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(54) HEAT EXCHANGER FOR COOLING MEDIUM TEMPERATURE REDUCTION

(57) Heat exchanger (200) comprising: a first plural-
ity of channels (222) configured to convey a first medium
at a first set of temperatures along a first span of the first
plurality of channels (222), the first set of temperatures
including a first inlet temperature and a first outlet tem-
perature, a second plurality of channels (226) configured
to convey a second medium at a second set of temper-

atures along a second span of the second plurality of
channels (226), the second set of temperatures being at
least partially different from the first set of temperatures
and including a second inlet temperature and a second
outlet temperature, and a core region (240) where the
first plurality of channels and the second plurality of chan-
nels are co-mingled with respect to one another.
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Description

BACKGROUND

[0001] Gas turbine engines, such as those which pow-
er modem aircraft, include a compressor to pressurize a
supply of air, a combustor to burn a hydrocarbon fuel in
the presence of the pressurized air, and a turbine to ex-
tract energy from the resultant combustion gases and
generate thrust.
[0002] As one of skill in the art appreciates, tempera-
tures within various parts or sections of the engine need
to be maintained within temperature tolerances/ranges
in order to maintain the engine in a quality working con-
dition and in order to promote the useable lifetime of en-
gine components. For example, the combustion of the
fuel in the presence of the air results in elevated temper-
atures that may be subsequently imposed on, e.g., a liner
of the combustor, the turbine, etc.
[0003] Air may be provided to the components subject-
ed to the elevated temperatures in order cool them and
to counter the impact of such elevated temperatures.
However, the air itself may have a slightly elevated tem-
perature, thereby reducing the cooling efficiency thereof.
Still further, use of the air in cooling results in a pressure
loss that degrades efficiency.
[0004] Given that the air used in cooling represents a
limited resource within the engine, what is needed are
improved techniques for maximizing the cooling capabil-
ity/capacity of the air for a given volume/unit of the air
while minimizing pressure loss.

BRIEF SUMMARY

[0005] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of the disclosure. The summary is not an extensive over-
view of the disclosure. It is neither intended to identify
key or critical elements of the disclosure nor to delineate
the scope of the disclosure. The following summary
merely presents some concepts of the disclosure in a
simplified form as a prelude to the description below.
[0006] Aspects of the disclosure are directed to a heat
exchanger comprising: a first plurality of channels con-
figured to convey a first medium at a first set of temper-
atures along a first span of the first plurality of channels,
the first set of temperatures including a first inlet temper-
ature and a first outlet temperature, a second plurality of
channels configured to convey a second medium at a
second set of temperatures along a second span of the
second plurality of channels, the second set of temper-
atures being at least partially different from the first set
of temperatures and including a second inlet temperature
and a second outlet temperature, and a core region
where the first plurality of channels and the second plu-
rality of channels are co-mingled with respect to one an-
other. In some embodiments, the first plurality of chan-
nels and the second plurality of channels are substan-

tially parallel to one another in the core region. In some
embodiments, each of a first count of the first plurality of
channels is at least partially wrapped by a second count
of the second plurality of channels in the core region. In
some embodiments, the wrapping adheres to a helical
or spiral shape. In some embodiments, at least three
channels of the second plurality of channels are used to
wrap a first of the first plurality of channels. In some em-
bodiments, the heat exchanger further comprises: a first
port coupled to a first end of the first plurality of channels,
a second port coupled to a second end of the first plurality
of channels, a third port coupled to a first end of the sec-
ond plurality of channels, and a fourth port coupled to a
second end of the second plurality of channels. In some
embodiments, the first and third ports are configured as
inlets, and the second and fourth ports are configured as
outlets. In some embodiments, at least one of the first
plurality of channels and the second plurality of channels
is arranged as a plurality of layers. In some embodiments,
the second plurality of channels is configured to receive
the second medium from at least one of a compressor
section of an engine, a fan section of the engine, a bleed
valve, or a source that is external to the engine. In some
embodiments, a first channel of the first plurality of chan-
nels includes at least one link configured to reverse an
orientation of the first channel. In some embodiments,
the first set of temperatures is greater than the second
set of temperatures, and the temperature of the first plu-
rality of channels is configured to be reduced in stages
along at least one dimension of the first plurality of chan-
nels. In some embodiments, the heat exchanger further
comprises a first plurality of inlets that map to a second
plurality of outlets. In some embodiments, the heat ex-
changer further comprises a plurality of inlets that map
to a common outlet. In some embodiments, the heat ex-
changer further comprises an inlet that maps to a plurality
of outlets.
[0007] Aspects of the disclosure are directed to a meth-
od of manufacturing a heat exchanger configured to be
used on an aircraft engine, the method comprising: ad-
ditively manufacturing at least one of a first plurality of
channels, a second plurality of channels, or a core region,
where the first plurality of channels is configured to con-
vey a first medium at a first set of temperatures along a
first span of the first plurality of channels, where the sec-
ond plurality of channels is configured to convey a second
medium at a second set of temperatures along a second
span of the second plurality of channels, the second set
of temperatures being at least partially different from the
first set of temperatures, and where in the core region
the first plurality of channels and the second plurality of
channels are co-mingled with respect to one another. In
some embodiments, the first medium and the second
medium are different types of mediums.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is illustrated by way of

1 2 



EP 3 187 714 A1

3

5

10

15

20

25

30

35

40

45

50

55

example and not limited in the accompanying figures in
which like reference numerals indicate similar elements.

FIG. 1 is a side cutaway illustration of a geared tur-
bine engine.

FIG. 2 illustrates a heat exchanger incorporating tu-
bular channels in a wrapped, helical arrangement in
a core region in accordance with aspects of this dis-
closure.

FIG. 3 illustrates tubular channels of a heat exchang-
er arranged in parallel in a core region in accordance
with aspects of this disclosure.

FIGS. 4A-4B illustrate a side perspective view of the
heat exchanger of FIG. 2.

FIG. 5 illustrates tubular channels of a heat exchang-
er incorporating links in accordance with aspects of
this disclosure.

FIG. 6A illustrates a channel wrapped by a first set
of channels and a second set of channels, the first
set of channels having a first inlet and a first outlet
and the second set of channels having a second inlet
and a second outlet.

FIG. 6B illustrates a plurality of channels wrapped
by multiple sets of channels, where the multiple sets
of channels are associated with multiple inlets and
multiple outlets.

DETAILED DESCRIPTION

[0009] It is noted that various connections are set forth
between elements in the following description and in the
drawings (the contents of which are included in this dis-
closure by way of reference). It is noted that these con-
nections are general and, unless specified otherwise,
may be direct or indirect and that this specification is not
intended to be limiting in this respect. A coupling between
two or more entities may refer to a direct connection or
an indirect connection. An indirect connection may incor-
porate one or more intervening entities.
[0010] In accordance with various aspects of the dis-
closure, apparatuses, systems and methods are de-
scribed for providing one or more heat exchangers in
connection with an engine. In some embodiments, a heat
exchanger may include a channel at a first (e.g., elevated
or hot) temperature or first set of temperatures surround-
ed by multiple channels at a second temperatures or sec-
ond set of temperatures (e.g., at one or more tempera-
tures that are less than the first temperature). Still further,
one or more channels may experience a change in tem-
perature over a dimension or span of the channel(s). The
multiple of channels, collectively or individually, may as-
sume one or more patterns, such as for example a spiral

or helix shape. A wall thickness associated with the heat
exchanger may be greater than a first threshold amount
to provide for a predetermined heat exchange capaci-
ty/capability while at the same time being less than a
second threshold amount so as to not unnecessarily add
weight to the engine. The heat exchanger may be con-
figured to extract heat from pressurized cooling air and
dispense of that heat by providing it to cooler, lower pres-
sure airstreams via heat transfer processes. Through the
body of a heat exchanger, each hot channel may have
associated cold channels which will affect it individually.
These associated channels may be referred to as cells.
Cells may be strategically positioned into patterns which
can be easily disseminated through a separation zone
into first (e.g., hot) and second (e.g., cold) feeds. Cells
can be patterned to assimilate the space that the body
may occupy.
[0011] Aspects of the disclosure may be applied in con-
nection with a gas turbine engine. FIG. 1 is a side cutaway
illustration of a geared turbine engine 10. This turbine
engine 10 extends along an axial centerline 12 between
an upstream airflow inlet 14 and a downstream airflow
exhaust 16. The turbine engine 10 includes a fan section
18, a compressor section 19, a combustor section 20 and
a turbine section 21. The compressor section 19 includes
a low pressure compressor (LPC) section 19A and a high
pressure compressor (HPC) section 19B. The turbine
section 21 includes a high pressure turbine (HPT) section
21 A and a low pressure turbine (LPT) section 21B.
[0012] The engine sections 18-21 are arranged se-
quentially along the centerline 12 within an engine hous-
ing 22. Each of the engine sections 18-19B, 21A and 21B
includes a respective rotor 24-28. Each of these rotors
24-28 includes a plurality of rotor blades arranged cir-
cumferentially around and connected to one or more re-
spective rotor disks. The rotor blades, for example, may
be formed integral with or mechanically fastened, weld-
ed, brazed, adhered and/or otherwise attached to the
respective rotor disk(s).
[0013] The fan rotor 24 is connected to a gear train 30,
for example, through a fan shaft 32. The gear train 30
and the LPC rotor 25 are connected to and driven by the
LPT rotor 28 through a low speed shaft 33. The HPC
rotor 26 is connected to and driven by the HPT rotor 27
through a high speed shaft 34. The shafts 32-34 (e.g.,
outer surfaces of the shafts) are rotatably supported by
a plurality of bearings 36; e.g., rolling element and/or
thrust bearings. Each of these bearings 36 is connected
to the engine housing 22 by at least one stationary struc-
ture such as, for example, an annular support strut.
[0014] During operation, air enters the turbine engine
10 through the airflow inlet 14, and is directed through
the fan section 18 and into a core gas path 38 and a
bypass gas path 40. The air within the core gas path 38
may be referred to as "core air". The air within the bypass
gas path 40 may be referred to as "bypass air". The core
air is directed through the engine sections 19-21, and
exits the turbine engine 10 through the airflow exhaust
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16 to provide forward engine thrust. Within the combustor
section 20, fuel is injected into a combustion chamber 42
and mixed with compressed core air. This fuel-core air
mixture is ignited to power the turbine engine 10. The
bypass air is directed through the bypass gas path 40
and out of the turbine engine 10 through a bypass nozzle
44 to provide additional forward engine thrust. This ad-
ditional forward engine thrust may account for a majority
(e.g., more than 70 percent) of total engine thrust. Alter-
natively, at least some of the bypass air may be directed
out of the turbine engine 10 through a thrust reverser to
provide reverse engine thrust..
[0015] FIG. 1 represents one possible configuration for
an engine 10. Aspects of the disclosure may be applied
in connection with other environments, including addi-
tional configurations for an engine of an aircraft (e.g., an
airplane, a helicopter, etc.).
[0016] Referring now to FIG. 2, a heat exchanger 200
is shown. The heat exchanger 200 may include one or
more ports, such as ports 202, 206, 210, and 214. The
ports 202 and 210 may be coupled to one another via a
first set/multiple of channels 222. The ports 206 and 214
may be coupled to one another via a second set/multiple
of channels 226.
[0017] The channels 222 may carry/convey a first me-
dium (e.g., a liquid, a gas, or air) at a first temperature
(or first set of temperatures along a span of the channels
222) and the channels 226 may carry/convey a second
medium at a second temperature (or second set of tem-
peratures along a span of the channels 226). The first
and second temperatures (or first set and second set of
temperatures) may be at least partially different from one
another. For example, the first medium in the channels
222 may be hotter than the second medium in the chan-
nels 226. The first medium and the second medium may
be different from one another or different types of medi-
ums; e.g., the first medium may be air and the second
medium may be a liquid. As a medium traverses the chan-
nels 222 (or analogously, the channels 226), the medium
may undergo a change in temperature (e.g., a decrease
in temperature for the channels 222, or analogously an
increase in temperature for the channels 226).
[0018] One of the port 202 and the port 210 may
serve/function as a first inlet and the other of the port 202
and the port 210 may serve/function as a first outlet. Sim-
ilarly, one of the port 206 and 214 may serve/function as
a second inlet and the other of the port 206 and the port
214 may serve/function as a second outlet. The inlet and
outlet ports may be sized to one or more (common) total
flow areas to minimize/reduce pressure losses.
[0019] The second inlet described above may be con-
figured to receive a cooling medium (e.g., fluid) from one
or more sources. In the context of use on an aircraft en-
gine, such as for example the engine 10 of FIG. 1, the
second inlet may receive a cooling medium (e.g., fluid)
from one or more of the low pressure compressor (LPC)
section 19A, the high pressure compressor (HPC) sec-
tion 19B, the fan section 18, a bleed valve, a source that

is external to the engine, etc. The particular source that
is used for the second inlet may be based on a state of
operation of the engine or the associated aircraft, e.g.,
whether the aircraft is in take-off, cruise, landing/descent,
etc. The output from the second outlet may be
dumped/discarded, or more preferably, recycled/reused
within the engine 10. For example, the output of the sec-
ond outlet may be returned to one or more of the sources,
may be used for purposes of cooling (e.g., turbine cool-
ing, high pressure compressor cooling, rotor/disk cool-
ing), etc.
[0020] In FIG. 2, the channels 222 are shown as being
substantially straight in proximity to the ports 202 and
210. Similarly, the channels 226 are shown as being sub-
stantially straight in proximity to the ports 206 and 214.
These straight regions of the channels 222 and 226 near
the ports 202-214 may transition to a core region gener-
ally denoted by reference character/circle 240.
[0021] In FIG. 2, in the core region 240 the channels
222 are shown as being substantially straight, whereas
the channels 226 are shown as assuming a helix or spiral
geometry in the core region 240. This is exemplary. In
some embodiments, the channels 222 may assume a
helix or spiral geometry in the core region 240; e.g., the
channels 222 may be braided or intertwined with the
channels 226 in the core region 240. The use of helical
spirals may increase the length of the associated channel
and allow for an increase of time of flow within the body.
[0022] In the embodiment of FIG. 2 in the core region
240 every other channel 222 is shown as being contained
within a wrapping formed by a helix/spiral of channels
226. In FIG. 2, the wrapping around each such channel
222 is based on a combination of three (3) channels 226,
such as for example channels 226a, 226b, and 226c.
Other counts/quantities of the channels 226 used to pro-
vide the wrapping may be included in some embodi-
ments. The pattern of every other channel 222 in the core
region being wrapped is exemplary; other patterns or oth-
er arrangements may be used.
[0023] In some embodiments, a wrapping might not be
provided. For example, the core region 240 may be
"wrap-free", such that the channel 222 and the channels
226 may traverse the core region 240 substantially par-
allel to one another. FIG. 3 illustrates an exemplary em-
bodiment of a core region 240’ where channels 222’ and
226’ are arranged substantially parallel to one another.
The particular pattern (e.g., the order or sequence of the
channels 222’ and 226’ alternating with respect to one
another) shown in FIG. 3 is exemplary; other arrange-
ments may be used. Combinations may also be provided;
for example a core region may include a first portion that
includes wrapping and a second portion that is wrap-free.
[0024] A heat exchanger incorporating parallel chan-
nels may be easier to manufacture relative to a heat ex-
changer incorporating wrapped channels. Still further, a
parallel channel configuration might not incur as great a
pressure drop/loss as the wrapped channel configura-
tion. The particular configuration that is used for a heat
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exchanger and associated channels (e.g., a configura-
tion providing for a co-mingling of channels in a core re-
gion) may be based on a trade-off or balancing of mini-
mizing pressure loss while maximizing heat transfer ca-
pability, potentially taking into account other factors (e.g.,
total mass of material used). The use of spiral channels
may provide better/enhanced cooling capability while
straight channels/passages may be less efficient at cool-
ing but better at maintaining pressure.
[0025] Referring to FIG. 4A-4B, a side perspective view
of the heat exchanger 200 of FIG. 2 is shown. As seen
in FIG. 4A-4B, the channels 222 and 226 may be ar-
ranged as part of one or more (illustratively, four in FIG.
4A) layers or planes along a dimension/depth ’D’. The
use of layers/planes is exemplary. In some embodi-
ments, a heat exchanger may be separated out to radial
zones; such features may be provided dependent on the
space that the heat exchanger may occupy.
[0026] In some embodiments, one or more links may
be included as part of one or more channels. For exam-
ple, referring to FIG. 5 an embodiment is shown of a triple
helix tubular configuration, where links 522 and 526 are
called-out. The links 522 and 526 may modify the orien-
tation of the channels from a first orientation (e.g., a left-
hand orientation) to a second orientation (e.g., a right-
hand orientation). Modification or reversal of the orienta-
tion by a link may enable an exit geometry of the asso-
ciated channel to be the same on the respective ends of
the channel, or more specifically, a link may be used to
maintain common inlet and outlet geometry.
[0027] In accordance with aspects of this disclosure,
through the body of a heat exchanger, each hot channel
may have associated cold channels which will affect it
individually. These associated channels may be referred
to as cells. Cells may contain varying cold channel counts
and varying sizes. In some embodiments, hot and cold
channels are of a similar size (e.g., sized within a thresh-
old of one another), but they don’t have to be. Cells may
be strategically positioned into patterns which can be
easily disseminated through a separation zone into first
(e.g., hot) and second (e.g., cold) feeds. Cells can be
patterned to assimilate the space that the body may oc-
cupy. As described above, these separation zones can
be oriented in a planar or radial fashion.
[0028] If the thermal difference between hot and cold
channels is unacceptable to maintain structural integrity
of the heat exchanger body, inlet ports can be arranged
so that colder, low pressure air can be brought in from
opposite sides of the exchanger, as well as, hot inlet ports
being placed at both ends of the exchanger. Similar con-
siderations apply to outlet ports as well. This would mit-
igate vast thermal inequalities through the body, but may
have a tendency to increase the size of the inlet and outlet
transition zones, potentially adding weight to the system
and limiting the size of the actual heat exchanging zone.
[0029] In accordance with aspects of the disclosure, a
heat exchanger may be configured to provide "staged
cooling". As the name implies, staged cooling may allow

for a reduction in temperature along one or more dimen-
sions (e.g., a span) of the heat exchanger or associated
channels in a staged fashion, such that the temperature
may be stepped-down in discrete segments. Analogous-
ly, "staged heating" may allow for an increase in temper-
ature in stepped-up discrete segments. Furthermore,
while the heat exchanger 200 is described above as map-
ping a (first) inlet to a (first) outlet via channels, various
other configurations may be used in some embodiments.
For example, a first multiple of inlets may map to a second
multiple of outlets. Similarly, multiple inlets may map to
a common outlet. In some embodiments, an inlet may
map to multiple outlets.
[0030] Referring to FIG. 6A, an embodiment is shown
where a channel 602 is oriented between a first (inlet)
end 604 and a second (outlet) end 606. The channel 602
is shown as being wrapped by a first set/multiple of chan-
nels 612, the channels 612 having a first (inlet) end 614
and a second (outlet) end 616. The channel 602 is shown
as being wrapped by a second set/multiple of channels
622, the channels 622 having a first (inlet) end 624 and
a second (outlet) end 626. The channels 602, 612, and
622 may convey mediums that are at one or more tem-
peratures. For example, the channel 602 may convey a
medium that is at an elevated temperature relative to the
mediums conveyed by the channels 612 and 622. The
mediums in the channels 612 and 622 may or might not
be at the same temperature.
[0031] FIG. 6B represents a variation/iteration of the
embodiment shown in FIG. 6A. In FIG. 6B, a set of chan-
nels formed from channels 652a, 652b, 652c, and 652d
is oriented between a first (inlet) end 654 and a second
(outlet) end 656. The channel 652a is shown as being
wrapped by a first set/multiple of channels 662a oriented
between a first (inlet) end 664 and a second (outlet) end
666. The channel 652b is shown as being wrapped by a
second set/multiple of channels 662b oriented between
the end 664 and the end 666. The channel 652c is shown
as being wrapped by a third set/multiple of channels 662c
oriented between the end 664 and the end 666. The chan-
nel 652d is shown as being wrapped by a fourth set/mul-
tiple of channels 662d oriented between the end 664 and
the end 666. Wrapping similar to that described above
in connection with the channels 662a-662d may be pro-
vided around the channels 652a-652d via channels ori-
ented between (inlet) end 674 and (outlet) end 676.
[0032] In some embodiments, a heat exchanger’s tem-
perature transfer characteristics may be adjusted based
on one or more parameters. For example, in some em-
bodiments a count of cold channels may be adjusted rel-
ative to a count of hot channels to obtain a particular heat
transfer profile. In some embodiments, a first channel
may be of a substantially same diameters as a second
channel, or different diameters may be used. A cross-
section or diameter, a length, or other characteristic of
one or more channels may be selected to provide a par-
ticular heat transfer profile, potentially based on an
amount of pressure loss that is tolerable in a given ap-
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plication environment. For example, multiple short spirals
fed with a few turns and a quick exit into multiple feeds
may be used to step down a hot straight channel with
minimal losses.
[0033] Aspects of the disclosure are directed to a spi-
raling of passages to separate hot and cold channels into
separate planes. Such separation may provide for a dis-
semination of hot and cold feed channels.
[0034] In accordance with aspects of the disclosure, a
heat exchanger may be manufactured using one or more
techniques. For example, an additive manufacturing
technique may be used in some embodiments. In some
embodiments, a helical spiral associated with a channel
may provide for a channel angle that is suitable for ad-
ditive manufacturing material growth. Direction of growth
of the material may limit the channels to approximately
40 degrees from vertical. Helical spirals may be chosen
that would mimic an equivalent rise over run. Because
of the steps created through the additive manufacturing
process, it may be beneficial to run a liquid polishing me-
dium through the body to achieve a better surface finish
of the channels.
[0035] In some embodiments, at distal ends of a cold
channel a coiled/spiraled shape/geometry may be used,
whereas the cold channels may assume a substantially
straight profile through a body mass alongside one or
more hot channel. The cold channels may transition to
an exit plane reserved for cold channel use. The coiled
geometry at the distal ends may be relatively small, e.g.,
as little as a quarter of one rotation to be radially adjusted
to the exit plane.
[0036] In some embodiments, a rotation associated
with one or more helical spirals of a channel may be re-
versed, potentially as part of an additive manufacturing
procedure. For example, a first (e.g., right) orientation
spiral helix may transition through to a second (e.g., left)
orientation spiral helix through a transition link. The use
of such features may facilitate maintenance of a common
inlet and exit plane geometry, including a weave of sep-
arate hot and cold feed and release systems. In some
embodiments, step down cooling may be obtained by
operating multiple heat exchangers in, e.g., series.
[0037] Aspects of the disclosure may be applied to one
or more sections or components of an engine. For ex-
ample, aspects of the disclosure may be applied to air
systems/bleeds, cases (e.g., a diffuser case or a com-
bustor case), compressor rotors, compressor stators, tur-
bines (e.g., turbine blades, turbine vanes), etc. Still fur-
ther, aspects of the disclosure may be applied in other
applications environments or contexts, such as for ex-
ample power turbines and industrial gas turbines. As-
pects of the disclosure may be applied in an environ-
ment/context where thermal management is a consider-
ation.
[0038] Technical effects and benefits of the disclosure
include an extension of a useable lifetime of one or more
components of an engine. For example, a component
may operate for a longer duration if the temperature of

cooling air supplied to the component is lowered/re-
duced. By lowering the temperature of cooling air, com-
bustion may be provisioned to occur at increased tem-
peratures or pressures, maximizing engine perform-
ance/thrust.
[0039] Aspects of the disclosure have been described
in terms of illustrative embodiments thereof. Numerous
other embodiments, modifications, and variations within
the scope and spirit of the appended claims will occur to
persons of ordinary skill in the art from a review of this
disclosure. For example, one of ordinary skill in the art
will appreciate that the steps described in conjunction
with the illustrative figures may be performed in other
than the recited order, and that one or more steps illus-
trated may be optional in accordance with aspects of the
disclosure.

Claims

1. A heat exchanger (200) comprising:

a first plurality of channels (222) configured to
convey a first medium at a first set of tempera-
tures along a first span of the first plurality of
channels (222), the first set of temperatures in-
cluding a first inlet temperature and a first outlet
temperature;
a second plurality of channels (226) configured
to convey a second medium at a second set of
temperatures along a second span of the sec-
ond plurality of channels (226), the second set
of temperatures being at least partially different
from the first set of temperatures and including
a second inlet temperature and a second outlet
temperature; and
a core region (240) wherein the first plurality of
channels (222) and the second plurality of chan-
nels (226) are co-mingled with respect to one
another.

2. The heat exchanger of claim 1, wherein the first plu-
rality of channels (222) and the second plurality of
channels (226) are substantially parallel to one an-
other in the core region (240).

3. The heat exchanger of claim 1 or 2, wherein each of
a first count of the first plurality of channels (222) is
at least partially wrapped by a second count of the
second plurality of channels (226) in the core region
(240).

4. The heat exchanger of claim 3, wherein the wrapping
adheres to a helical or spiral shape.

5. The heat exchanger of claim 3, wherein at least three
channels (226a, b, c) of the second plurality of chan-
nels are used to wrap a first of the first plurality of
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channels (222).

6. The heat exchanger of any preceding claim, further
comprising:

a first port (202) coupled to a first end of the first
plurality of channels (222);
a second port (210) coupled to a second end of
the first plurality of channels (222);
a third port (206) coupled to a first end of the
second plurality of channels (226); and
a fourth port (214) coupled to a second end of
the second plurality of channels (226);
wherein optionally the first (202) and third (206)
ports are configured as inlets, and wherein the
second (210) and fourth (214) ports are config-
ured as outlets.

7. The heat exchanger of any preceding claim, wherein
at least one of the first plurality of channels (222) and
the second plurality of channels (226) is arranged
as a plurality of layers.

8. The heat exchanger of any preceding claim, wherein
the second plurality of channels (226) is configured
to receive the second medium from at least one of
a compressor section (19) of an engine (10), a fan
section (18) of the engine (10), a bleed valve, or a
source that is external to the engine (10).

9. The heat exchanger of any preceding claim, wherein
a first channel of the first plurality of channels (222)
includes at least one link (522, 526) configured to
reverse an orientation of the first channel.

10. The heat exchanger of any preceding claim, wherein
the first set of temperatures is greater than the sec-
ond set of temperatures, and wherein the tempera-
ture of the first plurality of channels (222) is config-
ured to be reduced in stages along at least one di-
mension of the first plurality of channels (222).

11. The heat exchanger of any preceding claim, further
comprising:

a first plurality of inlets that map to a second
plurality of outlets.

12. The heat exchanger of any of claims 1 to 10, further
comprising:

a plurality of inlets that map to a common outlet.

13. The heat exchanger of any of claims 1 to 10, further
comprising:

an inlet that maps to a plurality of outlets.

14. A method of manufacturing a heat exchanger (200)
configured to be used on an aircraft engine (10), the
method comprising:

additively manufacturing at least one of a first
plurality of channels (222), a second plurality of
channels (226), and/or a core region (240),
wherein the first plurality of channels (222) is
configured to convey a first medium at a first set
of temperatures along a first span of the first
plurality of channels (222),
wherein the second plurality of channels (226)
is configured to convey a second medium at a
second set of temperatures along a second span
of the second plurality of channels (226), the
second set of temperatures being at least par-
tially different from the first set of temperatures,
and
wherein in the core region (140) the first plurality
of channels (222) and the second plurality of
channels (226) are co-mingled with respect to
one another.

15. The method of claim 14, wherein the first medium
and the second medium are different types of medi-
ums.
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