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(57) Amicrotube heat exchanger for cooling or heat-
ing fluid of a heat exchange system, the microtube heat
exchanger comprising a tube stack comprising a plurality
ofmicrotubesextendingbetweena first endandasecond
end. Themicrotube heat exchanger also comprisesa first
header including a first header surface provided at the
first end of the tube stack, and wherein the first header is
configured to provide a refrigerant fluid to the tube stack
in a first direction; and a second header including a

second header surface provided at the second end of
the tube stack, and wherein the second header is con-
figured toprovide the refrigerant fluid to the tubestack ina
second direction. The first header surface comprises a
first surface, a second surface larger than the first sur-
face, and a third surface larger than the second surface,
wherein thesecondsurface isat least 25% larger than the
first surface, andwherein the third surface is at least 15%
larger than the second surface.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing
date of U.S. Provisional Application Serial No.
63/190,843, filed onMay20, 2021andentitled "REFRIG-
ERANT HEAT EXCHANGERWITH INTEGRAL MULTI-
PASS AND FLOWDISTRIBUTION TECHNOLOGY", as
well as the entire disclosure of which is hereby incorpo-
rated by reference into the present disclosure.

FIELD OF THE INVETION

[0002] The present disclosure relates to microtube
heat exchangers. More particularly, the disclosure is
most directly related to microtube heat exchangers with
headers enabling efficientmulti-path refrigerant fluid flow
passes.

BACKGROUND

[0003] In traditional heat exchangers, the refrigerant
fluid entry passageway, such as the hose or tubing lead-
ing to a point of entry into the heat exchanger header, has
a total cross-sectional area that is smaller than the total
cross-sectional area of the channels in the heat exchan-
ger summed together. For example, one entry tube into
an aerospace refrigerant microtube heat exchanger
might have a cross-sectional area that is 1/10th the area
of all microtubes summed together.
[0004] Refrigerant vapor occupies a disproportionate
fraction of available volume immediately following the
expansion valve when the working fluid separates into
twophases (liquid andvapor) during freeexpansion. This
vapor hinders the working liquid from freely entering all
heat exchanger channels with uniform distribution. Re-
frigerant vapor adds little value to evaporator heat ex-
changer performance. Refrigerant vapor absorbs negli-
gible heat in an evaporator as the bulk of heat exchange
occurs during refrigerant phase change from liquid to
vapor (evaporator) or vapor to liquid (condenser).
[0005] Traditional refrigerant fluid distribution technol-
ogy often employs a mixing device or orifice to combine
separated two-phase vapor-liquids together and trans-
port via several passageways to the heat exchanger.
Some technologies introduce the separated two-phase
fluid into an open heat exchanger header, thus further
exacerbating the issue with additional expansion and
separation. This non-uniform, non-homogenousdistribu-
tion reduces the overall efficiency of the heat exchanger.
Furthermore, current conventional technologies are lim-
ited in the number of possible inlet passageways. Such
conventional technology cannot be used when a heat
exchanger contains thousands of microtubes.
[0006] Traditionally, there isnogeometryor technology
within the heat exchanger headers to solve the issue of
refrigerant, which is sensitive to sudden expansion and

sudden contraction flow distributions, entering the head-
er and spreading poorly, which creates a regional loss in
efficiency. As the refrigerant enters the larger volume of
the heat exchanger header, further separation of the two-
phase refrigerant within the header often occurs. This
separation reduces the overall efficiency of the heat
exchanger.
[0007] Therefore, despite the well-known characteris-
tics of heat exchanger headers, there are still substantial
and persistent unresolved needs for improving fluid flow
through a microtube heat exchanger to reduce or elim-
inate the two-phase separation of the working fluid to
improve the overall efficiency of the heat exchanger.

SUMMARY

[0008] The innovations of the disclosed embodiments
improve the headers in heat exchanger assemblies by
incorporating geometries for highly efficient flow man-
agement. This technology ensures the microtube heat
exchanger functional cross-sectional area is divided into
sections that are nearly identical to the cross-sectional
area of the entry port of the system leading into the
header. The similar cross-sectional area technology in-
corporated into the microtube heat exchanger header
improves the unwanted large-scale two-phase separa-
tion within the header, i.e., helps to reduce or eliminate
the separation of the phases such that the working fluid
remains more homogenous, thus driving higher overall
efficiency of the microtube heat exchanger.
[0009] Systems that typically incorporate heat exchan-
gers, such as, for example, systems in the aerospace
industry, are evolving to also incorporate more computer
technology and advanced electronics which require sub-
stantial additional cooling. As a result, there is a demand
for developments in cooling system heat exchanger
technology to achieve better efficiency ratingswhilemini-
mizing weight. In light of the present disclosure, higher
efficiency is achievable by minimizing refrigerant phase
change in heat exchanger headers while maximizing
phase change within the microtubes themselves, result-
ing in better heat transfer. This is due tomoremicrotubes
having liquid flow rather than only vapor, i.e., a more
uniform distribution of liquid refrigerant from the header
to themicrotubes. Additionally, themethodsand systems
described herein effectively eliminate the need for a
mixing device, thus heat efficiency demands are
achieved without an increase in weight or induced pres-
sure drop from a mixing orifice.
[0010] In one embodiment, the geometry incorporates
internal tubes, channels, or passageways in the micro-
tube heat exchanger headers in order to maintain the
same cross-sectional area of the inlet throughout the
entire flow path of several back and forth passes to the
outlet. The internal tubes further provide a gentle U-turn
between consecutive passes through the multi-pass mi-
crotubeheatexchanger tominimizedetrimental pressure
losses. Major pressure losses, due to expansion or tor-
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tuous flow paths, contribute to phase separation of the
working fluid and ultimately add to heat exchanger in-
efficiencies. The gentle transition of the U-turns also
helps minimize any sudden expansion or contraction of
the two-phase refrigerant for each pass.
[0011] Other embodiments incorporate geometric var-
iations to obtain the gentle U-turn. For example, one
embodiment could be adapted to fit as an insert into a
header and uses the internal passageways to obtain the
gentle U-turn. Another similar embodiment could be
adapted to fit as a header onto the heat exchanger;
however, it integrates the insert into the header form.
[0012] In another embodiment, a header endcap insert
is adapted to fit inside the heat exchanger header at both
the inlet side and outlet side. This embodiment incorpo-
ratesparticular concavegeometries toachieve thegentle
U-turn. Although, the concavitymay not be as efficient as
the internal passageways, the functionality of the gentle
U-turn geometry is maintained.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0013]

Fig. 1 illustrates amicrotube heat exchanger accord-
ing to an embodiment of this disclosure with a re-
presentation of the working fluid flow path also illu-
strated.

Fig. 2A illustrates a front perspective view of an inlet
header insert of themicrotubeheat exchanger ofFig.
1.

Fig. 2B illustrates a rear perspective view of the inlet
header of Fig. 2A.

Fig. 3 illustrates a front perspective view of an outlet
header insert of themicrotubeheat exchanger ofFig.
1.

Fig. 4 illustrates a view of tube stack end cap of the
microtube heat exchanger of Fig. 1.

Fig. 5 illustrates a perspective view of the inlet head-
er of Fig. 2 with the gasket removed.

Fig. 6 illustrates a perspective view of the inlet head-
er of Fig. 2 in which the header body is transparent to
illustrates internal flow channels of the inlet header.

Fig. 7 illustrates a front viewof the inlet header of Fig.
2 with the gasket removed.

Fig. 8 illustrates a perspective cross-sectional view
taken along line A-A of Fig. 7

Fig. 9 illustratesaperspectivecross-sectionviewofa
header.

Fig. 10 illustrates a heat exchanger, according to
another embodiment of this disclosure.

Fig. 11 illustrates a perspective view of an inlet head-
er insert of the heat exchanger of Fig. 10.

Fig. 12 illustrates a perspective view of an outlet
header insert of the heat exchanger of Fig. 10.

Fig. 13 illustrates enhanced views of the refrigerant
inlet andoutlet sidesof theheat exchanger ofFig. 10.

Fig. 14 illustrates a front view of the inlet header of
Fig. 11 with the gasket removed and with a corre-
sponding illustration for explaining various surface
areas of the inlet header.

Fig. 15 illustrates afront view of the outlet header of
Fig. 12 with the gasket removed and with a corre-
sponding illustration for explaining various surface
areas of the outlet header.

Fig. 16 illustrates a tube stack end plate of the heat
exchanger of Fig. 10.

Fig. 17 illustrates a tube stack according to an em-
bodiment of this disclosure.

Fig. 18 is a flowchart illustrating amethod of circulat-
ing a refrigerant fluid through a heat exchanger,
according to an embodiment of this disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBO-
DIMENTS

[0014] The following descriptions relate to presently
preferred embodiments and are not to be construed as
describing limits to the invention, whereas the broader
scope of the invention should instead be considered with
reference to the claims, which may be now appended or
may later be added or amended in this or related applica-
tions. Unless indicated otherwise, it is to be understood
that terms used in these descriptions generally have the
same meanings as those that would be understood by
persons of ordinary skill in the art. It should also be
understood that terms used are generally intended to
have the ordinary meanings that would be understood
within the context of the related art, and they generally
should not be restricted to formal or ideal definitions,
conceptually encompassing equivalents, unless and
only to the extent that a particular context clearly requires
otherwise.
[0015] For purposes of these descriptions, a fewword-
ing simplifications should also be understood as univer-
sal, except to the extent otherwise clarified in a particular
context either in the specification or in particular claims.
Theuseof the term"or" shouldbeunderstoodas referring
to alternatives, although it is generally used to mean
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"and/or" unless explicitly indicated to refer to alternatives
only, or unless the alternatives are inherently mutually
exclusive. When referencing values, the term "about"
may be used to indicate an approximate value, generally
one that could be read as being that value plus or minus
half of the value. "A" or "an" and the likemaymean one or
more, unless clearly indicated otherwise. Such "one or
more" meanings are most especially intended when
references are made in conjunction with open-ended
words suchas "having," "comprising" or "including." Like-
wise, "another" objectmaymean at least a second object
or more.
[0016] The following descriptions relate principally to
preferred embodiments while a few alternative embodi-
ments may also be referenced on occasion, although it
should be understood that many other alternative embo-
dimentswouldalso fallwithin the scopeof the invention. It
should be appreciated by those of ordinary skill in the art
that the techniques disclosed in these examples are
thought to represent techniques that function well in
the practice of various embodiments, and thus can be
considered to constitute preferred modes for their prac-
tice. However, in light of the present disclosure, those of
ordinary skill in the art should also appreciate that many
changes can be made relative to the disclosed embodi-
mentswhile still obtaining a comparable function or result
without departing from the spirit and scope of the inven-
tion.
[0017] Fig. 1 illustrates a heat exchanger 100 of the
present disclosure. The intended flowpath of theworking
fluid cooled or heated by the heat exchanger is illustrated
traveling into and out of the heat exchanger 100 with
arrows 10a, 10b. Theworking fluid, which is also referred
to herein as the refrigerant fluid, can be any suitable fluid
used for heat exchange purposes, such as a refrigerant,
water, or gasses. In preferred embodiments of the pre-
sent disclosure, the working fluid is R134a refrigerant;
however, those of skill in the art will appreciate that other
refrigerant types with similar properties could also be
used. Heat exchanger 100 is shown with refrigerant fluid
flow arrows 1p, 2p, 3p, 4p, 5p illustrating multiple passes
of the refrigerant fluid through heat exchanger tube stack
assembly 150. Accordingly, as will be discussed in great-
er detail below, headers 200, 250 enable heat exchanger
100 to be classified as a multi-pass heat exchanger.
[0018] Heat exchanger tube stack assembly 150 con-
tains a plurality of microtubes 152. In some embodi-
ments, the tube stack assembly 150 may incorporate
dozens, hundreds, or even thousands of the microtubes
152. An external fluid flows past an outer surface of the
plurality of microtubes 152 ("shell-side") to cool or heat
the refrigerant fluid flowing internally through the plurality
of microtubes 152 ("tube-side"). In liquid-cooled heat
exchangers, the external fluid is a liquid, such as for
example water or a coolant in some embodiments. In
gas-cooled heat exchangers, the external fluid is a gas,
such as for example air in some embodiments. Micro-
tubes 152 each have an inner diameter (ID) that are

measurable on a micrometer scale. For examples, in
some preferred, each microtubes 152 has an ID of sub-
stantially 0.018 inch, and outer diameter (OD)
0.02‑0.1inch, and a wall thickness of 0.0017‑0.01 inch.
Those with skill in the art will understand that microtubes
152 can have IDs, ODs, and wall thicknesses less or
greater than what has been described without departing
from the scope of this disclosure. As previously dis-
cussed, in some embodiments of the disclosure, there
are several thousand of microtubes 152 in tube stack
150.Forexample, in oneembodiment, the tubestack150
has 6,700 microtubes 152. In some embodiments, there
are 700‑1,100 tubes 152 per square inch of end plate
160, 170. Each tube 152 can be made from any of a
number of commonly used methods, such as by being
rolled and seam-welded or extruded. In some embodi-
ments, tubes 152 are made from stainless steel alloys,
such as 304 stainless steel or 316 stainless steel, for
example. However, microtubes can bemade from any of
a number ofmaterials, such as, for example, super alloys
(such as Inconel), titanium, or aluminum.
[0019] Each end of each of the plurality of microtubes
152 is coupled with a tube stack end plate 160, 170. The
ends of each microtube 152 can be coupled to the re-
spective end plate 160, 170 by any of a number of
coupling methods, such as brazing, welding, or bonding.
[0020] Disposed adjacent to an outer surface of the
end plates 160, 170 are header inserts 200 and 250,
illustrated in Figs. 2A, 2B and 3. Header 200 is an inlet
side header and header 250 is an outlet side header. The
header insert 200 is disposedwithin heat exchanger inlet
housing 130, and header insert 250 is disposed within
heat exchanger outlet housing 140. Housings 130, 140
and secured to a heat exchanger main body 120 with
fasteners 11, such as screws, which seals headers 200,
250 against their respective tub stack end plates, 160,
170. In some embodiments, header inserts 200, 250 are
panels that fit within their respective housing 130, 140.
Headers 200, 250 are referred to as inserts because they
are separate from their respective housings 130, 140 are
removably coupled with the housing 130, 140. For liquid
heat exchangers, the headers are assembled into a
housing unit that encloses the heat exchanger. For air
heat exchangers, the headers are fastened directly to the
heat exchanger. It should be noted that other similar
fastening methods can be used, however, any fastening
method associated with heat exchangers or pressure
vessels are candidates for the applications of the present
disclosure.
[0021] Inlet header 200 has a header body 202 and an
inner-facing surface 201 configured to face the adjacent
end plate 160 and the tube stack 150. Surface 201 is
segregated into a plurality of separate surfaces
201a‑201e by gasket 214. Gasket 214 is disposed on
the perimeter of the surfaces to prevent intermingling or
cross-contamination of the various refrigerant fluid
passes 1p‑5p, as will become evident when the flow path
is discussed in greater detail below. Gasket 214 is dis-
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posed in a gasket groove 212 of header body 202, which
projects outward from surfaces 201a‑201e on raised
edge 211 toward the end plate 160 to sufficiently segre-
gate the surfaces. Gasket 214 seals against end plate
160 and thus defines the passes 1p‑5p previously dis-
cussed and which of some of the plurality of microtubes
152are included in eachpass 1p‑5p.Gasket 214 ismade
from a rubber or elastomeric material. Gasket 214 is
preferably constructed of an elastomeric material, rub-
ber, or other materials that is compatible with the working
fluid. A material being described as compatible means
that the material’s properties are not compromised upon
contact with the working fluid. Non-compatible materials
may swell or deteriorate while continuously exposed to
the working fluid. For the purposes of describing the
current disclosure, the header insert 200 and gasket
214 material are both compatible with common refriger-
ants, such as R134a. In various embodiments of this
disclosure, gasket 214 ismade froma nitrile rubber, such
as for example Buna-N or anM-Class rubber, such as for
example ethylene propylene diene monomer (EPDM)
rubber. Those of skill in the art will appreciate that the
various types of compatible material or working fluids
described hereinmay be used depending on the applica-
tion of the present disclosure.
[0022] Each surface 201a‑201e also includes at least
one associated port 204a‑204e. As illustrated, each sur-
face 201b, 201c, 201de, 201e includes four ports 204b,
204c, 204d, 204e, and surface 201a includes one port
204a.Aswill bediscussed in greater detail below, various
ports 204a‑204e are strategically interconnected within
an interior of header body 202 to allow refrigerant fluid to
be transferred between ports 204a‑204e. As illustrated,
curved surfaces provide for smooth transition between
surfaces 201a‑201e and the associated ports
204a‑204e. The smooth transitions allow for gentler
and less turbulent fluid flow between ports 204a‑204e
and tube stack 150, as will be discussed in greater detail
below,which in turn reduces thepressure dropof the fluid
flowand reduces thechanceofaphasechangeoccurring
within header 200.
[0023] Header 250 has features analogous to those of
header 200. Specifically, header 250 is header 200 ro-
tated at 180 degrees. Outlet header 250 has a header
body 252 and an inner-facing surface 251 configured to
face the adjacent end plate 170 and the tube stack 150.
Surface 251 is segregated into a plurality of separate
surfaces 251a‑251e by gasket 264. Gasket 264 is dis-
posed in a gasket groove 262 of header body 252, which
projects outward from surfaces 251a‑251e on raised
edge 261 towards end plate 170 to sufficiently segregate
the surfaces.Gasket 264 seals against endplate 170and
thus defines the passes 1p‑5p previously discussed and
thus which of the plurality of microtubes 152 are included
in each pass 1p‑5p.Gasket 264 is substantially the same
as gasket 214 previously discussed and can be made
from the same materials as gasket 214. Each surface
201a‑201e also includes at least one associated port

254a‑254e. As will be discussed in greater detail below,
various ports 254a‑254e are strategically interconnected
within an interior of header body 252 to allow refrigerant
fluid to be transferred between ports 204a‑204e. Outlet
port 256 is configured tobe coupledwith outlet port 142of
outlet housing 140 and is substantially the same as inlet
header 206 previously described.
[0024] Referencing Figs. 1‑3, the flow path of refriger-
ant fluid traveling through heat exchanger 100 can be
understood and will be described below. The refrigerant
fluidenters heat exchanger100at an inlet port 206of inlet
header 200 which is coupled with an inlet port of 132 of
housing 130. Inlet port 206 is fluidly coupled with port
204a, as will be shown in detail below, and refrigerant
fluid is transferred to port 204a. The refrigerant fluid is
then expelled from port 204a toward the tube stack 150.
The fluid exiting port 204a enters a first group of micro-
tubes 152a of the microtubes 152. The first group of
microtubes 152a are microtubes that have ends fluidly
coupledwith surfaces 201a and 251a due to gaskets 214
and 264 being sealed against end plates 160, 170. The
fluid then travels through microtubes 152a (along path
1p) and is discharged against surface 251a, where the
fluid is received by ports 254a. As will be described in
greater detail below, ports 254a are interconnected with
ports 254b, and the fluid is transferred from ports 254a to
ports 254b. The refrigerant fluid is then expelled from
ports 254b toward the tube stack 150. The fluid exiting
port 254b enters a second group of microtubes 152b of
the microtubes 152. The second group of microtubes
152b are microtubes that have ends fluidly coupled with
surfaces 201b and 251b due to gaskets 214 and 264
being sealed against end plates 160, 170. The fluid then
travels through microtubes 152b (along path 2p) and is
discharged against surface 201b, where the fluid is re-
ceived by ports 204b. As will be described in greater
detail below, ports 204b are interconnected with ports
204c, and the fluid is transferred from ports 204b to ports
204c. The refrigerant fluid is then expelled from ports
204c toward the tube stack 150. The fluid exiting port
204c enters a third group of microtubes 152c of the
microtubes 152. The third group of microtubes 152c
are microtubes that have ends fluidly coupled with sur-
faces 201c and 251c due to gaskets 214 and 264 being
sealed against end plates 160, 170. The fluid then travels
through microtubes 152c (along path 3p) and is dis-
charged against surface 251c, where the fluid is received
byports254c.Aswill bedescribed ingreater detail below,
ports 254c are interconnected with ports 254d, and the
fluid is transferred from ports 254c to ports 254d. The
refrigerant fluid is then expelled from ports 254d toward
the tube stack 150. The fluid exiting port 254d enters a
fourth group of microtubes 152d of the microtubes 152.
The fourth group of microtubes 152d are microtubes that
have ends fluidly coupled with surfaces 201d and 251d
due to gaskets 214 and 264 being sealed against end
plates 160, 170. The fluid then travels through micro-
tubes 152d (along path 4p) and is discharged against
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surface 201d, where the fluid is received by ports 204d.
As will be described in greater detail below, ports 204d
are interconnected with ports 204e, and the fluid is
transferred fromports 204d to ports 204e. The refrigerant
fluid is then expelled from ports 204e toward the tube
stack 150. The fluid exiting ports 204e enters a fifth group
ofmicrotubes 152e of themicrotubes 152. The fifth group
of microtubes 152e aremicrotubes that have ends fluidly
coupledwith surfaces 201e and 251e due to gaskets 214
and 264 being sealed against end plates 160, 170. The
fluid then travels through microtubes 152e (along path
5p) and is discharged against surface 251e, where the
fluid is received by port 254e. Port 254e is fluidly coupled
with an outlet port 256 of header 250, and the fluid is
expelled from heat exchanger 100 via outlet port 256 to
an outlet port 142 of outlet housing 140.
[0025] Fig. 4 illustrates thesurfaceofendplate160 that
gasket 214 seals against. End plate has a plurality of
holes 162, each hole aligned with one of the plurality of
microtubes152so that refrigerant fluid canpassbetween
the header 200 and the 152 via the holes 162. The
dashed lines illustrate where gasket 214 seals against
end plate 160, in addition to seal around the outer edge of
end plate 160. From this view, it can be understood how
the gasket 214 segregates the microtubes 152 into the
separate groups of microtube 152a‑152e. Each hole
162a is coupled with a microtube 152a of the first group
of microtubes. Each hole 162b is coupled with a micro-
tube 152b of the second group of microtubes. Each hole
162c is coupledwithamicrotube152cof the thirdgroupof
microtubes. Each hole 162d is coupled with a microtube
152d of the fourth group ofmicrotubes. Each hole 162e is
coupled with amicrotube 152e of the fifth group of micro-
tubes. As previously discussed, the microtubes 152 can
be coupled with holes 162 of end plate 160 by any of a
number of coupling methods, such as brazing, welding,
or bonding.
[0026] Those with skill in the art will understand that
end plate 160 ismerely one or various embodiment of the
present disclosure. In other embodiments, the end plate
160 can have smaller and more densely concentrated
holes 162 to accommodate a tube stack 150 with micro-
tubes162ofa smaller diameter.Aspreviouslydiscussed,
in some embodiments of this disclosure, the tube stack
150 has hundreds or even thousands of microtubes 152,
and thosewith skill in theartwill understand that endplate
160 and end plate holes 162 would be fabricated to
accommodate the associated tube stack 150. Those
within skill in the art will understand that end plate 170
is substantially the same as end plate 160 previously
described. As illustrated, gasket 214 partially covers
some of the holes 162. However, any efficiency loss
due to some of the holes 162 being covered is far out-
weighed by the multi-pass arrangement performance of
heat exchanger 100.
[0027] Fig. 5 illustrates a perspective view of header
200 with gasket 214 removed to expose gasket groove
212. Thosewith skill in the art will understand that header

250 and gasket groove 262 are substantially the sameas
header 200 and gasket 212 illustrated.
[0028] Fig. 6 illustrates a perspective view of header
200, wherein the internal flow passages or channels of
header 200 can be observed. Passage 230 fluidly cou-
ples inlet port 206 and port 204a. There are four pas-
sages 232, each passage 232 fluidly coupling one of the
ports 204b with one of the ports 204c. There are four
passages 234, each of the passages 234 fluidly coupling
one of the ports 204dwith one of the ports 204e. The flow
direction of the working fluid while in selected passage
conduits is represented by dashed arrows. Even though
dashed arrows are used in the present disclosure to
represent flow in a select few flow passage conduits, it
should be evident to those of skill in the art that each
dashedarrowalso represents the flowdirection of all flow
passage conduits, in accordance with the flow path pre-
viously described. The flow passage conduits 230, 232,
234 are also referred to herein as flow channels.
[0029] Despite slight differences in the geometry of the
individual flow passages 230, 232, 234, the cross-sec-
tional area of each flow passage 230, 232, 234 remains
substantially constant. A constant cross-sectional area
maintains a constant volume per unit length of the flow
passage 230, 232, 234. Those of ordinary skill in the art
will know how cross-sectional area affects the overall
volume per unit length. The consistent cross-sectional
area of the flow passages 232, 234 further contributes to
minimizing pressure losses. Additionally, in some embo-
diments, each of the length of each of the four channels
232 is substantially equal to each other, and the length of
each of the channels 234 is substantially equal to each
other, which reduces pressure drop along these U-turns
by maintaining a constant volume and reduces the
chance of phase-change occurring with the header
200. The flow passage 232, 234 geometry depicted
may be referred to as a "gentle U-turn" curve, as it will
be hereinafter, however alternative embodiments may
use other forms of geometry to achieve a similar result.
However, thegentleu-tundepicted is preferred, asgentle
geometries, as opposed to abrupt ones, reduce pressure
drop along the turn.
[0030] Fig. 7 illustrates a front view of header 200. In
some embodiments, the cross-sectional area of each of
ports 204b 204c, 204d, and 204e are equal to each other.
In some embodiments, the sum of the cross-sectional
areasof the four ports204b isequal to thecross-sectional
area of port 204a. In some embodiments, the sum of the
cross-sectional areasof the four ports 204c is equal to the
cross-sectional areaof port 204a. In someembodiments,
the sum of the cross-sectional areas of the four ports
204d is equal to the cross-sectional area of port 204a. In
someembodiments, thesumof thecross-sectional areas
of the four ports 204e is equal to the cross-sectional area
of port 204a. That is to say, in some embodiments, the
cross-sectional area of port 204a is four times the size of
the cross-sectional area of each of ports 204b‑204e.
Thus, the cross-sectional flow area defined by the inlet
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port 204a is maintained throughout the flow path of the
heat exchanger. By maintaining the same flow path
cross-sectional area through the heat exchanger, refrig-
erant fluid pressure drops are reduced. Alternative em-
bodiments may have more or less ports than what is
described in the present disclosure in order to best main-
tain the cross-sectional area of the flow path throughout
the heat exchanger 100.
[0031] Those with skill in the art will understand that
header 200 can be said to have header fluid passages
configured to receive fluid from the tube stack 150 travel-
ing in a first direction and discharge the received fluid
back toward the tube stack 150 in a second direction,
opposite of the first direction. For example, header 200
can be said to have a header fluid passage comprising
surfaces 201b and 201c, ports 204b and 204c, and
channels 232. The header fluid passage is configured
to receive fluid from the tube stack 150 at surface 201b
and ports 204b, and discharge the fluid at surface 201c
andports204cviachannels232.Similarly, surfaces201d
and 201e, ports 204d and 204e, and channels 234 form
another header fluid passage of header 200. Those with
skill in the art will understand that header 250 has header
fluid passages analogous to those described for header
200. Additionally, inlet header 200 has an inlet passage
comprising ports 206, 204a, and surface 201a, and outlet
header 250 has an outlet passage comprising ports 245,
254e and surface 251e. each of the header passages
described also includes gasket 214, 264.
[0032] Traditionally, heat exchangers have headers
with a large open volume, similar to a reservoir or accu-
mulator. The largeopenvolumeallowsopportunity for the
working fluid to suddenly expand, therefore contributing
to a pressure drop and decreased efficiency. With the
geometry of the flow passage 232, 234 described, the
gentle U-turn shape minimizes or eliminates pressure
dropsbymaintainingaconstant cross-sectional areaand
providing a smooth direction change. Additionally, the U-
turn shape is functional to extend the effective length of
the tube stack 150 by providing gentle transition between
multiple passes. If the working fluid changes direction
abruptly, which happens during sudden changes in flow
direction, pressure losses may occur. Therefore, sharp
anglesor 90-degree turnsareavoided in thedesignof the
flow passage geometry.
[0033] Theviewof header insert 200 inFig. 8 is apartial
cross-sectional view at plane A-A shown in Fig. 7 and
illustrates the geometry of the working fluid’s flow pas-
sage 234. Those of ordinary skill in the art will appreciate
that several forms of geometry, other than the geometry
depicted in Fig. 8, may be used to achieve similar results
in applications of the present disclosure.
[0034] Theheader inserts200, 250areconstructedout
of a material that is compatible with the applied working
fluid. Since, in some embodiments, the header inserts
200, 250are not apressure containing part, they could be
constructed out of materials that are not required tomeet
various industry-specific pressure containing structural

requirements, since housings 130, 140 are manufac-
tured to meet the industry-specific requirements. Addi-
tionally, the header inserts 200, 250 could be constructed
out of experimental materials without compromising the
integrity of the structures needed to contain pressure,
including side housing units 130, 140. Manufacturing
methods such as casting or 3D printing may be used
toproduce theheader inserts 200, 250. Thoseof ordinary
skill in the art will appreciate that other forms of additive
manufacturing can also be used to produce the header
inserts 200, 250. In some embodiments, header inserts
200, 250 are 3d printed and made of nylon. In some
embodiments, header inserts are made of metal.
[0035] In someembodiments, header inserts 200, 250,
can also be used in retrofit applications to decrease
maintenance costs or could be utilized in other applica-
tionswhere separate or interlockingmodular panelsmay
be necessary. For example, in some embodiments, heat
exchanger 100 is manufactured to be a single-pass
microtube heat exchanger. According to some embodi-
ments, header inserts 200, 250 are inserted into hous-
ings 130, 140 to change heat exchanger 100 from a
single-pass microtube heat exchanger to a multi-pass
heat exchanger.
[0036] Fig. 9 illustrates a cutaway view of a header 300
to be used in an alternative embodiments of microtube
heat exchangers. Header 300 is substantially the same
as header 200 previously described, except header 300
is not an insert that is inserted to a housing 130 such as
header 200. Instead, header 300 is considered an inte-
gratedheader in that it is configured tobecoupleddirectly
with a housing 120 of the heat exchanger 100. Header
300 has mounting holes 303, such as bolt holes, so that
the header can be attached directly to a heat exchanger
body. Header 300 has surface 301a‑301e substantially
the sameas corresponding surfaces 201a‑201e. Header
303 has ports 304a‑304e substantially the same as cor-
responding ports 204a‑204e. Header 300 has a gasket
groove 312 substantially the same as gasket groove 212
and is configured to accept gasket 214. Header 300 has
passages 330‑334 substantially the same as corre-
sponding passages 230‑234. Header 300 has an inlet
port configured to be coupled with a fluid supply line. The
header insert 300 is designed to be independent from the
housingunits and thereforemaynot have toadhere to the
specifications associatedwith pressure containing parts.
The integratedheader 300 requires theheader insert 200
equivalent section to match the specifications of the side
housing units 130, 140. As a result, materials and man-
ufacturing methods may differ without sacrificing func-
tionality.
[0037] Onewith skill in theartwill understand that other
embodiments of this disclosure include an integrated
outlet header substantially the same as header 300 but
with inner face, port, and passage configurations corre-
sponding to header 250 previously discussed.
[0038] Fig. 10 illustrates a heat exchanger 400 accord-
ing to another embodiment of this disclosure. One with
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skill in the art will understand that heat exchanger 400 is
substantially the sameas heat exchanger 400 previously
described. Heat exchanger 400 comprises an inlet hous-
ing 430, an outlet housing 440, and a main body 420
substantially the same as inlet housing 130, an outlet
housing 140, and main body 120 previously described.
Heat exchanger has a tube stack 450 comprising a
plurality of microtubes 452 substantially the same as
tube stack 150andmicrotubes152previously described.
Heat exchanger has tube stack end plates 460 and 470
coupled with microtubes 452 substantially the same as
end plates 160 and 170 previously described. Heat ex-
changer 400 has an inlet header 500 and outlet header
550. Similar to inserts headers 200, 250 previously dis-
cussed, headers 500, 550 are header inserts that are
housed within their respective housings 130, 140.
[0039] Fig. 11 illustrates inlet header 500. Inlet header
500 has a header body 502 and a gasket 504 disposed in
a gasket groove 506. Gasket 504 is made from the same
material as gasket 214previously described.Header 500
has an inner facing surface 501 which faces the tube
stack 450when installed in heat exchanger 400. A raised
sealingedge508extends from inner surface501 towards
the tube stack 450 when installed in the heat exchanger
400, and in which gasket groove 506 is formed. Raised
edge 508 segregates surface 501 into three separate
surfaces 501a, 501b, and 501c. Surface 501a comprises
an inlet passage510configured toaccept refrigerant fluid
from a refrigerant fluid return port 432 and discharge the
fluid toward the tube stack 450. Inlet passage 510 is
substantially the same as inlet port 206 previously de-
scribed, and is fluidly coupled with port 432.
[0040] Fig. 12 illustrates outlet header 550. Outlet
header 550 has a header body 552 and a gasket 554
disposed in a gasket groove 556. Gasket 554 is made
from the same material as gasket 214 previously de-
scribed. Header 550 has an inner facing surface 551
which faces the tube stack 450 when installed in heat
exchanger 400. A raised sealing edge 558 extends from
inner surface 550 towards the tube stack 450 when
installed in the heat exchanger, and in which gasket
groove 556 is formed. Raised edge 558 segregates sur-
face 551 into three separate surfaces 551a, 551b, and
551c. Surface 551a comprises an outlet port 560 config-
ured to accept refrigerant fluid from the tube stack 450
and discharge the fluid away from the tube stack 450 to
refrigerant fluid discharge port 442. outlet passage 560 is
substantially the same as outlet port 256 previously
described, and is fluidly coupled with port 442.
[0041] Fig. 13 illustrates a cutaway view of heat ex-
changer 400, specifically showing details of the inlet and
outlet sides of the heat exchanger 400. As can be seen in
Fig. 13, when headers 500, 550 are installed in place and
sealed against end plates 460, 470, volumes are formed
between by the respective surface 501a-c, 551a-c and
the end plate 460, 470 due to the raised edge 508, 558
being protruded from the surface 501a-c, 551a-c and
sealing against the end plate 460, 470 with gasket

504, 554. Volume 511a is formed between surface
501a and end plate 460, volume 511b is formed between
surface 501b and end plate 460, and volume 511c is
formed between surface 501c and end plate 460. Simi-
larly, volume 561a is formed between surface 561a and
end plate 470, volume 561b is formed between surface
551b and end plate 470, and volume 561c is formed
between surface 551c and end plate 470.
[0042] Referencing Figures 10‑13, the flow path of
refrigerant fluid traveling through heat exchanger 400
can be further understood. Refrigerant fluid enters heat
exchanger 400 and inlet 432 and flows to inlet passage
510 of header 500. Passage 510 extends from a back
side of header body 202 of passage to surface 501a, and
discharges the incoming fluid at surface 501a. Volume
511a fills with fluid and travels along the first fluid path 1p
in a first group of microtubes 452a of the plurality of
microtubes 452 where it is discharged to volume 561a.
Volume 561a fills with fluid and the fluid is the discharged
into a second group of microtubes 452b. Accordingly,
volume 561a can be said to act as a "U-turn" segment, as
it receives fluid traveling from tubes 452a in a first direc-
tion, and re-directs the fluid in a second direction (oppo-
site of the first direction) to a second group of tubes 452b.
The fluid traveling in tubes 452b along the second flow
path 2p is discharged into volume 511b, which fills with
fluid and discharges the fluid to a third group of micro-
tubes 452c. Volume 511b can be said to act as a U-turn
segment for the same reasons discussed regarding vo-
lume 561a. The fluid travels in tubes 452c along the third
flow path 3p and is discharged into volume 561b, which
fills with fluid and discharges fluid to a fourth group of
microtubes 452d. Volume 516b can be said to act as a U-
turn segment for the same reasons discussed regarding
volume 561a. The fluid travels in tubes 452d along the
fourth flow path 4p and is discharged into volume 511c,
which fills with fluid and discharges fluid to a fifth group of
microtubes 452e. Volume 511c can be said to act as a U-
turn segment for the same reasons discussed regarding
volume 561a. The fluid travels in tubes 452e along the
fifth flowpath 5p and is discharged into volume551c. The
fluid then is discharged from header 550 via outlet pas-
sage 560, which is fluidly coupled with an outlet port 442
of the heat exchanger and thus allows for the refrigerant
fluid to be discharged from heat exchanger 400.
[0043] Those with skill in the art will understand that
header 500 can be said to have header fluid passages
configured to receive fluid from the tube stack 450 travel-
ing in a first direction and discharge the received fluid
back toward the tube stack 450 in a second direction,
opposite of the first direction. For example, header 500
canbesaid tohaveaheaderpassagecomprisingvolume
511b formed by surface 501b, edge 508, and gasket 504
sealed against end plate 460, configured to receive fluid
from tubes 452banddischarge the received fluid to tubes
452d. Similarly, volume 511c formed by surface 501c,
edge 508, and gasket 504 sealed against end plate 460
can be said to be another header fluid passage of header
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500. Analogously, for header 550, volume 561a formed
by surface 551a, edge 558, and gasket 554 sealed
against end plate 470 can be said to be a header fluid
passage; and volume 561b formed by surface 561b,
edge 558, and gasket 554 sealed against end plate
470 can be said to be a header fluid passage. Addition-
ally, inlet header 500 has an inlet passage comprising
port 510 and volume 511a formed by surface 501a, edge
508, and gasket 504 sealed against end plate 460. Ad-
ditionally, outlet header 500 has an outlet passage
formed by port 560 and volume 561c formed by surface
551a, edge558, andgasket 554 sealedagainst end plate
470.
[0044] Fig. 14 illustrates a front view of header 500 and
a corresponding illustration for explaining the surface
areas of the surfaces 501a‑501c. As can be seen in
Fig. 14, the surface area of surface 501b1, which is
aligned with and receives refrigerant fluid from tubes
452b, is 25% larger than the surface area of surface
501a. The surface area of surface 501b2, which is
aligned with and discharges refrigerant fluid to tubes
452c, is 20% larger than surface area of 501b1. The
surface area of surface 501cl, which is aligned with
and receives refrigerant fluid to tubes 452d, is 15% larger
than surface area of 501b2. The surface area of surface
501c2, which is aligned with and discharges refrigerant
fluid to tubes 452e, is 12% larger than surface area of
501cl .Gasket 504 is removed from theheader500ofFig.
14, exposing gasket groove 506. Between the raised
edge 508 and each surface 501a‑501c is a concave
surface 507 that aids in maintaining the gentle U-turn
shape of flow that volumes 511a‑511c are configured to
produce. The gentle curve of surface 507 reduces the
pressuredropof the refrigerant fluid and thus reduces the
chance of phase change occurring in volumes
511a‑511c. Due to being configured to change the direc-
tion of the refrigerant fluid, as has been described, sur-
faces 501b and 501c are referred to herein as U-turn
surfaces. Surfaces 501a‑501c are substantially flat and
effectively redirect the working fluid with a similar U-turn
shaped path.
[0045] Fig. 15 illustrates a front view of header 550 and
a corresponding illustration for explaining the surface
areas of surfaces 551a‑551c. Surface areas 551a1 is
aligned with and receives fluid from tubes 452a. The
surface area of surface 551a2, which is aligned with
and discharges fluid to tubes 452b, is 25% larger than
the surface area of surface 551a1. The surface area of
surface 551b1, which is aligned with and receives fluid
from tubes 452c, is 20% larger than the surface area of
surface 551a2. The surface area of surface 551b2,which
is alignedwith and discharges fluid to tubes 452d, is 15%
larger than the surface area of surface 551b l. The sur-
face area of surface 551c, which is aligned with and
receives fluid to tubes 452e, is 12% larger than the sur-
face area of surface 551b2. Gasket 504 is removed from
the header 550 of Fig. 14, exposing gasket groove 556.
Between the raised edge 508 and each surface

501a‑501c is a concave surface 507 that aids in main-
taining the gentle U-turn shape of flow that volumes
511a‑511careconfigured toproduce.Between the raised
edge 558 and each surface 551a‑551c is a concave
surface 557 that aids in maintaining the gentle U-turn
shape of flow that volumes 561a‑561c are configured to
produce. The gentle curve of surface 557 reduces the
pressuredropof the refrigerant fluid and thus reduces the
chance of phase change occurring in volumes
511a‑511c. Due to being configured to change the direc-
tion of the refrigerant fluid, as has been described, sur-
faces 551a and 551b are referred to herein as U-turn
surfaces. Surfaces 551a‑551c are substantially flat and
effectively redirect the working fluid with a similar U-turn
shaped path.
[0046] The header endcap inserts 500, 550 incorpo-
rate a variable cross-sectional area. After the first pass,
the cross-sectional area of the flow passage expands
with respect to the cross-sectional area of the previous
pass. In some embodiments, for the first pass, the sur-
faceareaof 501a isequal to thesurfaceareaof551a1; for
the second pass, the surface area 551a2 is equal to the
surface are 501b1; and so on for the third, fourth, and fifth
passes. The amount by which the cross-sectional area
changes is dependent on the amount of phase separa-
tion estimated at each pass level. Those of skill in the art
will appreciate each change in cross-sectional area is
done to achieve an increase or decrease in volume at
each pass level; this is done to compensate for changes
in the amount of working fluid vapor to better match
increasing volume of the vapor to the channels it passes
through. Depending on the function of the heat exchan-
ger, volumetric expansion may be needed if the heat
exchanger’s working fluid is being heated. Inversely, a
volumetric contraction may be needed if said working
fluid is being cooled. In some embodiments, at the fifth
pass, theworking fluid is predicted tobemostly vapor and
would require a larger cross-sectional area to maintain
constant pressure at the outlet.
[0047] The variable cross-sectional area at each pass
level more closely matches the cross-sectional area of
the inlet’s cross-sectional area. Furthermore, each var-
iation of cross-sectional area can be adapted to match
the working fluid’s expansion ratio, thereby reducing
pressure drops and increasing heat exchanger effi-
ciency. The inventors are contemplating methods for
fine-tuning the cross-sectional area difference at each
pass. Even though Fig. 14 and Fig. 15 depict an increase
in eachsequential cross-sectional area, thoseof ordinary
skill in the art will appreciate that alternative embodi-
ments may also incorporate a decrease in cross-sec-
tional areas.
[0048] It is important tonote that header endcap inserts
500, 550 include geometry at surface 21 that is concave
and aids in maintaining the gentle U-turn shape of this
embodiment’s flow passage.
[0049] Fig. 16 illustrates a view of end plate 460 with a
plurality of tube holes 462, each coupled to an end of one
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of the plurality of microtubes 452. Microtubes 452 are
coupled to end plate 460 as previously described with
microtubes 152. The dotted lines illustrate the segrega-
tions of the tubes made by gaskets 504, 554 previously
discussed to form the flow paths 1p‑5p. Holes 462e are
coupled with tubes 452e, holes 462d are coupled with
tubes 452d, holes 462c are coupled with tubes 452c,
holes 462b are coupled with tubes 452b, and holes 462a
are coupledwith tubes 452a. Thosewith skill in the art will
understand that plate 470 is substantially the same as
plate 460.
[0050] Fig. 17 illustrates a tube stack 600 according to
an embodiment of this disclosure. Tube stack 600 is
substantially the same as tube stacks 150, 450 pre-
viously described. Tube stack 600 comprises a plurality
of microtubes 602, substantially the same as microtubes
152, 452 previously described. Embodiments of this
disclosure can incorporate tube stacks formed with
cross-sections conforming to any of a number of shapes.
As has been described, tube stack 150 has a generally
rectangular cross-section, tubestack450hasagenerally
circular cross-section, and tubestack600hasagenerally
hexagonal cross-section. One with skill in the art will
understand that the scope of this disclosure includes
tube stacks with cross-sections shaped according to
any of a number of possible shapes, made from any
suitable material, and fabricated in various ways.
[0051] Fig. 18 is a flowchart illustrating amethod700of
circulating a refrigerant fluid through a heat exchanger,
according to an embodiment of this disclosure. The
method can begin at block 702 by providing a heat
exchanger comprising headers and a tube stack, such
as, for example heat exchanger 100 with headers 200,
250 and tube stack 150 or heat exchanger 400 with
headers 500, 550 and tube stack 450. Method 700 can
continue at block 704 by receiving, by a first passage of
inlet header 200, 500, refrigerant fluid from an inlet 132,
432, of heat exchanger 100, 400 and discharging the
received fluid to a first group of microtubes 152a, 452a.
For header 200, the first passage comprises inlet port
206, port 204a, channel 230, and surface 201a, as has
been previously described. For header 500, the first
passage comprises inlet port 510 and volume 511a, as
hasbeenpreviously described.Method700cancontinue
at block 706 by receiving, by a first passage of outlet
header 250, 550, refrigerant fluid from the first group of
tubes 152a, 452a and discharging the received fluid to a
second group of tubes 152b, 452b. Method 700 can
continue at block 708 by receiving, by a second passage
of inlet header 200, 500, refrigerant fluid from the second
group of microtubes 152b, 452b and discharging the
received refrigerant fluid to a third group of microtubes
152c, 452c. Method 700 can continue at block 710 by
receiving, by a second passage of the outlet header 250,
550, refrigerant fluid from third group ofmicrotubes 152c,
452c and discharging the received fluid to a fourth group
of microtubes 152d, 452d. Method 700 can continue at
block 712 by receiving, by a third passage of inlet header

200, 500, refrigerant fluid from the fourth group of micro-
tube 152d, 452d and discharging the received fluid to a
fifth group of microtubes 152e, 452e. Method 700 can
continue at block 714 by receiving, by a third passage of
outlet header 250, 550, refrigerant fluid from the fifth
group of microtubes 152e, 452e and discharging the
received refrigerant fluid to an outlet port 142, 442 of
the heat exchanger. Those with skill in the art will under-
stand thatmethod 700 describes a five-pass system, and
that steps are added or removed in other embodiments of
this disclosure incorporating more or less than five
passes.
[0052] It is important to note the distinction of themulti-
pass heat exchanger systems described herein. A multi-
pass system contains several parallel conduits with op-
posing flow directions, another term that may be used to
describe the flow inamulti-pass system is countercurrent
flow. Those of ordinary skill in the art know that a single
passsystemrefers toaheatexchanger systemwhere the
flowdirection of aworking fluid does not change. Another
term that maybe be used to describe the flow in a single
pass system is co-current flow. The heat exchangers
associated with the present disclosure are multi-pass
systems, which indicates one or more changes in the
flow direction of the working fluid. The number of passes
is also correlated to the functionality of the heat exchan-
ger unit as a whole. For example, if the heat exchanger
unit is to be used as a condenser, in some embodiments,
a three-pass systemmay be desired. If a heat exchanger
unit is to be used as an evaporator, in some embodi-
ments, a five-pass system may be desired. With the
teachings of the present disclosure, the ability to adapt
the heat exchanger’s functionality is significantly simpli-
fied. Furthermore, header inserts configured for a three-
pass system can be replaced with header inserts con-
figured for a five-pass system, and vice versa, all why
incorporating a same heat exchanger body and tube
stack. Heat exchanger systems 100, 400 are configured
for five passes, represented with arrows 1p, 2p, 3p, 4p,
5p. However, the systems 100, 400 or systems similar to
the one shown, can be configured for more or less than
five passes. For example, in some alternative embodi-
ments of the present disclosure that adapt systems 100,
400 to perform two to seven passes. Still other embodi-
ments incorporate more than seven passes.
[0053] Another benefit for implementing the header
inserts 200, 250, 500, 550 is in scenarios where fouling
of the heat exchanger 100, 400 may occur. Although it is
not typically anticipated with closed systems, there are
some instances where debris contaminates the working
fluid and may collect and obstruct the flow through the
heat exchanger. With the teachings of the present dis-
closure, maintenance costs associated with the fouling
scenario are reduced from ease of disassembly and
access for cleaning. In some embodiments, replaceable
filters are incorporated with the header inserts 200, 250,
500, 550 so that the headers can be used to filter out
unwanted debris.
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[0054] Those with skill in the art will recognize that
various other header configurations are possible as em-
bodiments for this disclosure. As has been discussed
herein, it is desirable for the headers to maintain the flow
path cross-sectional area of the fluid flowing through the
tube stack. Accordingly, in some embodiments, the flow
paths in the header are made by bundles of flexible
polymer microtubes. In this embodiment, the header
could have flexible microtubes connecting various tubes
of the tube stack and for facilitating the U-turn flow of the
refrigerant fluid.
[0055] Although the present invention has been de-
scribed in termsof the foregoingdisclosedembodiments,
this description has been provided by way of explanation
only and is not intended to be construed as a limitation of
the invention. Indeed, even though the foregoingdescrip-
tions refer to numerous components and other embodi-
ments that are presently contemplated, those of ordinary
skill in the art will recognize many possible alternatives
exist that have not been expressly referenced or even
suggested here.While the foregoing written descriptions
should enable one of ordinary skill in the pertinent arts to
make and use what are presently considered the best
modes of the invention, those of ordinary skill will also
understand and appreciate the existence of numerous
variations, combinations, and equivalents of the various
aspects of the specific embodiments, methods, and ex-
amples referenced herein.
[0056] Hence the drawings and detailed descriptions
herein should be considered illustrative, not exhaustive.
They do not limit the invention to the particular forms and
examples disclosed. To the contrary, the invention in-
cludes many further modifications, changes, rearrange-
ments, substitutions, alternatives, design choices, and
embodiments apparent to thoseof ordinary skill in the art,
without departing from the spirit and scope of this inven-
tion.
[0057] Accordingly, in all respects, it should be under-
stood that the drawings and detailed descriptions herein
are to be regarded in an illustrative rather than a restric-
tive manner and are not intended to limit the invention to
theparticular formsandexamplesdisclosed. Inanycase,
all substantially equivalent systems, articles, and meth-
ods should be considered within the scope of the inven-
tion and, absent express indication otherwise, all struc-
tural or functional equivalents are anticipated to remain
within the spirit and scope of the presently disclosed
systems and methods.

1. Amicrotube heat exchanger for cooling or heating
refrigerant fluid of a heat exchange system, the
microtube heat exchanger comprising: a tube stack
comprisingaplurality ofmicrotubesalignedsubstan-
tially parallel to each other to form the tube stack,
wherein refrigerant fluid is configured to pass though
the plurality of microtubes so that heat can be trans-
ferred between the refrigerant fluid and an external
fluid flowing past the exterior of the plurality of micro-

tubes; a first header disposed on a first end of the
tube stack and comprising an inlet port coupled with
a refrigerant fluid inlet of the heat exchanger and
through which refrigerant fluid traveling in a first
direction is introduced into the tube stack; and a
second header disposed at a second end of the tube
stack and comprising a second header passage
configured to receive refrigerant fluid traveling in
the first direction through some of the plurality of
microtubes and discharge the received refrigerant
fluid in a second direction to some of the plurality of
microtubes, wherein the first header further com-
prises a first header passage configured to receive
refrigerant fluid traveling in the second direction
through some of the plurality of microtubes and dis-
charge the received refrigerant fluid in the first direc-
tion to some of the plurality of microtubes, and
wherein the second header further comprises an
outlet port configured to receive refrigerant fluid tra-
veling through some of the plurality of microtubes in
the first direction and discharge the received refrig-
erant fluid to a refrigerant fluid outlet of the heat
exchanger.
2. Themicrotubeheat exchanger of clause l,wherein
each of the first header passage and the second
header passage each comprise: an inlet surface
including an inlet port configured to receive the re-
frigerant fluid from the tube stack; an outlet surface
including an outlet port configured to discharge the
received fluid toward the tube stack; and a channel
fluidly coupling the inlet port and the outlet port.
3. Themicrotube heat exchanger of clause 2,where-
in the channel is substantially a 180-degree U-
shaped channel fluidly coupling the inlet port and
the outlet port.
4. Themicrotube heat exchanger of clause 2,where-
in, for each of the first header passage and second
header passage, the inlet surface and outlet surface
are substantially co-planar with each other.
5. Themicrotube heat exchanger of clause 2,where-
in, for each of the first header passage and second
header passage: the inlet surface has a plurality of
the inlet ports; and theoutlet surfacehasaplurality of
the outlet ports, wherein each of the first header
passage and second header passage further com-
prises a plurality of the channels, each of the plurality
of the channels fluidly coupling one of the plurality of
the inlet ports to oneof the plurality of the outlet ports.
6. Themicrotube heat exchanger of clause 2,where-
in each of the first header passage and the second
header passage further comprises a gasket config-
ured to seal against an end plate of the tube stack
and fluidly separate the inlet surface and the outlet
surface.
7. Themicrotube heat exchanger of clause l, where-
in: the first header comprises a plurality of the first
header passagesand is disposedwithin an inlet-side
housing of the heat exchanger; and the second
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header comprises a plurality of the second header
passagesand isdisposedwithin anoutlet-sidehous-
ing of the heat exchanger.
8. Themicrotubeheat exchanger of clause l,wherein
each of the first header passage and second header
passage comprises: a U-turn surface disposed to
face the tube stack; a raised perimeter protruding
from the U-turn surface toward the tube stack and
comprising a gasket configured to seal against an
end plate of the tube stack to form a sealed volume
between the U-turn surface and the tube stack,
wherein the gasket seals against the end plate such
that the U-turn surface and sealed volume are con-
figured to receive refrigerant fluid traveling from a
first groupofmicrotubesof theplurality ofmicrotubes
and discharge refrigerant fluid to a second group of
tubes of the plurality of the microtubes.
9. A method of circulating refrigerant fluid through a
microtube heat exchanger, the method comprising:
providing a microtube heat exchanger comprising: a
tube stack comprising a plurality of microtubes
aligned substantially parallel to each other to form
the tube stack, wherein refrigerant fluid is configured
topass though thepluralityofmicrotubesso thatheat
can be transferred between the refrigerant fluid and
an external fluid flowing past the exterior of the
plurality of microtubes, an inlet header disposed
on a first end of the tube stack, the inlet header
comprising a first inlet header passage, a second
inlet header passage, and a third inlet header pas-
sage, and an outlet header disposed on a second
end of the tube stack, the outlet header comprising a
first outlet header passage, a second outlet header
passage, and a third outlet header passage; receiv-
ing, using the first inlet header passage, refrigerant
fluid at an inlet port of the inlet header from a refrig-
erant fluid inlet of the heat exchanger and dischar-
ging the received refrigerant fluid into a first group of
microtubes of the plurality of microtubes; receiving,
using the first outlet header passage, refrigerant fluid
from the first group of microtubes and discharging
the received refrigerant fluid into a second group of
microtubes of the plurality of microtubes; receiving,
using the second inlet header passage, refrigerant
fluid from the second group of microtubes and dis-
charging the received refrigerant fluid into a third
group of microtubes of the plurality of microtubes;
receiving, using the second outlet header passage,
refrigerant fluid from the third group of microtubes
and discharging the received refrigerant fluid into a
fourth group of microtubes of the plurality of micro-
tubes; receiving, using the third inlet header pas-
sage, refrigerant fluid from the fourth group of micro-
tubes and discharging the received refrigerant fluid
into a fifth group of microtubes of the plurality of
microtubes, and receiving, using the third outlet
header passage, refrigerant fluid from the fifth group
of microtubes and discharging the received refriger-

ant fluid from an outlet port of the outlet header to a
refrigerant fluid outlet of the heat exchanger.
10. The method of clause 9, wherein each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage comprises: an inlet
surface including an inlet port for the receiving of the
refrigerant fluid; an outlet surface including an outlet
port for the discharging of the received fluid; and a
channel fluidly coupling the inlet port and the outlet
port.
11. Themethod of clause 10, wherein for each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage, the channel is sub-
stantially a 180-degree U-shaped channel between
the inlet port and the outlet port.
12. Themethod of clause 10, wherein for each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage, the inlet surface and
outlet surface are substantially co-planar with each
other.
13. Themethod of clause 10, wherein for each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage: the inlet surface has
a plurality of the inlet ports; the outlet surface has a
plurality of theoutlet ports; andeachheaderpassage
comprises a plurality of the channels, each of the
plurality of the channels fluidly coupling one of the
plurality of the inlet ports to one of the plurality of the
outlet ports.
14. The method of clause 10, wherein each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage further comprises a
gasket configured to seal against an end plate of the
tube stack and fluidly separate the inlet surface and
the outlet surface.
15. The method of clause 9, wherein each of the
second inlet header passage, the third inlet header
passage, the first outlet header passage, and the
second outlet header passage comprises: a U-turn
surface disposed to face the tube stack; and a raised
perimeter protruding from the U-turn surface and
comprising a gasket configured to seal against an
end plate of the tube stack to form a sealed volume
between the U-turn surface and the tube stack,
wherein the gasket seals against the end plate such
that the sealed volume is configured to perform the
receiving of the refrigerant fluid from the respective
group of microtubes and the discharging of the re-
frigerant fluid to the respective group of microtubes.
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Claims

1. A microtube heat exchanger for cooling or heating
fluid of a heat exchange system, the microtube heat
exchanger comprising:

a tube stack comprising a plurality ofmicrotubes
extending betweenafirst end anda secondend;
a first header including a first header surface
provided at the first end of the tube stack, and
wherein the first header is configured to provide
a refrigerant fluid to the tube stack in a first
direction; and
a second header including a second header
surface provided at the second end of the tube
stack, and wherein the second header is con-
figured to provide the refrigerant fluid to the tube
stack in a second direction;
wherein thefirst header surfacecomprisesafirst
surface, a second surface larger than the first
surface, and a third surface larger than the sec-
ond surface, wherein the second surface is at
least 25% larger than the first surface, and
wherein the third surface is at least 15% larger
than the second surface.

2. The microtube heat exchanger of claim 1, wherein
the second surface is separable into a first portion
and a second portion, wherein the first portion is
configured to receive the refrigerant fluid from the
tube stack in the second direction, and the second
portion is configured to provide the refrigerant fluid to
the tube stack in the first direction, and wherein the
second portion is 20% larger than the first portion.

3. The microtube heat exchanger of claim 2, wherein
the third surface is separable into a third portion and
a fourth portion, wherein the third portion is config-
ured to receive the refrigerant fluid from the tube
stack in the seconddirection, and the fourthportion is
configured to provide the refrigerant fluid to the tube
stack in the first direction, and wherein the third
portion is 15% larger than the second portion.

4. The microtube heat exchanger of claim 3, wherein
the fourth portion is 12% larger than the third portion.

5. The microtube heat exchanger of claim 1, further
comprising a first raised edge protruding from the
first header surface between the first surface and the
second surfaceanda second raised edgeprotruding
from the first header surface between the second
surface and the third surface.

6. The microtube heat exchanger of claim 5, wherein
the first header further comprises a first header
passage at least partially defined by the first header
surface, and wherein the first raised edge and the

second raised edge separate the first header pas-
sage into separate portions.

7. The microtube heat exchanger of claim 6, wherein
the first header passage is configured to turn the
refrigerant fluid from the second direction to the first
direction in at least some portions of the separate
portions.

8. The microtube heat exchanger of claim 5, wherein
the first raised edge and the second raised edge
each include a gasket groove for receiving a gasket.

9. The microtube heat exchanger of claim 1, wherein
the second header surface comprises a fourth sur-
face, a fifth surface, and a sixth surface, andwherein
a third raised edge separates the fourth surface from
the fifth surface, and a fourth raised edge separates
the fifth surface from the sixth surface.

10. The microtube heat exchanger of claim 9, wherein
the fourth surface is separable into a fifth portion and
a sixth portion, wherein the fifth portion is configured
to receive the refrigerant fluid from the tube stack in
the first direction, and the sixth portion is configured
to provide the refrigerant fluid to the tube stack in the
second direction, and wherein the sixth portion is
25% larger than the fifth portion.

11. The microtube heat exchanger of claim 10, wherein
the fifth surface is separable into a seventh portion
and an eighth portion, wherein the seventh portion is
configured to receive the refrigerant fluid from the
tube stack in the first direction, and the eighth portion
is configured to provide the refrigerant fluid to the
tube stack in the second direction, and wherein the
seventh portion is 20% larger than the sixth portion.

12. The microtube heat exchanger of claim 11, wherein
the eighth portion is 15% larger than the seventh
portion.

13. The microtube heat exchanger of claim 12, wherein
the sixth surface is 12% larger than the eighth por-
tion.

14. The microtube heat exchanger of claim 9, further
comprising an outlet port provided in the sixth sur-
face.

15. The microtube heat exchanger of any preceding
claim, further comprising an inlet port provided on
the first surface.
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