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(57) Abstract: The invention relates to an internal combus-
tion engine system. The system comprises an internal com-
bustion engine (10), a first turbine unit (100) receiving ex-
haust gases from the internal combustion engine (10), said
turbine unit (100) having a compressor (110) for compress-
ing intake air and feeding said intake air by means of an air
intake line (20) to said internal combustion engine (10), and
an exhaust gas recirculation line (200) connecting said air in-
take line (20) with an exhaust gas line (30) of the internal
combustion engine (10) at a position upstream the first tur-
bine unit (100). A bypass line (300) connects the exhaust gas
recirculation line (200) to the exhaust gas line (30) at a posi-
tion downstream of the turbine unit (100), said bypass line
(300) having means (310) for controlling the exhaust gas
flow from the exhaust gas recirculation line (200) to the ex-
haust gas line (30).
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An internal combustion engine system

TECHNICAL FIELD

The invention relates to an internal combustion engine system, as well as to a method for
such internal combustion engine system. In particular, the present invention relates to

systems allowing for exhaust gas recovery.

The invention can be applied in heavy-duty vehicles, such as trucks, buses and
construction equipment. Although the invention will be described with respect to a truck,
the invention is not restricted to this particular vehicle, but may also be used in other

applications such as aero or marine systems.

BACKGROUND

Internal combustion engines may be configured to recirculate some of the exhaust gases
in order to reduce emissions of nitrogen oxide (NO,). As the NO, formation increase at
higher temperature, mixing incoming air with exhaust gas will increase the heat capacity
of the fuel gas mixture at a given equivalence ratio thus reducing the temperature during
the combustion. As a result, the amount of NO, will decrease.

The NOy is preferably converted to non-hazardous substances using a catalytic reaction.
Such catalytic reactions, made available by an afterireatment system, are highly
dependent on the temperature of the exhaust gases. In particular, a certain temperature
threshold should be exceeded for obtaining a desired NO, reduction.

Internal combustion engines, such as diesel engines, are often equipped with a turbine
unit for pressurizing the intake air. US2013186086 describes an internal combustion
engine system having an urea injection between a turbocharger and a turbocompound. A
reduction of the temperature of the exhaust gas will occur when the exhaust gas expands
through the turbocharger, when the urea solution is vaporized, and when the exhaust gas
expands through the turbocompound. For increasing the temperature of the exhaust
gases downstream the turbocompound, US2013186086 suggests arranging a wastegate
bypassing the turbocharger, and a further bypass of the turbocompound.
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The system of US2013186086 thus requires one valve for bypassing the turbocharger
and one valve for bypassing the turbocompound. Individual control of these valves is
consequently required, as well as control of the urea injection between the turbocharger
and the turbocompound.

A more simple internal combustion engine system would be desirable.
SUMMARY

An object of the invention is to provide an internal combustion engine system overcoming

the above mentioned drawbacks of prior art systems.

According to a first aspect the object is achieved by an internal combustion engine system
according to claim 1. According to a second aspect the object is achieved by a method
according to claim 18.

By the provision of a bypass line connecting an exhaust gas recirculation line to an
exhaust gas line at a position downstream of a turbine unit, and that said bypass line
having means for controlling the exhaust gas flow from the exhaust gas recirculation line
to the exhaust gas line, a single valve is required. Further, it is possible to maintain a
sufficiently high temperature of the exhaust gas upstream the aftertreatment system of the
engine, while still providing high engine efficiency also at low engine loads.

An internal combustion engine system is therefore provided. The system comprises an
internal combustion engine, and a first turbine unit receiving exhaust gases from the
internal combustion engine. The turbine unit has a compressor for compressing intake air
and feeding said intake air by means of an air intake line to said internal combustion
engine, and the system further comprises an exhaust gas recirculation line connecting
said air intake line with an exhaust gas line of the internal combustion engine at a position
upstream the first turbine unit. A bypass line connects the exhaust gas recirculation line to
the exhaust gas line at a position downstream of the turbine unit, said bypass line having
means for controlling the exhaust gas flow from the exhaust gas recirculation line to the
exhaust gas line.

According to one embodiment, the means for controlling the exhaust gas flow from the
exhaust gas recirculation line to the exhaust gas line is a valve. Accurate control of the
bypass flow, and hence the exhaust gas temperature, may thus be achieved.
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According to an embodiment, the internal combustion engine system further comprises a
controller configured to control the operation of said valve depending on the internal
combustion engine load, internal combustion engine speed, turbine speed, and/or the
lambda value of the internal combustion engine. An advantage is thus that the exhaust
gas temperature may be controlled in an intelligent manner, providing improved

aftertreatment of the exhaust gas without reducing engine efficiency.

According to an embodiment, at least one valve is provided in said exhaust gas
recirculation line. Hence it is possible to control also the amount of exhaust gas being
recirculated to the air intake.

According to an embodiment, the exhaust gas line comprises a first branch allowing
exhaust gas to flow from a first set of cylinders to the first turbine unit, and a second
branch allowing exhaust gas to flow from a second set of cylinders to the first turbine unit.
At least one valve is provided in each one of said branches. Individual exhaust gas
recirculation for the different sets of cylinders is thus achieved.

According to an embodiment, the first turbine unit is a turbocharger unit. Hence the
internal combustion engine system may be used for heavy vehicles, normally being
equipped with turbochargers. Also, the internal combustion engine system may be
controlled to decrease the turbine speed, as well as to match the flow capacity of the
turbocharger turbine at low engine loads with maintained maximum achievable engine

torque output.

According to an embodiment, the internal combustion engine system further comprises a
second turbine unit arranged downstream the first turbine unit such that the second
turbine unit receives exhaust gas flowing out from the first turbine unit, wherein said
bypass line is connecting the exhaust gas recirculation line to the exhaust gas line at a
position downstream of the second turbine unit. According to an embodiment, the second
turbine unit is a turbocharger unit. According to an embodiment, the second turbine unit is
a turbocompound unit. By bypassing the second turbine unit, additional decrease of
exhaust gas temperature is prevented.
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According to an embodiment, the bypass line is connecting the exhaust gas recirculation
line to an exhaust gas collector of the turbocompound unit. The exhaust gas collector may
be in fluid communication with a buffer gas duct which leads into the exhaust gas
collector, whereby the buffer gas duct is arranged to supply exhaust gas from the exhaust
collector to a sealing arrangement positioned in the vicinity of a turbine wheel of the
turbocompound unit for preventing oil from escaping from an associated bearing housing
to a diffuser duct of the turbocompound unit. It is thus possible to maintain a positive air
flow into the bearing housing during the entire operation cycle.

In an embodiment, the exhaust gas collector forms an annular flow path for the exhaust
gases. Hence, it allows a part of the buffer gas duct to be formed at a specific angular
position relative the exhaust outlet. The angular position may thus correspond to the

angular position at which the exhaust gas pressure is at its maximum.

According to an embodiment, the buffer gas duct extends from a buffer gas inlet arranged
at the outer periphery of the exhaust collector. Hence the gas inlet is in fluid
communication with the volume inside the exhaust collector and the buffer gas duct may
be constructed to extend from the gas inlet without interfering with the volume inside the
exhaust collector.

According to an embodiment, the buffer gas inlet is arranged at a circumferential position
of 170°-190° measured from the circumferential position of a center of an exhaust outlet
of the exhaust gas collector. This angular position has been proven to correspond to the

maximum pressure inside the exhaust collector.

According to an embodiment, said bypass line is connecting the exhaust gas recirculation
line to the exhaust gas line at a position upstream of an aftertreatment system. The
aftertreatment system may comprise a diesel particle filter and/or a selective catalytic

reduction system.

According to a second aspect, a vehicle is provided. The vehicle comprises an internal
combustion engine system according to the first aspect described above.

A method for an internal combustion engine system is also provided. The system

comprises an internal combustion engine, and a first turbine unit receiving exhaust gases
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from the internal combustion engine. The turbine unit has a compressor for compressing
intake air and feeding said intake air by means of an air intake line to said internal
combustion engine. The method comprises the steps of providing an exhaust gas
recirculation line connecting said air intake line with an exhaust gas line of the internal
combustion engine at a position upstream the first turbine unit, and providing a bypass
line connecting the exhaust gas recirculation line to the exhaust gas line at a position
downstream of the turbine unit, said bypass line having means for controlling the exhaust
gas flow from the exhaust gas recirculation line to the exhaust gas line.

Further advantages and advantageous features of the invention are disclosed in the
following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples.

In the drawings:

Fig. 1 is a side view of a vehicle according to an embodiment,

Fig. 2 is a schematic view of an internal combustion engine system according to an

embodiment,

Fig. 3 is a schematic view of an internal combustion engine system according to an

embodiment,

Fig. 4 is a diagram showing brake specific fuel consumption as a function of exhaust gas

temperature for an internal combustion engine system according to an embodiment,

Fig. 5 is a diagram showing the exhaust gas temperature for an internal combustion
engine system according to an embodiment,

Fig. 6 is a schematic view of an internal combustion engine system according to an

embodiment,
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Fig. 7 is a cross-sectional view of an internal combustion engine system according to an

embodiment, and

Fig. 8 is a schematic view of a method according to an embodiment.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

Starting with Fig. 1 a vehicle 1 is shown. The vehicle 1, which is illustrated as a truck, has
an internal combustion engine 10 for driving the vehicle 1. As will be further explained
below the internal combustion engine 10 of the vehicle 1 forms part of an internal
combustion engine system according to various embodiments. The vehicle 1 may have
additional propulsion units, such as electric drives etc. as long as it has at least one
engine providing a flow of exhaust gases. Hence the vehicle 1 is not exclusively a truck
but may also represent various heavy duty vehicles such as buses, constructional
equipment, etc.

In Fig. 2 an example of an internal combustion engine system is shown. The internal
combustion engine system includes an engine 10 having a plurality of cylinders 12
operated to combust fuel, such as diesel or gasoline, whereby the motion of pistons
reciprocating in the cylinders 12 is transmitted to a rotation movement of a crank shaft
(not shown). The crank shaft is further coupled to a transmission (not shown) for providing
a torque to driving elements (not shown). In case of a heavy vehicle, such as a truck, the
driving elements are wheels; however the internal combustion engine system may also be

used for other equipment such as construction equipment, marine applications, etc.

The internal combustion engine system further comprises a turbine unit 100; in Fig. 2 the
turbine unit 100 is illustrated as a turbocharger. The turbocharger 100 receives exhaust
gases from the internal combustion engine 10, wherein the flow of exhaust gases is used
to drive a turbine of the turbocharger 100. A compressor 110 will rotate with the turbine for
compressing intake air and the intake air is fed to the internal combustion engine 10 by
means of an air intake line 20. The air intake line 20 extends from the outlet of the
compressor 110 to the air intake of the internal combustion engine 10, preferably via a

charge intercooler 22.
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The internal combustion engine system further comprises an exhaust gas recirculation
line 200 connecting the air intake line 20 with an exhaust gas line 30. The exhaust gas
line 30 extends from the exhaust gas manifold forming the outlet of the cylinders 12,
through the turbocharger 100 and an aftertreatment system 36, to the ambient. The
aftertreatment system 36 preferably includes a diesel particle filter 38a and a selective
catalytic reduction system 38b arranged downstream the turbocharger 100. Returning
now to the exhaust gas recirculation line 200, it preferably extends between the air intake
line 20, at a position before the intercooler 22 or between the intercooler 22 and the air
inlet of the cylinders 12, and the exhaust gas line 30, at a position between the cylinders
12 and the turbocharger 100.

The internal combustion engine system further includes a bypass line 300 connecting the
exhaust gas recirculation line 200 to the exhaust gas line 30 at a position downstream of
the turbocharger 100, i.e. at a position between the turbocharger 100 and the
aftertreatment system 36. The bypass line 300 comprises a valve 310 forming means for
controlling the exhaust gas flow from the exhaust gas recirculation line 200 to the exhaust
gas line 30.

During operation of the internal combustion engine exhaust gases will flow into a first
branch 32a allowing exhaust gas to flow from a first set 12a of cylinders 12 to the first
turbine unit 100, as well as into a second branch 32b allowing exhaust gas to flow from a
second set 12b of cylinders 12 to the first turbine unit 100. Each branch 32a, 32b is
provided with a valve 34 for controlling the amount of recirculated exhaust gas.

The valve 310 of the bypass line 300 is preferably connected to a controller 320. The
controller 320 is configured to control the operation of the valve 310, e.g. depending on
the internal combustion engine load, internal combustion engine speed, and/or the
lambda value of the internal combustion engine 10.

The bypass line 300, and the control of the flow through the bypass line 300 provides a
number of advantages. Firstly, by allowing a bypass flow from the exhaust gas
recirculation line 200 the temperature of the exhaust gas upstream the aftertreatment 36
may be increased. Secondly, it may be used to increase the maximum engine torque
output by decreasing the exhaust gas manifold pressure, the exhaust gas manifold
temperature, and the speed of the turbocharger 100. Thirdly, it allows the flow capacity of
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the turbocharger turbine to be better matched at low engine loads while still maintaining
maximum achievable engine torque output in order to decrease fuel consumption of the

internal combustion engine 10.

A further embodiment of an internal combustion engine system is shown in Fig. 3. The
embodiment of Fig. 3 differs from the embodiment of Fig. 2 in that a turbocompound unit
150” is provided downstream the turbocharger 100. The turbocompound unit 150" thus
receives exhaust gas flowing out from the turbocharger 100, which flow is used to drive a
turbine of the turbocompound unit 150”. Rotation of the turbine will be transmitted via one

or more reduction gears to the crankshaft of the engine 10.

In this embodiment, having two turbine units 100, 150" arranged in series, the bypass line
300 is connecting the exhaust gas recirculation line 200 to the exhaust gas line 30 at a
position downstream of the turbocompound unit 1507, i.e. between the turbocompound

unit 150” and the aftertreatment system 36.

Fig. 4 shows a diagram of simulations of engine efficiency. In the diagram, the brake
specific total consumption is plotted vs. exhaust gas temperature at a position between
the turbocompound unit 150" and the aftertreatment system 36. The simulation was
performed when the engine 10 was running at 1050 rpm, 300 Nm. The upper line relates
to simulations of a prior art system using a wastegate to bypass the turbocharger 100,
while the lower line relates to the internal combustion engine system shown in Fig. 3. As
can be seen, for a specific exhaust gas temperature the brake specific total consumption
is significantly lower using the internal combustion engine system described herein.

Fig. 5 shows another diagram of the measurements of the exhaust gas temperature at a
position between the turbocompound unit 150” and the aftertreatment system 36, for 57
different operating points at 1050 rpm. The lower line corresponds to the embodiment
shown in Fig. 3 having the valve 310 in a closed position, while the upper line
corresponds to the embodiment shown in Fig. 3 having the valve 310 in an open position,
allowing bypass. As is evident, the temperature increases significantly when bypass is
allowed.

In Fig. 6 a yet further embodiment of an internal combustion engine system is shown. The
embodiment is similar to the embodiment shown in Fig. 3, however the turbocompound
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unit 150" of Fig. 3 is here replaced by a turbocharger unit 150’. Hence, the embodiment
shown in Fig. 6 is a two-stage turbocharger, and the bypass line 300 is connecting the
exhaust gas recirculation line 200 to the exhaust gas line 30 at a position downstream of

the second turbocharger 150’

Now turning to Fig. 7, a cross sectional view of a part of the internal combustion engine
system of Fig. 3 is shown. Fig. 7 shows the first turbine unit 100, i.e. the turbocharger 100,

and a downstream turbocompound unit 150”.

Exhaust gas leaving an outlet of the turbocharger 100 is directed to an axial-flow turbine
wheel 152 of the turbocompound unit 150”. The exhaust gas exhibits a pressure drop and
temperature decrease, which is converted by the turbine wheel 152 into kinetic energy
that is supplied to the engine crankshaft.

The turbocompound unit 100 comprises a bearing housing 154, an exhaust diffuser duct
156 for conveying exhaust gas to an annular exhaust collector 160, and the turbine wheel
152 with blades positioned in the diffuser duct 156. A shaft, carrying the turbine wheel
152, is supported in the bearing housing 154 by means of bearings. By arranging the
bypass line 300 such that it connects the exhaust gas recirculation line 200 to the exhaust
gas collector 160 an efficient seal of the bearing housing 154 may be accomplished as will
be described below.

The turbocompound unit 150" comprises an oil sealing system with a sealing
arrangement 170 positioned in the vicinity of the turbine wheel 152 for preventing
lubrication oil from escaping from the inside of the bearing housing 154 along the shaft
into the exhaust gas stream, which passes axially past the turbine wheel 152. The turbine
wheel 152 rotates with a significant speed, for example up to about 50 000 rpm, thereby
generating a reduced exhaust gas pressure at a radially inner region of the turbine wheel
152 compared to the exhaust gas pressure at a radially outer region of the turbine wheel
152. This difference in exhaust gas pressure is caused partly by centrifugal forces acting
on the exhaust gas located close the turbine wheel 152. At the same time, the oil mist
pressure at the inner side of the housing 154 varies with oil pump operation etc., and is
during certain operating conditions higher than the exhaust gas pressure at the inner
region of the turbine wheel 152. This pressure difference may generate an oil leakage out
from the inside of the housing 154 into the exhaust gas stream. The leaked oil then mix
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with the exhaust gas causing increased emissions, increased lubrication oil consumption,

and/or poisoning of the exhaust aftertreatment system.

The oil sealing system comprises a buffer gas duct 162 that is arranged to supply exhaust
gas from the exhaust collector 160 to the sealing arrangement 170 for pressurizing the
sealing arrangement 170. A pressurized sealing arrangement 170 that has a pressure
above the oil mist pressure at the inner side of the housing 154 effectively prevents any oil
leakage along the shaft.

The exhaust gas collector 160 is in fluid communication with the buffer gas duct 162
which leads into the exhaust gas collector 160. The buffer gas duct 162 is thereby
arranged to supply exhaust gas from the exhaust collector 160 to the sealing arrangement
170 positioned in the vicinity of the turbine wheel 152 of the turbocompound unit 150" for
preventing oil from escaping from the bearing housing 154 to the diffuser duct 156 of the

turbocompound unit 150”.

As can be seen in Fig. 7 the exhaust gas collector 160 forms an annular flow path for the
exhaust gases. The buffer gas duct 162 extends from a buffer gas inlet 162a arranged at
the outer periphery of the exhaust collector 160. Preferably, the buffer gas inlet 162a is
arranged at a circumferential position of 170°-190° measured from the circumferential
position of a center of an exhaust outlet 164 of the exhaust gas collector 160.

The buffer gas duct 162 may e.g. extend from the inlet 162a and through a channel
formed in the side wall of the exhaust collector 160. The buffer gas duct 162 may continue
through a cavity such that pressurized exhaust gas is supplied to the sealing arrangement
170.

Measuring results and tests have shown that the highest pressure downstream the turbine
wheel 152 inside the exhaust collector is approximately 180° from the exhaust outlet 164,
i.e. at the bottom position of the exhaust collector 160. During operation it has been
proven that the static pressure in this area is always higher than the static pressure inside
the bearing housing 154, as well as than the pressure behind the turbine wheel 152. By
introducing bypass flow of exhaust gases into the collector 160, an improved sealing of
the bearing housing 154 is achieved.
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A method 400 for an internal combustion engine system is schematically shown in Fig. 8.
In accordance with the description above the system comprises an internal combustion
engine 10, and a first turbine unit 100 receiving exhaust gases from the internal
combustion engine 10. The turbine unit 100 has a compressor 110 for compressing intake
air and feeding said intake air by means of an air intake line 20 to said internal
combustion engine 10, and may preferably be realized as a turbocharger 100. The
method 400 comprises a first step 402 of providing an exhaust gas recirculation line 200
connecting the air intake line 20 with an exhaust gas line 30 of the internal combustion
engine 10 at a position upstream the first turbine unit 100. The method further comprises
a step 404 of providing a bypass line 300 connecting the exhaust gas recirculation line
200 to the exhaust gas line 30 at a position downstream of the turbine unit 100, said
bypass line 300 having means 310 for controlling the exhaust gas flow from the exhaust
gas recirculation line 200 to the exhaust gas line 30.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended

claims.
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CLAIMS

1. An internal combustion engine system, comprising:

an internal combustion engine (10),

a first turbine unit (100) receiving exhaust gases from the internal combustion
engine (10), said turbine unit (100) having a compressor (110) for compressing intake air
and feeding said intake air by means of an air intake line (20) to said internal combustion
engine (10), and

an exhaust gas recirculation line (200) connecting said air intake line (20) with an
exhaust gas line (30) of the internal combustion engine (10) at a position upstream the
first turbine unit (100),

characterized by

a bypass line (300) connecting the exhaust gas recirculation line (200) to the
exhaust gas line (30) at a position downstream of the turbine unit (100), said bypass line
(300) having means (310) for controlling the exhaust gas flow from the exhaust gas
recirculation line (200) to the exhaust gas line (30).

2. The internal combustion engine system according to claim 1, wherein said means (310)
for controlling the exhaust gas flow from the exhaust gas recirculation line (200) to the

exhaust gas line is a valve.

3. The internal combustion engine system according to claim 2, further comprising a
controller (320) configured to control the operation of said valve (310) depending on the
internal combustion engine load, internal combustion engine speed, turbine speed, and/or

the lambda value of the internal combustion engine.

4. The internal combustion engine system according to any one of the preceding claims,
wherein at least one valve (34) is provided in said exhaust gas recirculation line (200).

5. The internal combustion engine system according to any claim 4, wherein said exhaust
gas line (30) comprises a first branch (32a) allowing exhaust gas to flow from a first set
(12a) of cylinders (12) to the first turbine unit (100), and a second branch (32b) allowing
exhaust gas to flow from a second set (12b) of cylinders (12) to the first turbine unit (100),
and wherein at least one valve (34) is provided in each one of said branches (32a, 32b).
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6. The internal combustion engine system according to any one of the preceding claims,
wherein the first turbine unit (100) is a turbocharger unit.

7. The internal combustion engine system according to any one of the preceding claims,
further comprising a second turbine unit (150) arranged downstream the first turbine unit
(100) such that the second turbine unit (150) receives exhaust gas flowing out from the
first turbine unit (100), wherein said bypass line (300) is connecting the exhaust gas
recirculation line (200) to the exhaust gas line (30) at a position downstream of the second
turbine unit (150).

8. The internal combustion engine system according to claim 7, wherein the second
turbine unit (150) is a turbocharger unit (150°).

9. The internal combustion engine system according to claim 7, wherein the second

turbine unit (150) is a turbocompound unit (1507).

10. The internal combustion engine system according to claim 9, wherein said bypass line
(300) is connecting the exhaust gas recirculation line (200) to an exhaust gas collector
(160) of the turbocompound unit (150”).

11. The internal combustion engine system according to claim 10, wherein said exhaust
gas collector (160) is in fluid communication with a buffer gas duct (162) which leads into
the exhaust gas collector (160), whereby the buffer gas duct (162) is arranged to supply
exhaust gas from the exhaust collector (160) to a sealing arrangement (170) positioned in
the vicinity of a turbine wheel (152) of the turbocompound unit (1507) for preventing oil
from escaping from an associated bearing housing (154) to a diffuser duct (156) of the
turbocompound unit (1507).

12. The internal combustion engine system according to claim 11, wherein the exhaust
gas collector (160) forms an annular flow path for the exhaust gases.

13. The internal combustion engine system according to claim 12, wherein the buffer gas
duct (162) extends from a buffer gas inlet (162a) arranged at the outer periphery of the

exhaust collector (160).
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14. The internal combustion engine system according to claim 13, wherein the buffer gas
inlet (162a) is arranged at a circumferential position of 170°-190° measured from the
circumferential position of a center of an exhaust outlet (164) of the exhaust gas collector
(160).

15. The internal combustion engine system according to any one of the preceding claims,
wherein said bypass line (300) is connecting the exhaust gas recirculation line (200) to the
exhaust gas line (30) at a position upstream of an aftertreatment system (36).

16. The internal combustion engine system according to claim 15, wherein said
aftertreatment system (36) comprises a diesel particle filter (38a) and/or a selective
catalytic reduction system (38b).

17. A vehicle comprising an internal combustion engine system according to any one of
the preceding claims.

18. A method for an internal combustion engine system, said system comprising an
internal combustion engine (10), and a first turbine unit (100) receiving exhaust gases
from the internal combustion engine (10), said turbine unit (100) having a compressor
(110) for compressing intake air and feeding said intake air by means of an air intake line
(20) to said internal combustion engine (10),

said method being characterized by the steps of:

providing an exhaust gas recirculation line (200) connecting said air intake line
(20) with an exhaust gas line (30) of the internal combustion engine (10) at a position
upstream the first turbine unit (100), and

providing a bypass line (300) connecting the exhaust gas recirculation line (200) to
the exhaust gas line (30) at a position downstream of the turbine unit (100), said bypass
line (300) having means (310) for controlling the exhaust gas flow from the exhaust gas
recirculation line (200) to the exhaust gas line (30).
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