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(54) Internal combustion engine with a pump for exhaust gas recirculation

(57)  An internal combustion engine, in particular a
diesel engine, has a pipe (17) for exhaust gas recircula-
tion (EGR) having an entrance extremity (16) thatbranch-
es off the engine exhaust pipe (12) downstream of a de-
vice (13) for treating the exhaust gas, and an exit extrem-
ity that flows into the pipe (5) for air intake into the engine,
upstream of a booster compressor (10). Along the EGR
pipe (17) a pump is interposed (19) that creates the nec-
essary pressure difference to activate exhaust gas recir-

culation, thus without the need to provide a butterfly valve
on the intake or exhaust and thus avoiding the conse-
quent loss of engine efficiency. In one embodiment, the
pump (19) is controlled by a variable speed electric motor
(20) thatis controlled as a function of the engine operating
conditions, to vary the quantity of EGR in the engine. In
this way it is also possible to avoid the use of the con-
ventional EGR valve to regulate the quantity of EGR, with
consequent simplification and cost reduction.

FIG. 3
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Description

[0001] The present invention relates to internal com-
bustion engines, of the type including at least one cylin-
der, a pipe for the intake of air into the cylinder, a pipe to
discharge burnt gas from the cylinder, a compressor for
the air sucked into the cylinder, interposed along the in-
take pipe, a turbine linked mechanically to the compres-
sor, interposed along the exhaust pipe to be driven by
the exhaust gas from the engine, a device to treat the
exhaust gas, interposed along the exhaust pipe down-
stream of the turbine, and a pipe to recirculate exhaust
gas in the engine, having an entrance extremity branch-
ing off the exhaust pipe, downstream of the device to
treat the exhaust gas, and an exit extremity that flows
into the inlet pipe, upstream of the compressor.

[0002] Internal combustion engines of the type indicat-
ed above have already been proposed and produced.
The device described above in particular lends itself to
be utilised to advantage on diesel engines, in order to
reduce harmful emissions from the engine. Diesel en-
gines, compared to other internal combustion engines,
are characterised by the production of high quantities of
nitrogen oxides and particulates. A substantial reduction
in nitrogen oxides is obtained by exhaust gas recircula-
tion (EGR) in the engine. Thanks to EGR, the engine
takes in a mixture of fresh air and exhaust gas that, by
reducing the percentage of oxygen available and lower-
ing the combustion temperature, reduces the oxidation
of nitrogen and of air and thus the production of nitrogen
oxides. The need to reduce levels of pollution ever lower
brings about an increase in the quantity of recirculated
gas and makes it desirable to develop new systems for
this purpose.

[0003] Engines of the type indicated at the beginning
of this description use a pipe to recirculate exhaust gas
of the so-called "long route" type, in which the exhaust
gasistaken up downstream of the device to treat exhaust
gas, and is returned upstream of the compressor. In the
case of a diesel engine, the treatment device includes
both a catalytic converter and a trap for particulates lo-
cated downstream of the catalytic converter. In a solution
of this type, the exhaust gas taken up for recirculation is
at relatively low pressure, so that we may also speak of
low pressure EGR. Ina"long route" or low pressure EGR
system, the gas that is made to recirculate in the engine
is colder, and thus at higher density, and is free of par-
ticulates, which avoids loss of efficiency in the long term
inthe heat exchanger that s frequently provided for along
the EGR pipe in order to cool the gas. Such known so-
lutions are, however, penalised by a relatively low flow
speed of the recirculated gas, caused by the small dif-
ference in pressure existing between the point where the
exhaust gas is taken up and that where it is returned to
the inlet pipe. To obviate against this drawback, a but-
terfly valve is normally situated downstream of the uptake
point ("exhaust butterfly") or upstream of the point of re-
turn of the recirculated gas into the intake pipe (“intake
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butterfly"). The butterfly valve enables the principal flow
(respectively of exhaust gas or of fresh air) to be partial-
ised and thus increases the pressure difference between
the entrance extremity and the exit extremity of the ex-
haust gas recirculation pipe. However, this solution in its
turn is penalised by fuel consumption, since the constric-
tion that is produced causes an increase in the pumping
work of the engine and thus a reduction in its thermody-
namic efficiency. Furthermore, in particular operating
conditions this system may not be sufficient to guarantee
all the necessary recirculation.

[0004] The purpose of the present invention is to ob-
viate against the above drawbacks by proposing a sys-
tem for recirculating exhaust gas of the "long route" type
which is able to guarantee a high flow of recirculated gas
without lowering the efficiency of the engine.

[0005] In order to achieve this purpose, the subject of
the invention is an engine having all the characteristics
that were indicated at the start of this description and
also characterised in that a pump is included along the
exhaust gas recirculation pipe.

[0006] Thanks to this characteristic, it is possible to
achieve the necessary pressure difference without em-
ploying any butterfly valve in the exhaust gas recircula-
tion pipe. In particular, this makes it possible to achieve
a relatively high flow of recirculated gas without further
modifying the system, and in consequence obtaining a
reduction in discharged nitrogen oxides. The absence of
any butterfly valve avoids the loss in efficiency of the
engine that it would cause. Furthermore, thanks to the
provision of a pump, the engine operates with a higher
air/fuel ratio at equal quantities of EGR, with consequent
reduction of smoke in the exhaust. The engine is also
more flexible and capable of providing the quantity of
EGR most suitable for every engine operating condition.
[0007] According to a further preferred characteristic,
the EGR pump is controlled by an adjustable-speed elec-
tric motor, to vary the EGR flow. This enables, if desired,
the EGR valve usually provided in the EGR circuit to ad-
just the quantity of EGR to be eliminated. The electric
motor operating the pump may indeed be controlled by
an electronic control unit to vary the EGR flow as engine
operating conditions vary, so that the pump may, if de-
sired, be the sole means of regulating the quantity of
EGR provided for in the engine.

[0008] Use of the EGR pump to regulate the flow of
EGR provides a more rapid and precise control over
EGR. The electronic control system is also simplified
since it must control a single device, that is the electric
motor operating the pump, instead of two devices (but-
terfly and EGR valve) as in known systems.

[0009] The invention also has as its subject a proce-
dure to control the quantity of EGR in an internal com-
bustion engine based on controlling the speed of the mo-
tor operating an EGR pump.

[0010] Further characteristics and advantages of the
invention will appear in the following description with ref-
erence to the attached drawings, provided as a simple
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example without limiting intent, in which:

--figure 1lis aview in diagram form of an EGR system
according to the known technology,

-- figure 2 is a view in diagram form of a first embod-
iment of the system according to the invention, and
-- figure 3 is a view in diagram form of a second
embodiment of the system according to the inven-
tion.

[0011] In the drawings, number 1 indicates overall a
diesel engine with four cylinders having an airintake man-
ifold 2 and an exhaust manifold 3 respectively for the
intake of air into the cylinders 4 of the engine and for the
discharge of burnt gas from the cylinders 4. The intake
manifold 2 receives the air intake from a pipe 5. The pipe
5 presents a mouth 5a for the intake of air and along it
are also an air filter 6, an air flow meter 7, a butterfly valve
8, an EGR valve 9, a compressor 10, and an intercooler
22. The compressor 10 is of the centrifugal type and is
connected mechanically to a turbine 11 that is interposed
along an exhaust pipe 12 that branches off the exhaust
manifold 3, in order to drive the compressor 10. Along
the exhaust pipe 12, downstream of the turbine 11, a
device 13 for treating exhaust gas is present, comprising
a catalytic converter 14 and a particulate trap 15. In a
zone 16 downstream of the trap 15 and upstream of the
silencer (not shown) the entrance extremity of a pipe 17
for exhaust gas recirculation (EGR) branches off, having
an exit extremity that flows into the intake pipe 5 in cor-
respondence with the EGR valve 9. A cooler 18 is inter-
posed along the pipe 17.

[0012] The known system illustrated in figure 1 is thus
of the type with "long route” EGR, in which the exhaust
gas is taken up at low pressure and relatively low tem-
perature, downstream of the particulate trap 15, and re-
turned upstream of the compressor 10. The EGR valve
9, under electronic control, regulates the quantity of EGR
in function of the engine operating conditions. As already
indicated at the beginning of this description, the butterfly
valve is provided for the purpose of increasing the pres-
sure difference existing between the entrance extremity
and the exit extremity of the exhaust gas recirculation
pipe 17. Instead of being upstream of the EGR valve, the
butterfly valve 8 may also the provided along the exhaust
pipe 12, downstream of the zone 16.

[0013] Figures 2 illustrates a first embodiment of the
invention, in which the butterfly valve 8 is completely elim-
inated and a pump 19 is interposed along the EGR pipe
17, downstream of the cooler 18. In the case of the em-
bodiment in figure 2, the EGR valve 9 that regulates the
quantity of EGR is however maintained, the pump 19
being destined to create the necessary pressure differ-
ence to activate recirculation.

[0014] Figure 3illustrates a second, preferred, embod-
iment in which the EGR valve 9 is also eliminated. In this
case, the pump 19 is controlled by an electric motor 20
of the variable speed type. The motor 20 is controlled by
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an electronic control unit 21 as a function of one or more
signals S indicative of one or more engine operating pa-
rameters, such as engine speed, temperature of cooling
water, temperature of metallic body of the engine, etc.
[0015] As already specified above, the pump 19 ena-
bles a higher flow of EGR to be achieved without further
modifying the circuit, with consequent reduction of the
discharge of nitrogen oxides. Elimination of the butterfly
valve 8 enables the loss of efficiency of the engine that
it would cause to be eliminated, with consequent reduc-
tion of fuel consumption.

[0016] Furthermore, for equal quantities of EGR, the
engine according to the invention operates with a higher
air/fuel ratio, with consequent reduction in smoke in the
exhaust, and the engine is also able to respond with
greater flexibility and speed, providing the most appro-
priate quantity of EGR for every engine operating condi-
tion.

[0017] In the case of the preferred embodiment illus-
trated in figure 3, elimination of the EGR valve enables
the plant to be simplified and its cost reduced, thanks to
the elimination of both the butterfly valve and the EGR
valve. Use of a pump to regulate the quantity of EGR
also provides more rapid and precise control over EGR.
Lastly, the electronic control system is simplified, since
it must only control one device, that is the pump, instead
of two (the butterfly valve and the EGR valve).

[0018] Naturally, the principle of the invention holding
good, construction details and embodiments may be
widely varied with regard to what is described and illus-
trated here as a simple example, without thereby depart-
ing from the sphere of the present invention.

Claims

1. Internal combustion engine, including at least one
cylinder (4), a pipe (5) for air intake into the cylinder
(4), a pipe (12) to discharge burnt gas from the cyl-
inder (4), an air compressor (10) interposed along
theintake pipe (5), aturbine (11) connected mechan-
ically to the compressor (10), interposed along the
exhaust pipe (12) to be driven by the exhaust gas
from the engine, a device (13) to treat the exhaust
gas, interposed along the exhaust pipe (12) down-
stream of the turbine (11), and a pipe (17) to recir-
culate the exhaust gas in the engine having an en-
trance extremity that branches off the exhaust pipe
(12) downstream of the device (13) for treating the
exhaust gas and an exit extremity that flows into the
intake pipe (15) upstream of the compressor (10),
characterised in that apump (19) is provided along
the exhaust gas recirculation (EGR) pipe (17).

2. Engine according to claim 1, characterised in that
it is a diesel engine and that the device for treating
exhaustgas (13) comprises a catalytic converter (14)
and a particulate trap (15).
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Engine according to claim 1, characterised in that
the pump (19) is controlled by an electric motor (20)
with adjustable speed.

Engine according to claim 3, characterised in that 5
the electric motor (20) is controlled by an electronic
control unit (21) to vary the flow of EGR, as a function
of one or more signals (S) received by the electronic
control unit (21) and indicative of one or more pa-
rameters relating to the engine operating conditions. 10

Engine according to claim 4, characterised in that
the pump (19) constitutes the sole means of regu-
lating the quantity of EGR.

15
Procedure to control the quantity of exhaust gas re-
circulation (EGR) in an internal combustion engine,
in which the engine comprises at least one cylinder
(4), a pipe (5) for air intake into the cylinder (4), a
pipe (12) to discharge burnt gas from the cylinder 20
(4), an air compressor (10) interposed along the in-
take pipe (5), a turbine (11) mechanically linked to
the compressor (10) and interposed along the ex-
haust pipe (12) to be driven by the exhaust gas from
the engine, a device (13) to treat the exhaust gas 25
interposed along the exhaust pipe (12) downstream
of the turbine (11) and a pipe (17) to recirculate ex-
haust gas in the engine having an entrance extremity
(16) that branches off the exhaust pipe (12) down-
stream of the device (13) for treating exhaust gas, 30
and an exit extremity that flows into the intake pipe
(5) upstream of the compressor (10), said procedure
being characterised in that apump (19) is provided
in the pipe (17) for recirculating exhaust gas, an elec-
tric motor with variable speed is provided to control 35
said pump (19), and the speed of said electric motor
(20) is controlled as a function of one or more pa-
rameters indicative of the engine operating condi-

tions to vary the quantity of EGR.
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