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Description

EXHAUST GAS TURBOCHARGER WITH 2 INFLOW
CHANNELS CONNECTED BY A VALVE

Technical Field

5 The present disclosure is directed to a turbocharger and, more

particularly, to a turbocharger having a divided housing with an integral valve.

Background

Internal combustion engines such as, for example, diesel engines,
gasoline engines, and gaseous fuel powered engines are supplied with a mixture
10  of air and fuel for subsequent combustion within the engine that generates a
mechanical power output. In order to maximize the power generated by this
combustion process, the engine is often equipped with a divided exhaust
manifold in fluid communication with a turbocharged air induction system.
The divided exhaust system increases the engine power by helping
15  to preserve the exhaust pulse energy generated by the engine cylinders.
Preserving the exhaust pulse energy generated by the engine cylinders improves
the turbocharger efficiency, which results in a more efficient use of fuel and
ultimately a greater engine power output. In addition, the turbocharged air
induction system increases the engine power by enhancing fueling. Such fueling
20  is enhanced by increasing the supply of air to the engine combustion chambers.
In particular, a typical turbocharged air induction system includes a turbocharger
that uses exhaust from the engine to compress air flowing into the engine intake,
thereby forcing more air into an engine combustion chamber than would
otherwise be possible. This enhanced fueling increases the power generated by
25  the engine.
In addition to the goal of maximizing engine power, it is desired to

minimize exhaust emissions. The above-mentioned engines may exhaust a
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complex mixture of air pollutants composed of solid particulate matter and
gaseous compounds including nitrous oxides (NOx). Due to increased attention
on the environment, exhaust emission standards have become more stringent, and
the amount of solid particulate matter and gaseous compounds emitted to the
atmosphere from an engine is regulated depending on the type of engine, size of
engine, and/or class of engine.

One method that has been implemented by engine manufacturers
to comply with the regulation of these engine emissions includes utilizing an
exhaust gas recirculating (EGR) system. EGR systems operate by recirculating a
portion of the exhaust gas back to the intake of the engine. There, the exhaust
gas mixes with fresh air. The resulting mixture contains less oxygen than pure
air, thereby lowering the combustion temperature in the combustion chambers
and producing less NOx. Simultaneously, some of the particulate matter
contained within the exhaust is burned upon re-introduction to the combustion
chamber.

EGR systems require a certain level of backpressure in the exhaust
system to redirect the desired amount of exhaust gas back to the intake of the
engine. The amount of backpressure needed for adequate operation of the EGR
system varies with engine load. However, such backpressure adversely affects
the turbocharger efficiency, thereby reducing the air compressing capability of
the turbocharged air induction system. The reduced air compressing capability
may in turn reduce the engine’s fuel economy and possibly the amount of power
generated by the engine.

U.S. Patent No. 6,694,735 to Sumser et al. (“the *735 patent”)
discloses an engine exhaust system utilizing and EGR circuit and a divided
exhaust manifold in fluid communication with a turbocharged air induction
system. The turbocharger includes a turbine fluidly connected to an exhaust
manifold of the engine and a compressor mechanically connected to the turbine.
Exhaust gas flows from the engine exhaust manifold to the turbine through a first
and a second exhaust line. The first exhaust line is fluidly connected to the EGR
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circuit. In addition, the turbine includes three inlet passages having different
sizes. The two smaller inlet passages fluidly communicate with the first exhaust
line, and the largest inlet passage fluidly communicates with the second exhaust
line. The first exhaust line further includes a throttling valve, which regulates the
mass flow of exhaust gas flowing through the two smaller inlet passages. By
actuating the valve, the backpressure in the first exhaust line can be adjusted, and
the mass flow of exhaust gas flowing through the EGR circuit may be regulated.

Although the system in the ‘735 patent may adjust the
backpressure in the turbocharger inlet passages to reduce adverse effects that the
backpressure may have on turbocharger efficiency, the engine system design may
offset any benefits gained from the backpressure adjustments. In particular, the
flow rates of the exhaust gas flowing through the three inlet passages are not
equal. Such discrepancies between flow rates may interfere with the energy
generated by the cylinders and reduce the power output of the turbine and the
overall efficiency of the turbocharger. The lower turbine power output and
turbocharger efficiency may decrease the amount of air available for combustion
by the engine and ultimately reduce the fuel economy and amount of power
generated by the engine.

In addition, the system in the ‘735 patent uses a three turbocharger
inlet passage configuration instead of the two inlet passage configuration used by
conventional turbochargers. Moreover, each inlet passage has a unique cross-
sectional shape and area. The additional inlet passage in conjunction with the
complex design may create manufacturing issues and increase the manufacturing
costs.

The disclosed system is directed to overcoming one or more of the

problems set forth above.

Summary of the Invention

In one aspect, the disclosure is directed toward a turbocharger.

The turbocharger may include a turbine wheel and a housing configured to at
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least partially enclose the turbine wheel. The housing may include a first turbine
volute having a first inlet and a second turbine volute having a second inlet. The
first and second volutes may be configured to communicate first and second fluid
flows with the turbine wheel. The housing may also include a wall member
axially separating the first and second turbine volutes. In addition, the housing
may include a valve configured to selectively allow fluid in the first inlet to
communicate with fluid in the second inlet.

Consistent with a further aspect of the disclosure, a method is
provided for operating a turbocharger. The method includes simultaneously
receiving a plurality of exhaust flows into the turbocharger at separate axially
offset locations. The method also includes selectively allowing the exhaust flows

to communicate with each other upon entering the turbine.

Brief Description of the Drawings

Fig. 1 is a schematic illustration of an exemplary disclosed power
system;

Fig. 2 is an oblique view cutaway illustration of an exemplary
disclosed turbocharger for use with the power system of Fig. 1; and

Fig. 3 is a side view cross-sectional illustration of the turbocharger

of Fig. 2.

Detailed Description

Fig. 1 illustrates a power system 10 having a power source 12, an
air induction system 14, and an exhaust system 16. For the purposes of this
disclosure, power source 12 is depicted and described as a four-stroke diesel
engine. One skilled in the art will recognize, however, that power source 12 may
be any other type of internal combustion engine such as, for example, a gasoline
or a gaseous fuel-powered engine. Power source 12 may include an engine block
18 that defines a plurality of cylinders 20. A piston (not shown) may be slidably

disposed within each cylinder 20 to reciprocate between a top-dead-center
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position and a bottom-dead-center position, and a cylinder head (not shown) may
be associated with each cylinder 20.

Cylinder 20, the piston, and the cylinder head may form a
combustion chamber 22. In the illustrated embodiment, power source 12
includes six such combustion chambers 22. However, it is contemplated that
power source 12 may include a greater or lesser number of combustion chambers
22 and that combustion chambers 22 may be disposed in an “in-line”
configuration, a “V” configuration, or in any other suitable configuration.

Air induction system 14 may include components configured to
introduce charged air into power source 12. For example, air induction system 14
may include an induction valve 24, one or more compressors 26, and an air
cooler 28. It is contemplated that additional components may be included within
air induction system 14 such as, for example, additional valving, one or more air
cleaners, one or more waste gates, a control system, a bypass circuit, and other
means for introducing charged air into power source 12. It is also contemplated
that induction valve 24 and/or air cooler 28 may be omitted, if desired.

Induction valve 24 may be connected to compressors 26 via a fluid
passageway 30 and configured to regulate the flow of atmospheric air to power
source 12. Induction valve 24 may embody a shutter valve, a butterfly valve, a
diaphragm valve, a gate valve, or any other type of valve known in the art.
Induction valve 24 may be solenoid-actuated, hydraulically-actuated,
pneumatically-actuated, or actuated in any other manner in response to one or
more predetermined conditions.

Compressor 26 may be configured to compress the air flowing
into power source 12 to a predetermined pressure level. Compressors 26, if more
than one is included within air induction system 14, may be disposed in a series
or parallel relationship and connected to power source 12 via a fluid passageway
32. Compressor 26 may embody a fixed geometry compressor, a variable

geometry compressor, or any other type of compressor known in the art. It is
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contemplated that a portion of the compressed air from compressor 26 may be
diverted from fluid passageway 32 for other uses, if desired.

Air cooler 28 may embody an air-to-air heat exchanger, an air-to-
liquid heat exchanger, or a combination of both, and be configured to facilitate
the transfer of thermal energy to or from the compressed air directed into power
source 12. For example, air cooler 28 may include a shell and tube-type heat
exchanger, a corrugated plate-type heat exchanger, a tube and fin-type heat
exchanger, or any other type of heat exchanger known in the art. Air cooler 28
may be disposed within fluid passageway 32, between compressor 26 and power
source 12.

Exhaust system 16 may direct exhaust flow out of power source
12 and may include first and second exhaust manifolds 34 and 36, first and
second exhaust passageways 38 and 40, one or more sensors 42 for sensing a
condition in exhaust passageway 38, exhaust gas recirculation (EGR) loop 44,
one or more turbines 46, and a controller 48 for regulating the flow of exhaust
through exhaust system 16. It is contemplated that exhaust system 16 may
include additional components such as, for example, particulate traps, NOx
absorbers or other catalytic devices, attenuation devices, and other means for
directing exhaust flow out of power source 12 that are known in the art.

The exhaust produced during the combustion process within
combustion chambers 22 may exit power source 12 via either first exhaust
manifold 34 or second exhaust manifold 36. First exhaust manifold 34 may be
fluidly connected with exhaust passageway 38 such that the exhaust from a first
group of combustion chambers 22 of power source 12 firing at nearly the same
time may be directed through exhaust passageway 38 to turbine 46. Second
exhaust manifold 36 may be fluidly connected with exhaust passageway 40 such
that the exhaust from a second group of combustion chambers 22 of power source
12 firing at nearly the same time, but different from the first group, may be
directed through exhaust passageway 40 to turbine 46. It should be understood
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that the cross-sectional area of exhaust passage 38 may be smaller than the cross-
sectional area of exhaust passage 40. The smaller cross-sectional area may
restrict the flow of exhaust gas through exhaust passage 38, thereby creating
enough backpressure to direct at least a portion of the exhaust gas through EGR
loop 44.

Sensor 42 may be located anywhere within exhaust passage 38
and may include one or more pressure sensing devices for sensing a pressure of
the exhaust gas flowing through exhaust passage 38. Upon measuring the
pressure of the exhaust gas, sensor 42 may generate an exhaust gas pressure
signal and send this signal to controller 48 via communication line 50, as is
known in the art. The signal may be used by controller 48 to adjust the
backpressure in exhaust passageway 38. Alternately, it is contemplated that
sensor 42 may be any type of mass air flow sensor such as, for example, a hot
wire anemometer or a venturi-type sensor configured to sense the flow rate of
exhaust gas passing through exhaust passageway 38. Controller 48 may use the
sensed flow rate to determine and adjust the backpressure in exhaust passageway
38. The adjustment of pressure will be further explained later.

EGR loop 44 may include components that cooperate to redirect a
portion of the exhaust provided by engine 12 from exhaust passageway 38 to
fluid passageway 32. Specifically, EGR loop 44 may include an inlet port 52, an
EGR cooler 54, a recirculation valve 56, and a discharge port 58. Inlet port 52
may be fluidly connected to first exhaust passageway 38 upstream of turbine 46
and fluidly connected to EGR cooler 54 via a fluid passageway 60. In addition,
discharge port 58 may be fluidly connected to EGR cooler 54 via a fluid
passageway 62. Recirculation valve 56 may be disposed within fluid passageway
62, between EGR cooler 54 and discharger port 58. It is contemplated that inlet
port 52 may be located upstream or downstream of any turbochargers present (if

any) and/or additional emission control devices disposed within first exhaust
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passageway 38 (not shown) such as, for example, particulate filters and catalytic
devices.

Recirculation valve 56 may be located to regulate the flow of
exhaust gas through EGR loop 44. Recirculation valve 56 may be any type of
valve such as, for example, a butterfly valve, a diaphragm valve, a gate valve, a
ball valve, a globe valve, or any other valve known in the art. In addition,
recirculation valve 56 may be solenoid-actuated, hydraulically-actuated,
pneumatically-actuated or actuated in any other manner to selectively restrict the
flow of exhaust gas through fluid passageways 60 and 62.

EGR cooler 54 may be configured to cool exhaust gas flowing
through EGR loop 44. EGR cooler 54 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. It is contemplated that EGR cooler
54 may be omitted, if desired.

Turbine 46 may be configured to drive compressor 26. In
addition, turbines 46, if more than one is included within exhaust system 16, may
be disposed in a series or parallel relationship and connected to first and second
exhaust manifolds 34 and 36 via first and second exhaust passageways 38 and 40.
Each turbine 46 may be connected to one or more compressors 26 of air
induction system 14 by way of a common shaft 64 to form a turbocharger 66. As
the hot exhaust gases exiting power source 12 move through first and/or second
exhaust passageways 38 and 40 to turbine 46 and expand against blades (not
shown in Fig. 1) of turbine 46, turbine 46 may rotate and drive the connected
compressor 26 to compress inlet air. As illustrated in Fig. 2, turbine 46 may
include a turbine wheel 68 fixedly connected to common shaft 64 and centrally
disposed to rotate within a turbine housing 70.

Turbine wheel 68 may include a turbine wheel base 72 and a
plurality of turbine blades 74. Turbine blades 74 may be disposed on the outer
periphery of turbine wheel base 72 and may be adapted to rotate turbine wheel
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base 72 when driven by the expansion of hot exhaust gases. Turbine blades 74
may be rigidly fixed to the turbine wheel base 72 using conventional means or
may alternatively be integral with turbine wheel base 72 and be formed through a
casting or forging process, if desired.

Turbine housing 70 may be configured to at least partially enclose
turbine wheel 68 and direct hot expanding gases from first and second exhaust
passageways 38 and 48 separately to turbine wheel 68. In particular, turbine
housing 70 may be a divided housing have a first volute 76 with a first inlet 78
fluidly connected with exhaust passageway 38 and a second volute 80 fluidly
with a second inlet 82 connected with exhaust passageway 40. A wall member
84 may divide first volute 76 from second volute 80. It should be understood that
first volute 76 and first inlet 78 may have a smaller cross-sectional area than
second volute 80 and second inlet 82 respectively.

Turbine housing 70 may also include a control valve 86 fluidly
connected to both first inlet 78 and second inlet 82. Control valve 86 may be
configured to regulate the pressure of exhaust gas flowing through exhaust
passage 38 by selectively allowing exhaust gas to flow from the higher pressure
first inlet 78 to the lower pressure second inlet 82. It should be understood that
the amount of pressure in exhaust passage 38 may control the amount of exhaust
gas directed through EGR loop 44. Because control valve 86 may ultimately
control the amount of exhaust gas directed through EGR loop 44, it is
contemplated that EGR valve 56 may be omitted, if desired. In addition, because
exhaust gas may be selectively allowed to flow from first inlet 78 to second inlet
82, the differential between the flow rates in first and second volutes 76 and 80
may be minimized, thereby minimizing the impact the pressure differential may
have on the turbocharger efficiency.

Control valve 86 may be any type of valve such as, for example, a
butterfly valve, a diaphragm valve, a gate valve, a ball valve, a globe valve, or

any other valve known in the art. Furthermore, control valve 86 may be
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solenoid-actuated, hydraulically-actuated, pneumatically-actuated or actuated in
any other manner to selectively restrict the flow of exhaust gas between first and
second inlets 78 and 82.

Each of first and second volutes 76, 80 may have an annular
channel-like outlet 88 fluidly connecting first and second volutes 76, 80 with a
periphery of turbine wheel 68. A plurality of vane members 90 may be disposed
within each of first and second volutes 76, 80 between first and second inlets 78,
82 and annular channel-like outlet 88. Vane members 90 may be substantially
equally angled relative to a central axis of turbine 46 such that exhaust gases
entering first and second inlets 78, 82 and flowing annularly through first and
second volutes 76, 80 may be radially and uniformly redirected inward through
annular channel-like outlet 88 at a plurality of finite annular locations. As
illustrated in both Figs. 2 and 3, vane members 90 may be fixedly connected to
opposing sides of wall member 84 at a plurality of equally spaced locations,
thereby dividing annular channel-like outlet 88 into the plurality of finite outlet
locations. It is contemplated that vane members 90 may be cast integrally with
turbine housing 70 and fabricated, for example, through an electron discharge
machining process. It is also contemplated that vane members 90 may
alternatively be cast integrally with turbine housing 70 in finish form through a
high precision casting process. It is further contemplated that vane members 88
may be initially separate from turbine housing 70 and, when assembled thereto,
may be common to both first and second volutes 76, 80 (e.g., extending through
wall member 84). It is additionally contemplated that vane members 90 may
only be associated with only one of first and second volutes 76, 80, if desired.

Referring back to Fig. 1, controller 48 may regulate the flow rate
of exhaust gas flowing through EGR loop 44 and the flow rate or pressure of
exhaust gas flowing though exhaust passageway 38 by adjusting EGR valve 56
and/or control valve 86. It should be understood that controller 48 may adjust

EGR valve 56 and/or control valve 86 by transmitting control signals via
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communication lines 92. For configurations omitting EGR valve 56, controller
48 may adjust only control valve 86 to regulate the flow of exhaust gas in EGR
loop 44. In addition, the communication line 92 that runs from controller 48 to
EGR valve 56 may be omitted.

Controller 48 may include one or more microprocessors, a
memory, a data storage device, a communication hub, and/or other components
known in the art and may be associated with exhaust system 16. It is
contemplated that controller 48 may be integrated within a general control system
capable of controlling additional functions of power system 10, e.g., selective
control of power source 12, and/or additional systems operatively associated with
power system 10, e.g., selective control of a transmission system (not shown).

Before regulating the flow of exhaust gas through EGR loop 44,
controller 48 may receive data indicative of a condition of power source 12 or a
desired exhaust gas flow rate through EGR loop 44. Such data may be received
from another controller or computer (not shown). In an alternate embodiment,
data indicative of condition of power source 12 may be received from sensors
strategically located throughout power system 10. Controller 48 may compare
the power source condition data to algorithms, equations, subroutines, reference
look-up maps or tables and determine a desired exhaust gas flow rate through
EGR loop 44.

Controller 48 may also receive signals from sensor 42 indicative
of the flow rate or pressure of exhaust gas flowing through exhaust passageway
38. Upon receiving input signals from sensor 42, controller 48 may perform a
plurality of operations, e.g., algorithms, equations, subroutines, reference look-up
maps or tables to determine whether the flow rate or pressure of exhaust gas
flowing through exhaust passageway 38 is within a desired range for producing
the desired exhaust gas flow rate through EGR loop 44. In an alternate
embodiment, it is contemplated that controller 48 may receive signals from

various sensors (not shown) located throughout exhaust system 16 and/or power
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system 10 instead of sensor 42. Such sensors may sense parameters that may be
used to calculate the flow rate or pressure of exhaust gas flowing through exhaust

passageway 38.

Industrial Applicability

The disclosed turbocharger may be implemented into any power
system application where charged air induction and exhaust gas recirculation are
utilized. In particular, because the disclosed turbocharger includes an integral
control valve, the air system efficiency and fuel economy may be improved while
reducing the amount of emissions released into the atmosphere. The operation of
power system 10 will now be explained.

Referring to Fig. 1, atmospheric air may be drawn into air
induction system 14 by compressor 26 via induction valve 24, where it may be
pressurized to a predetermined level before entering combustion chambers 22 of
power source 10. Fuel may be mixed with the pressurized air before or after
entering combustion chambers 22 and combusted by power source 10 to produce
mechanical work and an exhaust flow of hot gases. After being combusted, the
exhaust gas may enter either first exhaust manifold 34 or second exhaust
manifold 36 depending on the configuration of combustion chambers 22.

Exhaust from exhaust manifold 34 may flow through exhaust
passageway 38, and exhaust from exhaust manifold 36 may flow through exhaust
passageway 40. Because exhaust passageway 38 may have a smaller cross-
sectional area than exhaust passageway 40, exhaust gas flowing through exhaust
passageway 38 may have a higher pressure and/or a lower flow rate than exhaust
gas flowing through exhaust passageway 40. The higher pressure in exhaust
passageway 38 may allow at least a portion of the exhaust gas to flow through
EGR loop 44. Controller 48 may regulate the flow rate of exhaust gas flowing
through EGR loop 44 by adjusting EGR valve 56 and/or control valve 86. Such
adjustments may be made in response to an operating condition of power source

12 and a sensed flow rate or pressure of exhaust gas flowing through exhaust
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passage 38. In addition, it is contemplated that control valve 86 may be adjusted
in small increments, if desired.

The portion of exhaust gas that is not flowing through EGR loop
44 may be directed to turbine 46 where the expansion of the hot gases may cause
turbine 46 to rotate, thereby rotating connected compressor 26 and compressing
the inlet air. After exiting turbine 46, the exhaust flow may flow through
additional exhaust treatment devices and be released to the atmosphere.

As illustrated in Fig. 2, as the exhaust gases flowing from power
source 10 enter turbine 46 via exhaust passageways 38 and 40, they may be
separately and simultaneously directed through first and second volutes 76, 80,
respectively, to turbine wheel 68. Also, depending upon the position of control
valve 86, at least a portion of exhaust gas flowing through first inlet 78 may flow
through second inlet 82, thereby reducing the pressure and flow rate differential
between first and second volutes 76 and 80. As the flow of exhaust moves
through each of first and second volutes 76, 80 and around turbine wheel 68,
vane members 90 may redirect these annular flows inward to the periphery of
turbine blades 74 at the plurality of finite locations. After imparting energy to
and thereby urging turbine blades 74 to rotate, the exhaust gases may axially exit
turbine 46.

The advantages of integral control valve 86 may be realized in the
disclosed power system. In particular, because the turbine includes an integral
control valve, the differential between of the flow rates of exhaust gas flowing
through the first and second volutes may be minimized. By minimizing the flow
rate differential, a larger portion of the energy generated by the cylinders may be
preserved, thereby increasing the power output of the turbine and the overall
efficiency of the turbocharger. The increased turbine power output and
turbocharger efficiency may increase the amount of air available for combustion
by the engine and ultimately increase the fuel economy and amount of power

generated by the engine.
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In addition, the design of the turbine may be simpler because it
uses only two inlet passages. The simpler design may minimize manufacturing
issues and decrease manufacturing costs.

It will be apparent to those skilled in the art that various

5 modifications and variations can be made to the disclosed turbocharger. Other

 embodiments will be apparent to those skilled in the art from consideration of the
specification and practice of the disclosed turbocharger. 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.
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Claims

1. A turbocharger (66), comprising:
a turbine wheel (68); and
a housing (70) configured to at least partially enclose the turbine
wheel and having:
a first turbine volute (76) having a first inlet (78) and
configured to communicate a first fluid flow with the turbine wheel;
a second turbine volute (80) having a second inlet (82) and
configured to communicate a second fluid flow with the turbine wheel;
a wall member (84) axially separating the first and second
turbine volutes; and
a valve (86) configured to selectively allow fluid in the

first inlet to communicate with fluid in the second inlet.

2. The turbocharger of claim 1, wherein the first volute has a
smaller cross-sectional area than the second volute, and the first inlet has a

smaller cross-sectional area than the second inlet.

3. The turbocharger of claim 2, wherein the housing further
includes a first plurality of annularly disposed vane members (90) associated with

at least one of the first or second turbine volutes.

4. The turbocharger of claim 3, wherein the first plurality of
annularly disposed vane members is associated with the first turbine volute and
the housing further includes a second plurality of annularly disposed vane

members associated with the second turbine volute.
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5. The turbocharger of claim 2, further including a pressure
or flow sensor (42) configured to sense a parameter indicative of a pressure of the

exhaust flowing through the first inlet.

6. The turbocharger of claim 5, further including a controller
(48) configured to adjust the valve in response to the sensed exhaust pressure or

flow rate.

7. A method of operating a turbocharger (66), comprising:

simultaneously receiving a plurality of exhaust flows having
different flow rates or pressures into the turbocharger at separate axially offset
locations; and

selectively allowing the exhaust flows to communicate with each

other upon entering the turbine.

8. The method of claim 7, further including sensing a flow
rate or pressure of one of the exhaust flows and selectively allowing the plurality
of exhaust flows to communicate with each other based on the sensed flow rate or

pressure.

9. The method of claim 11, further including simultaneously
and radially redirecting both of the first and second flows of exhaust at a plurality
of finite annular locations (90) spaced substantially equally about the periphery of
a turbine wheel (68).

10. A power system (10), comprising:
a power source (12) having a plurality of combustion chambers

(22) and being configured to produce a power output and a flow of exhaust gases;
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a first exhaust passageway (38) associated with at least a first of
the plurality of combustion chambers (22);
a second exhaust passageway (40) associated with at least a
second of the plurality of combustion chambers (22);
5 an exhaust gas recirculation loop (44) configured to direct exhaust
gas to an intake of the power source; and

a turbocharger (66) as in any one of claims 1-6.



WO 2009/005665 PCT/US2008/007907

1/3

>~ 24

| | I | | &

K/‘g

©

(e 0]

g LOLDN \/\
o Y
v

10



WO 2009/005665 PCT/US2008/007907

2/3




PCT/US2008/007907

WO 2009/005665

3/3

-

FROM
40

FIG. 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/007907

CLASSIFICATION OF SUBJECT MATTER

INV FOlD9/02 F01D17/14

FO1D17/16

F02B37/18 F02C6/12

According to International Patent Classification (IPC) or to both national classification'and IPC

B. FIELDS SEARCHED

FOID F02B FO2C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the -international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Catégory‘ Citation of document, with indication, where appropriate, of the relevant passages

25 June 2003 (2003-06-25)
abstract
page 3, line 26

figures 1,2,4

page 3, line 49 - line 50 -

X GB 2 312 930 A (DAIMLER BENZ AG [DE]) 1,2,5-8,

12 November 1997 (1997 11-12) 10
abstract .
_page 4, line 24 - line 25
page 5, 1ine.29 - 1ine 34
i figures 1,2
X AT 410 697 B (BLANK OTTO ING [AT]) . . 1-9

m Further dociiments are listed in the continuation of Box C.

E See patent family annex.

* - Special categories of cited documents :

‘A" document defining the general state of the an which is not
considered to be of particular relevance -

' *E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) o
. which is cited to establish the publication date of another
citation or other special reason (as specified)

*Q* document referting to an oral disclosure, use, exhibition or .
other means

‘ *P* document published prior to the international filing date but
later than the priority date claimed

‘T* fater document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory undertying the .
invention '
"X document of particular relevance; the claimed- invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of paricular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

'&" document member of the same patent famity

Date of the actual completion of the international search

24 October 2008

Date of mailing of the intemational search report

30/10/2008

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Palentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Rapénne, Lionel

Form PCT/ISA/210 (second sheet) (April 2005) -

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/007907

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

| category*

Citation of document, with indication, where appropriale of the relevant passages

Relevant to claim No.

X

P,A

DE 10 2004 034070 Al (DAIMLER CHRYSLER AG
[DE]) 9 February 2006 (2006- -02- 09) :
abstract
paragraph [0059]
figure 5
US.5 560 208 A (HALIMI EDWARD M [US] ET.
AL) 1 October 1996 (1996 -10-01) '
.abstract
figure 1
US 3'557 549 A (WEBSTER DONALD F)
- 26 January 1971 (1971 -01-26) ‘
abstract
figure 5
us 2005/247058 Al (PEDERSEN MELVIN H [uS]
ET AL) 10 November 2005 (2005-11- 10)
abstract
figure 21

) 2007/135449 A (INTEGRAL POWERTRAIN LTD

[GB]; BARKER LUKE [GB])

29 November 2007 (2007-11-29)

the whoile document

figures 1,2

FR 2 831 611 A (DAIMLER CHRYSLER AG [DE])
2 May 2003 (2003-05-02)

cited in the application -

the whole document
figures 1,2

1,2,5-8,
10

1,7
1,7
1,7

3,49

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

US . 2003115875

PCT/US2008/007907 -
* Patenit document’ Publication Patent family "1 - Publication -
cited in search report date me_mber(s) date
GB 2312930 A 12-11-1997 BR 9703068 A 10-11-1998
: : DE 19618160 Al - 13-11-1997
us ~ 5943864 Ai 31-08-1999
AT 410697 B 25-06-2003 NONE o
DE 102004034070 Al 09-02-2006 EP 1766209 Al .28-03-2007
' - WO 2006007936 Al 26-01-2006
JP - 2008506073 T 28-02-2008
Us 5560208 - A 01-10-1996 AU 6638796 A 26-02-1997
' - CN - 1196772 A 21-10-1998
~ DE 69621807 D1 ~18-07-2002
‘DE 69621807 T2 20-02-2003
EP - 0842353 Al .20-05-1998
JP 11510235 T - © . 07-09-1999
» W0 9705371 Al - 13-02-1997
US 3557549 ) A ‘26—01—1971 BE - 747443 Al 16-09-1970
: DE . 2012957 Al 08-10-1970
FR 2035147 A5 . 18-12-1970
GB 1278903 A ‘ 21—06-1972'
us 2005247058A Al 10-11-2005 ~ WO 2005108757 A2 17-11-2005
WO 2007135449 A 29-11-2007 - NONE
’FR 2831611 A 02-05-2003 DE 10152803 Al 15-05-2003
: L Al

26-06-2003 -

Form PCT/ISA/210 (patent family annex) (April 2005)







	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

