flow of the fluid in two parallel ducts 130-1 and
130-2, in the first duct 130-1 the fluid can flow in a first
flow direction (indicated by arrow 129) of the fluid and in
the second duct 130-2 fluid can flow in a second flow
direction (indicated by arrow 131) opposite to the first
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flow direction.

[0029] Further, as shown in FIG. 3 and FIG. 4, each of
the second tubes 106 comprises a bypass channel 128
between the respective third tank 112 and the fourth tank
114 to bypass at least a portion the fluid, flowing through
the third passage 124 and/or received in the third tank
112, to the respective fourth tank 114 and/or the fourth
passage 126 from respective the third tank 112 and/or
the third passage, as shown in FIG. 6. Cross-section of
the bypass channel 128 of each of the second tubes 106
isinarange of 2.704 to 8.921 mm?2. ltis to be appreciated
that any cross-section of the bypass channel in the range
of 2.704 to 8.921 mm2 can be considered to enhance
refrigerant fluid distribution/repartition across the heat
exchanger 100 to improve temperature homogeneity on
the heat exchanger surface, thereby increasing cooling
power of the heat exchanger 100.

[0030] Inanembodiment, cross-sections of the bypass
channels 128 of the second tubes 106 can be different.
For instance, the cross-sections of the bypass channels
128 of the second tubes 106 can be in a range of 6.542
to 7.021mma2,

[0031] In another embodiment, the cross-sections of
the bypass channels 128 can be 6.742 mm?2.

[0032] When the fluid or the refrigerant fluid is distrib-
uted in the first tanks 108 of the plurality of tubes 104 and
106 though a distribution device 142 (as shown in FIG.
5) configured in the first passage 120 of the heat ex-
changer core 102, the fluid flows from the first tanks 108
or the first passage 120 to the third tanks 112 or the third
passage 124 through the first ducts 130-1 of the first tube
104 and the second tubes 106. The fluid received in the
third tanks 112 or the third passage 124 flow through the
third passage 124 along a longitudinal axis of the heat
exchanger 100 or from the fluid inlet and exit side of the
core 102 to the side opposite to the fluid inlet and exit
side of the core 102. The bypass channel 128 provided
between the respective third tank 112 and the fourth tank
114 of the second tubes 106 bypass at least a portion
the fluid, flowing through the third passage 124 and/or
received in the third tank 112, to the respective fourth
tank 114 and/or the fourth passage 126 to enable efficient
distribution/repartition of the fluid/refrigerant fluid across
the core 102 of the heat exchanger 100. This effective
distribution/ repartition of the fluid/refrigerant fluid en-
hances cooling capacity of the heat exchanger 100 and
reduce temperature non-homogeneity on the surface or
the heat exchange surface of the heat exchanger 100.
For instance, the heat exchange surface of the heat ex-
changer 100 is defined by outer surfaces of the plurality
of tubes 104 and 106. In addition, outer spacers or fins
105 which are arranged between the adjacent tubes of
the plurality of tubes 104 and 106 increase the surface
area for heat exchange between the heat exchanger 100
and an external air flow passing through the heat ex-
changer 100. Furthermore, the fluid received in the fourth
tanks 114 or the fourth passage 126 flows to the second
tank 110 or the second passage 122 though the second
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ducts 130-2 of the first tube 104 and the second tubes
106 and further the fluid egress the heat exchanger 100
though an outlet sleeve 158 fluidically connected to the
second passage 122.

[0033] In an embodiment, the outer fins 105 can have
any suitable shape, such as but not limited to rectangular,
corrugated, and the like.

[0034] AshowninFIG. 14, forinstance, the distribution
device 142 can be flute shaped. The distribution device
142 includes a tubular member 143 having an inlet open-
ing 144 to receive the fluid and a plurality of spaced dis-
tribution openings 146 configured along length of the tu-
bular member 143 of the distribution device 142 to dis-
tribute the fluid in the first tanks 108 of the first tubes 104
and the second tube 106.

[0035] In an embodiment, as shown in FIG. 3, the first
tubes 104 and the second tubes 106 can be arranged
alternatively in at least a portion of the core 102 proximal
to the inlet exit side and in the remaining portion only
second tubes 106 can be arranged. This alternate ar-
rangement of the first tubes 104 and the second tubes
106 at least in a portion of the core 102 can slowdown
flow of the refrigerant, which can improve refrigerant rep-
aration/distribution along the longitudinal axis of the heat
exchanger 100 and outer surface temperature homoge-
neity of the heat exchanger 100. For instance, the longi-
tudinal axis of the heat exchanger 100 can be defined
along an axis extending from the fluid inlet outlet side to
other side opposite to the fluid inlet outlet side of the heat
exchanger 100.

[0036] Inanother embodiment, as shownin FIG. 4, the
firsttubes 104 and the second tubes 106 can be arranged
alternatively in at least a portion of the core 102 proximal
to the inlet exit side and further the second tubes 106
can be arranged, and then at least one first tube 104 can
be arranged nearthe second end plate 150. This arrange-
ment of the first tubes 104 and the second tubes 106
alternatively at leastin a portion of the core 102 can slow-
down flow of the refrigerant which improves the refriger-
antdistribution/repartition across the core 102, along with
this arrangement of the first tube 104 near the second
end plate 150 can improve mechanical resistance of the
core 102.

[0037] In an embodiment, the arrangement of the first
tubes 104, the second tubes 106 and the end plates 148
and 150 define two passes (as shown in FIG. 1 by dotted
and solid lines) for the fluid through the heat exchanger
100.

[0038] Further, each of the first tubes 104 is made of
a pair of first plates 132 coupled to each other. Each of
the first plates are designed such that once the two first
plates 132 are connected, define an internal fluid flow
space between the two first plates 132. For instance, a
material of the first plates 132 can be aluminum, alumi-
num alloy or any other suitable alloy. The pair of first
plates 132 can be joined atthe adjoining surfaces through
a suitable joining process, such as brazing. In addition,
atleast one inner fin, such as aninner fin 133 is arranged

10

15

20

25

30

35

40

45

50

55

between the pair of first plates 132.

[0039] Each of the second tubes 106 is made of a first
plate 132 and a second plate 134 that is coupled to the
first plate 132. In an embodiment, each of the first plate
132 and the second plate 134 are designed such that
once the first plates 132 and the second plate 134 are
connected, define an internal fluid flow space between
the first plate 132 and the second plate 134. For instance,
a material of the first plates 132 and the second plate
134 can be aluminum, aluminum alloy or any other suit-
able alloy. The first plates 132 and the second plate 134
can be joined at the adjoining surfaces through a suitable
joining process, such as brazing. In addition, at least one
inner fin such as an inner fin 133 is arranged between
the first plates 132 and the second plate 134.

[0040] For instance, the inner fins 133 can have any
suitable shape, such as but not limited to corrugated
shape, for creating turbulence in the flow of the fluid flow-
ing through the respective tubes 104/106.

[0041] AsshowninFIG. 11to FIG. 13, each of the first
plates 132 and the second plate 134 comprise two open-
ings 136a and 136b at one end of plate corresponding
to the first end of the respective tube 104/106, and two
other openings 136¢c and 136d at another end of the plate
corresponding to the second end of the respective tube
104/106. Further, each of the first plates 132 and the
second plate 134 includes connecting flanges 138a,
138b, 138c and 138d configured with the openings 136a,
136b, 136¢c and 136d at both opposite ends. The con-
necting flanges 138a, 138b, 138c and 138d are extended
outwardly from the respective plate 132/134. The con-
necting flanges 138a, 138b, 138c and 138d of each plate
132/134 is formed to connect one tube to adjacent tube
to allow the refrigerant fluid to flow from one tube 104/106
to another adjacent tube 104/106 through the respective
openings 136a, 136b, 136c and 136d. Forinstance, each
of the connecting flanges 138a, 138b, 138c and 138d
can be substantially bowl shaped without base. In addi-
tion, outer adjoining surfaces of the connecting flanges
138a, 138b, 138c and 138d of adjacent tubes 104/106
of the core 102 are brazed in a leak proof manner.
[0042] Further, each of the first plates 132 and the sec-
ond plate 134 comprise two adjacent duct-forming struc-
tures 140a and 140b extending between the respective
connecting flanges 138a, 138b, 138c, and 138d at the
opposite ends. For instance, each of the duct-forming
structures 140a and 140b can have a bottom and a raised
peripheral edge extending from the bottom. In addition,
the connecting flanges 138a, 138b, 138c and 138d are
deeper than the duct-forming structures 140a and 140b.
[0043] Thefirsttank 108, the second tank 110, the third
tank 112 and the fourth tank 114 of each of the first tubes
104 are defined by the connecting flanges 138a, 138b,
138c, and 138d of the pair of first plates 132 which are
arranged with their concavities turned towards each oth-
er. Similarly, the adjacent first and second ducts 130-1
and 130-2 of each of the first tubes 104 are defined
through the duct forming structures 140a and 140b of the
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pair of first plates 132. In addition, the pair of first plates
132 can be mutually joined in fluid-tight manner at the
abutting surfaces, such as but not limited to the edge
regions and regions in between the duct forming struc-
tures 140a and 140b, by brazing to delimit the interior
volume of the respective first tube 104.

[0044] Thefirsttank 108, the secondtank 110, the third
tank 112 and the fourth tank 114 of each of the second
tubes 106 are defined by the connecting flanges 138a,
138b, 138c, and 138d of thefirst plate 132 and the second
plate 134, which are arranged with their concavities
turned towards each other. Similarly, the adjacent first
and second ducts 130-1 and130-2 of each of the second
tubes 104 are defined through the duct forming structures
140a and 140b of the first plate 132 and the second plate
134. In addition, the first plate 132 and the second plate
134 can be mutually joined in fluid-tight manner at the
abutting surfaces, such as but not limited to, the edge
regions and regions in between the duct forming struc-
tures 140a and 140b, by brazing to delimit the interior
volume of the respective first tube 104.

[0045] Furthermore, as shown in FIG. 13, the second
plate 134 of each of the second tubes 106 comprises a
bypass groove 137 defined between the connecting
flanges 138c and 138d at one end corresponding to the
second end 118 of the respective second tubes 106. The
bypass groove 137 is adapted to allow flow of the fluid
between the adjacent flanges 138c and 138d. The by-
pass channel 128 between the third tank 112 and the
fourth tank 114 of each of the second tubes 106 can be
defined by the bypass groove 137 when the first plate
132 and the second plate 134 are joined together.
[0046] In an embodiment, the first plates 132 can be
flat compare to the second plates 134 and the bypass
grooves 137 can be defined on the second plates 134.
[0047] As shown in FIG. 2 and FIG. 15, the first end
plate 148 is adapted to be fitted on the fluid inlet and
outlet side of the heat exchanger 100, and includes a first
hole 162 with a first collar 163 and a second hole 164
with a second collar 165 at one end of the first end plate
148. The first collar 163 and the second collar 165 are
extended outwardly from the first end plate 148. An inlet
sleeve 156 is fitted to the first collar 163 and fluidically
connected to the distribution device 142 through the first
hole 162 of the first end plate 148. In addition, the outlet
sleeve 158 is fitted to the second collar 165 and flidically
connected to the second passage 122 though the second
hole of the first end plate 148. In addition, the first end
plate 148 includes a first protuberance 166 and a second
protuberance 168 at the other end of the first end plate
148. The first protuberance 166 and the second protu-
berance 168 can be adapted to be received in respective
openings 136¢ and 136d of the respective plate 132/134
arranged adjacent to the first end plate 148 to block the
respective openings 136¢ and 136d and prevent further
flow of the fluid.

[0048] In addition, as shown in FIG. 2 and FIG. 16, the
second end plate 150 is adapted to be fitted other side,
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opposite to the fluid inlet and outlet side, of the heat ex-
changer 100. A cap 152 is extended though a hole 174
of the second end plate 150 and adapted to block another
opening, opposite to the inlet opening 144, of the distri-
bution device 142. The second end plate 150 includes a
blind hole 167 to block further flow of the fluid flowing
through the second passage 122 and return the fluid to-
wards the inlet and exit side of the heat exchanger 100.
In addition, the second end plate 150 includes a third
protuberance 170 and a fourth protuberance 172 at the
other end of the second end plate 150. The third protu-
berance 170 and the fourth protuberance 172 can be
adapted to be received in respective openings 136¢ and
136d of the respective plate 132/134 arranged adjacent
to the second end plate 150 to block the respective open-
ings 136¢ and 136d to prevent further flow of the fluid.
[0049] 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) for a vehicle comprising:
a heat exchanger core (102) comprising a plurality
of tubes (104, 106) including first tubes (104) and
second tubes (106), and a plurality of outer fins (105)
arranged between adjacent tubes of the plurality of
tubes (104, 106), each of the first tubes (104) and
the second tubes (106) comprising:

a first tank (108) and a second tank (110) at a
first end (116) of the respective tube, wherein a
first passage (120) is defined though the first
tanks (108), fluidically connected to each other,
of the plurality of tubes (104, 106) to receive and
distribute a fluid to the plurality of tubes (104,
106), and a second passage (122) is defined
though the second tanks (110), fluidically con-
nected to each other, of the plurality of tubes
(104, 106) for egress of the fluid from the heat
exchanger core (102); and

a third tank (112) and a fourth tank (114) at a
second end (118) of the respective tube, where-
in a third passage (124) is defined though the
third tanks (112), fluidically connected to each
other, of the plurality of tubes;

characterized in that each of the second tubes
(106) comprises a bypass channel (128) be-
tween the respective third tank (112) and the
fourth tank (114) to bypass at least a portion the
fluid, flowing through the third passage (124), to
the respective fourth tank (114) from the third
tank (112);

wherein cross-section of the bypass channel
(128) of each of the second tubes (106) is in a
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range of 2.704 to 8.921 mm?2

The heat exchanger (100) as claimed in the preced-
ing claim, wherein cross-sections of the bypass
channels (128) of the second tubes (106) are differ-
ent.

The heat exchanger (100) as claimed in any of the
preceding claims, wherein the cross-sections of the
bypass channels (128) is in a range of 6.542 to
7.021mm2.

The heat exchanger (100) as claimed in any of the
preceding claims, wherein the cross-sections of the
bypass channels (128) is 6.742 mm2,

The heat exchanger (100) as claimed in any of the
preceding claims, wherein each of the first tubes
(104) and the second tubes (106) comprises a pair
ofadjacentducts (130-1 , 130-2)including a firstduct
(130-1) defined between the first tank (108) and the
third tank (112) to allow flow of the fluid between the
firsttank (108) and the third tank (112) of the respec-
tive tube, and asecond duct (130-2) defined between
the second tank (110) and the fourth tank (114) to
allow flow of the fluid between the second tank (110)
and the fourth tank (114) of the respective tube.

The heat exchanger (100) as claimed in any of the
preceding claims, wherein each of the first tubes
(104) comprises a pair of first plates (132) coupled
to each other and at least one inner fin (133) ar-
ranged between the pair of first plates (132).

The heat exchanger (100) as claimed in any of the
preceding claims, wherein each of the second tubes
(106) comprises afirst plate (132) and a second plate
(134) coupled to the first plate (132) and at least one
inner fin (133) arranged between the first plate (132)
and the second plate (134).

The heat exchanger (100) as claimed in any of the
preceding claims, wherein each of the first plates
(132) and the second plate (134) comprises:

two connecting flanges (138a, 138b, 138c,
138d) extending from the respective plate (132,
134) at both opposite ends; and

two adjacent duct-forming structures (140a,
140b) extending between the respective con-
necting flanges (138a, 138b, 138¢, 138d) at the
opposite ends.

The heat exchanger (100) as claimed in any of the
preceding claims, wherein the second plate (134) of
each of the second tubes (106) comprises a bypass
groove (137) between the connecting flanges (138c,
138d) at one end corresponding to the second end
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(118) of the respective second tubes (106).

10. The heat exchanger (100) as claimed in any of the

preceding claims, wherein the first tubes (104) and
the second tubes (106) are arranged alternatively in
at least a portion of the heat exchanger core (102).
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