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Method for recirculating the exhaust gases in an internal combustion engine apparatus and

the relative internal combustion engine apparatus

(57)  Method for recirculating the exhaust gases
(EGR system) in an internal combustion engine where-
by the gases to be recirculated are cooled to a temper-
ature at which the condensable elements are con-

/10

densed. The method comprises separating the particu-
late prior to cooling and separating the condensate,
which is expelled before the gas is reintroduced into the
air intake line.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for
recirculating the exhaust gases in an engine apparatus,
in particular in a turbocharged diesel engine apparatus
for use in an industrial vehicle.

STATE OFTHE ART

[0002] Exhaust gas recirculation, or EGR, is common
practice in the field of internal combustion engines, es-
pecially in diesel engines. In this system a portion of the
exhaust gases from the engine are recirculated up-
stream of the engine and reintroduced into the combus-
tion chambers with the intake air. This permits to lower
the combustion temperature and leads to a reduced for-
mation of nitrogen oxides, one of the main pollutants in
internal combustion engine emissions.

[0003] One problem in connection with this method is
that the exhaust gases contain a number of components
(water vapor, acids, particulate) that can cause corro-
sion and wear and result in the build-up of deposits in
the parts of the engine with which they come into con-
tact. For this reason, conditions under which the recir-
culated gas could condense are usually avoided, and
recirculation takes place at the high temperature at
which the gas is withdrawn. This solution is unsatisfac-
tory due to the fact that said components are reintro-
duced into the engine, with the risk of anyway causing
the problems described above; moreover, large
amounts of gas are usually recirculated, so that the high
temperature of such recirculated gases, especially
when such gases are drawn upstream of the turbines
on the exhaust gas line, as in turbocharged engines,
may raise the temperature of the air being supplied to
the engine, which is disadvantageous with respectto the
formation of nitrogen oxides.

SUMMARY OF THE INVENTION

[0004] The problems described above have now been
solved by a method for recirculating the exhaust gases
to an internal combustion engine, preferably a diesel en-
gine, comprising the following steps:

withdrawal of a portion of the exhaust gases coming
from the engine;

cooling of said portion below the dew point;
reintroduction of said portion into the engine.

[0005] According to a preferred embodiment, the
method includes the separation of the condensate from
said portion of the exhaust gases.

[0006] The method may also include a step of partic-
ulate abatement, more preferably prior to the cooling
step. The engine is preferably a turbocharged engine.
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[0007] The invention also relates to an engine appa-
ratus comprising an engine as described above, an air
intake line to said engine, an exhaust gas line from said
engine, an exhaust gas recirculation line suitable for
conveying gas from said exhaust line to said intake line,
a cooler, preferably comprising means for discharging
the condensate, placed on said recirculation line.
[0008] Itis a particular object of the invention what set
forth in the appended claims.

LIST OF DRAWINGS

[0009] The invention will now be illustrated through a
detailed description of preferred but not exclusive em-
bodiments, furnished merely by way of example, with
the aid of figure 1 that is attached and which illustrates
the layout of a power plant according to this invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0010] The description refers to figure 1, which illus-
trates the layout of an engine apparatus, which may be
the engine apparatus of an industrial vehicle according
to the invention; the engine apparatus comprises an in-
ternal combustion engine 1, generally a diesel engine,
an air intake line 2 to the engine, that takes in air from
the outside, and the exhaust gas line 3 that may com-
prise a manifold 4. There is preferably a compression
unit 5 comprising the turbocharger compressor 6 on the
intake line, driven by the turbine 7 on the exhaust gas
line. There may be several compression units in series,
as known in the prior art (multi-stage turbocharged en-
gine). In case of a turbocharged engine, there are usu-
ally one or more coolers like cooler 9 on the intake line.
[0011] The recirculation line 8 draws a portion of the
exhaust gases coming from the engine (this portion may
be for example up to 50% of the total exhaust gases)
and reintroduces said portion into the intake line.
[0012] The exhaust gases may be conveyed sponta-
neously if the pressure of the exhaust gases leaving the
engine 1 is higher than the intake pressure. If this con-
dition is not maintained continuously there is generally
a check valve 10 (for example a reed valve), which may
also be foreseen in any case. If, as it often happens, the
engine intake pressure is higher than the exhaust pres-
sure, or if deemed necessary, in order to increase or
control the rate of recirculation, specific circulation
means 11, such as a compressor, may be included. Said
means may be driven by an electric motor or in any other
appropriate manner.

[0013] On the line 8 there is an appropriate type of
cooler 12, for example having all the parts that must
come into contact with gases and condensate being cor-
rosion-proof; for example, such parts may be coated
with an appropriate type of material, such as Teflon.
[0014] The engine apparatus preferably includes de-
vices for separating the condensate. Said devices may
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be an integral part of the cooler 12 and of the inertial
type. The cooler and separator may be of conventional
type. For example, a cooler may be used in which the
recirculated gases flow through the shell side and a
cooling fluid through the tube side. Condensate separa-
tion may be achieved by the loss of speed due to an
increased cross-section of the passage, the liquid col-
lecting at the shellbottom. There may be baffles to divert
the flow of gas in order to facilitate separation, and the
system may comprise a specific separation section be-
fore the gas leaves the shell, with baffle or centrifugal
separators. The recirculated gas may also flow through
the tube side into a specific separation chamber. This
and other solutions, with the separator as an integral
part of the cooler or as a separate unit, can readily be
implemented according to the specific operating condi-
tions and results to be achieved.

[0015] According to this invention, the gas flowing
along the recirculation line is cooled to a temperature at
which separation of condensate can be achieved. For
example, under conditions normally present in turbo-
charged engines, such as the one illustrated here (with
an engine exhaust pressure of about 2.8 absolute bar),
said temperature, upstream of the turbine 7, may be less
than 95°C and preferably not more than 70°C. Cooling
may be effected by transferring the heat to an appropri-
ate fluid; for example, engine cooling water coming from
the radiator may be supplied to the cooler 12. According
to a possible embodiment of the invention, the water
from the radiator is supplied first to the cooler 12 and
thento the engine 1, in order to ensure adequate cooling
of the recirculated gases. The apparatus according to
the invention comprises an engine cooling circuit com-
prising a radiator to cool a fluid (preferably water) con-
tained in said radiator and circulating through the cooler
12. The condensate may be discharged from the cooler
in an appropriate manner. For example, there may be a
discharge line 13 through which the condensate is dis-
charged into the exhaust line 3 downstream of the tur-
bine(s) 7 exploiting the natural difference in pressure be-
tween the cooler and the line 3 downstream of the tur-
bine. The condensate flow rate can be controlled by
means of an appropriate valve or by using a convention-
al condensate discharger 14 installed in an appropriate
position on the bottom of the cooler or on the exhaust
line. The condensate may be discharged at regular in-
tervals or according to the amount of condensate that
has been collected. The discharge system may also
consist of a simple and appropriately sized orifice.
[0016] The particulate is preferably removed from the
recirculated gas upstream of the cooler, for example by
means of a trap 15 on the line 8. In view of the high
temperature of the gases, the trap 15 is preferably of a
type that is capable of withstanding high temperatures,
such as a metal trap, for example. The method accord-
ing to this invention allows to reduce the content of some
components (that are usually a product of combustion)
which are found in recirculating gases and are poten-
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tially harmful for the engine and other parts (for example
sulphuric and nitric acid). The low recirculation temper-
ature is advantageous because it enables the tempera-
ture inside the combustion chambers to be lowered,
which leads to a reduced formation of pollutants (such
as nitrogen oxides), and enhances combustion cham-
ber filling efficiency and thus engine performance.

Claims

1. Method for recirculating the exhaust gases to an in-
ternal combustion engine, characterized by the
fact that it comprises the following steps:

withdrawal ofa portion of the exhaust gases
coming from the engine;

cooling of said portion to below the dew point;
reintroduction of said portion into the engine.

2. Method according to claim 1, characterized by the
factthat said engine is a turbocharged diesel engine
comprising an air intake line provided with a com-
pressor and an exhaust gas line provided with a tur-
bine, wherein the gases are withdrawn at a point on
the exhaust line between the engine and the turbine
and reintroduced at a point on the intake line be-
tween the compressor and the engine.

3. Method according to any of the previous claims,
characterized by the fact that it comprises the sep-
aration of the condensate from said portion of ex-
haust gases.

4. Method according to any of the previous claims
characterized, by the fact that it comprises the re-
moval of the particulate from said portion of exhaust
gases.

5. Method according to any of the previous claims,
characterized by the fact that cooling is effected
by transferral of heat to the engine cooling water.

6. Engine apparatus comprising a diesel engine (1),
an air intake line (2) to said engine, an exhaust gas
line (3) from said engine, an exhaust gas recircula-
tion line (8) suitable for conveying gas from said ex-
haust line to said intake line, characterized by the
fact that it comprises a cooler (12) on said recircu-
lation line.

7. Engine apparatus according to claim 6 comprising
an air intake line (2) provided with a compressor (6)
and an exhaust gas line (3) provided with a turbine
(7), characterized by the fact that said recirculation
line (8) connects said exhaust line between said en-
gine and said turbine with said intake line between
said compressor and said engine.
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8. Engine apparatus according to claim 6 or 7, char-
acterized by the fact that said recirculation line
comprises a particulate trap (15).
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