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HEAT EXCHANGER

BACKGROUND

[0001] 1. Field

[0002] The disclosed and claimed concept relates gener-
ally to compact heat exchangers and, more particularly, to a
compact heat exchanger formed via additive manufacturing.

[0003] 2. Related Art

[0004] Heat exchangers typically each include a hot leg
that receives a fluid at a first temperature and a cold leg that
receives a separate tluid of a second, lower temperature,
with the two legs being 1n heat transier relation with one
another to cause heat from the fluid 1n the hot leg to be
transierred to the fluid in the cold leg. While heat exchangers
have been generally eflective for their imntended purposes,
they have not been without limitation.

[0005] Since a compact heat exchanger mmvolves some
type of an interface, such as one formed of metal or other
heat conductive matenal, between the relatively hotter fluid
and the relatively colder fluid, the interface itself experi-
ences stresses, both from thermal differences and pressure
differences between the two fluids and due to other factors.
Such stresses can be harmiul to the long term resilience of
the compact heat exchanger. However, current manufactur-
ing methodologies have met with limited success 1n cost-
cllectively protecting compact heat exchangers from warp-
ing and damage due to such stresses.

[0006] Additionally, the efliciency of any given compact
heat exchanger 1s dependent upon, among other factors, the
configurations of the flow channels in the hot leg and in the
cold leg. Known manufacturing methodologies of compact
heat exchangers have placed limits upon the ways i which
the channels can be configured, with the result that compact
heat exchangers have had limited performance Improve-
ments thus would be desirable.

SUMMARY

[0007] An mmproved heat exchanger 1s formed from a
plurality of very thin layers that are atlixed to one another
and that are Ruined via additive manufacturing. Such addi-
tive manufacturing enables the configurations of the heat
exchanger’s flow channels and the arrangements of such
flow channels to be optimized for improved heat transfer
performance, for improved resistance to thermal and
mechanical stresses, and for optimization based upon other
factors such as the environment 1n which the heat exchanger
will be situated.

[0008] Accordingly, an aspect of the disclosed and
claimed concept 1s to provide an improved heat exchanger
formed from a plurality of layers that are athxed to one
another via additive manufacturing.

[0009] Another aspect of the disclosed and claimed con-
cept 1s to provide a heat exchanger having channels that are
optimized for heat transier.

[0010] Another aspect of the disclosed and claimed con-
cept 1s to provide an improved heat exchanger having
channels that are optimized to reduce thermal and mechani-
cal stresses thereon.

[0011] Another aspect of the disclosed and claimed con-
cept 1s to provide an improved heat exchanger that 1s formed
from a plurality of layers aflixed to one another wherein a
layer includes one of: less than the entirety of a header of the
heat exchanger, a portion of a core having at least a portion
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of a first channel and at least a portion of a second channel
that are tluidly 1solated from one another, or at least a portion
of a channel and at least a portion of a header.

[0012] Accordingly, an aspect of the disclosed and
claimed concept 1s to provide an improved compact heat
exchanger that can be generally stated as including a plu-
rality of layers athixed to one another and together forming
a core and a header apparatus, the core having formed
theremn a plurality of channels, the plurality of channels
comprising a number of first channels and a number of
second channels, at least a portion of the number of first
channels being position for being in heat transfer relation
with at least a portion of the number of second channels, the
header apparatus comprising at least a first header that 1s 1n
fluild communication with at least some of the channels of
the number of channels, the at least first header having a
channel end and a connection end, the channel end being
situated adjacent the core and including a number of flow
connections that are in direct fluid communication with the
at least some of the channels, the connection end having an
opening that is structured to be connected 1n fluid commu-
nication with another flow structure, the at least one header
comprising a flow passage that extends between the channel
end and connection end and that enables fluid communica-
tion between the number of flow connections and the
opening. At least one of the layers of the plurality of layers
1s at least one of: a layer that can be generally stated as
including a portion of but less than the entirety of the at least
first header and that has formed therein at least a portion of
the tlow passage, a layer that can be generally stated as
including at least a portion of the core having formed therein
at least a portion of a first channel and at least a portion of
a second channel that are fluidly 1solated from one another,
and a layer that can be generally stated as including at least
a portion of the core having formed therein at least a portion
of a channel of the plurality of channels and that further
comprises a portion of the at least first header and that has
formed therein at least a portion of the tlow passage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A further understanding of the disclosed and

claimed concept can be gained from the following Descrip-
tion when read 1n conjunction with the accompanying draw-
ings in which:

[0014] FIG. 1 1s a perspective view of an improved
compact heat exchanger 1n accordance with a first embodi-
ment of the disclosed and claimed concept;

[0015] FIG. 2 1s an exploded diagrammatic view of the
heat exchanger of FIG. 1;

[0016] FIG. 3 1s a depiction of a flmd flow path of a first
leg and a second leg of the heat exchanger of FIG. 1 situated
in heat transter relation;

[0017] FIG. 4 1s a typical sectional view as taken along
line 4-4 of FIG. 1;

[0018] FIG. S 1s a view similar to FIG. 4, except depicting
a sectional view of an improved compact heat exchanger 1n
accordance with a second embodiment of the disclosed and
claimed concept;

[0019] FIG. 6 15 a view similar to FIG. 5, except depicting
a sectional view of an improved heat exchanger in accor-
dance with a third embodiment of the disclosed and claimed
concept;
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[0020] FIG. 7 1s a view similar to FIG. 4, except depicting
a sectional view of an improved heat exchanger in accor-
dance with a fourth embodiment of the disclosed and
claimed concept;

[0021] FIG. 8 1s a schematic depiction of an improved
compact heat exchanger in accordance with a fifth embodi-
ment of the disclosed and claimed concept;

[0022] FIG.91s an end view of the heat exchanger of FIG.
8

[0023] FIG. 10 1s a depiction of the flow channels of the
compact heat exchanger of FIG. 8;

[0024] FIG. 11 1s another view of the flow channels that
are depicted i FIG. 10; and

[0025] FIG. 12 i1s a schematic depiction of an improved
compact heat exchanger i accordance with a sixth embodi-
ment of the disclosed and claimed concept.

[0026] Similar numerals refer to similar parts throughout
the specification.

DESCRIPTION

[0027] An improved compact heat exchanger 4 1n accor-
dance with a first embodiment of the disclosed and claimed
concept 1s depicted i FIGS. 1 and 2. The compact heat
exchanger 4 1s formed wvia additive manufacturing. For
instance, and without limitation, additive manufacturing can
be performed by placing successive layers of powdered
metal particles or other types of particles atop one another
and selectively applying a laser, 1on beam, or other form of
concentrated energy to each layer of metal particles to fuse
certain of the metal particles together and/or to another layer.
When finished, the stack of layers of metal particles typi-
cally include some metal particles that have been fused
together to form a resultant product and other metal particles
that are unfused. The application of a blast of compressed air
to the stack of layers of metal particles removes the unfused
metal particles from the fused metal particles to result 1n a
finished product. If desired, the finished product can undergo
turther processing via sintering or other processing to reduce
the porosity that 1s inherent in additive manufacturing.
Another type of additive manufacturing involves sticking
the metal powders together using a polymorphic binder,
tollowed by sintering to fuse the particles together. Other
such technologies exist and are likewise usable 1n the instant
application. As will be set forth in greater detail below, the
novel and inventive use of additive manufacturing to form
the heat exchanger 4 advantageously enables the heat
exchanger 4 to be configured for optimized heat transfer
and/or optimized resistance to thermal and mechanical
stresses and/or other optimizations.

[0028] The mmproved heat exchanger 4 can be said to
include a core 6 and a header apparatus 8 that are co-formed
in situ as part of an additive manufacturing process. That 1s,
the heat exchanger 4 comprises a plurality of layers, such as
are 1ndicated at the numerals 12A, 12B, and 12C in FIG. 2,
that are athixed to one another and that are co-formed as a
single piece unit. It 1s understood that FIG. 2 1s intended to
schematically represent that the heater exchanger 4 1s
formed from a plurality of layers, and that these plurality of
layers are represented by the layers 12A, 12B, and 12C. It
1s further understood, however, that the use of additive
manufacturing would more typically employ numerous lay-
ers far greater in quantity than the three layers that are
expressly depicted individually 1in FIG. 2. That 1s, the layers
12A, 12B, and 12C would likely themselves each include a
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large number of separate layers that are individually fused to
other layers using an additive manufacturing process, and

the depiction of the layers 12A, 12B, and 12C i FIG. 2 1s

thus intended to be merely illustrative of an additive manu-
facturing process rather than expressly depicting the perfor-
mance of such a process.

[0029] As can be understood from FIGS. 1 and 2, the core

6 can be said to include a core body 14 that 1s formed of the
tused metallic material, and the core body 14 can be seen to
include a plurality of channels 16 that are formed therein.
The channels 16 are typically elongated, and some of the
channels 16 may have more than one direction of elongation.
The channels 16 include a plurality of first channels 20, such
as are depicted 1n FIG. 2 as appearing on the layer 12A, and
a plurality of second channels 22 that are depicted i FIG.
2 as appearing on the layer 12B. As will be set forth 1n
greater detail below, the plurality of channels 16 can option-
ally include a number of other channels 16 that are provided
for other purposes. As employed herein, the expression “a
number of”” and variations thereotf shall refer broadly to any
non-zero quantity, including a quantity of one.

[0030] The header apparatus 8 can be said to include a

plurality of headers that are indicated, as 1n FIG. 1, at the
numerals 24 A, 248, 24C, and 24D, it being noted that such
headers may be referred to herein mdividually or collec-
tively with the numeral 24. The heat exchanger 4 1s, 1n the
example presented herein, a counter current heat exchanger
with cross flow in the regions near at least some of the
headers 24. As such, among the exemplary headers 24, the
header 24 A 1s an exemplary first inlet header, and the header
24B 1s an exemplary second outlet header. The headers 24 A
and 24B are 1n fluid communication with the first channels
20 to form a first leg 28 that 1s show 1n FIG. 3 and which,
in the depicted exemplary embodiment, 1s a cold leg. The
header 24C 1s an exemplary second inlet header, and the
header 24D 1s an exemplary second outlet header. The
headers 24C and 24D are in fluid communication with the
second channels 22 to form a second leg 30 that 1s likewise
depicted 1n FIG. 3 and which, i the depicted exemplary
embodiment, 1s a hot leg. The first and second legs 28 and
30, 1.e., the exemplary cold and the exemplary hot leg, are
situated 1n heat transfer relation with one another and are
depicted 1n FIG. 3 1n the absence of the core body 14. It 1s
expressly noted that the use of the terms “cold” and “hot”
and the like herein 1s intended to be merely exemplary 1n
nature and 1s intended to be completely non-limiting.

[0031] As can further be understood from FIG. 2, the
headers 24 A, 248, 24C, and 24D each include a channel end
32A, 32B, 32C, and 32D, respectively, that may be referred
to herein individually or collectively with the numeral 32.
Each channel end 32 is situated directly adjacent and 1n fluid
communication with various of the channels 16. The headers
24 A, 248, 24C, and 24D each further include a connection
end 36A, 36B, 36C, and 36D, respectively, that are each
situated opposite the respective channel end 32 and that are
structured to be connected mn fluild communication with
another flow structure such as a pipe or the like without
limitation. The headers 24 A, 24B, 24C, and 24D can each be
said to have formed therein a flow passage 38A, 38B, 38C,
and 38D, respectively, which may be referred to herein
individually or collectively with the numeral 38. The tlow
passages 38 each extend between the respective channel end
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32 and the respective connection end 36 and permit fluid
communication between the headers 24 and the first and
second channel 20 and 24.

[0032] As can be best understood from the layers 12A and
12B 1n FIG. 2, the headers 24 A, 24B, 24C, and 24D each
include an opening 40A, 408, 40C, and 40D, respectively,
which may be referred to herein individually or collectively
with the numeral 40. The openings 40 are situated at the
respective connection end 36. The headers 24A, 24B, 24C,
and 24D each further include a plurality of flow connections
44 A, 448, 44C, and 44D, respectively, that may be referred
to herein individually or collectively with the numeral 44.
The flow connections 44 are each 1n direct fluid communi-
cation either with one the first channels 20 or with one of the
second channels 22. The flow passages 38 extend between
the openings 40 and the flow connections 44 and provide
fluidd communication therebetween and with the respective
first and second channels 20 and 22, as will be set forth in
greater detail below. In this regard, 1t 1s reiterated that the
headers 24 A and 24B are in fluid communication with the
first channels 20 to form the first leg 28, and that the headers
24C and 24D are 1n fluid communication with the second
channels 22 to form the second leg 30, and 1t noted that the
first leg 28 and the second leg 30 are fluidly 1solated from
one another and rather are situated in heat transfer relation
with each other.

[0033] As can be understood from the layers 12A and 12B
in FIG. 2, each tlow passage 38 includes a plurality of tlow
connections 44 that are i fluild communication with the
corresponding opeming 40 and, as mentioned above, are 1n
direct fluild communication with the corresponding {irst
channels 20 or second channels 22 that are 1n fluid commu-
nication therewith. The fluid flow through one of the open-
ings 40 forms the comprehensive tlow through the corre-
sponding flow connections 44, and vice versa.

[0034] The headers 24 are each configured to provide tlow

communication between the opening 40 and the plurality of
corresponding flow connections 44 to provide direct fluid
communication between the flow connections 44 and the
corresponding first channels 20 or second channels 22, much
in the fashion mm which blood vessels of a living creature
include main flow channels and successively smaller sec-
ondary channels and tertiary channels, for example, 1n fluid
communication therewith that directly feed whatever 1s 1n
need of the provided fluid flow. This 1s 1 advantageous
contrast to a conventional manifold of a flow system
wherein a relatively large passage and a plurality of smaller
passages are all in fluild communication with a common
plenum that does not necessarily direct the fluid flow 1nto or
from the relatively smaller channels. In an example wherein
fluid flows from a relatively large channel 1into a plenum and
then 1nto relatively smaller channels, the fluid flow 1mpinges
on the regions of the plenum that are situated adjacent its
connections with the smaller channels. Such 1impingement
results 1n stagnation of flow at such locations and conse-
quent pressure drop and turbulence.

[0035] Likewise, in an example where fluid tlows out of
the relatively smaller channels and into the plenum and
thereafter out of the relatively larger channel, the flow of
fluid 1nto the plenum 1s 1 the form of a free jet that
experiences a pressure drop as the free jet mixes with the
fluid within the plenum. Is such a situation, the regions of the
plenum that do not aligned to recerve flmd tlow that 1s
directed from the relatively smaller channels experiences
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areas of fluid stagnation and thus eddy currents and resultant
turbulence. Such fluid flow 1n a plenum-type flow system 1s
less than optimum due to the pressure drops and other tlow
limitations that necessarily occur with the exemplary ple-
num-based geometry and also due to the vibrations and
mechanical stresses that are placed on such a tlow system.

[0036] Advantageously, however, the headers 24 of the
improved heat exchanger 4 are configured to provide
improved fluid communication between the opening 40 and
the corresponding flow passages 44. As can turther be seen
in FIG. 2, the exemplary flow connections 44 each include
a first flow passage portion 46, which 1s a portion of the tfluid
flow as 1t 1s flowing through the opening 40. The exemplary
flow connections 44 each further include a second flow
passage portion 48 and a third flow passage portion 50. The
third flow passage portions 50 are situated at the channel end
32 and are what provide direct fluild communication to the
connected first channels 20 or to the second channels 22. The
second flow passage portions 48 are each interposed
between a corresponding first flow passage portion 46 and a
corresponding third flow passage portion 50. That 1s, the
first, second, and third flow passages 46, 48, and 50 of any
given tlow connection 44 are sequentially connected
together 1n fluid communication such that the fluid flow that
occurs through the third flow passage portion 50 1s a part of
the comprehensive fluid flow through the corresponding first
flow passage portion 46, and vice versa.

[0037] In this regard, 1t can be seen that the headers 24
cach include a number of primary flow directors 54 and a
number of secondary flow directors 56 that provide flow
direction between the openings 40 and the corresponding
flow connections 44. The exemplary secondary flow direc-
tors 36 are generally each situated adjacent the core 6 and
between either a pair of first channels 20 or a pair of second
channels 22.

[0038] The following example relates to the header 24 A
wherein fluid enters the opening 40A and flows through the
flow passage 38A and out of the flow connections 44A 1nto
the first channels 20 that in direct fluild communication
therewith. In the header 24 A, the fluid mitially flows through
the opening 40A and into the first flow passage portion 46
wherein 1t encounters a pair of external surface portions
58W and 58X of the primary flow directors 534 which direct
the fluid to tlow 1nto the relatively smaller but more plentiful
second flow passage portions 48. The flmd flow in each
second flow passage portion 48 thereafter encounters a pair
of external surface portions 60W and 60X on each of the
secondary tlow directors 56 that divide the fluid flow from
the second flow passage portion 48 into the relatively
smaller but more plentiful third flow passage portions 50.
Another set of external surface portions 60Y and 607 are
shown 1n FIG. 2 on the layer 12B as further dividing the fluid
flow from the second flow passage portions 48A that are
depicted as being formed at least 1n part on the layer 12A and
which direct the fluid flow from such second flow passage
portions 48A 1nto another set of first channels 20 that are
situated at the underside of the layer 12C and that are thus
not expressly depicted in FIG. 2.

[0039] The external surface portions 60W, 60X, 60Y, and
607, which may be referred to collectively or individually
herein with the numeral 60, thus form some of the third flow
passage portions 50 by, in the example of the header 24 A,
dividing and directing the flow of fluid from one of the
second flow passage portions 48 into a plurality of relatively
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smaller third flow passage portions 50 and then directly 1nto
the first passages 20 that are 1n fluid communication there-
with. The external surface portions 60 thus advantageously
avoid at least some of the stagnation and pressure drop that
would exist 1n the absence of the secondary flow directors
56. Likewise, the external surface portions S8W and 58X
divide and direct the tlow from the first flow passage portion
46 1nto a larger number of relatively smaller second tlow
passage portions 48. This reduces pressure drop and turbu-
lence 1n flowing from the opening 40A to the flow connec-
tions 44A compared with a conventional manifold.

[0040] When fluud 1s flowing in the reverse direction
through one of the headers 24, such as with the outlet header
24B, the primary flow directors 54 are in direct fluid
communication with the corresponding first channels 20 and
direct the tlow from the third flow passage portions 50 nto
a relatively larger second flow passage portion 48. Likewise,
the primary flow directors 54 direct with minimal pressure
drop the fluid tlow from the second flow passage portions 48
into the first flow passage portion 46 of the header 24B to
permit the fluid to tlow out of the opening 40B and into
another tlow structure such as a connected pipe or the like.

[0041] It thus can be seen that by configuring the flow
passages 38 to provide smooth fluild commumication
between one of the openings 40 and the corresponding flow
connections 44, reduced pressure drop 1s enabled, as 1is
improved fluid flow having less turbulence and stagnation,
all of which are desirable 1n a fluid flow environment. The
alforementioned additive manufacturing process enables the
improved heat exchanger 4 to be configured with 1ts headers
24 designed 1n such a fashion, and this can be done 1n a
relatively inexpensive fashion. The improved headers 24 of
the improved heat exchanger 4 thus enable the heat
exchanger 4 to have improved fluid flow performance 1n a
cost-eflective and mechanically reliable fashion, which 1s
highly desirable and advantageous. Furthermore, the versa-
tility and variability of the additive manufacturing process
enables the design of the headers 24 to be optimized for fluid
flow, 1.e., designed with a computer system employing fluid
system design soitware, and the completed design can be
downloaded to an additive manufacturing machine that will
simply manufacture the heat exchanger whose design was
provided to 1t. Such optimization can be altered depending
upon various needs of any given application to provide
appropriate optimization, and such efliciency of modifica-
tion 1s highly advantageous and desirable.

[0042] As can be seen in FIG. 4, the first and second
channels 20 and 22 are of a cross-sectional shape that is
oriented transverse to the direction of flow therethrough and
that has a perimeter 62 which, in the depicted exemplary
embodiment, 1s arcuate, non-circular, and 1s of an approxi-
mately oval or elliptical or semi-elliptical shape. The shape
of the perimeter 62 1s an example of a cross-sectional shape
of a flow channel that 1s optimized to provide low pressure
drop while providing elevated rates of heat transfer. As will
be explained 1n greater elsewhere herein, the shape of any
given channel can be tailored to provide optimization for
any ol a wide variety of considerations such as thermal and
mechanical stresses and to provide optimization based upon
other considerations. The depicted exemplary first channels
20 and the depicted exemplary second channels 22 1n FIG.
4 are depicted as being of the same shape and thus the same
perimeter 62 or form factor and also being of the same size.
Further 1n an exemplary fashion, the first channels 20 are
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arranged 1 FIG. 4 1n a plurality of first rows 70, and the
second channels 22 are depicted in FIG. 4 as being likewise
arranged 1n a plurality of second rows 72, with the first rows
70 alternating with the second rows 72. The perimeter 62 of
the first and second channels 20 and 22 can be said to have
a major axis that 1s longer than a minor axis thereof, and the
major axes of the first channels 20 are aligned with one
another along the various first rows 70. The same can be said
of the second channels 22 having their major axes aligned
along the second rows 72. The first and second rows 70 and
72 are oriented 1n the horizontal direction from the perspec-
tive of FIG. 4. In the exemplary arrangement of the first and
second channels 20 and 22 1n FIG. 4, a first row 70 of the
first channels 20 1s situated adjacent a second row 72 of

second channels 22 which 1s, 1 turn, situated adjacent
another first row 70 of the first channels 20, etc.

[0043] As can further be seen in FIG. 4, the core body 14
includes a wall 64 having a wall surface 68 that faces toward
the exterior of the heat exchanger 4 and that faces generally
away from the first and second channels 20 and 22. The wall
64 could be said to be of a wall thickness 76 A between one
of the first channels 20 and the wall surface 68 and to be of
another wall thickness 76B between one of the second
channels 22 and the wall surface 68. In this regard, the wall
thickness 76A would refer to the minimum thickness
between the wall surface 68 and the perimeter 62 of the first
channel 20 closest thereto. The wall thickness 768 would
likewise be defined as being the minimum distance between
the wall surface 68 and the perimeter 62 of the second
channel 22 that 1s closest thereto. In the exemplary embodi-
ment depicted herein, it can be seen that the wall thickness
76A 1s less than the wall thickness 76B. The relatively
greater wall thickness 76B has advantageously been opti-
mized, for mstance, to provide greater stiflening of the core
body 14 when, for example, the second channels 22 carry
flld that 1s of a relatively greater pressure, 1.e., static
pressure, than that carried by the first channels 20. Such
optimization can be based upon diflerences in static pres-
sure, dynamic pressure, etc., and the various relationships
between the wall thicknesses 76 A and 76B that are presented
herein are intended merely as examples of what such opti-
mization might provide for use 1n a given exemplary envi-
ronment.

[0044] It should be understood that other types of optimi-
zations of the relationships among the first and second
channels 20 and 22, including their arrangement and the
thicknesses of the wall 64 therebetween, etc., can be pro-
vided as needed. For instance, the first and second channels
20 and 22 are depicted 1n FIG. 4 as having various adjacent
relationships with one another. Any given first or second
channel 20 or 22 (a first channel 20 1n the example presented
in FIG. 4) 1s situated adjacent another channel 16 with which
it 1s 1n fluid communication, as 1s indicated at the numeral
78 A, and 1s further situated adjacent another such channel 16
with which 1t 1s likewise 1n fluid communication, as 1s
indicated at the numeral 78B. That 1s, in the depicted
exemplary embodiment, at least some of the first channels
20 are each situated between a pair of other first channels 20
as indicated at the numerals 78A and 78B in the depicted
exemplary embodiment. It 1s noted that some of the channels
16, such as those at the periphery of the core 6, may not
necessarily possess all of the relationships imndicated herein,
although many of the other channels 16 do. The relation-
ships 78A and 78B are oriented 1n the horizontal direction
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from the perspective of FIG. 4, and the three 1dentified first
channels 20 are 1n the same {first row 70.

[0045] The atorementioned first channel 20 that 1s situated
between the two adjacent first channel 20, as 1s indicated at
the numerals 78 A and 78B, 1s further adjacent four other
channels 16 with which 1t 1s fluidly isolated, 1.e., four
adjacent second channels 22, as 1s indicated with the numer-
als 78C, 78D, 78E, and 78F. The indicated relationships
78C, 78D, 78E, and 78F are oriented 1n directions that are
neither vertical nor horizontal from the perspective of FIG.
4 and rather are each of an oblique or diagonal orientation

in FIG. 4.

[0046] As 1s indicated by the adjacent relationships 78A
and 78B, it can be seen that the indicated adjacent first
channels 20 are separated from one another by a first
distance 90, meaning that the core body 14 1s of a minimum
thickness between the adjacent pairs of first channels 20 that
1s equal to the first distance 90. The exemplary first distance
90 1s equal between both adjacent pairs of the first channels
20 1n the depicted exemplary embodiment. It 1s reiterated
that this first distance 90 1s the distance between adjacent
channels 16 that are in flmd communication with one
another 1n the example of FIG. 4.

[0047] Such a first channel 20 can further be said to be of
a second distance 92 from the four other channels 16 that are
adjacent thereto and that are fluidly 1solated from the first
channel 20, 1.e., the four second channels 22 that are indicted
with the adjacent relationships 78C, 78D, 78E, and 78F, and
the distance 1s equal to a second distance 92. The second
distance 92 represents the minimum thickness of the core
body 14 between one of the first channels 22 and each of the
adjacent second channels 22 that are fluidly 1solated from
the first channel 20. In the depicted exemplary embodiment,
the second distances 92 are depicted, for instance, as being,
equal to one another.

[0048] In this regard, 1t can be understood that the first
distances 90 and the second distances 92 can be adjusted as
needed to provide optimization between the various consid-
erations of heat transfer rate, thermal and mechanical
stresses, flow rates and pressures, and other considerations
that may exist 1n creating the design of the heat exchanger

4

[0049] It 1s also noted that each of the first and second
channels 20 and 22 in FIG. 4 1s depicted as having a
cross-sectional area 96 that 1s equal to one another. Again,
the cross-sectional areas 96 can be adjusted as needed in
conjunction with any of the other optimizations that may be
needed or provided 1n order to optimize the various perfor-
mance factors mentioned herein and/or other factors.

[0050] As can be further seen 1 FIG. 2 and in particular
on the layer 12B, the plurality of channels 16 further include
an additional channel 80 that 1s formed in the wall 64
between one of the first channels 20 and the wall surface 68
adjacent thereto. The additional channel 80 1s elongated and
includes an opening 84 to the exterior of the heat exchanger
4 and 1s configured to receive therein an mstrument 86 of
one kind or another. For mstance the instrument 86 could be
a device such as a temperature sensor or the like, 1n which
case the additional channel 80 would be an instrumentation
channel. Similarly, the mnstrument 86 could instead be a
number of heaters that are configured to preheat the heat
exchanger 4 to reduce thermal shock when cold and hot
fluids are first introduced 1nto the channels 16. Such heating
would be particularly advantageous during thermal cycling
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to reduce the possible deleterious effects of a sudden onset
of thermal stress on the core 6. In the case of the instrument
86 being a number of heaters, the additional channel 80
might be one or more such additional channels 80 that may
be positioned elsewhere on the core 6 than 1s expressly
depicted i FIG. 2 and would receive the number of heaters
therein.

[0051] It 1s noted that the additional channel 80 1s a part of
the overall design of the heat exchanger 4, and the wall 64
thus can be optimized to resist the concentration of thermal
and mechanical stresses and other stresses that may other-
wise result from the additional channel 80 being formed at
a discrete location on the heat exchanger 4. In this regard,
the dimensions of the core body 14 1n the vicinity of the
additional channel 80 can be configured to be heavier, as
needed, or the additional channel 80 could alternatively be
positioned 1n a different location on the core body 14 with
relatively minimal and/or mechanical stresses and/or based
upon other considerations.

[0052] The additional channel 80 1s formed 1n the heat
exchanger 4 during initial manufacture thereof during the
additive manufacturing process, with the result that the
additional channel 80 would be free work hardening or other
residual stresses that might result from forming the addi-
tional channel 80 with, for example, a drill bit applied to the
wall 64. It 1s also noted that the opening 84 1s situated on a
surface of the header 24B that 1s oblique to the longitudinal
extent of the additional channel 80, which would typically
be very diflicult to drill from such an angle 11 a conventional
dri1ll bit would be used. While other processes such as lasers
and the like can be employed 1n such a scenario to enable the
drilling of such an additional channel or a pilot hole therefor
in such an opeming relationship to an exterior surface. It 1s
noted, however, that the use of such lasers or other meth-
odologies 1s costly compared with the advantageously mini-
mal cost to form the additional channel 80 when using the
additive manufacturing process mentioned herein.

[0053] It thus can be understood that the heat exchanger 4
1s designed 1n such a fashion that its various structures and
the first and second legs 28 and 30 are together optimized to
provide an overall design that provides desirable, 1.e., opti-
mized, characteristics for pressure drop, thermal and
mechanical stresses, heat transfer efficiency, and based upon
other considerations. Depending upon the needs of the
particular application, the various interrelationships among,
the parts of the heat exchanger 4 and the parts of the first and
second legs 28 and 30 can be adjusted depending upon the
needs of the particular application to advantageously pro-
vide other optimization that 1s optimized to meet other needs
of other applications such as varying pressures and tempera-
tures, and other such considerations, at minimal cost.

[0054] An improved heat exchanger 104 similar to the
heat exchanger 4 1s schematically depicted in FIG. 5 and 1s
represented by the sectional view that 1s similar to the
sectional 1n FIG. 4 of the heat exchanger 4. The heat
exchanger 104 may be configured to look identical to the
heat exchanger 4 from the exterior, although this need not
necessarily be the case.

[0055] The heat exchanger 104 includes a core 106 having
formed therein a plurality of channels 116 that are elongated
and that include a plurality of first channels 120 and a
plurality of second channels 122. The first channels 120 are
in fluild communication with one another, and the second
channels 122 are likewise in fluid communication with one
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another, with the first channels 120 being fluidly 1solated
from the second channels 122.

[0056] Inthe exemplary embodiment configured in FIG. 5,
the first and second channels 120 and 122 are of a shape
having an arcuate and non-circular perimeter 162, all of
which are of the same size and shape as one another. For the
sake of completeness, 1t 1s reiterated that the sizes and/or
shapes could be varied as needed depending upon the
needed optimization of the heat exchanger 104 in the
particular environment 1 which 1t 1s intended to be used.

The core 106 has a wall 164 having a wall surface 168, and

the first and second channels 120 and 122 are of equal
distances from the wall surface 168. That 1s, the wall 164 1s
of a minmimum wall thickness 176 A between the wall surface
168 and a first channel 120 adjacent thereto, and the wall
thickness 176 A 1s equal to another minimum wall thickness
1768 between the wall surface 168 and a second channel
122 adjacent thereto. Again, such wall thicknesses can be
optimized depending upon the needs of the particular appli-
cation.

[0057] As can further be understood from FIG. 5, the first
and second channels 120 and 122 are of a different arrange-
ment than the first and second channels 20 and 22 1n the heat
exchanger 4 as depicted in FIG. 4 masmuch as the first
channels 120 and the second channels 122 are not arranged
1n horizontal rows of channels that are 1n fluidd communica-
tion with one another. It 1s reiterated that the rows i FIG. 4

are aligned with the major axes of the first and second
channels 20 and 22, which 1s not the case with the first and
second channels 120 and 122 1n FIG. 5. Rather, each first
channel 20 i1s adjacent four channels 116 with which 1t 1s
fluidly 1solated, 1.e., four of the second channels 122, and 1s
turther adjacent another four other channels 116 with which
it 1s 1n fluud communication, 1.e., four other first channels
120. For example, FIG. 5 depicts one of the first channels
120 as having four adjacent relationships 178A, 178B,
178C, and 178D with four other adjacent first channels 120
with which 1t 1s 1 fluid communication. The adjacent
relationships 178A, 178B, 178C, and 178D are oriented
neither in the horizontal direction nor in the vertical direc-
tion with respect to FIG. 5 and rather are 1n an oblique
direction or in a diagonal orientation. This same first channel
120 and other such first channels 120 are each further
adjacent four other channels 116 with which 1t 1s fluidly
1solated and 1s situated in heat transfer relation, 1.e., four of
the second channels 122, as i1s indicated at the adjacent
relationships 178E, 178F, 178G, and 178H. The exemplary
adjacent relationships 178E, 178F, 178G, and 178H are
oriented 1n the horizontal and vertical directions from the
perspective of FIG. 5, by way of example. It can be seen that
the channels 116 adjacent the wall surface 168 are not each
necessarily adjacent four other channels 116 with which 1t 1s
in fluid communication and another four channels 116 from
which 1t 1s fluidly 1solated, but 1t 1s understood that other
channels 116 of the exemplary heat exchanger 104 do share
such a relationship. Such an interrelationship between the
first channels 120 and the second channels 122 would, as a
general matter, typically be capable of providing a greater
rate of heat transier between the first channels 120 and the
second channels 122 compared with, for instance, the heat
exchanger 4. Such an arrangement of first and second
channels 120 and 122 as in FIG. 5 might be the result of

optimization for a certain purpose such as optimized heat
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transter 1n the set of circumstances for which the heat
exchanger 104 was 1mtended to be used.

[0058] It can further be seen that the adjacent relationships
178A, 178B, 178C, and 178D are each of an equal first
distance 190. The adjacent relationships 178E and 178G are
in the horizontal direction from the perspective of FIG. 5 and
indicate that a second distance 192 separates the first chan-
nel 120 from two of the adjacent second channels 122, the
two second distances 192 being equal to one another. The
first channel 120 1s further spaced a third distance 194 1n the
vertical direction from the perspective of FIG. 5 between the
other two adjacent second channels 122 that are indicated
with the relationships 178F and 178H, the third distances
194 being equal to one another. It can be seen that the first
distances 190, 1.e., the distances between the first channels
120 that are 1n fluid communication with one another and are
thus potentially of the same or similar temperature, 1s greater
than either of the second distances 192 and the third dis-
tances 194. The second and third distances 192 and 194 are
distances between the first channel 120 and the second
channels 122 with which the first channel 120 1s fluidly
1solated and which likely would be of another temperature
and 1n a heat transier relationship with the first channel 120.
Such relative positioning, as 1s indicated by the first, second,
and third distances 190, 192, and 194, 1.e., thicknesses of the
wall 164, provide a further example of how heat transier
rates and efliciency can be optimized or adjusted depending
upon needs of any particular application.

[0059] It 1s further noted that the first and second channels
120 and 122 are of the same cross-sectional area 196 1n a
direction that 1s transverse to the direction of flow therein. It
1s reiterated that this similarity of cross-sectional arcas 196
1s one of a plurality of relationships that can be adjusted to
provide performance that meets any of a variety of critenia
for suitability 1n a given application.

[0060] An improved heat exchanger 204 in accordance
with a third embodiment of the disclosed and claimed
concept 1s depicted schematically by the cross-sectional
view of 1ts core 206 1n FIG. 6. The core 206 has a plurality
of elongated channels 216 formed therein that include a
plurality of first channels 220 and 221 1n fluid communica-
tion with one another and a plurality of second channels 222
and 223 that are in fluidd communication with one another.
The exemplary first channels 220 and the exemplary second
channels 222 are each of a cross-sectional shape having a
perimeter 262 that 1s of the same size and shape as the
exemplary perimeter 162 of the first and second channels
120 and 122 in FIG. 5, 1.e., oval or elliptical or semi-
clliptical. It 1s noted, however, that the first channels 221 and
the second channels 223 are of an arcuate shape that 1s of a
circular perimeter 263. The first and second channels 220
and 222 are of one cross-sectional area 296, and the first
channels 221 and the second channels 223 are of another
cross-sectional area 297 which, 1n the depicted exemplary
embodiment, 1s smaller than the cross-sectional area 296.

[0061] The first channels 220 and 221 generally each share

the same type of interrelationship (except perhaps at the
periphery of the core 206) with the second channels 222 and
223 as evidenced by the adjacent relationships 278A, 278B,
278C, 278D, 278E, 278F, 278G, and 278H that are posi-
tionally similar to the adjacent relationships 178A, 178B,
178C, 178D, 178E, 178F, 178G, and 178H. It 1s noted,
however, that by providing the first and second channels 221
and 223 to have the relatively smaller cross-sectional area
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297, the first distances 290 between any of the first channels
220 or 221 and the four other first channels 220 or 221 that
are diagonally adjacent (according with the adjacent rela-
tionships 278A, 278B, 278C, and 278D) are greater than the
first distances 190 in FIG. 5. Likewise, the first distances 290
are greater than the second distances 292 indicated by the
adjacent relationships 278E and 278G between a channels
216 and a pair of horizontally adjacent other channels 216
that are not 1 tluid communication therewith and rather are
fluidly 1solated therefrom. Such second distances 292 are
likewise greater than the third distances 294 and the fourth
distances 293 that are represented in the vertical direction
from the perspective of FIG. 6 between vertically adjacent
pairs of first and second channels 220 and 222 and between
vertically adjacent first and second channels 221 and 223,
respectively. Again, such spacings and interrelationships
provide relative proximity or relative distance between
adjacent channels 216 1n a fashion that can optimize heat
transfer and/or can optimize the structural material of the
core 206 that 1s situated between channels 216 that are
fluidly 1solated from one another and between which thermal
and mechanical stresses would exist.

[0062] It can further be seen from FIG. 6 that the first
channels 220 are of one distance as at 276 A from the wall
surface 268 of the wall 264 and that the second channels 222
are of a second such distance 276B from the wall surface
268 that 1s equal to the distance 276 A. Other relative, equal,
and/or unequal wall thicknesses can be provided depending
upon the needs of the particular application and the needed
performance of the heat exchanger 204.

[0063] It thus can be understood that the positions among
the various channels 216 and the various shapes and sizes of
the various channels 216 can be selected based upon various
optimization factors that relate to concerns regarding heat
transier capabilities, thermal and mechanical stresses, and
other such factors. Other variations will be apparent.

[0064] While FIG. 6 1s depicted herein as being an cross-
sectional view that 1s taken of another heat exchanger 204
that 1s different than the heat exchanger 104 that 1s depicted
in FIG. 5, 1t 1s understood that FIG. 6 could be used to
alternatively depict the way 1n which the various channel
116 of FIG. 5 can change in size and shape from one
longitudinal position along the channels 116 to another
longitudinal position along the same channels. For example,
FIG. 6 could alternatively depict that certain of the first
channels 120 could transition from one location 1n a heat
exchanger, represented by FIG. 35, to another location, rep-
resented by FIG. 6, 1n the same heat exchanger. For instance,
certain of the first channels 120 1n FIG. 5 could change their
shape and cross-sectional area from being arcuate round at
one position along their longitudinal extent, as 1s indicated
at FIG. §, to be of a difference arcuate shape and cross-
sectional area at another position along their longitudinal
extent, as 1s indicated 1n FIG. 6. The same thing could be
sald of certain second channels 122 that transition into
relatively smaller circular second channels 223 between
FIG. § and FIG. 6. Such changes 1n the sizes and shapes, for
instance, of the various channels would correspondingly
alter the dimensions of the walls of the core therebetween
and also alter the flow characteristics of such channels. Such
a design could result for the performance needs of the
particular heat exchanger for the intended application. It thus
1s understood that any given channels 1n a heat exchanger
need not be of a fixed cross-sectional shape or a fixed
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cross-sectional perimeter or cross-sectional area along the
entirety of 1ts longitudinal extent, and rather such dimen-
sions and the corresponding wall dimensions can vary
depending on particular needs of given applications. Like-
wise, the varying wall dimensions could be what are being
optimized based upon the needed resistance to thermal and
mechanical stresses 1n a given application, with the channel
shapes and sizes being what results from such an optimiza-
tion of the walls of the core.

[0065] Another example of such optimization 1s depicted
in FIG. 7, which depicts another heat exchanger 304 1n
accordance with a fourth embodiment of the disclosed and
claimed concept. The heat exchanger 304 has a core 306
with a core body 314 wherein 1ts channels 316 transition
from what 1s depicted in FIG. 4 at one location 1n the heat
exchanger 304 to what 1s depicted in FIG. 7 at another
location 1n the same alternative heat exchanger 304. That is,
FIG. 7 could represent the way in which the first channels 20
change from their cross-sectional area 96 1n FIG. 4 to be of
a relatively smaller cross-sectional areca 398 at a different
location (as evidenced by FIG. 7) 1n the same heat exchanger
304. By way of further example, the second channels 22
might be unchanged between FIGS. 4 and 7, as 1s indicated
at the numerals 22 and 322. That 1s, the cross-sectional area
indicated at the numeral 96 in FI1G. 4 and the cross-sectional
area 396 indicated in FIG. 7 might demonstrate that the
second channels remain unchanged 1n size and shape along
the distance between FIGS. 4 and 7 and have the same
perimeter 62 and 362 along that part of their longitudinal
extent, but that in the same distance between FIGS. 4 and 7,
the first channels may become relatively smaller. This might
be done for any of a variety of reasons, such as the need to
avoid thermal shock at the location represented by FIG. 7 or
for other reasons. Such thermal shock potentially could be
alleviated during startup of the heat exchanger 304 by
reducing the relatively cooler flow through the first channels
320 and/or by providing a relatively greater wall thickness
as 1s 1ndicted at the numeral 392 between fluidly 1solated
channels that might have thermal shock therebetween at
some point during the initial operation of the heat exchanger
304. For the same of completeness, 1t 1s noted that the
relatively smaller first channels 320 1n FIG. 7 result 1n an
altered first distance 391 between horizontally adjacent
(from the perspective of FIG. 7) first channels 320 that are
in fluid communication with one another whereas the first
distance 390 between horizontally adjacent second channels
322 is unchanged from the first distance 90 1n FIG. 4.

[0066] While the first channels 320 remain in aligned first
rows 370 and the second channels 322 remain 1 aligned
second rows 372, this need not necessarily be the case 1n
other embodiments. The adjacent relationships 378A and
378B between one of the first channels 320 and a pair of
adjacent channels 320 that are in fluid communication
therewith remain of approximately the same orientation, 1.¢.,
horizontal, as in FIG. 4 but the first channels 320 are of
different distances from one another. The adjacent relation-
ships between such a first channel 320 and the four diago-
nally adjacent second channels 322 that are fluidly i1solated
therefrom are idicated by the adjacent relationships 378C,
378D, 378E, and 378F, and these adjacent relationships are
of roughly the same diagonal orientation as they were 1n
FIG. 4, although the relative distances are likewise changed
due to the smaller cross-sectional area 398 of the first
channel 320. Further by way of example, 1t can be seen that
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the first channels 320 1n FIG. 7 have a wall thickness 376 A
between them and the wall surface 368 of the wall 364

whereas the second channels 322 have a relatively greater
wall thickness 376B between them and the wall surface 368.

[0067] It thus should be apparent that the various channels
of the improved compact heat exchanger 304 and other heat
exchangers that are described herein and variations thereof
can have varying perimeters and cross-sectional areas that
can change along their longitudinal lengths. Moreover, such
heat exchangers could have three or more legs that are
fluidly 1solated from another but that are situated in heat
transier relation with each other 1n one fashion or another. It
1s also noted that the relative positions of the channels with
respect to one another can likewise change along the lon-
gitudinal extent of the channels or otherwise. All such
changes 1n the configurations of the channels as a function
ol position of the longitudinal extent of such channels 1s
again one of a variety of optimization techniques that can be
employed to achieve certain heat transfer properties and/or
other properties related to the resistance to thermal and
magnetic stresses and flow properties and other properties
that can be achieved depending upon the needs of the
particular application. Other variations will be apparent.

[0068] An improved compact heat exchanger 404 1n
accordance with a fifth embodiment of the disclosed and
claimed concept 1s depicted 1n FIGS. 8 and 9 as including a
core 406 and as having a schematically depicted header
apparatus 408 that may be similar to those mentioned
hereinbefore. The core 406 includes a core body 414 having
formed therein a plurality of channels 416 that include a
plurality of first channels 420, a plurality of second channels
422, and an expansion channel 480.

[0069] The first and second channels 420 and 422 are
alternately positioned about the circumierence of the expan-
sion channel 480. While the first channels 420 are 1n fluid
communication with one another, and while the second
channels 422 are likewise in fluild communication with one
another, the first channels 420 are fluidly 1solated from the
second channels 422. Since the first and second channels
420 and 422 are alternately arranged with one another, the
wall of the core 406 between each adjacent pair of first and
second channels 420 and 422 is likely to experience signifi-
cant thermal and mechanical stresses due to the temperature
difference therebetween. The expansion channel 480 1is
fluidly 1solated from both the first channels 420 and the
second channels 422 and 1s provided in order to permit
expansion of the core body 414 into the expansion channel
408 without significantly altering the flmd tflow through the
first and second channels 420 and 422.

[0070] It can be seen that the first and second channels 420
and 422 cach are of a cross-sectional shape having a
perimeter 465 that 1s of an arcuate shape that 1s non-oval and
1s non-circular and 1s different than the other perimeter
shapes mentioned hereinbefore. Rather, the perimeter 465 1s
multi-lobed to provide a different type of optimization
between heat transfer and pressure drop and/or 1s optimized
tor other considerations. The first and second channels 420
and 422 each have a cross-sectional area 499 that 1s equal to
one another.

[0071] It thus can be seen that the expansion channel 480
can be provided to alleviate certain thermal or mechanical
stresses 1n the heat exchanger 404 depending upon the needs
of the particular application. The expansion channel 480 1s
formed 1n situ during the additive manufacturing process
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mentioned herein. Other expansion channels 480 of diflerent
s1zes and/or shapes and/or positions can be provided in other
embodiments without departing from the present concept.

[0072] It 1s further noted that the first and second channels
420 and 422 are depicted by themselves, 1.e., 1n the absence
of the core 406, in FIGS. 10 and 11. It can be seen from
FIGS. 10 and 11 that the first and second channels 420 and
422 are formed to have a number of undulations 418A,
4188, 418C, and 418D along their longitudinal extent. The
undulations 418A, 4188, 418C, and 418D, which may be
referred to collectively or individually herein with the
numeral 418, are representative of a change 1n the direction
of elongation of the first and second channels 420 and 422
that gradually occurs, for example, when travelling from the
left toward the right or from the right toward the left 1n FIG.
11. Such undulations 418 can be of any of a vanety of
configurations and can be provided for reasons of optimi-
zation of heat transier characteristics and/or for resolution of
thermal and mechanical stresses, or for other reasons. Such
undulations could be provided 1n any of the aforementioned
heat exchangers that are described elsewhere herein as
another way in which performance optimization can be
achieved.

[0073] An improved compact heat exchanger 504 1n
accordance with a sixth embodiment of the disclosed and
claimed concept 1s depicted generally in FIG. 12. The
compact heat exchanger 504 includes a core 506 that
includes a plurality of core portions 507X and 507Y that are
connected together. In the depicted exemplary embodiment,
the compact heat exchanger 504 further includes a header
apparatus 508 that includes a plurality of header portions

525X, 525Y, and 5257 that are connected together and are
connected with the core 506.

[0074] The compact heat exchanger 504 demonstrates
how the cores 6 and the like that are presented elsewhere
herein could be connected together to provide a much larger
heat exchanger 504 than might be easily capable of manu-
facture using conventional equipment that performs the
aforementioned additive manufacturing process. That 1is,
additive manufacturing equipment that 1s available at any
grven time may be capable of producing components that are
only of a limited size, and the heat exchanger 504 demon-
strates how such components can be scaled to provide a
relatively large heat exchanger 504 of a size that 1s suited to
a particular application and that perhaps could not be
manufactured during a single additive manufacturing opera-
tion.

[0075] The exemplary core portions 507X and S07Y are
depicted as having relatively straight and elongated channel
portions 517 (core portion 507X) or as having channel
portions 517 that include one or more bends (core portion
507Y). Such channel portions 317 can be connected with
one another end-to-end wvia sintering or other diffusion
bonding operations as needed to provide desired compre-
hensive tlow channels 516 that are formed from the various
core portions 507X and 507Y. That 1s, the exemplary com-
prehensive channel 516 1s depicted 1n FIG. 12 as including
a plurality of channel portions 3517 that are connected
end-to-end to form the channel 516.

[0076] The header apparatus 508 includes a plurality of
headers indicated at the numeral 524A, 5248, 524C, and
524D, which may be referred to collectively or individually
herein with the numeral 524. The various headers 524 are
formed of various combinations of the header portions
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525X, 525Y, and 5257 as needed to achieve the desired
performance characteristics that are suited to the application
of the heat exchanger 504. It 1s expressly noted that the core
406 that 1s depicted in FIGS. 8 and 9 or any of the other cores
mentioned elsewhere herein or variations thereof could be
employed as any one or more of the core portions 507X and
507Y that are schematically depicted 1n FIG. 12 depending
upon the needs of the particular application. Moreover, any
of the imterrelationships between positions, sizes, shapes,
and the like of the flow channels can be incorporated 1nto the
heat exchanger 504 as needed for optimization or for other
reasons.

[0077] It thus can be seen that the various compact heat
exchangers presented herein and the components thereof can
have any of a wide variety of features and interrelationships
among the various components thereof to provide needed
optimization for various applications. Optimization can be
provided on the basis of fluid flow performance and/or on
the basis of heat transfer performance and/or on the basis of
resistance to thermal and/or mechanical stresses, and/or
according to other bases for optimization. Such optimization
1s highly cost eflective given the additive manufacturing
process described above. The various features and interre-
lationships that are described herein can be combined 1n any
tashion without departing from the present concept.

[0078] While specific embodiments of the invention have
been described in detail, it will be appreciated by those
skilled 1n the art that various modifications and alternatives
to those details could be developed 1n light of the overall
teachings of the disclosure. Accordingly, the particular
embodiments disclosed are meant to be 1llustrative only and
not limiting as to the scope of the mnvention which 1s to be
grven the full breadth of the appended claims and any and all
equivalents thereof.

What 1s claimed 1s:

1. A compact heat exchanger comprising:

a plurality of layers aflixed to one another and together
forming a core and a header apparatus;

the core having formed therein a plurality of channels, the
plurality of channels comprising a number of first
channels and a number of second channels, at least a
portion of the number of first channels being position
for being 1n heat transier relation with at least a portion
of the number of second channels;

the header apparatus comprising at least a first header that
1s 1n fluild communication with at least some of the
channels of the number of channels:

the at least first header having a channel end and a
connection end, the channel end being situated adjacent
the core and including a number of flow connections
that are 1n direct fluid communication with the at least
some of the channels, the connection end having an
opening that 1s structured to be connected 1in tluid
communication with another flow structure, the at least
one header comprising a flow passage that extends
between the channel end and connection end and that
enables fluild communication between the number of

flow connections and the opeming; and

at least one of the layers of the plurality of layers being at
least one of:

a layer that comprises a portion of but less than the
entirety of the at least first header and that has
tformed therein at least a portion of the flow passage,
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a layer that comprises at least a portion of the core
having formed therein at least a portion of a first
channel and at least a portion of a second channel
that are flmdly 1solated from one another, and

a layer that comprises at least a portion of the core
having formed therein at least a portion of a channel
of the plurality of channels and that further com-
prises a portion of the at least first header and that has
formed therein at least a portion of the flow passage.

2. The compact heat exchanger of claim 1 wherein at least
some of the channels of the plurality of channels each have
an arcuate perimeter that 1s of a shape that 1s non-circular.

3. The compact heat exchanger of claim 2 wherein
another channel that 1s situated adjacent a channel of the at
least some of the channels has another arcuate perimeter that
1s ol another shape different than the shape.

4. The compact heat exchanger of claim 1 wherein the
number of first channels are in fluild communication with
one another and wherein the number of second channels are
in fluid communication with one another, the number of first
channels being fluidly 1solated from the number of second
channels, and wherein at least one first channel of the
number of first channels 1s situated adjacent at least three
other first channels of the number of first channels and 1s
turther situated adjacent at least three second channels of the
number of second channels.

5. The compact heat exchanger of claim 1 wherein the
core comprises a wall having situated at a side thereof both
a first channel of the number of first channels and a second
channel of the number of second channels and having at
another side thereof a wall surface that faces generally away
from the number of first channels and the number of second
channels, the minimum thickness of the wall between the
wall surface and the first channel being different than the
minimum thickness of the wall between the wall surface and
the second channel.

6. The compact heat exchanger of claim 1 wherein the
core comprises a plurality of core portions aflixed together,
at least some of the core portions of the plurality of core
portions each having formed therein a plurality of channel
portions, the plurality of channels portions comprising a
number of first channel portions and a number of second
channel portions, a first channel portion of the number of
first channel portions of each of a plurality quantity of the
plurality of core portions being connected together end-to-
end to form at least a portion of a first channel of the number
of first channels, a second channel portion of the number of
second channel portions of each of the plurality quantity of
the plurality of core portions being connected together
end-to-end to form at least a portion of a second channel of
the number of second channels.

7. The compact heat exchanger of claim 1 wherein the at
least first header comprises a number of flow directors, and
wherein a flow passage of the number of flow passages
comprises a plurality of flow passage portions that together
extend between the opening and a corresponding channel of
the at least some of the channels and that permit fluid flow
therebetween, at least a first flow director of the number of
flow directors being situated adjacent the core and between
a pair of first channels of the number of first channels, the
at least first flow director having an external surface, a
portion of the external surface forming at least a part of a
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flow passage portion of the plurality of flow passage por-
tions that 1s 1n fluidd communication with a first channel of
the pair of first channels

8. The compact heat exchanger of claim 7 wherein
another portion of the external surface forms at least a part
of another flow passage portion of the plurality of tlow
passage portions of another tlow passage of the number of
flow passages that 1s 1 direct fluid communication with
another first channel of the pair of first channels.

9. The compact heat exchanger of claim 1 wherein the at
least first header 1s a first inlet header, and wherein the
header apparatus further comprises a first outlet header;

the first inlet header being 1n fluid communication with at
least some of the number of first channels at an inlet
end thereof;

the first outlet header being 1n fluid communication with
the at least some of the number of first channels at an

outlet end thereof; and

the at least one of the layers being a layer that comprises
a portion of the core having formed therein at least a
portion of a first channel of the number of first chan-
nels, and that further comprises a portion of the first
inlet header and a portion of the first outlet header 1n
fluid communication with the at least portion of the first
channel.

10. The compact heat exchanger of claim 9 wherein the
header apparatus further comprises a second inlet header and
a second outlet header, the second inlet header being 1n fluid
communication with at least some of the number of second
channels at an inlet end thereot, and the second outlet header

being in fluid communication with the at least some of the
number of first channels at an outlet end thereof.

11. The compact heat exchanger of claim 1 wherein at
least some of the channels of the plurality of channels are
clongated along a direction of elongation and include a
number of undulations along the direction of elongation.
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12. The compact heat exchanger of claim 1 wherein the
core comprises a wall that 1s situated between a pair of
adjacent channels of the plurality of channels, wherein the
wall 1s of a thickness at a location on the core whereby the
pair of adjacent channels are separated apart by a distance
that 1s equal to the thickness, and wherein the wall 1s of
another thickness at another location on the core spaced
from the location whereby the pair of adjacent channels are
separated apart by another distance that 1s equal to the
another thickness, the thickness and the another thickness
being unequal.

13. The compact heat exchanger of claim 1 wherein the
number of first channels are 1 fluid communication with
one another, wherein the number of second channels are in
fluid communication with one another, and wherein the
plurality of channels further comprise a number of addi-
tional channels that are fluidly 1solated from the number of
first channels and that are fluidly 1solated from the number
of second channels.

14. The compact heat exchanger of claim 13 wherein the
number of additional channels comprise an additional chan-
nel that 1s situated adjacent at least one of a first channel of
the number of first channels and a second channel of the
number of second channels.

15. The compact heat exchanger of claim 14 wherein the
core has formed therein an opening that extends between the
additional channel and the exterior of the core.

16. The compact heat exchanger of claim 14 wherein the
additional channel 1s situated adjacent a plurality of first
channels of the number of first channels and is further
situated adjacent a plurality of second channels of the
number of second channels.

17. The compact heat exchanger of claim 13 wherein the
core further comprises a number of heaters that are received
in the number of additional channels and that are structured

to be operable to preheat the compact heat exchanger.
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