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(57) Abrégée/Abstract:
An Exhaust Gas Recirculation system for an internal combustion engine (10) incorporates a turbocharger (16) having a
compressor rotor (18) with two sets of vanes on opposite sides of the rotor disk for compression of charge air and recirculated
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(57) Abrege(suite)/Abstract(continued):
exhaust gas. The charge air and recirculated exhaust gas streams are segregated In the turbocharger and an inlet and an outlet

volute for the recirculated exhaust gas Is integral with the turbocharger center housing. A mixer (32) receives the charge air
downstream of the charge air cooler (20) and mixes the recirculated exhaust gas for input into the intake manifold (12). A variable
valve (26) Intermediate the exhaust manifold of the engine and the Inlet of the turbocharger EGR Inlet volute controls the amount of

recirculation.



CA 02282274 1999-08-27

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 98/39563
02M 25/07, F02B 37/00 Al | |
¥ ’ (43) International Publication Date: 11 September 1998 (11.09.98) ,
| (21) International Application Number: PCT/US98/04265 | (81) Designated States: AL, AU, BA, BB, BG, BR, CA, CN, CU,
CZ, EE, GE, GH, HU, ID, IL, IS, JP, KP, KR, LK, LR, LS,
| (22) International Filing Date: 3 March 1998 (03.03.98) LT, LV, MG, MK, MN, MW, MX, NZ, PL, RO, RU, 5D,

SG, SI, SK, SL, TR, TT, UA, UZ, VN, YU, ZW, ARIPO
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian

(30) Priority Data: patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
60/039,246 3 March 1997 (03.03.97) US patent (AT, BE, CH, DE, DK, ES, F], FR, GB, GR, IE, IT,
09/032,101 27 February 1998 (27.02.98) US | LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, |

CM, GA, GN, ML, MR, NE, SN, TD, TG).

1

| (71) Applicant: ALLIEDSIGNAL INC. [US/US]; 101 Columbia

Road, P.O. Box 2245, Morristown, NJ 07962-2245 (US). Published
With international search report.

‘ (72) Inventor: ARNOLD, Steven, Don; 3351 Deluna Drive, Rancho Before the expiration of the time limit for amending the
Palos Verdes, CA 90275 (US). claims and to be republished in the event of the receipt of
amendments.

(74) Agent: CRISS, Roger, H.. AlliedSignal Inc.,, Law Dept. (E.
[annarone), P.O. Box 2245, Morristown, NJ 079622245

(US).

- (54) Titlee EXHAUST GAS RECIRCULATION SYSTEM EMPLOYING A TURBOCHARGER INCORPORATING AN INTEGRAL |
PUMP, A CONTROL VALVE AND A MIXER

(57) Abstract

An Exhaust Gas Recirculation system for an internal com- 3
| bustion engine (10) incorporates a turbocharger (16) having a com-
pressor rotor (18) with two sets of vanes on opposite sides of the
rotor disk for compression of charge air and recirculated exhaust
| gas. The charge air and recirculated exhaust gas streams are scg-
regated in the turbocharger and an inlet and an outlet volute for
the recirculated exhaust gas is integral with the turbocharger cen-
ter housing. A mixer (32) receives the charge air downstream of
the charge air cooler (20) and mixes the recirculated exhaust gas
for input into the intake manifold (12). A variable valve (26) in-

termediate the exhaust manifold of the engine and the inlet of the
turbocharger EGR inlet volute controls the amount of recirculation.
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EXHAUST GAS RECIRCULATION SYSTEM EMPLOYING A
TURBOCHARGER INCORPORATING AN INTEGRAL PUMP, A CONTROL
VALVE AND A MIXER

5 CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the filing date of provisional application
60/039,246 having a filing date of March 3, 1997 entitled Exhaust Gas Recirculation
System Employing A Turbocharger Incorporating An Integral Pump, A Control Valve
And A Mixer.

10
BACKGROUND OF THE INVENTION
Field of the Invention:
The present invention is related generally to the field of internal combustion
engine exhaust gas recirculation (EGR) for emissions improvement. More
15  particularly, the invention provides a turbocharger compressor wheel having impeller
vanes mounted on a side opposite the compressor impeller to act as an EGR pump
with a separate diffuser and volute for EGR flow output from the pump and a separate
scroll inlet to the EGR pump; a control valve for metering exhaust gas to be
recirculated and a mixer for entraining the recirculated exhaust gas in the charge air
20  for the engine.
Description of the Related Art:

EGR is a known method for reducing the NOX emissions in internal
combustion engines. For effective use, an EGR system must overcome the adverse
pressure gradient created by a positive pressure gradient across the engine which is

25  typical of modern high efficiency diesel engines in at least a portion of their operating
range. Various approaches to implementing EGR have included pumping of a portion
of the exhaust gas from the exhaust manifold to the intake manifold. Pumping has
been accomplished by introducing the exhaust gas into the compression inlet of a
conventional turbocharger or supercharger present on the engine or, alternatively,

30 providing a separate compressor receiving the exhaust gas and pressurizing it to a
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suitable pressure for insertion into the charge air downstream of the charge air

boosting system on the engine. Some fuel consumption penalty is generally incurred
by these systems.

EGR also requires adequate mixing of recirculated exhaust gas with the
Incoming fresh air charge to avoid performance degradation and to minimize mixing
losses to avoid additional fuel consumption penalties. Further, positive control of the
recirculated exhaust gas flow is required to assure proper proportions in the charge air
mixture supplied to the engine intake manifold under varying operating conditions.
Additionally, the components and features of an EGR system must be accommodated
within the constraints of limited volume available for allocation in modern engine
compartments.

US patent number 5,406,796 demonstrates an approach to EGR with an
integral pump system in the turbocharger which adds exhaust gas directly to the
charge air volute from the compressor.

It 15, therefore, desirable to provide a highly integrated EGR system employing
pumping components for recirculation of exhaust gas in close physical and functional
cooperation with existing engine system components such as turbochargers. It is
turther desirable to configure an EGR flow path and provide novel control
components to allow necessary control over exhaust gas flow rates and mixing into
the charge air for aspiration by the engine to minimize variation of the percentage of

exhaust gas from cylinder to cylinder.

SUMMARY OF THE INVENTION
An EGR system for an internal combustion engine is comprised of a

turbocharger having a turbine housing including an exhaust gas inlet and a turbine

outlet which houses a turbine driven by exhaust gas received through the exhaust gas
inlet and connected to a rotatable shaft. A center housing supporting a bearing
assembly which receives the rotatable shaft, is connected to turbine housing and a
compressor housing having an air inlet and a charge air outlet. A COMpressor rotor is
attached to the rotatable shaft, the rotor having a first vane set rece1ving air through

the compressor housing inlet and discharging compressed air to the charge air outlet.

AMENDED SHEET
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The rotor has a second vane set integrally mounted on the rotor opposite the first vane
set which receives exhaust gas from an EGR inlet and discharges compressed exhaust

gas through a diffuser to an exhaust gas outlet. The exhaust gas outlet and charge air
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outlet are separate flow paths. A baffle segregating the flow paths at the rotor

circumference separates the flow paths of the exhaust gas and charge air.
A mixer 1s positioned downstream of the turbocharger which receives

the exhaust gas and the charge air and passes the mixed charge through an outlet

connected to the intake manifold of the engine. A control valve is provided
intermediate the engine exhaust manifold and the EGR inlet to control the amount of
exhaust gas recirculated to the second vane set in the turbocharger. Appropriate

conduits connect the exhaust gas outlet to the mixer and the charge air outlet to the

rmixer.

BRIEF DESCRIPTION OF THE DRAWINGS

The details and features of the present invention will be more clearly
understood with respect to the detailed description and drawings in which:

FIG.1. 1s a schematic diagram of an engine and EGR system employing the
combination and components of the present invention;

FIG. 2 1s a detailed section view of an EGR pump employed in an embodiment
of the invention which is integral with a turbocharger;

FIG. 3 1s a detailed section view of a mixer for recirculated exhaust gas from
the EGR pump and fresh charge air from the turbocharger compressor incorporated in
the disclosed embodiment of the present invention;

FIG. 4. 1s a detailed section view of a valve used in the embodiment of the
invention shown 1n the drawings for control of exhaust gas to be recirculated;

FIG. 5 1s a schematic diagram of the operation and elements of the valve of

FIG. 4; and

FIG. 6 is a detailed section view of a second embodiment of the mixer of 'FIG.

DETAILED DESCRIPTION OF THE INVENTION
Referring to the drawings, FIG. 1 shows an internal combustion engine 10

having an intake manifold 12 and an exhaust manifold 14. A turbocharger 16 is

3
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provided for charge air boost, receiving intake air for compression by a compressor
rotor 18 which provides the pressurized air to a charge air cooler 20 prior to
introduction into the intake manifold. The compressor rotor is driven by a shaft 22
connected to a turbine 24 receiving exhaust gas from the exhaust manifold of the
engine.

Exhaust gas for recirculation is diverted from the flow out of the exhaust
manifold through a control valve 26 to an EGR cooler 28. Gas from the EGR cooler
1s provided to the inlet of an EGR pump which, for the embodiment shown in the
drawings, is a compressor rotor 30 mounted to the turbocharger shaft to be driven by
the turbine. The pressurized exhaust gas from the EGR pump flows to a mixer 32
which combines the recirculated exhaust flow with the charge air to create a
substantially homogenous flow stream for introduction into the intake manifold.

FIG. 2 shows the details of a turbocharger employing an integral EGR
compressor according to the present invention. The turbine is contained in a cast
turbine housing 34 which incorporates a radial exhaust gas inlet 36 feedinga
bifurcated volute 38, for the embodiment shown in the drawings. Gas flowing
through the turbine exits at turbine outlet 40. Shaft 22 1s supported by a bearing
system including journal bearings 42 separated by spacer 44 and thrust collar 46 with
bearing 48 all carried within a center housing 50 which incorporates lubrication
channels 52. The charge air compressor is contained within a cast compressor
housing 54 which provides an air inlet 56, a diffuser 58 and an outlet 60 for the
compressed charge air, in the embodiment shown, in the conformation of a volute.

The EGR pump is incorporated into the existing rotor group of the
turbocharger by adding impeller vanes 62 to the back side of the compressor wheel. A
scroll inlet 64 provides exhaust gas for recirculation and a separate diffuser 66 carries

the pressurized exhaust gas to an outlet 68, which, in the embodiment shown, is in
the conformation of a volute. The EGR pump inlet, diffuser and volute

are incorporated in a casting 70 which replaces the conventional compressor back
plate for the turbocharger, thereby re(juiring only a small increase in the length of the
rotor group and turbocharger as a whole. Segregation of the charge air flow in the
COmMpressor and the recirculated exhaust gas in the EGR pump is maintained by a

baffle 72 which is constrained between the compressor housing and EGR pump

4
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casting. The baftle engages the rotor circumference in a step seal or centrifugal seal.
Alternative embodiments employ a scroll seal to create a pressure differential
separating the EGR flow and charge air flow in the turbocharger to avoid fouling of
the charge air flow components such as the charge air cooler downstream of the

turbocharger which will be described in greater detail subsequently. The EGR pump

casting is mounted to the compressor housing using a retaining ring 74 and bolts 76
received in the compressor housing.

Pressurized exhaust gas from the EGR pump and pressurized charge air from
the turbocharger compressor and charge air cooler are combined in mixer 32 which is
shown in detail in FIG. 3. Exhaust gas from the pump is introduced to the mixer
through an inlet 78 to a volute 80 circumferentially distributed about the main fresh
air flow path entering through inlet 82 from the charge air cooler. The volute
introduces the exhaust gas uniformly about the circumference of the fresh air flow
path through slot 84 which has a tailored upstream lip 86 of relatively smaller

diameter and a downstream lip 88 of relatively larger diameter to produce a three

dimensional angle for the EGR flow to promote both penetration into the core flow

stream and a swirl to further mix the flow downstream.
The inner wall 90 of the fresh air flow passage is shaped to provide a
convergent/divergent nozzle effect which increases the velocity of the fresh air charge,

reduces the static pressure of the flow and enhances the entrainment of EGR into the

fresh air charge. The mixed flow exits through outlet 92.
A second embodiment of the mixer is shown in FIG. 6 which incorporates a

diverging nozzle section 91 to further enhance mixing of the EGR and fresh air charge

and enhance velocity matching in the flow.
FIG. 1 shows the mixer as a separate component placed near the intake
manifold inlet. However, placement of the mixer varies in alternative embodiments

and where an EGR cooler 1s employed, the mixer is located near or integrated into the

charge air cooler outlet or as a cast or machined portion of the intake manifold of the

engine. In applications where an EGR cooler is not employed, the mixer is located

near or incorporated as an integral portion of the compressor housing outlet or the

charge air cooler inlet.
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Exhaust gas for recirculation is provided to the EGR pump through control
valve 26. FIG.s 4 and 5 describe the mechanical configuration and operation of one
embodiment of the valve. A proportional electrical solenoid 94 acts on a three-way
pneumatic or hydraulic valve 96 with opposing force provided by a piston or
diaphragm 97 which is, in turn, acted on by a differential pressure generated by the
flow through a separate exhaust gas recirculation valve 98. The differential pressure
is sensed through ports 100 and 102. The three way valve provides supply air from
line 104 to an actuator 106 for the EGR valve or vents actuator air through vent 108.
When the electrical solenoid force is exactly balanced by the force of the piston, no
flow occurs to or from the EGR valve actuator. When the force of the piston 1s not
sufficient to balance the force of the solenoid, the three-way valve opens to supply air

to the actuator, thus increasing the EGR flow from the primary exhaust flow line 110
through the EGR valve into the EGR flow line 112 and thus increasing the differential

- pressure across the valve, restoring the balance of forces. Conversely, when the force

of the piston is greater than the force of the solendid, the three-way valve opens to
vent air from the EGR valve actuator, thus decreasing the EGR flow and the
differential pressure across the valve, again restoring the balance of forces. As shown
in FIG. 4, the EGR valve actuator, for the embodiment shown in the drawings,
employs a diaphragm 114 and spring 116 enclosed in a pressure case 118, which
position a shaft 120 for controlling valve poppet 122 on seat 124 to meter EGR flow.
The three way valve employs a multi port body 126 incorporating the supply and vent
lines with a movable orifice 128 supported on a shatt 130 engaging the solenoid and
piston. A centering spring 132 balances reaction forces of the solenoid and pressure
piston.

Having now described the invention in detail as required by the patent statutes,
those skilled in the art will recognize modifications and substitutions to the specific
embodiments disclosed herein. Such modifications and substitutions are within the

scope and intent of the present invention as defined in the following claims.
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WHAT IS CLAIMED IS:
1. An Exhaust Gas Recirculation (EGR) system for an internal combustion
engine including a turbocharger incorporating a integral EGR pump comprising:

a turbine housing (34) including an exhaust gas inlet (38) and a turbine

outlet (40);
a turbine (24) dniven by exhaust gas recetved through the exhaust gas

inlet and connected to a rotatable shaft (22);

a center housing (50) supporting a bearing assembly (42, 44, 46, 48)
which receives the rotatable shaft, the center housing including means for connection

to the turbine housing;

a compressor housing (54) having an air inlet (56) and a charge air

outlet (60);

a compressor rotor (18) attached to the rotatable shaft, the rotor having
a first vane set receiving air through the compressor housing inlet and discharging
compressed air to the charge air outlet;
the improvement characterized by:
the rotor having a second vane set (62) integrally mounted on the rotor
opposite the first vane set and receiving exhaust gas from an EGR inlet (64)
and discharging compressed exhaust gas through a diffuser (66) to an exhaust
gas outlet (68), the exhaust gas outlet and charge air outlet comprising separate
flow paths;
means for segregating the flow paths at the rotor circumference to
separate the flow paths of the exhaust gas and charge air;
means for attaching the exhaust gas outlet to a mixer (32); and

means for attaching the charge air outlet to the mixer.

2. An EGR system for an internal combustion engine as defined in claim 1
wherein the EGR inlet and exhaust gas outlet are incorporated as a casting (70)

mounted intermediate the compressor housing and the turbine housing.

7
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3. An EGR system for an internal combustion engine as defined in claim 2
wherein the casting incorporates a backplate for the compressor rotor and further
includes means for mounting the casting to the center housing and means for

mounting the compressor housing to the casting.
4. An EGR system for an internal combustion engine as defined in ¢laim 1
wherein the exhaust gas outlet comprises a volute terminating in an outlet

port.

5. An EGR system for an internal combustion engine as defined in claim 1

wherein the EGR inlet is a volute terminating in a substantially cylindrical channel .

6. An EGR system for an internal combustion engine as defined 1n claim 1
wherein the segregation means comprises a baffle (72) extending from the compressor

housing to the rotor circumference.

7. An EGR system for an internal combustion engine as defined 1n claim 1]
wherein the mixer is downstream of the turbocharger and receives the exhaust gas and
the charge air, said mixer having an outlet and the system further comprises:

a control valve intermediate an exhaust manifold and the EGR inlet to
control the amount of exhaust gas recirculated to the second vane set in the
turbocharger; and

means for attaching the mixer outlet to an inlet manifold for the engine.

8. An EGR system for an internal combustion engine as defined in claim 7
further comprising an EGR cooler intermediate the control valve and the EGR inlet to
the turbocharger.

9. An EGR system for an internal combustion engine as defined in claim 7

further comprising a charge air cooler intermediate the charge air outlet of the

turbocharger and the mixer.
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10.  An EGR system for an internal combustion engine as defined in claim 7

wherein the EGR inlet and exhaust gas outlet are incorporated as a casting mounted

intermediate the compressor housing and the turbine housing.

AMENDED SHEET




WO 98/39563

CA 02282274 1999-08-27

20
Intake Air
18

PCT/US98/04265

1/6

32

. Mixer 12
Intake Manifold 10

Exhaust Manifold

14

28 26
EGR
.
24
Exhaust
22

l Turbocharger J

so_g




02282274 1999-08-27

CA

PCT/US98/04265

WO 98/39563

2/6

A\

“-
A
v

NN

.

N

|

4

o

!C
N

77 NN

-
Ne

==

N

N

7

%

-



CA 02282274 1999-08-27

WO 98/39563 PCT/US98/04265

3/6

88

86

N
A @)
O

ap
o :
< O
é L
a
™

84

78

EGR INLET

SUBSTITUTE SHEET (RULE 26)




CA 02282274 1999-08-27

WO 98/39563 PCT/US98/04265

4/6

112

-
b anaet
J

O

S 3
=i
ﬁiiiz__/

o
TIre—_—




02282274 1999-08-27

CA

PCT/US98/04265

WO 98/39563

5/6

cOl

MOl
1SNVHX3

8

6

9

, 9 Ol

OLL

%ﬁ

J41SS34d

dO1VNLOV

0

. 96 'N‘

(NOLSId)
WYHHdVICA

uojsid4

PIOUS|0S =

QIONT105
TYNOILH04Odd

L6
801

IN3A

JATVA
AVM 33HH1

HIV A1ddNS
v0l




WO 98/39563

6/6

9 'Ol
‘

Z 2 2 \
98 88

llllli‘i'i'l'i'l' Ill‘l'i'l'!' o




Intake Air

1€

3

. Mixer
Intake Manifold

Engine

Exhaust Manifoid
8 |1

EGR
Cooler .

22

Turbocharger

S

16

L

12
10

4

|



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

