EP 4 542 162 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
23.04.2025 Bulletin 2025/17

(21) Application number: 24205547.3

(22) Date of filing: 09.10.2024

(11) EP 4 542 162 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
F28F 9/02 (2006.0%) F28D 1/047 (2006.0%)

(52) Cooperative Patent Classification (CPC):
F28D 1/05383; F25B 39/028; F28F 9/0275;
F28F 2260/02

(84) Designated Contracting States:
AL ATBEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
GE KH MA MD TN

(30) Priority: 20.10.2023 US 202363591802 P

(71) Applicant: Carrier Corporation
Palm Beach Gardens, FL 33418 (US)

(72) Inventor: SIENEL, Tobias
Syracuse, 13221 (US)

(74) Representative: Dehns
10 Old Bailey
London EC4M 7NG (GB)

(54)

(57) A heat exchanger (100) is disclosed. The heat
exchanger (100) comprises a fluid distributor (102) that
comprises a housing (202; 302; 402; 502; 602) of a
predefined shape. The heat exchanger (100) further
comprises a plurality of microchannel tubes (106),
wherein an inlet end of the plurality of microchannel tubes
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MICROCHANNEL HEAT EXCHANGER AND A FLUID DISTRIBUTOR THEREOF

(106) is bundled in one or more groups. Further, the inlet
end of the bundled groups is fluidically disposed within
the housing (202; 302; 402; 502; 602) of the distributor
(102) through one or more sides and/or one or more
surfaces of the housing (202; 302; 402; 502; 602) of
the distributor (102).
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Description
BACKGROUND

[0001] This invention relates to the field of heat ex-
changers, and more particularly, a heat exchanger, and a
low-volume fluid distributor for heat exchangers.

SUMMARY

[0002] According to a first aspect of the invention there
is provided a heat exchanger. The heat exchanger com-
prises a distributor that comprises a housing of a pre-
defined shape. The heat exchanger further comprises a
plurality of microchannel tubes, wherein an inlet end of
the plurality of microchannel tubes is bundled in one or
more groups, and wherein the inlet end of the one or more
bundled groups is fluidically disposed within the housing
of the distributor through one or more sides and/or one or
more surfaces of the housing of the distributor.

[0003] Optionally, the housing of the distributor is a
hollow cylindrical member comprising a first circular
base, a second circular base parallel to the first circular
base, and a curved lateral surface connecting perimeters
of the first circular base and the second circular base,
wherein the one or more bundled groups are fluidically
disposed within the housing, from one or more directions,
through one or more of the first base, the second base,
and/or the curved lateral surface, and wherein the heat
exchanger further comprises a feeder tube fluidically
connected to any of the first circular base, the second
circular base, or the curved lateral surface.

[0004] Optionally, the housing of the distributor is a
hollow member having a polyhedral shape and compris-
ing a first base, a second base parallel to the first base,
and a plurality of planar lateral sides connecting peri-
meters of the first base and the second base, wherein the
one or more bundled groups are fluidically disposed
within the housing, from one or more directions, through
one or more of the first base, the second base, and/or the
planar lateral sides, and wherein the heat exchanger
further comprises a feeder tube fluidically connected to
any of the firstbase, the second base, or any of the planar
lateral sides.

[0005] Optionally, the housing of the distributor has a
conical profile comprising a circular base, and a curved
lateral surface extending from a vortex end to the circular
base, wherein the distributor comprises an inlet at the
vortex end, and a plurality of outlets configured circum-
ferentially around the circular base and in fluidic commu-
nication with the inlet via a plurality of fluidic passages
extending within the housing.

[0006] Optionally, the inlet end of the microchannel
tubes associated with each of the bundled groups are
profiled in a curved shape, wherein the curved micro-
channel tubes are disposed within the circular base of the
housing through the plurality of outlets, and wherein the
heat exchanger further comprises a feeder tube fluidi-
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cally connected to the inlet of the housing.

[0007] Optionally, the feeder tube is configured off-
centered from a central longitudinal axis of the housing.
[0008] Optionally, the heatexchanger comprises a flow
disrupter configured within the housing of the distributor.
[0009] Optionally, the heat exchanger further com-
prises a collector, wherein an outlet end of the plurality
of microchannel tubes is bundled in one or more groups,
wherein the one or more bundled groups of the outlet end
of the microchannel tubes are fluidically disposed within
the collector through one or more sides and/or one or
more surfaces of the collector.

[0010] Optionally, a length, between the inlet end and
the outlet end, of the plurality of microchannel tubes is
configured in a predefined configuration having a pre-
defined number of turns or a predefined number of
passes.

[0011] According to a second aspect of the invention
there is provided a heat exchanger. The heat exchanger
comprises one or more distributors, each comprising a
housing of a predefined shape, and a plurality of micro-
channel tubes, wherein an inlet end of the plurality of
microchannel tubes is bundled in one or more first
groups, wherein the inlet end of at least one of the
bundled first groups is fluidically disposed within the
housing associated with one of the distributors through
one or more sides and/or one or more surfaces of the
corresponding housing.

[0012] Optionally, the heat exchanger further com-
prises one or more collectors, wherein an outlet end of
the plurality of microchannel tubes is bundled in one or
more second groups, wherein the outlet end of at least
one of the bundled second groups is fluidically disposed
within one of the collectors through one or more sides or
one or more surfaces of the corresponding collector.
[0013] Optionally, a length, between the inlet end and
the outlet end, of the plurality of microchannel tubes is
configured in a predefined configuration having a pre-
defined number of turns or a predefined number of
passes.

[0014] Accordingtoathird aspectoftheinventionthere
is provided a fluid distributor for a heat exchanger. The
distributor comprises a housing comprising one or more
sides and/or one or more surfaces defining a predefined
shape and a predefined internal volume, wherein a first
end of a plurality of microchannel tubes associated with
the heat exchanger are bundled in one or more groups,
and wherein the distributor is configured to fluidically
accommodate the first end of the one or more bundled
groups through the one or more sides and/or the one or
more surfaces of the housing.

[0015] Optionally, the housing is a hollow cylindrical
member that comprises a first circular base, a second
circular base parallel to the first circular base, and a
curved lateral surface connecting perimeters of the first
circular base, and the second circular base, wherein the
one or more bundled groups are fluidically disposed
within the housing, from one or more directions, through
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one or more of the first circular base, the second circular,
and/or the curved lateral surface, and wherein any of the
first circular base, the second circular base, or the curved
lateral surface of the distributor is configured to fluidically
accommodate a feeder tube associated with the heat
exchanger.

[0016] Optionally, the housing is a hollow member
having a polyhedral shape that comprises a first base,
a second base parallel to the first base, and a plurality of
planar lateral sides connecting perimeters of the first
base, and the second base, wherein the one or more
bundled groups are fluidically disposed within the hous-
ing, from one or more directions, through one or more of
the first base, the second base, and/or the planar lateral
sides, and wherein any of the first base, the second base,
or any of the planar lateral sides of the distributor is
configured to fluidically accommodate a feeder tube as-
sociated with the heat exchanger.

[0017] Optionally, the housing is a hollow member of
the predefined shape being defined by a combination of
one or more planar sides and one or more curved sur-
faces, wherein the one or more bundled groups are
fluidically disposed within the housing, from one or more
directions, through one or more of the planar sides, and
the curved sides, and wherein any of the planar sides, or
any of the curved sides of the distributor is configured to
fluidically accommodate a feeder tube associated with
the heat exchanger.

[0018] Optionally, the housing has a solid conical pro-
file that comprises a circular base, and a curved lateral
surface extending from a vortex end to a circular base,
wherein the distributor comprises an inlet at the vortex
end, and a plurality of outlets configured circumferentially
around the circular base and in fluidic communication
with the inlet via a plurality of fluidic passages.

[0019] Optionally, the first end of the microchannel
tubes associated with each of the bundled groups are
profiled in a curved shape, wherein the curved micro-
channel tubes are disposed within the circular base of the
housing through the plurality of outlets, and wherein the
inlet of the housing is configured to fluidically accommo-
date a feeder tube associated with the heat exchanger.
[0020] Optionally, the feeder tube is configured off-
centered from a central longitudinal axis of the housing.
[0021] Optionally, the heatexchangercomprises a flow
disrupter configured within the housing of the distributor.
[0022] Theforegoing summaryisillustrative only andis
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, features,
and techniques of the invention will become more ap-
parent from the following description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings are included to
provide a further understanding of the invention and
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are incorporated in and constitute a part of this specifica-
tion. The drawings illustrate exemplary embodiments of
the invention and, together with the description, serve to
explain the principles of the invention.

[0024] In the drawings, similar components and/or
features may have the same reference label. Further,
various components of the same type may be distin-
guished by following the reference label with a second
label that distinguishes among the similar components. If
only the first reference label is used in the specification,
the description is applicable to any one of the similar
components having the same first reference label irre-
spective of the second reference label. Certain exemp-
lary embodiments will now be described in greater detail
by way of example only and with reference to the accom-
panying drawings in which:

FIGs. 1A and 1B illustrate exemplary views of the
heat exchanger having a single refrigerant circuit
comprising a plurality of tubes extending between
a low-volume distributor and a low-volume collector
in different configurations.

FIG. 1C illustrates an exemplary view of a heat
exchanger comprising multiple low-volume distribu-
tors and low-volume collectors.

FIG. 2Aillustrates an exemplary cross-sectional side
view of a first embodiment of the distributor having a
conical profile. Further, FIG. 2B illustrates an exemp-
lary view depicting the curved profile of the micro-
channel tubes for fitment into the outlet ports of the
distributor of FIG. 2A.

FIG. 3 illustrates an exemplary cross-sectional side
view of a second embodiment of the distributor hav-
ing a cylindrical profile, where the feeder tube is
axially configured with the housing and the bundled
group of tubes.

FIG. 4Aillustrates an exemplary cross-sectional side
view of a third embodiment of the distributor, where
the bundled group of tubes is configured on one of
the lateral sides or surfaces of the distributor, and the
feeder tube is axially connected to a base of the
distributor.

FIGs.4Bto4F illustrate exemplary top view depicting
various embodiments of the distributor of FIG. 4A
having different shapes of housing.

FIG. 5A llustrates an exemplary cross-sectional side
view of a fourth embodiment of the distributor, where
the bundled groups of tubes are configured on two
lateral sides or surfaces of the distributor, and the
feeder tube is axially connected to the base of the di
stributor.

FIGs. 5B to 5D illustrate exemplary top view depict-
ing various embodiments of the distributor, where the
bundled groups of tubes are configured on different
lateral sides or surfaces of the distributor, and the
feeder tube is axially connected to the base of the
distributor.

FIG. 6Aillustrates an exemplary cross-sectional side
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view of a fourth embodiment of the distributor, where
the bundled groups of tubes are configured on two
lateral sides or surfaces of the distributor, and the
feeder tube is radially connected to one of the lateral
side or surfaces of the distributor.

FIGs. 6B and 6C illustrate an exemplary cross-sec-
tional side view and top view respectively of a fifth
embodiment of the distributor, where a bundled
group of tubes is configured on a first base of the
distributor, and the feeder tube is radially connected
to one of the lateral side or surfaces of the distributor.
FIGs. 6D and 6E illustrate exemplary views depicting
various embodiments of the distributor, where the
bundled groups of tubes are configured on different
lateral sides or surfaces of the distributor from dif-
ferent directions, and the feeder tube is radially
connected to the lateral side or surface of the dis-
tributor.

DETAILED DESCRIPTION

[0025] The following is a detailed description of embo-
diments of the invention depicted in the accompanying
drawings. The embodiments are in such detail as to
clearly communicate the invention. However, the amount
of detail offered is not intended to limit the anticipated
variations of embodiments; on the contrary, the intention
is to cover all modifications, equivalents, and alternatives
falling within the scope of the invention as defined by the
appended claims.

[0026] Various terms are used herein. To the extent a
term used in a claim is not defined below, it should be
given the broadest definition persons in the pertinent art
have given that term as reflected in printed publications
and issued patents at the time of filing.

[0027] In the specification, reference may be made to
the spatial relationships between various components
and to the spatial orientation of various aspects of com-
ponents as the devices are depicted in the attached
drawings. However, as will be recognized by those skilled
in the art after a complete reading of the specification, the
components of this invention. described herein may be
positioned in any desired orientation. Thus, the use of
terms such as "above," "below," "upper," "lower," "first",
"second" or other like terms to describe a spatial relation-
ship between various components or to describe the
spatial orientation of aspects of such components should
be understood to describe arelative relationship between
the components or a spatial orientation of aspects of such
components, respectively, as the distributor, collector,
MCHX tubes, feeder tube, heat exchanger, and corre-
sponding components, described herein may be oriented
in any desired direction.

[0028] Microchannel heat exchangers (MCHX) em-
ploying microchannel tubes are crucial components in
heat pump systems, facilitating efficient heat transfer
between different fluid streams. These heat exchangers
are employed in a wide range of applications, including
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residential and commercial heating, ventilation, and air
conditioning (HVAC) systems. Conventional MCHX has
relatively large volume headers on both sides of the
microchannel tubes or heat exchange section in order
to distribute the flow into the tubes and collect the flow
leaving the tubes. These headers can be horizontal or
vertical header in the form of a cylindrical tube extending
along an entire length of the heat exchange section of the
MCHX, with individual MCHX tubes spaced by some
distance and disposed along a length of the header.
These larger volume headers can contribute toincreased
refrigerant volume requirements, which can result in
elevated costs and safety concerns when handling flam-
mable refrigerants. Furthermore, the high number of
connections on conventional headers escalates the risk
of potential failure points, impacting reliability and main-
tenance efforts.

[0029] There is, therefore, a need for a solution to
address the challenges posed by conventional MCHX
having large-volume headers, by providing an improved,
efficient, and low-volume refrigerant distributor for micro-
channel heat exchangers, which can replace the con-
ventional large-volume headers while effectively distri-
buting refrigerant flow into each of the microchannel
tubes.

[0030] Referringto FIGs. 1Ato 1B, the heat exchanger
100 can include a distributor 102, a collector 104, and a
plurality of microchannel tubes 106 extending between
the distributor 102 and the collector 104. The inlet end of
the microchannel tubes 106 can be bundled in one or
more groups (first groups) that can be fluidically disposed
within (embedded) the distributor 102 through one or
more sides and/or one or more surfaces of the distributor
102. The heat exchanger 100 can furtherinclude afeeder
tube 110 fluidically connected to an inlet side of the
distributor 102 to supply the fluid into the bundled micro-
channel tubes 106 through the distributor 102. The de-
tailed construction of the distributor 102 has been de-
scribed later in conjunction with FIGs. 2A to 6D.

[0031] Further, in one or more embodiments, the outlet
end of the microchannel tubes 106 can also be bundledin
one or more groups (second groups) that can be fluidi-
cally disposed within the collector 104 through one or
more sides and/or one or more surfaces of the collector
104. However, the outlet end of the microchannel tubes
106 can also be directly fluidically disposed within the
collector 104.

[0032] Inone or more embodiments, alength, between
the inletend and the outlet end, of the microchannel tubes
106 may form a heat exchange section that can be
configured in a predefined configuration having a pre-
defined number of turns, a predefined number of passes,
or both. The microchannel tubes 106 or heat exchange
section can facilitate heat exchange between a fluid
(refrigerant) flowing through the tubes 106 and another
fluid (air) flowing across the heat exchange section.
Further, the heat exchanger 100 or heat exchange sec-
tion can include a plurality of heat-dissipating fins con-
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figured between the microchannel tubes 106 to increase
the exchange/transfer area of the tubes 106 and corre-
spondingly enhance the heat exchange.

[0033] Inoneormore embodiments, the tubes 106 can
be configured in a serpentine configuration having a
predefined number of passes and turns in each of the
separated circuits as shown in FIG. 1A, the integrated
circuits as shown in FIG. 1B or combinations thereof.
Referring to FIG. 1A. in the separated circuits, the length,
between the inlet end and the outlet end, of each of the
individual microchannel tubes 106 can have a predefined
number of passes and turns, which extend separately
from other microchannel tubes 106. Each of the sepa-
rated circuits may have the same or differentlength. Each
of the separated circuits may have the same or different
number of passes or turns. Further, referring to FIG. 1B.
in integrated circuits, the length, between the inlet end
and the outlet end, of the microchannel tubes 106 can
extend substantially parallel with each other while having
a predefined number of passes and turns.

[0034] Referring to FIG. 1C, in one or more embodi-
ments, the heat exchanger 100 can include one or more
distributors 102-1 to 102-3, one or more collectors 104-1
to 104-3, and the plurality of microchannel tubes 106-A to
106-C fluidically connected and extending between the
distributors 102-1 to 102-3, and the collectors 104-1 to
104-3. The inlet end of the microchannel tubes 106-A to
106-C can be bundled in one or more first groups and the
outletinlet end of the microchannel tubes 106-A to 106-C
can be further bundled in one or more second groups.
The inlet end of at least one of the bundled first groups
can be fluidically disposed within one of the distributors
102-1 to 102-3 through one or more sides and/or one or
more surfaces of the corresponding housing of the dis-
tributors 102-1 to 102-3.

[0035] Further, the outlet end of at least one of the
bundled second groups of the tubes 106-A to 106-C
can be fluidically disposed within one of the collectors
104-1 to 104-3 through one or more sides or one or more
surfaces of the corresponding collector. However, in one
or more embodiments, the outlet end of the microchannel
tubes 106-A to 106-C may not be bundled in groups and
can be directly fluidically disposed within one of the
collectors through one or more sides or one or more
surfaces of the corresponding collector 104. Furthermore
(not shown), in one or more embodiments, the heat
exchanger 100 can include a single collector 104, where
the outlet end of the microchannel tubes 106 may not be
bundled in groups and can be directly fluidically disposed
within the collector 104 through one or more sides or one
or more surfaces of the corresponding collector 104.
[0036] In one or more embodiments, an inlet side of
each of the distributors 102-1 to 102-3 can be fluidically
connected to a common distributor 108. Further, the
common distributor 108 can be fluidically connected to
a feeder tube 110 associated with the heat exchanger
100. The common distributor 108 can supply an equal
volume of fluid (received from the feeder tube 110) to
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each of the distributors 102-1 to 102-3. In addition, an
outlet side of each of the collectors 104-1 to 104-3 can be
further fluidically connected to a common collector line to
receive the fluid from each of the collectors 104-1 to
104-3.

[0037] In one or more embodiments, the length, be-
tween the inlet end and the outlet end, of the plurality of
microchannel tubes 106 can be configured in a prede-
fined configuration having a predefined number of turns
or a predefined number of passes to form the heat ex-
change section. In addition, the heat exchanger 100 or
heat exchange section can include a plurality of heat-
dissipating fins configured between the microchannel
tubes 106 to increase the exchange/transfer area of
the tubes 106 and correspondingly enhance the heat
exchange.

[0038] Referring to FIGs. 2A to 6D, the distributor 102
can include a housing comprising one or more sides
and/or one or more surfaces defining a predefined shape
and a predefined internal volume. The distributor 102 can
be configured to fluidically accommodate the first end
(inlet end) of the bundled groups of the microchannel
tubes 106 through one or more sides and/or one or more
surfaces of the housing. In one or more embodiments, the
distributor 102 can be further configured to fluidically
accommodate the feeder tube 110 associated with the
heat exchanger, either radially or axially, from any of the
sides or surfaces of the housing of the distributor 102.
[0039] Inone or more embodiments, the first end of the
microchannel tubes 106 can be stacked or bundled ver-
tically, horizontally, or in other configurations. Further, a
portion of a wall associated with the corresponding sides
and/or surfaces of the housing can be removed and the
first end of the bundled group 106 can be embedded
within the housing through the removed portion and the
feeder tube 110 can be connected to an inlet of the
housing. Further, the embedded bundled groups 106
can be brazed along with the housing to fluidically seal
the distributor 102 such that the fluid can flow from the
feeder tube 110 into the bundled groups of the micro-
channel tubes 106 via the housing without any leakage.
[0040] Referring to FIG. 2A, in one or more embodi-
ments, the housing 202 of the distributor 102 can have a
solid conical profile comprising a circular base 202-1, and
a curved lateral surface 202-3 extending from a vortex
end 202-2 to the circular base 202-1. The distributor 102
can include an inlet 204 at the vortex end 202-2 and a
plurality of outlets 206 configured circumferentially
around the circular base 202-1 and in fluidic communica-
tion with the inlet 204 via a plurality of fluidic passages.
Further, as shown in FIG. 2B, the first end of the micro-
channel tubes 106 associated with each of the bundled
groups can be profiled in a curved shape based on the
profile of the circular base 202-1 of the distributor 102.
Accordingly, the curved microchannel tubes 106 can be
disposed within the circular base 202-1 of the housing
202 through the plurality of outlets 206. Further, the
feeder tube 110 can be fluidically connected to the inlet
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204 of the housing 202 such that the distributor 102 can
radially supply the fluid received from the feeder tube 110
into the ports associated with the bundled microchannel
tubes 106.

[0041] Inoneormore embodiments, referringto FIG. 3,
the housing 302 of the distributor 102 can be a hollow
cylindrical member comprising a first circular base 302-1,
a second circular base 302-2 parallel to the first circular
base 302-1, and a curved lateral surface 302-3 connect-
ing perimeters of the first circular base 302-1, and the
second circular base 302-2. Further, a bundled group of
the tubes 106 can be fluidically disposed within the
housing 302, from one of the sides selected from the first
circular base 302-1, the second circular 302-2, or the
curved lateral surface 302-3. Furthermore, the feeder
tube 110 can be axially or radially fluidically connected
to any of the first circular base 302-1, the second circular
302-2, or the curved lateral surface 302-3 of the distri-
butor 102 such that the distributor 102 can radially or
axially supply the fluid received from the feeder tube 110
into the ports associated with the bundled microchannel
tubes 106.

[0042] Referring to FIG. 3, in one or more embodi-
ments, a bundled group of the tubes 106 can be fluidically
disposed within the housing 302 through the first circular
base 302-1, and the feeder tube 110 can be axially
connected to an inlet at the second circular base 302-2
such that the fluid can axially flow from the feeder tube
110 to the ports associated with the bundled microchan-
nel tubes 106. In one or more embodiments, the distri-
butor 102 can include a flow disrupter 304 configured
coaxially within the housing 302 of the distributor 102.
[0043] Referring to FIGs. 4A and 4B, in one or more
embodiments, the housing 402 402 of the distributor 102
can be a hollow cylindrical member comprising a first
circularbase 402-1, a second circular base 402-2 parallel
to the first base 402-1, and a curved lateral surface 402-3
connecting perimeters of the first base 402-1, and the
second base 402-2. Further, abundled group of the tubes
106 can be fluidically disposed within the housing 402 of
the distributor 102 through one of the sides of the curved
lateral surface 402-3, and the feeder tube 110 can be
axially connected to the second circular base 402-2 such
that the fluid can be uniformly mixed and evenly distrib-
uted into the ports associated with the bundled micro-
channel tubes 106. In one or more embodiments, the
distributor 102 can also include the flow disrupter 404
configured coaxially within the housing 402 of the dis-
tributor 102.

[0044] Inone or more embodiments, referring to FIGs.
4C and 4D, the housing 402 402 of the distributor 102 can
be a hollow member having a polyhedral shape compris-
ing a first base, a second base parallel to the first base,
and a plurality of planar lateral sides connecting peri-
meters of the first base, and the second base. As shown
in FIG. 4C, the housing 402 can have a cuboidal shape
having four planar sides extending between perimeters
of two rectangular bases. Further, as shown in FIG. 4D,
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the housing 402 can have a prism shape having three
planar sides extending between perimeters of two trian-
gular bases. Further, a bundled group of the tubes 106
can be fluidically disposed within the housing 402, from
one of the planar lateral sides of the housing 402 of FIGs
4C and 4D. Furthermore, the feeder tube 110 can be
fluidically connected to any of the first base, the second
base, or any of the planar lateral sides of the distributor
102.

[0045] In one or more embodiments, referring to FIGs.
4E and 4F, the housing 402 of the distributor 102 can be a
hollow member having a predefined shape defined by a
combination of one or more planar sides and one or more
curved surfaces. Further, a bundled group of tubes can
be fluidically disposed within the housing 402 from one of
the sides selected from the planar sides or the curved
sides of the housing 402. Furthermore, the feeder tube
110 can be fluidically connected to any of the planar sides
or any of the curved sides of the distributor 102. In one or
more embodiments, the distributor 102 of FIGs. 4B to 4F
can also include the flow disruptor 406 configured coaxi-
ally to the planar side or the curved side within the
housing 402.

[0046] Referring to FIGs. 5A and 5B, in one or more
embodiments, the housing 502 of the distributor 102 can
have a cylindrical shape comprising a first circular base
502-1, a second circular base 502-2 parallel to the first
circular base 502-1, and a curved lateral surface 502-3
connecting perimeters of the first circular base 502-1 and
the second circular base 502-2. Further, multiple bundled
groups of the tubes 106 can be fluidically disposed within
the housing 502 through multiple sides of the curved
lateral surface of the cylinder 502 and the feeder tube
110 can be axially connected to the second circular base
502-2 of the cylinder 502 such that the fluid can be
uniformly mixed and evenly distributed into the ports
associated with the bundled microchannel tubes 106.
As shown in FIG. 5A, two bundled groups of tubes 106
can be fluidically disposed within the housing 502
through two opposite sides of the curved lateral surface
502-3 of the cylindrical housing 502. Further, as shownin
FIG. 5B, four bundled groups of the tubes 106 can be
fluidically disposed within the housing 502, from four
directions, through the curved lateral surface 502-3 of
the cylindrical housing 502. Furthermore, the feeder tube
110 can be axially connected at the second circular base
502-2 of the housing 502 of FIGs. 5A and 5B. In one or
more embodiments, the distributor 102 can also include
the flow disrupter 504 configured coaxially within the
housing 502 of the distributor 102.

[0047] Referring to FIGs. 5C and 5D, in one or more
embodiments, the housing 502 of the distributor 102 can
have a polyhedral shape comprising a first base, a sec-
ond base parallel to the first base, and a plurality of planar
lateral sides connecting perimeters of the first base and
the second base. Further, multiple bundled groups of the
tubes 106 can be fluidically disposed within the housing
502 through multiple sides of the planar lateral surface of
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the housing 502 and the feeder tube 110 can be axially
connected at the second base of the housing 502 such
that the fluid can be uniformly mixed and evenly distrib-
uted into the ports associated with the bundled micro-
channel tubes 106. As shown in FIG. 5C, the housing 502
can have a cuboidal shape having four planar lateral
sides connecting perimeters of two rectangular bases,
and four bundled groups of the tubes 106 can be fluidi-
cally disposed within the housing 502 through four lateral
sides of the housing 502. Further, as shown in FIG. 5D,
the housing 502 can have an octagonal shape having
eight planar lateral sides extending between perimeters
of two rectangular bases, and eight bundled groups of the
tubes 106 can be fluidically disposed within the housing
502 through the eight lateral sides of the housing 502. In
one or more embodiments, the distributor 102 can also
include the flow disrupter 504 configured coaxially within
the housing 502 of the distributor 102.

[0048] Referring to FIGs. 6A to 6E, in one or more
embodiments, the feeder tube 110 can be radially con-
nected to the housing 602 of the distributor 102 such that
the feeder tube 110 remains off-centered from a central
axis of the housing 602. Accordingly, the off-centered
feedertube 110 can allow the fluid to flow in a swirl motion
within the housing 602 to evenly mix the fluid and further
evenly distribute the mixed fluid into the ports associated
with the bundled groups of the tubes.

[0049] Referring to FIGs. 6A to 6D, in one or more
embodiments, the housing 602 of the distributor 102
can have a cylindrical shape comprising a first circular
base 602-1, a second circular base 602-2 parallel to the
first circular base 602-1, and a curved lateral surface
602-3 connecting perimeters of the first circular base
602-1 and the second circular base 602-2. Further, multi-
ple bundled groups of the tubes 106 can be fluidically
disposed within the housing 602 through one or more
sides of the curved lateral surface 602-3 of the cylindrical
housing 602 and/or through the first circular base 602-1.
Furthermore, the feeder tube 110 can be radially con-
nected to the curved lateral surface 602-3 of the cylind-
rical housing 602 such that the fluid can flow in a swirl
motion within the housing 602 to evenly mix the fluid and
further evenly distribute the mixed fluid into the ports
associated with the bundled group(s) of the tubes 106.
[0050] As shown in FIG. 6A, two bundled groups of
tubes 106 can be fluidically disposed within the housing
602 through two opposite sides of the curved lateral
surface 602-3 of the cylindrical housing 602. Further,
as shown in FIG. 6D, four bundled groups of tubes 106
can be fluidically disposed within the housing 602, from
four directions, through the curved lateral surface 602-3
of the cylindrical housing 602. Furthermore, as shown in
FIGs. 6B and6C, a single bundled group of tubes 106 can
be fluidically disposed within the housing 602 through the
first circular base 602-1 of the cylindrical housing 602. In
addition, the feeder tube 110 can be radially connected to
the curved lateral surface 602-3 of the cylindrical housing
602 of FIGs. 6A to 6D. In one or more embodiments, the
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distributor 102 can also include the flow disrupter 604
configured coaxially within the housing 602 of the dis-
tributor 102.

[0051] Referring to FIG. 6E, in one or more embodi-
ments, the housing 602 of the distributor 102 can have a
polyhedral shape comprising a first base, a second base
parallel to the first base, and a plurality of planar lateral
sides connecting perimeters of the first base and the
second base. Further, one or more bundled groups of
tubes 106 can be fluidically disposed within the housing
602 through one or more sides of the planar lateral sur-
face of the housing 602 and the feeder tube 110 can be
radially connected to one of the lateral sides of the
housing 602. As shown, but not limited to the like, the
housing 602 can have an octagonal shape having eight
planar lateral sides extending between perimeters of two
rectangular bases, and eight bundled groups of the tubes
106 can be fluidically disposed within the housing 602
through the eightlateral sides of the housing 602. Further,
the feeder tube 110 can be radially connected to one of
the lateral sides of the housing 602.

[0052] Inone or more embodiments, the flow disruptor
(304 to 604) of FIGs. 3 to 6E can include a frame com-
prising a mesh screen with a plurality of holes, however,
the flow disruptor (304 to 604) is not limited to the like and
can include any other flow disruptor means known in the
art, and all such embodiments are well within the scope of
the invention.

[0053] It should be obvious to a person skilled in the art
that while various embodiments of this invention have
been elaborated for the distributor having specific sha-
pes/profiles comprising specific number of sides and
surfaces for the sake of simplicity and better explanation
purpose, however, the teachings of this specification are
equally applicable for the distributor having other shape-
s/profiles as well, as far as the bundled group(s) of tubes
are disposed in the housing of the distributor from any
side or surface of the housing, and all such embodiments
are well within the scope of this invention.

[0054] Thus, this invention (fluid distributor) over-
comes the drawbacks, limitations, and shortcomings
associated with conventional MCHX having large-vo-
lume headers, by providing an improved, efficient, and
low-volume refrigerant distributor for microchannel heat
exchangers, which can replace the conventional large-
volume headers while effectively distributing refrigerant
flow into each of the microchannel tubes.

[0055] While the invention has been described with
reference to exemplary embodiments, it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention as defined by the appended claims. Modifica-
tions may be made to adopt a particular situation or
material to the teachings of the invention without depart-
ing from the scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed, but that the invention includes all embodi-
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ments falling within the scope of the invention as defined
by the appended claims.

[0056] Ininterpreting the specification, all terms should
be interpreted in the broadest possible manner consis-
tent with the context. In particular, the terms "comprises"
and "comprising" should be interpreted as referring to
elements, components, or steps in a non-exclusive man-
ner, indicating that the referenced elements, compo-
nents, or steps may be present, or utilized, or combined
with other elements, components, or steps that are not
expressly referenced. Where the specification claims
refer to at least one of something selected from the group
consisting of A, B, C ....and N, the text should be inter-
preted as requiring only one element from the group, not
A plus N, or B plus N, etc.

[0057] The following numbered clauses set out embo-
diments of the invention which may or may not presently
be claimed, but which may form the basis for future
amendment or a divisional application.

1. A heat exchanger comprising:

one or more distributors, each comprising a
housing of a predefined shape, and

a plurality of microchannel tubes, wherein an
inlet end of the plurality of microchannel tubes is
bundled in one or more first groups,

wherein the inlet end of at least one of the
bundled first groups is fluidically disposed within
the housing associated with one of the distribu-
tors through one or more sides and/or one or
more surfaces of the corresponding housing.

2. The heat exchanger of clause 1, further compris-
ing one or more collectors, wherein an outlet end of
the plurality of microchannel tubes is bundled in one
or more second groups, wherein the outlet end of at
least one of the bundled second groups is fluidically
disposed within one of the collectors through one or
more sides or one or more surfaces of the corre-
sponding collector.

3. The heat exchanger of clause 2, wherein a length,
between the inlet end and the outlet end, of the
plurality of microchannel tubes is configured in a
predefined configuration having a predefined num-
ber of turns or a predefined number of passes.

Claims
1. A heat exchanger (100) comprising:

a distributor (102) that comprises a housing
(202; 302; 402; 502; 602) of a predefined shape,
and

a plurality of microchannel tubes (106), wherein
an inlet end of the plurality of microchannel
tubes is bundled in one or more groups, and
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wherein the inlet end of the one or more bundled
groups is fluidically disposed within the housing
of the distributor through one or more sides
and/or one or more surfaces of the housing of
the distributor.

The heat exchanger (100) of claim 1, wherein the
housing (302; 402; 502; 602) of the distributor (102)
is a hollow cylindrical member comprising a first
circular base (302-1; 402-1; 502-1; 602-1), a second
circular base (302-2; 402-2; 502-2; 602-2) parallel to
the first circular base, and a curved lateral surface
(302-3; 402-3; 502-3; 602-3) connecting perimeters
of the first circular base and the second circular base,
wherein the one or more bundled groups are fluidi-
cally disposed within the housing, from one or more
directions, through one or more of the first base, the
second base, and/or the curved lateral surface, and
wherein the heat exchanger further comprises a
feeder tube (110) fluidically connected to any of
the first circular base, the second circular base, or
the curved lateral surface.

The heat exchanger (100) of claim 1, wherein the
housing (402; 502; 602) of the distributor (102) is a
hollow member having a polyhedral shape and com-
prising a first base, a second base parallel to the first
base, and a plurality of planar lateral sides connect-
ing perimeters of the first base and the second base,
wherein the one or more bundled groups are fluidi-
cally disposed within the housing, from one or more
directions, through one or more of the first base, the
second base, and/or the planar lateral sides, and
wherein the heat exchanger further comprises a
feeder tube (110) fluidically connected to any of
the first base, the second base, or any of the planar
lateral sides.

The heat exchanger (100) of claim 1, wherein the
housing (202) of the distributor (102) has a conical
profile comprising a circular base (202-1), and a
curved lateral surface (202-3) extending from a vor-
tex end (202-2) to the circular base, wherein the
distributor comprises an inlet (204) at the vortex
end, and a plurality of outlets (206) configured cir-
cumferentially around the circular base and in fluidic
communication with the inlet via a plurality of fluidic
passages extending within the housing.

The heat exchanger (100) of claim 4, wherein the
inlet end of the microchannel tubes (106) associated
with each of the bundled groups are profiled in a
curved shape, and wherein the curved microchannel
tubes are disposed within the circular base (202-1) of
the housing (202) through the plurality of outlets
(206), and

wherein the heat exchanger further comprises a
feeder tube (110) fluidically connected to the inlet
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(204) of the housing.

The heat exchanger (100) of claim 2, 3 or 5, wherein
the feeder tube (110) is configured off-centered from
a central longitudinal axis of the housing (202; 302;
402; 502; 602).

The heat exchanger (100) of any of claims 1 to 6,
wherein the heat exchanger comprises a flow dis-
rupter (304; 404; 504; 604) configured within the
housing (202; 302; 402; 502; 602) of the distributor
(102).

The heat exchanger (100) of any of claims 1 to 7,
further comprising a collector (104), wherein an out-
let end of the plurality of microchannel tubes (106) is
bundled in one or more groups, wherein the one or
more bundled groups of the outlet end of the micro-
channel tubes are fluidically disposed within the
collector through one or more sides and/or one or
more surfaces of the collector,

optionally,

wherein alength, between the inletend and the outlet
end, of the plurality of microchannel tubes is config-
ured in a predefined configuration having a prede-
fined number of turns or a predefined number of
passes.

A fluid distributor (102) for a heat exchanger (100),
the distributor comprising:

a housing (202; 302; 402; 502; 602) comprising
one or more sides and/or one or more surfaces
defining a predefined shape and a predefined
internal volume, and

wherein a first end of a plurality of microchannel
tubes (106) associated with the heat exchanger
are bundled in one or more groups, and
wherein the distributor is configured to fluidically
accommodate the first end of the one or more
bundled groups through the one or more sides
and/or the one or more surfaces of the housing.

The fluid distributor (102) of claim 9, wherein the
housing (302; 402; 502; 602) is a hollow cylindrical
member comprising a first circular base (302-1;
402-1; 502-1; 602-1), a second circular base
(302-2; 402-2; 502-2; 602-2) parallel to the first cir-
cular base, and a curved lateral surface (302-3;
402-3; 502-3; 602-3) connecting perimeters of the
first circular base, and the second circular base,
wherein the one or more bundled groups are fluidi-
cally disposed within the housing, from one or more
directions, through one or more of the first circular
base, the second circular, and/or the curved lateral
surface, and

wherein any of the first circular base, the second
circular base, or the curved lateral surface of the
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distributor is configured to fluidically accommodate a
feeder tube (110) associated with the heat exchan-
ger (100).

The fluid distributor (102) of claim 9, wherein the
housing (402; 502; 602) is a hollow member having a
polyhedral shape comprising a first base, a second
base parallel to the first base, and a plurality of planar
lateral sides connecting perimeters of the first base,
and the second base, wherein the one or more
bundled groups are fluidically disposed within the
housing, from one or more directions, through one or
more of the first base, the second base, and/or the
planar lateral sides, and

wherein any of the first base, the second base, orany
of the planar lateral sides of the distributor is config-
ured to fluidically accommodate a feeder tube (110)
associated with the heat exchanger (100).

The fluid distributor of claim 9, wherein the housing
(402) is a hollow member of the predefined shape
being defined by a combination of one or more planar
sides and one or more curved surfaces, wherein the
one or more bundled groups are fluidically disposed
within the housing, from one or more directions,
through one or more of the planar sides, and the
curved sides, and

wherein any of the planar sides, or any of the curved
sides of the distributor is configured to fluidically
accommodate a feeder tube (110) associated with
the heat exchanger (100).

The fluid distributor (102) of claim 9, wherein the
housing (202) has a solid conical profile comprising a
circular base (202-1), and a curved lateral surface
(202-3) extending from a vortex end (202-2) to a
circular base, wherein the distributor comprises an
inlet (204) at the vortex end, and a plurality of outlets
(206) configured circumferentially around the circu-
lar base and in fluidic communication with the inlet
via a plurality of fluidic passages, optionally wherein
the first end of the microchannel tubes (106) asso-
ciated with each of the bundled groups are profiled in
a curved shape, and wherein the curved microchan-
nel tubes are disposed within the circular base
(202-1) of the housing through the plurality of outlets
(206), and wherein the inlet (204) of the housing is
configured to fluidically accommodate a feeder tube
(110) associated with the heat exchanger (100).

The fluid distributor (102) of claim 10, 11, or 13,
wherein the feeder tube (110) is off-centered from
a central longitudinal axis of the housing (202; 302;
402; 502; 602).

The fluid distributor (100) of any of claims 9 to 14,
wherein the distributor (102) comprises a flow dis-
rupter (304; 404; 504; 604) configured within the
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housing (202; 302; 402; 502; 602) of the distributor .
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