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(57)  Aheat exchanger (10) includes a core (15) hav- corresponding walls. The heat exchanger (10) also in-

ing a nonrectangular cross-sectional area, a plurality of
cold flow layers (18) centered about a centerline with
each of the plurality of cold flow layers (34) separated by
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cludes a plurality of hot flow tubes (34) corresponding to
each of the plurality of cold flow layers.
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Description
BACKGROUND

[0001] The present disclosure relates to a heat ex-
changer and, more particularly, to a heat exchanger hav-
ing a nonrectangular cross-sectional area.

[0002] Heatexchangers are well knownin manyindus-
tries for a variety of applications. When used in mobile
applications, particularly for aerospace applications, it is
desirable to use heat exchangers that provide a compact,
low-weight, and highly-effective means of exchanging
heat from a hot fluid to a cold fluid. Configurations of heat
exchanger cores are generally arranged in a rectangular
cross section (e.g., a square) that allows tube geometry
and spacing to be kept constant across the core. While
such geometries are well known, it may be desirable to
find other geometries that permit even more compact,
low-weight, and efficient heat transfer.

SUMMARY

[0003] A heat exchanger includes a core having non-
rectangular cross-sectional area, a plurality of cold flow
layers centered about a centerline with each of the plu-
rality of cold flow layers separated by corresponding
walls. The heat exchanger also includes a plurality of hot
flow tubes corresponding to each of the plurality of cold
flow layers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

FIG. 1A is a first partially perspective view of a heat
exchanger.

FIG. 1B is a second partially perspective view of the
heat exchanger of FIG 1A.

FIG. 1C is a cross-sectional perspective view of the
heat exchanger of FIG. 1A.

FIG. 2 is a cross-sectional view of a second embod-
iment of the heat exchanger.

FIG. 3is a cross-sectional view of a thirdembodiment
of the heat exchanger.

FIGS. 4A-4D are cross-sectional views of various
tube shapes of hot flow tubes within the heat ex-
changer.

DETAILED DESCRIPTION

[0005] A heat exchanger includes a core arranged in
a nonrectangular cross-sectional shape with a plurality
of cold flow layers and a plurality of hot flow tubes. The
cross-sectional shape of the heat exchanger can be var-
ied, such as a circular, hexagonal, octagonal, or oval
cross-sectioanl shape. The geometries of the cold flow
layers and the hot flow tubes can be varied, including
differing shapes of the tubes, differing circumferential dis-

10

15

20

25

30

35

40

45

50

55

tances between the tubes, differing numbers of tubes per
layer, differing heights of the layers, differing thicknesses
of tube walls, and other geometries. Such configurations
reduce the thermal stresses and also provide an equal
flow resistance (i.e., even mass flow distribution) and
pressure drop across the entire cross-sectional area of
the heatexchanger, thereby ensuring the heat exchanger
performs similarly across the entire cross-sectional area.
Additionally, because the heat exchanger tube arrange-
ment is substantially circular, it can accommodate high
pressures of fluids flowing through the heat exchanger.
[0006] FIG. 1A is a first partially perspective view of
heat exchanger 10 with outer shells 51A and 53A shown
as transparent (solely for convenience of depicting the
heat exchanger of FIG. 1A; a person skilled in the art will
recognize that transparency is not an essential feature
of the outer shell such that the outer shell need not be
transparent), FIG. 1B is a second partially perspective
view of heat exchanger 10 of FIG 1A with outer shells
51A and 53A shown as transparent, and FIG. 1C is a
cross-sectional perspective view of heat exchanger 10
of FIG. 1A. Heat exchanger 10 extends axially along cen-
terline C and is configured to allow thermal energy trans-
fer between first fluid 12 and second fluid 14. Heat ex-
changer 10 includes core 15 having first end 16A (to
which first header 50 with first outer shell 51A and first
hot flow route 51B is attached) and second end 16B (to
which second header 52 with second outer shell 53A and
second hot flow route 53B is attached). Heat exchanger
10 also includes plurality of cold flow layers 18 and plu-
rality of hot flow tubes 34. Plurality of cold flow layers 18
includes first cold flow layer 20 (shown in FIG. 1C as
three similarly configured layers 20) having first radial
height 20T, first annular wall 22, second cold flow layer
24 having second radial height 24T, second annular wall
26, third cold flow layer 28 having third radial height 28T,
third annular wall 30, and fourth annular wall 32. Plurality
of hot flow tubes 34 includes first set of hot flow tubes
36, second set of hot flow tubes 38, third set of hot flow
tubes 40, and fourth set of hot flow tubes 42. Heat ex-
changer 10 also includes first plurality of radial walls 44
having first circumferential distance 44D, second plurality
of radial walls 46 having second circumferential distance
46D, and third plurality of radial walls 48 having third cir-
cumferential distance 48D. First header 50 is connected
to first duct 54, and second header 52 is connected to
second duct 56. While heat exchanger 10 is shown hav-
ing core 15 that is circular, other configurations of heat
exchanger 10 can include other cross-sectional shapes,
such as a hexagonal shape, an octagonal shape, and/or
an oval shape (e.g., an ellipse).

[0007] Heat exchanger 10 is configured to allow the
transfer of thermal energy between first fluid 12 and sec-
ond fluid 14 as is necessary if first fluid 12 and/or second
fluid 14 are used for cooling and/or lubrication of compo-
nents in a larger system, such as a gas turbine engine
or aerospace system. First fluid 12 and second fluid 14
can be any type of fluid, including air, water, lubricant,
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fuel, or another fluid. Heat exchanger 10 is described
herein as providing thermal energy transfer from first fluid
12 to second fluid 14; thus, first fluid 12 is at a greater
temperature than second fluid 14 at the point where both
fluids enter heat exchanger 10 (i.e., first fluid 12 is a "hot"
fluid and second fluid is a "cold" fluid). However, other
configurations of heat exchanger 10 can have second
fluid 14 being at a greater temperature than first fluid 12
(and thus second fluid 14 would be the "hot" fluid and
first fluid 12 would be the "cold" fluid). Thus, when de-
scribing heat exchanger 10 has having "hot" flow tubes
and "cold" flow layers, first fluid 12 flows through any flow
space designated as a "hot" flow space and second fluid
14 flows through any flow space designated as a "cold"
flow space even if first fluid 12 is at a lesser temperature
than second fluid 14.

[0008] Asseen mosteasily in FIG. 1C, core 15 of heat
exchanger 10 has a substantially circular cross-sectional
area (with first header 50 and second header 52 con-
nected to the substantially circular cross-sectional core
15). While shown as having fourth annular wall 32 with
a curved/arced profile, fourth annular wall 32 can also
extend straight between each flow tube of the fourth set
of hot flow tubes 42 such that the fourth annular wall 32
(and the outer profile of heat exchanger 10) is polygonal
in shape but still substantially circular. Additionally, heat
exchanger 10 can have other shapes and configurations
not expressly disclosed but still within the scope of this
disclosure. Core 15 of heat exchanger 10 is shown in
FIG. 1A as extending laterally a distance that is less than
a length of first header 50 and second header 52, but
core 15 can extend laterally any length/distance neces-
sary to allow for sufficient thermal energy transfer be-
tween first fluid 12 and second fluid 14. Core 15 is shown
as having a center that does not include plurality of cold
flow layers 18 or plurality of hot flow tubes 34 (although
heat exchanger 10 can be configured such that second
fluid 14 flows through the center), but core 15 can have
other configurations in which the center includes one or
multiple layers and/or tubes.

[0009] Attached to firstend 16A of core 15 is first head-
er 50, which includes first outer shell 51A configured to
contain the flow of second fluid 14 exiting plurality of cold
flow layers 18 and first hot flow route 51B configured to
transition the flow of first fluid 12 from first duct 54 to
plurality of hot flow tubes 34. Similar in configuration to
first header 50 is second header 52, which is attached
to second end 16B of core 15 and includes second outer
shell 53A configured to guide second fluid 14 into plurality
of cold flow layers 18 and second hot flow routes 53B
configured to transition the flow of first fluid 12 from plu-
rality of hot flow tubes 34 to second duct 56. As shown,
first header 50 and second header 52 have similar con-
figurations except that first fluid 12 flows into heat ex-
changer 10 from first header 50 and out of heat exchang-
er 10 into second header 52, and second fluid 14 flows
into heat exchanger 10 from second header 52 and out
of heat exchanger 10 into first header 50. First header
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50 and second header 52 can have any configuration
that transitions flow of first fluid 12 and second fluid 14
into and out of heat exchanger 10.

[0010] As shown in FIGS. 1A and 1B, first outer shell
51A and second outer shell 53A are cylindrical in shape
and have a cross-sectional shape that is similar to the
cross-sectional shape of core 15. First outer shell 51A
and second outer shell 53A provide an outer boundary
to a cold flow path through first header 50 and second
header 52, respectively, and guide second fluid 14 into
and out of plurality of cold flow layers 18. Second fluid
14 flows around the subflows of hot flow routes 51B and
53B to enter and exit plurality of cold flow layers 18, and
the cold flow paths of second fluid 14 through first header
50 and second header 52 can be guided by other features
in addition to first outer shell 51A and second outer shell
53A, such as walls, fins, or other features. While not
shown, first outer shell 51A and second outer shell 53A
can be connected to cold flow ducts, respectively.
[0011] Firsthot flow route 51B (which is radially inward
from first outer shell 51A) splits the flow from first duct
54 into four subflows, which then each split the subflow
into four sub-subflows. Then, the sub-subflows split to
connect to individual tubes of plurality of hot flow tubes
34 (or, if the number of tubes in plurality of hot flow tubes
34 is extensive, the sub-subflows can split into sub-sub-
subflows and so on). While first hot flow route 51B is
shown as splitting into four subflows and then into four
sub-subflows, the number of branches at each split can
vary, including more or less than four. Secondhot flow
route 53B of second header 52 can have a similar con-
figuration (except in an opposite direction such that the
sub-subflows converge to form subflows, which in turn
converge to form the singular flow into second duct 56)
or another configuration for transitioning the flow of first
fluid 12 from plurality of hot flow tubes 34 into second
duct 56. First header 50 and second header 52 can have
other configurations for transitioning first flow 12 and sec-
ond flow 14 into and out of heat exchanger 10.

[0012] Plurality of cold flow layers 18 of heat exchanger
10 form concentric/coaxial annular rings centered about
centerline C and are flow paths for second fluid 14 to flow
through heat exchanger 10. Plurality of cold flow layers
18 provide a cross-sectional area/path through which
second fluid 14 can flow through core 15 and accept (or
convey) thermal energy from first fluid 12 flowing through
plurality of flow tubes 34 (which are adjacent to plurality
of cold flow layers 18). While plurality of cold flow layers
18 are shown as having five different layers in FIGS. 1A-
1C, plurality of cold low layers 18 can have less than or
more than five layers depending on the thermal energy
transfer needs and any size constraints/requirements of
heat exchanger 10. Three configurations of layers are
described below with regards to plurality of cold flow lay-
ers 18: first cold flow layer 20, which actually designates
the radially inner three layers because each has a similar
configuration as one another; second cold flow layer 24,
which is radially outward from the radially outermost first
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cold flow layer 20; and third cold flow layer 28, which is
the radially outermost layer of plurality of cold flow layers
18.

[0013] Firstcold flow layer 20 is annular in shape cen-
tered about centerline C and is bounded by first annular
wall 22 on a radially inner side and second annular wall
26 on a radially outer side. First cold flow layer 20 pro-
vides a flow area/path through which a portion of second
fluid 14 flows to accept (or convey) thermal energy from
first fluid 12 flowing through a number of plurality of hot
flow tubes 34 adjacent first cold flow layer 20. First cold
flow layer 20 has first radial height 20T, which can be the
same as second radial height 24T of second cold flow
layer 24 and third radial height 28T of third cold flow layer
28 (as shown in FIGS. 1A-1C), or heights 20T-28T can
be different. For example, to maintain an equal cross-
sectional flow area for each cold flow layer, first radial
height 20T can be greater than second radial height 24T,
and second radial height 24T can be greater than third
radial height 28T. First cold flow layer 20 can be contin-
uous in a circumferential direction with no boundaries
(i.e., first plurality of radial walls 44 are not present) or,
as shown in FIGS. 1A-1C, can be separated into circum-
ferential segments/zones by first plurality of radial walls
44,

[0014] First plurality of radial walls 44 extend radially
across first cold flow layer 20 between first annular wall
22 and second annular wall 26. First plurality of radial
walls 44 divide first cold flow layer 20 into circumferential
segments extending for first circumferential distance
44D. Each wall of first plurality of radial walls 44 is equi-
distant from adjacent walls (i.e., first circumferential dis-
tance 44D between adjacent walls is the same). Howev-
er, other configurations of heat exchanger 10 can in-
cludes first plurality of radial walls 44 that are varying
distances from adjacent walls, or heat exchanger 10 can
include a configuration in which first cold flow layer 20
does not include any radial walls. Additionally, first set of
hot flow tubes 36 are partially incorporated into first plu-
rality of radial walls 44 (with first set of hot flow tubes 36
being at an intersection between first annular wall 22 and
first plurality of radial walls 44), and second set of hot
flow tubes 38 are partially incorporated into first plurality
of radial walls 44 (with second set of hot flow tubes 38
being at an intersection between second annular wall 26,
first plurality of radial walls 44, and second plurality of
radial walls 46).

[0015] Second cold flow layer 24 is annular in shape
centered about centerline C and is bounded by second
annular wall 26 on a radially inner side and third annular
wall 30 on a radially outer side. Second cold flow layer
24 is radially outward from first cold flow layer 20. Second
coldflow layer 24 provides a flow area/path through which
a portion of second fluid 14 flows to accept (or convey)
thermal energy from first fluid 12 flowing through a
number of plurality of hot flow tubes 34 adjacent second
cold flow layer 24. Second cold flow layer 24 has second
radial height 24T, which can be the same as first radial

10

15

20

25

30

35

40

45

50

55

height 20T of first cold flow layer 20 and third radial height
28T of third cold flow layer 28 (as shown in FIGS. 1A-
1C), or heights 20T-28T can be different. For example,
to maintain an equal cross-sectional flow area for each
cold flow layer, second radial height 24T can be greater
than third radial height 28T but less than first radial height
20T. Similar to first cold flow layer 20, second cold flow
layer 24 can be continuous in a circumferential direction
with no boundaries (i.e., second plurality of radial walls
46 are not present) or, as shown in FIGS. 1A-1C, can be
separated into circumferential segments/zones by sec-
ond plurality of radial walls 46.

[0016] Second plurality of radial walls 46 extend par-
tially radially and partially circumferentially (i.e., angled)
across second cold flow layer 24 between second annu-
lar wall 26 and third annular wall 30. Second plurality of
radial walls 46 divide second cold flow layer 24 into cir-
cumferential segments extending for second circumfer-
ential distance 46D on a radial outermost end. The cir-
cumferential segments of second cold flow layer 24 can
have any shape, including alternating triangular and rec-
tangular shaped flow areas. Second circumferential dis-
tance 46D can be equal at the radially outermost end
between each wall of second plurality of radial walls 46.
Second plurality of radial walls 46 alternate in a direction
of angle to form segments of second cold flow layer 24
that alternate between triangles and rectangles. Other
configurations of heatexchanger 10 can includes second
plurality of radial walls 46 that are varying distances from
adjacent walls, or heat exchanger 10 can include a con-
figuration in which second cold flow layer 24 does not
include any radial walls. Additionally, second set of hot
flow tubes 38 are partially incorporated into second plu-
rality of radial walls 46 (with second set of hot flow tubes
38 being at an intersection between second annular wall
26, first plurality of radial walls 44, and second plurality
of radial walls 46), and third set of hot flow tubes 40 are
partially incorporated into second plurality of radial walls
46 (with third set of hot flow tubes 40 being at an inter-
section between third annular wall 30, second plurality
of radial walls 46, and third plurality of radial walls 48).
First plurality of radial walls 44, second plurality of radial
walls 46, and third plurality of radial walls 48 can be ra-
dially aligned or have other configurations/orientations,
such as second plurality of radial walls 46 being
branched/angled outward.

[0017] Third cold flow layer 28 is annular in shape cen-
tered about centerline C and is bounded by third annular
wall 30 on a radially inner side and fourth annular wall
32 on aradially outer side. The disclosed heat exchanger
10 is configured such that fourth annular wall 32 forms
the outermost boundary of core 15. However, other con-
figurations can include one or multiple additional layers
radially outward from third cold flow layer 28 that are
bounded by additional annular walls. These layers can
have similar or different configurations to plurality of cold
flow layers 18. Third cold flow layer 28 provides a flow
area/path through which a portion of second fluid 14 flows
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to accept (or convey) thermal energy from first fluid 12
flowing through a number of plurality of hot flow tubes 34
adjacent third cold flow layer 28. Third cold flow layer 28
has third radial height 28T, which can be the same as
firstradial height 20T of first cold flow layer 20 and second
radial height 24T of second cold flow layer 24 (as shown
in FIGS. 1A-1C), or heights 20T-28T can be different.
For example, to maintain an equal cross-sectional flow
area for each cold flow layer, third radial height 28T can
be less than second radial height 24T, which in turn can
be less than first radial height 20T. Similar to first cold
flow layer 20 and second cold flow layer 24, third cold
flow layer 28 can be continuous in a circumferential di-
rection with no boundaries (i.e., third plurality of radial
walls 48 are not present) or, as shown in FIGS. 1A-1C,
can be separated into circumferential segments/zones
by third plurality of radial walls 48.

[0018] Third plurality of radial walls 48 extend radially
across third cold flow layer 28 between third annular wall
30 and fourth annular wall 32. Third plurality of radial
walls 48 divide third cold flow layer 28 into circumferential
segments extending for third circumferential distance
48D. Each wall of third plurality of radial walls 48 is equi-
distant from adjacent walls (i.e., third circumferential dis-
tance 48D between adjacent walls is the same). Howev-
er, other configurations of heat exchanger 10 can in-
cludes third plurality of radial walls 48 that are varying
distances from adjacent walls, or heat exchanger 10 can
include a configuration in which third cold flow layer 28
does not include any radial walls. Additionally, third set
of hot flow tubes 40 are partially incorporated into third
plurality of radial walls 48 (with third set of hot flow tubes
40 being at an intersection between third annular wall
30, second plurality of radial walls 46, and third plurality
of radial walls 48), and fourth set of hot flow tubes 42 are
partially incorporated into third plurality of radial walls 48
(with fourth set of hot flow tubes 42 being at an intersec-
tion between fourth annular wall 32 and third plurality of
radial walls 48).

[0019] Plurality of hot flow tubes 34 of heat exchanger
10 extend parallel to centerline C. Plurality of hot flow
tubes 34 are located so as to extend adjacent to and/or
through plurality of cold flow layers 18, and plurality of
hot flow tubes 34 are flow paths for first fluid 12 to flow
through core 15. Plurality of hot flow tubes 34 provide a
cross-sectional area/path through which first fluid 12 can
flow through heat exchanger 10 and convey (or accept)
thermal energy from second fluid 14 flowing through plu-
rality of cold flow layers 18 (which are adjacent to and in
contact with plurality of hot flow tubes 34). Plurality of hot
flow tubes 34 are shown in FIGS. 1A- 1C as each having
a circular cross-sectional areas/shapes that are equal to
other hot flow tubes, but plurality of hot flow tubes 34 can
have a variety of different shapes and/or cross-sectional
areas.

[0020] Differently shaped exemplary tubes 34A-34D
are shown in FIGS. 4A-4D. Tube 34A of FIG. 4A has a
circular cross-sectional shape, which is also shown as
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the cross-sectional shape of each tube of plurality of
tubes 34 in heat exchanger 10. Tube 34B of FIG. 4B has
an elliptical cross-sectional shape that has a greater
cross-sectional area (i.e., flow area) than tube 34A. Tube
34C of FIG. 4C has a polygonal cross-sectional shape
that has a greater cross-sectional area (i.e., flow area)
than tube 34A. While shown as a hexagon, tube 34C can
be a polygon with any number of sides and/or configu-
rations, including less than six sides (such as a triangle
or rectangle) or more than six sides. Tube 34D of FIG.
4D has a tear-drop cross-sectional shape that has small-
er cross-sectional area (i.e., flow area) than tube 34A.
While tube 34D is approximately pear shaped with a
smaller cross-sectional portion above a larger cross-sec-
tional portion, tube 34D can have other configurations
and/or orientations. Tubes 34A-34D of FIGS. 4A-4D are
provided for exemplary purposes only, and each tube of
plurality of tubes 34 can have other shapes, configura-
tions, and orientations not expressly disclosed.

[0021] Plurality of hot tubes 34 are arranged in circum-
ferentially extending sets (as described below) with tubes
in each set being equidistant from centerline C. However,
other configurations of heat exchanger 10 can have tubes
within a set that are different distances from centerline
C (e.g., some tubes are incorporated into corresponding
annular walls and some tubes extend through corre-
sponding cold flow layers without being in contact with
annular walls). Further, plurality of tubes 34 can be ar-
ranged in radial rows so that, for example, tubes in first
set of hot flow tubes 36 are radially inward from tubes in
second set of hot flow tubes 38 (and thus first set of hot
flow tubes 36 are equal in number to second set of hot
flow tubes 38). However, tubes in some or all sets of
plurality of tubes 34 can be circumferentially offset from
adjacent sets of plurality of hot flow tubes 34 so that, for
example, tubes in third set of hot flow tubes 40 are cir-
cumferentially offset from tubes in second set of hot flow
tubes 38. The sets of hot flow tubes that include tubes
that are circumferentially offset from tubes in an adjacent
set of hot flow tubes can have a greater number of tubes,
an equal number of tubes, or a smaller number of tubes.
As shown in FIGS. 1A-1C, the tubes in third set of hot
flow tubes 40 have a greater number than the tubes in
second set of hot flow tubes 38. Plurality of tubes 34 can
be arranged to each be at an intersection of annular walls
22-32 and radial walls 44-48 or have another configura-
tion and/or location.

[0022] Heat exchanger 10 can have any number of
tubes of plurality of hot flow tubes 34 (and each set can
have any number of tubes) as is necessary to provide
sufficient thermal energy transfer between first fluid 12
and second fluid 14 while also reducing thermal stresses
and providing for an equal flow resistance (i.e., even
mass flow distribution) and pressure drop across the en-
tire cross-sectional area of core 15. While plurality of hot
flow tubes 34 are shown as having six different circum-
ferentially extending sets in FIGS. 1A-1C, plurality of hot
flow tubes 34 can have less than or more than six sets
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depending on the thermal energy transfer needs and any
size and/or flow constraints/requirements of heat ex-
changer 10. Four sets of hot flow tubes are described
below with regards to plurality of hot flow tubes 34: first
set of hot flow tubes 36, which actually designates the
radially inner three sets because each has a similar con-
figuration as one another; second set of hot flow tubes
38, which is radially outward from the radially outermost
first set of hot flow tubes 36; third set of hot flow tubes
40, which is radially outward from second set of hot flow
tubes 38; and fourth set of hot flow tubes 42, which is the
radially outermost set of plurality of hot flow tubes 34.
[0023] First set of hot flow tubes 36 is radially inward
from first cold flow layer 20 and provides a number of
flow areas/paths through which a portion of first fluid 12
flows to convey (or accept) thermal energy from second
fluid 14 flowing through adjacent plurality of cold flow
layers 18. As shown in heat exchanger 10, each hot flow
tube of first set of hot flow tubes 36 is incorporated into
first annular wall 22. First set of hot flow tubes 36 desig-
nates the three radially innermost circumferential rings
of hot flow tubes because those three are similar in con-
figuration and number to one another except that first
circumferential distance 44D is different from one anoth-
er. Adjacent tubes in first set of hot flow tubes 36 are
circumferentially equally spaced from one another, and
first set of hot flow tubes 36 includes sixteen individual
flow tubes. However, other configurations of heat ex-
changer 10 can include tubes in first set of hot flow tubes
36 that are not circumferentially equally spaced from ad-
jacent tubes and/or include more or less individual flow
tubes within first set of hot flow tubes 36. While first set
of hot flow tubes 36 are shown as being incorporated into
first annular wall 22 and first plurality of radial walls 44,
first set of hot flow tubes 36 can be at other locations,
such as a location that is within one plurality of cold flow
layers 18 (as is shown in the embodiment in FIG. 2) or
only incorporated into first annular wall 22 or first plurality
of radial walls 44. Additionally, hot flow tubes of first set
of hot flow tubes 36 can have different circumferential
and/or radial locations than adjacent hot flow tubes.
[0024] Second set of hot flow tubes 38 is radially out-
ward from first set of hot flow tubes 36 and are between
first cold flow layer 20 and second cold flow layer 24. In
heat exchanger 10, second set of hot flow tubes 38 are
incorporated into second annular wall 26. Second set of
hot flow tubes 38 provide a number of flow areas/paths
through which a portion of first fluid 12 flows to convey
(or accept) thermal energy from second fluid 14 flowing
through first cold flow layer 20 and second cold flow layer
24. Second set of hot flow tubes 38 can have the same
number of hot flow tubes as first set of hot flow tubes 36
with those tubes being equidistant from adjacent tubes,
but if second set of hot flow tubes 38 does have the same
number of hot flow tubes as first set of hot flow tubes 36,
second circumferential distance 46D is greater than first
circumferential distance 44D. Adjacent tubes in second
set of hot flow tubes 38 in heat exchanger 10 are circum-
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ferentially equally spaced from one another, and second
set of hot flow tubes 38 includes sixteen individual flow
tubes. However, other configurations of heat exchanger
10 can include tubes of second set of hot flow tubes 38
that are not circumferentially equally spaced from adja-
cent tubes, and/or second set of hot flow tubes 38 can
include more or less individual flow tubes. While second
set of hot flow tubes 38 are shown as being incorporated
into second annular wall 26 and second plurality of radial
walls 46, second set of hot flow tubes 38 can be at other
locations, such as a location that is within one plurality
of cold flow layers 18 (as is shown in the embodiment in
FIG. 2) or only incorporated into second annular wall 26
or second plurality of radial walls 46. Additionally, hot
flow tubes of second set of hot flow tubes 38 can have
different circumferential and/or radial locations than ad-
jacent hot flow tubes.

[0025] Third set of hot flow tubes 40 is radially outward
from second set of hot flow tubes 38 and is between
second cold flow layer 24 and third cold flow layer 28. In
heat exchanger 10, third set of hot flow tubes 40 are
incorporated into third annular wall 30. Third set of hot
flow tubes 40 provide a number of flow areas/paths
through which a portion of first fluid 12 flows to convey
(or accept) thermal energy from second fluid 14 flowing
through second cold flow layer 24 and third cold flow
layer 28. Third set of hot flow tubes 40 can have the same
number of hot flow tubes as second set of hot flow tubes
38 with those tubes being equidistant from adjacenttubes
or, as shown in heat exchanger 10, can have a greater
number of hot flow tubes than second set of hot flow
tubes 38. In heat exchanger 10, third set of hot flow tubes
40 has thirty-two hot flow tubes. With third set of hot flow
tubes 40 having a greater number of tubes than second
set of hot flow tubes 38, third circumferential distance
48D is less than second circumferential distance 46D.
Additionally, because third plurality of radial walls 48 ex-
tend between radially adjacent hot flow tubes, third plu-
rality of radial walls 48 do not extend entirely in a radial
direction and extend partially in the circumferential direc-
tion as well. Third set of hot flow tubes 40 can include
other configurations that include an equal number of hot
flow tubes as second set of hot flow tubes 38 (as is shown
in FIGS. 2 and 3). Adjacent tubes in third set of hot flow
tubes 40 are circumferentially equally spaced from one
another. However, other configurations of heat exchang-
er 10 can include third set of hot flow tubes 40 that are
not circumferentially equally spaced from one another,
and/or third set of hot flow tubes 40 can include more or
less individual flow tubes. While third set of hot flow tubes
40 are shown as being incorporated into third annular
wall 30 and third plurality of radial walls 48, third set of
hot flow tubes 40 can be at other locations, such as a
location that is within one plurality of cold flow layers 18
(as is shown in the embodiment in FIG. 2) or only incor-
porated into third annular wall 30 or third plurality of radial
walls 48. Additionally, hot flow tubes of third set of hot
flow tubes 40 can have different circumferential and/or
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radial locations than adjacent hot flow tubes.

[0026] Fourth set of hot flow tubes 42 is radially out-
ward from third set of hot flow tubes 40, radially outward
from third cold flow layer 28, and is the radially outermost
set of hot flow tubes. In heat exchanger 10, fourth set of
hot flow tubes 42 are incorporated into fourth annular
wall 32. Fourth set of hot flow tubes 42 provide a number
of flow areas/paths through which a portion of first fluid
12 flows to convey (or accept) thermal energy from sec-
ond fluid 14 flowing through third cold flow layer 28.
Fourth setof hotflow tubes 42 can have the same number
of hot flow tubes as second set of hot flow tubes 38 and/or
third set of hot flow tubes 40. As shown in heat exchanger
10, fourth set of hot flow tubes 42 has an equal number
of hot flow tubes as third set of hot flow tubes 40, which
has thirty-two hot flow tubes. A distance between each
tube of fourth set of hot flow tubes 42 is greater than third
circumferential distance 48D. Fourth set of hot flow tubes
42 can include other configurations that include an equal
number of hot flow tubes as second set of hot flow tubes
38 (as is shown in FIGS. 2 and 3). Adjacent tubes in
fourth set of hot flow tubes 42 are circumferentially equal-
ly spaced from one another. However, other configura-
tions of heat exchanger 10 can include adjacent tubes
of fourth set of hot flow tubes 42 that are not circumfer-
entially equally spaced from one another, and/or fourth
setof hot flow tubes 42 can include more or less individual
flow tubes. While fourth set of hot flow tubes 42 are shown
as being incorporated into fourth annularwall 30 and third
plurality of radial walls 48, fourth set of hot flow tubes 42
can be at other locations or, as shown in FIG. 2, heat
exchanger 10 can be configured such that it does not
include a fourth set of hot flow tubes 42. Additionally, hot
flow tubes of fourth set of hot flow tubes 42 can have
different circumferential and/or radial locations than ad-
jacent hot flow tubes.

[0027] Heat exchanger 10 in FIGS. 1A-1C provides
core 15 with multiple cold flow paths through plurality of
cold flow layers 18 and multiple hot flow paths through
plurality of hot flow tubes 34. The configuration of plurality
of cold flow layers 18 and plurality of hot flow tubes 34
reduces thermal stresses and provides an equal flow re-
sistance (and pressure drop) across the entire circular
cross-sectional area of heat exchanger 10, which en-
sures heat exchanger 10 performs similarly across the
entire cross-sectional area. With many of the compo-
nents of heat exchanger 10 being formed from circles,
heat exchanger 10 can accommodate high pressure of
first fluid 12 and second fluid 14. The configuration of
heat exchanger 10 provides a checkerboard-type core
15 that efficiently transfers thermal energy between first
fluid 12 and second fluid 14 while also accommodating
a circular cross-sectional shape that is able to be located
in areas that conventional rectangular heat exchangers
cannot fit.

[0028] FIG. 2isa cross-sectional view of asecond em-
bodiment of the heat exchanger. Heat exchanger 110 is
centered about and extends along centerline C (extend-
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ing into and out of the page in FIG. 2). Heat exchanger
110 can include all of the components of heat exchanger
10in FIGS. 1A-1C (including afirst header, second head-
er, first duct, and second duct) and is different than heat
exchanger 10 in that core 115 of heat exchanger 110
includes a different configuration of plurality of cold flow
layers 118 and plurality of hot flow layers 134. These
differences will be described below. If a component of
heat exchanger 110 is not described, then that compo-
nent is similar to the component in heat exchanger 10.
[0029] Core 115 has a substantially circular cross-sec-
tional area within which plurality of annular flow layers
118 and plurality of hot flow tubes 134 extend to convey
and allow thermal energy transfer between first fluid 12
and second fluid 14 (shown in FIGS. 1A-1C) flowing in
opposite directions through plurality of hot flow tubes 134
and plurality of annular flow layers 118, respectively. Sim-
ilar to core 15, core 115 is shown as having a center that
does not include plurality of cold flow layers 118 or plu-
rality of hot flow tubes 134 (although heat exchanger 110
can be configured such that second fluid 14 flows through
the center), but core 115 can have other configurations
in which the center includes one or multiple layers and/or
tubes.

[0030] Plurality of cold flow layers 118 are similar to
plurality of cold flow layers 18 in heat exchanger 10. Plu-
rality of cold flow layers 118 form concentric/coaxial an-
nularrings centered aboutcenterline C and are flow paths
for second fluid 14 to flow through heat exchanger 110.
Plurality of cold flow layers 118 provide a cross-sectional
area/path through which second fluid 14 can flow through
core 115 and accept (or convey) thermal energy from
first fluid 12 flowing through plurality of flow tubes 134.
While plurality of cold flow layers 118 are shown as hav-
ing three different layers in FIG. 2, plurality of cold low
layers 118 can have less than or more than three layers
depending on the thermal energy transfer needs and any
size constraints/requirements of heat exchanger 110.
Three configurations of layers are described below with
regards to plurality of cold flow layers 118: first cold flow
layer 120, which is on a radially inner side of core 115;
second cold flow layer 124, which is radially outward from
first cold flow layer 120; and third cold flow layer 128,
which is the radially outermost layer of plurality of cold
flow layers 118.

[0031] Plurality of cold flow layers 118 can have the
same configurations and functionality as plurality of cold
flow layers 18 of heat exchanger 10. However, as shown
in FIG. 2, plurality of cold flow layers 118 have varying
heights such that each segment of each cold flow layer
has an approximately equal cross-sectional area (with
each cold flow layer being divided into segments by plu-
rality of radial walls 144-148 similar to the configuration
in heat exchanger 10). First cold flow layer 120 includes
first radial height 120T that is greater than second radial
height 124T of second cold flow layer 124, which in turn
is greater than third radial height 128T of third cold flow
layer 128. First cold flow layer 120 is divided into seg-
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ments by first plurality of radial walls 144, second cold
flow layer 124 is divided into segments by second plurality
orradial walls 146, and third cold flow layer 128 is divided
into segments by third plurality of radial walls 148. Radial
walls 144-148 can be radially aligned so that each seg-
ment of plurality of cold flow layers 118 extend an equal
circumferential angle as measured in degrees orradians.
However, because second cold flow layer 124 is radially
outward from first cold flow layer 120, and third cold flow
layer 128 is radially outward from second cold flow layer
124, the circumferential distance (third circumferential
distance 48D) as measured in units of length (e.g., cen-
timeters) of each segment of third cold flow layer 128 is
greater than second circumferential distance 46D of sec-
ond cold flow layer 124, which in turn is greater than first
circumferential distance 44D of first cold flow layer 120.
Thus, for each segment of plurality of cold flow layers
118 to have approximately equal cross-sectional flow ar-
eas, first radial height 120T is greater than second radial
height 124T which is greater than third radial height 128T.
Heights 120T, 124T, and 128T depend on circumferential
distances 144D, 146D, and 148D, respectively. Other
configurations of plurality of cold flow layers 118 can have
layers with different heights, different circumferential dis-
tances between radial walls, different numbers of layers,
and/or different shapes of layers.

[0032] Plurality of hot flow tubes 134 have the same
functionality as plurality of hot flow tubes 34 of heat ex-
changer 10. However, plurality of hot flow tubes 134 are
not located at the intersection of the annular walls and
the radial walls as is the case in heat exchanger 10. Rath-
er, plurality of hot flow tubes 134 are located within and
extend through plurality of cold flow layers 118. Plurality
of hot flow tubes 134 are shown in FIG. 2 as being equi-
distant from centerline C, but other configurations of heat
exchanger 110 can have tubes within a set (i.e., first set
of hot flow tubes 136, second set of hot flow tubes 138,
and third set of hot flow tubes 140) that are different dis-
tances from centerline C. Plurality of hot flow tubes 134
are arranged in radial rows with each set of hot flow tubes
having an equal number of tubes as other sets of hot flow
tubes 136-140, but other configurations can include
tubes that are circumferentially offset from radially adja-
cent tubes (i.e., tubes in other sets) and/or include sets
of hot flow tubes 136-140 that have a different number
of tubes than adjacent sets. While each tube of plurality
of hot flow tubes 134 are shown as having a circular
cross-sectional shape that is equal in size to other hot
flow tubes, hot flow tubes can have a variety of sizes,
shapes, and/or configurations.

[0033] Firstsetof hotflow tubes 136 are located within
first cold flow layer 120 with each hot flow tube being
equally spaced from adjacent hot flow tubes. As shown
in FIG. 2, first set of hot flow tubes 136 are radially cen-
tered between first annular wall 122 and second annular
wall 126 (i.e., are half a distance of first radial height
120T). Additionally, first set of hot flow tubes 136 are
circumferentially centered between adjacent walls of first
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plurality of radial walls 144 (i.e., are half a distance of
first circumferential distance 144T from adjacent first plu-
rality of radial walls 144). However, first set of hot flow
tubes 136 can have other locations within first cold flow
layer 120, such as being closer to first annular wall 122
and/or closer to one wall of first plurality of radial walls
144,

[0034] Second set of hot flow tubes 138 has the same
configuration as first set of hot flow tubes 136 with regards
to second cold flow layer 124, second annular wall 126,
third annular wall 130, and second plurality of radial walls
146. While shown as being radially centered between
second annular wall 126 and third annular wall 130 and
circumferentially centered between adjacent walls of
second plurality of radial walls 146, second set of hot flow
tubes 138 can have other locations within second cold
flow layer 124, such as being closer to second annular
wall 126 and/or closer to one wall of second plurality of
radial walls 146.

[0035] Third set of hot flow tubes 140 has the same
configuration as first set of hot flow tubes 136 with regards
to third cold flow layer 128, third annular wall 130, fourth
annular wall 132, and third plurality of radial walls 148.
While shown as being radially centered between third
annular wall 130 and fourth annular wally 132 and cir-
cumferentially centered between adjacent walls of third
plurality of radial walls 148, third set of hot flow tubes 140
can have other locations within third cold flow layer 128,
such as being closer to third annular wall 130 and/or clos-
er to one wall of third plurality of radial walls 148.
[0036] With segments of plurality of cold flow layers
118 having approximately equal cross-sectional flow ar-
eas/paths and plurality of hot flow tubes 134 being locat-
ed within and extending through each segment of plural-
ity of cold flow layers 118, heat exchanger 110 provides
increased thermal energy transfer capabilities while re-
ducing thermal stresses and providing an equal flow re-
sistance (and pressure drop) across the entire circular
cross-sectional area of core 115. With the components
of heat exchanger 110 having circular shapes, heat ex-
changer 110 can accommodate high pressures of first
fluid 12 and second fluid 14.

[0037] FIG. 3 is a cross-sectional view of a third em-
bodiment of the heat exchanger. Heat exchanger 210 is
centered about and extends along centerline C (extend-
ing into and out of the page in FIG. 3). Heat exchanger
210 can include all of the components of heat exchanger
10in FIGS. 1A-1C (including afirst header, second head-
er, first duct, and second duct) and is different than heat
exchanger 10 in that plurality of hot flow tubes 234 in-
crease in size from first set of hot flow tubes 236 through
fourth set of hot flow tubes 242.

[0038] Core 215 has a substantially circular cross-sec-
tional area within which plurality of annular flow layers
218 and plurality of hot flow tubes 234 extend to convey
and allow thermal energy transfer between first fluid 12
and second fluid 14 (shown in FIGS. 1A-1C), respective-
ly. First fluid 12 and second fluid 14 can flow in opposite
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directions through plurality of hot flow tubes 234 and plu-
rality of annular flow layers 218, respectively. Similar to
core 15, core 215 is shown as having a center that does
not include plurality of cold flow layers 218 or plurality of
hot flow tubes 234 (although heat exchanger 210 can be
configured such that second fluid 14 flows through the
center), but core 215 can have other configurations in
which the center includes one or multiple layers and/or
tubes.

[0039] Plurality of cold flow layers 218 are similar in
configuration and functionality to plurality of cold flow lay-
ers 18 in heat exchanger 10. First radial height 220T of
first cold flow layer 220 is equal to second radial height
224T of second cold flow layer 224, which is also equal
to third radial height 228T of third cold flow layer 228.
With radial walls 244-248 being radially aligned, each
segment of third cold flow layer 228 has a greater cross-
sectional area than each segment of second cold flow
layer 224, and each segment of second cold flow layer
224 has a greater cross-sectional area than each seg-
ment of first cold flow layer 220. To provide a more even
distribution of thermal energy transfer across the entire
cross-sectional area of core 215, each hot flow tube of
plurality of hot flow tubes 234 increases in cross-sectional
area as each segment of plurality of cold flow layers 218
increases in cross-sectional area.

[0040] First set of hot flow tubes 236 is radially inward
from first cold flow layer 220, and each hot flow tube is
incorporated into firstannular wall 222 and aradially inner
end of first plurality of radial walls 244. First set of hot
flow tubes 236 is similar in configuration and functionality
as first set of hot flow tubes 36 in heat exchanger 10.
However, each tube of first set of hot flow tubes 236 has
a smaller cross-sectional area than each tube of second
set of hot flow tubes 238 (which in turn has a smaller
cross-sectional area than each tube of third set of hot
flow tubes 240 and each tube of fourth set of hot flow
tubes 242). First set of hot flow tubes 236 can have other
locations and configurations than that which is shown in
FIG. 3, such as being located within and extending
through first cold flow layer 220.

[0041] Second set of hot flow tubes 238 is radially in-
ward from second cold flow layer 224 and radially out-
ward from first cold flow layer 220, and each hot flow tube
is incorporated into second annular wall 226 at an inter-
section between first plurality of radial walls 244 and sec-
ond plurality of radial walls 246. Second set of hot flow
tubes 238 is similar in configuration and functionality as
second set of hot flow tubes 38 in heat exchanger 10.
However, each tube of second set of hot flow tubes 238
has a smaller cross-sectional area than each tube of third
set of hot flow tubes 240 (which in turn has a smaller
cross-sectional area than each tube of fourth set of hot
flow tubes 242) but has a greater cross-sectional area
than each tube of first set of hot flow tubes 236. Second
set of hot flow tubes 238 can have other locations and
configurations than that which is shown in FIG. 3, such
as being located within and extending through second
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cold flow layer 224.

[0042] Third set of hot flow tubes 240 is radially inward
from third cold flow layer 228 and radially outward from
second cold flow layer 224, and each hot flow tube is
incorporated into third annular wall 230 at an intersection
between second plurality of radial walls 246 and third
plurality of radial walls 248. Third set of hot flow tubes
240 is similar in configuration and functionality as third
set of hot flow tubes 40 in heat exchanger 10. However,
each tube of third set of hot flow tubes 240 has a smaller
cross-sectional area than each tube of fourth set of hot
flow tubes 242 but has a greater cross-sectional area
than each tube of second set of hot flow tubes 238 (which
in turn has a greater cross-sectional area than each tube
of first set of hot flow tubes 236). Third set of hot flow
tubes 240 can have other locations and configurations
than that which is shown in FIG. 3, such as being located
within and extending through third cold flow layer 228.
[0043] Fourth set of hot flow tubes 242 is radially out-
ward from third cold flow layer 228, and each hot flow
tube is incorporated into fourth annular wall 232 at an
intersection between fourth annular wall 232 and third
plurality of radial walls 248. Fourth set of hot flow tubes
242 is similar in configuration and functionality as fourth
set of hot flow tubes 42 in heat exchanger 10. However,
each tube of fourth set of hot flow tubes 242 has a greater
cross-sectional area than each tube of third set of hot
flow tubes 240 (which in turn has a greater cross-sec-
tional area than each tube of second set of hot flow tubes
238). Fourth set of hot flow tubes 242 can have other
locations and configurations than that which is shown in
FIG. 3.

[0044] Heat exchanger 10/110/210 includes core
15/115/215 arranged in a nonrectangular cross-sectional
shape with plurality of cold flow layers 18/118/218 and
plurality of hot flow tubes 34/134/234 extending there-
through. The geometries of cold flow layers 18/118/218
and hot flow tubes 34/134/234 can be varied, including
differing shapes of the tubes, differing circumferential dis-
tances between the tubes, differing numbers of tubes per
layer, differing heights of the layers, and other ge-
ometries. Such configurations reduce the thermal stress-
es and also provide an equal flow resistance/even mass
flow distribution (and pressure drop) across the entire
cross-sectional area of heat exchanger 10/110/210,
thereby ensuring heat exchanger 10/110/210 performs
similarly across the entire cross-sectional area. Addition-
ally, because the arrangement of the components of heat
exchanger 10/110/210 are substantially circular, heat ex-
changer 10/110/210 can accommodate high pressures
of first fluid 12 and second fluid 14 flowing through the
heat exchanger. Heat exchanger 10/110/210 and core
15/115/215 may be made using any technique or com-
bination oftechniques that a person of ordinary skillwould
deem appropriate, including additive manufacturing,
casting, rolling, forging, or any other manufacturing tech-
nique.
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Discussion of Possible Embodiments

[0045] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0046] A heatexchangerincludes a core having anon-
rectangular cross-sectional area, a plurality of cold flow
layers centered about a centerline with each of the plu-
rality of cold flow layers separated by corresponding
walls. The heat exchanger also includes a plurality of hot
flow tubes corresponding to each of the plurality of cold
flow layers.

[0047] Theheatexchanger of the preceding paragraph
can optionally include, additionally and/or alternatively,
any one or more of the following features, configurations,
and/or additional components:

[0048] The corehasa circular cross-sectionalareaand
the plurality of cold flow layers are annular in shape, co-
axial about the centerline, and are separated by corre-
sponding annular walls.

[0049] The plurality of cold flow layers includes a first
cold flow layer having a first annular wall on a radially
inner boundary, a second cold flow layer radially outward
from the first cold flow layer and having a second annular
wall between the first cold flow layer and the second cold
flow layer, and a third cold flow layer radially outward
from the second cold flow layer and having a third annular
wall between the second cold flow layer and the third
cold flow layer and a fourth annular wall radially outward
from the third cold flow layer.

[0050] The plurality of hot flow tubes includes a first
set of hot flow tubes radially inward from the first cold
flow layer with each hot flow tube being incorporated into
the first annular wall, a second set of hot flow tubes ra-
dially between the first cold flow layer and the second
cold flow layer with each hot flow tube being incorporated
into the second annular wall, a third set of hot flow tubes
radially between the second cold flow layer and the third
cold flow layer with each hot flow tube being incorporated
into the third annular wall, and a fourth set of hot flow
tubes radially outward from the third cold flow layer with
each hot flow tube being incorporated into the fourth an-
nular wall.

[0051] The first set of hot flow tubes has an equal
number of hot flow tubes as the second set of hot flow
tubes, the third set of hot flow tubes has a greater number
of hot flow tubes than the number of hot flow tubes of the
second set of hot flow tubes, and the fourth set of hot
flow tubes has an equal number of hot flow tubes as the
number of hot flow tubes of the third set of hot flow tubes.
[0052] Afirstplurality of radial walls extending between
radially adjacent hot flow tubes of the first set of hot flow
tubes and the second set of hot flow tubes, a second
plurality of radial walls extending between radially adja-
cent hot flow tubes of the second set of hot flow tubes
and the third set of hot flow tubes, and a third plurality of
radial walls extending between radially adjacent hot flow
tubes of the third set of hot flow tubes and the fourth set
of hot flow tubes.
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[0053] A circumferential distance between adjacentra-
dial walls of the first plurality of radial walls is less than
a circumferential distance between adjacent radial walls
of the second plurality of radial walls, and the circumfer-
ential distance between adjacent radial walls of the sec-
ond plurality of radial walls is less than a circumferential
distance between adjacent radial walls of the third plu-
rality of radial walls.

[0054] Each hot flow tube of the second set of hot flow
tubes has a greater cross-sectional area than each hot
flow tube of the first set of hot flow tubes.

[0055] Each hot flow tube of the third set of hot flow
tubes has a greater cross-sectional area than each hot
flow tube of the second set of hot flow tubes.

[0056] A first set of hot flow tubes extending through
the first cold flow layer, a second set of hot flow tubes
extending through the second cold flow layer, and a third
set of hot flow tubes extending through the third cold flow
layer.

[0057] A radial height of the first cold flow layer, the
second cold flow layer, and the third cold flow layer are
equal to one another.

[0058] Aradial heightof the first cold flow layer is great-
er than a radial height of the second cold flow layer and
the radial height of the second cold flow layer is greater
than a radial height of the third cold flow layer.

[0059] Each hot flow tube of the plurality of hot flow
tubes has a circular cross-sectional shape.

[0060] Each hot flow tube of the plurality of hot flow
tubes has an elliptical cross-sectional shape.

[0061] Each hot flow tube of the plurality of hot flow
tubes has a polygonal cross-sectional shape.

[0062] Each hot flow tube of the plurality of hot flow
tubes has a tear-drop cross-sectional shape.

[0063] A first fluid configured to flow through the plu-
rality of hot flow tubes and second fluid configured to flow
through the plurality of annular cold flow layers in an op-
posite direction from a flow of the first fluid.

[0064] A first header having a first hot flow route con-
nected to a first end of the plurality of hot flow tubes, the
first hot flow route configured to transition the flow of the
first fluid from a first duct into the plurality of hot flow tubes
and a second header having a second hot flow route
connected to a second end of the plurality of hot flow
tubes with the second hot flow route configured to tran-
sition the flow of the first fluid from the plurality of hot flow
tubes into a second duct.

[0065] The first header includes a first outer shell con-
figured to contain the second fluid exiting the plurality of
cold flow layers and the second headerincludes a second
outer shell configured to guide the second fluid into the
plurality of cold flow layers.

[0066] The plurality of hot flow tubes are arranged in
circumferential sets and include at least six circumferen-
tial sets of hot flow tubes.

[0067] The core has anoval cross-sectional shape and
the plurality of cold flow layers are oval in shape and are
separated by corresponding oval-shaped walls.
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[0068] A method including constructing the above heat
exchanger utilizing an additive manufacturing process.
[0069] Whiletheinvention hasbeen described withref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, itis intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims
1. A heat exchanger (10) comprising:

a core (15) having a nonrectangular cross-sec-
tional area;

a plurality of cold flow layers (18) centered about
a centerline, each of the plurality of cold flow
layers separated by corresponding walls; and
a plurality of hot flow tubes (34) corresponding
to each of the plurality of cold flow layers.

2. The heat exchanger of claim 1, wherein the core has
a circular cross-sectional area and the plurality of
cold flow layers are annular in shape, coaxial about
the centerline, and are separated by corresponding
annular walls.

3. The heat exchanger of claim 2, wherein the plurality
of cold flow layers comprises:

a first cold flow layer having a first annular wall
on a radially inner boundary;

a second cold flow layer radially outward from
the first cold flow layer and having a second an-
nular wall between the first cold flow layer and
the second cold flow layer; and

a third cold flow layer radially outward from the
second cold flow layer and having a third annular
wall between the second cold flow layer and the
third cold flow layer and a fourth annular wall
radially outward from the third cold flow layer.

4. The heat exchanger of claim 3, wherein the plurality
of hot flow tubes comprises:

a first set of hot flow tubes radially inward from
the first cold flow layer with each hot flow tube
being incorporated into the first annular wall;

a second set of hot flow tubes radially between
the first cold flow layer and the second cold flow
layer with each hot flow tube being incorporated
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into the second annular wall;

a third set of hot flow tubes radially between the
second cold flow layer and the third cold flow
layer with each hot flow tube being incorporated
into the third annular wall; and

a fourth set of hot flow tubes radially outward
from the third cold flow layer with each hot flow
tube being incorporated into the fourth annular
wall.

The heat exchanger of claim 4, wherein the first set
of hot flow tubes has an equal number of hot flow
tubes as the second set of hot flow tubes, the third
set of hot flow tubes has a greater number of hot flow
tubes than the number of hot flow tubes of the second
set of hot flow tubes, and the fourth set of hot flow
tubes has an equal number of hot flow tubes as the
number of hot flow tubes of the third set of hot flow
tubes.

The heat exchanger of claim 4, further comprising:

a first plurality of radial walls extending between
radially adjacent hot flow tubes of the first set of
hot flow tubes and the second set of hot flow
tubes;

a second plurality of radial walls extending be-
tween radially adjacent hot flow tubes of the sec-
ond set of hot flow tubes and the third set of hot
flow tubes; and

a third plurality of radial walls extending between
radially adjacent hot flow tubes of the third set
of hot flow tubes and the fourth set of hot flow
tubes; and preferably

wherein a circumferential distance between ad-
jacent radial walls of the first plurality of radial
walls is less than a circumferential distance be-
tween adjacent radial walls of the second plu-
rality of radial walls, and the circumferential dis-
tance between adjacent radial walls of the sec-
ond plurality of radial walls is less than a circum-
ferential distance between adjacent radial walls
of the third plurality of radial walls.

The heat exchanger of claim 4, wherein each hot
flow tube of the second set of hot flow tubes has a
greater cross-sectional area than each hot flow tube
of the first set of hot flow tubes, and wherein each
hot flow tube of the third set of hot flow tubes has a
greater cross-sectional area than each hot flow tube
of the second set of hot flow tubes.

The heat exchanger of claim 4, further comprising:

a first set of hot flow tubes extending through
the first cold flow layer;

a second set of hot flow tubes extending through
the second cold flow layer; and
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a third set of hot flow tubes extending through
the third cold flow layer.

The heat exchanger of claim 3, wherein a radial
height of the first cold flow layer, the second cold
flow layer, and the third cold flow layer are equal to
one another.

The heat exchanger of claim 3, wherein a radial
height of the first cold flow layer is greater than a
radial height of the second cold flow layer and the
radial height of the second cold flow layer is greater
than a radial height of the third cold flow layer.

The heat exchanger of claim 1, wherein each hot
flow tube of the plurality of hot flow tubes has a cir-
cularcross-sectional shape; or wherein each hot flow
tube of the plurality of hot flow tubes has an elliptical
cross-sectional shape; or wherein each hot flow tube
of the plurality of hot flow tubes has a polygonal
cross-sectional shape; or wherein each hot flow tube
ofthe plurality of hot flow tubes has a tear-drop cross-
sectional shape.

The heat exchanger of any preceding claim, further
comprising:

afirstfluid configured to flow through the plurality
of hot flow tubes; and

a second fluid configured to flow through the plu-
rality of annular cold flow layers in an opposite
direction from a flow of the first fluid.

The heat exchanger of claim 12, further comprising:

a first header having a first hot flow route con-
nected to a first end of the plurality of hot flow
tubes, the first hot flow route configured to tran-
sition the flow of the first fluid from a first duct
into the plurality of hot flow tubes; and

a second header having a second hot flow route
connected to a second end of the plurality of hot
flow tubes, the second hot flow route configured
to transition the flow of the first fluid from the
plurality of hot flow tubes into a second duct; and
preferably

wherein the first header includes a first outer shell
configured to contain the second fluid exiting the plu-
rality of cold flow layers and the second header in-
cludes a second outer shell configured to guide the
second fluid into the plurality of cold flow layers.

The heat exchanger of any preceding claim, wherein
the core has an oval cross-sectional shape and the
plurality of cold flow layers are oval in shape and are
separated by corresponding oval-shaped walls.
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12

15. A method comprising:

constructing the heat exchanger of claim 1 utilizing
an additive manufacturing process.



EP 3722 721 A1

50

51A

\

AN
A

\S ¥

é'l— =
.

=

=
—B:' !__ N __::::::::
5

==
——_rg
f‘%ﬁ
8 )
2

-

o'!

-

-
==

G

-
[T 11
= W

= .

L/
a1
N

—

N,

v E———

—
—
——

-

e
by
__———"‘—
]
M I
I -
R p— . N

[/
} \ M’II i
S\,

8

-
W

W

BEIIRALEE;

N'az'BY
N

3
—

13

FIG. 1A
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FIG. 1B
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