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(54) MICROCHANNEL TUBE FOR EVAPORATORS

(57) A microchannel tube for an inlet manifold of an
evaporator having a downward flow configuration is dis-
closed. The tube is a hollow member comprising a plu-
rality of channels configured therewithin and extending
parallelly between opposite ends of the tube. One end
of the tube is adapted to be disposed of within the inlet
manifold such that a first section of the tube remains dis-
posed of within the manifold and the tube protrudes at a
predefined angle in a downward direction from the inlet
manifold. Further, a predetermined area of a first wall
and/or a second wall of the first section of the tube, at a
bottom end of the first section, is removed such that the
plurality of channels of the tube are exposed to a fluid
present in the manifold via the predetermined removed
area.
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Description

[0001] This patentapplication claims the benefit of US
Provisional Patent Application No. 63/477,124, filed on
Dec 23, 2022, which is incorporated by reference herein
in its entirety.

[0002] Thisinventionrelates to the field of evaporators,
and more particularly, a microchannel tube for the inlet
manifold of evaporators.

[0003] Existing evaporators having a downward flow
configuration generally have an inlet manifold (header)
that allows a fluid (refrigerant) associated with the evap-
orator to flow out of the inlet manifold in a downward
direction. These evaporators generally include inclined
multichannel tubes having one end of the tubes within
the inlet manifold and another end of the tubes protruding
from the inlet manifold in the downward direction and
further connected to an outlet manifold. Even distribution
of the fluid (refrigerant) in the multichannel tubes results
in more efficient operation but may be difficult to achieve.
[0004] There is, therefore, a need to enable even dis-
tribution of fluid or refrigerant within the inlet manifold of
the evaporator.

[0005] According to afirst aspect of the invention there
is provided a microchannel tube for a manifold of an evap-
orator having a V-coil configuration. The microchannel
tube comprises a hollow member defining a shape of the
tube and comprising a plurality of channels configured
therewithin and extending parallelly between a first end
and a second end of the hollow member, wherein, the
first end of the tube is adapted to be disposed within the
manifold such that a first section of the tube at the first
end remains disposed of within the manifold and the
tubes protrude at a predefined angle in a downward di-
rection from the inlet manifold, wherein a predetermined
area of a first wall and/or a second wall of the first section
ofthe tube, at a bottom end of the first section, is removed
such that the plurality of channels of the tube are exposed
to a fluid present in the manifold via the predetermined
removed area.

[0006] Optionally, the manifold is a hollow cylinder,
wherein the predetermined removed area is adjacent to
an inner-bottom curved surface of the manifold within the
manifold.

[0007] Optionally, the predetermined removed area
has a curved profile corresponding to profile of the inner-
bottom curved surface of the manifold.

[0008] Optionally, at least a portion of the first end of
the tube is trimmed off such that a top edge of the trimmed
tube is oriented horizontally, which laterally exposes the
inlet ports to the fluid within the manifold.

[0009] Optionally, the microchanneltube has aflat pro-
file, wherein the first wall and the second wall are flat.
[0010] Optionally, the tube comprises one or more par-
tition walls extending between two the first wall and the
second wall of the tube, such that the plurality of channels
is created between the adjacent partition walls within the
tube.
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[0011] Optionally, the tubeis inclined at the predefined
angle from a longitudinal axis of the manifold and pro-
trudes at the predefined angle in a downward direction
from the manifold, and wherein the first wall of the tube
faces a fluid inlet side of the inlet manifold and the second
wall of the faces a side opposite to the fluid inlet side of
the inlet manifold.

[0012] The invention may provide a manifold compris-
ing the microchannel tube as recited herein with refer-
ence to the first aspect of the invention. The invention
may provide an evaporator (e.g. having a V-coil config-
uration) comprising a manifold comprising the micro-
channel tube as recited herein with reference to the first
aspect of the invention.

[0013] According to a second aspect of the invention,
there is provided a downward flow configuration evapo-
rator comprising an inlet manifold, an outlet manifold, and
a plurality of microchannel tubes fluidically configured
between the inlet manifold and the outlet manifold in a
downward flow configuration such that the tubes protrude
at a predefined angle in a downward direction from the
inlet manifold, wherein each of the tubes is a hollow mem-
ber comprising a plurality of channels configured there-
within and extending parallelly between opposite ends
within the hollow member; wherein, a first end of each of
the tubes is adapted to be disposed of within the inlet
manifold such that a first section of each of the tube at
the first end remains disposed of within the inlet manifold,
and a predetermined area of a first wall of the first section
of the tube, ata bottom end of the first section, is removed
such that the plurality of channels of each of the tubes
are exposed to a fluid present in the manifold via the
predetermined removed area.

[0014] Optionally, the evaporatorisin a downward fluid
flow configuration having a V-Coil arrangement.

[0015] Optionally, the manifold is a hollow cylinder,
wherein the predetermined removed area is adjacent to
an inner-bottom curved surface of the manifold within the
manifold.

[0016] Optionally, at least a portion of the first end of
each of the tubes is trimmed off to laterally expose the
inlet ports associated with each of the tubes to the fluid
of the inlet manifold.

[0017] Optionally, the evaporator comprises a plurality
of heat dissipating fins extending between adj acent
tubes among the plurality of tubes.

[0018] Optionally, the plurality of tubes are spaced
apart by a predefined distance along a length of the inlet
manifold.

[0019] Optionally, the microchannel tube is a flat tube,
and wherein the first wall of the tube faces a fluid inlet
side of the inlet manifold, and the second wall of the tube
faces a side opposite to the inlet side of the inlet manifold.
[0020] Optionally, the inlet manifold is a cylindrical
housing having an opening at fluid inlet side of the cylin-
drical housing, wherein the inlet manifold is configured
to receive the fluid via the opening.

[0021] Optionally, the flat wall of each of the tubes is
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oriented perpendicular to a longitudinal axis of the inlet
manifold.

[0022] Each of the plurality of microchannel tubes of
the second aspect of the invention may be a microchan-
neltube as recited herein with reference to the first aspect
of the invention, and hence may comprise any of the fea-
tures recited herein.

[0023] According to a third aspect of the invention,
there is provided a method for enabling even distribution
of afluid across inlet ports of tubes within an inlet manifold
of an evaporator having a downward flow configuration.
The method comprising the steps of removing a prede-
termined area of a first wall and/or a second wall of each
of the tubes, wherein the predetermined removed area
is at a predefined distance below a first end of the
tubes" and disposing the first end of the tubes within the
inlet manifold of the evaporator such that a first section
ofthe tubes at the first endremain within the inlet manifold
and the tubes protrude from the inlet manifold in a down-
ward direction making a predefined angle from a plane
of the inlet manifold, wherein the first end of each of the
tubes is disposed within the inlet manifold such that the
predetermined removed area remains within the mani-
fold at a bottom end of the first section of the tubes to
expose the plurality of channels of the tubes to a fluid
present in the manifold via the predetermined removed
area.

[0024] Optionally, the manifold is a hollow cylinder,
wherein the predetermined area of the first wall and/or
the second wall of the first section of the tubes, adjacent
to an inner-bottom curved surface of the manifold.
[0025] Optionally, predetermined removed area has a
curved profile corresponding to profile of the inner-bottom
curved surface of the manifold.

[0026] Optionally, the method comprises the step of
laterally exposing the inlet ports of the tubes by trimming
off at least a portion of the first end of each of the tubes
such that a top edge of the trimmed tubes is oriented
horizontally.

[0027] The method may comprise providing, arrang-
ing, and/or using the microchannel tube as recited herein
with reference to the first aspect of the invention, and/or
the evaporator as recited herein with refernce to the sec-
ond aspect of the invention.

[0028] The foregoing summary is illustrative only and
is 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 appar-
ent from the following description taken in conjunction
with the drawings.

[0029] The accompanying drawings are included by
way of example only to provide a further understanding
of the subject disclosure of this invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate exemplary embodiments of the sub-
ject disclosure and, together with the description, serve
to explain the principles of the subject disclosure.
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[0030] Inthe drawings, similar components and/or fea-
tures may have the same reference label. Further, vari-
ous components of the same type may be distinguished
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 de-
scription is applicable to any one of the similar compo-
nents having the same first reference label irrespective
of the second reference label.

[0031] FIG. 1Aisaschematic diagram illustrating a top
view of an exemplary embodiment of the microchannel
tube where one of the flat walls of a section of the tube
is shaved off in accordance with one or more embodi-
ments of the invention.

[0032] FIG. 1B is a schematic diagram illustrating the
microchannel tube of FIG. 1A disposed within the inlet
manifold of an evaporator in accordance with one or more
embodiments of the invention.

[0033] FIG. 1C is a schematic diagram illustrating a
side view of another exemplary embodiment of the mi-
crochannel tube where a top portion of the tube is
trimmed offin accordance with one ormore embodiments
of the invention.

[0034] FIG. 1D is a schematic diagram illustrating the
microchannel tube of FIG. 1C being disposed of within
the inlet manifold of an evaporator in accordance with
one or more embodiments of the invention.

[0035] FIG. 1E is a schematic diagram illustrating the
isometric view of the microchannel tube having an area
of the first wall at a bottom end of the first section being
removed and the first section disposed of within the inlet
manifold of an evaporator in accordance with one or more
embodiments of the invention.

[0036] FIG.2isaschematicdiagramillustrating aniso-
metric view of an exemplary embodiment of the evapo-
rator having a downward fluid flow configuration in ac-
cordance with one or more embodiments of the invention.
[0037] FIG. 3 is an enlarged view of FIG. 2 depicting
the inlet manifold and the tubes being disposed of in the
inlet manifold in accordance with one or more embodi-
ments of the invention.

[0038] FIG. 4 is a flow diagram illustrating the steps
involved in the method for enabling even distribution of
fluid across inlet ports of the tubes within the inlet man-
ifold of the evaporator in accordance with one or more
embodiments of the invention

[0039] The following is a detailed description of em-
bodiments of the disclosure depicted in the accompany-
ing drawings. The embodiments are in such detail as to
clearly communicate the disclosure. However, the
amount of detail offered is not intended to limit the antic-
ipated variations of embodiments; on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the sub-
ject disclosure as defined by the appended claims.
[0040] 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
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have given that term as reflected in printed publications
and issued patents at the time of filing.

[0041] 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 draw-
ings. However, as will be recognized by those skilled in
the art after a complete reading of the subject disclosure,
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
relationship between various components or to describe
the spatial orientation of aspects of such components
should be understood to describe a relative relationship
between the components or a spatial orientation of as-
pects of such components, respectively, as the mul-
tichannel tube, manifold, evaporator, and corresponding
components, described herein may be oriented in any
desired direction.

[0042] Evaporators generally include inclined mul-
tichannel tubes having one end of the tubes within the
inlet manifold and another end of the tubes protruding
from the inlet manifold in the downward direction and
further connected to an outlet manifold. Even distribution
of the fluid (refrigerant) in the multichannel tubes results
in more efficient operation but may be difficult to achieve.
Due to the inclination of the tubes, the fluid column inside
the inlet manifold feeds more fluid to some of the ports
of the tubes, which are at a lower elevation relative to the
fluid-free surface. Additionally, there may be uneven dis-
tribution from one end of the manifold to the other due at
least, in part, to uneven flow into ports of the tubes. This
uneven distribution or mal-distribution of fluid across the
ports of the tubes may lead to the formation of a pool of
fluid within the inlet manifold, which is highly undesirable
as it may affect the overall performance of the evaporator
and may also damage the evaporator in the worst case
[0043] Referring to FIG. 1A to 1D, an exemplary em-
bodiment of the microchannel tube 100 ( also referred to
as "tube 100") is illustrated. The tube 100 includes a hol-
low member which may preferably have a flat profile hav-
ing opposite flat walls 102, 104 (firstwall 102, and second
wall 104), however, the tube 100 may also have other
profiles without any limitations and all such embodiments
are well within the scope of the invention. Further, tube
100 includes multiple channels 108 configured along a
longitudinal axis of the tube 100 therewithin and extend-
ing parallelly between a first end (top end) and a second
end (bottom end) of the hollow member such that multiple
fluid flow paths (also designated as 108, herein) of a pre-
defined radius (for example, generally in the range of
millimeters) are created between the firstend and second
end of the tube 100, which allows fluid such as refrigerant
to flow from inlet ports of channels 108 to the outlet ports
of the channels 108 at the second end of the tube 100.
[0044] In some embodiments, multiple flat partition
walls 106 extend parallelly between two opposite flat
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walls 102, 104 of the tube 100, which may be separated
equidistantly, such that square-shaped or rectangular-
shaped channels 108 are created between the adjacent
partition walls 106. In other embodiments (not shown),
flat partition walls 106 may also be inclined at a non-
perpendicular angle between two opposite flat walls 102,
104 of the tube 100 such that triangular-shaped, W-
shaped, or N-shaped partition walls are created between
the adjacent partition walls of the tube 100. In other em-
bodiments (not shown), multiple curved partition walls
106 may extend parallelly between two opposite flat walls
102, 104 of the tube 100, which may be separated equi-
distantly, such that barrel-shaped or cylindrical-shaped
channels 108 are created between the adjacent partition
walls of the tube 100. In another embodiment, a flat sheet,
preferably made of the same material of the hollow walls,
may be machined or profiled in a step profile or zig-zag
profile or sinewave profile, and the like. The step profiled
sheet or zig-zag profiled sheet or sinewave profiles sheet
may then be configured inside the hollow member of the
tubes 100, to create multiple channels 108 within tube
100. Tube 100 is preferentially made of a lightweight,
thermally conductive, and chemical-resistant material,
however, the tube 100 may also be made of other mate-
rials as well. In one embodiment, tube 100 may be made
of extruded aluminum.

[0045] The tubes 100 are shown in drawings hereof,
for ease and clarity of illustration, as having a fixed
number of channels 108 defining flow paths having a
square cross-section. However, it is to be understood
that in commercial applications, such as for example re-
frigerant vapor compression systems, each multichannel
tube 100 may typically have about ten to twenty flow
channels 108, but may have a greater or a lesser multi-
plicity of channels 108, as desired.

[0046] The first end of the tube 100 is adapted to be
disposed of within the inlet manifold 202 of an evaporator
200 or heat exchanger using the brazing technique, 2-D
printing technique, and other known techniques known
in the art, such that the tube 100 remains inclined at a
predefined angle from a horizontal planar axis of the man-
ifold 202, with a certain section 100-1 (first section) of
the tube 100 near the first end of the tube 100 disposed
of within the inlet manifold 202 and another section 100-2
(second section) of the tube 100 protruding out of the
inlet manifold 202 in the downward direction. Also, tube
100 is disposed within the manifold such that the flat wall
or opposite walls 102, 104 of the tube 100 orients per-
pendicular to a longitudinal axis of the inlet manifold 202
in the direction of the incoming fluid within the manifold
202. Further, at least a portion of one wall 102 of tube
100, which is within the inlet manifold 202, is removed
as shown in FIG. 1A or a top portion (B) of the first section
100-1 of the tube trimmed off as shown in FIG. 1C or a
predetermined area (C) of the wall at the bottom end of
the first section 100-1 of tube 100 is removed as shown
in FIG. 1E such that the the plurality of channels of each
tube 100 are exposed to the fluid within the inlet manifold
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202 via the inlet ports, the predetermined removed area
(C) or both. This exposure of the inlet ports or plurality
of channels enables the even distribution of fluid across
the inlet ports of each tube 100 and prevents the forma-
tion of a pool of fluid within the inlet manifold 202. In one
or more embodiments, the wall 102 may be shaved off
as shown in FIG. 1A and 1B, prior to disposing of the first
end of tube 100 within the inlet manifold 202, such that
the wall 102 (first wall) has a varying height and has por-
tions with a height that is less than the height of wall 104
(second wall). In one or more embodiments, the top por-
tion B of tube 100 may be trimmed off as shown in FIG.
1C and 1D, prior to disposing of the first end of tube 100
within the inlet manifold 202, such that the inlet ports
associated with each tube 100 are exposed laterally to
the fluid within the inlet manifold 202. In one or more
embodiments, the predetermined area C of the wall (first
wall and/or second wall) at a bottom of the first section
100-1 of the tube 100 may be removed or kept uncovered
as shown in FIG. 1E, such that the plurality of channels
associated with tube 100 are exposed to the fluid through
the removed or uncovered area C of the tube 100. As
illustrated in FIG. 1E, the manifold 100 may be a hollow
cylinder and predetermined removed area C of the tube
102 may be adjacent to an inner-bottom curved surface
(D) of the manifold 100. Further, the predetermined re-
moved area C may have a curved profile corresponding
to a profile of the inner-bottom curved surface D of the
manifold 100.

[0047] Referring to FIGs. 1A and 1B, one of the flat
walls 102 of the first section 100-1 of the tube 100 within
the manifold are at least partially removed such that the
wall 102 has a varying height across the width of tube
100 and has portions with a height that is less than the
height of wall 104, thereby laterally exposing the inlet
ports associated with the channels 108 within the mani-
fold to the fluid of the manifold. As illustrated in FIG. 1B,
a predetermined area (A) of the wall of the first section
100-1 of the tube 100 is removed such that the bottom
base A’ of the predetermined area A remains horizontally
oriented with respect to the manifold and the portion of
the flat wall 102 above the bottom base is removed, ex-
posing each of the inlet ports laterally to the fluid of the
manifold. In some embodiments (not shown), both flat
walls 102, 104 of the first section 100-1 of the tube 100
within the manifold can be removed or shaved off to lat-
erally expose the inlet ports to the fluid within the inlet
manifold 202..

[0048] Referring to FIGs. 1C and 1D, a top portion B
of the first section 100-1 of the tube 100 within the man-
ifold is trimmed off such that a top edge of the trimmed
tube 100 is oriented substantially along a horizontal axis,
which laterally exposes the inlet ports associated with
the channels 108 within the manifold 202 to the fluid of
the manifold 202. As illustrated in FIG. 1D, a predeter-
mined portion B of the first section 100-1 of the tube 100
is timmed off such that the top edge of the trimmed tube
100 is substantially horizontally oriented with respect to
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the manifold, and the remaining portion 100-2 of the tube
100 below the flat top edge remains untouched, which
exposes each of the inlet ports laterally to the fluid of the
manifold 202.

[0049] Referring to FIGs. 2 and 3, an exemplary em-
bodiment of the evaporator 200 having a downward fluid
flow configuration is illustrated. The evaporator 200 in-
cludes an inlet manifold 202 (also known as inlet header)
and an outlet manifold 204 (also known as outlet header),
which may preferably be configured horizontally over a
support structure 206 at the same elevation, however, in
other embodiments, the inlet manifold 202 may also be
positioned at an elevated height above the outlet mani-
fold 204. Further, the evaporator 200 includes a plurality
of tubes 100 that are already described in detail in con-
nection with FIGs. 1A to 1D, which are in fluidic commu-
nication with the inlet manifold 202 and the outletmanifold
204. The tubes 100 may be equally spaced. The tubes
100 extend parallelly, with one end (first end) of the tube
100 disposed of within the inlet manifold 202 and the
other end extending out of the inlet manifold 202 at a
predefined angle and further connected to and disposed
in the outlet manifold 204.

[0050] Referring to FIG. 1E, a predetermined area C
of the wall (first wall and/or second wall) at the bottom
end of the first section 100-1 of the tube 100 may be
removed or kept uncovered as shown in FIG. 1E, such
that the plurality of channels associated with tube 100 is
exposed to the fluid through the removed or uncovered
area C of the tube 100. The predetermined removed area
C may be adjacent to an inner-bottom curved surface (D)
within the manifold 100. Further, the predetermined area
C may have a curved profile corresponding to the profile
of the inner-bottom curved surface D of the manifold 100.
[0051] The manifolds 202, 204 are preferably made up
of cylindrical, aluminum tubing/housing having aluminum
braze cladding on its exterior surface, however, the man-
ifolds may also have a square, rectangular, hexagonal,
octagonal, or other polygonal cross-section. On their fac-
ing sides, the manifolds 202, 204 are provided with a
series of generally parallel slots or openings for the re-
ceipt of the corresponding first ends of the tubes 100,
such that a first end or a first section 100-1 as shown in
FIG. 1B to 1E are located within the manifolds 202, 204.
The tubes 100 are preferably formed of extruded alumi-
num. The manifolds 202, 204 are preferably welded or
brazed with the tubes 100. Further, each of the manifolds
202, 204 is provided with substantially spherical domes
between adjacent tubes 100 to improve the pressure re-
sistance of the manifolds. The manifold has opposite
ends closed by caps brazed or welded thereto. The var-
ious components may be brazed together, and accord-
ingly, in the usual case, brazing is employed to fasten
the caps on opposite ends of the manifold. Similarly, fit-
tings such as a vapor inlet/outlet fitting 212 may also
brazed to one end of the 202, 204 manifold.

[0052] Further, the evaporator 200 includes heat dis-
sipating fins 214 of brazed clad aluminum extending par-
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allelly between adjacent tubes 100. The fins 214 facilitate
the exchange of heat between the fluid flowing through
the tubes 100 and air flowing across the tubes 100 of the
evaporator 200. Besides, the fins 214 also provide struc-
tural support and rigidity to the tubes 100 as well as the
evaporator 200.

[0053] In one embodiment, as shown in FIG. 2, the
evaporator 200 is a V-coil arrangement evaporator 200
having the inlet manifold 202 and the outlet manifold 204
oriented horizontally in the same plane over the support
structure 206. Further, tubes 100 protrude from the inlet
manifold 202 making an acute angle from the plane of
the inlet manifold 202 in a downward direction and further
extending in an upward direction at the same acute angle
into the outlet manifold 204, such that the V-coil arrange-
ment of the tubes 100 having a bend at bottom mid-point
of the tubes 100 is formed. The bend at the bottom of
tube 100 results in the formation of an apex at the ap-
proximate midpoint of the V-shaped tubes 100. The apex
is below the plane defined by the manifolds. Further, a
condensate trough 208 is attached along the apex or
bend of the tubes 100 by fasteners, extending along an
axis parallel to the longitudinal axis of the manifolds 202,
204. Trough 208 is configured to collect condensate
formed in the tubes 100 and the V-coil arrangement fa-
cilitates an easier flow of condensate towards the bottom
trough 208. The trough 208 may be further provided with
one or more condensate outlet fittings 216 to remove the
collected condensate.

[0054] Duringoperation,a compressorassociated with
the evaporator 200 circulates hot, high-pressure refrig-
erant vapor through a refrigerant line into the inlet man-
ifold 202 of the evaporator 200, and thence through the
tubes 100 of the evaporator 200 where the hot refrigerant
vapor condenses to a liquid as it passes in a heat ex-
change relationship with a cooling fluid, such as ambient
air which is passed over the by a fan (not shown). The
high-pressure, liquid refrigerant collects in the outlet
manifold 204 of evaporator 200 and is then supplied back
through the refrigerant line into the inlet manifold 202 of
evaporator 200. As the high-pressure condensed refrig-
erant liquid passes through the refrigerant line from the
outlet manifold 204 of the evaporator 200 to the inlet man-
ifold 202 of the evaporator 200, it traverses through a
thermostatic expansion valve (TXV) 210. In the TXV 210,
the high-pressure, liquid refrigerant is partially expanded
either to lower pressure, liquid refrigerant, or, more com-
monly, to a low-pressure liquid/vapor refrigerant mixture.
The vapor phase refrigerant, being less dense than the
liquid phase refrigerant, naturally tend to separate and
migrate upwardly within the inlet manifold 202 and collect
above the level of the liquid phase refrigerant within the
inlet manifold 202. Because the first end or inlet ports of
tubes 100 open into the inlet manifold 202 through the
bottom, therefore, the inlet ports of channels 108 of the
tubes 100 will open beneath the surface of the liquid
phaserefrigerant. Therefore, gravity assists in evenly dis-
tributing the liquid refrigerant collected within the inlet
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manifold 202 amongst the multiple channels 108 of the
plurality of tubes 100 disposed within the inlet manifold
202. Besides, as all the inlet ports of each tube 100 are
exposed laterally to liquid refrigerant within the inlet man-
ifold 202, the refrigerant is evenly received by all the
channels 108 of the tubes 100.

[0055] It should be obvious to a person skilled in the
art that while FIG, 2 and some embodiments have been
elaborated for the V-coil arrangement evaporator for the
sake of simplicity and better explanation purpose, how-
ever, the teachings are equally applicable for other evap-
orators having downward fluid flow configuration such as
N-coil evaporator, J-coil evaporator, U-coil evaporator,
and the like, and all such embodiments are well within
the scope of the invention.

[0056] Referring to FIG. 4, method 400 for enabling
even distribution of fluid across inlet ports of tubes within
an inlet manifold of an evaporator is illustrated. Method
400 comprises step 402 of removing a predetermined
area of a first wall and/or a second wall of each of the
tubes, where the predetermined removed area is at a
predefined distance below a first end of the tubes and
adjacent to an inner-bottom surface of the manifold.
Method 400 further comprises step 404 of disposing the
first end of the tubes within the inlet manifold such that
a first section of each of the tubes at the first end as well
as the removed area remains disposed of within the inlet
manifold. The first end of the tube is disposed of within
the manifold such that the flat wall or opposite walls of
the tube orients perpendicular to a longitudinal axis of
the inlet manifold in the direction of the incoming fluid
within the manifold. In one or more embodiments, at step
402,thea predetermined area of the first wall and/or sec-
ond wall of the tube at a bottom end the first section of
the tube may be removed as shown in FIG. 1E, prior to
disposing of the first section of the tube within the inlet
manifold such that the predetermined removed area re-
mains within the manifold at the bottom end of the first
section of the tubes, adjacent to the inner-bottom surface
of the manifold, to expose the plurality of channels of the
tubes to a fluid present in the manifold via the predeter-
mined removed area. In one or more embodiments, at
step 406, the top portion of tube may be trimmed off as
shown in FIG. 1C and 1D, prior to disposing of the first
end of tube within the inlet manifold, such that the inlet
ports associated with each tube are exposed laterally to
the fluid within the inlet manifold.

[0057] It should be obvious for a person skilled in the
art that step 404 of disposing the first section of the tubes
of the evaporator within the inlet manifold may also be
done prior to step 402 of removing predetermined area
of the wall of each tube, however, it is preferable to per-
form the step 402 of removing the predetermined area
to expose the channels of each tube, followed by step
403 of disposing the first section of the tubes of the evap-
orator within the inlet manifold.

[0058] Inone embodiment, method 400 may comprise
step of laterally exposing the inlet ports of the tubes by
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at least partially removing at least one wall of the first
section of each of the tubes. A predetermined area (area
‘A’ of FIG. 1B) of the wall of the first section of the tube
is removed tube such that the bottom of the predeter-
mined area remains horizontally oriented and rest portion
of the flat wall above the bottom is removed, which ex-
poses each of the inlet ports laterally to the fluid of the
manifold.

[0059] Thus, the tube, evaporator, and method dis-
closed herein overcomes the drawbacks, limitations, and
shortcomings associated with existing technologies by
enabling even distribution of fluid or refrigerant across
ports of the tubes within the inlet manifold of downward
fluid flow evaporators, thereby preventing the formation
of a pool of fluid within the inlet manifold.

[0060] Whiletheinvention hasbeen described with ref-
erence to exemplary embodiments, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention
as defined by the appended claims. Modifications may
be made to adopt a particular situation or material to the
teachings of the invention without departing from the
scope thereof. Therefore, itis intended that the invention
not be limited to the particular embodiment disclosed,
but that the invention includes all embodiments falling
within the scope of the invention as defined by the ap-
pended claims.

[0061] Ininterpreting the specification, all terms should
be interpreted in the broadest possible manner consist-
ent 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 re-
fer 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.

Claims

1. A microchannel tube for a manifold of an evaporator
having a V-coil configuration, the microchannel tube
comprising:

a hollow member defining a shape of the tube
and comprising a plurality of channels therewith-
in and extending parallelly between a first end
and a second end of the hollow member;
wherein,

the firstend of the tube is adapted to be disposed
of within the manifold such that a first section of
the tube atthe first end remains disposed of with-
in the manifold and the tube protrudes at a pre-
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defined angle in a downward direction from the
inlet manifold, and

a predetermined area of a first wall and/or a sec-
ond wall of the first section of the tube, at a bot-
tom end of the first section, is removed such that
the plurality of channels of the tube are exposed
to a fluid present in the manifold via the prede-
termined removed area.

The microchannel tube of claim 1, wherein the man-
ifold is a hollow cylinder, wherein the predetermined
removed area is adjacent to an inner-bottom curved
surface of the manifold; and/or wherein the prede-
termined removed area has a curved profile corre-
sponding to profile of the inner-bottom curved sur-
face of the manifold.

The microchannel tube of claim 1 or 2, wherein at
least a portion of the first end of the tube is trimmed
off such that a top edge of the trimmed tube is ori-
ented horizontally, which laterally exposes the inlet
ports to the fluid within the manifold.

The microchannel tube of claim 1, 2 or 3, wherein
the microchannel tube has a flat profile, wherein the
first wall and the second wall of the tube are flat.

The microchannel tube of any preceding claim,
wherein the tube comprises one or more partition
walls extending between the first wall and the second
wall of the tube, such that the plurality of channels
is created between the adjacent partition walls within
the tube.

The microchannel tube of any preceding claim,
wherein the tube is inclined at the predefined angle
from a longitudinal axis of the manifold, and wherein
the first wall of the tube faces a fluid inlet side of the
inlet manifold and the second wall of the faces a side
opposite to the fluid inlet side of the inlet manifold.

A downward flow configuration evaporator compris-
ing:

an inlet manifold;

an outlet manifold; and

a plurality of microchannel tubes fluidically con-
figured between the inlet manifold and the outlet
manifold in a downward flow configuration such
that the tubes protrude at a predefined angle in
a downward direction from the inlet manifold,
wherein each of the tubes is a hollow member
comprising a plurality of channels therewithin
and extending parallelly between opposite ends
within the hollow member;

wherein,

a first end of each of the tubes is adapted to be
disposed of within the inlet manifold such that a
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first section of each of the tube at the first end
remains disposed of within the inlet manifold,
and

a predetermined area of a first wall of the first
section of the tube, at a bottom end of the first
section, is removed such that the plurality of
channels of each of the tubes are exposed to a
fluid present in the manifold via the predeter-
mined removed area.

The evaporator of claim 7, wherein the evaporator
is in a downward fluid flow configuration having a V-
coil arrangement.

The evaporator of claim 7 or 8, wherein the manifold
is a hollow cylinder, wherein the predetermined re-
moved area is adjacent to an inner-bottom curved
surface of the manifold; and/or wherein at least a
portion of the first end of each of the tubes is trimmed
off to laterally expose the inlet ports associated with
each of the tubes to the fluid of the inlet manifold.

The evaporator of claim 7, 8 or 9, wherein the evap-
orator comprises a plurality of heat dissipating fins
extending between adjacent tubes among the plu-
rality of tubes; and/or wherein the plurality of tubes
are spaced apart by a predefined distance along a
length of the inlet manifold.

The evaporator of any of claims 7 to 10, wherein the
microchannel tube is a flat tube, and wherein the first
wall of the tube faces a fluid inlet side of the inlet
manifold and the second wall of the faces a side op-
posite to the inlet side of the inlet manifold; and/or
wherein the flat wall of each of the tubes is oriented
perpendicular to a longitudinal axis of the inlet man-
ifold.

The evaporator of any of claims 7 to 11, wherein the
inletmanifold is a cylindrical housing having an open-
ing at the fluid inlet side of the cylindrical housing,
wherein the inlet manifold is configured to receive
the fluid via the opening.

A method for enabling even distribution of a fluid
across inlet ports of tubes within an inlet manifold of
an evaporator having a downward flow configura-
tion, the method comprising the steps of:

removing a predetermined area of a first wall
and/or a second wall of each of the tubes, where-
in the predetermined reoved area is at a prede-
fined distance below a first end of the tubes; and
disposing the first end of the tubes within the
inlet manifold of the evaporator such that a first
section of the tubes at the first end and the pre-
determined removed area remain within the inlet
manifold and the tubes protrude from the inlet
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14.

15.

manifold in a downward direction making a pre-
defined angle from a plane of the inlet manifold,
wherein the first end of each of the tubes is dis-
posed within the inlet manifold such that the pre-
determined removed area remains within the
manifold at a bottom end of the first section of
the tubes to expose the plurality of channels of
the tubes to a fluid present in the manifold via
the predetermined removed area.

The method of claim 13, wherein the manifold is a
hollow cylinder, wherein the predetermined area of
the firstwall and/or the second wall of the first section
of the tubes, adjacent to an inner-bottom curved sur-
face of the manifold; preferably wherein the prede-
termined removed area has a curved profile corre-
sponding to profile of the inner-bottom curved sur-
face of the manifold.

The method of claim 13 or 14, wherein the method
comprises the step of laterally exposing the inlet
ports of the tubes by trimming off at least a portion
of the first end of each of the tubes such that a top
edge of the trimmed tubes is oriented horizontally.
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REMOVING A PREDETERMINED AREA OF A FIRST WALL AND/OR A SECOND WALL OF EACH
OF THE TUBES, WHEREIN THE PREDETERMINED REMOVED AREA 1S AT A PREDEFINED
DISTANCE BELOW A FIRST END OF THE TUBES

DISPOSING THE FIRST END OF THE TUBES WITHIN THE INLET MANIFOLD OF THE
EVAPORATOR SUCH THAT A FIRST SECTION OF THE TUBES AT THE FIRST END AND THE
PREDETERMINED REMOVED AREA REMAIN WITHIN THE INLET MANIFOLD AND THE TUBES

PROTRUDE FROM THE INLET MANIFOLD IN A DOWNWARD DIRECTION MAKING A

PREDEFINED ANGLE FROM A PLANE OF THE INLET MANIFOLD

TRIMMING OFF AT LEAST A PORTION OF THE FIRST END OF EACH OF THE TUBES SUCH
THAT A TOP EDGE OF THE TRIMMED TUBES IS ORIENTED HORIZONTALLY
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