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Description

BACKGROUND TO THE INVENTION, AND STATE OF 
THE ART

[0001] The present invention relates to an arrange-
ment for a supercharged combustion engine according
to the preamble of claim 1.
[0002] WO 2007/054330 A2 discloses an arrangement
for a supercharged combustion engine comprising first
and second compressors, first and second cooling sys-
tems and first and second charge air coolers respectively
being cooled by coolant from the first and second cooling
systems.
[0003] The amount of air which can be supplied to a
supercharged combustion engine depends on the pres-
sure of the air but also on the temperature of the air.
Supplying the largest possible amount of air to a com-
bustion engine entails the air having first to be com-
pressed to a high pressure and thereafter be cooled be-
fore it is led to the combustion engine. When air needs
compressing to high pressure, it is advantageous that it
be compressed in two stages. This may involve a com-
pressor of a first turbo unit subjecting the air to a first
compression step and a compressor in a second turbo
unit subjecting the air to a second compression step.
Cooling the air between the two compression steps is a
known practice. The cooling of the air after it has under-
gone the first compression step leads to the air being at
a lower temperature. The air will thus be at a lower spe-
cific volume, i.e. it will occupy a smaller volume per unit
weight. As a compressor usually has a space with a con-
stant volume in which to receive and compress air, such
intermediate cooling makes it possible for a larger
amount of air to be drawn into the second compressor
and subjected to the second compression step. This
means that a large amount of air can be compressed to
a high pressure. It is also important to cool the com-
pressed air before it is led to the combustion engine, so
that a large amount of the compressed air can be led into
the combustion engine.

SUMMARY OF THE INVENTION

[0004] The object of the present invention is to provide
an arrangement for a supercharged combustion engine
which results in effective cooling of compressed air which
is led to the combustion engine even when the air is com-
pressed to a very high pressure.
[0005] This object is achieved with the arrangement of
the kind mentioned in the introduction which is charac-
terised by the features indicated in the characterising part
of claim 1. When air is compressed, it undergoes an
amount of heating which is related to the degree of com-
pression. This means that air which is compressed to
high pressure undergoes very powerful heating. In such
cases, the air is therefore compressed in two stages with
an intermediate cooling.

[0006] Coolant from the second cooling system is here
used for cooling the charge air between the compression
steps. The fact that the coolant in the second cooling
system is at a lower temperature than the coolant in the
first system makes effective cooling of the charge air pos-
sible between the compressions. Such compression in
two stages with an intermediate cooling leads to the ef-
ficiency of the compression being considerably higher
than if the compression was effected in one step. The
intercooling results in the air after the second compres-
sion step being at a significantly lower temperature than
if it was subjected in a conventional manner to only one
compression step. The lower temperature of the air after
the compression means that components for receiving
and conveying the compressed air need not be made of
relatively expensive materials with good heat tolerance
characteristics. After the compression of the air, it is
cooled first by coolant from the first system and thereafter
by coolant from the second cooling system. Cooling the
compressed air first with the warmer coolant in the first
cooling system makes it unnecessary for the second
cooling system to effect the whole cooling of the charge
air. The load on the second cooling system will thus be
smaller and the temperature of the coolant can therefore
be kept at a low level. The low temperature of the coolant
in the second cooling system ensures that the charge air
is cooled to a low temperature before it is led into the
combustion engine.
[0007] According to a preferred embodiment of the in-
vention, the first cooling system comprises a first radiator
in which the coolant is intended to be cooled by air. Such
a radiator may be arranged at a suitable location, e.g. in
a vehicle, where it has a cooling air flow passing through
it. The first cooling system comprises with advantage an
extra radiator in which the coolant is intended to be cooled
by air. Particularly in vehicles, the load on existing cooling
systems may become severe. In many cases it is there-
fore advantageous to provide such an extra air-cooled
radiator at a suitable location in the vehicle. The extra
radiator and the first radiator are preferably arranged in
parallel in the first cooling system. Thus part of the coolant
will be cooled in the first radiator and the remainder of
the coolant will be cooled in the extra cooler. After the
cooling, the coolant from the various coolers may be
brought together and mixed before the coolant is used
again for cooling. The first cooling system is preferably
intended to cool the combustion engine. It is advanta-
geous to use the coolant in this existing cooling system
for subjecting the compressed air to a first step of cooling
after the second compression. During normal operation,
this coolant will certainly be at a temperature of 80-100°C
but this is definitely lower than the temperature of the
compressed air after it has undergone the second com-
pression step.
[0008] According to a preferred embodiment of the in-
vention, the second cooling system comprises a radiator
element in which the coolant is intended to be cooled by
air at the temperature of the surroundings. For the coolant
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in the second cooling system to acquire a low tempera-
ture, it is advantageous to cause it to be cooled in a ra-
diator element which has air at the temperature of the
surroundings flowing through it. By suitable dimensioning
of the radiator element it is therefore possible also to cool
the coolant to a temperature close to the temperature of
the surroundings. The second cooling system may com-
prise a line adapted to leading coolant to the first charge
air cooler and a line adapted to leading coolant to the
third charge air cooler, which lines are arranged in parallel
so that they lead coolant at substantially the same tem-
perature to the respective charge air coolers. Such par-
allel lines make it possible for the compressed air to be
cooled by coolant at the same low temperature. The air
can thus be cooled to an optimum low temperature be-
tween the compression steps and before it is led into the
combustion engine. The second cooling system may
comprise at least one further parallel line which leads
coolant to a further radiator. In a vehicle, for example,
there are a large number of components and media which
it is advantageous to cool by means of coolant at a low
temperature, e.g. electrical control units, refrigerants in
air conditioning systems and gearbox oil.
[0009] According to another preferred embodiment of
the invention, the arrangement comprises a the return
line connecting the exhaust line to the inlet line so that it
is possible, via the return line, to recirculate exhaust gas-
es from the exhaust line to the inlet line. The technique
known as EGR (Exhaust Gas Recirculation) is a known
way of recirculating part of the exhaust gases from a com-
bustion process in a combustion engine. The recirculat-
ing exhaust gases are mixed with the inlet air to the com-
bustion engine before the mixture is led to the engine’s
cylinders. Adding exhaust gases to the air causes a lower
combustion temperature which results inter alia in a re-
duced content of nitrogen oxides NOx in the exhaust gas-
es. Supplying a large amount of exhaust gases to the
combustion engine also requires effective cooling of the
exhaust gases before they are led to the combustion en-
gine. The return line may comprise a first EGR cooler
adapted to being cooled by coolant from the first cooling
system and a second EGR cooler adapted to being
cooled by coolant from the second cooling system. The
exhaust gases can thus undergo cooling to the same low
temperature as the circulating air before they mix and
are led into the combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Preferred embodiments of the invention are de-
scribed below by way of examples with reference to the
attached drawings, in which:

Fig. 1 depicts an arrangement for a supercharged die-
sel engine according to a first embodiment of
the invention and

Fig. 2 depicts an arrangement for a supercharged die-

sel engine according to a second embodiment
of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0011] Fig. 1 depicts an arrangement for a super-
charged combustion engine intended to power a sche-
matically depicted vehicle 1. The combustion engine is
here exemplified as a diesel engine 2. The diesel engine
2 may be used to power a heavy vehicle 1. The diesel
engine 2 is cooled by a first cooling system with a circu-
lating coolant. The exhaust gases from the cylinders of
the diesel engine 2 are led via an exhaust manifold 3 to
an exhaust line 4. The diesel engine 2 is provided with a
first turbo unit comprising a turbine 5a and a compressor
6a, and a second turbo unit comprising a turbine 5b and
a compressor 6b. The exhaust gases in the exhaust line
4, which are at above atmospheric pressure, are led in-
itially to the turbine 5b of the second turbo unit. The tur-
bine 5b is thus provided with driving power which is trans-
ferred, via a connection, to the compressor 6b of the sec-
ond turbo unit. The exhaust gases are thereafter led via
the exhaust line 4 to the turbine 5a of the first turbo unit.
The turbine 5a is thus provided with driving power which
is transferred, via a connection, to the compressor 6a of
the first turbo unit.
[0012] The arrangement comprises an inlet line 8
adapted to leading air to the combustion engine 2. The
compressor 6a of the first turbo unit compresses air which
is drawn into the inlet line 8 via an air filter 7. The air is
cooled thereafter in a first charge air cooler 9a by coolant
from a second cooling system. The second cooling sys-
tem contains coolant which during normal operation is at
a lower temperature than the temperature of the coolant
in the combustion engine’s cooling system. The com-
pressed and cooled air leaving the first charge air cooler
9a is led on in the line 8 to the compressor 6b of the
second turbo unit, in which it undergoes a second com-
pression step. The air is thereafter led via the line 8 to a
second charge air cooler 9b in which it is cooled by cool-
ant from the combustion engine’s cooling system. The
charge air is finally cooled in a third charge air cooler 9c,
in which it is cooled by the cold coolant in the second
cooling system.
[0013] The arrangement comprises a return line 11 for
recirculation of exhaust gases from the exhaust line 4.
The return line 11 has an extent between the exhaust
line 4 and the inlet line 8. The return line 11 comprises
an EGR valve 12 by which the exhaust flow in the return
line 11 can be shut off. The EGR valve 12 can also be
used for steplessly controlling the amount of exhaust gas-
es which is led from the exhaust line 4 to the inlet line 8
via the return line 11. A first control unit 13 is adapted to
controlling the EGR valve 12 on the basis of information
about the current operating state of the diesel engine 2.
The return line 11 comprises a coolant-cooled first EGR
cooler 14a for subjecting the exhaust gases to a first step
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of cooling. The exhaust gases are cooled in the first EGR
cooler 14a by coolant from the combustion engine’s cool-
ing system. The exhaust gases are thereafter subjected
to a second step of cooling in a coolant-cooled second
EGR cooler 14b. The exhaust gases are cooled in the
second EGR cooler 14b by coolant from the second cool-
ing system.
[0014] In certain operating situations in supercharged
diesel engines 2, the pressure of the exhaust gases in
the exhaust line 4 will be lower than the pressure of the
compressed air in the inlet line 8. In such operating sit-
uations it is not possible to mix the exhaust gases in the
return line 11 directly with the compressed air in the inlet
line 8 without special auxiliary means. To this end it is
possible to use, for example, a venturi 16 or a turbo unit
with variable geometry. If instead the combustion engine
2 is a supercharged Otto engine, the exhaust gases in
the return line 11 can be led directly into the inlet line 8,
since the exhaust gases in the exhaust line 4 of an Otto
engine in substantially all operating situations will be at
a higher pressure than the compressed air in the inlet
line 8. After the exhaust gases have mixed with the com-
pressed air in the inlet line 8, the mixture is led to the
respective cylinders of the diesel engine 2 via a manifold
17.
[0015] The combustion engine 2 is cooled in a conven-
tional manner by coolant which is circulated in the first
cooling system. The coolant in the first cooling system is
circulated by a coolant pump 18. The main flow of coolant
cools the combustion engine 2. In this case the coolant
also cools motor oil in an oil cooler 15. After the coolant
has cooled the combustion engine 2, it is led in a line 21
to an oil cooler element 28 for a retarder. After the coolant
has cooled the oil in the oil cooler element 28, it is led on
in the line 21 to a thermostat 19. The thermostat 19 leads
a variable amount of the coolant to a line 21 a and a line
21b depending on the temperature of the coolant. The
line 21a leads coolant to the combustion engine 2, where-
as the line 21b leads coolant to a radiator 20 fitted at a
forward portion of the vehicle 1. When the coolant has
reached a normal operating temperature, substantially
all of the coolant is led to the radiator 20 in order to be
cooled. A line 23 leads the cooled coolant back to the
combustion engine 2. A small portion of the coolant in
the cooling system is not used to cool the combustion
engine but is led into two parallel lines 22a, 22b. The line
22a leads coolant to the first charge air cooler 9, in which
it cools the compressed air. The line 22b leads coolant
to the first EGR cooler 14a, in which it subjects the recir-
culating exhaust gases to a first step of cooling. The cool-
ant which has cooled the air in the second charge air
cooler 9b and the coolant which has cooled the exhaust
gases in the first EGR cooler 14a are reunited in a line
22c. The line 22c leads the coolant to a location in the
cooling system which is situated between the three-way
valve 19 and the pump 18, where it is mixed with cooled
coolant from the radiator 20.
[0016] The second cooling system comprises a radia-

tor element 24 fitted in front of the radiator 20 in a pe-
ripheral region of the vehicle 1. In this case the peripheral
region is situated at a front portion of the vehicle 1. A
radiator fan 25 is adapted to generating a flow of sur-
rounding air through the radiator element 24 and the ra-
diator 20. As the radiator element 24 is situated in front
of the radiator 20, the coolant is cooled in the radiator
element 24 by air at the temperature of the surroundings.
The coolant in the radiator element 24 can thus be cooled
to a temperature close to the temperature of the sur-
roundings. The cold coolant from the radiator element 24
is circulated in the second cooling system in a line circuit
26 by a pump 27. The line circuit 26 comprises a first line
26a which leads cold coolant out from the radiator ele-
ment 24 to various coolers for cooling various media. The
line circuit 26 comprises a second line 26b which leads
the coolant back to the radiator element after it has been
used for cooling said media.
[0017] A first connecting line 30 connects the second
cooling system to the combustion engine’s cooling sys-
tem. The first connecting line 30 has one end connected
to the second line 26b of the second cooling system and
an opposite end connected to the line 21 of the first cool-
ing system. The first connecting line 30 is connected to
the line 21 via a first three-way valve 32. The coolant in
the combustion engine’s cooling system is at its highest
temperature in the line 21 close to the first three-way
valve 32. A second connecting line 33 connects the sec-
ond cooling system to the first cooling system. The sec-
ond connecting line 33 is connected to the first line 26a
of the second cooling system via a second three-way
valve 34. The second three-way valve 34 is arranged in
the line 26a at a location where the coolant has just been
cooled in the radiator 24. The first line 26a divides into a
number of parallel lines 26c-f which lead cold coolant to
a number of coolers 9a, 9c, 14b, 35 for cooling various
media. The line 26c is adapted to leading cold coolant to
the first charge air cooler 9a, in which it subjects the com-
pressed air to an initial step of cooling. The line 26d is
adapted to leading cold coolant to the third charge air
cooler 9c, in which it subjects the compressed air to a
final step of cooling. The line 26e is adapted to leading
cold coolant to a cooler 35 which may be of any desired
kind. The cooler 35 may for example be adapted to cool-
ing a cooling medium which cools electrical control units,
a refrigerant in an air conditioning system or gearbox oil.
The line 26f is adapted to leading cold coolant to the
second EGR cooler 14b, in which it subjects the recircu-
lating exhaust gases to a second step of cooling. After
the coolant has passed through said coolers 9a, 9c, 14b,
35, the warmed coolant is led back to the radiator 24 via
the line 26b. A second control unit 31 is adapted to con-
trolling the three-way valves 32, 34.
[0018] During operation of the diesel engine 2, exhaust
gases flow through the exhaust line 4 and drive the tur-
bines 5a, b of the turbo units. The turbines 5a, b are thus
provided with driving power which drives the compres-
sors 6a, 6b of the turbo units. The compressor 6a of the
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first turbo unit draws surrounding air in via the air filter 7
and subjects the air in the inlet line 8 to a first compression
step. The air thus acquires an increased pressure and
an increased temperature. The compressed air is cooled
in the first charge air cooler 9a by the coolant in the sec-
ond cooling system. In favourable circumstances, the
coolant in the second cooling system may be at a tem-
perature substantially corresponding to the temperature
of the surroundings when it reaches the first charge air
cooler 9a. The compressed air can thus be cooled to a
temperature close to the temperature of the surroundings
in the first charge air cooler 9a. The cooled air maintains
its pressure in the first charge air cooler 9a. Air which is
cooled has a lower specific volume, i.e. it occupies a
smaller volume per unit weight. The air thus becomes
more compact. A compressor normally has a space with
a constant volume in which to receive and compress air.
The cooling of the air in the first charge air cooler 9a thus
makes it possible for a larger amount of air to be com-
pressed in the compressor 6b of the second turbo unit.
The air is here subjected to a second compression step
to a still higher pressure. The compressed air is thereafter
led through the second charge air cooler 9b, in which it
is cooled by coolant from the combustion engine’s cool-
ing system. The compressed air may here be cooled to
a temperature close to the temperature of the coolant in
the combustion engine’s cooling system. The com-
pressed air is thereafter led to the third charge air cooler
9c, in which it is cooled by coolant from the second cooling
system. The compressed air may here be cooled to a
temperature close to the temperature of the surround-
ings.
[0019] In most operating states of the diesel engine 2,
the control unit 13 will keep the EGR valve 12 open so
that part of the exhaust gases in the exhaust line 4 is led
into the return line 11. The exhaust gases in the exhaust
line 4 may be at a temperature of about 500-600°C when
they reach the first EGR cooler 14a. The recirculating
exhaust gases undergo a first step of cooling in the first
EGR cooler 14a. The coolant in the combustion engine’s
cooling system is here used as cooling medium. During
normal operation of the vehicle, this coolant will be at a
temperature within the range 70-100°C. The recirculating
exhaust gases can thus undergo a first step of cooling
to a temperature close to the temperature of the coolant.
The exhaust gases are thereafter led to the second EGR
cooler 14b. The second EGR cooler 14b is cooled by
coolant from the second cooling system. With a suitably
dimensioned EGR cooler 14b, the recirculating exhaust
gases can be cooled to a temperature close to the tem-
perature of the surroundings. Exhaust gases in the return
line 11 can thus undergo cooling to substantially the same
temperature as the compressed air in the third charge
air cooler 9c.
[0020] The compressed air is thus subjected to three
steps of cooling. Cooling the air between the compres-
sions in the compressors 6a, b results in the air being of
relatively low specific volume when it is subjected to the

second compression step by the compressor 6b. A rel-
atively large amount of air can therefore be subjected to
the second compression step by the compressor 6b. The
compressed air is thereafter cooled in the second charge
air cooler 9b and the third charge air cooler 9c to a tem-
perature substantially corresponding to the temperature
of the surroundings. Both the exhaust gases and the com-
pressed air will thus be at a temperature substantially
corresponding to the temperature of the surroundings
when they mix. Thus a substantially optimum amount of
recirculating exhaust gases and a substantially optimum
amount of air can be led into the combustion engine at
a high pressure. Combustion in the combustion engine
with high performance and optimum reduction of nitrogen
oxides in the exhaust gases is thus made possible.
[0021] During normal operation, the control unit 31 is
adapted to keeping the first three-way valve 32 and the
second three-way valve 34 in positions such that no ex-
change of coolant takes place between the first cooling
system and the second cooling system. However, the
effective cooling of the compressed air and the recircu-
lating exhaust gases may lead to ice formation in the
coolers 9c, 14b. If it receives information which indicates
that there is risk of ice formation or that ice has formed
within either of the coolers 9c, 14b, the second control
unit 31 halts the operation of the pump 27. The second
control unit 31 places the first three-way valve 32 in a
position such that warm coolant from the combustion en-
gine’s cooling system is led to the second cooling system
via the first connecting line 30. In the second position,
the first three-way valve 32 leads the warm coolant in an
opposite direction to the normal direction of flow in the
second cooling system. The warm coolant from the com-
bustion engine’s cooling system will thus flow in the re-
verse direction through the third charge air cooler 9c and
the second EGR cooler 14b. The warm coolant will quick-
ly melt any ice which has formed within the charge air
cooler 9c and/or the second EGR cooler 14b. After a
predetermined time or when it receives information which
indicates that the ice has melted in the charge air cooler
9c and/or the second EGR cooler 14b, the second control
unit 31 will return the three-way valves 32, 34 to their
respective first positions. Any ice formation in the charge
air cooler 9c and/or the second EGR cooler 14b can thus
be eliminated easily and effectively.
[0022] The vehicle 1 is in this case equipped with an
oil-cooled retarder. The retarder oil is cooled in the oil
cooler element 28 by the coolant in the combustion en-
gine’s cooling system. The braking capacity of a retarder
is usually limited by the ability of the cooling system to
cool away the thermal energy which is generated when
the retarder is activated. The second control unit 31 is
adapted to receiving information when the retarder is ac-
tivated. When this occurs, the second control unit 31
switches off the pump 27 in the second cooling system.
The second control unit also places the three-way valves
32, 34 in a third position. The first three-way valve 32
thereupon leads warm coolant from the combustion en-
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gine’s cooling system to the second cooling system via
the first connecting line 30. In this case the first three-
way valve 32 leads the warm coolant in so that it is cir-
culated in the normal direction of flow in the second cool-
ing system. The warm coolant is led from the first three-
way valve 32 to the radiator element 24, in which it is
cooled by air at the temperature of the surroundings. The
coolant undergoes effective cooling here before it is led
to the second three-way valve 34 via the line 26a. The
second three-way valve 34, which has thus also been
placed in a third position, leads the coolant back to the
combustion engine’s cooling system via the first connect-
ing line 33. During activation of the retarder, coolant
which has cooled the oil in the oil cooler 28 is thus led
partly to the combustion engine’s radiator 20 and partly
to the second cooling system’s radiator element 24. This
means that the coolant undergoes considerably im-
proved cooling when the retarder is activated. The result
is that the retarder can be activated for a significantly
longer time before the coolant reaches a maximum ac-
ceptable temperature.
[0023] Fig. 2 depicts an alternative embodiment in
which the first cooling system is provided with an extra
radiator 36 fitted in a peripheral region of the vehicle 1.
A radiator fan 37 is provided to generate a flow of sur-
rounding air through the radiator 36. The cooling fan 37
is driven by an electric motor 38. The coolant is cooled
in the radiator 36 by air at the temperature of the sur-
roundings. Part of the coolant which circulates in the line
21b will thus be led through the radiator 36, while a re-
maining portion of the coolant is cooled in the radiator
20. The portion of the coolant which is cooled in the ra-
diator 36 is led to the line 23 in the first cooling system.
The extra radiator 36 is here arranged in parallel relative
to the ordinary radiator 20.
[0024] The invention is in no way limited to the embod-
iment described with reference to the drawing but may
be varied freely within the scopes of the claims.

Claims

1. An arrangement for a supercharged combustion en-
gine (2), which arrangement comprises an inlet line
(8) adapted to leading air at above atmospheric pres-
sure to the combustion engine (2), a first compressor
(6a) adapted to subjecting the air in the inlet line (8)
to a first compression step, a second compressor
(6b) adapted to subjecting the air in the inlet line (8)
to a second compression step, a first cooling system
with a circulating coolant and a second cooling sys-
tem with a circulating coolant which during normal
operation of the combustion engine is at a lower tem-
perature than the coolant in the first cooling system,
characterised in that the arrangement comprises
a first charge air cooler (9a) applied in the inlet line
(8) at a location between the first compressor (6a)
and the second compressor (6b) and adapted to be-

ing cooled by coolant from the second cooling sys-
tem, a second charge air cooler (9b) arranged in the
inlet line (8) at a position downstream of the second
compressor (6b) and adapted to being cooled by
coolant from the first cooling system, and a third
charge air cooler (9c) applied in the inlet line (8) at
a position downstream of the second charge air cool-
er (9b) and adapted to being cooled by coolant from
the second cooling system.

2. An arrangement according to claim 1, character-
ised in that the first cooling system comprises a first
radiator (20) in which the coolant is intended to be
cooled by air.

3. An arrangement according to claim 2, character-
ised in that the first cooling system comprises an
extra radiator (36) in which the coolant is intended
to be cooled by air.

4. An arrangement according to claim 3, character-
ised in that the extra radiator (36) and the first ra-
diator (20) are arranged in parallel in the first cooling
system.

5. An arrangement according to any one of the forego-
ing claims, characterised in that the first cooling
system is adapted to cooling the combustion engine
(2).

6. An arrangement according to any one of the forego-
ing claims, characterised in that the second cooling
system comprises a radiator element (24) in which
the coolant is intended to be cooled by air at the
temperature of the surroundings.

7. An arrangement according to any one of the forego-
ing claims, characterised in that the second cooling
system comprises a line (26c) adapted to leading
coolant to the first charge air cooler (9a), and a line
(26d) adapted to leading coolant to the third charge
air cooler (9c), which lines (26c, 26d) are arranged
in parallel so that they lead coolant at substantially
the same temperature to the respective charge air
coolers (9a, 9c).

8. An arrangement according to claim 7, character-
ised in that the second cooling system comprises
at least one further parallel line (26e, 26f) which leads
coolant to a further cooler (14b, 35).

9. An arrangement according to any one of the forego-
ing claims, characterised in that it comprises a re-
turn line (11) connecting the exhaust line (4) to the
inlet line (8) to make it possible, via the return line
(11), to recirculate exhaust gases from the exhaust
line (4) to the inlet line (8).
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10. An arrangement according to claim 9, character-
ised in that the return line (11) comprises a first EGR
cooler (14a) adapted to being cooled by coolant from
the first cooling system, and a second EGR cooler
(14b) adapted to being cooled by coolant from the
second cooling system.

Patentansprüche

1. Anordnung für einen aufgeladenen Verbrennungs-
motor (2), wobei die Anordnung eine Einlassleitung
(8) umfasst, die dazu geeignet ist, Luft oberhalb des
Atmosphärendrucks an den Verbrennungsmotor (2)
zu leiten, wobei ein erster Kompressor (6a) dazu ge-
eignet ist, Luft in der Einlassleitung einem ersten
Verdichtungsschritt zu unterwerfen, wobei ein zwei-
ter Kompressor (6b) dazu geeignet ist, Luft in der
Einlassleitung einem zweiten Verdichtungsschritt zu
unterwerfen, ein erstes Kühlsystem mit einem zirku-
lierenden Kühlmittel und ein zweites Kühlsystem mit
einem zirkulierenden Kühlmittel, das während des
Normalbetriebs des Verbrennungsmotors auf einer
niedrigen Temperatur ist als das Kühlmittel in dem
ersten Kühlsystem, dadurch gekennzeichnet,
dass die Anordnung einen ersten Ladeluftkühler
(9a) umfasst, der in der Einlassleitung an einem Ort
zwischen dem ersten Kompressor (6a) und dem
zweiten Kompressor (6b) vorgesehen und dazu ge-
eignet ist, durch das Kühlmittel des zweiten Kühlsys-
tems gekühlt zu werden, einen zweiten Ladeluftküh-
ler (9b), der in der Einlassleitung an einer Position
stromabwärts des zweiten Kompressors vorgese-
hen und dazu geeignet ist, durch das Kühlmittel des
zweiten Kühlsystems gekühlt zu werden, und einen
dritten Ladeluftkühler (9c), der in der Einlassleitung
an einer Position stromabwärts des zweiten Lade-
luftkühlers (9b) bereitgestellt und dazu geeignet ist,
durch das Kühlmittel des zweiten Kühlsystems ge-
kühlt zu werden.

2. Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das erste Kühlsystem einen ersten
Kühler (20) umfasst, wobei das Kühlmittel dazu be-
stimmt ist, durch Luft gekühlt zu werden.

3. Anordnung nach Anspruch 2, dadurch gekenn-
zeichnet, dass das erste Kühlsystem einen zusätz-
lichen Kühler (36) umfasst, wobei das Kühlmittel
dann dazu bestimmt ist, durch Luft gekühlt zu wer-
den.

4. Anordnung nach Anspruch 3, dadurch gekenn-
zeichnet, dass der zusätzliche Kühler (36) und der
erste Kühler (20) in dem ersten Kühlsystem parallel
angeordnet sind.

5. Anordnung nach einem der vorhergehenden An-

sprüche, dadurch gekennzeichnet, dass das erste
Kühlsystem dazu geeignet ist, den Verbrennungs-
motor (2) zu kühlen.

6. Anordnung nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass das zwei-
te Kühlsystem ein Kühlelement (24) umfasst, wobei
das Kühlmittel dazu bestimmt ist, durch Luft auf Um-
gebungstemperatur gekühlt zu werden.

7. Anordnung nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass das zwei-
te Kühlsystem eine Leitung (26c) umfasst, die dazu
geeignet ist, das Kühlmittel zu dem ersten Ladeluft-
kühler (9a) zu leiten, und eine Leitung (26d) die dazu
geeignet ist, das Kühlmittel zu dem dritten Ladeluft-
kühler (9c) zu leiten, wobei die Leitungen (26c, 26d)
parallel angeordnet sind, so dass sie das Kühlmittel
im Wesentlichen auf gleicher Temperatur an die ent-
sprechenden Ladeluftkühler (9a, 9c) leiten.

8. Anordnung nach Anspruch 7, dadurch gekenn-
zeichnet, dass das zweite Kühlsystem zumindest
eine weitere Parallelleitung (26e, 26f) umfasst, die
das Kühlmittel an einen weiteren Kühler (14b, 35)
leitet.

9. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass es eine Rück-
führleitung (11) umfasst, die die Abgasleitung (4) mit
der Einlassleitung (8) verbindet, um zu ermöglichen,
dass über die Rückführleitung (11) Abgase aus der
Abgasleitung (4) an die Einlassleitung (8) zugeführt
werden.

10. Anordnung nach Anspruch 9, dadurch gekenn-
zeichnet, dass die Rückführleitung (11) einen ers-
ten Abgasrückführungskühler (14a), der dazu geeig-
net ist, durch das Kühlmittel des ersten Kühlsystems
gekühlt zu werden, und einen zweiten Abgasrück-
führungskühler (14b) umfasst, der dazu geeignet ist,
durch das Kühlmittel des zweiten Kühlsystems ge-
kühlt zu werden.

Revendications

1. Agencement pour un moteur à combustion turbo-
compressé (2), cet agencement comprenant une li-
gne d’entrée (8) adaptée de façon à mener de l’air
à une pression supérieure à la pression atmosphé-
rique vers le moteur à combustion (2), un premier
compresseur (6a) adapté de façon à soumettre l’air
dans la ligne d’entrée (8) à une première étape de
compression, un deuxième compresseur (6b) adap-
té de façon à soumettre l’air dans la ligne d’entrée
(8) à une deuxième étape de compression, un pre-
mier système de refroidissement avec un agent de
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refroidissement en circulation et un deuxième sys-
tème de refroidissement avec un agent de refroidis-
sement en circulation, qui, durant le fonctionnement
normal du moteur à combustion, est à une tempé-
rature inférieure à celle de l’agent de refroidissement
dans le premier système de refroidissement, carac-
térisé en ce que l’agencement comprend un pre-
mier refroidisseur d’air de charge (9a) appliqué dans
la ligne d’entrée (8) en un emplacement entre le pre-
mier compresseur (6a) et le deuxième compresseur
(6b), et adapté de façon à être refroidi par un agent
de refroidissement venant du deuxième système de
refroidissement, un deuxième refroidisseur d’air de
charge (9b) disposé dans la ligne d’entrée (8) en une
position en aval du deuxième compresseur (6b), et
adapté de façon à être refroidi par un agent de re-
froidissement venant du premier système de refroi-
dissement, et un troisième refroidisseur d’air de
charge (9c) appliqué dans la ligne d’entrée (8) en
une position en aval du deuxième refroidisseur d’air
de charge (9b), et adapté de façon à être refroidi par
un agent de refroidissement venant du deuxième
système de refroidissement.

2. Agencement selon la revendication 1, caractérisé
en ce que le premier système de refroidissement
comprend un premier radiateur (20), dans lequel il
est prévu que l’agent de refroidissement soit refroidi
par de l’air.

3. Agencement selon la revendication 2, caractérisé
en ce que le premier système de refroidissement
comprend un radiateur supplémentaire (36), dans
lequel il est prévu que l’agent de refroidissement soit
refroidi par de l’air.

4. Agencement selon la revendication 3, caractérisé
en ce que le radiateur supplémentaire (36) et le pre-
mier radiateur (20) sont disposés en parallèle dans
le premier système de refroidissement.

5. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que le premier
système de refroidissement est adapté de façon à
refroidir le moteur à combustion (2).

6. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que le deuxiè-
me système de refroidissement comprend un élé-
ment de radiateur (24), dans lequel il est prévu que
l’agent de refroidissement soit refroidi par de l’air à
la température de l’environnement.

7. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que le deuxiè-
me système de refroidissement comprend une ligne
(26c) adaptée de façon à mener un agent de refroi-
dissement vers le premier refroidisseur d’air de char-

ge (9a), et une ligne (26d) adaptée de façon à mener
un agent de refroidissement vers le troisième refroi-
disseur d’air de charge (9c), ces lignes (26c, 26d)
étant disposées en parallèle, de telle sorte qu’elles
mènent un agent de refroidissement sensiblement
à la même température vers les refroidisseurs d’air
de charge respectifs (9a, 9c).

8. Agencement selon la revendication 7, caractérisé
en ce que le deuxième système de refroidissement
comprend au moins une autre ligne parallèle (26e,
26f) qui mène un agent de refroidissement vers un
autre refroidisseur (14b, 35).

9. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce qu’il com-
prend une ligne de retour (11) reliant la ligne d’échap-
pement (4) à la ligne d’entrée (8) de façon à rendre
possible, par l’intermédiaire de la ligne de retour (11),
de faire recirculer des gaz d’échappement de la ligne
d’échappement (4) à la ligne d’entrée (8).

10. Agencement selon la revendication 9, caractérisé
en ce que la ligne de retour (11) comprend un pre-
mier refroidisseur de recirculation de gaz d’échap-
pement (14a) adapté de façon à être refroidi par un
agent de refroidissement venant du premier système
de refroidissement, et un deuxième refroidisseur de
recirculation de gaz d’échappement (14b) adapté de
façon à être refroidi par un agent de refroidissement
venant du deuxième système de refroidissement.
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