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Charge air cooler for cooling air led to a supercharged combustion engine

BACKGROUND TO THE INVENTION AND STATE OF THE ART

The present invention relates to a charge air cooler for cooling of air which is led to a

supercharged combustion engine according to the preamble of claim 1.

The amount of air which can be supplied to a supercharged combustion engine depends on

the pressure of the air but also on the temperature of the air. Supplying as large an amount of

air as possible to the combustion engine therefore entails cooling of the compressed air in at

least one charge air cooler before it is led to the combustion engine. The compressed air is

usually cooled in a charge air cooler situated at a front portion of a vehicle where it is cooled

by air at the temperature of the surroundings. The compressed air may thus be cooled to a

temperature close to the temperature of the surroundings. The compressed air may

alternatively be cooled by coolant in a low-temperature cooling system in which the coolant

will be at a lower temperature than the coolant in the cooling system which cools the

combustion engine. Here too the air may be cooled to a temperature close to the temperature

of the surroundings.

An air-cooled charge air cooler usually comprises an inlet tank which, via an inlet aperture,

receives warm compressed air from a line which is connected to a compressor in a turbo unit,

a cooling portion in which the compressed air is cooled by surrounding air which flows

through the cooling portion, and an outlet tank which, via an outlet aperture, delivers the

cooled air to a line which leads the air to the combustion engine. Compressed air is led to

and from the charge air cooler via lines which in a fitted state occupy a relatively large

amount of space close to the combustion engine. The air lines occupy a particularly large

amount of space in cases where the combustion engine is a V-engine and air has to be

supplied to the V-engine's cylinders which are arranged in cylinder banks on opposite sides

of the engine.

SUMMARY OF THE INVENTION

The object of the present invention is to propose a charge air cooler which makes it possible

to use relatively short and compact lines for leading air to and from a charge air cooler.



Another object is to propose a charge air cooler which makes possible a stable flow of air to

the combustion engine's cylinders.

These objects are achieved with the charge air cooler of the kind mentioned in the

introduction which is characterised by the features indicated in the characterising part of

claim 1. The charge air cooler thus comprises two outlet apertures through which air is led

out from the charge air cooler to a combustion engine. The fact that the charge air cooler has

two outlet apertures makes it possible for it to lead air from a first outlet aperture via a first

line to the cylinder or cylinders situated nearest to the first outlet aperture, and air from the

second outlet aperture via a second line to the cylinder or cylinders situated nearest to the

second outlet aperture. With suitable positioning of the outlet apertures, the lines which lead

air from the charge air cooler's outlet apertures to the respective cylinders may be relatively

short and straight and hence occupy relatively little space. The lines may in particular be

short and straight in cases where the charge air cooler is used for cooling air which is led to a

V-engine. Air can thus be led to the cylinders in the V-engine's respective cylinder banks

from the nearest outlet aperture in substantially completely straight lines. Straight lines also

result in low flow losses. A well-balanced and stable flow of air to the combustion engine's

cylinders from a charge air cooler which is provided with two outlet apertures can thus be

achieved.

According to a preferred embodiment of the present invention, the inlet aperture and the two

outlet apertures are situated in three different parallel planes and the plane which extends

through the inlet aperture is situated between the plane which extends through the first outlet

aperture and the plane which extends through the second outlet aperture. If the charge air

cooler is used for leading air to a V-engine, the two outlet apertures may each be arranged in

the respective vertical plane which extends through the row of cylinders in the V-engine's

respective cylinder banks. Air can thus be led in short and straight lines from the outlet

apertures to the cylinders in the respective cylinder banks. Arranging the inlet aperture

between the outlet apertures makes it possible for the line which leads air to the charge air

cooler to also be relatively short and straight.

According to another preferred embodiment of the invention, the inlet aperture and the outlet

apertures are situated in a common plane. Such a plane may be another vertical plane which

defines a side of the charge air cooler, in which case both the inlet aperture and the outlet

apertures will be situated on the same side of the charge air cooler. The charge air cooler is



with advantage fitted with that side facing towards the combustion engine so that the lines

which lead air to and from the charge air cooler may be short and straight. The outlet

apertures may be situated in a common plane, while the inlet aperture is situated in a parallel

plane which is at a distance from the common plane of the outlet apertures. The outlet

apertures are with advantage situated in the same horizontal plane in cases where the

cylinders of a combustion engine are normally at the same height level. The inlet aperture

may however be situated higher or lower to make it easier to install the line which leads air to

the charge air cooler.

According to another preferred embodiment of the invention, the charge air cooler takes the

form of a plate heat exchanger in which air is led through plates which are in contact with

plates which have a coolant flowing through them. A plate heat exchanger is a compact form

of heat exchanger in which effective heat transfer can take place between two media. Such a

charge air cooler therefore requires relatively little space. The coolant which cools the charge

air is with advantage a coolant in a low-temperature cooling system in which the coolant will

be at a lower temperature than the coolant in the cooling system which cools the combustion

engine. The charge air cooler may here comprise two inlet apertures through which coolant

is led into the charge air cooler and an outlet aperture through which the coolant is led out

from the charge air cooler. In that case the coolant will flow in a substantially opposite

direction relative to the air within the plates situated opposite to one another. In favourable

circumstances the air may thus be cooled to a temperature close to the temperature at which

the coolant is when it is led into the charge air cooler.

According to another preferred embodiment of the invention, the charge air cooler comprises

an inlet tank comprising said inlet aperture, a cooling portion in which the air is intended to

be cooled by surrounding air, and at least one outlet tank comprising said outlet apertures. In

this case the charge air cooler is thus air-cooled. The compressed air is here cooled by air

which flows through the cooling portion. A cooling fan may be used to provide a forced

airflow through the cooling portion. The inlet tank and an outlet tank with two outlet

apertures may be provided at opposite end portions of the charge air cooler, in which case the

inlet tank may constitute a lower portion of the charge air cooler and the outlet tank an upper

portion of the charge air cooler when the latter is in a fitted state. This allows the outlet

apertures to be at the same height level, which is normally advantageous for making it

possible for the lines which connect the charge air cooler's outlet apertures to the combustion

engine's cylinders to be short and straight.



According to an alternative embodiment of the invention, an inlet tank and two outlet tanks

are provided at a common end portion of the charge air cooler. In this case each of the two

outlet tanks has its own outlet aperture. The inlet tank and the two outlet tanks are preferably

situated at an upper end portion when the charge air cooler is in a fitted state. The cooling

portion comprises with advantage a first separate cooling portion unit which leads the air

from the inlet tank to an intermediate tank, and two separate second cooling portion units

which each lead the air from the intermediate tank to the respective outlet tank. The

intermediate tank is with advantage situated at a lower end portion of the charge air cooler, in

which case the air is led downwards from the inlet tank to the intermediate tank at the lower

end portion of the charge air cooler. The air flow changes direction in the intermediate tank

before being distributed between the two separate second cooling portion units, in which the

air is led upwards to a respective outlet tank. The air is thus led here in both directions

between the upper end portion and the lower end portion, causing the compressed air to

follow in this case twice as long a flow path in the cooling portion as in the cooling portion of

a conventional charge air cooler. Such a long flow path makes it possible for the air to be

cooled to a low temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below by way of examples with

reference to the attached drawings, in which:

Fig. 1 depicts schematically a charge air cooler for cooling of air which is led to a

supercharged combustion engine according to the present invention,

Fig. 2 depicts a first embodiment of the charge air cooler as seen from above,

Fig. 3 depicts the charge air cooler in Fig. 2 as seen in the plane B-B,

Fig. 4 depicts a second embodiment of the charge air cooler, and

Fig. 5 depicts a third embodiment of the charge air cooler.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Fig. 1 depicts a supercharged combustion engine 1 as seen from above. The combustion

engine 1 is here exemplified as an eight-cylinder V-engine. The combustion engine 1 thus

has eight cylinders distributed in a first cylinder bank 3 of four cylinders 2a and a second



cylinder bank 4 of four cylinders 2b. The cylinders 2a, 2b in the respective cylinder banks 3,

4 are angled relative to one another at an angle which is normally about 90 degrees. A

schematically depicted exhaust line 5 has the function of leading the exhaust gases out from

the combustion processes in the cylinders 2a, 2b. The exhaust gases in the exhaust line 5,

which will be at above atmospheric pressure, drive a turbine 6 of a turbo unit 7 . The turbine

7 is thus provided with driving power which is transmitted, via a connection, to a compressor

8. The compressor 8 compresses air which is drawn into an inlet line 9 via an air filter 10.

The air which is compressed by the compressor 8 on one side of the combustion engine 1 is

led across to a charge air cooler 11 on the other side of the combustion engine 1 via a line

portion 9a. The line portion 9a may be fastened on, or be suspended at a level above, the

upper side of the combustion engine. It is also possible for the line portion 9a to be below the

combustion engine 1. The line portion 9a, which has a substantially straight extent, leads

warm compressed air to an inlet aperture 11a of the charge air cooler 11. After the air has

been cooled in the charge air cooler 11, about half of the air is led via a first outlet aperture

1Ib of the charge air cooler 11 to a straight line 9b which leads the air to the cylinders 2a in

the first cylinder bank 3. The remainder of the air is led via a second outlet aperture 1Ic of

the charge air cooler 11 to a straight line 9c which leads the air to the cylinders 2b in the

second cylinder bank 4.

Three parallel vertical planes A are marked in Fig. 1. A first vertical plane A1 extends

through the charge air cooler's inlet aperture 11a and the line portion 9a. A second vertical

plane A2 extends through the charge air cooler's first outlet aperture lib and the straight line

9b. A third vertical plane A3 extends through the charge air cooler's second outlet aperture

l i e and the straight line 9c. The first vertical plane A1 is situated substantially midway

between the second vertical plane A2 and the third vertical plane A3. The inlet aperture 11a

of the charge air cooler 11 and the two outlet apertures 1Ib are situated in a common vertical

plane B which is perpendicular to the vertical plane A. The inlet aperture 11a and the outlet

apertures 1Ib, 1Ic are situated at suitable spacing from one another in the plane B so that the

lines 9a, 9b, 9c which lead air to and from the charge air cooler have a substantially straight

extent and are therefore short. The lines 9a, 9b, 9c thus require less space than conventional

lines which have significantly more curved portions. Another advantage of using a charge air

cooler 11 which has two outlet apertures l ib, lie which are connected by short and straight

lines 9b, 9c is that the pressure drop in the charge air system will be relatively small when the

air is drawn into a cylinder 2a, 2b. The cylinders 2a, 2b can thus be provided with a stable

and balanced airflow.



Figs. 2 and 3 depict a charge air cooler 11 which takes the form of a plate heat exchanger. A

plate heat exchanger is a compact heat exchanger in which effective heat transfer can take

place between two media. The charge air cooler 11 comprises a plurality of plates 13

intended to have air flowing through them and a plurality of plates 14 intended to have a

coolant flowing through them. The plates 13, 14 are fastened alternately to one another so

that the plates 13 which have air passing through them are surrounded by plates 14 which

have coolant flowing through them. The charge air cooler 11 comprises an inlet aperture 11a

which is connected to a straight line 9a, and two outlet apertures l ib, lie which are

connected to straight lines 9b, 9c. The inlet aperture 11a and the line 9a are situated in a

vertical plane A1 The outlet line 1Ib and the line 9b are situated in a vertical plane A2. The

outlet line l i e and the line 9c are situated in a vertical plane A3. The inlet aperture 11a and

two outlet apertures lib, 1Ic of the charge air cooler 11 are situated in a common vertical

plane B which is perpendicular to the vertical planes A1, A2, A3. The inlet aperture 11a and

the outlet apertures 1Ib, lie are situated on a side of the charge air cooler 11 which faces

towards the combustion engine 1. Fig. 3 shows the inlet aperture l l a situated in a first

horizontal plane C1, while the outlet apertures 1Ib, 1Ic are situated in a second horizontal

plane C2 which in this case is at a somewhat lower height level than the first horizontal plane

C1. The charge air cooler 11, on an opposite side which faces away from the combustion

engine 1, comprises two inlet apertures 1Id, 1Ie and an outlet aperture 1If for coolant. The

inlet apertures 1Id, lie are connected to lines 12a, 12b which lead coolant to the charge air

cooler 11. The outlet aperture 1If is connected to a line 12c which leads coolant from the

charge air cooler 11.

During operation of the combustion engine 1, compressed warm air is led from the line

portion 9a into the charge air cooler 11 via the inlet aperture l la. The air is led thereafter, via

an undepicted line within the plate heat exchanger, to passages situated within the respective

plates 13. The passages are so configured that the air acquires turbulent flow within the

plates 13, resulting in good heat transfer between the air and the plates 13. The air is led out

from the charge air cooler 11 via two undepicted internal lines each leading to its respective

outlet aperture 1Ib, lie. The lines 9b, 9c lead the cooled air from the outlet apertures 1Ib,

1Ic to the respective cylinders 2a, 2b in the two cylinder banks 3, 4. The coolant is led into

the charge air cooler 11 via the inlet apertures 1Id, l ie. The coolant is led thereafter via two

undepicted lines within the charge air cooler 11 to passages within the respective plates 14

which are so configured that the coolant acquires turbulent flow within the plates 14,



resulting in good heat transfer between the coolant and the plates 14. The cold plates 14 thus

cool the neighbouring warm plates 13 in the charge air cooler 11. The coolant is thereafter

led out from the charge air cooler 11 via an undepicted internal line leading to the outlet

aperture 1If, after which the coolant is led away in the line 12c. The coolant is led in a

substantially opposite direction in the plates 14 relative to the airflow path in the plates 13.

The air may thus be cooled in the charge air cooler 11 to a temperature close to the

temperature at which the coolant is when it is led into the charge air cooler 11. The coolant

used for cooling the air in the charge air cooler 11 is with advantage coolant from a low-

temperature cooling system which will be at a clearly lower temperature than the coolant in

the combustion engine's cooling system.

Fig. 4 depicts an air-cooled charge air cooler 11. The charge air cooler 11 comprises an inlet

tank 15 which has an inlet aperture 1Ia for receiving warm compressed air from the

compressor 8. The inlet tank 15 is situated at a lower end portion of the charge air cooler 11

when the latter is in a fitted state. The charge air cooler 11 comprises a cooling portion 16

which extends between the inlet tank 15 and an outlet tank 17 which is situated at an upper

end portion of the charge air cooler 11 in the fitted state. The cooling portion 16 comprises a

plurality of tubular elements which extend in a substantially rectilinear manner between the

inlet tank 15 and the outlet tank 17. The tubular elements are arranged parallel at

substantially uniform spacing from one another so that regular gaps are formed between

neighbouring tubular elements. A cooling airflow can therefore pass through the gaps

between the tubular elements. The airflow may be provided by an undepicted cooling fan

which draws air through the cooling portion 16. The air will thus cool the compressed air

when it is led through the tubular elements. The outlet tank 17 receives the cooled air, after

which the air is led out from the charge air cooler 11 via two outlet apertures 1Ib, l ie. The

cooled air is thereafter led through lines 9b, 9c to the cylinders 2a, 2b in the respective

cylinder banks 3, 4 in a manner similar to that depicted in Fig. 1. Here too, the inlet aperture

1Ia is situated in a vertical plane A1 which is substantially midway between two parallel

vertical planes A , A3 which extend through the outlet apertures 1Ib, lie. However, the inlet

aperture 1Ia is situated in a first horizontal plane C1, while the outlet apertures l ib, lie are

situated in a second horizontal plane C2. The inlet aperture 1Ia is here situated at a lower

height level than the outlet apertures 1Ib, l ie. The line portion 9a which leads air to the

charge air cooler's inlet aperture 1Ia may here have an extent on the underside of the

combustion engine 1.



Fig. 5 depicts an alternatively configured air-cooled charge air cooler 11. The charge air

cooler 11 comprises in this case an inlet tank 15 with an inlet aperture 11a which is intended

to receive warm compressed air from the compressor 8 at an upper end portion of the charge

air cooler 11 when the latter is in a fitted state. The air is led from the inlet tank 15 through a

separate first cooling portion unit 16a which extends between the inlet tank 15 and an

intermediate tank 18 which is situated at a lower end portion of the charge air cooler 11. The

air received in the intermediate tank 18 changes direction and is led upwards in two separate

second cooling portion units 16b, 16c situated on opposite sides of the first cooling portion

unit 16a. The first cooling portion unit 16a and the second cooling portion units 16b, 16c are

units which are delineated from one another. Air in the first cooling portion unit 16a can

therefore not be led to the second cooling portion units 16b, 16c without first passing the

intermediate tank 18. The cooling portion units 16a, 16b, 16c comprise parallel tubular

elements with intermediate gaps which are intended to have a cooling airflow passing

through them. The flow of air through the cooling portion units 16a, 16b, 16c may be

provided by an undepicted cooling fan. This airflow therefore cools the compressed air when

it is led through the respective cooling portion units 16a, 16b, 16c. Outlet tanks 17 receive

the air from the second cooling portion units 16b, 16c. The outlet tanks 17 are situated at the

upper end portion of the charge air cooler 11 on opposite sides of the inlet tank 15. The

outlet tanks 17 each have their respective outlet aperture 1Ib, lie from which the air is led

out to the lines 9b, 9c which lead the cooled air to the cylinders 2a, 2b in the respective

cylinder banks 3, 4. The inlet aperture 11a is situated in a vertical plane A1 which is

substantially midway between the two parallel vertical planes A , A3 which extend through

the outlet apertures 1Ib, 11c . In this case both the inlet aperture 11a and the outlet apertures

l ib, l i e are situated in the same horizontal plane C1, C2.

The invention is in no way limited to the embodiments described with reference to the

drawings but may be varied freely within the scopes of the claims. In the example depicted,

the charge air cooler 11 is used to cool compressed air which is led to an eight-cylinder V-

engine. The number of cylinders may of course vary. It is particularly advantageous to use

the charge air cooler 11 for cooling of compressed air which is led to a V-engine, but it may

with advantage be used also for cooling of air which is led to a supercharged combustion

engine of substantially any desired kind, e.g. an in-line engine.



Claims

1. A charge air cooler ( 11) for cooling of air which is led to a supercharged combustion

engine which has at least a first cylinder (2a) and a second cylinder (2b), which charge air

cooler comprises an inlet aperture ( 1Ia) through which air is led into the charge air cooler

( 11), and a first outlet aperture ( 1Ib) through which air is led out from the charge air cooler

( 11) via a line (9b) to the first cylinder (2a), characterised in that the charge air cooler ( 11)

comprises a second outlet aperture ( 1Ic) through which is air is led out from the charge air

cooler ( 11) via a line (9c) to the second cylinder (2b).

2 . A charge air cooler according to claim 1, characterised in that the inlet aperture (l la) and

the two outlet apertures ( 1Ib, 1Ic) are situated in three different parallel planes (A1, A , A3)

and that the plane (Ai) which extends through the inlet aperture ( 1Ia) is situated between the

plane (A2) which extends through the first outlet aperture ( 1Ib) and the plane A which

extends through the second outlet aperture ( 1Ic).

3. A charge air cooler according to claim 1 or 2, characterised in that the inlet aperture ( 1Ia)

and the outlet apertures ( 1Ib, 1Ic) are situated in a common plane (B).

4. A charge air cooler according to any one of the foregoing claims, characterised in that the

outlet apertures ( 1Ib, 1Ic) are situated in a common plane (C2), while the inlet aperture ( 1Ia)

is situated in a parallel plane (Ci) which is at a distance from the common plane (C2) of the

outlet apertures ( 1Ib, 1Ic).

5. A charge air cooler according to any one of the foregoing claims, characterised in that the

charge air cooler ( 11) takes the form of a plate heat exchanger in which air is led through

plates (13) which are in contact with plates (14) which have a coolant flowing through them.

6. A charge air cooler according to claim 5, characterised in that the charge air cooler

comprises two inlet apertures ( 1Id, 1Ie) through which coolant is led into the charge air

cooler (11), and an outlet aperture (Hf) through which the coolant is led out from the charge

air cooler (11).

7 . A charge air cooler according to any one of the foregoing claims, characterised in that the

charge air cooler comprises an inlet tank (15) which itself comprises said inlet aperture ( 1Ia),



a cooling portion (16) in which the air is intended to be cooled by surrounding air, and at

least one outlet tank (17) which comprises said outlet apertures ( 1Ib, 1Ic).

8. A charge air cooler according to claim 7, characterised in that an inlet tank (15) and an

outlet tank (17) with two outlet apertures ( 1Ib, 1Ic) are provided at opposite end portions of

the charge air cooler ( 1 1).

9. A charge air cooler according to claim 7, characterised in that an inlet tank (15) and two

outlet tanks (17) are provided at a common end portion of the charge air cooler ( 11).

10. A charge air cooler according to claim 9, characterised in that the cooling portion (16)

comprises a first separate cooling portion unit (16a) which leads the air from the inlet tank

(15) to an intermediate tank (18), and two second separate cooling portion units (16b, 16c)

which each lead the air from the intermediate tank (18) to the respective outlet tank (17).
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