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(54) HEAT EXCHANGER FOR A REFRIGERANT FLUID CIRCULATION CIRCUIT

(57)  The invention relates to a heat exchanger (1)
comprising a core and at least one header box (3) that
extends mainly in a longitudinal direction (A1), said core
comprising at least four passes (25) distributed in two
rows (11, 12), with two first inlet-passes (25) being part
of a first row (11) of the heat exchanger (1) and two last
outlet-passes (25) being part of a second row (12) of the

heat exchanger (1). Each pass (25) has a respective
length (L) measured along the longitudinal direction (A1),
wherein the sum of the length (L) of the two first in-
let-passes (L) is equal +/-10% to the sum of the length
(L) of the two last outlet-passes (L), and the length (L) of
the first inlet-pass (L) is bigger than the length (L) of the
last outlet-pass (25).
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Description

[0001] The present invention concerns a heat ex-
changer for a refrigerant circuit fitted for an automotive
vehicle. The object of the presentinvention is such a heat
exchanger.

[0002] An automotive vehicle is currently equipped
with a heating, ventilating and air conditioning system,
usually called the HVAC system, for thermally treating
the air present or sent inside a passenger compartment
of the automotive vehicle. The HVAC system is associ-
ated with a refrigerant circuit inside which a refrigerant
fluid circulates. The refrigerant circuit comprises succes-
sively a compressor, a condenser or gas cooler, an ex-
pansion device and a heatexchanger. The heatexchang-
er is housed inside the HVAC system to allow a heat
exchange between the refrigerant fluid and an air flow
circulating inside the HVAC system, before being deliv-
ered inside the passenger compartment.

[0003] According to a mode of operation of the refrig-
erantcircuit, the heatexchangeris used as an evaporator
to cool down the air flow. In this case, the refrigerant fluid
is compressed inside the compressor, then the refriger-
ant fluid is cooled inside the condenser or gas cooler,
then the refrigerant fluid expands within the expansion
device and finally the refrigerant fluid cools down the air
flow passing through the heat exchanger.

[0004] The heat exchanger comprises a first header
box and a second header box between which a bunch
of tubes is interposed. The first header box and the sec-
ond header box are both arranged parallel to a longitu-
dinal direction. The tubes are arranged between the first
headerbox and the second header box, each tube having
a first extremity in connection with the first header box
and a second extremity in connection with the second
header box. The tubes are also arranged in a first row of
first tubes and a second row of second tubes that are
parallel to each other and perpendicular to the longitudi-
nal direction. The first tubes of the first row are in fluid
communication with a first chamber of the first header
box and a first chamber of the second header box. The
second tubes of the second row are in fluid communica-
tion with a second chamber of the first header box and
a second chamber of the second header box. The second
chambers of the second header box are coupled together
by a connecting means so that the refrigerant fluid can
circulate from one to the other. One of the first chambers
of the first header box, the inlet chamber, is equipped
with a refrigerant fluid inlet through which the refrigerant
fluid is admitted in the heat exchanger and the other
chamber of the first header box, the outlet chamber, is
equipped with a refrigerant fluid outlet through which the
refrigerant fluid exits from the heat exchanger.

[0005] The chambers are partitioned in several por-
tions by at least a partition wall located in the first header
box and the second header box. That divides each row
in several passes of tubes, the tubes of a same pass
having their first extremities in communication with the

10

15

20

25

30

35

40

45

50

55

same portion of the first chamber and having too their
second extremities in communication with the same por-
tion of the second chamber. In each pass, the refrigerant
fluid is circulating in the same direction from one header
box to the other header box as it is disclosed in the doc-
ument US2005/0050915.

[0006] With such an arrangement of tubes, the tem-
perature of the refrigerant fluid tends to be inhomogene-
ous from one pass to the other. Furthermore, within the
same pass of tubes, the temperature of the refrigerant
fluid from one tube to another tube tends to be different.
Furthermore again, the temperature of the refrigerant flu-
id at the first extremity of the tubes of the same pass is
different from one tube to another. Finally, within a same
pass, the temperature of the refrigerant fluid in the same
extremities of the tubes of the considered pass tends to
be different from one tube to another tube. Especially,
considering the tubes of the closest pass to the refrigerant
fluid inlet, the temperature of the refrigerant fluid in the
extremity of the tube close to the refrigerant fluid inlet is
lower than the extremity opposite to the one close to the
refrigerant fluid inlet. In other words, the refrigerant fluid
tends not to reach the opposite extremity of the tubes of
the extremity that is close to the refrigerant fluid inlet for
those considered tubes. In this area, the temperature of
the refrigerant fluid being higher, the air flow is badly
cooled down there which decrease the global efficiency
of the heat exchanger.

[0007] Therefore, there is a need of a heat exchanger
thatis arranged so that the temperature of the refrigerant
fluid in the tubes of a same pass is as much homogene-
ous as possible.

[0008] The heat exchanger of the invention is a heat
exchanger comprising a core and at least one header
box that extends mainly in a longitudinal direction. The
core comprises at least four passes distributed in two
rows. Two first inlet-passes are part of a first row of the
heat exchanger and two last outlet-passes are part of a
second row of the heat exchanger. Each pass has a re-
spective length measured along the longitudinal direc-
tion.

[0009] According tothe invention, the sum ofthe length
of the two first inlet-passes is equal +/-10% to the sum
of the length of the two last outlet-passes, and the length
of the first inlet-pass is bigger than the length of the last
outlet-pass.

[0010] The heat exchanger can be recognized thanks
to any of the following technical characteristics:

- arow is a part of the core that comprises a plurality
of passes,

- apassis asection of a row that comprises a plurality
of tubes, where the refrigerant fluid circulates in all
the tubes along the same direction,

- two passes of a same row are separated by at least
one partition wall,
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the partition wall separates a chamber arranged in
the header box in several portions,

each tube having a first extremity and a second ex-
tremity, the tubes of a same pass have all their first
extremities in communication with the same portion
of a chamber of the first header box and have all
their second extremities in communication with the
same portion of achamber of the second header box,

the inlet-passes are all located in an inlet plan which
is parallel to an outlet plan comprising the outlet-
passes,

the first inlet-pass is the pass equipped with a refrig-
erant fluid inlet in the heat exchanger,

the two first inlet-passes comprise the firstinlet-pass
and the immediate contiguous pass to the first inlet-
pass,

the last outlet-pass is the pass equipped with a re-
frigerant fluid outlet from the heat exchanger,

the two last outlet-passes comprise the last outlet-
pass and the immediate contiguous pass to the last
outlet-pass,

the inlet planis the plan in which the tubes of the first
row are arranged,

the outlet plan is the plan in which the tubes of the
second row are arranged,

the length of the pass is measured from a first lon-
gitudinal side of a pass to a second longitudinal side
of the pass in a parallel plan to either the inlet plan
or the outlet plan,

such a heat exchanger provides a homogeneous
heat exchange between a refrigerant fluid circulating
within the heat exchanger and an air flow passing
through the heat exchanger, the less efficient pass
as regard the heat transfer being reduced to a min-
imum length,

such a heat exchanger is highly efficient because
the before last outlet-pass is partially located in front
of the first inlet-pass,

the passes of the heat exchanger form a refrigerant
fluid path along which a refrigerant fluid can circulate
from the refrigerant fluid inlet to the refrigerant fluid
outlet, by flowing first within the inlet-passes and then
within the outlet-passes. Within the first row, the re-
frigerant fluid circulates from the first inlet-pass to
the last inlet-pass; within the second row, the refrig-
erant fluid circulates from the first outlet-pass to the
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last outlet-pass. Within the first row, the refrigerant
fluid circulates from the first inlet-passes and then in
the other passes of the first row; within the second
row, the refrigerant fluid exits from the heat exchang-
er from the last outlet-passes after having circulated
inside the other outlet-passes,

each pass comprises tubes regularly distributed
along the longitudinal direction, a tube pitch of each
pass being identical at +/-5%,

the two firstinlet-passes are immediately contiguous
to each other and the first inlet-pass is equipped with
the refrigerant fluid inlet,

the two first outlet-passes are immediately contigu-
oustoeach otherandthelastoutlet-passis equipped
with the refrigerant fluid outlet,

the core comprises these identical tubes, two tubes
of the same row being separated by corrugated fins,

a tube can be made from a folded metallic sheet or
can be extruded or can be made by the assembling
of two plates that are delimitating together a canal
for the refrigerant fluid circulation,

the two first inlet-passes comprise a first inlet-pass
which is equipped with a refrigerant fluid inlet into
the heat exchanger core and a second inlet-pass
which is contiguous to the first inlet-pass,

the two last outlet-passes comprise alast outlet-pass
which is equipped with a refrigerant fluid outlet out
of the heat exchanger core and a second outlet-pass
which is contiguous to the last outlet-pass,

the inlet plan comprises the refrigerant fluid inlet,
the outlet plan comprises the refrigerant fluid outlet,
the refrigerant fluid inlet and the refrigerant fluid out-
let are located on the same edge side of the heat

exchanger,

the refrigerant fluid inlet and the refrigerant fluid out-
let are arranged on the same header box,

the refrigerant fluid inlet and the refrigerant fluid out-
let are located in the same transversal plan,

the total number of passes of the heat exchanger is
a pair number,

the length of the last inlet-pass is equal to the length
of the first outlet-pass,

the heat exchanger is configured to be crossed by
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an air flow firstly across the second row and lastly
across the first row,

- the first row is a downwind-side row of the heat ex-
changer and the second row is an upwind-side row
of the heat exchanger,

- the heat exchanger is configured to be crossed by
an air flow firstly across the second row and lastly
across the first row,

- the heat exchanger is provided with communication
means which enable a communication between the
first row and the second row, the first row and the
second row delimiting together a volume of the heat
exchanger,

- the communication means are accommodated with-
in the volume of the heat exchanger,

- the communication means are located outside the
volume of the heat exchanger,

- the heat exchanger comprises strictly four passes,
- the heat exchanger comprises strictly six passes,
- the heat exchanger comprises strictly eight passes.

[0011] The invention relates also to a heating, ventilat-
ing and air conditioning system comprising an air duct in
which an air flow circulates and the said heat exchanger,
the said heat exchanger being located in the air duct so
that the air flow circulates firstly through the first row and
secondly through the second row.

[0012] The invention relates also to a refrigerant fluid
circulation circuit comprising at least the said heat ex-
changer.

[0013] The invention relates also to a utilization of the
said heat exchanger as an evaporator in the said refrig-
erant fluid circuit.

[0014] Other specificities, details and characteristics
of the present invention will be highlighted thanks to the
following description, given for general guidance, in re-
lation with the following figures:

- Figure 1 is a general view of a heat exchanger ac-
cording to the present invention,

- Figure 2 is a side view of the heat exchanger illus-
trated in Figure 1,

- Figure 3is a top view of the heat exchanger illustrat-
ed in Figure 1 and 2,

- Figure 4 is a schematic view of a refrigerant fluid
circulation circuit comprising the heat exchanger il-
lustrated in Figure 1 to 3.
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[0015] Inthe Figures, a heat exchanger 1 according to
the invention is shown in a coordinate system Oxyz in
which Ox axis is a longitudinal axis, Oy axis is a lateral
axis and Oz axis is a vertical axis.

[0016] In Figure 1, a heat exchanger 1 comprises a
core 2 disposed between two header boxes 3. The core
2 is the part of the heat exchanger 1 that is dedicated to
enable a heat exchange between a refrigerant fluid 4
circulating in the heatexchanger 1 and an air flow 5 pass-
ing through the heat exchanger 1. Both header boxes 3
extend mainly in alongitudinal direction A1 thatis parallel
to the Ox axis.

[0017] The core 2 comprises a plurality of tubes 6 that
are interposed between the header boxes 3. The tubes
6 extend in a vertical direction A2 that is parallel to the
vertical axis Oz. According to different embodiments of
the invention, the tube 6 can be made from a folded me-
tallic sheet or the tube 6 can be extruded or the tube 6
can be made by the assembling of two plates that are
delimitating together a canal for the refrigerant fluid 4
circulation.

[0018] The tubes 6 are arranged in two rows 11, 12
comprising a first row 11 of tubes 6 and a second row 2
of tubes 6, both rows 11, 12 being respectively arranged
parallel to a longitudinal plan Pi, the longitudinal plan P1
being parallel to the Oxz plan. Each tube 6 having a first
extremity 7 and a second extremity 8, the tubes 6 have
all their first extremities 7 in communication with a first
header box 3 and have all their second extremities 8 in
communication with a second header box 3.

[0019] Each header box 3 comprises a first chamber
21 and a second chamber 22 that are watertight one to
the other. The first chambers 21 of the header boxes 3
are in fluid connection with the extremities 7, 8 of the
tubes 6 of the first row 11 of tubes 6. The second cham-
bers 22 of the header boxes 3 are in fluid connection with
the extremities 7, 8 of the tubes 6 of the second row 11
of tubes 6.

[0020] The first extremities 7 of the tubes 6 in the first
row 11 are in fluid communication with the first chamber
21 of the first header box 3 and the second extremities
8 of the tubes 6 in the first row 11 are in fluid communi-
cation with the first chamber 21 of the second header
box 3. The second extremities 8 of the tubes 6 in the
second row 12 are in fluid communication with the second
chamber 22 of the first header box 3 and the second
extremities 8 of the tubes 6 in the second row 12 are in
fluid communication with the second chamber 22 of the
second header box 3.

[0021] The heat exchanger 1 is equipped with a refrig-
erant fluid inlet 9 through which the refrigerant fluid 4 is
admitted inside the heat exchanger 1. The refrigerant
fluid inlet 9 equips the first chamber 21 of the first header
box 3. The heat exchanger 1 is equipped with a refriger-
ant fluid outlet 10 through which the refrigerant fluid 4 is
evacuated from the heat exchanger 1. The refrigerant
fluid outlet 10 equips the second chamber 22 of the same
first header box 3.
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[0022] The refrigerant fluid inlet 9 and the refrigerant
fluid outlet 10 are located on the same edge side of the
heat exchanger 1. The refrigerant fluid inlet 9 and the
refrigerant fluid outlet 10 are arranged on the same head-
er box 3. Other localization of the refrigerant fluid inlet 9
and the refrigerant fluid outlet 10 are possible.

[0023] The heat exchanger 1 comprises communica-
tionmeans 13 thatare interposed between the first cham-
ber 21 of the second header box 3 and the second cham-
ber 22 of the second header box 3, the communication
means 13 enabling a fluid circulation between the tubes
6 of the first row 11 and the tubes 6 of the second row 12.
[0024] According to different embodiments, the com-
munication means 13 are located inside a volume of the
core 2 of the heat exchanger 1 or the communication
means 13 are located outside the volume of the core 2
of the heat exchanger 1.

[0025] The core 2 comprises these tubes 6 and two
contiguous tubes 6 of the same row 11, 12 are separated
by corrugated fins 14 that are enhancing the heat ex-
change between the refrigerant fluid 4 and the air flow 5.
[0026] The first row 11 is a downwind-side row of the
heat exchanger 1 and the second row 12 is an upwind-
side row of the heat exchanger 1.

[0027] The chambers 21, 22 are equipped with parti-
tion walls 23 that are dividing the chambers 21, 22 in
several portions 24. The partition walls 23 are arranged
in respective lateral plans P2 that are parallel to the Oyz
plan.

[0028] The core 2 comprises several passes 25 of
tubes 6, the tubes 6 of a same pass 25 have all their first
extremities 7 in communication with the same portion 24
of the first chamber 21 of the first header box 3 and have
all their second extremities 8 in communication with the
same portion 24 of the second chamber 22 of the second
header box 3. In other words, a pass 25 is a section of a
row 11, 12, either the first row 11 or the second row 12,
that comprises a plurality of tubes 6, where the refrigerant
fluid 4 circulates in all the tubes 6 along the same direc-
tion. Two passes 25 of a same row 11, 12 are separated
by a partition wall 23.

[0029] Each pass 25 comprises a plurality of tubes 6
that are regularly distributed along the longitudinal direc-
tion A1 parallel to the Ox axis, a tube pitch of each pass
25 being identical at +/-5%.

[0030] The total number of passes 25 of the heat ex-
changer 1 is a pair number. According to different em-
bodiments of the invention, the heat exchanger 1 com-
prises strictly four passes 25, or the heat exchanger 1
comprises strictly six passes 25, or the heat exchanger
1 comprises strictly eight passes 8.

[0031] The passes 25 are also distributed in the two
rows 11, 12. The passes 25 comprise inlet-passes 25
that are located in the first row 11 and the outlet-passes
25thatare locatedin the secondrow 12. The inlet-passes
25 are arranged in an inlet plan that is parallel to the
longitudinal plan P1 and the outlet-passes 25 are ar-
ranged in an outlet plan that is also parallel to the longi-
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tudinal plan P1. The inlet plan comprises the refrigerant
fluid inlet 9 and the outlet plan comprises the refrigerant
fluid outlet 10.

[0032] At least two first inlet-passes 25 are part of the
first row 11 of the heat exchanger 1 and at least two last
outlet-passes 25 are part of the second row 12 of the
heat exchanger 1. The two first inlet-passes 25 are im-
mediately contiguous to each other.

[0033] A first inlet-pass 25 is the inlet-pass 25 that is
equipped with the refrigerant fluid inlet 9 of the heat ex-
changer 1. This means that the first inlet-pass 25 is the
inlet-pass 25 admitting the refrigerant fluid 4 inside the
heat exchanger 1. The two first inlet-passes 25 comprise
the firstinlet-pass 25 and the immediate contiguous inlet-
pass 25 to the first inlet-pass 25.

[0034] A last outlet-pass 25 is the outlet-pass 25 that
is equipped with the refrigerant fluid outlet 10 from the
heat exchanger 1. The two last outlet-passes 25 com-
prise the last outlet-pass 25 and the immediate contigu-
ous outlet-pass 25 to the last outlet-pass 25. This means
that the last outlet-pass 25 is the outlet-pass 25 from
which the refrigerant fluid 4 exits from the heat exchanger
1. The two first outlet-passes 25 are immediately contig-
uous to each other.

[0035] The passes 25 of the heat exchanger 1 form a
refrigerant fluid path along which the refrigerant fluid 4
can circulate from the refrigerant fluid inlet 9 to the refrig-
erant fluid outlet 10, by flowing first within the inlet-passes
25 and then within the outlet-passes 25. Within the first
row 11, the refrigerant fluid 4 circulates from the firstinlet-
pass 25 to the last inlet-pass 25. Within the second row
12, the refrigerant fluid 4 circulates from the first outlet-
pass 25 to the last outlet-pass 25. Within the firstrow 11,
the refrigerant fluid 4 circulates from the first inlet-passes
25 and then in the other passes 25 of the first row 11.
Within the second row 12, the refrigerant fluid 4 exits from
the heat exchanger 1 from the last outlet-passes 25 after
having circulated inside the other outlet-passes 25.
[0036] In Figures 2 and 3, each pass 25 has a respec-
tive length measured L along the longitudinal direction,
wherein the sum of the length L of the two first inlet-pass-
es 25 is equal +/-10% to the sum of the length L of the
two last outlet-passes 25. The length L of the first inlet-
pass 25 is bigger than the length L of the last outlet-pass
25,

[0037] The length L of each pass 25 is measured from
a first longitudinal side 27 of a pass 25 to a second lon-
gitudinal side 28 of the pass 25 in a parallel plan to the
longitudinal plan P1.

[0038] The length L of the last inlet-pass 25 is equal to
the length L of the first outlet-pass 25.

[0039] Figure 4 illustrates a refrigerant fluid circulation
circuit 100 inside which circulates the refrigerant fluid 4.
Following a direction Si of circulation of the refrigerant
fluid 4 inside the refrigerant circulation circuit 100, the
refrigerant fluid circulation circuit 100 successively com-
prises a compressor 101 for compressing the refrigerant
fluid 4, a condenser or a gas cooler 102 for cooling the
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refrigerant 4, an expansion device 103 inside which the
refrigerant fluid 4 expands and the heat exchanger 1.
The heat exchanger 1 is accommodated inside an air
duct 104 of a heating, ventilating and air conditioning
system 105 inside which circulates the air flow 5. The
heat exchanger 1 allows a heat transfer between the re-
frigerant fluid 4 and the air flow 5 coming into contact with
it and/or passing through it, as illustrated in Figure 1.
According to the operating mode of the refrigerant circuit
1 described above, the heat exchanger 1 is used as an
evaporator for cooling the air flow 5, during the passage
of the air flow 5 in contact with and/or from one side of
the heat exchanger 1.

[0040] Several modifications and improvements might
be applied by the person skilled in the art to a heat ex-
changer 1 as defined above.

[0041] 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 mean and any
technically operating combination of means.

[0042] The invention is not limited by the shape of or-
gans or elements as described here, and covers any
shape as long as described here, and covers any shape
of heat exchanger as long as it comprises a first inlet
pass wider the last outlet pass, the width of the two first
inlet passes being globally equal to the two last outlet
passes.

Claims

1. Heatexchanger (1) comprising a core (2) and atleast
one header box (3) that extends mainly in a longitu-
dinal direction (A1), said core (2) comprising at least
four passes (25) distributed in two rows (11, 12), with
two first inlet-passes (25) being part of a first row
(11) of the heat exchanger (1) and two last outlet-
passes (25) being part of a second row (12) of the
heat exchanger (1), each pass (25) having a respec-
tive length (L) measured along the longitudinal di-
rection (A1), wherein the sum of the length (L) of the
two first inlet-passes (L) is equal +/-10% to the sum
ofthe length (L) of the two last outlet-passes (L), and
the length (L) of the first inlet-pass (L) is bigger than
the length (L) of the last outlet-pass (25).

2. Heat exchanger (1) according to claim 1, wherein
each pass (25) comprises tubes (6) regularly distrib-
uted along the longitudinal direction (A1), atube pitch
of each pass (25) being identical at +/-5%.

3. Heatexchanger(1)accordingto claim 1 or2, wherein
the two first inlet-passes (25) comprise a first inlet-
pass (25) which is equipped with a refrigerant fluid
inlet (9) into the heat exchanger core (2) and a sec-
ond inlet-pass (25) which is contiguous to the first
inlet-pass (25).
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4.

10.

1.

Heatexchanger (1) according to claims 1to 3, where-
inthe two last outlet-passes (25) comprise a last out-
let-pass (25) whichis equipped with a refrigerant fluid
outlet (10) out of the heat exchanger core (2) and a
second outlet-pass (2) which is contiguous to the last
outlet-pass (25).

Heat exchanger (1) according to any of claims 1 to
4, wherein the total number of passes (25) of the
heat exchanger (1) is a pair number.

Heat exchanger (1) according to any of claims 1 to
4, wherein the length (L) of the last inlet-pass (25) is
equal to the length (L) of the first outlet-pass (25).

Heat exchanger (1) according to any of claims 1 to
6, wherein the heat exchanger (1) is configured to
be crossed by an air flow (5) firstly across the second
row (12) and lastly across the first row (11).

Heat exchanger (1) according to any of claims 1 to
7, wherein the heat exchanger (1) is provided with
communication means (13) which enable a commu-
nication between the first row (11) and the second
row (12), the first row (11) and the second row (12)
delimiting together a volume of the heat exchanger

(1.

Heating, ventilating and air conditioning system
(105) comprising an air duct (104) in which an air
flow (5) circulates and a heat exchanger (1) accord-
ing to any of claims 1 to 8, wherein the heat exchang-
er (1) is located in the air duct (104) so that the air
flow (5) circulates firstly through the first row (11) and
secondly through the second row (12).

Refrigerant fluid circulation circuit (100) comprising
at least a heat exchanger (1) according to any of
claims 1 to 8.

Utilization of the heat exchanger (1) according to any
of claims 1 to 8 as an evaporator in a refrigerant fluid
circuit (100) according to claim 10.
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