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(54) System for reducing compressor oil consumption

(57) An air induction system for a power source in-
cluding a first compressor and a second compressor is
disclosed. The air induction system includes an air feed

passageway that directs compressed air from the second
compressor to an area between a compressor wheel and
a center housing in the first compressor to reduce oil
consumption in the first compressor.
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Description

Technical Field

[0001] The present disclosure is directed to an air in-
duction system for an engine. More particularly, the
present disclosure is directed to an air induction system
utilizing high pressure air to reduce compressor oil con-
sumption.

Background

[0002] Internal combustion engines may be equipped
with a turbocharged air induction system to improve the
power output generated by the engine. The turbocharged
air induction system increases engine power by forcing
more air into the combustion chambers than would oth-
erwise be possible. This increased amount of air allows
for enhanced fueling that further increases the power out-
put generated by the engine.
[0003] Turbochargers typically mount a turbine wheel
and a compressor wheel onto a rotatable shaft. The shaft
is typically rotationally supported within a housing by
bearings that are lubricated by engine oil. Shaft seals are
employed at both the compressor and turbine ends of
the housing to prevent the high pressure gases from en-
tering the housing (and then into the engine crankcase)
as well as to prevent oil entering the compressor and
turbine areas.
[0004] Even with shaft seals, under some conditions,
oil can leak into the compressor area and get carried into
the engine intake. To prevent or reduce the likelihood of
oil leaking by the shaft seals, some manufacturers direct
compressed air from the compressor to the seal area.
[0005] U.S. Patent No. 6,368,077 to Meyerkord et al.
("the ’077 patent"), for example, discloses a seal system
from a four cycle engine turbocharger. The turbocharger
includes a turbine wheel and a compressor wheel mount-
ed on an oil-lubricated rotor shaft. Labyrinth seals at both
the compressor and turbine end of the shaft are employed
to limit oil leakage into the turbine area and the compres-
sor area. In addition, air pressure from the output of the
compressor wheel is conducted through internal passag-
es in the bearing housing to the labyrinth seals to further
prevent the passage of oil toward the compressor and
turbine wheels.
[0006] Though the system in the ’077 patent may help
limit oil leaking into the compressor area, the multiple
internal air passages add complexity to the system and
the air pressure directed into the seals is unregulated
and limited to the output pressure of the compressor.
[0007] The disclosed exhaust system is directed to
overcoming one or more of the problems set forth above
and/or other problems of the prior art.

Summary

[0008] In one aspect, the disclosure is directed toward

an air induction system for a power source including a
first compressor and a second compressor. A passage-
way directs compressed air from the second compressor
to an area between a compressor wheel and a center
housing. The second compressor may be configured to
compress air to a higher pressure than the first compres-
sor.
[0009] In another aspect, the disclosure is directed to-
ward a method for reducing oil seal leakage in a first
compressor having a compressor wheel and a back
plate. The method including compressing air at a first
location, compressing air at a second location; and di-
recting compressed air from the second location to the
area between the compressor wheel and a center hous-
ing.

Brief Description of the Drawings

[0010] In the accompanying drawings, which are in-
corporated in and constitute a part of this specification,
exemplary embodiments of the disclosure are illustrated,
which, together with the written description, serve to ex-
plain the principles of the disclosed system:
[0011] Fig. 1 is a schematic illustration of an embodi-
ment of a disclosed power system; and
[0012] Fig. 2 is a side cross-sectional illustration of the
compressor region of a turbocharger that may be used
with the power system of Fig. 1.

Detailed Description

[0013] Fig. 1 illustrates a power system 10 having a
power source 12, an air induction system 14, and an ex-
haust system 16. For the purposes of this disclosure, the
power source 12 is depicted and described as a four-
stroke diesel engine. One skilled in the art will recognize,
however, that the power source 12 may be any other type
of combustion engine such as, for example, a gasoline
or a gaseous fuel-powered engine. The power source 12
includes an engine block 18 that at least partially defines
a plurality of cylinders 20. A piston (not shown) is slidably
disposed within each cylinder 20 to reciprocate between
a top-dead-center position and a bottom-dead-center po-
sition, and a cylinder head (not shown) is associated with
each cylinder 20. In the illustrated embodiment, the pow-
er source 12 includes six cylinders 20. It is contemplated,
however, that the power source 12 may include a greater
or lesser number of cylinders 20 and that the cylinders
20 may be disposed in an "in-line" configuration, a "V"
configuration, or in any other suitable configuration.
[0014] The air induction system 14 includes compo-
nents configured to introduce charged air into power
source 12. For example, air induction system 14 includes
an intake manifold 22 in communication with the cylinders
20, a first compressor 24 having a first compressor wheel
25, a second compressor 26 having a second compres-
sor wheel 27, and an air cooler 28. The first compressor
24 and the second compressor 26 may embody a fixed
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geometry compressor, a variable geometry compressor,
or any other type of compressor configured to receive air
from a fluid passageway upstream of the compressors
24, 26 and compress the air to an elevated pressure level
before it enters the power source 12. The first compressor
24 and the second compressor 26 may be disposed in a
series relationship and connected to power source 12
via a fluid passageway 32. In other embodiments, how-
ever, the second compressor 26 may be arranged in par-
allel with the first compressor 24.
[0015] The second compressor 26 is configured to
compress air to a higher pressure than the first compres-
sor 24. The second compressor 26 may be in fluid com-
munication with the first compressor 24 via a fluid pas-
sageway 34 and arranged to receive compressed air
from the first compressor 24 and further compress the
air previously compressed by the first compressor 24.
[0016] The air cooler 28 may embody an air-to-air heat
exchanger, an air-to-liquid heat exchanger, or a combi-
nation of both, and be configured to facilitate the transfer
of thermal energy to or from the compressed air directed
into power source 12. The air cooler 28 may be disposed
within the fluid passageway 34 between the first com-
pressor 24 and the second compressor 26 or within fluid
passageway 32 between the power source 12 and the
second compressor 26.
[0017] Exhaust system 16 includes components con-
figured to direct exhaust from the power source 12 to the
atmosphere. Specifically, exhaust system 16 includes an
exhaust manifold 36 in communication with the cylinders
20, an exhaust gas recirculation (EGR) circuit 38 fluidly
communicating the exhaust system 16 with the air induc-
tion system 14, a first turbine 40 associated with the first
compressor 24, and a second turbine 42 associated with
the second compressor 26, and an exhaust aftertreat-
ment system 44 configured to remove undesirable emis-
sions from the exhaust of the power source 12. The ex-
haust aftertreatment system 44 may include a variety of
emissions treatment technology, including, but not limit-
ed to, regeneration devices, heat sources, oxidation cat-
alysts, diesel oxidation catalysts (DOCs), diesel particu-
late filters (DPFs), selective catalytic reduction catalysts
(SCRs), lean NOx traps (LNTs), mufflers, or other devic-
es needed to treat the exhaust exiting the power source
12. In Fig. 1, the exhaust aftertreatment system 44 is
illustrated as being downstream from the first turbine 40.
One or more components of the exhaust aftertreatment
system 44, however, may be located between the engine
and the second turbine 42 and/or between the second
turbine 42 and the first turbine 40.
[0018] The exhaust produced by the power source 12
enters the exhaust system 16 via the exhaust manifold
36. The exhaust manifold 36 fluidly connects the power
source 12 to the first turbine 40 and the second turbine
42. The EGR circuit 38 may include components that
cooperate to redirect a portion of the exhaust produced
by the power source 12 from the exhaust manifold 36 to
air induction system 14. Specifically, the EGR circuit 38

includes a fluid passageway 46, an EGR cooler 48, and
a recirculation control valve 50. The fluid passageway 46
fluidly connects to the exhaust system 16 upstream of
second turbine 42 and fluidly connects to the air induction
system 14 downstream of the air cooler 28.
[0019] The recirculation control valve 50 is disposed
within fluid passageway 46 downstream of the EGR cool-
er 48 to control the flow of exhaust through the EGR
circuit 38. Recirculation control valve 50 may be any type
of valve known in the art such as, for example, a butterfly
valve, a diaphragm valve, a gate valve, a ball valve, a
poppet valve, or a globe valve. In addition, recirculation
control valve 50 may be solenoid-actuated, hydraulically-
actuated, pneumatically-actuated or actuated in any oth-
er manner to selectively restrict or completely block the
flow of exhaust through the fluid passageway 46.
[0020] The EGR cooler 48 is configured to cool ex-
haust flowing through EGR circuit 38. EGR cooler 48 may
include a liquid-to-air heat exchanger, an air-to-air heat
exchanger, or any other type of heat exchanger known
in the art for cooling an exhaust flow.
[0021] The first turbine 40 may be configured to drive
the first compressor 24 and the second turbine 42 may
be configured to drive the second compressor 26. For
example, first turbine 40 may be directly and mechani-
cally connected to the first compressor 24 by way of a
first shaft 52 to form a first turbocharger 54. As the hot
exhaust gases exiting the power source 12 move through
the first turbine 40, the first turbine 40 rotates and drives
the first compressor 24 to pressurize the inlet air. The
second turbine 42 may be similarly connected to the sec-
ond compressor 26 via a second shaft 56 to form a sec-
ond turbocharger 58. The second turbine 42 may be ar-
ranged in series with the first turbine 40. In another em-
bodiment, the first turbine 40 is configured to drive both
the first compressor 24 and the second compressor 26.
For example, the power system 10 may include a twin
compressor turbocharger (not shown) in which both the
first compressor 24 and the second compressor 26 are
mechanically connected to the first turbine 40 via a com-
mon shaft. In this embodiment, the second turbine 42
may be omitted.
[0022] The air induction system 14 also includes an air
feed passageway 60 configured to route compressed air
from second compressor wheel 27 to the first compressor
24. The air feed passageway 60 has an inlet 62, an outlet
64, and a pressure regulating device such as an air feed
control device 66. The inlet 62 is located downstream of
the second compressor wheel 27 and configured to re-
ceive air compressed by the second compressor 26. The
outlet 64 is located proximate to the first compressor
wheel 25. The air feed control device 66 may be config-
ured in a variety of ways. Any device capable of control-
ling or regulating the flow rate and/or the pressure of the
air directed to the first compressor 24 may be used. For
example, the air feed control device 66 may be a pressure
regulator capable of controlling the air pressure directed
toward the first compressor 24 to between about 4 kPa
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and about 100 kPa. The air feed control device 66 may
be, for example, electrically, pneumatically or mechani-
cally actuated. The air feed control device 66 may also
be configured to block air feed passageway 60 if the air
pressure in the passageway exceeds a predetermined
pressure threshold, such as 100 kPa for example.
[0023] Referring to Fig. 2, in the depicted embodiment,
the first compressor wheel 25 includes a compressor
wheel back face 68 and an outer circumferential edge
70. The first compressor wheel 25 is fixedly connected
to the first shaft 52 and centrally disposed within a com-
pressor housing 72 to rotate about a longitudinal axis 73.
The compressor housing 72 may be configured to at least
partially enclose the first compressor wheel 25.
[0024] The compressor housing 72 mounts onto a
center housing 74 via a compressor back plate 76. In the
depicted embodiment, the compressor back plate 76 is
attached to both the compressor housing 72 and the cent-
er housing 74 by any suitable means, such as for exam-
ple, fasteners. In other embodiments, the compressor
back plate 76 may be formed integrally with the compres-
sor housing 72 or the center housing 74.
[0025] The compressor back plate 76 forms an aper-
ture 78 through which the first shaft 52 is received. The
first shaft 52 is rotatably supported in the center housing
74 by one or more bearing assemblies 80. The bearing
assemblies 80 may be configured in a variety of ways.
Any bearing assembly 80 suitable of rotatably supporting
the first shaft 52 within the center housing 74 at operating
conditions and rotation speeds typical for turbocharger
shafts may be used.
[0026] For example, it is known to use floating sleeve-
type bearings on turbocharger shafts. Floating sleeve-
type bearings (i.e. journal bearings) utilize a sleeve (not
shown) arranged between the turbocharger shaft and the
center housing. Oil, such as from the oil circuit of an en-
gine, is directed to the bearing assembly to form a thin
film of oil between the turbocharger shaft and the sleeve
and between the center housing and the sleeve. Thus,
the sleeve "floats" between two films of oil and can rotate
relative to the turbocharger shaft and the center housing.
[0027] Turbochargers are also known to use ball bear-
ings. Similar to a floating sleeve-type bearing, the ball
bearing assembly rotatably supports the turbocharger
shaft within the center housing. Instead of the turbocharg-
er shaft spinning on a cushion of oil with the sleeve bear-
ings, however, with ball bearings, the shaft spins an inner
race (not shown) of the ball bearing assembly.
[0028] The bearing assemblies 80 are oil-lubricated.
An oil passage 82 is configured to provide oil, under pres-
sure, to the bearing assemblies 80. For example, in the
depicted embodiment, the oil passage 82 is formed in
the center housing 74 and fluidly couples the bearing
assembly 80 to a source of oil, such as the lubrication
system (not shown) of the power source 12.
[0029] One or more shaft seals are utilized to prevent
oil from the bearing assembly 80 entering the compressor
area. The shaft seal(s) may be configured in a variety of

ways. Any sealing device capable of resisting oil entering
the compressor area may be used. In the depicted em-
bodiment, an annular first seal 84 is disposed around the
first shaft 52 between the center housing 74 and the first
compressor wheel 25 and an annular second seal 85 is
disposed around the first shaft 52 between the center
housing 74 and the annular first seal 84. The annular first
seal 84 and the annular second seal 85 are spaced axially
apart such that an annular space 87 is formed there be-
tween.
[0030] An air passage 86 is provided that fluidly cou-
ples the air feed passageway 60 to an area between the
center housing 74 and the first compressor wheel 25. In
one embodiment, the air passage 86 is a portion of the
air feed passageway 60. The air passage 86 includes a
passage inlet 88 configured to receive compressed air
from the air feed passageway 60 and a passage outlet
90. In the depicted embodiment, the air passage 86 ex-
tends through the compressor back plate 76. In other
embodiments, however, the air passage 86 may extend
partially or entirely through other portions of the first tur-
bocharger 54, such as the compressor housing 72 and/or
the center housing 74. Thus, any configuration of the air
passage 86 that allows compressed air from the second
compressor 26 to be directed to the area between the
center housing 74 and the first compressor wheel 25 may
be used. In the depicted embodiment, the air passage
86 fluidly couples the air feed passageway 60 to the an-
nular space 87.
[0031] Referring back to Fig. 1, the power system 10
includes a controller 92 capable of controlling the oper-
ation of a portion of or all of the power system 10. The
controller 92 may embody a single or multiple microproc-
essors, field programmable gate arrays (FPGAs), digital
signal processors (DSPs), etc. that include a means for
controlling an operation of power system 10 in response
to signals received from one or more sensors.
[0032] Numerous commercially available microproc-
essors can be configured to perform the functions of the
controller 92. It should be appreciated that the controller
92 could readily embody a microprocessor separate from
that controlling other non-exhaust related power system
functions, or that the controller 92 could be integral with
a general power system microprocessor and be capable
of controlling numerous power system functions and
modes of operation. If separate from a general power
system microprocessor, the controller 92 may commu-
nicate with the general power system microprocessor via
data links or other methods. Various other known circuits
may be associated with the controller 92, including power
supply circuitry, signal-conditioning circuitry, actuator
driver circuitry (i.e., circuitry powering solenoids, motors,
or piezo actuators), communication circuitry, and other
appropriate circuitry.
[0033] In the depicted embodiment, the controller 92
is used to control the air feed control device 66 to regulate
the flow rate and/or pressure of the air being directed
from the second compressor 26 to the first compressor
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24. For example, a pressure sensor 94 may be associ-
ated with the air feed passageway 60 to produce a signal
indicative of the air pressure being directed from the sec-
ond compressor 26 to the first compressor 24. The con-
troller 92 may receive a signal from the pressure sensor
94 and adjust the air feed control device 66 to produce
a desire air pressure.
[0034] In another embodiment, the air feed control de-
vice 66 may be configured to regulate or control the flow
and pressure without input from controller 92. For exam-
ple, the air feed control device 66 may include mechanical
means, such as a biasing element or diaphragm that reg-
ulates air pressure.
[0035] The controller 92 may also be configured to con-
trol the recirculation control valve 50 to regulate the flow
rate and/or pressure of the exhaust gas being directed
to the air induction system 14.or

Industrial Applicability

[0036] The disclosed air induction system may be im-
plemented into any power system application that utilizes
first and second compressors in an air induction system.
The disclosed air induction system provides for reduced
oil consumption of the first compressor.
[0037] In the depicted embodiment, exhaust from the
power source 12 is directed through the second turbine
42 and the first turbine 40, in series. In response, the
second turbine 42 drives the second compressor 26 via
the second shaft 56 and the first turbine 40 drives the
first compressor 24 via the first shaft 52. The first com-
pressor 24 compresses air in the air induction system 14
to a first pressure. The second compressor 26 compress-
es the air previously compressed by the first compressor
24 to a second pressure, greater than the first pressure.
[0038] A portion of the air compressed by the second
compressor 26 is directed back to the first compressor
to an area between first compressor wheel 25 and the
center housing 74. Directing pressurized air to the area
between the first compressor wheel 25 and the center
housing 74 creates a pressure zone between the first
compressor wheel 25 and the bearing assemblies 80 that
is greater than the oil pressure utilized to lubricate the
bearing assemblies 80. Thus, the pressure zone resists
oil leaking past the first seal 84 and into the compressor
housing 72. Since the air passage 86 extends through
the compressor back plate 76 and/or through other por-
tions of the first turbocharger 54, compressed air from
the second compressor 26 is directed between the first
seal 84 and the second seal 85. In addition, since the
second compressor 26 compresses air to a greater pres-
sure than the first compressor 24, the pressure between
the first compressor wheel 25 and the compressor back
plate 76 may be greater than can be supplied if the output
of the first compressor 24 was used.
[0039] The air pressure and flow to the area between
the first compressor wheel 25 and the center housing 74
may also be controlled by the controller 92 and/or the air

feed control device 66. Thus, the pressure can be varied
depending on the operating conditions of the power sys-
tem 10 and can be maintained within a desired range
over a broad range of operating conditions. Furthermore,
the air flow can be discontinued if desired, such as when
a pressure threshold is reached.
[0040] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
disclosed exhaust system. Other embodiments will be
apparent to those skilled in the art from consideration of
the specification and practice of the disclosed exhaust
system. It is intended that the specification and examples
be considered as exemplary only, with a true scope being
indicated by the following claims and their equivalents.

Claims

1. An air induction system, comprising:

a first compressor (24) having a first compressor
wheel (25) mounted on a shaft (52) supported
in a center housing (74);
a second compressor (26) having a second
compressor wheel (27);
a passageway (60) configured to direct com-
pressed air from an area downstream of the sec-
ond compressor wheel (27) to the area between
the first compressor wheel (25) and the center
housing (74); and
a control device (66) disposed in the passage-
way (60), the control device (66) configured to
control the flow and/or pressure of the com-
pressed air in the passageway (60) that is di-
rected to the area between the first compressor
wheel (25) and the center housing (74).

2. The air induction system of claim 1 wherein the sec-
ond compressor (26) is arranged in series with the
first compressor (24) and is configured to compress
air to a higher pressure than the first compressor
(24).

3. The air induction system of claim 1 wherein the pas-
sageway (60) directs compressed air through a pas-
sage (86) in a back plate (76) of the first compressor
(24).

4. The air induction system of claim 1 further compris-
ing an annular first seal (84) disposed between the
center housing (74) and the first compressor wheel
(25) wherein the passageway (60) is configured to
direct compressed air to an area between the first
compressor wheel (25) and the annular first seal
(84).

5. The air induction system of claim 4 further compris-
ing an annular second seal (85) disposed between
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the annular first seal (84) and the first compressor
wheel (25), wherein the passageway (60) is config-
ured to direct compressed air to an area between
the annular first seal (84) and the annular second
seal (85).

6. The air induction system of claim 1 wherein the con-
trol device (66) is configured to close the passage-
way (60) if the air pressure exceeds a predetermined
pressure threshold.

7. A method for reducing oil seal leakage in a compres-
sor (24) having a compressor wheel (25) mounted
on a shaft (52) supported in a center housing (74),
comprising:

compressing air at a first location to a first pres-
sure;
compressing air at a second location to a second
pressure that is higher than the first pressure;
and
directing air compressed at the second location
to an area between the compressor wheel (25)
and the center housing (74).

8. The method of claim 7 wherein directing compressed
air from the second location to the area between the
compressor wheel (25) and the center housing (74)
further includes directing compressed air through a
passage (86) in a back plate (76) of the compressor
(24).

9. The method of claim 7 wherein compressing air at
the first location further comprises compressing air
with a first turbocharger (54) and compressing air at
the second location further comprises compressing
air previously compressed by the first turbocharger
(54) with a second turbocharger (58).

10. The method of claim 7 further comprising regulating
the pressure and/or flow of the compressed air di-
rected from the second location to the first location.
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