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(57) Abstract: The present invention relates to an arrangement and a method for recirculation of exhaust gases of a combustion
& engine (1). The arrangement comprises a return line (8) which enables recirculation of exhaust gases from the combustion engine (1)
& to an inlet line (6) which is adapted to supplying air at a positive pressure to the engine (1). The return line (8) comprises a valve (9)
& yhich can be placed in open and closed positions and a cooler (11) for cooling the exhaust gases. A control unit (10) is adapted to
guiding the valve (9) to a desired position. The control unit (10) is adapted to initiating guidance of the valve (9) to the open position
on at least some occasions when the exhaust gases leaving the combustion engine (1) are at a lower pressure than the pressure in the
inlet line (6). This results in a backflow of air through the return line (8) with the object of cleaning the cooler (11).
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Arrangement and method for recirculation of exhaust gases of a combustion

engine
BACKGROUND TO THE INVENTION, AND STATE OF THE ART

The present invention relates to an arrangement and a method for recirculation of

exhaust gases of a combustion engine according to the preambles of claims 1 and 6.

A known practice from the technology called EGR (Exhaust Gas Recirculation) is the
leading back, via a return line, of part of the exhaust gases from a combustion process
in a combustion engine to an inlet line for supply of air to the combustion engine. A
mixture of air and exhaust gases thus supplied via the inlet line to the engine’s
cylinders in which the combustion takes place. Adding exhaust gases to the air causes
a lower combustion temperature which results inter alia in the exhaust gases having a
reduced content of nitrogen oxides NOy. This technology is used both for Otto engines

and diesel engines.

The return line for the exhaust gases comprises inter alia an EGR valve which can be
set to provide a desired amount of EGR. An electrical control unit is adapted to
controlling the EGR valve on the basis inter alia of information concerning the load of
the combustion engine. In the case of supercharged combustion engines, the exhaust
gases are mixed with air which is at a relatively high pressure. When a rapid increase
in engine load is desired, the EGR valve is closed in order to increase the flow of fresh
air to the engine so that the desired engine load can be reached quickly without
increasing the soot emissions. The EGR valve is also closed when there is a rapid
reduction of engine load. The EGR valve is closed to maintain the charge pressure of
the air as long as possible so that it can be utilised in the event of any subsequent rapid
increase in engine load. The return line also comprises an EGR cooler adapted to
cooling the exhaust gases in the return line before they are mixed with the air in an
inlet line to the engine. In course of time, soot deposits from the exhaust gases
inevitably form on the internal surfaces of the EGR cooler. This not only impairs the

heat transfer capacity of the EGR cooler but also increases resistance to the flow of
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exhaust gases passing through the EGR cooler. Insufficient cooling of the exhaust

gases leads inter alia to impaired engine performance.

SUMMARY OF THE INVENTION

The object of the present invention is to provide an arrangement and a method of the
kind mentioned in the introduction whereby the cooler’s internal surfaces are kept
substantially free from soot deposits from the exhaust gases in a simple manner and

without using any special cleaning equipment.

This object is achieved with the arrangement of the kind mentioned in the introduction
which is characterised by the features indicated in the characterising part of claim 1.
During the operation of vehicles with supercharged combustion engines, operating
situations occur in which the exhaust gases from the combustion engine are at a
pressure which is lower than the pressure in the inlet line. When a conventional EGR
system is used, the valve of the return line closes in such operating conditions. The
valve closes to save the charge pressure of the air as long as possible so that the charge
pressure can be utilised in the event of any subsequent rapid increase in engine load.
According to the present invention, however, the valve is kept open on at least some
occasions when such operating conditions occur. With the valve open, the difference
in pressure between the air and the exhaust gases results in a flow of fresh air from the
inlet line being led back through the return line. The flow velocity of the air depends
on the magnitude of the pressure difference. A relatively moderate pressure difference
results in a relatively high velocity of air flow through the return line. This flow of
fresh air therefore passes also through the first cooler. This air flow coming into
contact with the internal surfaces of the cooler at a relatively high velocity effectively
cleans soot deposits off the surfaces. The more often such a flow of fresh air is led at
high velocity through the first cooler, the more effectively will the build-up of soot
deposits on the internal surfaces of the cooler be prevented. As such a pressure
difference occurs spontaneously during operation of a vehicle, no special cleaning
equipment need be used for cleaning the first cooler. Such regular cleaning of the

inside surfaces of the first cooler substantially maintains the cooler’s original exhaust



WO 2004/067945 PCT/SE2003/001972

10

15

20

25

30

gas cooling capacity and low flow resistance. The returned exhaust gases are thus

guaranteed cooling as necessary to prevent the engine’s performance being affected.

According to a preferred embodiment of the present invention, said occasions occur
when the load of the combustion engine has rapidly decreased. When there is a rapid
reduction of the engine’s load, the pressure of the exhaust gases is reduced
correspondingly. When the control unit receives information about such a rapid
reduction in engine load, the control unit keeps the valve in an open position. In such
operating conditions the compressed air in the inlet line is at a substantially higher
pressure than that of the exhaust gases. The pressure difference initiates a rapid flow
of fresh air through the return line and hence through the valve, which is thereby
provided with effective clearing aWay of soot deposits. When the fresh air has passed
through the return line, it mixes with the combustion engine’s exhaust gases, after
which the air together with the exhaust gases is led out through the vehicle’s existing

exhaust line system.

According to a preferred embodiment of the present invention, the arrangement
comprises a turbine adapted to being driven by the exhaust gases from the combustion
engine, and a compressor adapted to being driven by the turbine in order to supply
compressed air to the inlet line. When the valve is kept open during such a sudden
reduction in engine load, the pressurised air is supplied to the exhaust line and is led
through the turbine together with the exhaust gases. The turbine thus receives extra
driving power which is transmitted to the compressor while at the same time relieving
the load on the high pressure side of the compressor. The risk of compressed air from
the inlet line flowing back and out via the compressor with a disturbing noise (so-
called compressor pumping) is thereby considerably reduced. The control unit need
not necessarily keep the valve open on the occasion of every rapid reduction in engine
load but only when cleaning of the cooler is required and only when a pressure
difference of a certain value which results in a sufficiently high velocity of the air to

achieve optimum cleaning of the cooler is reached.
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According to another preferred embodiment of the present invention, the arrangement
comprises a second cooler arranged in the inlet line to cool the air which has been
compressed by the compressor. Such a second cooler is adapted to cooling the
compressed air to an acceptable temperature before it is mixed with any recirculating
exhaust gases. The arrangement may be adapted to recirculate exhaust gases of both
supercharged diesel engines and supercharged Otto engines. In the case of
supercharged Otto engines it is relatively easy to add the recirculating exhaust gases to
the air, since in substantially all operating conditions of such engines the exhaust gases
are at a higher pressure than the air in the inlet line. As supercharged Otto engines
require relatively uncomplicated equipment to lead the exhaust gases back, it is usual
for this technology to be used in that type of engine for reducing the level of harmful
exhaust emissions. The arrangement may however also be used with advantage for
recirculating exhaust gases from a diesel engine. The combustion in a diesel engine
normally takes place with an air excess. This leads indirectly to relatively large
amounts of exhaust gases having to be transferred if the intended function is to be
achieved. Moreover, in supercharged diesel engines the charge air pressure over a
large portion of the engine’s working range is greater than the pressure of the exhaust
gases. In diesel engines the return line may lead into a so-called venturi used for
locally Jowering the static pressure of the air so that the exhaust gases can be led into
the inlet line. There may also be other solutions for mixing the returned exhaust gases
from a diesel engine with the pressurised air in the inlet line. Here again, achieving a
backflow of air through the return line with the object of cleaning the cooler is a

relatively uncomplicated matter.

The object indicated above is also achieved with the method of the kind mentioned in
the introduction which is characterised by the features indicated in the characterising
part of claim 6. When the exhaust gases leaving the combustion engine are at a
pressure which is lower than the pressure in the inlet line, the result is a pressure
gradient which can drive the air through the return line so as to effect a clearance of
soot deposits off the internal surfaces of the first cooler. Thus no special cleaning
equipment need be used for providing such clearance other than already existing

equipment which is intended to reduce exhaust emissions from the engine.
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BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention is described below by way of example with

reference to the attached drawing, in which:

Fig. 1 depicts schematically an arrangement for recirculation of exhaust gases of a

supercharged combustion engine.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE
INVENTION

Fig. 1 depicts schematically an arrangement for enabling recirculation of part of the
exhaust gases of a supercharged combustion engine 1, which may be a diesel engine or
an Otto engine. Such recirculation is commonly known as EGR (Exhaust Gas
Recirculation). The combustion engine 1 may for example be intended as a power unit
for a heavy vehicle. Exhaust gases from the cylinders of the combustion engine 1 are
led via an exhaust manifold 2 to a common or branched exhaust line 3. The exhaust
gases in the exhaust line 3, which are at a positive pressure, are led through a turbine 4.
The turbine 4 thus receives driving power. The driving power of the turbine 4 is
transferred via a connection to a compressor 5. The compressor 5 then compresses air
which is led via an inlet line 6 to the combustion engine 1. A cooler in the form of a
charge air cooler 7 is arranged in the inlet line 6 to enable cooling of the compressed

air before it is supplied to the combustion engine 1.

A return line 8 is adapted to enabling recirculation of part of the exhaust gases from

the exhaust line 3. The recirculating portion of the exhaust gases is intended to be
mixed into the compressed air in the inlet line 6. The return line 8 comprises a valve

in the form of an EGR valve 9 which can be used as necessary to shut off the exhaust
gas flow in the return line 8. To some extent the EGR valve 9 may also be used for
controlling the amount of exhaust gases being led to the inlet line 6. An electrical
control unit 10 is adapted to receiving information concerning, for example, the load of

the engine 1 with a view to guiding the EGR valve to a desired position. The return
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line 8 also comprises a cooler in the form of a EGR cooler 11 for cooling the
recirculating exhaust gases. The exhaust gases contain soot emissions which, while
passing through the EGR cooler, risk being deposited on the heat transfer surfaces of
the EGR cooler in such a way that soot deposits are formed. Such soot deposits on the
heat transfer surfaces of the EGR cooler impair the exhaust gas cooling capacity of the
cooler. Soot deposits also increase resistance to the flow of exhaust gases through the

EGR cooler 11. Insufficient cooling of the exhaust gases leads inter alia to impairment

of the engine’s performance.

When the vehicle is in motion, the control unit 10 receives information concerning the
engine’s load. The control unit 10 may form part of an electrical engine control unit of
the vehicle. The control unit 10 may use information about, for example, the fuel
supply to the engine 1, and stored information concerning the specific combustion
engine, to determine the engine load and hence when rapid changes in engine load
occur. When the engine 1 is operating at substantially constant load, the control unit
10 is adapted to keeping the EGR valve in an open position. This results in a suitable
amount of exhaust gases from the exhaust line 3 being led into the return line 8. After
they have passed through the open EGR valve 9, the exhaust gases are led through the
EGR cooler 11 to cool them. During the cooling process there is inevitably a certain
deposition of soot from the exhaust gases on the heat transfer surfaces of the EGR
cooler 11. The cooled exhaust gases are led to the inlet line 6. The combustion engine
may be a supercharged Otto engine or a supercharged diesel engine. As the exhaust
gases of supercharged Otto engines in most operating situations are at a higher
pressure than the air in the inlet line, the exhaust gases can in this case be mixed into
the air in the inlet line 6 without any special auxiliary means. In a diesel engine, the
mixing can when necessary be achieved by means of a venturi or similar auxiliary

means.

The mixture of air and exhaust gases is led from the inlet line 6 to the respective
cylinders of the engine 1 via a manifold 12. This addition of exhaust gases to the air
reduces the combustion temperature in the cylinders 1 and hence also the amounts of

nitrogen oxides (NOy) formed during the combustion processes. Recirculation of
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exhaust gases is thus a relatively simple way of reducing the level of nifrogen oxides

(NOy) in the exhaust gases.

When a rapid increase in engine load is required during operation of the vehicle, the
control unit 10 is adapted to closing the EGR valve 9 so that the exhaust gas flow
through the return line 8 ceases. This increases the proportion of fresh air which is led
to the engine 1 via the inlet line 6. The necessary engine load is thus achieved quickly
without increasing the amount of exhaust emissions. In conventional EGR
arrangements, the EGR valve 9 also closes in operating conditions in which there is
rapid reduction of the load of the engine 1. In such conditions, the purpose of closing
the EGR valve 9 is to maintain as long as possible the charge pressure of the air, for
possible utilisation in the event of any rapid increase in engine load occurring soon
after. According to the present invention, however, the control unit 10 is adapted to
opening the EGR valve 9 on at least some occasions when the exhaust gases leaving
the combustion engine 1 are at a lower pressure than the air pressure in the inlet line 6.
Such a pressure difference enables a backflow of air through the return line 8 when the
EGR valve 9 is in an open position. Such a pressure difference occurs, for example,
when the load of the combustion engine 1 is rapidly reduced. Fresh air is then led at
high velocity through, inter alia, the EGR cooler 11. The rapidly flowing air thus
comes into mechanical contact with the internal surfaces of the EGR cooler, thereby

providing effective clearance of any soot deposits off the internal surfaces.

The more frequently such a fresh air flow at high velocity is led through the EGR
cooler 11, the more effectively will the occurrence of soot deposits on the internal
surfaces of the EGR cooler 11 be prevented. The control unit 10 need not necessarily
keep the EGR valve open on the occasion of every rapid reduction of engine load but
only when the EGR cooler 11 needs cleaning. Alternatively, the control unit 10 may
keep the EGR valve 9 open when pressure differences are such as to provide a
sufficiently high air flow velocity to achieve effective cleaning of the EGR cooler 11.
As such a pressure difference resulting in air flow occurs spontaneously during
operation of a vehicle, no special equipment need be arranged beyond that already

existing for providing cleaning of the EGR cooler 11. Another advantage of such a
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backflow of air through the return line is that after passing through the return line the
pressurised air is led through the turbine 4. The turbine 4 thereby receives extra
driving power which drives the compressor 5 and at the same time relieves the load on
the high pressure side of the compressor. The risk of air already compressed flowing
back from the inlet line 6 and out via the compressor 5 (so-called compression

pumping), with a disturbing noise, is thereby considerably reduced.

The invention is in no way limited to the embodiment described in the drawing but
may be varied freely within the scopes of the claims. The invention is applicable to
substantially all types of combustion engines in which air is supplied at positive
pressure to the combustion engine. In certain operating conditions, this air is usually at
a pressure which exceeds the pressure of the exhaust gases, resulting in a pressure

gradient which, with an open EGR valve, provides a backflow of air through the return

line.
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Claims

1. An arrangement for recirculation of exhaust gases of a combustion engine (1),
whereby the arrangement comprises a return line (8) adapted to enabling recirculation
of exhaust gases from the combustion engine (1), a valve (9) adapted to enabling a
flow of exhaust gases through the return line (8) when it is placed in an open position
and to preventing a flow of exhaust gases through the return line (8) when it is placed
in a closed position, a control unit (10) adapted to guiding the valve (9) to a desired
position, a first cooler (11) adapted to cooling the exhaust gases in the return line (8),
and an inlet line (6) which is connected to the return line (8) so as to allow a supply to
the engine (1) of exhaust gases from the return line (8) together with air at a positive
pressure, characterised in that the control unit (10) is adapted to guiding the valve (9)
to the open position on at least some occasions when the exhaust gases leaving the
combustion engine (1) are at a pressure which is lower than the pressure in the inlet
line (6), in order to achieve a backflow of air through the return line (8) with the object

of cleaning the first cooler (11).

2. An arrangement according to claim 1, characterised in that said occasions occur

when the load of the combustion engine (1) has been rapidly reduced.

3. An arrangement according to claim 1 or 2, characterised in that the arrangement
comprises a turbine (4) adapted to being driven by exhaust gases from the combustion
engine (1), and a compressor (5) adapted to being driven by the turbine in order to

supply compressed air to the inlet line (6).

4. An arrangement according to claim 3, characterised in that the arrangement
comprises a second cooler (7) which is arranged in the inlet line (6) in order to cool the

air which has been compressed by the compressor (5).

5. An arrangement according to any one of the foregoing claims, characterised in that

the combustion engine (1) is a diesel engine or an Otto engine.



WO 2004/067945 PCT/SE2003/001972

10

15

20

25

30

10

6. A method for recirculation of exhaust gases of a combustion engine (1), whereby
the method comprises the steps of enabling recirculation of exhaust gases from the
combustion engine (1) via a return line (8), of controlling the flow of exhaust gases
through the return line (8) by means of a valve (9) which in an open position allows a
flow through the return line (8) and which in a closed position prevents such a flow, of
initiating guidance of the valve (9) to a desired position by means of a control unit, of
cooling the exhaust gases in the return line (8) by means of a first cooler (11) and of
allowing a supply to the engine (1) of exhaust gases from the return line (8) together
with air at a positive pressure via an inlet line (6) which is connected to the return line
(8), characterised by the step of initiating guidance of the valve (9) to the open position
on at least some occasions when the exhaust gases leaving the combustion engine (1)
are at a pressure which is lower than the pressure in the inlet line (6), in order to
achieve a backflow of air through the return line (8) with the object of cleaning the
first cooler (11).

7. A method according to claim 6, characterised by the step of initiating guidance of
the valve (9) to the open position on occasions when the load of the combustion engine

has been rapidly reduced.

8. A method according to claim 6 or 7, characterised by the steps of driving a turbine
(4) by means of exhaust gases from the combustion engine (1), and of supplying
compressed air to the inlet line (6) by means of a compressor (5) which is connected to
the turbine (4).

9. A method according to claim 8, characterised by the step of cooling in the inlet line

(6) by means of a second cooler (7) the air compressed by the compressor (5).

10. A method according to any one of claims 6-9 above, characterised by the step of

recirculating exhaust gases of a combustion engine (1) in the form of a diesel engine or

an Otto engine.
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