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REDUCED PARASITIC LUBE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application S/N
62/414,997, entitled “REDUCED PARASITIC LUBE SYSTEM,” filed on October 31,
2016, the entire disclosure of which being hereby expressly incorporated herein by

reference.

TECHNICAL FIELD
[0002] The present invention relates generally to engine lubrication systems and
more particularly to systems having dedicated lubrication circuits to reduce parasitic

power.

BACKGROUND
[0003] Engine lubrication systems (for diesel, gasoline and/or natural gas
engines, and In particular reciprocating piston engines) generally provide a lubricant
such as oil to various components of the engine. FIG. 1 depicts a prior art lubrication
system. As shown, oil is pumped from an oil pan 12 by a lube pump 14 to a lube cooler
16. The cooled oil is passed through a lube filter 18 and provided to the bearing
systems 20 of the engine and the piston cooling nozzles (“PCN”) circuit 22. The oil is
returned from bearing systems 20 and PCN circuit 22 to oil pan 12 for reuse. Thus, the
entire flow of oil from oil pan 12 is cooled (by cooler 16) and filtered (by filter 18) before
being routed to bearing system 20 and PCN circuit 22. As filter 18 is a key flow
restriction in system 10, a substantial pressure head is generated for lube pump 14.
This pressure head increases the parasitic power required to operate the system,
thereby resulting in undesirable fuel consumption. Accordingly, an approach for
providing lubricant to engine components that results in reduced parasitic power is

needed.
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SUMMARY

[0004] According to one embodiment, the present disclosure provides a
lubrication system, comprising: a pump having an inlet in fluid communication with a
lubricant source and an outlet; a cooler having an inlet in fluid communication with the
outlet of the pump and an outlet; a Ilubrication filter having an inlet in fluid
communication with the outlet of the cooler and an outlet; a first delivery path in fluid
communication with the outlet of the lubrication filter, the first delivery path being
configured to deliver cooled, filtered lubricant to a bearing system of an engine; and a
second delivery path in fluid communication with the outlet of the pump, the second
delivery path being configured to deliver uncooled, unfiltered lubricant to piston cooling
nozzles of the engine. One aspect of this embodiment further comprises a return path
in fluid communication with the bearing system and the piston cooling nozzles to return
lubricant to the lubricant source. Another aspect further comprises a screen disposed in
the second delivery path for inhibiting passage of large particles to the piston cooling
nozzles. In another aspect, the pump draws an amount of lubricant from the lubrication
source and the cooled, filtered lubricant delivered to the bearing system of the engine
constitutes about 50% of the amount of lubricant drawn from the lubrication source.

[0005] In another embodiment, the present disclosure provides a lubrication
system, comprising: a pump having an inlet in fluid communication with a lubricant
source and an outlet; a cooler having an inlet in fluid communication with the outlet of
the pump and an outlet; a lubrication filter having an inlet in fluid communication with the
outlet of the cooler and an outlet; a first delivery path in fluid communication with the
outlet of the lubrication filter, the first delivery path being configured to deliver cooled,
filtered lubricant to a bearing system of an engine; and a second delivery path in fluid
communication with the outlet of the cooler, the second delivery path being configured
to deliver cooled, unfiltered lubricant to piston cooling nozzles of the engine. One
aspect of this embodiment further comprises a return path in fluid communication with
the bearing system and the piston cooling nozzles to return lubricant to the lubricant
source. Another aspect further comprises a screen disposed in the second delivery

path for inhibiting passage of large particles to the piston cooling nozzles.
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[0006] In yet another embodiment, the present disclosure provides a lubrication
system, comprising: a pump having an inlet in fluid communication with a lubricant
source and an outlet; a cooler having an inlet in fluid communication with the outlet of
the pump and an outlet; a lubrication filter having an inlet in fluid communication with the
outlet of the pump and an outlet; a first delivery path in fluid communication with the
outlet of the lubrication filter, the first delivery path being configured to deliver uncooled,
filtered lubricant to a bearing system of an engine; and a second delivery path in fluid
communication with the outlet of the cooler, the second delivery path being configured
to deliver cooled, unfiltered lubricant to piston cooling nozzles of the engine. One
aspect of this embodiment further comprises a return path in fluid communication with
the bearing system and the piston cooling nozzles to return lubricant to the lubricant
source. Another aspect further comprises a screen disposed in the second delivery.
[0007] In yet another embodiment of the present disclosure, a method of
providing lubricant to a bearing system of an engine and piston cooling nozzles of the
engine is provided, comprising: pumping lubricant from a lubricant source to a pump
outlet; routing a first portion of the pumped lubricant from the pump outlet to an inlet of a
cooler, the cooler having an outlet;, routing a second portion of the pumped lubricant
from the pump outlet to the piston cooling nozzles; routing lubricant from the cooler
outlet to an inlet of a lubrication filter, the lubrication filter having an outlet; and routing
lubricant from the lubrication filter outlet to the bearing system. One aspect of this
embodiment further comprises routing lubricant from the bearing system and the piston
cooling nozzles through a return path to the lubricant source. In another aspect, routing
a second portion of the pumped lubricant includes passing the second portion of the
pumped lubricant through a screen to inhibit passage of large particles to the piston
cooling nozzles.

[0008] In still another embodiment, the present disclosure provides a method of
providing lubricant to a bearing system of an engine and piston cooling nozzles of the
engine, comprising: pumping lubricant from a lubricant source to a pump outlet; routing
the pumped lubricant from the pump outlet to an inlet of a cooler, the cooler having an
outlet; routing a first portion of lubricant from the cooler outlet to the piston cooling

nozzles; routing a second portion of the lubricant from the cooler outlet to an inlet of a
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lubrication filter, the lubrication filter having an outlet; and routing lubricant from the
lubrication filter outlet to the bearing system. One aspect of this embodiment further
comprises routing lubricant from the bearing system and the piston cooling nozzles
through a return path to the lubricant source. In another aspect, routing a first portion of
the lubricant from the cooler includes passing the first portion of the lubricant through a
screen to inhibit passage of large particles to the piston cooling nozzles.

[0009] In yet another embodiment, the present disclosure provides a method of
providing lubricant to a bearing system of an engine and piston cooling nozzles of the
engine, comprising: pumping lubricant from a lubricant source to a pump outlet; routing
a first portion of the pumped lubricant from the pump outlet to an inlet of a cooler, the
cooler having an outlet; routing a second portion of the pumped lubricant from the pump
outlet to an inlet of a lubrication filter, the lubrication filter having an outlet; routing
lubricant from the cooler outlet to the piston cooling nozzles; and routing lubricant from
the lubrication filter outlet to the bearing system. One aspect of this embodiment further
comprises routing lubricant from the bearing system and the piston cooling nozzles
through a return path to the lubricant source. In another aspect, routing lubricant from
the cooler outlet includes passing the lubricant through a screen to inhibit passage of
large particles to the piston cooling nozzles.

[0010] While multiple embodiments are disclosed, still other embodiments of the
present invention will become apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative embodiments of the
invention. Accordingly, the drawings and detailed description are to be regarded as

illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The above-mentioned and other features of this disclosure and the
manner of obtaining them will become more apparent and the disclosure itself will be
better understood by reference to the following description of embodiments of the
present disclosure taken in conjunction with the accompanying drawings, wherein:

[0012] FIG. 1 is a schematic diagram of a prior art engine lubrication system;
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[0013] FIG. 2 is a schematic diagram of a first embodiment of an engine
lubrication system according to the present disclosure;

[0014] FIG. 3 is a schematic diagram of a second embodiment of an engine
lubrication system according to the present disclosure; and

[0015] FIG. 4 is a schematic diagram of a third embodiment of an engine
lubrication system according to the present disclosure.

[0016] While the present disclosure is amenable to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and are described in detail below. The present disclosure, however, is not
intended to limit the particular embodiments described. On the contrary, the present
disclosure is intended to cover all modifications, equivalents, and alternatives falling

within the scope of the appended claims.

DETAILED DESCRIPTION
[0017] As described in detail below, the embodiments of the present disclosure
provide dedicated circuits or delivery paths for the engine bearing system and the PCN
circuit. As such, certain components of the lubrication system are bypassed in a way
that reduces the parasitic losses of the system, which thereby improves engine
efficiency and fuel consumption.
[0018] Referring now to FIG. 2, a first embodiment of a lubrication system
according to the present disclosure is shown. System 24 includes the same
components as those described above with reference to the prior art system 10.
Accordingly, the same reference designations are used. As shown, oil is pumped from
oil pan 12 to inlet 27 of lube pump 14. From outlet 29 of lube pump 14, oil is provided
directly to PCN circuit 22 via delivery path 31. It should be understood that oil provided
to PCN circuit 22 may be passed through a screen (e.g., a 300 micron screen) to
prevent large particles from reaching the piston cooling nozzles. Screen 25 is depicted
in dotted lines. Oil is also provided by pump 14 to inlet 33 of lube cooler 16. Cooled oil
flows from outlet 35 of cooler 16 to inlet 37 of lube filter 18 before being routed from
outlet 39 of lube filter 18 to bearing systems 20 delivery path 41. OQil is returned from
bearing systems 20 and PCN circuit 22 via return path 43 to oil pan 12. Thus, in this



WO 2018/081800 PCT/US2017/059298

embodiment only a portion (e.g., approximately 50%) of the oil flow is filtered (i.e., the
portion provided to bearing systems 20). As such, cooled and filtered oil is only
provided to bearing system 20 while uncooled and unfiltered oil is provided to PCN
circuit 22. This reduction in filtered flow results in an overall reduction in the pressure
delta across pump 14. Moreover, by employing system 24, the filter bypass system 19
may be removed, reducing the possibility that unfiltered oil may leak into the bearings
causing damage. In fact, conventional systems (such as that depicted in FIG. 1)
contain filters sized for peak flow, but require bypass systems for when the filters
become partially clogged. As a result of the embodiment of FIG. 2, the previously
acceptable filter size is now large enough not to suffer from partial blockage, without a
bypass system.

[0019] To accommodate the reduced power needs of system 24, the gerotors or
gears (depending on the platform) are adjusted down as required. Thus, pumping work
is reduced, bypass leakage is reduced, implementation is fast, reliability is improved by
removing the bypass, and cost is reduced. It should further be apparent to those skilled
in the art with the benefit of the teachings of the present disclosure that the reduced
filtered flow provided by system 24 may be combined with PCN shutoff features and
variable flow pumps to further reduce circuit parasitic power. More specifically, PCN
flow may be switched on and off depending on thermal load if a variable flow lube pump
is used. This optional *higher complexity” lube circuit control reduces parasitic lube
circuit power when piston temperatures permit.

[0020] Finally, it should also be understood that check valves/solenoid valves
may be included in the PCN circuit. Moreover, thermostat(s) may be used in the
various circuits and lube pump 14 may be configured as a standard or variable pump.
[0021] Referring now to FIG. 3, another embodiment of a system according to the
present disclosure is shown. System 26 includes the same components as system 24.
Accordingly, the same reference designations are used. In system 26, oil is pumped
from oil pan 12 to inlet 27 of pump 14. Qil is pumped from outlet 29 of pump 14 to inlet
33 of cooler 16. Cooled oil is then routed from outlet 35 of cooler 16 to PCN circuit 22
via delivery path 31 and to inlet 37 of filter 18. Cooled, filtered oil is routed from outlet

39 of filter 18 to bearing systems 20 via delivery path 41. Return oil is routed from
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bearing systems 20 and PCN circuit 22 to oil pan 12 via return path 43. It should be
noted that system 26 may also include a screen 25 (as described above with reference
to system 24) between cooler 16 and PCN circuit 22 in delivery path 31.

[0022] System 26 thus differs from system 24 in that in system 26, oil is passed
through cooler 16 before being routed to PCN circuit 22 whereas in system 24 the oil is
provided to PCN circuit 22 directly from pump 14 (i.e., the oil is not passed through
cooler 16 before flowing to PCN circuit 22). Thus, in system 26, cooled and unfiltered
oil is provided to PCN circuit 22.

[0023] Referring now to FIG. 4, another embodiment of a system according to the
present disclosure is shown. System 28 includes the same components as system 24.
Accordingly, the same reference designations are used. In system 28, oil is pumped
from oil pan 12 to inlet 27 of pump 14. Qil is pumped from outlet 29 of pump 14 to inlet
33 of cooler 16 and inlet 37 of filter 18. Cooled oil is then routed from outlet 35 of cooler
16 to PCN circuit 22 via delivery path 31. Uncooled, filtered oil is routed from outlet 39
of filter 18 to bearing systems 20 via delivery path 41. Return oil is routed from bearing
systems 20 and PCN circuit 22 to oil pan 12 via return path 43. It should be noted that
system 28 may also include a screen 25 (as described above with reference to system
24) between cooler 16 and PCN circuit 22.

[0024] System 28 thus differs from system 26 in that in system 28, the oil
pumped to filter 18 is not passed through cooler 16 whereas in system 26 the oll is
cooled before being provided to filter 18 (and bearing systems 20). This embodiment
provides increased cooling to the piston and rings via the cooled oil flow while delivering
higher temperature oil to the bearings which reduces the parasitic power required to
rotate the crankshaft and camshaft in their respective bearings.

[0025] As used herein, the modifier “about” used in connection with a quantity is
inclusive of the stated value and has the meaning dictated by the context (for example,
it includes at least the degree of error associated with the measurement of the particular
quantity). When used in the context of a range, the modifier “about” should also be
considered as disclosing the range defined by the absolute values of the two endpoints.

For example, the range “from about 2 to about 4” also discloses the range “from 2t0 4.”
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[0026] The connecting lines shown in the various figures contained herein are
intended to represent exemplary functional relationships and/or physical couplings
between the various elements. It should be noted that many alternative or additional
functional relationships or physical connections may be present in a practical system.
However, the benefits, advantages, solutions to problems, and any elements that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as critical, required, or essential features or elements. The scope is
accordingly to be limited by nothing other than the appended claims, in which reference
to an element in the singular is not intended to mean “one and only one” unless
explicitly so stated, but rather “one or more.” Moreover, where a phrase similar to “at
least one of A, B, or C” is used in the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment, B alone may be present in an
embodiment, C alone may be present in an embodiment, or that any combination of the
elements A, B or C may be present in a single embodiment; for example, A and B, A
and C,Band C, or Aand B and C.

[0027] In the detailed description herein, references to “one embodiment,” “an
embodiment,” “an example embodiment,” etc., indicate that the embodiment described
may include a particular feature, structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge of one skilled in the art with
the benefit of the present disclosure to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the relevant art(s) how to implement
the disclosure in alternative embodiments.

[0028] Furthermore, no element, component, or method step in the present
disclosure is intended to be dedicated to the public regardless of whether the element,
component, or method step is explicitly recited in the claims. No claim element herein is
to be construed under the provisions of 35 U.S.C. 112(f), unless the element is

expressly recited using the phrase “means for.” As used herein, the terms “comprises,”
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‘comprising,” or any other variation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that comprises a list of
elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus

[0029] Various modifications and additions can be made to the exemplary
embodiments discussed without departing from the scope of the present invention. For
example, while the embodiments described above refer to particular features, the scope
of this invention also includes embodiments having different combinations of features
and embodiments that do not include all of the described features. Accordingly, the
scope of the present invention is intended to embrace all such alternatives,
modifications, and variations as fall within the scope of the claims, together with all

equivalents thereof.
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CLAIMS

We claim:

1. A lubrication system, comprising:

a pump having an inlet in fluid communication with a lubricant source and an
outlet;

a cooler having an inlet in fluid communication with the outlet of the pump and an
outlet;

a lubrication filter having an inlet in fluid communication with the outlet of the
cooler and an outlet;

a first delivery path in fluid communication with the outlet of the lubrication filter,
the first delivery path being configured to deliver cooled, filtered lubricant to a bearing
system of an engine; and

a second delivery path in fluid communication with the outlet of the pump, the
second delivery path being configured to deliver uncooled, unfiltered lubricant to piston

cooling nozzles of the engine.

2. The lubrication system of claim 1, further comprising a return path in fluid
communication with the bearing system and the piston cooling nozzles to return

lubricant to the lubricant source.

3. The lubrication system of claim 1, further comprising a screen disposed in the
second delivery path for inhibiting passage of large particles to the piston cooling

nozzles.

4. The lubrication system of claim 1, wherein the pump draws an amount of
lubricant from the lubrication source and the cooled, filtered lubricant delivered to the
bearing system of the engine constitutes about 50% of the amount of lubricant drawn

from the lubrication source.

. A lubrication system, comprising:

10
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a pump having an inlet in fluid communication with a lubricant source and an
outlet;

a cooler having an inlet in fluid communication with the outlet of the pump and an
outlet;

a lubrication filter having an inlet in fluid communication with the outlet of the
cooler and an outlet;

a first delivery path in fluid communication with the outlet of the lubrication filter,
the first delivery path being configured to deliver cooled, filtered lubricant to a bearing
system of an engine; and

a second delivery path in fluid communication with the outlet of the cooler, the
second delivery path being configured to deliver cooled, unfiltered lubricant to piston

cooling nozzles of the engine.

6. The lubrication system of claim 5, further comprising a return path in fluid
communication with the bearing system and the piston cooling nozzles to return

lubricant to the lubricant source.

7. The lubrication system of claim 5, further comprising a screen disposed in the
second delivery path for inhibiting passage of large particles to the piston cooling

nozzles.

8. A lubrication system, comprising:

a pump having an inlet in fluid communication with a lubricant source and an
outlet;

a cooler having an inlet in fluid communication with the outlet of the pump and an
outlet;

a lubrication filter having an inlet in fluid communication with the outlet of the
pump and an outlet;

a first delivery path in fluid communication with the outlet of the lubrication filter,
the first delivery path being configured to deliver uncooled, filtered lubricant to a bearing

system of an engine; and

11
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a second delivery path in fluid communication with the outlet of the cooler, the
second delivery path being configured to deliver cooled, unfiltered lubricant to piston

cooling nozzles of the engine.

9. The lubrication system of claim 8, further comprising a return path in fluid
communication with the bearing system and the piston cooling nozzles to return

lubricant to the lubricant source.

10.  The lubrication system of claim 8, further comprising a screen disposed in the
second delivery path for inhibiting passage of large particles to the piston cooling

nozzles.

11. A method of providing lubricant to a bearing system of an engine and piston
cooling nozzles of the engine, comprising:

pumping lubricant from a lubricant source to a pump outlet;

routing a first portion of the pumped lubricant from the pump outlet to an inlet of a
cooler, the cooler having an outlet;

routing a second portion of the pumped lubricant from the pump outlet to the
piston cooling nozzles;

routing lubricant from the cooler outlet to an inlet of a lubrication filter, the
lubrication filter having an outlet; and

routing lubricant from the lubrication filter outlet to the bearing system.

12. The method of claim 11, further comprising routing lubricant from the bearing

system and the piston cooling nozzles through a return path to the lubricant source.
13. The method of claim 11, wherein routing a second portion of the pumped

lubricant includes passing the second portion of the pumped lubricant through a screen

to inhibit passage of large particles to the piston cooling nozzles.

12
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14. A method of providing lubricant to a bearing system of an engine and piston
cooling nozzles of the engine, comprising:

pumping lubricant from a lubricant source to a pump outlet;

routing the pumped lubricant from the pump outlet to an inlet of a cooler, the
cooler having an outlet;

routing a first portion of lubricant from the cooler outlet to the piston cooling
nozzles;

routing a second portion of the lubricant from the cooler outlet to an inlet of a
lubrication filter, the lubrication filter having an outlet; and

routing lubricant from the lubrication filter outlet to the bearing system.

15.  The method of claim 14, further comprising routing lubricant from the bearing

system and the piston cooling nozzles through a return path to the lubricant source.

16.  The method of claim 14, wherein routing a first portion of the lubricant from the
cooler includes passing the first portion of the lubricant through a screen to inhibit

passage of large particles to the piston cooling nozzles.

17. A method of providing lubricant to a bearing system of an engine and piston
cooling nozzles of the engine, comprising:

pumping lubricant from a lubricant source to a pump outlet;

routing a first portion of the pumped lubricant from the pump outlet to an inlet of a
cooler, the cooler having an outlet;

routing a second portion of the pumped lubricant from the pump outlet to an inlet
of a lubrication filter, the lubrication filter having an outlet;

routing lubricant from the cooler outlet to the piston cooling nozzles; and

routing lubricant from the lubrication filter outlet to the bearing system.

18.  The method of claim 17, further comprising routing lubricant from the bearing

system and the piston cooling nozzles through a return path to the lubricant source.

13
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19.  The method of claim 17, wherein routing lubricant from the cooler outlet includes
passing the lubricant through a screen to inhibit passage of large particles to the piston

cooling nozzles.

14
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AMENDED CLAIMS
received by the International Bureau on 22 February 2018 (22.02.2018)

1. A lubrication system, comprising:

a pump having an inlet in fluid communication with a lubricant source and an outlet;

a cooler having an inlet in fluid communication with the outlet of the pump and an
outlet;

a lubrication filter having an inlet in fluid communication with the outlet of the cooler
and an outlet;

a first delivery path in fluid communication with the outlet of the lubrication filter, the
first delivery path being configured to deliver cooled, filtered lubricant to a bearing system of
an engine; and

a second delivery path in fluid communication with the outlet of the pump, the second
delivery path being configured to deliver uncooled, unfiltered lubricant to piston cooling
nozzles of the engine;

wherein the pump draws an amount of lubricant from the lubrication source and the
cooled, filtered lubricant delivered to the bearing system of the engine constitutes about 50%

of the amount of lubricant drawn from the lubrication source.

2. The lubrication system of claim 1, further comprising a return path in fluid
communication with the bearing system and the piston cooling nozzles to return lubricant to

the lubricant source.

3. The lubrication system of claim 1, further comprising a screen disposed in the second

delivery path for inhibiting passage of large particles to the piston cooling nozzles.

4, A lubrication system, comprising:

a pump having an inlet in fluid communication with a lubricant source and an outlet;

a cooler having an inlet in fluid communication with the outlet of the pump and an
outlet;

a lubrication filter having an inlet in fluid communication with the outlet of the cooler
and an outlet;

a first delivery path in fluid communication with the outlet of the lubrication filter, the
first delivery path being configured to deliver cooled, filtered lubricant to a bearing system of

an engine; and

15
AMENDED SHEET (ARTICLE 19)
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a second delivery path in fluid communication with the outlet of the cooler, the
second delivery path being configured to deliver cooled, unfiltered lubricant to piston cooling

nozzles of the engine.

5. The lubrication system of claim 4, further comprising a return path in fluid
communication with the bearing system and the piston cooling nozzles to return lubricant to

the lubricant source.

6. The lubrication system of claim 4, further comprising a screen disposed in the second

delivery path for inhibiting passage of large particles to the piston cooling nozzles.

7. A method of providing lubricant to a bearing system of an engine and piston cooling
nozzles of the engine, comprising:

pumping lubricant from a lubricant source to a pump outlet;

routing a first portion of the pumped lubricant from the pump outlet to an inlet of a
cooler, the cooler having an outlet;

routing a second portion of the pumped lubricant from the pump outlet to the piston
cooling nozzles;

routing lubricant from the cooler outlet directly to an inlet of a lubrication filter, the
lubrication filter having an outlet; and

routing lubricant from the lubrication filter outlet to the bearing system.

8. The method of claim 7, further comprising routing lubricant from the bearing system

and the piston cooling nozzles through a return path to the lubricant source.

9. The method of claim 7, wherein routing a second portion of the pumped lubricant
includes passing the second portion of the pumped lubricant through a screen to inhibit

passage of large particles to the piston cooling nozzles.

10. A method of providing lubricant to a bearing system of an engine and piston cooling
nozzles of the engine, comprising:

pumping lubricant from a lubricant source to a pump outlet;

routing the pumped lubricant from the pump outlet to an inlet of a cooler, the cooler

having an outlet;
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routing a first portion of lubricant from the cooler outlet to the piston cooling nozzles;
routing a second portion of the lubricant from the cooler outlet to an inlet of a
lubrication filter, the lubrication filter having an outlet; and

routing lubricant from the lubrication filter outlet to the bearing system.

11.  The method of claim 10, further comprising routing lubricant from the bearing system

and the piston cooling nozzles through a return path to the lubricant source.

12.  The method of claim 10, wherein routing a first portion of the lubricant from the
cooler includes passing the first portion of the lubricant through a screen to inhibit passage of

large particles to the piston cooling nozzles.
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