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EXHAUST GAS RECIRCULATION SYSTEM
EMPLOYING A FLUIDIC PUMP

This application claims benefit of U.S. Provisional
Application Ser. No. 60/036,040 filed Jan. 27, 1997.

BACKGROUND OF THE INVENTION

1. 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 particularly, the invention
provides an EGR system employing a fluidic pump receiv-
ing high energy primary air from a secondary pressure
source for pumping of recirculated exhaust gas.

2. 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. 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 intro-
ducing the exhaust gas into the compression inlet of a
conventional turbocharger or supercharger present on the
engine or, alternatively, providing a separate compressor
receiving the exhaust gas and pressurizing it to a suitable
pressure for insertion into the charge air downstream of the
charge air boosting system on the engine.

Exhaust gases typically are corrosive or abrasive reducing
desirability of introducing recirculated exhaust gas into the
normal charge air boosting system due to damage or fouling
of compressor or cooler components. Employing a separate
compressor allows special configuration of the component to
withstand the exhaust gas effects, however, such devices
tend to be relatively expensive and reliability remains an
issue.

Alternative designs for EGR incorporate fluidic pumping
devices for obtaining pressurization of the recirculated
exhaust gas flow. Use of the dynamic head of the exhaust gas
stream for primary flow in such devices has typically been
employed. The limited energy differential available for
pressure amplification of the exhaust gas to be recirculated
limits the effective capability of such devices. However,
fluidic pumping avoids the cost and complexity of mechani-
cal compression and components for such designs can be
designed for robust tolerance to the exhaust gas effects.

It is therefore, desirable to provide a fluidic pumping
system for EGR which incorporates a primary pumping gas
flow with sufficient energy to provide the desired pressure
amplification at flow rates sufficient to achieve recirculation
of the exhaust gas at practical levels downstream of charge
air boosting systems on the engine to avoid contamination of
those systems.

SUMMARY OF THE INVENTION

The present invention provides an EGR system, for use
with internal combustion engines, which incorporates a
fluidic pump employing the Coanda effect, in the embodi-
ments disclosed herein. The fluidic pump has a primary air
inlet receiving pressurized air from a source such as the
pressure tank of a truck air brake system which operates at
a pressure sufficient to provide high energy air. The pumped
fluid inlet is connected to the exhaust gas manifold to receive
the exhaust gas for recirculation and the outlet of the fluidic
pump is connected to the inlet manifold of the engine
downstream of the charge air boosting system.
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In one embodiment, a pressure reservoir is connected,
through an outlet conduit incorporating a controllable valve,
to the primary air inlet of the fluidic pump. The controllable
valve comprises a demand type valve or an electronically
controlled valve to properly meter primary air flow for the
desired flow volume and pressure in the pump. Alternatively,
the primary air inlet of the pump incorporates a movable
element for integration of the valve into the pump.

For enhanced performance, an EGR cooler is provided
prior to the engine inlet manifold connection for the recir-
culated exhaust gas.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a schematic of the elements of a first embodi-
ment of the present invention;

FIG. 2 is section elevation view of a Coanda pump
concept suitable for use as an element of the invention;

FIG. 3 is a schematic view of the elements of a pressur-
ized air source for the fluidic pump integrated with the brake
air system of a vehicle; and

FIG. 4 is a side section view of an alternative embodiment
of the Coanda pump incorporating an integral EGR cooler
on the pumped gas flow inlet.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to the drawings, FIG. 1 shows an internal
combustion engine 10 with an intake manifold 12 and an
exhaust manifold 14. For the embodiment shown in the
drawings, a charge air boosting system is provided including
a turbocharger 16 having a turbine housing 18 receiving
exhaust gas from the exhaust manifold and a compressor
housing 20 receiving fresh air through an inlet and providing
pressurized charge air to a heat exchanger 22. The charge air
is provided to the engine inlet manifold through a charge air
mixer 24.

Exhaust gas to be recirculated is extracted from the
exhaust manifold and provided to a fluidic pump 26, which
for the embodiment disclosed in the drawings comprises a
pump employing the Coanda effect. In alternative embodi-
ments the fluidic pump employed comprises a Parietal
jet-pump, pulse-jet aspirator or “Kylchap” pump, or single
or multiple divergent annular slot jet-pump. High energy air
is provided to the pump from a pressurized air source 28,
which will be described in greater detail subsequently, for
primary air flow. The recirculated gas flow exits the pump
and is routed through an EGR cooler 30 for conditioning of
the gas. Use of a separate EGR cooler in the embodiment of
the present invention, as opposed to mixing of the recircu-
lated exhaust upstream of the charge air heat exchanger,
prevents fouling of the charge air cooler and precludes the
need for material enhancement of the flow components to
withstand the deleterious effects of the exhaust gas. This
embodiment also allows optimization of the EGR cooler
materials to withstand the corrosive and abrasive effects of
the exhaust gas and sizing to match heat load requirements
more closely.

The recirculated exhaust gas is entrained into the charge
air flow through the charge air mixer for insertion into the
intake manifold of the engine. Flow mixing is achieved
through the use of a cyclonic flow arrangement, appropriate
turbulators or other means to assure homogenous charge
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delivery to the engine. The mixer also incorporates an
ejector arrangement, in alternative embodiments, to enhance
pressure matching of the EGR and charge air flows.

Flow in the fluidic pump is controlled through a first
controllable valve 32 on the primary air inlet and a second
controllable valve 34 on the pump outlet. For the embodi-
ment shown in FIG. 1, the first valve is a demand valve such
as a pressure regulator. An electronically controllable valve
is employed, in alternative embodiments, to provide active
control of the fluidic pump for EGR flow, through an
integrated engine control computer or similar system.

The second controllable valve adjusts the EGR flow from
the pump output for engine demand and emissions control
requirements. This valve is also implemented in various
embodiments as an electronically controlled valve operated
by the engine control computer.

FIG. 2 shows an embodiment of a fluidic pump for use in
the present invention which employs the Coanda effect.
Primary air from the pressurized air source enters the pump
through port 36 and flows through annular chamber 38 to a
narrow circumferential slot 40 for ejection into the pump
throat 42. The thin, high speed primary air flow remains
attached to the contour of throat surface 44, which in the
embodiment shown employs a segmented transition, while
flowing radially inwards. Use of a smooth machined tran-
sition or the dimensioning the segments of the transition is
defined by flow performance requirements of the pump. The
recirculated exhaust gas enters the pump through the
pumped gas flow inlet 44 and is induced through the nozzle
by viscous drag created by the energetic primary air flow on
the throat surface. The resultant pressure amplification pro-
vides pressurized exhaust gas through the pump outlet 46 for
recirculation.

For the pump shown in FIG. 2, a simple two piece
construction is employed for ease of machining. A pump cap
48 including one surface of the primary air entrance slot is
attached to a substantially cylindrical pump body 50. Bolts
52 sealingly engage the cap to the body and, for the
embodiment shown, attach the inlet conduit 54 to the pump.
A machined relief 56 on the outlet portion of the body
provides attachment collar for the outlet conduit (not
shown).

Connection of the EGR loop and the turbocharger to the
exhaust manifold of the engine is shown in FIG. 1 as a
simple “T” conduit 58. Alternative embodiments of the
invention employ fixed or variable volumetric separators for
segregating the EGR flow from the exhaust gas employed to
drive the turbine of the turbocharger. Additional enhance-
ments or alternatives include the bifurcation of the exhaust
manifold providing EGR flow from a first portion of the
engine cylinders and turbocharger exhaust flow from a
second portion of the engine cylinders for balancing opera-
tion of the engine.

The pressurized air source, for the embodiments shown in
FIG. 3, is incorporated in the air brake system for a vehicle
such as a heavy truck. A pressure reservoir 60, which is
placed in parallel with an existing brake pressure tank 62, is
pressurized with air by a reciprocating positive displacement
pump 64. At least one check valve 66 prevents inadvertent
depressurization of the brake pressure tank by the EGR
system in high demand or failure conditions. A parallel
outlet with a second check valve 68 allows use of the EGR
pressure reservoir as a supplemental brake air reservoir.
Appropriate sizing of the positive displacement pump to
accommodate both EGR pump primary air flow and brake
needs is required or alternatively, use of a second pump for
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charging the EGR pressure reservoir. Use of rotary, radial,
centrifugal or other alternative technology pumps for charg-
ing the EGR pressure reservoir may be employed.

FIG. 4 shows an alternative embodiment of the fluidic
pump employed in the present invention, which incorporates
an EGR cooler 70 integral with the pumped fluid inlet of the
fluidic pump. In this embodiment, the pump cap 48 is
elongated to form an inlet flange 72. The EGR cooler
incorporates a mating flange 74 on the cooler manifold 76
which is attached to the pump cap inlet flange using a
V-band clamp (not shown). Alternative embodiments
employ a bolted or welded flange, or a single piece corrosion
resistant casting incorporating the pump intake and cooler
manifold. The EGR cooler is provided with a coolant inlet
78 and a coolant outlet 80. Exhaust gas for recirculation
enters the cooler through an inlet 82 which is attached to the
exhaust manifold 58 of FIG. 1. The EGR Cooler 30 of FIG.
1 is eliminated in this embodiment. Integral attachment of
the EGR cooler to the pump precludes the potential induce-
ment of flow patterns in the pumped fluid inlet detrimental
to pump efficiency which may result from vehicle design
applications that place the cooler significantly upstream or
downstream of the pump.

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.

What is claimed is:

1. An exhaust gas recirculation (EGR) system for an
internal combustion engine comprising:

a fluidic pump having a primary air inlet and a pumped

fluid inlet;

a pressure reservoir;

an outlet conduit connecting the pressure reservoir to the
primary air inlet;

a controllable valve intermediate the pressure reservoir
and the primary air inlet;

means for maintaining air pressure in the pressure reser-
VOir;

means for connecting the pumped fluid inlet to an exhaust
manifold of the internal combustion engine; and

means for connecting an outlet of the fluidic pump to an
intake manifold of the internal combustion engine.

2. An EGR system as defined in claim 1 wherein the

controllable valve is a demand valve.

3. An EGR system as defined in claim 1 wherein the
pressure reservoir comprises an air brake system pressure
tank.

4. An EGR system as defined in claim 1 wherein the
means for maintaining air pressure is a positive displace-
ment pump.

5. An EGR system as defined in claim 3 wherein the pump
outlet connecting means includes a second controllable
valve.

6. An internal combustion engine charge air boosting
system comprising:

a turbocharger having a turbine housing inlet connected to
an exhaust manifold of the engine and a compressor
housing having an air inlet and a charge air outlet;

a charge air cooler connected to the charge air outlet,

a charge air mixer connected to an output of the charge air
cooler and to an intake manifold of the internal com-
bustion engine;
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a fluidic pump having a pumped fluid inlet connected to 7. A charge air boosting system as defined in claim 6
the exhaust manifold and a primary air inlet; wherein the controllable valve is a demand valve.
A PIESSUre reservoir; 8. A charge air boosting system as defined i claim 6
. . . wherein the pressure reservoir comprises an air brake system
an 01.1tlet cor}dl.m connecting the pressure reservoir to the s pressure tank.
primary air inlet; 9. A charge air boosting system as defined in claim 6
a controllable valve intermediate the pressure reservoir wherein the means for maintaining air pressure is a positive
and the primary air inlet; displacement pump.

10. A charge air boosting system as defined in claim 9
wherein the fluidic pump outlet connecting means includes
10 a second controllable valve.

means for maintaining air pressure in the pressure reser-
voir; and

means for connecting an outlet of the fluidic pump to the
charge air mixer. * ok ok k%
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