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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] 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 the com-
bustion engine entails effective cooling of the air before
it is led to the combustion engine. The air is usually cooled
in a charge air cooler arranged at a front portion of a
vehicle. At that location the charge air cooler has a cool-
ing air flow at the temperature of the surroundings flowing
through it, which makes it possible for the compressed
air to be cooled to a temperature close to the temperature
of the surroundings. In cold weather conditions, the com-
pressed air may be cooled to a temperature below the
dewpoint temperature of the air, resulting in precipitation
of water vapour in liquid form in the charge air cooler.
When the temperature of the surrounding air is lower
than 0°C, there is also risk of the precipitated water freez-
ing to ice within the charge air cooler. Such ice formation
will cause a greater or lesser amount of obstruction of
the airflow ducts within the charge air cooler, resulting in
a reduced flow of air to the combustion engine and con-
sequent operational malfunctions or stoppages.
[0003] The technique known as EGR (Exhaust Gas
Recirculation) is a known way of recirculating part of the
exhaust gases from a combustion process in a combus-
tion engine. The recirculating exhaust gases are mixed
with the inlet air to the combustion engine before the mix-
ture is led to the cylinders of the combustion engine. Add-
ing exhaust gases to the air causes a lower combustion
temperature, resulting inter alia in a reduced content of
nitrogen oxides NOx in the exhaust gases. This technique
is used both for Otto engines and for diesel engines. Sup-
plying a large amount of exhaust gases to the combustion
engine entails effective cooling of the exhaust gases be-
fore they are led to the combustion engine. The exhaust
gases may be subjected to a first step of cooling in an
EGR cooler which is cooled by coolant from the combus-
tion engine’s cooling system, and a second step of cool-
ing in an air-cooled EGR cooler. The exhaust gases can
thus also be cooled to a temperature close to the tem-
perature of the surroundings. Exhaust gases contain wa-
ter vapour which condenses within the EGR cooler when
the exhaust gases undergo the second step of cooling
to a temperature which is lower than the dewpoint of the
water vapour. When the temperature of the temperature
of the surroundings is below 0°C, there is also risk of the
condensate formed freezing to ice within the second EGR
cooler. Such ice formation will cause a greater or lesser
amount of obstruction of the exhaust gas flow ducts within
the EGR cooler. When the recirculation of exhaust gases

ceases or is considerably reduced, the result is an in-
creased content of nitrogen oxides in the exhaust gases.
[0004] WO 2007/054330 shows an arrangement ac-
cording to the preamble of claim 1.
[0005] DE 100 12 197 A1 shows a cooling system for
cooling of an internal combustion engine in a vehicle and
an air conditioning system in the form of a refrigerant
system. A heat exchanger allows heating and cooling of
the coolant in the cooling system by the refrigerant in the
air conditioning system.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is to provide
an arrangement whereby a gaseous medium which con-
tains water vapour can be subjected to very good cooling
in a cooler while at the same time the risk of the cooler
being obstructed is avoided.
[0007] 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. For the gaseous medium to be effectively
cooled, it needs to be cooled by a coolant in a cooling
system which may be referred to as a low-temperature
cooling system. When coolant in a low-temperature cool-
ing system is used, the arrangement is usually cooled to
a temperature at which water in liquid form is precipitated
within the cooler. If the coolant is also colder than 0°C,
there is obvious risk of the water freezing to ice within
the cooler. The lower the temperature of the coolant in
the low-temperature cooling system, the greater this risk.
The arrangement also comprises a cooling system with
a warmer coolant than the coolant in the low-temperature
cooling system. This cooling system may be referred to
as a high-temperature cooling system. According to the
invention, a heat exchanger and a valve means are used
to make it possible to warm the coolant in the low-tem-
perature cooling system by means of the warmer coolant
in the high-temperature cooling system. During normal
operation of the combustion engine, the valve means is
placed in a first position whereby coolant from at least
one of said cooling systems is prevented from flowing
through the heat exchanger. The result is no heat transfer
between the coolants in the two cooling systems. When
the valve means is placed in a second position, however,
coolant from both of the cooling systems is allowed to
flow through the heat exchanger. In this case the coolant
in the low-temperature cooling system is warmed in the
heat exchanger by the warmer coolant in the high-tem-
perature cooling system. Such warming is favourable in
situations where the coolant in the low-temperature cool-
ing system is at such a low temperature that it risks cool-
ing the gaseous medium so much that ice will form within
the cooler. If a person decides that the cooler risks freez-
ing up or is about to freeze up, the valve means can be
placed manually in the second position. When the risk of
ice formation ceases, the valve means can be returned
to the first position. The gaseous medium can thus be

1 2 



EP 2 262 990 B1

3

5

10

15

20

25

30

35

40

45

50

55

provided with very good cooling in a cooler while at the
same time ice formation in the cooler can be avoided.
[0008] According to the invention, the arrangement
comprises at least one sensor adapted to detecting a
parameter which indicates whether the gaseous medium
is cooled so much that there is ice formation or risk of ice
formation in the cooler, and a control unit adapted to re-
ceiving information from said component(s) and to de-
ciding whether there is ice formation or risk of ice forma-
tion in the cooler and, if so, to placing the valve means
in the second position. With such a configuration, the
valve means can be automatically placed in the second
position when there is risk of ice formation in the cooler.
The control unit may be a computer unit with suitable
software for the purpose. Said sensor may be a temper-
ature sensor which detects the temperature of the coolant
in the low-temperature cooling system. If the temperature
of the coolant is over 0°C when it is led into the cooler,
there is no risk of ice formation within the cooler. To com-
pletely avoid ice formation, the control unit can place the
valve means in the second position as soon as the tem-
perature of the coolant drops below 0°C. The arrange-
ment comprises temperature sensors or pressure sen-
sors adapted to detecting a parameter which is related
to the gaseous medium’s pressure drop or temperature
drop in the cooler. One sensor may detect the gaseous
medium’s pressure or temperature before it is led into
the cooler and one sensor may detect the gaseous me-
dium’s pressure or temperature when it is led out from
the cooler. If the pressure drop or temperature drop in
the cooler is not within a predetermined value, the control
unit may find that the flow passages in the cooler are
about to be obstructed by ice. In such cases the control
unit places the valve means in the second position so
that the coolant in the low-temperature cooling system
is subjected to warming. The warmed coolant which flows
through the cooler will melt the ice which has formed
within the cooler. When the ice has melted, the control
unit receives information from the sensors which indi-
cates that the pressure drop or temperature drop in the
cooler has reverted to acceptable values. The control
unit returns the valve means to the first position. In this
case a limited amount of ice formation is thus allowed
within the cooler, but the result is very effective cooling
of the gaseous medium when coolant temperatures be-
low 0°C are acceptable so long as the cooler does not
begin to freeze up.
[0009] According to a preferred embodiment of the in-
vention, the second cooling system has a radiator ele-
ment whereby the circulating coolant is cooled by air at
the temperature of the surroundings. The coolant can
thus be cooled to a temperature close to the temperature
of the surroundings. The heat exchanger is with advan-
tage situated in a second cooling system at a location
downstream of the radiator element and upstream of the
cooler with respect to the intended direction of coolant
flow in the second cooling system. The coolant in the
second system can thus be warmed substantially imme-

diately before it is led into the cooler. In situations where
the valve means is placed in the second position, rela-
tively warm coolant can thus be led into the cooler so that
the ice which has formed within the cooler will quickly
melt away.
[0010] According to another preferred embodiment of
the invention, the first cooling system is adapted to cool-
ing the combustion engine. During normal operation, the
cooling system which cools a combustion engine is at a
temperature of 80-100°C. This existing coolant is there-
fore very suitable for use for warming the coolant in the
low-temperature cooling system. The cooling system
which cools the combustion engine may comprise a line
adapted to leading warm coolant to the heat exchanger
from a location in the cooling system substantially imme-
diately downstream of the combustion engine. When the
coolant has cooled the combustion engine, it will be at
its highest temperature in the cooling system and can
therefore very effectively be used for optimum warming
of coolant in order to warm the coolant in the low-tem-
perature cooling system when there is ice formation.
[0011] According to another preferred embodiment of
the invention, the arrangement comprises a further cooler
whereby the gaseous medium is intended to be subjected
to a first step of cooling by the coolant in the first cooling
system before the gaseous medium is led to the aforesaid
cooler, in which it undergoes a second step of cooling by
the coolant in the second cooling system. The gaseous
medium may be the compressed air which is led into an
inlet line to the combustion engine. When air is com-
pressed, it undergoes an amount of heating which is re-
lated to the degree of compression of the air. In super-
charged combustion engines, air is used at a very high
pressure. The air therefore requires effective cooling. Ac-
cordingly, it is advantageous to cool the compressed air
in more than one cooler and in two or more stages so
that it can reach a desired low temperature before it is
led to the combustion engine. Said gaseous medium may
also be recirculating exhaust gases which are led in a
return line to the combustion engine. The exhaust gases
may be at a temperature of 500-600°C when they are led
into the return line. It is therefore also advantageous to
cool the exhaust gases in more than one cooler and in
two or more stages so that they can reach a desired low
temperature before they are led to the combustion en-
gine.

BRIEF DESCRIPTION OF THE DRAWING

[0012] A preferred embodiment of the invention is de-
scribed below by way of example with reference to the
attached drawing, in which:

Fig. 1 depicts an arrangement for a supercharged
combustion engine according to an embodiment of
the invention.
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DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT OF THE INVENTION

[0013] Fig. 1 depicts an arrangement for a super-
charged combustion engine which is intended to power
a schematically depicted vehicle 1. The combustion en-
gine is here exemplified as a diesel engine 2. The diesel
engine 2 may be intended to power a heavy vehicle 1.
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 turbo unit which
comprises a turbine 5 and a compressor 6. The exhaust
gases in the exhaust line 4, which are at above atmos-
pheric pressure, are led initially to the turbine 5. The tur-
bine 5 is thus provided with driving power which is trans-
ferred, via a connection, to the compressor 6. The com-
pressor 6 uses this power to compress air which is drawn
into an air inlet line 8 via an air filter 7. The air in the inlet
line is cooled initially in a first coolant-cooled charge air
cooler 9. The air is cooled in the first charge air cooler 9
by coolant from the combustion engine’s cooling system.
The compressed air is thereafter cooled in a second cool-
ant-cooled charge air cooler 10. The air is cooled in the
second charge air cooler 10 by coolant from a separate
cooling system.
[0014] The arrangement comprises a return line 11 for
effecting recirculation of part of the exhaust gases in the
exhaust line 4. The return line 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 gases which is led from the exhaust line 4 to the
inlet line 8 via the return line 11. A control unit 13 is adapt-
ed to controlling the EGR valve 12 on the basis of infor-
mation about the current operating state of the diesel
engine 2. The return line 11 comprises a first coolant-
cooled EGR cooler 14 for subjecting the exhaust gases
to a first step of cooling. The exhaust gases are cooled
in the first EGR cooler 14 by coolant from the combustion
engine’s cooling system. The exhaust gases are subject-
ed to a second step of cooling in a coolant-cooled EGR
cooler 15. The exhaust gases are cooled in the second
EGR cooler 15 by coolant from the separate cooling sys-
tem.
[0015] 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. When 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.
[0016] The combustion engine 2 is cooled in a conven-
tional manner by a cooling system which contains a cir-
culating coolant. The coolant is circulated in the cooling
system by a coolant pump 18. A main flow of the coolant
is circulated through the combustion engine 2. After the
coolant has cooled the combustion engine 2, it is led in
a line 21 to a thermostat 19 in the cooling system. When
the coolant has reached a normal operating temperature,
the thermostat 19 is adapted to leading it to a radiator 20
fitted at a forward portion of the vehicle, in order to be
cooled. A smaller portion of the coolant in the cooling
system is nevertheless not led back to the combustion
engine 2 but is circulated through a line 22 which divides
into two parallel lines 22a, 22b. The line 22a leads coolant
to the first charge air cooler 9 in which it subjects the
compressed air to a first step of cooling. The line 22b
leads coolant to the first EGR cooler 14 in which it sub-
jects the recirculating exhaust gases to a first step of
cooling. The coolant which has cooled the air in the first
charge air cooler 9 and the coolant which has cooled the
exhaust gases in the first EGR cooler 14 are reunited in
the line 22, which leads the coolant back to the line 21.
The warmed coolant is led in the line 21 to the radiator 20.
[0017] The separate cooling system comprises a radi-
ator 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 an air stream of
surrounding air through the radiator element 24 and the
radiator 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 separate cooling system in a line 26
by a pump 27. A heat exchanger 28 is arranged in the
line 26. If need be, the cold coolant in the separate cooling
system may be warmed in the heat exchanger 28 by
warm coolant from the combustion engine’s cooling sys-
tem. The combustion engine’s cooling system comprises
a line 29 which has an extent from a location 21a in the
line 21 where it receives warm coolant which has just
passed through the combustion engine. The line 29 com-
prises a valve 30 which can be placed in a closed position
and in at least one open position by a control unit 31.
When the valve 30 is in an open position, warm coolant
is led through the line 29, which extends through the heat
exchanger 28. The coolant is thereafter led to a line 23
which constitutes an ordinary part of the combustion en-
gine’s cooling system and which leads cooled coolant
from the radiator 20 to the combustion engine 2.
[0018] After the coolant in the separate cooling system
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has passed through the heat exchanger 28, the line 26
divides into two parallel lines 26a, 26b. The line 26a leads
coolant to the second charge air cooler 10 in which it
subjects the compressed air to a second step of cooling.
The line 26b leads coolant to the second EGR cooler 15
in which it subjects the recirculating exhaust gases to a
second step of cooling. After the coolant has passed
through the second charge air cooler 10 and the second
EGR cooler 15, the lines 26a, 26b join together. The cool-
ant is thereafter led in the line 26 to the radiator element
24 in order to be cooled. A first pressure sensor 32 is
arranged in the air line 8 to detect the pressure of the air
before it is led into the second charge air cooler 10. A
second pressure sensor 33 is arranged in the air line 8
to detect the pressure of the air after it has passed through
the second charge air cooler 10. A third pressure sensor
34 is arranged in the return line 11 to detect the pressure
of the exhaust gases before they are led into the second
EGR cooler 15. A fourth pressure sensor 35 is arranged
in the return line 11 to detect the pressure of the exhaust
gases after they have passed through the second EGR
cooler 15. The control unit 31 is adapted to receiving from
said sensors information concerning measured pres-
sures.
[0019] During operation of the diesel engine 2, exhaust
gases flow through the exhaust line 4 and drive the tur-
bine 5. The turbine 5 is thus provided with driving power
which drives the compressor 6. The compressor 6 draws
surrounding air in via the air filter 7 and compresses the
air in the inlet line 8. The air thus acquires an increased
pressure and an increased temperature. The com-
pressed air is cooled in the first charge air cooler 9 by
the radiator liquid in the combustion engine’s cooling sys-
tem. The radiator liquid may here be at a temperature of
about 80-85°C. Thus the compressed air can undergo in
the first charge air cooler 9 a first step of cooling to a
temperature close to the temperature of the coolant. The
compressed air is thereafter led through the second
charge air cooler 10, in which it is cooled by the coolant
in the separate cooling system. The coolant may here be
at a temperature close to the temperature of the sur-
roundings. Thus the compressed air also can in favour-
able circumstances be cooled to a temperature close to
the temperature of the surroundings.
[0020] 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 14. The recirculating ex-
haust gases undergo in the first EGR cooler 14 a first
step of cooling by the coolant in the combustion engine’s
cooling system. The coolant in the combustion engine’s
cooling system will thus be at a relatively high tempera-
ture but definitely lower than the temperature of the ex-
haust gases. It is thus possible to effect good cooling of
the exhaust gases in the first EGR cooler 14. The recir-
culating exhaust gases are thereafter led to the second

EGR cooler 15, in which they are cooled by the coolant
in the separate cooling system. The coolant will here be
at a definitely lower temperature and the exhaust gases
can in favourable circumstances be cooled to a temper-
ature close to the temperature of the surroundings. Ex-
haust gases in the return line 11 can thus undergo cooling
to substantially the same low temperature as the com-
pressed air before they mix and are led to the combustion
engine 2. A substantially optimum amount of air and re-
circulating exhaust gases can therefore be led into the
combustion engine. Combustion in the combustion en-
gine with substantially optimum performance is thus
made possible. The low temperature of the compressed
air and the recirculating exhaust gases also results in a
lower combustion temperature and hence a lower con-
tent of nitrogen oxides in the exhaust gases.
[0021] This effective cooling of the compressed air and
the recirculating exhaust gases also has disadvantages.
The compressed air is cooled in the second charge air
cooler 10 to a temperature at which water in liquid form
precipitates within the charge air cooler 10. Similarly, the
exhaust gases in the second EGR cooler 15 are cooled
to a temperature at which condensate forms within the
second EGR cooler 15. When the temperature of the
surrounding air is lower than 0°C, there is also risk of the
precipitated water freezing to ice within the second
charge air cooler 10 and of the precipitated condensate
freezing to ice within the second EGR cooler 15. Ice for-
mation within the second charge air cooler 10 and the
second EGR cooler 15 might seriously disturb the oper-
ation of the combustion engine 2. To prevent the second
charge air cooler 10 and the second EGR cooler 15 from
freezing up, the control unit 31 substantially continuously
receives information from the pressure sensors 32, 33
concerning the pressure of the air before and after the
second charge air cooler 10 and from the pressure sen-
sors 34, 35 concerning the pressure of the recirculating
exhaust gases before and after the second EGR cooler
15. If the pressure sensors 32, 33 indicate a pressure
drop which exceeds a predetermined threshold value in
the second charge air cooler 10, the control unit 31 may
find that ice has formed within the charge air cooler 10.
If the pressure sensors 34, 35 indicate a pressure drop
which exceeds a predetermined threshold value in the
second EGR cooler 15, it may similarly be found that ice
has formed in the second EGR cooler 15.
[0022] If the control unit 31 receives such information,
it opens the valve 30 so that warm coolant from the com-
bustion engine’s cooling system is led through the line
29 and the heat exchanger 28. The warm coolant from
the combustion engine’s cooling system will warm the
cold coolant in the separate cooling system which con-
tinuously flows through the heat exchanger 28. The heat
exchanger 28 is situated in the separate cooling system
at a location downstream of the radiator element 24 and
upstream of the second charge air cooler 10 and the sec-
ond EGR cooler 15 with respect to the intended direction
of coolant flow in the separate cooling system. The cool-
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ant in the separate system is thus provided with a marked
warming substantially immediately before it is led to the
second charge air cooler 10 and to the second EGR cool-
er 15. When the warm coolant is led through the second
charge air cooler 10 and the second EGR cooler 15, it
will quickly and effectively melt the ice which has formed
in the coolers 10, 15.
[0023] As soon as the control unit 31 receives informa-
tion which indicates that the pressure drop in the second
charge air cooler 10 and in the second EGR cooler 15
has reverted to acceptable values, the control unit 31
closes the valve 30, thereby halting the circulation of
warm coolant from the combustion engine’s cooling sys-
tem through the heat exchanger 28. The warming of the
coolant in the separate cooling system ceases and cold
coolant which has been cooled in the radiator element
24 can be reused for cooling the air in the second charge
air cooler 10 and the exhaust gases in the EGR cooler
15. If a very low ambient temperature occurs during op-
eration of the vehicle, the control unit 31 may at regular
intervals place the valve 30 in an open position to prevent
too much ice formation in the second charge air cooler
10 and in the second EGR cooler 15. The arrangement
thus makes possible very effective cooling of the air in
the second charge air cooler 10 and the exhaust gases
in the second EGR cooler 15. At the same time, there is
prevention in the second charge air cooler 10 and in the
second EGR cooler 15 of ice formation which might dis-
turb the operation of the combustion engine 2.
[0024] The invention is in no way limited to the embod-
iment depicted in the drawing but may be varied freely
within the scopes of the claims. In the embodiment ex-
ample, pressure sensors are used to determine the pres-
sure drop across the coolers as a parameter for indicating
when ice has formed in the coolers. Temperature sensors
may equally well be used for determining the temperature
drop in the coolers as a parameter for indicating when
ice has formed in the coolers. According to another al-
ternative, a temperature sensor may be used to detect
the temperature of the coolant which is led to the coolers
10, 15. If the temperature of the coolant is over 0°C, no
ice formation can occur in the coolers 10, 15. In the em-
bodiment depicted, the arrangement is used to keep both
the second charge air cooler 10 and the second EGR
cooler 15 substantially free from ice. The arrangement
may also be used for keeping only one of said coolers
10, 15 substantially free from ice. The arrangement is
intended for a supercharged combustion engine in which
a turbo unit is used for compressing the air which is led
to the combustion engine. The arrangement may of
course also be used for supercharged combustion en-
gines in which the air is compressed by more than one
turbo unit. In such cases the first charge air cooler 9 may
be used as an intermediate cooler for cooling the air be-
tween the compressions in the compressors of the turbo
units.

Claims

1. An arrangement for a supercharged combustion en-
gine (2), which arrangement comprises a first cooling
system with a circulating coolant, a second cooling
system with a circulating coolant which during nor-
mal operation of the combustion engine (2) is at a
lower temperature than the coolant in the first cooling
system, and a cooler (10, 15) in which a gaseous
medium which contains water vapour is intended to
be cooled by the coolant in the second cooling sys-
tem, wherein the arrangement comprises a heat ex-
changer (28) which itself comprises a passage (29)
adapted to having coolant from the first cooling sys-
tem flow through it and a passage (26) adapted to
having coolant from the second cooling system flow
through it, and a valve means (30) which can be
placed in a first position when coolant from at least
one of said cooling systems is prevented from flow-
ing through the heat exchanger (28) and in a second
position when coolant from both of the cooling sys-
tems flows through the heat exchanger (28) so that
the coolant in the second cooling system is warmed
by the coolant in the first cooling system, at least one
sensor (32-36) adapted to detecting a parameter
which indicates whether the gaseous medium is
cooled so much that there is ice formation or risk of
ice formation in the cooler (10, 15), and a control unit
(31) adapted to receiving information from said sen-
sors (32-36) and to deciding whether there is ice for-
mation or risk of ice formation in the cooler (10, 15)
and, if so, to placing the valve means (30) in the
second position characterised in that the arrange-
ment comprises pressure sensors (32-35) or tem-
perature sensors adapted to detecting a parameter
which is related to the gaseous medium’s pressure
drop or temperature drop in the cooler (10, 15).

2. An arrangement according to claim 1, character-
ised in that the second cooling system has a radiator
element (24) in which the circulating coolant is
cooled by air at the temperature of the surroundings.

3. An arrangement according to any one of the forego-
ing claims, characterised in that the heat exchang-
er (28) is situated in the second cooling system at a
location downstream of the radiator element (24) and
upstream of the cooler (10, 15) with respect to the
intended direction of coolant flow in the second cool-
ing system.

4. 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).

5. An arrangement according to claim 4, character-
ised in that the first cooling system comprises a line
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(29) adapted to leading warm coolant to the heat
exchanger (28) from a location (21a) in the first cool-
ing system which is situated substantially immedi-
ately downstream of the combustion engine (2).

6. An arrangement according to any one of the forego-
ing claims, characterised in that the arrangement
comprises a further cooler (9, 14) in which the gas-
eous medium is intended to be subjected to a first
step of cooling by the coolant in the first cooling sys-
tem before the gaseous medium is led to the afore-
said cooler (10, 15) in which it is subjected to a sec-
ond step of cooling by the coolant in the second cool-
ing system.

7. An arrangement according to any one of the forego-
ing claims, characterised in that said gaseous me-
dium is compressed air which is led in an inlet line
(8) to the combustion engine (2).

8. An arrangement according to any one of the forego-
ing claims, characterised in that said gaseous me-
dium is recirculating exhaust gases which are led in
a return line (11) to the combustion engine (2).

Patentansprüche

1. Anordnung für einen aufgeladenen Verbrennungs-
motor (2), wobei die Anordnung ein erstes Kühlsys-
tem mit einem umlaufenden Kühlmittel, ein zweites
Kühlsystem mit einem umlaufenden Kühlmittel, wel-
ches bei Normalbetrieb des Verbrennungsmotors
(2) eine geringere Temperatur aufweist als das Kühl-
mittel im ersten Kühlsystem, und einen Kühler (10,
15) umfasst, in welchem vorgesehen ist, ein gasför-
miges Medium, welches Wasserdampf enthält,
durch das Kühlmittel im zweiten Kühlsystem zu küh-
len, wobei die Anordnung einen Wärmetauscher
(28) umfasst, welcher seinerseits eine Passage (29),
welche so ausgebildet ist, dass Kühlmittel aus dem
ersten Kühlsystem durch sie hindurch fließt, und eine
Passage (26), welche so ausgebildet ist, dass Kühl-
mittel aus dem zweiten Kühlsystem durch sie hin-
durch fließt, umfasst, und die Anordnung ein Ventil-
mittel (30) umfasst, welches in eine erste Stellung
bringbar ist, wenn Kühlmittel aus zumindest einem
der Kühlsysteme daran gehindert ist, durch den Wär-
metauscher (28) zu fließen, und in eine zweite Stel-
lung bringbar ist, wenn Kühlmittel aus beiden Kühl-
systemen durch den Wärmetauscher (28) fließt, so-
dass das Kühlmittel im zweiten Kühlsystem durch
das Kühlmittel im ersten Kühlsystem erwärmt wird,
wobei die Anordnung zumindest einen Sensor
(32-36) umfasst, welcher ausgebildet ist zum Erfas-
sen eines Parameters, der angibt, ob das gasförmige
Medium so stark gekühlt ist, dass im Kühler (10, 15)
Eisbildung oder ein Risiko zur Eisbildung vorliegt,

und eine Steuereinheit (31) umfasst, welche ausge-
bildet ist, Informationen von den Sensoren (32-36)
zu empfangen und zu entscheiden, ob im Kühler (10,
15) Eisbildung oder ein Risiko zur Eisbildung vor-
liegt, und gegebenenfalls das Ventilmittel (30) in die
zweite Stellung zu bringen, dadurch gekennzeich-
net, dass die Anordnung Drucksensoren (32-35)
oder Temperatursensoren umfasst, welche ausge-
bildet sind zum Erfassen eines Parameters, welcher
zu dem Druckabfall oder Temperaturabfall des gas-
förmigen Mediums im Kühler (10, 15) in Beziehung
steht.

2. Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, dass das zweite Kühlsystem ein Kühlele-
ment (24) aufweist, in welchem das umlaufende
Kühlmittel durch Luft bei Umgebungstemperatur ge-
kühlt wird.

3. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass der Wärme-
tauscher (28) im zweiten Kühlsystem an einer Posi-
tion stromabwärts des Kühlelements (24) und strom-
aufwärts des Kühlers (10, 15) mit Bezug zur vorge-
sehenen Kühlmittelfließrichtung im zweiten Kühlsys-
tem angeordnet ist.

4. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass das erste
Kühlsystem zum Kühlen des Verbrennungsmotors
(2) ausgebildet ist.

5. Anordnung nach Anspruch 4, dadurch gekenn-
zeichnet, dass das erste Kühlsystem eine Leitung
(29) umfasst, welche ausgebildet ist zum Führen von
erwärmtem Kühlmittel zum Wärmetauscher (28) aus
einer Position (21a) im ersten Kühlsystem, welche
im Wesentlichen unmittelbar stromabwärts des Ver-
brennungsmotors (2) angeordnet ist.

6. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass die Anord-
nung einen weiteren Kühler (9, 14) umfasst, in wel-
chem vorgesehen ist, das gasförmige Medium ei-
nem ersten Kühlungsschritt durch das Kühlmittel im
ersten Kühlsystem zu unterziehen, bevor das gas-
förmige Medium zum erstgenannten Kühler (10, 15)
geführt wird, in welchem es einem zweiten Küh-
lungsschritt durch das Kühlmittel im zweiten Kühl-
system unterzogen wird.

7. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass das gasförmi-
ge Medium Druckluft ist, welche in einer Zulauflei-
tung (8) zum Verbrennungsmotor (2) geführt wird.

8. Anordnung nach einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, dass das gasförmi-
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ge Medium zurückgeführte Abgase sind, welche in
einer Rückführleitung (11) zum Verbrennungsmotor
(2) geführt werden.

Revendications

1. Agencement pour un moteur à combustion surali-
menté (2), cet agencement comprenant un premier
système de refroidissement avec un agent de refroi-
dissement en circulation, un deuxième système de
refroidissement avec un agent de refroidissement
en circulation, qui, durant un fonctionnement normal
du moteur à combustion (2), est à une température
inférieure à celle de l’agent de refroidissement dans
le premier système de refroidissement, et un refroi-
disseur (10, 15) dans lequel il est prévu qu’un milieu
gazeux qui contient de la vapeur d’eau soit refroidi
par l’agent de refroidissement dans le deuxième sys-
tème de refroidissement, l’agencement comprenant
un échangeur de chaleur (28) qui comprend lui-mê-
me un passage (29) adapté de façon à avoir un agent
de refroidissement à partir du deuxième système de
refroidissement qui s’écoule à travers celui-ci et un
passage (26) adapté de façon à avoir un agent de
refroidissement à partir du deuxième système de re-
froidissement qui s’écoule à travers celui-ci, et des
moyens formant vanne (30) qui peuvent être dispo-
sés dans une première position lorsqu’un agent de
refroidissement à partir d’au moins l’un desdits sys-
tèmes de refroidissement est empêché de s’écouler
à travers l’échangeur de chaleur (28) et dans une
deuxième position lorsqu’un agent de refroidisse-
ment dans le deuxième système de refroidissement
à partir des deux systèmes de refroidissement
s’écoule à travers l’échangeur de chaleur (28) de
telle sorte que l’agent de refroidissement dans le
deuxième système de refroidissement soit réchauffé
par l’agent de refroidissement dans le premier sys-
tème de refroidissement, au moins un capteur (32 -
36) adapté de façon à détecter un paramètre qui
indique si le milieu gazeux est ou non refroidi jus-
qu’au point où il y a une formation de glace ou un
risque de formation de glace dans le refroidisseur
(10, 15), et une unité de commande (31) adaptée de
façon à recevoir une information à partir desdits cap-
teurs (32 - 36) et à décider s’il y a ou non une for-
mation de glace ou un risque de formation de glace
dans le refroidisseur (10, 15), et, si oui, de façon à
mettre les moyens formant vanne (30) dans la
deuxième position, caractérisé en ce que l’agen-
cement comprend des capteurs de pression (32 -
35) ou des capteurs de température adaptés de fa-
çon à détecter un paramètre qui est associé à la
chute de pression du milieu gazeux ou à la chute de
température dans le refroidisseur (10, 15).

2. Agencement selon la revendication 1, caractérisé

en ce que le deuxième système de refroidissement
comporte un élément de radiateur (24) dans lequel
l’agent de refroidissement en circulation est refroidi
par de l’air à la température de l’environnement.

3. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que l’échan-
geur de chaleur (28) est situé dans le deuxième sys-
tème de refroidissement en un emplacement en aval
de l’élément de radiateur (24) et en amont du refroi-
disseur (10, 15) par rapport à la direction prévue
d’écoulement de l’agent de refroidissement dans le
deuxième système de refroidissement.

4. 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).

5. Agencement selon la revendication 4, caractérisé
en ce que le premier système de refroidissement
comprend une ligne (29) adaptée de façon à amener
un agent de refroidissement chaud vers l’échangeur
de chaleur (28) à partir d’un emplacement (21a) dans
le premier système de refroidissement qui est situé
sensiblement immédiatement en aval du moteur à
combustion (2).

6. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que l’agence-
ment comprend un autre refroidisseur (9, 14) dans
lequel il est prévu que le milieu gazeux soit soumis
à une première étape de refroidissement par l’agent
de refroidissement dans le premier système de re-
froidissement avant que le milieu gazeux ne soit
amené au refroidisseur précédemment mentionné
(10, 15), dans lequel il est soumis à une deuxième
étape de refroidissement par l’agent de refroidisse-
ment dans le deuxième système de refroidissement.

7. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que ledit mi-
lieu gazeux est de l’air comprimé qui est amené dans
une ligne d’entrée (8) vers le moteur à combustion
(2).

8. Agencement selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que ledit mi-
lieu gazeux est des gaz d’échappement en recircu-
lation qui sont amenés dans une ligne de retour (11)
vers le moteur à combustion (2).
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