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Description
Technical Field

[0001] The disclosure relates to an exhaust gas recir-
culation system for an internal combustion engine.

Background

[0002] Exhaustgas recirculation (EGR) is a technique
commonly used for controlling the generation of undesir-
able pollutant gases and particulate matter in the oper-
ation of internal combustion engines, such as internal
combustion engines provided with a turbocharger. It is
known to remove exhaust gas to be recirculated up-
stream of an exhaust gas driven turbine associated with
the turbocharger. In many EGR-applications, the exhaust
gas is diverted directly from the exhaust manifold. Like-
wise, the recirculated exhaust gas may be reintroduced
to the intake air stream downstream of a compressor of
the turbocharger and an air-to-air aftercooler. For exam-
ple, in many EGR-applications the recirculated exhaust
gas is reintroduced to the intake manifold.

EP-A-0 869 275 relates to such an EGR-system.
[0003] However, further improvement is desired. The
mixing of intake air and recirculated exhaust air may need
improvement. Presently, the various components neces-
sary for providing an internal combustion engine with an
EGR-system are separate. Consequently, the compo-
nents often need their own control connection and need
to be assembled separately. Packaging of the various
EGR-components in the limited space around the engine
isfrequently achallenge. These space or packaging chal-
lenges may even result in a less than optimal positioning
of the various components in the air intake system and
the EGR-passage which may lead to a less than optimal
performance. When mounting the components in the air
intake system and the exhaust gas system each compo-
nent may have its own interfaces with those systems.
Each of these interfaces may be a source of leakage.
[0004] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior EGR-systems

Summary of the Invention

[0005] Inone aspect an exhaust gas recirculation sys-
tem may be provided for an internal combustion engine.
The engine may have an air intake system with an up-
stream part and a downstream part. The EGR-system
may include an EGR-module that may be mountable as
a single unit in the air intake system between the up-
stream part and the downstream part. The EGR-module
may include an air intake channel having an air intake
opening and a mixture outlet opening. The air intake
opening may be connectable to the upstream part. The
mixture outlet opening may be connectable to the down-
stream part. The EGR-module may include an exhaust
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gas intake opening and a mixing assembly that may be
configured for mixing exhaust gas introduced in the ex-
haust gas intake opening and air introduced in the air
intake channel via the air intake opening.

[0006] In another aspect a method for exhaust gas re-
circulation in an internal combustion engine having an
air intake system with an upstream part and a down-
stream part may be provided. The method may include
providing an EGR-module in the air intake system be-
tween the upstream part and the downstream part. The
method may further include supplying intake air to an
EGR-module, supplying exhaust gas to the EGR-mod-
ule, mixing the intake air and the exhaust gas in the EGR-
module and discharging the mixture from the EGR-mod-
ule into the downstream part.

[0007] In another aspect an internal combustion en-
gine with such an exhaust gas recirculation system may
be provided.

Brief Description of the Drawings

[0008] Fig. 1 is a schematic view of an internal com-
bustion engine with an EGR-system;

[0009] Fig. 2 is a perspective view of a first exemplary
embodiment of an EGR-module;

[0010] Fig. 3 is a perspective transverse cross section
of the embodiment of Fig. 2;

[0011] Fig.4is aperspective longitudinal cross section
of the embodiment of Fig. 2;

[0012] Fig. 5 is a perspective view of a second exem-
plary embodiment; and

Detailed Description

[0013] Fig. 1 schematically shows an internal combus-
tion engine having an engine block 12. The internal com-
bustion engine may have an air intake system and an
exhaust system. The air intake system may include an
airintake passage 14, 16, 18, 20. The air intake passage
may include a compressor 22, a charged air cooler 24,
an EGR-module 26 and an intake manifold 28. The ex-
haust system may include an exhaust passage 30, 32.
The exhaust passage may include an exhaust manifold
34 and a turbine 36. The compressor 22 may be con-
nected to the turbine 36 via a turbocharger shaft 38. In
another embodiment the compressor 14 may also be
driven by another element, for example, a shaft that is
driven by an electric motor or by the internal combustion
engine 12 via a transmission. In such a case the turbine
36 may not be present. The air intake system may include
various additional components. On the other hand, the
air intake system may also not include air cooler 24 or
compressor 22. The exhaust system may also include
various additional components, for example, an exhaust
after-treatment system. The exhaust after-treatment sys-
tem may, for example, include a diesel particulate filter
and a diesel oxygen catalyst.

[0014] An exhaust recirculation passage 40 may be
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present. An inlet 42 of the exhaust recirculation passage
26 may emanate from the exhaust manifold 34. An outlet
of the exhaust gas recirculation passage 40 may ema-
nate in an exhaust gas intake opening 44 of the EGR-
module 26. the exhaust recirculation passage 40 may
include an EGR-cooler 46.

[0015] The EGR-module 26 may be mountable as a
single unit in the air intake system between an upstream
part 18 of the air intake passage and a downstream part
20 of the air intake passage of the air intake system. The
EGR-module 26 may have an air intake channel 48. The
air intake channel 48 may have an air intake opening 50
and a mixture outlet opening 52. The air intake opening
50 may be connectable to the upstream part 18 of the air
intake passage of the air intake system. The mixture out-
let opening 52 may be connectable to the downstream
part 20 of the air intake passage of the air intake system.
As stated before, the EGR-module 26 may also have an
exhaust gas intake opening 44 that may be connected
to an outlet of the exhaust recirculation passage 40. The
EGR-module 26 may include an EGR-valve 54 that may
control the amount of exhaust gas that may be recircu-
lated. The EGR-module 26 may also include at least one
non-return valve 56 that prevents that intake air present
in air intake channel 48 flows into the EGR-passage 40.
The non-return valves 40 may be of any type. Reed
valves are particularly suitable because of the short re-
sponse time and the low mass of the valve membranes
of a reed valve. The EGR-valve 54 and the non-return
valves 56 may be in an exhaust gas passage 64 in the
EGR-module 26. The air intake channel 48 of the EGR-
module 26 may include a throttle valve 58 for controlling
the amount of intake air that is passing the air intake
channel 48 and is delivered to the downstream part 20
of the air intake system. The EGR-module 26 may also
include a mixing assembly 60 that may be configured for
mixing exhaust gas introduced in the exhaust gas intake
opening 44 and air introduced in the air intake channel
48 via the air intake opening 50. The mixing assembly
60 may be downstream of the non-return valves in the
exhaust gas passage 64 of the EGR-module 26. The
mixing assembly 60 may be accommodated in a mixing
body 62 that may, for example, be a casting. The mixing
assembly will be described in more detail with reference
to the embodiments of EGR-modules shown in Figs. 2-5.
[0016] Figs. 2-4 show a first embodiment of an EGR-
module 126. The EGR-module 126 may include a mixing
body 162 that may at least partly define the air intake
channel 148. The mixing body 162 may have a throttle
valve body flange 166, an EGR-valve body flange 168
and an outletflange 184 adjacent the mixture outlet open-
ing 152. With the flange 184 a downstream part of the
intake system may be connected. The EGR-module 126
may also include a throttle valve body 170 that may be
connected to the throttle valve body flange 166 of the
mixing body 162. The throttle valve body 170 may include
a throttle valve motor 178. The throttle valve may include
a valve flap 180 and a valve shaft 182 connected with
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the valve flap 180 for regulating the position of the valve
flap 180 relative to the air intake channel 148. The valve
shaft 182 may extend perpendicular to a central axis of
the air intake channel 148 atthat position. The valve shaft
182 may be driven by the throttle valve motor 178. This
may be effected directly or via a transmission. Other
types of throttle valves are feasible as well.

[0017] An EGR-valve body 172 may be connected to
the EGR-valve body flange 168. The EGR-valve body
172 may have a motor flange 174. An EGR-valve motor
176 may be connected to the motor flange 174 of the
EGR-valve body 172. The EGR-valve body 172 may in-
clude an EGR-valve member 186 for regulating the
amount of exhaust gas that may pass the EGR-module
126. The EGR-valve body 172 may also include an ex-
haust gas intake opening 144 that may be surrounded
by an EGR-passage connecting flange 145 and may be
the upstream end of the exhaust gas passage 164 in the
EGR-module 126.

[0018] In one embodiment, the non-return valve 140
may have the form of at least one reed valve 140. The
at least one reed valve 140 may have a reed valve body
190 with a reed valve flange 192 that may be positioned
between the EGR-valve body 172 and the mixing body
162. Thus, the non-return valve may be clamped in be-
tween the EGR-valve body 172 and the mixing body 162.
This is clearly visible in Figs. 3 and 4. The reed valves
140 may include membranes 188 that are connected with
one end to the reed valve body 190. Also other solutions
to mount non-return valves 140 in the exhaust gas pas-
sage 164 are feasible.

[0019] The mixing assembly 140 may include at least
one mixing tube 194 having a mixing tube wall with a
plurality of mixing tube ports 196. The at least one mixing
tube 194 may have a central axis that extends parallel
to the mixing tube wall. The air intake channel 148 that
is at least partly bounded by the mixing body 162, may
have a central axis that extends parallel to a wall bound-
ing the air intake channel 148. The central axis of the
mixing tube 194 may be perpendicular to the central axis
of the air intake channel 148 adjacent the mixing tube
194 so that, in use, the flow of air in the air intake channel
adjacent the mixing tube 194 is substantially perpendic-
ular to the exhaust gas leaving the mixing tube ports 196.
The valve shaft 182 of the throttle valve 150 has a lon-
gitudinal axis that may be parallel to the central axis of
the at least one mixing tube 194. The mixing tube ports
196 may be orientated relative to the valve flap 180 of
the throttle valve 150 so, that, when the valve flap 180 is
in the entirely opened position (as shown in Fig. 4) ex-
haust gas leaving the mixing tube ports 196 may have a
flow direction perpendicular to the main flow direction of
the intake air adjacent the mixing tube 194.

[0020] The mixing tube 194 may have a mixing tube
flange 198 and the mixing body 162 may have a mixing
tube mounting surface 200 for accommodating the mix-
ing tube flange 198. The mixing body 162 may have a
circlip groove 202 adjacent the mixing tube mounting sur-
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face 200. Thus the mixing tube 192 may be connected
to the mixing body 162 by a circlip 201. The circlip 201
may be a flexible ring member with an interruption in the
ring member, the interruption being bounded by two ends
of the ring. The circumference of the ring member may
be diminished by flexing the ends of the ring adjacent the
interruption towards each other. Other mixing assem-
blies are also feasible. Any elements that introduce tur-
bulence in the area around the mixing assembly where
the intake air and the recirculated exhaust gas are
brought into contact with each other may be feasible for
obtaining a good mixture between the intake air and the
recirculated exhaust gas. Those elements may, for ex-
ample, include baffles and fixed or moveable swirl ele-
ments that may change the direction of flow of the intake
air and/or the exhaust gas adjacent the mixing assembly.
The mixing tube 194 may have an exhaust gas inlet ad-
jacent the mixing tube flange 198. The other end of the
mixing tube may be closed off by an end wall 195. Such
an embodiment is shown in Figs. 2-4. Alternatively, the
mixing tube 194 may be closed off adjacent the end that
is connected with the mixing tube flange 198. In such an
embodiment, the end of the mixing tube 194 remote from
the mixing tube flange 198 may be open and form an
exhaust gas inlet.

[0021] The EGR-module 126 may include various sen-
sors. For example a temperature sensor 204 and a pres-
sure sensor 206. In the embodiment shown in Figs. 2-4
those sensors are positioned near the mixture outlet
opening 152 of the EGR-module 126. Also more than
one temperature sensor and more than one pressure
sensor may be present. Also other sensors, for example,
sensors for measuring the concentration of constituents
of the mixture may be present.

[0022] Fig. 5 shows a second embodiment 226 that is
mounted on an engine block 212. The EGR-module may
have a mixing body 162, in which a mixing assembly 160
may be accommodated. The mixing assembly 160 may
include a mixing tube 194. The mixing tube in Fig. 5 may
be closed off adjacent the end that is connected with the
mixing tube flange 198. The end of the mixing tube 194
remote from the mixing tube flange 198 may be open and
form the inlet of the mixing tube 194.

[0023] The mixing body 162 may have a throttle valve
body flange 166. On the throttle valve body flange 166 a
throttle valve body 170 may be mounted. The throttle
valve body 170 may define the air intake opening 150 of
the EGR-module 226. The air intake opening 150 may
be connected to an upstream part 218 of the air intake
system. The mixing assembly 160 may be connected to
an exhaust gas passage 264 of the EGR-module 226.
Near an upstream end of that exhaust gas passage 264
an EGR-valve body flange 168 may be provided. An
EGR-valve body 172 may be connected to the EGR-
valve body flange 168. The exhaust gas passage 264 of
the EGR-module 226 may include non-return valve 140.
In the embodiment of Fig. 5 two sets reed valves 140 are
accommodated in the EGR-module 226. However, it is
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contemplated that a different number of reed valves is
accommodated in the EGR-module. The number may
depend on the amount of exhaust gas that may be recir-
culated. An exhaust gas recircualtion passage connect-
ing flange 145 that may be provided on the EGR-valve
body 172 and may be connected to an exhaust gas re-
circulation passage 240. The EGR-valve body 172 may
also include an EGR-valve member 186 that may be con-
trolled by an EGR-valve motor 176.

Industrial Applicability

[0024] An EGR-system including an EGR-module 26,
126, 226 as described may be applied in any internal
combustion engine. To that end a method for exhaust
gas recirculation in an internal combustion engine having
an air intake system with an upstream part and a down-
stream part, may be provided. The method may include
providing an EGR-module 26, 126, 226 in the air intake
system between the upstream part 18, 218 and the down-
stream part 20, 220. The method may also include sup-
plying intake air 250 to an EGR-module 26, 126, 226 and
supplying exhaust gas 252 to the EGR-module 26, 126,
226. This has been indicated in Figs. 2, 5 and 6 by the
arrows 250, 252. In the EGR-module 26, 126, 226, the
intake air 250 and the exhaust gas 252 may be mixed.
The mixture 254 may be discharged form the EGR-mod-
ule 26, 126, 226 into the downstream part 20, 220 of the
air intake system.

[0025] Foramore elaborate description of the manner
in which the EGR-system may operate reference will be
made to Fig. 1 in which the engine block 12 of an internal
combustion engine is shown. Exhaust gas leaving the
engine block 12 via the exhaust manifold 34 and exhaust
passage 30 may drive a turbine 36 of a turbocharger.
The exhaust gas may leave the turbine 36 via exhaust
passage 32. The exhaust gas may be subjected to after-
treatment in the exhaust system downstream of the tur-
bine 36. The turbine 36 may drive a shaft 38 that may
drive a compressor 22.

[0026] A part 252 of the exhaust gas may be recircu-
lated via exhaust gas recirculation passage 40. That part
252 of the exhaust gas may be cooled in the EGR-cooler
46. The cooled exhaust gas may enter the EGR-module
26 via the exhaust gas intake opening 44. The amount
of exhaust gas 252 taken in by the EGR-module 26 may
be regulated by an EGR-valve 54 in the EGR-module 26.
The exhaust gas taken in by EGR-module 26 may pass
a non-return valve 56 and may then be supplied to the
mixing assembly 60 that may be accommodated in the
mixing body 62. The non-return valve 56 may prevent
flowing back of exhaust gas 252 when the intake air pres-
sure is higher than the exhaust gas pressure adjacent
the non-return valve 56.

[0027] Intake air may enter the air intake system via
air intake passage 14. Subsequently the intake air may
be compressed by the compressor 22. The compressed
air may flow via air intake passage 16 to air cooler 24.
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From the air cooler 24, the intake air may flow via intake
air passage 18 to the EGR-module 26. The EGR-module
26 has anintake air opening 50 and an air intake channel
48. The amount of intake air 250 taken in by the EGR-
module 26 may be regulated by the throttle valve 58 in
the EGR-module 26. The intake air 250 may also be sup-
plied to the mixing assembly 60. At the mixing assembly
60, the exhaust gas and the intake air may mix. The mix-
ture 254 thus obtained may leave the EGR-module 26
via mixture outlet opening 52. The mixture 254 may be
supplied via the downstream part 20 of the air intake sys-
tem to the intake manifold 28 and may subsequently be
supplied to the combustion chambers of the internal com-
bustion engine.

[0028] As stated before, the non-return 56 valve may
be embodied as a reed valve 140 as shown in the em-
bodiments of Figs. 2-6. The reed valve membranes 188
of the reed valves 140 may flex when the pressure up-
stream from the reed valve 140 is higher then the pres-
sure downstream of reed valve 140. Such a flexing opens
the reed valve 140. Because the membranes 188 are
light and flex easily, reed valves 140 have a very short
response time and even small pressure differences are
sufficient for opening and closing the reed valves 140.
Thus, the amount of exhaust gas that may be recirculated
may be optimal.

[0029] The mixing of intake air 250 and exhaust gas
252 may be performed with any suitable mixing assem-
bly. A good mixing may be obtained by supplying multiple
streams of exhaust gas in an intake air stream in the
EGR-module with an exhaust gas flow direction that may
be substantially perpendicular to the intake air flow di-
rection in the EGR-module at that position. Such a flow
pattern may be obtained with the mixing tube 194 as
shown in the first and the second embodiment shown in
Figs. 3-5. The mixing tube axis and the valve shaft axis
may be parallel. Such an orientation may be beneficial
for the flow rate of the intake air and may also be bene-
ficial for the mixing performance.

[0030] The position of the throttle valve 58 that may be
embodied as the valve flap 180 connected to a valve
shaft 182, may be controlled by the throttle valve motor
178. The throttle valve motor 178 may receive a throttle
positioning signal outputted by a controller that may re-
ceive various input signals. One of the input signals for
the controller may be the load to be driven by the internal
combustion engine or a position of a fuel control lever
that may be operated by a user.

[0031] The position of the EGR-valve 58 may be con-
trolled by the EGR valve motor 176 and may be deter-
mined by a controller on the basis of various input signals
of the controller. The input signals may also include sig-
nals obtained from the temperature sensor 204 and the
pressure sensor 206 in the EGR-module 126. Also other
sensors and signals available in the internal combustion
engine, such as load sensors, speed sensors, injector
steering signals, may be used for determining the posi-
tion of the throttle valve 58, 180 and the EGR-valve 58,
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186.

[0032] The EGR-system with the EGR-module as de-
scribed may result in an improved mixing of intake air
and recirculated exhaust air. Especially because the di-
mensions of the exhaust gas passages and the intake
air passages in the EGR-module adjacent the mixing as-
sembly are clearly defined, the mixing behavior of the
EGR-system may be predictable and may be optimized.
Because all components that regulate the exhaust gas
supply and intake air supply are integrated in an EGR-
module configured as a unit, a single control connection
may be feasible for controlling both the exhaust gas re-
circulation valve 58, 186 and the throttle valve 58, 180.
A single control connection may be less vulnerable to
malfunction. The EGR-module may be supplied by an
external supplier as a unit. Consequently, the assembling
effort for incorporating an EGR-system in an internal
combustion engine may be reduced. Because the EGR-
module may be compact, packaging of the EGR-system
in the limited space around the engine may be easier
while maintaining or even improving the positioning of
the various components relative to each other in the air
intake system in view of optimal performance. The mixing
assembly 60, 160 may be configured so that an optimal
mixing result may be obtained in a limited space. The
length of the passages that form the fluid connection be-
tween EGR-valve and the outlet ports and the inlet ports
of the combustion chambers of the engine may be rele-
vant for the pressure difference between intake air and
the exhaust gas at the EGR-valve. For optimizing the
pressure difference it may be desired to place the EGR-
valve and the non-return valve close to the intake man-
ifold. However, for optimizing mixing, a longer channel
between the mixing position of the exhaust gas and the
intake air on the one hand and the intake manifold on the
other hand may be desired. By virtue of the mixing as-
sembly 60, 160 in the EGR-module 26, 126, 226 and the
optimized mixing circumstances that may be created in
the EGR-module, the EGR-module may be placed at a
position near the intake manifold. Consequently, an op-
timal pressure difference between exhaust gas and in-
take air may be obtained while still keeping a good mixing
performance. Thus, a higher degree of exhaust gas re-
circulation may be obtained.

[0033] Because allmajor components of the EGR-sys-
tem in a disclosed embodiment may now be integrated
in the EGR-module that may be configured as a single
unit, all these parts may be serviced simultaneously and
may be kept in stock as a single unit. From a servicing
point of view and from a logistic point of view that may
be advantageous. When mounting the EGR-module in
the air intake system and the exhaust gas system, in the
embodiment shown only three interfaces may be formed.
Thus, the number of leakage sources may be reduced.
[0034] It will be apparent to those having ordinary skill
in the art that various modifications and variations can
be made to the EGR-system as disclosed herein. Other
embodiments will be apparent to those having ordinary
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skill in the art from consideration of the specification. It
is intended that the specification and examples are con-
sidered as exemplary only. Other aspects, features and
advantages will be apparent upon an examination of the
attached drawings and appended claims.

Claims

1. An exhaust gas recirculation system for an internal
combustion engine having an air intake system with
an upstream part and a downstream part, the EGR-
system comprising:

- an EGR-module mountable as a single unitin
the air intake system between the upstream part
and the downstream part, the EGR-module in-
cluding:

- an airintake channel having an air intake open-
ing and an mixture outlet opening;

- the air intake opening being connectable to the
upstream part;

- the mixture outlet opening being connectable
to the downstream part;

- an exhaust gas intake opening; and

- a mixing assembly configured for mixing ex-
haust gas introduced in the exhaust gas intake
opening and airintroduced in the air intake chan-
nel via the air intake opening.

2. The exhaust gas recirculation system according to
claim 1, the EGR-module including:

- a throttle valve for regulating the amount of air
passing the air intake channel.

3. The exhaust gas recirculation system according to
claim 1 or 2, the EGR-module including:

- an exhaust gas recirculation valve for regulat-
ing the amount of exhaust gas introduced in the
air intake channel.

4. The exhaust gas recirculation system according to
any of the preceding claims, the EGR-module includ-

ing:

- at least one non-return valve arranged down-
stream of the exhaust gas intake opening and
upstream of the mixing assembly.

5. The exhaust gas recirculation system according to
any of the preceding claims, wherein the mixing as-
sembly includes at least one mixing tube having a
mixing tube wall with a plurality of mixing tube ports.

6. The exhaust gas recirculation system according to
claim 5, wherein the at least one mixing tube has a
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12.

central axis that extends parallel to the mixing tube
surface and the air intake channel has a central axis
that extends parallel to a wall bounding the air intake
channel, wherein the central axis of the mixing tube
is perpendicular to the central axis of the air intake
channel adjacent the mixing tube so that, in use, the
flow of air in the air intake channel adjacent the mix-
ing tube is substantially perpendicular to the exhaust
gas leaving the mixing tube ports.

The exhaust gas recirculation system according to
the combination of claims 2 and 6, wherein the throt-
tle valve includes a valve flap and a valve shaft con-
nected with the valve flap for regulating the position
of the valve flap relative to the air intake channel,
wherein a longitudinal axis of the valve shaft is par-
allelto the central axis of the at least one mixing tube.

The exhaust gas recirculation system according any
of the preceding claims, wherein the EGR-module
includes:

- a mixing body at least partly defining the air
intake channel and having:

- a throttle valve body flange;

- a EGR-valve body flange;

wherein the EGR-module also includes:

- a throttle valve body connected to the throttle
valve body flange;

- an EGR-valve body connected to an EGR-
valve body flange; and

- an EGR-valve motor connected to the EGR-
valve body.

The exhaust gas recirculation system according to
claim 8 in combination with claim 4, wherein the at
least one non-return valve includes a valve flange
that is connected to the mixing body adjacent the
EGR-valve body flange, so that the valve flange is
positioned between the mixing body and the EGR-
valve body.

The exhaust gas recirculation system according to
claim 8 in combination with claim 5, wherein the mix-
ing tube has a mixing tube flange and the mixing
body as a mixing tube mounting surface for accom-
modating the mixing tube flange.

The exhaust gas recirculation system according to
claim 10, the mixing body including a circlip groove
adjacent the mixing tube mounting surface, the mix-
ing tube being connected to the mixing body by a
circlip.

An internal combustion engine having an exhaust
gas recirculation system according to any of the pre-
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ceding claims.

A method for exhaust gas recirculation in an internal
combustion engine having an air intake system with
a upstream part and a downstream part, the method
including:

- providing an EGR-module in the air intake sys-
tem between the upstream part and the down-
stream part;

- supplying intake air to the EGR-module;

- supplying exhaust gas to the EGR-module;

- mixing the intake air and the exhaust gas in
the EGR-module; and

- discharging the mixture from the EGR-module
into the downstream part.

The method of claim 13, wherein the amount of in-
take air taken in by the EGR-module is regulated in
the EGR-module.

The method of claim 13, wherein the amount of ex-
haust gas taken in by the EGR-module is regulated
in the EGR-module.

The method of claim 13, wherein the exhaust gas
taken in by EGR-module passes a non-return valve
in the EGR-module so as to prevent flowing back of
exhaust gas when the intake air pressure is higher
than the exhaust gas pressure.

The method of claim 13, wherein the mixing of intake
air and exhaust gas is performed by supplying mul-
tiple streams of exhaust gas in an intake air stream
in the EGR-module with an exhaust gas flow direc-
tion that is substantially perpendicular to the intake
air flow direction in the EGR-module at that position.
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