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LUBRICATION SYSTEM FOR A TURBINE ENGINE

ABSTRACT

A lubrication system for a gas turbine engine includes a tank, a circulation pump,
and a heat exchanger. The circulation pump generates a flow of lubricant from the tank
to, e.g., a power gear box of the gas turbine engine and the heat exchanger removes an
amount of heat from such flow of lubricant provided to the power gear box. The
lubrication system also includes one or more valves in the flow of lubricant for
controlling a flowrate and/or temperature of the lubricant provided to, e.g., the power

gear box to increase an efficiency and/or durability of the power gear box.
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LUBRICATION SYSTEM FOR A TURBINE ENGINE

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to a gas turbine engine having a

fan, or more particularly to a lubrication system for a gas turbine engine having a fan.
BACKGROUND OF THE INVENTION

10002] A gas turbine engine generally includes a fan and a core arranged in flow
communication with one another. Additionally, 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. In operation, air is provided from the fan to an inlet of

the compressor section where one or more axial compressors progressively compress the

air until it reaches the combustion section. Fuel 1s mixed with the compressed air and
burned within the combustion section to provide combustion gases. The combustion
gases are routed from the combustion section to the turbine section. The tlow ot
combustion gasses through the combustion section drives the combustion section and i1s
then routed through the exhaust section, e.g., to atmosphere. In particular configurations,
the turbine section 1s mechanically coupled to the compressor section by one or more

shatts extending along an axial direction of the gas turbine engine.

10003] The fan includes a plurality of blades having a radius larger than the core of
the gas turbine engine. The fan and the plurality of blades are typically driven by one of
the shafts. However, for efficiency reasons, it can be beneficial to have the plurality of
blades of the fan rotate at a speed less than a speed at which the respective shaft 1s
rotating. Accordingly, a power gear box is provided in certain gas turbine engines to

mechanically couple the fan to the respective shaft in such a manner that allows the fan to

rotate at a slower and more efficient speed.
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10004 ] The gas turbine engine additionally includes a lubrication system for
providing lubricant to one or more portions of the gas turbine engine, such as the
compressor and turbine sections of the core and the power gear box. Typical lubrication
systems have a set ratio of lubricant provided at a common temperature to each of the
serviced portions. However, the inventors in the present disclosure have found that under
certain conditions, 1t may be beneficial to increase or decrease an amount of lubricant
provided to the power gear box or other serviced portions to increase an efficiency of the

power gear box or such other serviced portions. The inventors of the present disclosure

have also found that under certain conditions it may be beneficial to increase or decrease
a temperature of the lubricant provided to the power gear box or other serviced portions

to further increase an efficiency of the power gear box or such other serviced portions.

[0005] Accordingly, a gas turbine engine capable of controlling certain characteristics
ot the lubricant provided to the power gear box or other serviced portions, such as flow

rate and temperature, 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] In the exemplary embodiment of the present disclosure, a lubrication system
for a gas turbine engine is provided. The lubrication system includes a tank contigured to
store a volume of lubricant and a circulation pump for generating a flow of lubricant from

the tank to a component of the gas turbine engine. The lubrication system also includes a

valve in fluid communication with the flow of lubricant generated by the circulation
pump and defining a flow inlet and a flow outlet. The valve also defines a variable
throughput between the flow inlet and the flow outlet for controlling a flowrate of

lubricant to the component of the gas turbine engine. The lubrication system also

includes a heat exchanger positioned in thermal communication with the flow of lubricant
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generated by the circulation pump at a location downstream of the valve for controlling a

temperature of the lubricant prior to the lubricant reaching the component.

[0008] In another exemplary embodiment of the present disclosure, a lubrication
system for a gas turbine engine is provided. The lubrication system includes a tank
configured to store a volume of lubricant and a first circulation pump for generating a
first flow of lubricant from the tank to one or more first components of the gas turbine
engine. The lubrication system also includes a second circulation pump for generating a
second flow of lubricant from the tank to one or more second components of the gas
turbine engine. The second flow of lubricant is separate from the first flow of lubricant
and the one or more second components are different than the one or more first
components. The lubrication system also includes a valve defining an inlet and an outlet
each 1n tlow communication with the second flow of lubricant. The valve defines a
variable throughput between the inlet and the outlet for controlling a flowrate of the

second tlow of lubricant to the one or more second components.

10009] In yet another exemplary embodiment of the present disclosure, a gas turbine
engine 1s provided. The gas turbine engine includes a turbine section mechanically
coupled to a compressor section through a shaft, a fan driven by the shaft through a
power gear box, and a lubrication system. The lubrication system includes a tank, a
circulation pump for generating a flow of lubricant from the tank to the power gear box,

and a valve. The valve 1s 1n fluild communication with the flow of lubricant generated by

the circulation pump and defines an inlet and an outlet. The valve also defines a variable
throughput between the inlet and the outlet tor controlling a flowrate of lubricant to the
power gear box of the gas turbine engine. The lubrication system also includes a heat
exchanger positioned in thermal communication with the flow of lubricant generated by

the circulation pump at a location downstream of the valve for controlling a temperature

of the flow of lubricant prior to the lubricant reaching the power gear box.

[0010] These and other features, aspects and advantages of the present invention will

become better understood with reference to the following description and appended

3
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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

[0011] 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,

which makes reference to the appended figures, in which:

[0012] FIG. 1 1s a schematic cross-sectional view of an exemplary gas turbine engine

according to various embodiments of the present subject matter.

[0013] FIG. 2 1s a schematic view of the exemplary gas turbine engine of FIG. 1,

including a lubrication system in accordance with an exemplary embodiment of the

present disclosure.

[0014] FIG. 3 1s a close-up schematic view of a portion of the exemplary lubrication

system of FIG. 2.

[0015] FIG. 4 1s a schematic view of the exemplary gas turbine engine of FIG. 1,

including a lubrication system in accordance with another exemplary embodiment of the

present disclosure.

[0016] FIG. 5 1s a schematic view of the exemplary gas turbine engine ot FIG. 1,

including a lubrication system in accordance with yet another exemplary embodiment of

the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Reference will now be made 1in 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
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drawings. Like or similar designations in the drawings and description have been used to

e B ¥ 4

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 signify location or importance of the individual components. The
terms “upstream” and “downstream” refer to the relative direction with respect to fluid
flow 1n 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.

[0013] Retferring 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 of FIG. 1, the gas turbine engine 1s a high-bypass
turbotfan jet engine 10, referred to herein as “turbofan engine 10.” As shown 1n 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 turbofan 10
includes a fan section 14 and a core turbine engine 16 disposed downstream from the fan

section 14.

[0019] The exemplary core turbine engine 16 depicted generally includes a
substantially tubular outer casing 18 that defines an annular inlet 20. The outer casing 13
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.

10020} For the embodiment depicted, the fan section 14 includes a variable pitch fan

38 having a plurality of fan blades 40 coupled to a disk 42 in a spaced apart manner. As

depicted, the fan blades 40 extend outwardly from disk 42 generally along the radial

direction R. Each fan blade 40 is rotatable relative to the disk 42 about a pitch axis P by
S
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virtue of the fan blades 40 being operatively coupled to a suitable actuation member 44
configured to collectively vary the pitch of the fan blades 40 in unison. The fan blades 40,
disk 42, and actuation member 44 are together rotatable about the longitudinal axis 12 by
LP shaft 36 across a power gear box 46. The power gear box 46 includes a plurality of
gears for stepping down the rotational speed of the LP shaft 36 to a more efficient
rotational fan speed. It should be appreciated, however, that in other exemplary
embodiments, the fan 38 may not be a variable pitch fan and instead may be a fixed fan.
For example, in other exemplary embodiments, the fan blades 40 may not be configured
to rotate about respective pitch axes P, and the fan section 14 may not include an

actuation member 44.

[0021] As will be discussed 1n greater detail below, the exemplary turbofan engine 10
further includes a lubrication system 100 (FIG. 2) configured to provide a lubricant to one
or more of the compressor section (including the LP compressor 22 and HP compressor
24), the turbine section (including the HP turbine 28 and the LP turbine 30), the HP spool
34, the LP spool 36, the power gear box 46, the actuation member 44, and/or the disk 42.
The lubricant may increase the useful life of such components and/or may remove a

certain amount of heat from such components.

[0022] Referring still to the exemplary embodiment of FIG. 1, the disk 42 1s covered
by rotatable front spinner 48 aerodynamically contoured to promote an airtlow through
the plurality of fan blades 40. 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 by those of
ordinary skill in the art 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.
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[0023] During operation of the turbofan engine 10, a volume of air 58 enters the
turbotan 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 LP compressor
22. The ratio between the first portion of air 62 and the second portion of air 64 is
commonly known as a bypass ratio. The pressure of the second portion of air 64 is then
increased as it is routed through the high pressure (HP) compressor 24 and into the
combustion section 26, where 1t 1s mixed with fuel and burned to provide combustion

gases 66.

[0024] 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 shatt or spool 34, thus causing the
HP shaft or spool 34 to rotate, thereby supporting operation ot 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 1s 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 LLP 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.

10025] 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 before it is

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

through the core turbine engine 16.

(0026} Although not depicted, the operation ot the turbotfan engine 10 may be
monitored by several sensors, such as pressure and/or temperature sensors, detecting
various conditions of, e.g., the compressor section, the turbine section, combustion
section 26, and/or the ambient environment. Additionally, a controller 80 (depicted 1n
phantom in FIG. 2) may be included to control certain aspects of the turbofan engine 10.
The controller 80 may generally be any turbine engine control system known 1n the art

that permits a turbine engine to be controlled and/or operated as described herein.
Generally, the controller 80 may include any computer system having one or more
processor(s) and associated memory device(s) configured to perform a variety of
computer-implemented functions to control the turbofan engine 10. For example, the
controller 80 may include a full-authority digital electronic control (FADEC) control

system used 1n control of certain aircratt engines.

10027] [t should be appreciated, that as used herein, the term “processor” refers not
only to integrated circuits referred to in the art as being included in a computer, but also
refers to a controller, a microcontroller, a microcomputer, a programmable logic
controller (PLC), an application specific integrated circuit, and other programmable
circuits. Additionally, the memory device(s) may generally comprise memory element(s)
including, but not limited to, computer readable medium (e.g., random access memory
(RAM)), computer readable non-volatile medium (e.g., a flash memory), a floppy disk, a
compact disc-read only memory (CD-ROM), a magneto-optical disk (MOD), a digita]
versatile disc (DVD), and/or other suitable memory elements. The memory devices may
include software or other control instructions that, when executed by the processor,

performs desired functions.

[0028] Referring now to FIG. 2, a schematic view of the exemplary turbofan engine
10 of FIG. 1 is provided, including a lubrication system 100 in accordance with an

exemplary embodiment of the present disclosure. As shown in FIG. 2 and as discussed

3



CA 02928973 2016-05-05

279017-3

above, the exemplary turbofan engine 10 includes a compressor section including an LP
compressor 22 and an HP compressor 24, a combustion section 26, and a turbine section
including an HP turbine 28 and an LP turbine 30. The HP compressor 24 and HP turbine
28 are mechanically coupled by an HP shaft 34 and the LP compressor 22 1is
mechanically coupled to the LLP turbine 30 by an LP shaft 36. Moreover, a fan 38 1s
rotatable by the LP shaft 36 across a power gear box 46.

10029] As is also depicted schematically, certain of these components include one or
more bearings to locate and/or position such components as well as to facilitate the
rotation of such components about the axial centerline 12. For example, the LP
compressor 22 includes a plurality of LP compressor bearings 102, the HP compressor 24
includes a plurality of HP compressor bearings 104, the HP turbine 28 includes a plurality
of HP turbine bearings 106, the LP turbine 30 includes a plurality of LP turbine bearings
108, and the fan 38 includes a plurality of fan bearings 110. Additionally, for the
embodiment depicted, the exemplary turbofan engine 10 includes a plurality of shaft
bearings 112. It should be appreciated, however, that in other exemplary embodiments
the turbofan engine 10 may include any suitable placement and or configuration of
bearings to locate and/or position the components as well as to facilitate rotation of the

components of the turbofan engine 10.

[0030] The exemplary lubrication system 100 depicted 1s configured to provide a

lubricant to one or more components of the turbofan engine 10, including the respective

bearings of such components. As used herein, the term “lubricant” refers to any substance
suitable for reducing the amount of friction between surfaces in mutual contact and for
carrying away generated heat. For example, in certain exemplary embodiments, lubricant

may refer to an oil-based lubricant.

[0031] The exemplary lubrication system 100 of FIG. 2 generally includes a tank 114

configured to store a volume of lubricant and a first lubrication unit 116, or main
lubrication unit. The first lubrication unit 116 is fluidly connected to the tank 114

through a first supply line 118, or main supply line, and a return line 120. Positioned in

9
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thermal communication with the first supply line 118—and any lubricant flowing
therethrough—is a first heat exchanger 122 or main heat exchanger. The first heat
exchanger 122 for the embodiment depicted 1s positioned upstream from the first
lubrication unit 116 and is configured to remove an amount of heat from the lubricant in
the first supply line 118 prior to such lubricant reaching the first lubrication unit 116. In
other exemplary embodiments, however, the first heat exchanger 122 may alternatively
be positioned in thermal communication with the return line 120. Such a configuration

may generally be referred to as a “cold tank configuration.”

[0032] Additionally, the first lubrication unit 116 includes a first circulation pump
124, or main circulation pump, for generating a first flow of lubricant from the tank 114
to one or more portions of the turbofan engine 10 through the first supply line 118. The
first circulation pump 124 may be mechanically coupled to the LP shaft 36 or HP shatt 34
and driven by the LP shaft 36 or HP shaft 34, such that a rotational speed ot the first
circulation pump 124 corresponds to a rotational speed of the respective shaft 36, 34. For
example, 1n the émbodiment depicted, the first circulation pump 124 1s configured to
generate a first flow of lubricant at a common temperature from the tank 114, over or
through the first heat exchanger 122, and to the fan 38, the LP compressor 22, the HP
compressor 24, the HP turbine 28, and the LP turbine 30. More particularly, the first

circulation pump 124 is configured to provide a pressurized flow of lubricant (1.e., the
first flow of lubricant) at a common temperature through the first supply line 118 directly
to the plurality of fan bearings 110, the plurality of shaft bearings 112, the plurality of LP
compressor bearings 102, the plurality of HP compressor bearings 104, the plurality of
HP turbine bearings 106, and the plurality of LP turbine bearings 108. It’s be appreciated,
that as used herein, the term “line” refers broadly to any type of fluid line or conduit
capable of carrying a flow of lubricant. Moreover, line may refer to a plurality of fluid
lines or conduits capable of carrying a flow of lubricant. For example, as 1s shown 1n FIG.

2, the first supply line 118 includes a plurality of sub-supply lines extending to the

various components of the turbotan engine 10.

10
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[0033] Further, as 1s depicted in phantom for clarity, the turbofan engine 10 includes
one or more sumps for collecting lubricant provided to the bearings discussed above, as
well as other components (e.g., seals, gears, etc.). More particularly, for the embodiment
depicted, the turbofan engine 10 includes an engine sump 126 for collecting lubricant
provided to the tan bearings 110, shaft bearings 112, and/or LP compressor bearings 102;
an HP compressor sump 128 for collecting lubricant provided to the HP compressor
bearings 104; an HP turbine sump 130 for collecting lubricant provided to the HP turbine
bearings 106; and an LP turbine sump 132 for collecting lubricant provided to the LP
turbine bearings 108. Each of the sumps are fluidly connected to the first lubrication unit
116 through a plurality of suction lines 134 (also drawn in phantom for clarity). The first
lubrication unit 116 may include one or more suction or scavenger pumps (not shown) to
provide a negative pressure 1n such section lines 134 to draw the lubricant from the
respective sumps, through the first lubrication unit 116, and back to the tank 114 through
the return line 120. It should be appreciated, however, that in other embodiments of the
present disclosure, the turbofan engine 10 may have any other suitable number or

configuration of sumps. For example, other exemplary turbofan engines may have

additional sumps not discussed herein.

10034 ] Referring still to exemplary embodiment of FIG. 2, the exemplary lubrication

system 100 depicted further includes a second lubrication unit 136, or a dedicated

lubrication unit. The second lubrication unit 136 similarly includes a second circulation

pump 138, or dedicated circulation pump, for generating a second flow of lubricant
through a second supply line 140 from the tank 114. More particularly, the second
circulation pump 138 generates a second pressure of lubricant through the second supply
line 140 from the tank 114. It should be appreciated, however, that in other exemplary
embodiments, the lubrication system 100 may not include the second lubrication unit
136, and the second circulation pump 138 may instead be positioned in the first

lubrication unit 116.

11
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10035] However, as 1s discussed below, for the embodiment depicted the second flow
of lubricant and second supply line 140 are separate from the first flow of lubricant and
the first supply line 118, and may be at a different temperature and pressure than the first
flow of lubricant and first supply line 118. Further, the second flow of lubricant generated
by the second circulation pump 138 is provided through the second supply line 140
primarily to the power gear box 46 of the turbofan engine 10—or for the embodiment
depicted, solely to the power gear box 46. As is discussed in the description that follows,
such a contiguration allows for control of certain parameters of the lubricant provided to
the power gear box 46 to, e.g., increase an efficiency of the power gear box 46 and the

turbotan engine 10.

[0036] It should be appreciated, however, that in other exemplary embodiments, the
second flow of lubricant generated by the second circulation pump 128 may additionally
be provided to other components of the turbofan engine 10. For example, in other
exemplary embodiments, the second tlow of lubricant generated by the second circulation
pump 128 may additionally be provided to, e.g., the HP turbine sump 130, the LP turbine
sump 132, or a combustor sump, each ot which may benetit from a flow of lubricant
having a decreased flowrate and/or temperature. Alternatively, in still other exemplary

embodiments, the second flow of lubricant generated by the second circulation pump 123

may be provided solely to one or more of such other components of the turbofan engine

10.

[0037] The second circulation pump 138 may also be mechanically coupled to the LP
shaft 36 or HP shaft 34 and driven by the LP shaft 36 or HP shaft 34 such that a rotational

speed of the second circulation pump 138 corresponds to a rotational speed of the
respective shaft 36, 34. Therefore, without additional control mechanisms in place, an
amount of lubricant provided to the power gear box 46 by the second circulation pump
138 would be fixed to a rotational speed of the LP shaft 36 or HP shaft 34. Accordingly,
for the embodiment depicted, the exemplary lubrication system 100 includes a flow rate

control valve 142 in {luid communication with the second flow of lubricant and the

12
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second supply line 140 generated by the second circulation pump 138. The flow rate
control valve 142 is positioned downstream from the second circulation pump 138 in the

second tlow of lubricant generated by the second circulation pump 138.

10038] Reterring now also to the close-up view of the flow rate control valve 142
provided in FIG. 3, for the embodiment depicted, the flow rate control valve 142 is
configured as a three-way valve defining a flow inlet 144, a first outlet 146, and a return
outlet 148. The flow rate control valve 142 defines a variable throughput between the
flow inlet 144 and the first outlet 146 for controlling an amount lubricant provided to the
power gear box 46 by the second circulation pump 138 (i.e., a flow rate of lubricant
provided to the power gear box 46). For example, the flow rate control valve 142 may be
movable between a fully open position, wherein substantially all of the second flow of
lubricant provided to the flow inlet 144 is subsequently provided to the first outlet 146,
and a partially open position, wherein at least a portion of the second flow of lubricant
provided to the flow inlet 144 is instead provided to the return outlet 148. In certain
exemplary embodiments for example, in certain exemplary embodiments up to about
thirty percent (30%), up to about forty percent (40%), or up to about fifty percent (50%)
of the lubricant provided to the inlet 144 may be provided to the return outlet 148 when
the tlow rate control valve 142 is in the partially open position. It should be appreciated,

that as used herein, terms of approximation such as “about” or “approximately” refer to

being within a ten percent (10%) margin of error.

[0039] Additionally, for the embodiment depicted, the lubrication system 100
includes a return line 150, with the return outlet 148 tluidly connected to the return line

150. The return line 150 extends from the return outlet 148 directly to the tank 114 for
returning a portion of the second flow of lubricant to the tank 114. The return line 150

alternately may extend from the return outlet 148 to an engine accessory gearbox (AGB)
or another engine sump 126, 128, etc. for scavenging back through main lube unit 116

and back to the tank 114.

13



CA 02928973 2016-05-05

279017-3

[0040] Referring still to FIGS. 2 and 3, the exemplary lubrication system 100
additionally includes a second heat exchanger 152 and a bypass valve 154 positioned
upstream from the second heat exchanger 152. The second heat exchanger 152 and
second bypass valve 154 are positioned in thermal communication with the second flow
of lubricant in the second supply line 140 for removing heat from such second flow of
lubricant. For the embodiment depicted, the second heat exchanger 152 is positioned in
thermal communication with the second flow of lubricant at a location downstream of the
second circulation pump 138 and the flow rate control valve 142. However, in other
exemplary embodiments, the second heat exchanger 152 may instead be positioned

upstream from one or both of the second circulation pump 138 and the flow rate control

valve 142,

[0041] Moreover, for the embodiment of FIGS. 2 and 3, the bypass valve 154 is a
three-way bypass valve 154 defining an inlet 156, a first outlet 158, and a bypass outlet
160. The bypass valve 154 defines a variable thrbughput between the inlet 156 and the
first outlet 158. For example, the bypass valve 154 may be movable between a fully open
position, wherein substantially all of the second flow of lubricant provided to the inlet
156 1s subsequently provided to the first outlet 158, and a partially open position, wherein
at least a portion of the second flow of lubricant provided to the inlet 156 is instead
provided to the bypass outlet 160. In certain exemplary embodiments for example, up to

about thirty percent (30%), up to about forty percent (40%), or up to about fifty percent
(50%) of the lubricant provided to the inlet 156 may be provided to the bypass outlet 160

when the bypass valve 154 1s 1n the partially open position.

[0042] Accordingly, for the embodiment depicted the lubrication system 100
additionally includes a bypass line 162, with the bypass outlet 160 fluidly connected to
the bypass line 162 at a first end 164 of the bypass line 162. Additionally, the bypass line
162 extends from the bypass outlet 160 at the first end 164 to the second flow of lubricant

at a location downstream from the second heat exchanger 152 at a second and opposite

end 166.

14
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[0043] The tlow rate control valve 142 and the bypass valve 154 may each be in
operable communication with the controller 80 of the turbofan engine 10. Accordingly,
the controller 80 may control an amount of lubricant provided to the power gear box 46
(including a pressure and flow rate of lubricant provided to the power gear box 46) and a

temperature of such lubricant provided to the power gear box 46.

[0044] In certain situations it may be beneficial to provide the power gear box 46
with a relatively large amount of lubricant at a relatively cool temperature. For example,
when the turbofan engine 10 is operating under conditions requiring a high amount of
thrust 1n relatively hot ambient conditions, it may be desirable to provide the power gear
box 46 with a high flow rate of lubricant a cool temperature. In such a situation, the flow
rate control valve 142 may be 1n the fully open position such that substantially all
lubricant provided to the inlet 144 1s subsequently provided to the first outlet 146.
Additionally, 1n such a situation, the bypass valve 154 may also be in the fully open
position such that substantially all lubricant provided to the inlet 156 is subsequently

provided to the first outlet 1358.

[0045] However, 1n other situations may be beneficial to provide the power gear box
46 with a relatively small amount of lubricant at a relatively high temperature. For
example, when the turbofan engine 10 1s operating under cruise conditions 1n relatively
cool ambient conditions, may be desirable to provide the power gear box 46 with a low

flow rate of lubricant at a high temperature. Notably, providing the lubricant at a

relatively high temperature may decrease a viscosity of the lubricant, thus allowing for a
more efficient operation of the power gear box 46. In such a situation, the tlow rate
control valve 142 may be in a partially open position, such that at least a portion of the
lubricant provided to the inlet 144 is subsequently provided to the return outlet 148 and

returned to the tank 114 via the return line 150. Additionally, in such a situation, the
bypass valve 154 may also be in a partially open position, such that at least a portion of
the lubricant provided to the inlet 156 is subsequently provided to the bypass outlet 158.

Notably, in such a situation a temperature of the lubricant provided to the power gear box
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46 may still be controlled to ensure that it does not exceed a safe operating temperature of

the components within the power gear box 46.

(0046} Of course, the flow rate control valve 142 and the bypass valve 154 may
alternatively be operated independently from one another. Accordingly, in still other
situations, a relatively low amount of lubricant at a relatively low temperature may be
provided to the power gear box 46, or alternatively relatively high amount of lubricant at

a relatively high temperature may be provided to the power gear box 46.

10047] The tlow rate control valve 142 and bypass valve 154 may include any
suitable three port valve. For example, in certain exemplary embodiments one or both of
the tflow rate control valve 142 and bypass valve 154 may include a three-way ball valve.
Additionally, or alternatively, one or both of the flow rate control valve 142 and bypass
valve 154 may include any other suitable structure capable of providing a variable

throughput between inlets 146, 156 and first outlets 148, 138, respectively.

[00438] Alternatively, it should be appreciated, that in other exemplary embodiments,
the exemplary lubrication system 100 may have any other suitable configuration for
controlling a flow rate of lubricant to the power gear box 46 and/or a temperature of

lubricant provided to the power gear box 46.

[0049] For example, referring now to FIG. 4 an exemplary lubrication system 100 1s
provided 1n accordance with another exemplary embodiment of the present disclosure.
The exemplary lubrication system 100 depicted in FIG. 4 may be configured in
substantially the same manner as the exemplary lubrication system 100 depicted in F1G. 2
and described above. However, for the exemplary embodiment of FIG. 4, the flow rate

control valve 142 is instead positioned in the second flow of lubricant generated by the
second circulation pump 138 at a location upstream from the second lubrication unit 136
and the second circulation pump 138. With such a configuration, the flow rate control
valve 142 may not be a three-way valve and the exemplary lubrication system 100 may

not include a separate return line 150 fluidly connecting to the flow rate control valve 142
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and the tank 114. Instead, the flow rate control valve 142 may be any suitable valve

defining a variable throughput between an inlet and an outlet.

[0050] Alternatively still, referring now to FIG. 5, an exemplary lubrication system
100 1s provided in accordance with yet another exemplary embodiment of the present
disclosure. As is depicted, for the exemplary embodiment of FIG. 5, the exemplary
lubrication system 100 does not include a second lubrication unit 136 or a second
circulation pump 138. Instead, the first flow of lubricant generated by the first circulation
pump 124 (of the first lubrication unit 116) is split downstream of the first circulation
pump 124 at a junction 170 to provide a dedicated flow of lubricant to the power gear box
46. At the junction 170, the first flow of lubricant in the first supply line 118 is split
between the first flow of lubricant and a second flow of lubricant (provided to the power

gear box 46 through a second supply line 140).

(0051} As 1s depicted, the second flow of lubricant and the second supply line 140 is
configured to provide lubricant directly to the power gear box 46 of the turbofan engine
10. With such an exemplary embodiment, the flow rate control valve 142 and the bypass
valve 154 are positioned in and in fluid communication with the second flow of lubricant,

downstream from the juncture 170.

(0052] However, still other exemplary embodiments may include any other suitable
configuration. For example, referring still to FIG. 5, in other exemplary embodiments, the
flow rate control valve 142 may instead be positioned at the juncture 170 where the first
flow of lubricant is split off between the remaining first flow of lubricant and the second
flow lubricant. With such an exemplary embodiment, the flow rate control valve 142 may
define an inlet in flow communication with the first supply line 118, a first outlet also in
flow communication with the first supply line 118, and a second outlet in flow
communication with the second supply line 140. Such a flow rate control valve 140 may

define a variable throughput between the inlet and the second outlet to control an amount

of lubricant provided to the power gear box 46.
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[0053] 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 in the art.
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WHAT IS CLAIMED IS:

1. A lubrication system for a gas turbine engine comprising:

a tank configured to store a volume ot lubricant;

a circulation pump for generating a flow of lubricant from the tank to a
component of the gas turbine engine;

a valve in fluid communication with the flow of lubricant generated by the
circulation pump and defining a flow inlet and a flow outlet, the valve also detining a
variable throughput between the flow inlet and the flow outlet for controlling a tlowrate
of lubricant to the component of the gas turbine engine; and

a heat exchanger positioned in thermal communication with the flow of
lubricant generated by the circulation pump at a location downstream of the valve for

controlling a temperature of the lubricant prior to the lubricant reaching the component.

2. The lubrication system of claim 1, wherein the valve 1s positioned

downstream from circulation pump in the flow of lubricant generated by the circulation

pump.

3. The lubrication system of claim 1, wherein the circulation pump

generates a flow of lubricant from the tank to a power gear box of the gas turbine engine.

4, The lubrication system of claim 1, wherein the circulation pump 1s

driven by a shaft of the gas turbine engine.

S. The lubrication system of claim 1, further comprising:

a heat exchange bypass valve in fluid communication with the flow of
lubricant generated by the circulation pump and defining an inlet, a first outlet, and a
second outlet, wherein the second outlet is in fluid communication with a bypass line, and
wherein the bypass line extends between the second outlet and the flow of lubricant

generated by the circulation pump at a location downstream from the heat exchanger.
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6. The lubrication system of claim 1, wherein the circulation pump is a
dedicated circulation pump for the component, and wherein the lubrication system further
COMPprises

a main circulation pump for generating a flow of lubricant from the tank to one
or more of a compressor section of the gas turbine engine and a turbine section of the gas

turbine engine.

7. The lubrication system of claim 6, further comprising:
a main heat exchanger positioned in thermal communication with the flow of
lubricant generated by the main circulation pump at a location upstream of the main

circulation pump.

8. The lubrication system of claim 1, wherein the valve is in operable

communication with a controller of the gas turbine engine.

9. The lubrication system of claim 1, wherein the flow of lubricant
generated by the circulation pump is split downstream of the circulation pump between a
first flow path and a second flow path, wherein the second flow path is configured to
provide the tlow of lubricant to the component of the gas turbine engine, and wherein the

valve 1s 1n fluid communication with the second flow path.

10.  The lubrication system of claim 9, wherein the circulation pump 1s
turther configured to generate a flow of lubricant from the tank through the first flow path
to one or more of a compressor section of the gas turbine engine and a turbine section of

the gas turbine engine.

11. A lubrication system for a gas turbine engine comprising:

a tank configured to store a volume of lubricant;

a first circulation pump for generating a first flow of lubricant from the tank to
one or more first components of the gas turbine engine;

a second circulation pump for generating a second flow of lubricant from the

tank to one or more second components of the gas turbine engine, the second tlow of
20
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lubricant being separate from the first flow of lubricant and the one or more second
components being different than the one or more first components; and

a valve defining an inlet and an outlet each in flow communication with the
second flow of lubricant, the valve defining a variable throughput between the inlet and
the outlet for controlling a flowrate of the second flow of lubricant to the one or more

second components.

12.  The lubrication system of claim 11, wherein the second circulation
pump 1s configured to generate the second flow of lubricant from the tank to a power gear

box ot the gas turbine engine.

13.  The lubrication system of claim 11, wherein the valve is positioned
downstream from the second circulation pump in the second flow of lubricant generated

by the second circulation pump.

14.  The lubrication system of claim 13, wherein the valve further defines a
return outlet in fluidd communication with a return line, and wherein the return line
extends trom the return outlet of the valve to the tank for returning a portion of the

second flow of lubricant to the tank.

15.  The lubrication system of claim 11, further comprising:
a heat exchanger 1n thermal communication with the second tlow of lubricant

for removing heat from the second flow of lubricant.

16.  The lubrication system of claim 15, further comprising:

a heat exchanger bypass valve 1n fluid communication with the second flow of
lubricant defining an inlet, a first outlet, and a second outlet, wherein the second outlet 1s
in fluid communication with a bypass line, and wherein the bypass line extends between

the bypass outlet and the second flow of lubricant at a location downstream from the heat

exchanger.
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17.  The lubrication system of claim 15, wherein the heat exchanger 1s 1n
thermal communication with the second flow of lubricant at a location downstream from

the second circulation pump.

18.  The lubrication system of claim 11, wherein the first circulation pump

and the second circulation pump are each driven by a shaft of the gas turbine engine.

19. A gas turbine engine comprising:

a turbine section mechanically coupled to a compressor section through a shatt;
a fan driven by the shaft through a power gear box; and

a lubrication system comprising

a tank;

a circulation pump for generating a tlow of lubricant from the tank to
the power gear box;

a valve in fluid communication with the flow of lubricant generated by
the circulation pump and defining an inlet and an outlet, the valve defining a variable
throughput between the inlet and the outlet for controlling a flowrate of lubricant to the
power gear box of the gas turbine engine; and

a heat exchanger positioned 1n thermal communication with the tlow of
lubricant generated by the circulation pump at a location downstream of the valve for

controlling a temperature of the flow of lubricant prior to the lubricant reaching the

power gear box.

20.  The gas turbine engine of claim 19, wherein the circulation pump 1s a
dedicated circulation pump for the power gear box, and wherein the lubrication system
further comprises

a main circulation pump for generating a flow of lubricant from the tank to one

or more of the compressor section of the gas turbine engine and the turbine section of the

gas turbine engine.
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