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Description
BACKGROUND

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

SUMMARY

[0002] According to a first aspect of the invention there
is provided a fluid distributor for a heat exchanger. The
fluid distributor comprises a header comprising of com-
partments separated by walls, wherein a plurality of tubes
associated with a heat exchange section of the heat
exchanger are fluidically connected to at least one of
the compartments. The fluid distributor further comprises
a distribution tube extending longitudinally along the
compartments of the header through the walls. The dis-
tribution tube comprises a plurality of cavities extending
longitudinally along a length of the distribution tube and
configured radially around a central axis of the distribu-
tion tube, wherein each of the cavities comprises one or
more ports opening in the compartments. Further, the
fluid distributor comprises a supply tube fluidically con-
nected to the distribution tube or to a supply tube com-
partment of the header and configured to supply a work-
ing fluid into the distribution tube.

[0003] Optionally, the fluid distributor comprises a flow
restrictor configured within the supply tube or between
the supply tube and the distribution tube, wherein the flow
restrictor is an annular member having a central opening
that is configured in line with the distribution tube and
having a predefined gap therebetween.

[0004] Optionally, the central opening of the flow re-
strictor and the distribution tube have equal diameters.
Optionally, the central opening of the flow restrictorisin a
range of 10 to 80% of an orifice of the distribution tube.
[0005] Optionally, the fluid distributor comprises a swirl
generator configured upstream of the distribution tube or
within the supply tube, wherein the swirl generator is
configured to cause the working fluid, supplied by the
supply tube, to move in a swirl motion.

[0006] Optionally, the swirl generator comprises a
housing having a plurality of grooves with curved profiles
being configured on an inner wall surface of the housing,
the grooves extending radially and circumferentially
along the inner wall surface.

[0007] Optionally, the swirl generator comprises a
housing and a plurality of blades extending radially from
a central longitudinal axis of the housing and oriented at
predefined angles from a radial plane.

[0008] Optionally, the swirl generator comprises a
housing, and a plurality of blades extending radially from
a central longitudinal axis of the housing, wherein each of
the blades comprises afirst section and a second section
with a slit extending at a predefined angle from the first
section.
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[0009] Optionally, the swirl generator comprises a
housing, and a plurality of swirl-generating elements
having a predefined shape and at least one curved sur-
face, protruding from or configured on an inner wall sur-
face of the housing.

[0010] Optionally, the swirl generator comprises a ring
protruding from or configured on the inner wall surface of
the housing, the ring is configured coaxially within the
housing with the plurality of swirl-generating elements
configured above and/or below the ring.

[0011] Optionally, the supply tube is axially connected
to the supply tube compartment or the distribution tube.
[0012] Optionally, the supply tube is radially connected
to the supply tube compartment or the distribution tube.
[0013] Optionally, the supply tube is configured off-
centered from the central axis of the distribution tube.
[0014] Optionally, the supply tube is directly connected
tothe distributor tube, wherein the distributor tube and the
supply tube have equal diameters.

[0015] Optionally, the header is a vertical header of the
heat exchanger and the supply tube is fluidically con-
nected to terminal supply tube compartment.

[0016] Optionally, the fluid distributor comprises one or
more swirl-generating elements being configured within
or on an inner wall surface of the supply tube compart-
ment, the supply tube, or both.

[0017] Optionally, the supply tube is radially connected
at a predefined position on the supply tube compartment
of the header, such that the orifice of the distribution tube
opens below, above, or at a same level of the predefined
position or the supply tube.

[0018] Optionally, the supply tube compartment com-
prises a baffle having a central opening and a plurality of
openings configured radially around the central opening.
The baffle is coaxially configured within the supply tube
compartment such that a bottom end or the orifice of the
distribution tube remains connected to the central open-
ing and the supply tube is connected radially to the supply
tube compartment above the baffle.

[0019] Optionally, the supply tube compartment com-
prises a baffle having a plurality of openings. The baffle is
coaxially configured within the supply tube compartment
of the header with the distribution tube extending long-
itudinally through the baffle such that a bottom end or the
orifice of the distribution tube opens below the baffle and
the supply tube is radially connected to the supply tube
compartment above the baffle.

[0020] Optionally, the supply tube is configured off-
centered from the central axis of the distribution tube.
[0021] According to a second aspect of the invention
there is provided a heat exchanger comprising the fluid
distributor according to the first aspect of the invention.
[0022] Theforegoingsummaryisillustrative 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
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with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings are included to
provide a further understanding of the invention and
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.

FIGs. 1A to 1D illustrate exemplary views of a fluid
distributor of a heat exchanger.

FIGs. 2A and 2B illustrate exemplary views of the
fluid distributor having a flow restrictor.

FIG. 3A illustrates an exemplary view of the fluid
distributor having a swirl generator.

FIG. 3B illustrates an exemplary view of the swirl
generator having a plurality of curved grooves along
an inner wall of a housing of the swirl generator.
FIG. 3Cillustrates an exemplary front view, top view,
and perspective view respectively of the swirl gen-
erator having a plurality of blades extending radially
from a central longitudinal axis of the housing of the
swirl generator.

FIG. 3D illustrates an exemplary front view and top
view respectively of the swirl generator having a
plurality of blades with split sections extending ra-
dially from a central longitudinal axis of the housing of
the swirl generator.

FIG. 3E illustrates an exemplary top view and front
view respectively of the swirl generator having a
plurality of swirl-generating elements disposed on
an inner wall surface of the housing of the swirl
generator.

FIG. 3F illustrates an exemplary top view and front
view respectively of the swirl generator having a
plurality of swirl-generating elements and a ring con-
figured on an inner wall surface of the housing of the
swirl generator.

FIGs. 4A and 4B illustrate exemplary views of the
fluid distributor having the supply tube off-center
from a central axis of the distributor tube.

FIGs. 5A and 5B illustrate exemplary views of the
fluid distributor having a baffle with openings and the
supply tube off-center from the central axis of the
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distributor tube.

FIG. 6A illustrates an exemplary plot depicting the
fluid flow rate in different cavities of the distributor
tube with 4 openings when 25% orifice of the dis-
tributor tube of FIG. 2A is open.

FIG. 6B illustrates an exemplary plot depicting the
fluid flow rate in different cavities of the distributor
tube when 25% orifice of the distributor tube of FIG.
2B is open.

FIG. 6C illustrates an exemplary plot depicting the
fluid flow rate in different cavities of the distributor
tube when the swirl generator of FIG. 3B is config-
ured with the distribution tube.

FIG. 6D illustrates an exemplary plot depicting the
fluid flow rate in different cavities of the distributor
tube in the flow distributor of FIGs. 4A and 4B.

FIG. 6E illustrates an exemplary plot depicting the
fluid flow rate in different cavities of the distributor
tube in the flow distributor of FIGs. 5A and 5B.

DETAILED DESCRIPTION

[0025] The following is a detailed description of embo-
diments depicted in the accompanying drawings. The
embodiments are in such detail as to clearly communi-
cate the invention. However, the amount of detail offered
is not intended to limit the anticipated variations of em-
bodiments; 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 header, distribution
tube, refrigerant distributor, multichannel tubes, heat
exchanger, supply tube, and corresponding compo-
nents, described herein may be oriented in any desired
direction.

[0028] Microchannel heat exchangers (MCHX) em-
ploying microchannel tubes are important components
in heat pump systems, facilitating efficient heat transfer
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between different fluid streams. These heat exchangers
are employed in a wide range of applications, including
residential and commercial heating, ventilation, and air
conditioning (HVAC) systems. An important challenge in
the design and operation of MCHX is the effective dis-
tribution of the working fluid (refrigerant) across the mi-
crochannel tubes to ensure optimal heat transfer perfor-
mance and capacity. The working fluid may be in two
phases, vapor and liquid. When two phases are present,
the two phases must be mixed to facilitate effective dis-
tribution.

[0029] Mal-distribution of the working fluid within
MCHX can lead to significant imbalances in thermal
characteristics and a reduction in overall heat transfer
efficiency. One of the primary concerns associated with
mal-distribution is the varying heat transfer coefficient
between the vapor and liquid phases. Due to the lower
heat transfer coefficient of the vapor phase, an uneven
distribution can result in localized areas of reduced heat
transfer, leading to decreased capacity and overall per-
formance of the heat pump system.

[0030] Furthermore, the problem of mal-distribution
becomes exacerbated when MCHX is configured with
vertical headers. In such configurations, the influence of
gravity plays a role in causing separation between the
vapor and liquid phases due to the differing densities of
these phases. This vapor-liquid separation may lead to
increased mal-distribution of fluid across the microchan-
nel tubes and compromise the overall heat transfer effi-
ciency of the system.

[0031] There is a need for a solution to address the
challenges posed by mal-distribution in MCHX, particu-
larly in MCHX having vertical headers, by providing an
improved and effective fluid distribution system that helps
the MCHX achieve a more uniform distribution of the
working fluid phases across all the microchannel tubes,
thereby enhancing the overall thermal performance of
the MCHX.

[0032] The header (or manifold) forms a conduit to
deliver working fluid to the heat exchange tubes. The
header may be vertical, horizontal or some intermediate
angle between vertical and horizontal. Additionally, the
flow of the working fluid may be in any direction (bottom to
top, top to bottom or side to side). The header includes
compartments dedicated to a group of heat exchange
tubes which is a subset of the total number of heat
exchange tubes. A distribution tube located within the
header provides working fluid to the compartments. The
distribution tube has cavities extending longitudinally.
Each distribution tube cavity provides working fluid to
one or more compartments of the header.

[0033] A supply tube provides the working fluid to the
header. The supply tube may be directly connected to the
distribution tube or may be fluidly connected to a supply
tube compartment in the header. The supply tube com-
partment may be located at one end of the header (a
terminal supply tube compartment) or may be located at
some intermediate point of the header (an intermediate
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supply tube compartment). When the supply tube com-
partment is a terminal supply tube compartment, the
distribution tube has one or more orifices to allow the
working fluid to enter the distribution tube. When the
supply tube compartment is an intermediate supply tube
compartment, the distribution tube has two or more or-
ifices to allow the working fluid to enter the distribution
tube. The supply tube compartment may provide a space
to mix the phases of the working fluid. Mixing the phases
of the working fluid can be achieved by placement of the
supply tube outlet relative to the distribution tube ori-
fice(s), the structure of the distribution tube orifice, the
structure of the supply tube compartment, or a combina-
tion thereof.

[0034] When the supply tube is directly connected to
the distribution tube, the distribution tube and the supply
tube may have equal internal diameters or may have
different internal diameters. Further, the distribution tube
has one or more orifices opening in or located within the
supply tube. The orifice(s) may be before or after a bend
in the supply tube. The terminal end of the supply tube or
the distribution tube orifice may include a mixing element
such as a swirl generator as described below.

[0035] When the supply tube connects to the header
the working fluid enters a supply tube compartment. The
supply tube compartment may be terminal or intermedi-
ate as described above. When the supply tube is a
terminal supply tube compartment the location of the
supply tube relative to the distribution tube orifice and
the distribution tube axis can affect working fluid phase
mixing. Additionally, the supply tube compartment struc-
ture can be used to enhance working fluid phase mixing.
When the supply tube compartment is intermediate the
structure of the supply tube compartment as well as the
placement of the supply tube outlet can be used to
enhance the working fluid phase mixing.

[0036] Referringto FIGs. 1A to 1D, the fluid distributor
100 for a heatexchanger is disclosed. The fluid distributor
100 or the heat exchanger can include a header 102
comprising one or more hollow compartments 104-1 to
104-N (collectively designated as compartments 104,
herein) being partitioned by one or more walls 106-1 to
106-N (collectively referred to as walls or partition walls
106, herein). The header 102 can be a hollow member
having parallelly placed walls 106 separated by a pre-
defined distance to create the compartments 104 there-
within. The compartments 104 may have equal volumes
or the volumes may vary. When the compartment vo-
lumes vary the number of microchannel tubes associated
with the compartments may vary as well. The header 102
may have a cylindrical profile or a substantially curved
profile with flat bases at the two opposite ends but is not
limited to the like. Further, a plurality of microchannel
tubes (collectively designated as MCHX tubes 108, here-
in) associated with a heat exchange section or coils of the
heat exchanger can be fluidically connected to at least
one of the compartments 104-1 to 104-N.

[0037] In addition, the header includes a distribution
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tube 110 extending longitudinally along the compart-
ments 104 of the header 102 through the partition walls
106. The distribution tube 110 can include a plurality of
cavities 112-1 to 112-8 (collectively designated as cav-
ities, 112, herein) extending longitudinally along a length
ofthe distribution tube 110 and configured radially around
a central axis (A-A’) of the distribution tube 110 in a
distribution tube casing 110-1. The cavities may be pie-
shaped as shown in the Figures or may form concentric
rings. Further, as shown in FIGs. 2A, 2B, 3A, 4A, and 5B,
each of the cavities 112 can include one or more ports (P)
opening in at least one of the partitioned compartments
104 of the header 102. When the cavities form concentric
rings the exterior of the distribution tube may have a
stepped shape resulting from the termination of the ring
after the one or more ports opening in the destination
compartment.

[0038] The distribution tube 110 can be a rod-shaped
member 110-1 having a plurality of axial hollow passages
112 extending longitudinally along the length and con-
figured radially around a central axis (A-A’) of the rod
member to form the plurality of cavities 112. Further,
additional hollow passages can extend radially from
the vertical passages 112 and open into the interior of
the header 102 to form the ports (P) of the cavities 112.
[0039] Further, the flow distributor includes a supply
tube 114 fluidically connected to distribution tube 110 orto
the header 102 and configured to supply a fluid into the
distribution tube 110 such that the fluid is more uniformly
mixed and supplied into the cavities 112 and further into
the MCHX tubes 108 of the heat exchange section via the
ports (P) of the corresponding cavities 112.

[0040] An exemplary header 102 is a vertical header
102 of the heat exchanger but, as discussed above, is not
limited thereto. In one or more embodiments, the supply
tube 114 can be directly fluidically connected to the
distribution tube 110. The distribution tube 110 can in-
clude one or more orifices opening in or located within the
supply tube 114, such that the fluid supplied by the supply
tube 114 may directly enter into each of the cavities 112
(or orifice) of the distribution tube 110. Further, in one or
more embodiments, the orifice(s) of the distribution tube
110 may be before or afterabend in the supply tube 114 to
axially supply the fluid into the distribution tube 110.
Furthermore, in one or more embodiments, the supply
tube 114 can be fluidically connected to a bottom-most
compartment 104-1, as the supply tube compartment,
among the compartments 104 of the header 102, with an
orifice (O) of the distribution tube 110 opening in the
bottom-most compartment 104-1. The top end of the
distribution tube 110 (or the cavities 112) may be closed
and the orifice (O) at the bottom end of the distribution
tube 110 may open in the supply tube compartment
104-1, such that the fluid supplied by the supply tube
114 may enter into each of the cavities 112 (or orifice) of
the distribution tube 110 via the supply tube compartment
104-1 and further flow into the MCHX tubes 108 via the
corresponding compartments 104 and the ports (P) of the
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cavities 112.

[0041] In one or more embodiments, the number of
cavities 112 in the distribution tube 110 can be equal to
the number of compartments 104 having the MCHX
tubes 108 such that ports (P) associated with one of
the cavities 112 can open in one of the partitioned com-
partments 104 of the header 102, however, one of the
cavities 112 can open in more than one compartment
104, without any limitation. In an example, but not limited
to the like, the distribution tube 110 can include 8 cavities
112-1 to 112-8 for 8 compartments 104 (excluding the
bottom-most compartment 104-1) of the header 102 as
shown in FIG. 1B. Further, in another example, the dis-
tribution tube 110 can include 4 cavities 112-1 to 112-4 for
4 compartments 104 (excluding the bottom-most com-
partment 104-1) of the header 102 as shown in FIG. 1C.
In one or more embodiments, the size and number of the
cavities 112 of the distribution tube 110, and the size and
number of ports (P) in each of the cavities 112 can be
selected based on the flow rate of the fluid to be supplied
to the MCHX tubes 108 in each compartment 104 of the
header 102.

[0042] Inone ormore embodiments, as shownin FIGs.
1C and 1D, the supply tube 114 can be axially connected
to the header 102 or the distribution tube 110. Further, in
some embodiments, the supply tube 114 can be directly
connected to the distribution tube 110, with the distribu-
tion tube 110 and the supply tube 114 having equal
diameters, however, the distribution tube 110 and the
supply tube 114 can also have different diameters. In one
or more embodiments, the supply tube 114 can be per-
pendicular to the header 102 such that the supply tube
compartment 104-1, the distribution tube 110, and the
cavities 112 of the distribution tube 110 remain axial to the
supply tube 114.

[0043] Inoneormore embodiments, as shownin FIGs.
1A and 1B, the supply tube 114 can also be radially
connected to and off-centered from the header 102.
Further, in some embodiments, the supply tube 114
can be configured off-centered from the central axis
(A-A") of the distribution tube 110, such that the fluid
supplied by the supply tube 114 may flow in a swirl motion
within the bottom-most compartment 104-1 of the header
102 to get more uniformly mixed and then flow into each
of the cavities 112 of the distribution tube 110.

[0044] Referring to FIGs. 2A and 2B, in one or more
embodiments, the fluid distributor 100 can include a flow
restrictor 202 configured in the supply tube 114 of the heat
exchanger. In one or more embodiments, as shown in
FIG. 2A, the flow restrictor 202 can be an annular mem-
ber (also designated as 202, herein) having an opening
204 that can be configured in line with the orifice (O) of the
distribution tube 110 such that a predefined gap remains
between the orifice (O) and the flow restrictor 202. In one
or more embodiments, as shown in FIG. 2B, the fluid
distributor 100 can further include a truncated cone 206
configured at the orifice (O) of the distribution tube 110
such that fluid supplied by the supply tube 114 can flow
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around the truncated cone 206 and further enter into the
distribution tube 110.

[0045] A truncated cone 206 can be configured along
with the annular member 202, however, the truncated
cone 206 can also be directly connected to the orifice (O)
of the distribution tube 110 without the annular member
204. Further, the opening 204 of the flow annular member
202 and the orifice (O) of the distribution tube 110 can
also have equal diameters. However, the opening 204 of
the flow annular member 202 can also be in arange of 10
to 80% of the orifice (O) of the distribution tube 110.
Accordingly, when the fluid is supplied into distribution
tube 110 by the supply tube 114, the rim (around the
opening 204) of the flow restrictor 202 can cause turbu-
lence in the fluid (or provide resistance to the fluid),
thereby more uniformly mixing the fluid and allowing
approximately equal volume of the fluid to flow into each
cavity 112 of the distribution tube 110. Thus, the more
uniformly mixed fluid can flow into the MCHX tubes 108 or
the compartments 104 of the header 102 via the ports (P)
of the corresponding cavities 112.

[0046] Referring to FIG. 6A, an exemplary plot depict-
ing the fluid flow rate in different cavities of the distributor
tube is disclosed when 25% orifice of the distribution tube
is open in the fluid distributor of FIG. 2A. The computation
fluid dynamics (CFD) simulations were performed on the
distribution tube 110 having four cavities 112-1 to 112-4
with the flow restrictor (annular member) 202 configured
within the supply tube 114, at the orifice (O) of the dis-
tribution tube 110. As illustrated, the results confirmed a
more uniform flow of fluid in each of the cavities 112-1 to
112-4.

[0047] Referring to FIG. 6B, an exemplary plot depict-
ing the fluid flow rate in different cavities of the distributor
tube is disclosed when 25% orifice of the distribution tube
is open in the fluid distributor of FIG. 2B. The CFD
simulations were performed on the distribution tube
110 having four cavities 112-1 to 112-4 with the annular
member 202 and truncated cone 206 configured at the
orifice (O) of the distribution tube 110. As illustrated, the
results confirmed a more uniform flow of fluid in each of
the cavities 112-1 to 112-4.

[0048] Referring to FIGs. 3A to 3F, in one or more
embodiments, the fluid distributor 100 can include a swirl
generator 300 configured within the supply tube 114 or
between an orifice of the distribution tube 110 and the
supply tube 114. Further, the supply tube 114 can be
directly connected to the distribution tube 110 such that
the swirl generator 300 remains upstream of the orifice
(O) of the distribution tube 110. The swirl generator 300
can be configured to cause the fluid, supplied by or
flowing through the supply tube 114, to move in a swirl
motion to more uniformly mix the fluid and further supply
an approximately equal volume of the mixed fluid into
each of the cavities 112 of the distribution tube 110.
[0049] Referring to FIG. 3B, in a first embodiment, the
swirl generator 300 can include a housing 302 configured
to be fitted at the orifice (O) of the distribution tube 110.
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The housing 302 can further include a plurality of grooves
304 having curved profiles configured on an inner wall
surface of the housing 302. The grooves 304 can extend
radially and circumferentially along the inner wall surface
of the swirl generator 300, such that the fluid (supplied by
the supply tube 114) can move in a swirl motion while
flowing through the housing 302 to more uniformly mix
the liquid and vapor, especially makes the liquid film more
uniform around the wall of the tube, which can further
supply an approximately equal volume of the mixed fluid
into each of the cavities 112 of the distribution tube 110.
Thus, the more uniformly mixed fluid can flow into the
MCHX tubes 108 via the compartments 104 of the header
102 and the ports (P) of the corresponding cavities 112.
[0050] Referring to FIG. 6C, an exemplary plot depict-
ing the fluid flow rate in different cavities of the distributor
tube is disclosed when the swirl generator of FIG. 3B is
configured with the distribution tube. The CFD simula-
tions were performed on the distribution tube having eight
cavities 112-1 to 112-8 with the swirl generator 300 of
FIG. 3B configured upstream of the distribution tube 110
and the supply tube 114 directly connected to the swirl
generator 300. As illustrated, the results confirmed a
more uniform flow of fluid in each of the cavities 112-1
to 112-8.

[0051] Referring to FIG. 3C, in a second embodiment,
the swirl generator 300 can include a housing 302 con-
figured to be fitted at the orifice (O) of the distribution tube
110 and a plurality of blades 306 extending radially from a
central longitudinal axis of the housing 302. The blades
306 can radially extend from the central axis (A-A’) of the
housing 302 towards an inner wall 106 of the housing 302
with a first angle between adjacent blades 306. Further,
each of the blades 306 can be oriented at a second angle
from a radial (sectional) plane of the housing 302. In an
example, as shown in FIG. 3B, but not limited to the like,
the swirl generator 300 can include four blades 306 with
the first angle of 90° between the adjacent blades, how-
ever, the swirl generator 300 can have any number of
blades 306 with equal or unequal angles between the
adjacent blades 306. Accordingly, when the fluid is sup-
plied into the distribution tube 110, the blades 306 of the
swirl generator 300 being oriented at the second angle
from the radial plane can cause the fluid to flow in a swirl
motion while flowing through the swirl generator 300,
thereby more uniformly mixing the fluid and allowing
an approximately equal volume of the fluid to flow into
each cavity 112 of the distribution tube 110. Thus, the
more uniformly mixed fluid can flow into the MCHX tubes
108 via the compartments 104 of the header 102 and the
ports (P) of the corresponding cavities 112.

[0052] Referring to FIG. 3D, in a third embodiment, the
swirl generator 300 can include a housing 302 configured
to be fitted at the orifice (O) of the distribution tube 110 and
a plurality of blades 306 extending radially from a central
longitudinal axis of the housing 302. Each of the blades
306 can include a first section 306-1, and a second
section 306-2 extending at a predefined angle from the



1 EP 4 517 247 A1 12

first section 306-1. Further, each of the second sections
306-2 can have a slit or cut-out portion. The first section
306-1 and the second section 306-2 can be having a
planar profile; however, they can also have a curved
profile. The blades 306 can radially extend from the
central axis (A-A’) of the housing 302 towards an inner
wall of the housing 302 with a first angle between the
adjacentblades 306. Further, the first section 306-1 of the
blades 306 can be oriented at a second angle from a
radial (sectional) plane of the housing 302 and the sec-
ond section 306-2 can extend at a third angle from the first
section 306-1. Accordingly, when the fluid is supplied into
the distribution tube 110, the slits and the profile (angle) of
the first section 306-1 and second section 306-2 of the
blades 306 can cause the fluid to flow in a swirl motion
while flowing through the swirl generator 300, thereby
more uniformly mixing the fluid and allowing an approxi-
mately equal volume of the fluid to flow into each cavity
112 of the distribution tube 110. Thus, the more uniformly
mixed fluid can flow into the MCHX tubes 108 via the
compartments 104 of the header 102 and the ports (P) of
the corresponding cavities 112.

[0053] Referring to FIG. 3E, in a fourth embodiment,
the swirl generator 300 can include a housing 302 con-
figured to be fitted at the orifice (O) of the distribution tube
110 and a plurality of swirl-generating elements 308
having a predefined shape and at least one curved sur-
face, protruding from or configured at second predefined
positions on an inner wall 106 surface of the housing 302.
Further, referring to FIG. 3F, in a fifth embodiment, the
swirl generator 300 of FIG. 3E can include a ring 310
protruding from or configured on the inner wall 106 sur-
face of the housing 302. The ring 310 can be configured
coaxially within the housing 302 with the swirl-generating
elements 308 configured above and/or below the ring
310.

[0054] In one or more embodiments, the swirl-gener-
ating elements 308 can be rectangular-shaped members
that can be machined to give a curved profile. Further,
one of the sides of the swirl-generating elements 308 can
then be attached to the inner wall 106 of the housing 302,
such that the curved profile of the elements can cause the
fluid to flow in a swirl motion while flowing through the
swirl generator 300.

[0055] Further, in one or more embodiments, the swirl-
generating elements 308 can be substantially triangular-
shaped members that can be machined to form a curved
profile. Further, one of the non-inclined sides of the swirl-
generating elements 308 can then be attached to the
inner wall of the housing 302, such that the curved profile
and inclined side of the swirl elements 308 can cause the
fluid to flow in a swirl motion while flowing through the
swirl generator 300.

[0056] In addition, in one or more embodiments (not
shown), the fluid distributor 100 can also include one or
more swirl-generating elements (308) being configured
within or on an inner wall surface of the supply tube
compartment 104-1 of the header 102 and/or the supply
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tube 114 to facilitate the fluid to flow in a swirl motion while
entering the distribution tube 110.

[0057] Referring to FIGs. 4A and 4B, in one or more
embodiments, the supply tube 114 can be radially con-
nected to a curved lateral surface of the bottom-most
compartment 104-1 such that the supply tube 114 re-
mains off-centered or off-set from a central axis (A-A) of
the distribution tube 110 or the header 102. Accordingly,
the off-centered position of the supply tube 114 can cause
the fluid (supplied by the supply tube 114) to flow in a swirl
motion within the bottom-most compartment 104-1 of the
header 102 to get more uniformly mixed, further allowing
an approximately equal volume of the mixed fluid to flow
into each cavity 112 of the distribution tube 110. Accord-
ingly, the more uniformly mixed fluid can flow into the
MCHX tubes 108 via the compartments 104 of the header
102 and the ports (P) of the corresponding cavities 112.
[0058] Referring to FIG. 6D, an exemplary plot depict-
ing the fluid flow rate in different cavities of the distributor
tube in the flow distributor of FIGs. 4A and 4B are dis-
closed. The CFD simulations were performed on the
distribution tube 110 having eight cavities 112-1 to
112-8 with the supply tube 114 radially connected to a
curved lateral surface of the bottom-most compartment
104-1 such that the supply tube 114 remains off-centered
from a central axis (A-A’) of the distribution tube. As
illustrated, the results confirmed a more uniform flow of
fluid in each of the cavities 112-1 to 112-8.

[0059] Referring to FIGs. 5A and 5B, in one or more
embodiments, the fluid distributor 100 having a baffle 502
with openings 504 and the supply tube 114 being off-
centered from the central axis (A-A’) of the distribution
tube 110 is disclosed. The baffle 502 can be coaxially
configured within the bottom-most compartment 104-1 of
the header 102 with the distribution tube 110 extending
longitudinally through the baffle 502 such that a bottom
end of the distribution tube 110 remains below the baffle
502 and the supply tube 114 remains radially connected
to the bottom-most compartment 104-1 above the baffle
502.

[0060] The supply tube 114 can be radially connected
to a curved lateral surface of the bottom-most compart-
ment 104-1 such that the supply tube 114 remains off-
centered or off-set from a central axis (A-A’) of the dis-
tribution tube 110 or the header 102 and a bottom end of
the distribution tube 110 remains below the baffle 502.
Accordingly, the off-centered position of the supply tube
114 can cause the fluid (supplied by the supply tube 114)
to flow in a swirl motion within the bottom-most compart-
ment 104-1 of the header 102 and flow into the distribu-
tion tube 110 via the openings 504 of the baffle 502. In
addition, the openings 504 of the baffle 502 can further
cause turbulence to the fluid flow, thereby more uniformly
mixing the fluid and further allowing an approximately
equal volume of the mixed fluid to flow into each cavity
112 of the distribution tube 110. Accordingly, the more
uniformly mixed fluid can flow into the MCHX tubes 108 or
the compartments 104 of the header 102 via the ports (P)
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of the corresponding cavities 112. In one or more embo-
diments, the size and number of the openings in the baffle
can be selected based on the flow rate of the fluid to be
supplied to distribution tube 110.

[0061] Referring to FIG. 6E, an exemplary plot depict-
ing the fluid flow rate in different cavities of the distributor
tube in the flow distributor of FIGs. 5A and 5B are dis-
closed. The CFD simulations were performed on the
distribution tube 110 having eight cavities 112-1 to
112-8 with the supply tube 114 radially connected to
the bottom-most compartment 104-1 above the baffle
502 and off-centered from a central axis (A-A’) of the
distribution tube 110 and a bottom end of the distribution
tube 110 remaining below the baffle 502. As illustrated,
the results confirmed a more uniform flow of fluid in each
of the cavities 112-1 to 112-8.

[0062] Itshould be obvious to a person skilled in the art
that while various embodiments of this invention have
been elaborated for a vertical header having a specific
number of compartments and a specific number of cav-
ities in the distribution tube for the sake of simplicity and
better explanation purpose, however, the teachings of
this specification are equally applicable for other heat
exchanger having a different configuration and including
a different number of compartments and cavities, and all
such embodiments are well within the scope of this in-
vention, as defined by the appended claims.

[0063] Thus, this invention (fluid distributor) over-
comes the drawbacks, limitations, and shortcomings
associated with existing MCHX and corresponding fluid
distributors by providing an improved and effective solu-
tion that helps the MCHX achieve more uniform distribu-
tion of the working fluid across all the cavities of the
distribution tube and further into the microchannel tubes,
thereby enhancing the overall thermal performance of
the MCHX.

[0064] 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-
ments falling within the scope of the invention as defined
by the appended claims.

[0065] 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
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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.

[0066] The following clauses set out embodiments 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 fluid distributor for a heat exchanger, the fluid
distributor comprising of:

a header comprising of compartments sepa-
rated by walls, wherein a plurality of tubes as-
sociated with a heat exchange section of the
heat exchanger are fluidically connected to at
least one of the compartments;

adistribution tube extending longitudinally along
the compartments of the header through the
walls, the distribution tube comprising a plurality
of cavities extending longitudinally along a
length of the distribution tube and configured
radially around a central axis of the distribution
tube, wherein each of the cavities comprises
one or more ports opening in the compartments;
and

a supply tube fluidically connected to the dis-
tribution tube or to a supply tube compartment of
the header and configured to supply a working
fluid into the distribution tube.

2. The fluid distributor of clause 1, wherein the fluid
distributor comprises a flow restrictor configured
within the supply tube or between the supply tube
and the distribution tube, wherein the flow restrictor
is an annular member having a central opening that
is configured in line with the distribution tube and
having a predefined gap therebetween.

3. Thefluid distributor of clause 2, wherein the central
opening of the flow restrictor and the distribution tube
have equal diameters.

4. Thefluid distributor of clause 2, wherein the central
opening of the flow restrictor is in a range of 10 to
80% of an orifice of the distribution tube.

5. The fluid distributor of any one of clauses 1 to 4,
wherein the fluid distributor comprises a swirl gen-
erator configured upstream of the distribution tube or
within the supply tube, wherein the swirl generator is
configured to cause the working fluid, supplied by the
supply tube, to move in a swirl motion.

6. The fluid distributor of clause 5, wherein the swirl
generator comprises a housing having a plurality of
grooves with curved profiles being configured on an
inner wall surface of the housing, the grooves ex-
tending radially and circumferentially along the inner
wall surface.

7. The fluid distributor of clause 5, wherein the swirl
generator comprises a housing and a plurality of
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blades extending radially from a central longitudinal
axis of the housing and oriented at predefined angles
from a radial plane.

8. The fluid distributor of clause 5, wherein the swirl
generator comprises a housing, and a plurality of
blades extending radially from a central longitudinal
axis of the housing, wherein each of the blades
comprises a first section and a second section with
a slit extending at a predefined angle from the first
section.

9. The fluid distributor of clause 5, wherein the swirl
generator comprises a housing, and a plurality of
swirl-generating elements having a predefined
shape and at least one curved surface, protruding
from or configured on an inner wall surface of the
housing.

10. The fluid distributor of clause 9, wherein the swirl
generator comprises a ring protruding from or con-
figured on the inner wall surface of the housing, the
ring is configured coaxially within the housing with
the plurality of swirl generating elements configured
above and/or below the ring.

11. The fluid distributor of any one of clauses 1 to 10,
wherein the supply tube is axially connected to the
supply tube compartment or the distribution tube.
12. The fluid distributor of any one of clauses 1 to 10,
wherein the supply tube is radially connected to the
supply tube compartment or the distribution tube.
13. The fluid distributor of any one of clauses 1 to 12,
wherein the supply tube is configured off-centered
from the central axis of the distribution tube.

14. The fluid distributor of any one of clauses 1 to 10,
wherein the supply tube is directly connected to the
distributor tube, wherein the distributor tube and the
supply tube have equal diameter.

15. The fluid distributor of any one of clauses 1 to 13,
wherein the header is a vertical header of the heat
exchanger and the supply tube is fluidically con-
nected to a terminal supply tube compartment.

16. The fluid distributor of any one of clauses 1 to 15,
wherein the fluid distributor comprises one or more
swirl-generating elements being configured within or
on an inner wall surface of the supply tube compart-
ment, the supply tube or both.

17. The fluid distributor of any one of clauses 15 to
16, wherein the supply tube is radially connected at a
predefined position on the supply tube compartment
of the header, such that the orifice of the distribution
tube opens below, above, or at a same level of the
predefined position or the supply tube.

18. The fluid distributor of any one of clauses 15 to
17, wherein the supply tube compartment comprises
a baffle having a central opening and a plurality of
openings configured radially around the central
opening, the baffle is coaxially configured within
the supply tube compartment such that a bottom
end or the orifice of the distribution tube remains
connected to the central opening and the supply tube
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is connected radially to the supply tube compartment
above the baffle.

19. The fluid distributor of any one of clauses 15 to
17, wherein the supply tube compartment comprises
a baffle having a plurality of openings, the baffle is
coaxially configured within the supply tube compart-
ment of the header with the distribution tube extend-
ing longitudinally through the baffle such that a bot-
tom end or the orifice of the distribution tube opens
below the baffle and the supply tube is radially con-
nected to the supply tube compartment above the
baffle.

20. The fluid distributor of any one of clauses 15 to
19, wherein the supply tube is configured off-cen-
tered from the central axis of the distribution tube.
21. A heat exchanger comprising a fluid distributor
according to any one of clauses 1-20.

Claims

Afluid distributor (100) for a heat exchanger, the fluid
distributor comprising of:

a header (102) comprising compartments
(104-1... 104-N) separated by walls (106-1...
106-N), wherein a plurality of tubes (108) asso-
ciated with a heat exchange section of the heat
exchanger are fluidically connected to at least
one of the compartments;

a distribution tube (110) extending longitudinally
along the compartments of the header through
the walls, the distribution tube comprising a
plurality of cavities (112-1... 112-8) extending
longitudinally along a length of the distribution
tube and configured radially around a central
axis (A-A’) of the distribution tube, wherein each
of the cavities comprises one or more ports (P)
opening in the compartments; and

a supply tube (114) fluidically connected to the
distribution tube or to a supply tube compart-
ment (104-1) of the header and configured to
supply a working fluid into the distribution tube.

The fluid distributor of claim 1, wherein the fluid
distributor (100) comprises a flow restrictor (202)
configured within the supply tube (114) or between
the supply tube and the distribution tube (110),
wherein the flow restrictor is an annular member
having a central opening (204) that is configured in
line with the distribution tube and having a prede-
fined gap therebetween.

The fluid distributor of claim 2, wherein the central
opening (204) of the flow restrictor (202) and the
distribution tube (110) have equal diameters,

or wherein the central opening of the flow restrictor is
in a range of 10 to 80% of an orifice (O) of the
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distribution tube.

The fluid distributor of any of claims 1 to 3, wherein
the fluid distributor (100) comprises a swirl generator
(300) configured upstream of the distribution tube
(110) or within the supply tube (114), wherein the
swirl generator is configured to cause the working
fluid, supplied by the supply tube, to move in a swirl
motion.

The fluid distributor of claim 4, wherein the swirl
generator (300) comprises a housing (302) having
a plurality of grooves (304) with curved profiles being
configured on an inner wall surface (106) of the
housing, the grooves extending radially and circum-
ferentially along the inner wall surface,

orwherein the swirl generator (300) comprises a
housing (302) and a plurality of blades (306)
extending radially from a central longitudinal
axis (A-A’) of the housing and oriented at pre-
defined angles from a radial plane,

orwherein the swirl generator (300) comprises a
housing (302), and a plurality of blades (306)
extending radially from a central longitudinal
axis of the housing, wherein each of the blades
comprises a first section (306-1) and a second
section (306-2) with a slit extending at a prede-
fined angle from the first section.

The fluid distributor of claim 4, wherein the swirl
generator (300) comprises a housing (302), and a
plurality of swirl-generating elements (308) having a
predefined shape and at least one curved surface,
protruding from or configured on an inner wall (106)
surface of the housing,

optionally wherein the swirl generator (300) com-
prises a ring (310) protruding from or configured
on the inner wall (106) surface of the housing
(302), the ring is configured coaxially within the
housing with the plurality of swirl generating ele-
ments (308) configured above and/or below the ring.

The fluid distributor of any of claims 1 to 6, wherein
the supply tube (114) is radially connected to the
supply tube compartment (104-1) or the distribution
tube (110),

and/or wherein the supply tube (114) is configured
off-centered from the central axis (A-A") of the dis-
tribution tube (110).

The fluid distributor of any of claims 1 to 7, wherein
the header (102) is a vertical header of the heat
exchanger and the supply tube (114) is fluidically
connected to a terminal supply tube compartment.

The fluid distributor of any of claims 1 to 8, wherein
the fluid distributor (100) comprises one or more
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10

10.

1.

12.

13.

14.

15.

swirl-generating elements (308) being configured
within or on an inner wall surface of the supply tube
compartment (104-1), the supply tube (114) or both.

The fluid distributor of any of claims 1 to 9, wherein
the supply tube (114) is radially connected at a pre-
defined position on the supply tube compartment
(104-1) of the header (102), such that an orifice
(O) of the distribution tube (110) opens below, above,
or at a same level of the predefined position or the
supply tube.

The fluid distributor of any of claims 1 to 10, wherein
the supply tube compartment (104-1) comprises a
baffle (502) having a central opening and a plurality
of openings (504) configured radially around the
central opening, the baffle is coaxially configured
within the supply tube compartment such that a
bottom end or the orifice (O) of the distribution tube
(110) remains connected to the central opening and
the supply tube is connected radially to the supply
tube compartment above the baffle,

or wherein the supply tube compartment (104-1)
comprises a baffle (502) having a plurality of open-
ings (504), the baffle is coaxially configured within
the supply tube compartment of the header (102)
with the distribution tube (110) extending longitudin-
ally through the baffle such that a bottom end or the
orifice (O) of the distribution tube opens below the
baffle and the supply tube is radially connected to the
supply tube compartment above the baffle.

The fluid distributor of any of claims 1 to 6 or claim 9
when not dependent from claim 7 or 8, wherein the
supply tube (114) is axially connected to the supply
tube compartment (104-1) or the distribution tube
(110),

The fluid distributor of any of claims 1 to 6 or claim 9
when not dependent from claim 7 or 8, wherein the
supply tube (114) is directly connected to the dis-
tribution tube (110), wherein the distribution tube and
the supply tube have equal diameter.

The fluid distributor of claim 12 or 13, wherein the
supply tube (114) is configured off-centered from the
central axis (A-A’) of the distribution tube (110).

A heat exchanger comprising a fluid distributor (100)
according to any preceding claim.
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