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FIG. 2
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FIG. 4
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THERMAL MANAGEMENT OF HIGH
POWER INDUCTORS

BACKGROUND

[0001] Embodiments of the present disclosure relate to an
inductor assembly, and more particularly, to liquid cooling
of an inductor assembly such as used in aerospace applica-
tions.

[0002] Current flowing through inductor assemblies gen-
erally produces heat. In some types of inductor assemblies,
the heat generated by current traversing the conductive wires
is sufficient to limit the current carrying capability, e.g. the
current rating, of the inductor assembly. It can also influence
core size, core material selection, and/or the reliability of the
filtering functionality provided by the core. Conventional
inductor assemblies therefore typically have a maximum
core temperature limit and corresponding current limit.

[0003] Such conventional methods and systems have gen-
erally been considered satisfactory for their intended pur-
pose. However, there is still a need in the art for improved
inductor assemblies that allows for improved current carry-
ing capability.

BRIEF DESCRIPTION

[0004] According to an embodiment, an inductor assem-
bly includes a housing including a base, a sidewall, and an
insert. The base and the sidewall define a cavity and the
insert being positioned within the cavity. A core assembly is
positioned within the cavity. The core assembly includes a
core and a plurality of windings wrapped about the core and
disposed between the sidewall and the insert. A flow path is
formed in the housing for receiving a coolant to remove heat
from the core assembly.

[0005] In addition to one or more of the features described
above, or as an alternative, in further embodiments the flow
path includes at least one first channel, the at least one first
channel extending within a plane defined by the base.

[0006] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one first channel is aligned with one of the plurality of
windings.

[0007] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one first channel has an arcuate contour.

[0008] In addition to one or more of the features described
above, or as an alternative, in further embodiments a radius
of the at least is equal to an outer diameter of the core.

[0009] In addition to one or more of the features described
above, or as an alternative, in further embodiments a portion
of the at least one first channel extends at an angle to the
base.

[0010] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
portion of the at least one first channel is formed in the
sidewall.

[0011] In addition to one or more of the features described
above, or as an alternative, in further embodiments the flow
path includes at least one second channel arranged in fluid
communication with the at least one first channel, wherein
a portion of the at least one second channel extending at an
angle into the base.
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[0012] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one second channel is formed in the insert.

[0013] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one second channel includes an angular section having
an apex opposite the base.

[0014] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one second channel includes a plurality of angular
sections arranged in series.

[0015] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one second channel includes a plurality of vertical
sections fluidly coupled by a plurality of planar sections.
[0016] In addition to one or more of the features described
above, or as an alternative, in further embodiments com-
prising a base cover affixed to the base of the housing.
[0017] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
housing of the inductor assembly further comprises another
sidewall and another insert, the base and the another side-
wall defined another cavity, the another insert being posi-
tioned within the another cavity, another core assembly
being receivable within the another cavity.

[0018] In addition to one or more of the features described
above, or as an alternative, in further embodiments the flow
path includes a first flow path for removing heat from the
core positioned within cavity and a second flow path for
removing heat from the core positioned within the another
cavity.

[0019] In addition to one or more of the features described
above, or as an alternative, in further embodiments the flow
path further comprises an inlet and an outlet, both the first
flow path and the second flow path being arranged in fluid
communication with the inlet and the outlet.

[0020] In addition to one or more of the features described
above, or as an alternative, in further embodiments the first
flow path and the second flow path are symmetrical.
[0021] In addition to one or more of the features described
above, or as an alternative, in further embodiments flow path
additionally includes a bypass flow path arranged in parallel
with the first flow path and the second flow path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following descriptions should not be consid-
ered limiting in any way. With reference to the accompa-
nying drawings, like elements are numbered alike:

[0023] FIG. 1 is a perspective view of an inductor assem-
bly according to an embodiment;

[0024] FIG. 2 is a cross-sectional view of the inductor
assembly of FIG. 1 taken through a central plane according
to an embodiment;

[0025] FIG. 3 is a perspective view of another inductor
assembly according to an embodiment;

[0026] FIG. 4 is a perspective view of an inductor assem-
bly mounted to a generator housing according to an embodi-
ment;

[0027] FIG. 5 is a perspective view of a back surface of a
housing of an inductor assembly according to an embodi-
ment;

[0028] FIG. 6 is a detailed view of the identified portion of
FIG. 5 according to an embodiment;
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[0029] FIG. 7 is a perspective view of the coolant flow
path formed in the inductor housing according to an embodi-
ment;

[0030] FIG. 8 is a perspective view of the coolant flow
path formed in the inductor housing according to another
embodiment;

[0031] FIG. 9 is a perspective view of the coolant flow
path formed in the inductor housing according to another
embodiment; and

[0032] FIG. 10 is a perspective view of the coolant flow
path formed in the inductor housing according to another
embodiment.

DETAILED DESCRIPTION

[0033] A detailed description of one or more embodiments
of the disclosed apparatus and method are presented herein
by way of exemplification and not limitation with reference
to the Figures.

[0034] With reference to FIGS. 1-3, an example of an
inductor assembly 20 is shown. The inductor assembly 20
includes a housing 22 having a base 23 and an integral
sidewall 25 extending, such as perpendicularly for example,
from the base 23. The base 23 and sidewall 25 of the housing
22 cooperate to define a cavity 24 of the housing 22 within
which a core assembly 26 is received. The core assembly 26
includes a core 28 and a plurality of windings 30 wrapped
about the core 28. Each core 28 includes a central opening
32 and an insert 34 of the housing 22 seats within the central
opening 32 to restrict movement of the core 28 relative to the
housing 22. The insert 34 is in thermal communication with
the core 28 and the windings 30 wrapped about the core 28.
In an embodiment, the remaining inner volume of the cavity
24 is filled with a thermally conductive potting material.
This potting material facilitates conduction of heat from the
core assembly 26, such as to the base 23 and the insert 34
of the housing 22 for example. In an embodiment, a cover
36 is disposed within the cavity 24 in overlapping arrange-
ment with the core assembly 26. As shown, the cover 36
includes a plurality of openings 38 through which a portion
of the heat generated by the core assembly 26 is dissipated.
[0035] In the non-limiting embodiment of FIG. 1, groups
of windings 30 are spaced about the outer periphery of the
core 28. Another example of a configuration of the windings
30 is shown in FIG. 3. In the embodiment, individual
windings 30 are equidistantly spaced about the core 28.
However, it should be understood that any suitable configu-
ration of the windings 30 is contemplated herein. In each of
the embodiments, the, the heat flux at the inner diameter of
the core 28 is greater than at the outer diameter of the core
28.

[0036] Inan embodiment, the housing 22 may be designed
to support a plurality of core assemblies 26. For example, in
the illustrated, non-limiting embodiments, the inductor
assembly 20 includes a first core assembly 26a arranged
within a first cavity 24a and a second core 265 assembly
arranged within a second cavity 24b. The first and second
core assembly 26a, 265 may be substantially identical, or
alternatively, may have varying configurations. Although
two core assemblies 26a, 265 are illustrated, it should be
understood that embodiments including a single core assem-
bly, or alternatively, more than two core assemblies are
within the scope of the disclosure.

[0037] With reference now to FIG. 4, the inductor assem-
bly 20 is shown mounted adjacent an exterior surface 42 of
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a generator housing 40. In such embodiments, the generator
housing 40 may be mounted to a portion of a gas turbine
engine of an aircraft, such as an accessories mounting and
drive assemblies (AMAD) for example. As shown, a plu-
rality of connector flanges 44 extend outwardly from various
locations about a periphery of the housing 22. In the
illustrated, non-limiting embodiment, the connector flanges
44 are arranged centrally between the first end 46 of the
housing 22 and a second, opposite end 48 of the housing 22.
The first end 46 faces toward the generator housing 40, and
the second end 48 faces outward from the generator housing
40. When the inductor housing 22 is positioned relative to
the generator housing 40, each of the plurality of connector
flanges 44 is aligned with and affixed to a corresponding
standoff 50 extending from the generator housing 40. An
axial length of each of the standoffs 50 is greater than the
distance between the first end 46 of the inductor housing 22
and a connector flange 44 such that when the inductor
assembly 20 is mounted to the generator housing 40, the first
end 46 of the inductor assembly 20 is offset therefrom. As
a result, thermal coupling between the inductor assembly 20
and the generator housing 40 is limited to the interface
between the connector flanges 44 and standoffs 50.

[0038] A flow of coolant, such as oil or glycol water for
example, is used to cool the one or more core assemblies 26
of the inductor assembly 20.

[0039] With reference now to FIGS. 5-10, a flow path 60
through which coolant flows to remove heat from the core
assembly 26 of the inductor assembly 20 is formed in the
housing 22. In an embodiment, the flow path 60 is machined
into the inductor housing 22. In another embodiment, the
flow path 60 may be formed simultaneously with the hous-
ing 22, such as via an additive manufacturing process for
example. A cover (not shown) is affixed to the base 23 of the
inductor housing 22, such as via brazing for example, to
restrict the flow of coolant to within the flow path 60.
[0040] The flow path 60 formed in the housing 22 typi-
cally includes an inlet 62 and an outlet 64 disposed adjacent
opposite sides of the housing 22. In embodiments where the
housing 22 includes a first cavity 24a and a second cavity
24h, and is therefore configured to receive a first core
assembly 26a and a second core assembly 265, the inlet 62
and outlet 64 may be positioned centrally between the
sidewalls 25 associated with the first and second core
assemblies 264, 265. In such embodiments, the flow path 60
may include a first flow path 66 for cooling the first core
assembly 26a and a second flow path 68 for cooling the
second core assembly 265. However, it should be under-
stood that embodiments including a single flow path for
cooling multiple core assemblies are also within the scope of
the disclosure. In an embodiment, the first and second flow
paths 66, 68 are symmetrical about an axis A, extending
between the inlet 62 and the outlet 64. The flow path 60 may
additionally include a bypass flow path 70 directly coupling
the inlet 62 and the outlet 64 and arranged at the central
portion of the housing 22, between the core assemblies 26a,
26b.

[0041] For ease of understanding, only the first flow path
66 of each of the various coolant flow path configurations
illustrated herein will be described. Each configuration of
the first flow path 66 includes at least one first channel
formed in the surface of the base 23 defining the first end 46
of the housing 22. The first flow path 66 additionally
includes at least one second channel 74 formed over the
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height of the insert 34. As a result, the coolant provided to
first flow path 66 of the housing 22 cools not only the portion
of the housing 22 adjacent a first end surface (not shown) of
the core assembly 26, but also cools the insert 34 arranged
in thermal communication with the inner diameter of the
core assembly 26.

[0042] Heat is configured to conduct from the core assem-
bly 26, through a potting material, to the flow path 60
formed in the housing 22. In operation, a coolant is provided
from the inlet 62 to the first flow path 66. As the coolant
moves through the first flow path 66, the coolant not only
absorbs heat conducted to the housing 22 from the adjacent
core assembly 26, but also absorbs heat via convection
between the housing 22 and the coolant. The heated coolant
is then provided to the outlet 64 where the heat may be
removed from the coolant by a liquid or air cooled heat
exchanger before returning the coolant to the inlet 62.
[0043] In the non-limiting embodiment illustrated in
FIGS. 5-7, the first flow path 66 includes at least one first
channel 72 having a non-linear configuration. As shown, the
at least one first channel 72 includes a serpentine configu-
ration extending between an interior portion of the base 23,
arranged generally adjacent the insert 34 and an inner
diameter of the first core assembly 264, and outer portion of
the base 23, located generally adjacent the outer diameter of
the first core assembly 26. The configuration of the at least
one first channel 72 may align with each of the plurality of
windings 30 of the core assembly 26a.

[0044] The first flow path 66 additionally includes at least
one second channel 74 (best shown in FIG. 7) in fluid
communication with the first channel 72. In the illustrated,
non-limiting embodiment, the first flow path 66 includes a
plurality of second channels 74, separated from one another
and spaced about the periphery of the insert 34. The plurality
of second channels 74 extend through the insert 34 of the
housing 22, for example, in a direction generally perpen-
dicular to the base 23 and the first channel 72. In the
illustrated, non-limiting embodiment, the second channels
74 have a generally triangular configuration such that the
portion of each second channel 74 positioned furthest from
the base 23 includes an apex 76. Because the heat flux of the
first core assembly 26q is greatest adjacent the inner diam-
eter thereof, inclusion of these second channels 74, which
extend through the insert 34 over at least a portion of the
height of the first core assembly 264, substantially cools the
inner diameter of the first core assembly 26a.

[0045] In the illustrated, non-limiting embodiment, the
first flow path 66 is divided into two parallel and substan-
tially identical and/or symmetrical portions such that each
portion removes heat from a corresponding portion of the
first core assembly 26a. Accordingly, as shown, each of
these portions of the first flow path 66 includes both first and
second channels 72, 74. However, it should be understood
that embodiments where the first flow path 66 includes only
a single path configured to cool the first core assembly 26a
are also within the scope of the disclosure.

[0046] With reference now to FIGS. 8-10, in another
embodiment, the first flow path 66 includes a plurality of
concentric first channels 72 arranged in fluid communica-
tion. In the illustrated, non-limiting embodiment, the first
channels 72 are generally arcuate in shape such that a first
channel 72a is generally defined by a first radius, and
another first channel 7254 is generally defined by a second
radius. The second radius is smaller than the first radius. In
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an embodiment, the radius of the first channel 72a is
generally equal to an outer radius of a core assembly 26.
[0047] The first flow path 66 additionally includes at least
one second channel 74 arranged generally concentrically
with the first channels 72. The at least one second channel
74 has a third radius, smaller than the second radius. In an
embodiment, the radius of at least one the second channel 74
is generally equal to a radius of the insert 34, such that the
second channel 74 is formed within the insert 34. In an
embodiment, the first channel 72a, another first channel 725,
and second channel 74 are arranged in parallel with respect
to the flow of coolant, via an axially extending connector 78.
[0048] As previously described, in each of the embodi-
ments illustrated in FIGS. 8-10, the second channel 74 is
formed in a portion of the insert 34. The second channel 74
is configured to extend both peripherally and vertically
through the insert 34. Accordingly, as shown, flow of coolant
within the second channel 74 of the first flow path 66 is
configured to repeatedly move between a first plane, aligned
with the base 23, and a second parallel plane offset from the
first plane. In an embodiment, the second plane is defined by
an upper surface 80 of the insert 34, or alternatively, at any
location between the upper surface 80 of the insert 34 and
the base 23.

[0049] In the illustrated, non-limiting embodiment of FIG.
8, the portion of the first flow path 66 defined by the second
channel 74 includes a plurality of angular sections arranged
in series. Similar to the embodiment of FIG. 7, each angular
section is triangular in shape and includes an apex 76
disposed at the furthest portion of the second channel 74
relative to the base 23. In another embodiment, illustrated in
FIG. 9, the portion of the first flow path 66 defined by the
second channel 74 is configured to move arcuately within
both the first plane and the second plane. As shown, a planar
section 84 extends between adjacent parallel, vertical sec-
tions 82 of the second channel 74. The location of each
planar section 84 varies sequentially between the first plane
defined by the base 23 and the second plane, such as defined
by the upper surface 80 of the insert 34 for example.
[0050] In an embodiment, best shown in FIG. 10, one of
the first channels 72 of the flow path 66, such as channel 72a
for example, is configured to extend both peripherally and
vertically through the sidewall 25 of the housing 22. For
example, the portion of the first flow path 66 defined by the
first channel 72 may be configured to move arcuately within
both the first plane defined by the base 23 and a second,
parallel plane. In an embodiment, the second parallel plane
may be located at any position over the height of the
sidewall 25. As shown in FIG. 10, a planar section 86
extends between adjacent vertical sections 88 formed in the
first channel 72. Although the first channel 72 is shown as
having a specific configuration, it should be understood that
embodiments having any flow configuration extending both
peripherally and vertically through the sidewall 25 are
within the scope of the disclosure. Further, it should be
understood that any configured of the flow path formed in
the base of the housing 22 and extending at least partially
over the height of the insert 34 of the housing 22 is within
the scope of the disclosure.

[0051] The overall configuration of the flow path 60 may
be customized to maximize the heat transfer between the
coolant and the hot spots of the core assembly 26, thereby
reducing the temperature of the core 28 and windings 30 to
below their respective material ratings. Further, by integrat-
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ing the coolant flow into the housing 22 of the inductor
assembly 20, the need for additional components, and there-
fore the overall size of the assembly 20 may be reduced.
Each of the non-limiting embodiments illustrated herein
includes a plurality of narrow flow channels to ensure the
light weight of the housing 22 and inductor assembly 20, as
well as a reduced pressure drop in the inductor assembly 20,
which is critical for aerospace applications.

[0052] The term “about” is intended to include the degree
of error associated with measurement of the particular
quantity based upon the equipment available at the time of
filing the application.

[0053] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, element components,
and/or groups thereof.

[0054] While the present disclosure has been described
with reference to an exemplary embodiment or embodi-
ments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be
substituted for elements thereof without departing from the
scope of the present disclosure. In addition, many modifi-
cations may be made to adapt a particular situation or
material to the teachings of the present disclosure without
departing from the essential scope thereof. Therefore, it is
intended that the present disclosure not be limited to the
particular embodiment disclosed as the best mode contem-
plated for carrying out this present disclosure, but that the
present disclosure will include all embodiments falling
within the scope of the claims.

What is claimed is:

1. An inductor assembly comprising:

a housing including a base, a sidewall, and an insert,
wherein the base and the sidewall define a cavity, the
insert being positioned within the cavity;

a core assembly within the cavity, wherein the core
assembly includes a core and a plurality of windings
wrapped about the core and disposed between the
sidewall and the insert; and

a flow path formed in the housing for receiving a coolant
to remove heat from the core assembly.

2. The inductor assembly of claim 1, wherein the flow

path includes at least one first channel, the at least one first
channel extending within a plane defined by the base.
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3. The inductor assembly of claim 2, wherein the at least
one first channel is aligned with one of the plurality of
windings.

4. The inductor assembly of claim 2, wherein the at least
one first channel has an arcuate contour.

5. The inductor assembly of claim 2, wherein a radius of
the at least is equal to an outer diameter of the core.

6. The inductor assembly of claim 2, wherein a portion of
the at least one first channel extends at an angle to the base.

7. The inductor assembly of claim 6, wherein the portion
of the at least one first channel is formed in the sidewall.

8. The inductor assembly of claim 2, wherein the flow
path includes at least one second channel arranged in fluid
communication with the at least one first channel, wherein
a portion of the at least one second channel extending at an
angle into the base.

9. The inductor assembly of claim 8, wherein the at least
one second channel is formed in the insert.

10. The inductor assembly of claim 8, wherein the at least
one second channel includes an angular section having an
apex opposite the base.

11. The inductor assembly of claim 10, wherein the at
least one second channel includes a plurality of angular
sections arranged in series.

12. The inductor assembly of claim 8, wherein the at least
one second channel includes a plurality of vertical sections
fluidly coupled by a plurality of planar sections.

13. The inductor assembly of claim 1, further comprising
a base cover affixed to the base of the housing.

14. The inductor assembly of claim 1, wherein the hous-
ing of the inductor assembly further comprises another
sidewall and another insert, the base and the another side-
wall defined another cavity, the another insert being posi-
tioned within the another cavity, another core assembly
being receivable within the another cavity.

15. The inductor assembly of claim 14, wherein the flow
path includes a first flow path for removing heat from the
core positioned within cavity and a second flow path for
removing heat from the core positioned within the another
cavity.

16. The inductor assembly of claim 15, wherein the flow
path further comprises an inlet and an outlet, both the first
flow path and the second flow path being arranged in fluid
communication with the inlet and the outlet.

17. The inductor assembly of claim 15, wherein the first
flow path and the second flow path are symmetrical.

18. The inductor assembly of claim 15, wherein flow path
additionally includes a bypass flow path arranged in parallel
with the first flow path and the second flow path.
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