Office de la Propriete Canadian CA 2945876 A1 201/7/04/30

Intellectuell Intellectual P
du Canada Office T oy 2 945 876
g,rng[j%?:i‘:gaena " ﬁgl‘j‘g[f;‘éyaﬁg " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(22) Date de depot/Filing Date: 2016/10/20 (51) ClInt./Int.Cl. FO02C 7/74 (2006.01),

B64D 33/08 (2006.01), FOTD 25/78 (2006.01),
FO2C 7706 (2006.01), FT6N 39/02(2006.01)

(71) Demandeur/Applicant:
GENERAL ELECTRIC COMPANY, US

(72) Inventeurs/Inventors:
NIERGARTH, DANIEL ALAN, US;
MILLER, BRANDON WAYNE, US;
KROGER, CHRISTOPHER JAMES, US

(74) Agent: CRAIG WILSON AND COMPANY

(41) Mise a la disp. pub./Open to Public Insp.: 201/7/04/30
(30) Priorité/Priority: 2015/10/30 (US14/927,536)

(54) Titre : ECHANGEUR DE CHALEUR DE CARTER DE MOTEUR DE TURBINE A GAZ
54) Title: GAS TURBINE ENGINE SUMP HEAT EXCHANGER

x ) LN 1,3 A 52’//&]6
/ 104 - A

| (mﬂ(}f \ r{_f . . /122

118

-— -— - -— - - - - - —-— - - - -— -~ - - - - - - - - e - - - -

(57) Abréegée/Abstract:
A gas turbine engine includes a compressor section In series flow with a turbine section. The compressor section includes one or

more compressors and the turbine section includes one or more turbines, the compressor section and turbine section together
defining a core air flowpath. A sump Is positioned inward of the core air flowpath for containing and collecting lubrication oll.
Additionally, a heat exchanger Is positioned in direct thermal communication with the sump for removing heat from lubrication oll
contained therein to reduce a size and/or amount of heat exchangers located radially outward of the core air flowpath.

SRR VNEEEN
R 5. sas ALy
O
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02945876 2016-10-20

232446

ABSTRACT

A gas turbine engine 1ncludes a compressor section in series flow with a turbine

section. The compressor section includes one or more compressors and the turbine
section includes one or more turbines, the compressor section and turbine section together
defining a core air tlowpath. A sump 1s positioned inward of the core air flowpath for
containing and collecting lubrication oil. Additionally, a heat exchanger is positioned 1n
direct thermal communication with the sump for removing heat from lubrication oil

contained therein to reduce a size and/or amount of heat exchangers located radially

outward of the core air flowpath.
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GAS TURBINE ENGINE SUMP HEAT EXCHANGER

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to a gas turbine engine, or more

particularly to a gas turbine engine having an engine sump heat exchanger.
BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes a fan and a core arranged in tlow
communication with one another. The core of the gas turbine engine general includes, in
serial flow order, a compressor section, a combustion section, a turbine section, and an
exhaust section. The compressor section, combustion section, turbine section, and

exhaust section together define a core air tlowpath.

[0003] The compressor section and the turbine section are generally coupled through
one or more shafts or spools. Additionally, rotation of certain components of the
compressor section, turbine section, and the one or more shafts or spools is facilitated by
a plurality of bearings. These bearings are provided with lubrication oil throughout
operation of the gas turbine engine to, e.g., remove heat from such bearings and reduce an

amount of friction within such bearings.

10004 ] Gas turbine engines generally include a lubrication oil circulation assembly
for providing lubrication oil to each of the plurality of bearings, for pumping out, or
scavenging, lubrication o1l from oné or more sumps provided for collecting and/or
containing such lubrication oil, and for removing heat from such lubrication oil. The
lubrication oil circulation assembly typically includes a pump positioned outside of the
core air flowpath, one or more supply lines and scavenge lines extending through the core

air flowpath to reach, e.g., the bearings and the one or more sumps, and one or more heat

exchangers also positioned outside of the core air flowpath.
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100035] However, the heat exchangers can occupy a relatively large footprint outside
of the core air flowpath, which may reduce an available area for other components.
Accordingly, a means for reducing a size of the heat exchangers for the circulation
assembly located outside of the core air flowpath would be usetul. More particularly, a
means for reducing a size of the heat exchangers for the circulation assembly located
outside of the core air flowpath while still providing a desired amount of heat transter

would be particularly usetul.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned through

practice of the invention.

[0007] [n one exemplary embodiment of the present disclosure, an aeronautical gas
turbine engine is provided. The gas turbine engine includes a compressor section
including one or more compressors, and a turbine section located downstream of the
compressor section and including one or more turbines. The compressor section and the
turbine section together define a core air flowpath. The gas turbine engine also includes a
sump positioned inward of the core air flowpath for containing and collecting lubrication
oil, and a heat exchanger positioned in direct thermal communication with the sump for

removing heat from the lubrication o1l contained therein.

10008] In another exemplary embodiment of the present disclosure, an aeronautical
gas turbine engine is provided. The gas turbine engine includes a compressor section
including one or more compressors, and a turbine section located downstream of the

compressor section and including one or more turbines. The compressor section and the
turbine section together define a core air flowpath. The gas turbine engine also includes a
sump positioned inward of the core air tlowpath for containing and collecting lubrication
oil, and a heat exchanger positioned at least partially within the sump or integrated into a

wall of the sump or for removing heat from the lubrication oil contained therein.

2
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(0009] These and other features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended
claims. The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A tull and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the specification

2

which makes reference to the appended figures, in which:

[0011] FIG. 1 1s a schematic cross-sectional view of an exemplary gas turbine engine

according to various embodiments of the present subject matter.

0012} FIG. 2 1s a schematic, cross-sectional view of a forward end of a core of the

exemplary gas turbine engine of FIG. 1.

[0013] FIG. 3 15 a cross-sectional, schematic view of a collection chamber of a sump

in accordance with an exemplary embodiment of the present disclosure.

[0014] FIG. 4 1s a schematic, cross-sectional view of a forward end of a core of a gas
turbine engine 1n accordance with another exemplary embodiment of the present

disclosure.

[0015] FIG. 5 18 a schematic view of a closed loop thermal transport system in

accordance with an exemplary embodiment of the present disclosure.

10016] FIG. 6 1s a schematic, cross-sectional view of a forward end of a core of a gas
turbine engine in accordance with yet another exemplary embodiment of the present

disclosure.
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[0017] FIG. 7 1s a schematic, cross-sectional view of a torward end of a core of a gas
turbine engine in accordance with still another exemplary embodiment of the present

disclosure.

[0018] FIG. 8 1s a schematic, cross-sectional view of a forward end of a core of a gas
turbine engine in accordance with yet another exemplary embodiment of the present

disclosure.
DETAILED DESCRIPTION OF THE INVENTION

[0019] Reference will now be made 1n detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying drawings.
The detailed description uses numerical and letter designations to refer to features in the
drawings. Like or similar designations in the drawings and description have been used to
refer to like or similar parts of the invention. As used herein, the terms “first”, “second”,
and “third” may be used interchangeably to distinguish one component from another and
are not intended to signity location or importance of the individual components. The
terms “upstream” and “downstream” refer to the relative direction with respect to fluid
flow in a fluid pathway. For example, “upstream” refers to the direction from which the

fluid flows, and “downstream” refers to the direction to which the fluid flows.

[0020] Reterring now to the drawings, wherein identical numerals indicate the same

elements throughout the figures, FIG. 1 1s a schematic cross-sectional view of a gas

turbine engine in accordance with an exemplary embodiment of the present disclosure.
More particularly, for the embodiment ot FIG. 1, the gas turbine engine 1s a high-bypass
turbofan jet engine 10, referred to herein as “turbofan engine 10.” As shown in FIG. 1,
the turbofan engine 10 defines an axial direction A (extending parallel to a longitudinal
centerline 12 provided for reference) and a radial direction R. In general, the turbotan 10

includes a fan section 14 and a core turbine engine 16 disposed downstream from the fan

section 14.
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[0021] The exemplary core turbine engine 16 depicted generally 1ncludes a
substantially tubular outer casing 18 that defines an annular inlet 20. The outer casing 18
encases, in serial flow relationship, a compressor section including a booster or low
pressure (LP) compressor 22 and a high pressure (HP) compressor 24; a combustion
section 26; a turbine section including a high pressure (HP) turbine 28 and a low pressure
(LP) turbine 30; and a jet exhaust nozzle section 32. A high pressure (HP) shaft or spool
34 drivingly connects the HP turbine 28 to the HP compressor 24. A low pressure (LP)
shaft or spool 36 drivingly connects the LP turbine 30 to the LP compressor 22. The
compressor section, combustion section 26, turbine section, and nozzle section 32

together define a core air tlowpath 37.

[0022] For the embodiment depicted, the fan section 14 includes a fan 38 having a
plurality of fan blades 40. A rotatable front hub 48 that is acrodynamically contoured to
promote an airflow through the plurality of fan blades 40 is positioned at a forward end of
the fan section 14. Additionally, the exemplary fan section 14 includes an annular fan
casing or outer nacelle 50 that circumferentially surrounds the fan 38 and/or at least a
portion of the core turbine engine 16. It should be appreciated that the nacelle 50 may be
configured to be supported relative to the core turbine engine 16 by a plurality of
circumferentially-spaced outlet guide vanes 52. Moreover, a downstream section 54 of
the nacelle 50 may extend over an outer portion of the core turbine engine 16 so as to

define a bypass airflow passage 56 therebetween.

[0023] During operation of the turbofan engine 10, a volume of air 58 enters the
turbofan 10 through an associated inlet 60 of the nacelle 50 and/or fan section 14. As the
volume of air 58 passes across the fan blades 40, a first portion of the air 58 as indicated
by arrows 62 1s directed or routed into the bypass airflow passage 56 and a second
portion of the air 58 as indicated by arrow 64 is directed or routed into the core air
flowpath 37, or more specifically into the LP compressor 22. The ratio between the first
portion of air 62 and the second portion of air 64 1s commonly known as a bypass ratio.

The pressure of the second portion of air 64 1s then increased as 1t 1s routed through the
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high pressure (HP) compressor 24 and into the combustion section 26, where it 1s mixed

with fuel and burned to provide combustion gases 66.

10024 ] The combustion gases 66 are routed through the HP turbine 28 where a
portion of thermal and/or kinetic energy from the combustion gases 66 is extracted via
sequential stages of HP turbine stator vanes 68 that are coupled to the outer casing 18 and
HP turbine rotor blades 70 that are coupled to the HP shaft or spool 34, thus causing the
HP shaft or spool 34 to rotate, thereby supporting operation of the HP compressor 24.
The combustion gases 66 are then routed through the LP turbine 30 where a second
portion of thermal and kinetic energy is extracted from the combustion gases 66 via
sequential stages of LP turbine stator vanes 72 that are coupled to the outer casing 18 and
LP turbine rotor blades 74 that are coupled to the LP shaft or spool 36, thus causing the
LP shaft or spool 36 to rotate, thereby supporting operation of the LP compressor 22

and/or rotation of the fan 38.

[0025] The combustion gases 66 are subsequently routed through the jet exhaust
nozzle section 32 of the core turbine engine 16 to provide propulsive thrust.
Simultaneously, the pressure of the first portion of air 62 is substantially increased as the
first portion of air 62 is routed through the bypass airflow passage 56 betore it 1s
exhausted from a fan nozzle exhaust section 76 of the turbofan 10, also providing
propulsive thrust. The HP turbine 28, the LP turbine 30, and the jet exhaust nozzle

section 32 at least partially define a hot gas path 78 for routing the combustion gases 66

through the core turbine engine 16.

10026] [t should be appreciated, however, that the exemplary turbofan engine 10
depicted in FIG. 1 is provided by way of example only, and that in other exemplary
embodiments, the turbofan engine 10 may have any other suitable contiguration. For
example, in other embodiments, the turbofan engine 10 may be configured as a geared
turbofan engine, such that the LP shaft 36 drives the fan 38 across a power gearbox.
Additionally, or alternatively, the turbofan engine 10 may be an unducted/ open rotor

turbofan engine. It should also be appreciated, that in still other exemplary embodiments,

6
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aspects ot the present disclosure may be incorporated into any other suitable gas turbine
engine. For example, in other exemplary embodiments, aspects of the present disclosure
may be incorporated into, e.g., a turboshaft engine, turboprop engine, turbocore engine,

turbojet engine, etc.

[0027] Referring now to FIG. 2, a schematic, cross-sectional view of a forward end of
the turbofan engine 10 of FIG. 1 is provided. Specifically, FIG. 2 provides a close-up,

cross-sectional view of a forward sump 100 of the turbofan engine 10.

[0028] For the embodiment depicted, the forward sump 100 is positioned radially
inward from the core air flowpath 37, or more particularly, radially inward from a portion
of the core air flowpath 37 extending through the LP compressor 22 of the compressor
section. The LP compressor 22 is configured to receive a flow of air from the fan 38
through the inlet 20 and compress such air using a plurality of rotating LP compressor
rotor blades 102. The LP compressor 22 depicted also includes an inlet guide vane 104
positioned proximate the inlet 20, forward of the plurality of LP compressor rotor blades
102. The plurality of LP compressor rotor blades 102 are coupled at a radially inner end
to a drum-type LP compressor rotor 106. The LP compressor rotor 106 is attached to a
structural member 107, which extends forward and connects to one or more rotational
components of the fan section 14. Notably, as discussed above, the LP shaft 36 is driven
by the LP turbine 30, and in turn drives the fan 38, and the plurality of fan blades 40,

along with the LP compressor 22.

[10029] Additionally, a first forward LP bearing assembly 108 and a second forward
LP bearing assembly 110 are provided to stabilize the LP shaft 36 at a forward end and to
facilitate rotation of the LP shaft 36. The first forward LP bearing assembly 108 is
attached at a radially inner end to the LP shaft 36 and at a radially outer end to a forward

LP frame member 112. Similarly, the second forward LP bearing assembly 110 is
attached at a radially inner end to the LP shaft 36 and a radially outer end to an aft LP
frame member 114. The forward and aft LP frame members 112, 114 are each stationary

frame members. Moreover, for the embodiment depicted, the first forward LP bearing

7
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assembly 108 is positioned forward of the second forward LP bearing assembly 110 and
includes a ball bearing. By contrast, the second forward LP bearing assembly 110
includes a roller bearing. However, in other exemplary embodiments, any other suitable
bearings may be included with the first and/or second forward LP bearing assemblies
108, 110. Additionally, in other exemplary embodiments, any other suitable bearing
configuration may be provided to facilitate rotation of the LP shaft 36. For example, 1n
other exemplary embodiments, a single bearing or any combination of roller bearing, ball
bearing, tapered roller bearing, or other bearing(s) may form an assembly to facilitate

rotation of the LP shaft 36 at the forward end.

[0030] As is also depicted, an HP shaft 34 is concentric with the LP shaft 36 and
positioned radially outward of the LP shaft 36. The HP shaft 34 is rotated by the HP
turbine 28 and is configured to drive the HP compressor 24 (see FIG. 1). A forward HP
bearing assembly 116 is provided to facilitate rotation of the HP shaft 34 at a forward end
of the HP shaft 34. Specifically, a radially inner end of the forward HP bearing assembly
116 is attached to the HP shaft 34 and a radially outer end of the forward HP bearing
assembly 116 is attached to a stationary HP frame member 118. For the embodiment
depicted, the forward HP bearing assembly 116 includes a single ball bearing. However,
in other embodiments, the forward HP bearing assembly 116 may additionally include
one or more other bearings positioned at any suitable location. Additionally or

alternatively, in other embodiments, any other suitable bearing, or combination of

bearings, may be included with the forward HP bearing assembly 116 to facilitate

rotation of the HP shaft 34.

[0031] Referring still to FIG. 2, the first forward LP bearing assembly 108, second
forward LP bearing assembly 110, and forward HP bearing assembly 116 are all
positioned at least partially within the forward sump 100 of the turbofan engine 10. The
forward sump 100 is located radially inward of the core air flowpath 37 and is detined at
least in part by certain stationary frame members of the core 16, such as the forward LP

frame member 112, the stationary HP frame member 118, and a radially inner liner 120

S
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defining a portion of the core air flowpath 37 between the LP compressor 22 and the HP

compressor 24. Additionally, the exemplary forward sump 100 depicted 1s defined at a
radially inner side by a portion of the LP shaft 36 and the HP shatt 34.

[0032] Lubrication oil may be provided to the forward sump 100, or more particularly
to the plurality of bearings positioned at least partially within the forward sump 100, to
remove heat from such bearings and reduce an amount of friction within such bearings.
For example, the turbofan engine 10 may include a lubrication oil circulation assembly
122 having one or more pumps and one or more supply lines for providing lubrication oil
to the plurality of bearings (not shown). As is depicted schematically, the one or more
pumps of the lubrication oil circulation assembly 122 are positioned radially outward of
the core air flowpath 37. The supply lines (not shown) may extend from the one or more
pumps of the circulation assembly 122 through the core air flowpath 37 and to the
plurality of bearings—e.g., first and second forward LP bearings 108, 110 and forward
HP bearings 116.

[0033] Once the lubrication oil is provided to the plurality of bearings, the lubrication
o1l may absorb an amount of heat generated by the respective bearings while reducing the
amount of friction in such bearings. The forward sump 100 is provided to contain and
collect the lubrication oil that has been provided to the plurality of bearings positioned at
least partially therein. Additionally, the forward sump 100 depicted defines a collection

chamber 124 wherein the lubrication oil is configured to flow and collect after having

passed over or through the plurality of bearings. The flow of lubrication oil from the
plurality of bearings 1s indicated by arrows 126 in FIG. 2. Once in the collection chamber
124, the circulation assembly 122 is configured to pump out or scavenge such lubrication
oil through a scavenge line 128 in fluid communication with the sump and extending

through the core air tlowpath 37.

[0034] However, prior to such lubrication oil being scavenged out of the forward
sump 100, a temperature of such lubrication oil is reduced through a heat exchanger

130—the heat exchanger 130 positioned in direct thermal communication with the

9
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forward sump 100 for removing heat from the lubrication oil contained therein. For the
embodiment depicted, the heat exchanger 130 1s positioned at least partially within the
forward sump 100, or more particularly, is positioned as partially within the collection
chamber 124 defined by the forward sump 100. Accordingly, the heat exchanger 130 may
reduce a temperature of the lubrication o1l prior to such lubrication o1l being scavenged

out via the scavenge line 128 of the circulation assembly 122.

[0035] For the embodiment depicted, the heat exchanger 130 1s configured as an air-
to-liquid heat exchanger 130. Specifically, the heat exchanger 130 is configured to
receive a cooling airflow 132 from the compressor section and to transfer heat from the
lubrication oil in the forward sump 100 to such cooling airflow 132. The cooling airtlow
132, after having absorbed an amount of heat from the lubrication oil within the forward
sump 100, i.e., an exhaust airflow 134, is then exhausted back into the core air tlowpath
37. However, in other exemplary embodiments, the exhaust airflow 134 may 1instead be
exhausted to any other suitable location. For example, in other exemplary embodiments,
such exhaust airflow 134 may be exhausted, e.g., to the bypass passage 56 (FIG. 1), or to
atmosphere. Notably, although for the embodiment depicted the cooling airflow 132
provided from the compressor section is provided from a location proximate a second
stage of LP compressor rotor blades 102, in other embodiments, the cooling airtflow 132
may be provided from any other suitable location within the LP compressor 22.

Alternatively, the cooling airflow 132 may be provided from a location upstream from

the LP compressor 22 or downstream from the LP compressor 22. Morcover, as will be
described in greater detail below, in still other exemplary embodiments, the cooling
airflow 132 may additionally, or alternatively, be provided directly from the fan 3.
Further still, although for the embodiment depicted the cooling airflow 132 is depicted
being extracted from a location in the core air flowpath 37 upstream from where the
exhaust airflow 134 is being exhausted (i.e., a higher pressure location), in other
exemplary embodiments, the cooling airflow 132 may be extracted from a location 1n the

core air flowpath 37 downstream from where the exhaust airflow 134 is being exhausted

10
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(i.e., a lower pressure location). For example, in other exemplary embodiments, the

airflow directions through the heat exchanger 130 depicted in FIG. 2 may be reversed.

[0036] The turbofan engine 10 may include a single heat exchanger 130 positioned 1n
direct thermal communication with the forward sump 100 for removing an amount ot
heat from the lubrication oil within such sump 100 before such lubrication oil is
scavenged out. For example, referring now also to FIG. 3, an axial, cross-sectional view
is provided of the collection chamber 124 defined by the exemplary forward sump 100 of
FIG. 2. As shown, the collection chamber 124 defined by the exemplary forward sump
100 generally includes an enlarged portion proximate a bottom portion of the forward
sump 100. The enlarged portion, whiqh 1s referred to herein as a “bathtub” 136, may be
positioned at a bottom portion of the forward sump 100, such that gravity may assist with
the collection of lubrication oil therein. For the embodiment depicted, the heat exchanger
130 is configured as a single heat exchanger positioned within the bathtub 136 of the
forward sump 100. Additionally, for the embodiment depicted, the heat exchanger 130
generally includes a plurality of channels 138 extending at least partially through the
forward sump 100, with the cooling medium (e.g., the cooling airflow 132 from the

compressor section, or one or more liquids discussed below) flowing therethrough.

10037} It should be appreciated, however, that in other exemplary embodiments, the
turbofan engine 10 may additionally include any other suitable number and/or
configuration of heat exchangers. For example, in other exemplary embodiments, the
turbofan engine 10 may include a plurality of heat exchangers circumferentially spaced
and/or axially spaced within the collection chamber 124 of the forward sump 100 or

elsewhere in direct thermal communication with the forward sump 100.

(0038] Referring now to FIG. 4, a schematic, cross-sectional view of a forward end of
a turbofan engine 10 in accordance with another exemplary embodiment of the present
disclosure is provided. The exemplary turbofan engine 10 of FIG. 4 may be configured

in substantially the same manner as the exemplary turbofan engine 10 described above

11
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with reference to FIGS. 1 through 3. Accordingly, the same or similar numbering may

refer to the same or functionally equivalent components.

[0039] As shown, the exemplary turbofan engine 10 includes a first forward LP
bearing assembly 108 and a second forward LP bearing assembly 110, each supporting
rotation of an LP shaft 36 at a forward end. The first and second forward LP bearing
assemblies 108, 110 are attached at radially inner ends to the LP shaft 36 and at radially
outer ends to forward and aft LP frame members 114, 116, respectively. Additionally, the
turbofan engine 10 includes a forward HP bearing assembly 116 for supporting rotation
of the HP shaft 34 at a forward end. The forward HP bearing assembly 116 is attached to
the HP shaft 34 at a radially inner end and to a stationary HP frame member 118 at a
radially outer end. Moreover, the various bearing assemblies are each positioned at least

partially within a forward sump 100 positioned radially inward from the core air flowpath

37.

[0040] The forward sump 100 def)icted in FIG. 4 operates in substantially the same
manner as the forward sump 100 depicted in FIG. 2, in that the forward sump 100
depicted in FIG. 4 includes a heat exchanger 130 positioned at least partially within a
collection chamber 124 of the sump 100. However, instead of the heat exchanger 130
being configured as an air-to-liquid heat exchanger, for the exemplary turbofan engine 10
of FIG. 4, the heat exchanger 130 1s configured as a liquid-to-liquid heat exchanger. More

particularly, for the embodiment depicted, the heat exchanger 130 1s configured as part of

a closed-loop thermal transport system 140 for removing heat from the lubrication oil
positioned within the forward sump 100 of the turbofan engine 10. The closed loop
thermal transport system 140 may circulate a thermal transport fluid through various heat
source heat exchangers and heat sink heat exchangers arranged in series and/or parallel
flow. Notably, the heat exchanger 130 positioned at least partially within the forward
sump 100 is considered a heat source heat exchanger of the thermal transport system 140,

as it is removing heat from the lubrication oil and adding heat to the thermal transport

12
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system 140, or rather to the thermal transport fluid circulated within the closed loop

thermal transport system 140.

[0041] Reterring now also briefly to FIG. 5, a schematic view of an exemplary closed
loop thermal transport system 140 is provided. The exemplary closely thermal transport
system 140 generally includes a thermal transport bus 142 having the thermal transport
fluid flowing therethrough. The thermal transport system 140 additionally includes a
pump 144 tfor generating a flow of the thermal transport fluid through the thermal
transport bus 142. Further, a plurality of heat source exchangers 146 are provided in
thermal communication with the heat exchange fluid in the thermal transport bus 142. For
the embodiment depicted, the plurality of heat source exchangers 146 are depicted in
series tlow along the thermal transport bus 142. However, in other embodiments, the
plurality of heat source exchangers 146 may additionally, or alternatively, be configured
in parallel flow. Notably, for the embodiment depicted, the heat exchanger 130 that is
positioned 1n direct thermal communication with the forward sump 100 of the turbofan
engine 10 depicted in FIG. 4 is configured as one of the heat source exchangers 146 of

the closed loop thermal transport system 140.

10042] Located downstream of the plurality of heat source exchangers 146, are a
plurality of heat sink exchangers 148 permanently or selectively in thermal
communication with the heat exchange fluid in the thermal transport bus 142.

Accordingly, during operation, the closed-loop thermal transport system 140 may collect

heat from the various heat source exchangers 146 and transport such heat via the thermal
transport tluid tlowing through the thermal transport bus 142 to the one or more heat sink
exchangers 148 to, e.g., more efficiently remove heat from the various systems. In certain
exemplary embodiments, the closed loop thermal transport system 140 depicted in FIGS.
4 and 5 may be configured in substantially the same manner as the thermal management
system 100 discussed in U.S. Application Serial No.14/814,546, filed on July 31, 2015,
which is incorporated fully herein by reference for all relevant matters. For example, in

certain exemplary embodiments, the plurality of heat source exchangers 146 may

13
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additionally include one or more of an environmental control system precooler, 2
generator lubrication system heat exchanger, an electronics cooling system heat
exchanger, a compressor cooling air system heat exchanger, or an active clearance
control system heat exchanger. Additionally, in certain exemplary embodiments, the
plurality of heat sink heat exchangers 148 may include one or more of a RAM heat

exchanger, a fuel heat exchanger, and a fan stream heat exchanger.

[0043] It should be appreciated, however, that in other exemplary embodiments, the
liquid-to-liquid heat exchanger may not be configured as part of the closed-loop thermal
transport system 140, and instead may be configured as part of any other suitable liquid-
to-liquid heat exchanger. For example, in other embodiments, the heat exchanger may
utilize tuel as the cooling medium, de-oxygenated fuel as the cooling medium, or oil as

the cooling medium.

10044 ] Reterring now to FIG. 6, a schematic, cross-sectional view of a forward end of
a turbotan engine 10 in accordance with another exemplary embodiment of the present
disclosure is provided. The exemplary turbofan engine 10 of FIG. 6 may be configured in
substantially the same manner as the exemplary turbofan engine 10 described above with
reference to FIG. 2. Accordingly, the same or similar numbering may refer to the same or

functionally equivalent components.

[0045] As shown, the exemplary turbofan engine 10 includes a first forward LP

bearing assembly 108 and a second forward LP bearing assembly 110 supporting rotation
of an LP shaft 36 at a forward end. The first and second forward LP bearing assemblies
108, 110 are attached at radially inner ends to the LP shaft 36 and at radially outer ends to
forward and aft LP frame members 112, 114, respectively. Additionally, the turbofan
engine 10 includes a forward HP beafing assembly 116 for supporting rotation of an HP
shatt 34 at a forward end. The forward HP bearing assembly 116 is similarly attached to

the HP shaft 34 at a radially inner end and to a stationary HP frame member 118 at a

radially outer end. Moreover, the various bearing assemblies are each positioned at least

14
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partially within a forward sump 100 positioned radially inward from the core air flowpath

37.

0046} T'he forward sump 100 depicted in FIG. 6 operates in substantially the same
manner as the forward sump 100 depicted in FIG. 2. However, instead of including a heat
exchanger 130 positioned at least partially within the forward sump 100, the exemplary
heat exchanger 130 of FIG. 6 is positioned directly in thermal communication with the
forward sump 100 by being integrated into a wall of the forward sump 100. More
particularly, the exemplary heat exchanger 130 depicted in FIG. 6 is integrated into the

forward LP frame member 112 that at least partially defines the forward sump 100.

[0047] The exemplary heat exchanger 130 of FIG. 6 may be integrated into the wall
of the forward sump 100 in any suitable manner. For example, the heat exchanger 130
may include a plurality of channels defined in the wall of the forward sump 100, with a
cooling medium flowing therethrough. Notably, for the embodiment depicted, the heat
exchanger 130 integrated into the wall of the forward sump 100 is configured as an air-to-
liquid heat exchanger receiving a cooling airflow 132 from the compressor section of the
turbotan engine 10. The cooling airflow 132 from the compressor section may flow
through the one or more channels defined in the wall of the sump (i.e., the heat exchanger
130) to absorb an amount of heat from the lubrication oil positioned within the forward
sump 1U0. The exemplary heat exchanger 130 depicted may be particularly apt at

absorbing heat from the lubrication oil flowing from the first forward LP bearing

assembly 108 towards the collection chamber 124 of the forward sump 100. In certain
exemplary embodiments, the flow of air through the heat exchanger 130 may be extracted
from and exhausted to locations substantially similar to the locations described above

with reference to the embodiment of FIG. 2.

[0048] However, 1n other embodiments, the heat exchanger 130 may be integrated
into the wall of the forward sump 100 in any other suitable manner. For example, in other
embodiments, the heat exchanger 130 may be integrated into the wall of the forward

sump 100 by attaching a plurality of cooling channels to an outside surface of the wall of
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forward sump 100 or alternatively to an inside surface of the wall of the forward sump
100. Additionally, although the exemplary heat exchanger 130 is depicted being
integrated into the forward LP frame member 112, in other embodiments, the heat
exchanger 130 may additionally, or alternatively, be integrated into any other exterior
wall defining the forward sump 100, or interior wall positioned within the forward Sump
100. Moreover, in still other embodiments, the heat exchanger 130 may not be configured
as a gas-to-liquid heat exchanger, and instead may be configured as a liquid-to-liquid heat

exchanger.

[0049] A turbofan configured in accordance with one or more of the embodiments
described above may allow for less/small heat exchangers to be included as part of the
circulation assembly located radially outward of the core air flowpath, as the heat
exchanger located in direct thermal communication with the sump will remove at least a
portion of the amount of heat required to be removed from such lubrication oil.
Accordingly, with such a configuration, more room may be provided within the core of
the engine (radially outward of the core air flowpath) for other components that desirably
are positioned therein. Further, depending on an efficiency of the heat exchanger in
direct thermal communication with the sump, in certain embodiments, inclusion of the
heat exchanger in direct thermal communication with the sump may allow for the entire
lubrication oil circulation assembly to be relocated inward of the core air tlowpath, such
that no lubrication oil supply lines and/or scavenge lines extend through the core air

flowpath.

[0050] [t should be appreciated that the particular embodiments described above with
reference to FIGS. 1 through 6 are provided by way of example only. For example, as
mentioned above, aspects of the present disclosure may be incorporated into any other
surtable turbofan engine—or other suitable gas turbine engine——and further into any other

sultable sump within a gas turbine engine (e.g., an aft sump of a gas turbine engine).

[0051] For example, referring now to FIGS. 7 and 8, various embodiments of the

turbofan engine 10 in accordance with other exemplary aspects of the present disclosure
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are provided. Specifically, FIGS. 7 and 8 provide schematic, cross-sectional views of a
forward end of turbofan engines 10 incorporating exemplary aspects of the present

disclosure.

[0052] The exemplary turbofan engines 10 depicted in FIGS. 7 and 8 are configured
as geared turbofan engines 10. More particularly, the turbofan engines 10 of FIGS. 7 and
3 each include a fan 38 rotatable by an LP shaft 36 across a power gear box 150. The
power gear box 150 1s contigured to step down a rotational speed of the LP shaft 36 to a

more efficient rotational speed for the fan 38.

[0053] As the turbofan engines 10 are geared turbofan engines, the turbofan engines
10 additionally include a fan shaft 154 mechanically coupled to the power gear box 150
for rotating a plurality of fan blades 40 of the fan 38. Rotation of the fan shaft 154 is
supported by a plurality of bearings 156 positioned at least partially within a fan bearing
sump 158. As with the exemplary forward sump 100 described above with reference to,
e.g., F1G. 2, the exemplary fan bearing sump 158 is configured to receive lubrication oil
from a lubrication oil circulation assembly 122. Further, lubrication oil within the fan
bearing sump 158 is configured to collect generally in a collection chamber 124 defined
by the fan bearing sump 158. The lubrication oil circulation assembly 122 includes a
scavenge line 128 configured to remove lubrication oil collected within the collection

chamber 124 of the fan bearing sump 158.

[0054] As with the above embodiments, the turbofan engines 10 of FIGS. 7 and 8
additionally include a heat exchanger 130 positioned in direct thermal communication

with the fan bearing sump 158 for removing heat from the lubrication oil contained

therein.

[0055] Referring particularly to the embodiment of FIG. 7, the heat exchanger 130 is
positioned within the collection chamber 124 the fan bearing sump 158 and is configured
as an air-to-liquid heat exchanger. For the embodiment depicted, the heat exchanger 130

is configured to receive a cooling airflow 132 from the fan 38 and further to transfer heat
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from the lubrication oil within the fan bearing sump 158 to such cooling airflow 132. The
cooling airflow 132 after having absorbed heat from the lubrication oil within the heat
exchanger 130, 1.e., exhaust airflow 134, i1s exhausted into the core air flowpath 37.

However, in other embodiments, the heat exchanger 130 may instead be configured to

exhaust such exhaust airflow 134 to any other suitable location.

[0056] Alternatively, referring now particularly to the embodiment of FIG. 8, the heat
exchanger 130 1s also depicted in the collection chamber 124 of the fan bearing sump
158. However, for the embodiment of FIG. 8, the heat exchanger 130 is configured as a
liquid-to-liquid heat exchanger 130. The exemplary heat exchanger 130 depicted is
further configured with a closed loop thermal transport system 140, such as the

exemplary closed loop thermal transport system 140 described above with reference to

FIGS. 4 and 5.

[0057] Moreover, although not depicted, 1n still other exemplary embodiments, the
exemplary turbotan engine 10 of FIGS. 7 and 8 may additionally, or alternatively, include
a heat exchanger 130 integrated into a wall of the fan bearing sump 158 for removing

heat from lubrication oil contained within the fan bearing sump 158.

[0058] While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these

embodiments falling within the scope of the invention described herein shall be apparent

to those skilled 1n the art.
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WHAT IS CLAIMED IS:

1. An aeronautical gas turbine engine comprising:

a compressor section including one or more Compressors;

a turbine section located downstream of the compressor section and including
one or more turbines, the compressor'section and the turbine section together defining a
core air flowpath;

a sump positioned inward of the core air flowpath for containing and collecting
lubrication oil; and

a heat exchanger positioned in direct thermal communication with the sump for

removing heat from the lubrication oil contained therein.

2. The gas turbine engine of claim 1, wherein the sump is a forward sump

of the gas turbine engine.

3. The gas turbine engine of claim 1, further comprising:

a fan, and wherein the sump 1s a fan bearings sump of the gas turbine engine.

4. The gas turbine engine of claim 1, wherein the heat exchanger 1S an air-
to-liquid heat exchanger, and wherein the heat exchanger 1s configured to receive a
cooling airflow from the compressor section and to transter heat from the lubrication oil

1in the sump to such cooling airflow.

5. The gas turbine engine of claim 1, further comprising:
a fan, wherein the compressor section is in airflow communication with the

fan, wherein the heat exchanger is an air-to-liquid heat exchanger, and wherein the heat
exchanger 1s configured to receive a cooling airflow from the fan and to transter heat

from the lubrication oil in the sump to such cooling airflow.

6. The gas turbine engine of claim 1, wherein the heat exchanger 1s a

liquid-to-liquid heat exchanger.
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7. The gas turbine engine of claim 6, wherein the heat exchanger is
configured with a closed loop thermal transport system, and wherein the heat exchanger
1s configured to transfer heat from the lubrication oil to a thermal transport fluid within

the closed loop thermal transport system.

8. The gas turbine engine of claim 7, wherein the closed loop thermal
transport system includes one or more heat sink exchangers for removing heat from the

thermal transfer fluid within the closed loop thermal transport system.

9. The gas turbine engine of claim 1, wherein the heat exchanger is

integrated into a wall of the sump.

10.  The gas turbine engine of claim 1, wherein the heat exchanger is

positioned at least partially within the sump.

11.  The gas turbine engine of claim 1, wherein the sump defines a
collection chamber, and wherein the heat exchanger is positioned at least partially within

the collection chamber.

12. The gas turbine engine of claim 1, wherein the heat exchanger

comprises a plurality of channels extending at least partially through the sump.

13.  The gas turbine engine of claim 1, further comprising
a lubrication oil circulation assembly including a scavenge line in fluid

communication with the sump and extending through the core air flowpath.

14.  An aeronautical gas turbine engine comprising:

a compressor section including one or more compressors;

a turbine section located downstream of the compressor section and including
one or more turbines, the compressor section and the turbine section together defining a
core air flowpath;

a sump positioned inward of the core air flowpath for containing and collecting

lubrication oi1l; and
20
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a heat exchanger positioned at least partially within the sump or integrated into

a wall of the sump or for removing heat from the lubrication oil contained therein.

15.  The gas turbine engine of claim 14, wherein the sump is a forward

sump of the gas turbine engine.

16.  The gas turbine engine of claim 14, further comprising:

a fan, wherein the sump is a fan bearings sump.

17. The gas turbine engine of claim 14, further comprising:

a fan, wherein the compressor section is in airflow communication with the
fan, wherein the heat exchanger is an air-to-liquid heat exchanger, and wherein the heat
exchanger 1s configured to receive a cooling airflow from at least one of the fan or the
compressor and to transfer heat from the lubrication oil in the sump to such cooling

airflow.

18.  The gas turbine engine of claim 14, wherein the heat exchanger is a

liquid-to-liquid heat exchanger.

19.  The gas turbine engine of claim 18, wherein the heat exchanger is
contfigured with a closed loop thermal transport system, and wherein the heat exchanger
is configured to transfer heat from the lubrication oil to a thermal transport fluid within

the closed loop thermal transport system.

20.  The gas turbine engine of claim 14, wherein the sump defines a
collection chamber, and wherein the heat exchanger is positioned at least partially within

the collection chamber.
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