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(54) GAS MIXER FOR AN INTERNAL COMBUSTION ENGINE

(57) Gas mixer for an internal combustion engine (2),
comprising:
- a base body (3) having a mixing volume (4), wherein
the mixing volume (4) is configured for mixing an exhaust
gas with air or fuel or an air-fuel mixture,
- at least one first inlet opening (5) at the base body (3)
for supplying air or air-fuel mixture to the mixing volume
(4),
- at least one exhaust gas inlet opening (6) at the base
body (3) for supplying exhaust gas to the mixing volume
(4) and
- at least one discharge opening (7) at the base body (3)
for discharging the mixture from the mixing volume (4)
of the base body (3),
wherein a mixing structure (8) is provided at the base
body (3), extending along a center axis (9) of the mixing
volume (4) starting from the at least one exhaust gas inlet
opening (6) projecting into the mixing volume (4).
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Description

[0001] The present invention concerns a gas mixer for
an internal combustion engine with the features of the
preamble of claim 1, an arrangement of such a gas mixer
and an internal combustion engine comprising such a
gas mixer.
[0002] It is commonly known by the state of the art to
use exhaust gas recirculation systems to reduce emis-
sions of internal combustion engines, in particular nitro-
gen oxide emissions (NOx) .
[0003] Nitrogen oxide is especially formed by high
combustion peak temperatures (temperatures above
2300° K).
[0004] A known way to reduce the nitrogen oxide emis-
sions is to supply exhaust gases to the air or air-fuel-
mixture provided for combustion, wherein the recirculat-
ed exhaust gas amount increases specific heat capacity
of the mixture in the combustion chamber, which lowers
the combustion peak temperature and the formed
amount of nitrogen oxide emissions is reduced.
[0005] If the exhaust gas of the combustion engine is
fed back to the combustion engine outside of the com-
bustion chamber, this is called an external exhaust gas
recirculation system.
[0006] Such systems in most cases use gas mixers for
mixing the exhaust gas with charge air, air or an air-fuel-
mixture provided for the combustion process.
[0007] Gas mixers known by the state of the art for
internal combustion engines comprise:

- a base body having a mixing volume, wherein the
mixing volume is configured for mixing an exhaust
gas with air or fuel or an air-fuel mixture,

- at least one first inlet opening at the base body for
supplying air or an air-fuel mixture to the mixing vol-
ume,

- at least one exhaust gas inlet opening at the base
body for supplying exhaust gas to the mixing volume
and

- at least one discharge opening at the base body for
discharging the mixture from the mixing volume of
the base body.

[0008] The disadvantage of such exhaust gas recircu-
lation systems is the occurrence of condensation, espe-
cially during cold start and during engine start if the en-
gine is located in low temperature environments (for ex-
ample, sub-zero temperatures).
[0009] In such cases, humidity in the recirculated ex-
haust gas tends to condensate at the cold surfaces of
the gas mixer, which leads to droplet formation.
[0010] Especially for low pressure exhaust gas recir-
culation systems, wherein exhaust gas is admixed to air
or air and fuel upstream of a turbocharger or compressor,
these droplets can lead to damages of the compressor
wheel. However, droplets or condensate in the intake are
obviously detrimental also in high pressure exhaust gas

recirculation systems.
[0011] The object of the present invention is therefore
to provide a gas mixer for an internal combustion engine
wherein the disadvantages of the state of the art previ-
ously explained can be at least partially improved and/or
condensate formation can be reduced and/or a more ef-
ficient way can be generated to admix exhaust gas with
air or an air-fuel-mixture.
[0012] This object is achieved by a gas mixer having
the features of claim 1, an arrangement and an internal
combustion engine comprising such a gas mixer.
[0013] According to the invention, it is provided that a
gas mixer for an internal combustion engine comprises:

- a base body having a mixing volume, wherein the
mixing volume is configured for mixing an exhaust
gas with air or fuel or an air-fuel mixture,

- at least one first inlet opening at the base body for
supplying air or air-fuel mixture to the mixing volume,

- at least one exhaust gas inlet opening at the base
body for supplying exhaust gas to the mixing volume
and

- at least one discharge opening at the base body for
discharging the mixture from the mixing volume of
the base body,

wherein a mixing structure is provided at the base body,
extending along a center axis of the mixing volume start-
ing from the at least one exhaust gas inlet opening pro-
jecting into the mixing volume.
[0014] Therefore, according to the present invention
the exhaust gas is supplied via the at least one exhaust
gas inlet and the mixing structure along the center axis
of the mixing volume directly to the center of the mixing
volume, wherein the exhaust gas can be prevented from
directly contacting an inner wall of the base body before
it is admixed to the air or air-fuel mixture.
[0015] The center axis of the mixing volume could be
thought of as the main direction of flow of the fluids in the
mixing volume. According to a basic aspect of the inven-
tion the exhaust gas being recirculated enters the mixing
volume through the at least one exhaust gas inlet at least
approximately in the direction of the center axis (prefer-
ably aligned with the center axis) into the center of the
mixing volume.
[0016] This direct supply of the exhaust gas into the
center of the mixing volume reduces the risk of a con-
densate forming, as the hot exhaust gas is prevented
from directly contacting cold surfaces (e.g. the inner wall
of the base body during or after a cold start of the internal
combustion engine).
[0017] The exhaust gas to be recirculated is expected
to have a lower tendency towards condensation than the
air, fuel, or air-fuel mixture with which it is to be mixed.
[0018] According to a basic aspect of the invention the
exhaust gas can become the carrier for the flow because
of the exhaust gas to be recirculated enters the mixing
volume along the center axis. Consequently, the mixing
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volume and the mixing structure can be designed such
that the exhaust gas carries along the admixed air, fuel,
or air-fuel mixture along a flow path which does not im-
pinge onto relatively cold surfaces of the mixing volume
which could potentially induce condensation and droplet
formation.
[0019] Furthermore, by usage of a mixing structure the
mixing process of the exhaust gas admixed with air or
air-fuel-mixture can be improved as the thermal and flow
properties in the mixing volume can be affected.
[0020] The supplying of the exhaust gas by usage of
the mixing structure extending from the base body pro-
jecting into the mixing volume creates a dynamic fluidic
condition inside the mixing volume, wherein the exhaust
gas and the air or air-fuel-mixture can be mixed more
efficiently.
[0021] If the exhaust gas and the air or air-fuel-mixture
are mixed in a more efficient and therefore faster way, a
temperature compensation of the gas flows can also be
done in a faster way, wherein the buildup of condensate
can be reduced to a minimum.
[0022] Already present internal combustion engines
can be upgraded and operated with a gas mixer accord-
ing to the invention. Therefore, the invention can be used
for the embodiments of the prior art already described in
the introduction of the description.
[0023] The invention can particularly preferably be
used in conjunction with an internal combustion engine
driving a generator for creating electrical energy. Such
combinations of internal combustion engines driving a
generator are known as gensets.
[0024] Advantageous embodiments are defined in the
dependent claims.
[0025] It can be provided that the mixing structure sur-
rounds the at least one exhaust gas inlet opening at the
inner structure forming a tubular section, which prefera-
bly comprises a circular cross section, projecting into the
mixing volume.
[0026] Preferably it can be provided that the tubular
section of the mixing structure is provided with holes,
especially bores, connecting the inner volume of the mix-
ing structure with the surrounding mixing volume.
[0027] It can be provided that the inner cross-sectional
area of the mixing structure decreases, preferably partly
according to a polynomial or linear function, along the
center axis of the mixing structure.
[0028] It can be provided that the mixing structure
projects across the mixing volume and comprises an end
at a center of an opposing discharge opening of the mix-
ing volume regarding the at least one exhaust gas inlet
opening.
[0029] It can be provided that the mixing structure com-
prises at least one opening fluidically connecting the at
least one exhaust gas inlet opening and the mixing vol-
ume.
[0030] It can be provided that the center axis of the
mixing volume and the mixing structure are essentially
parallel, preferably aligned, with a center axis of the at

least one exhaust gas inlet opening.
[0031] It can be provided that the base body forms a
cylindrical, preferably rotationally symmetric, mixing vol-
ume, particularly preferred wherein the center axis forms
the rotational axis of the cylindrical mixing volume.
[0032] It can be provided that a center axis of the at
least one exhaust gas inlet opening and/or the at least
one discharge opening is parallel, preferably aligned,
with the center axis of the mixing volume.
[0033] It can be provided that the at least one first inlet
opening is arranged radially at the cylindrical mixing vol-
ume.
[0034] It can be provided that the at least one first inlet
opening is arranged in such a way that supplied air or
air-fuel mixture via the at least one first inlet opening en-
ters the base body essentially transversely with respect
to the center axis.
[0035] A preferred embodiment, wherein the at least
one first inlet opening is arranged in such a way that
supplied air or air-fuel mixture via the at least one first
inlet opening enters the base body essentially trans-
versely, can have the advantage that exhaust gas can
be supplied in line with a center axis of the base body of
the gas mixer, while the air and the fuel are supplied
radially with respect to the exhaust gas. Because air or
air-fuel-mixture is in such embodiments supplied into the
mixing volume radially and the exhaust gas centrally, ex-
haust gas is mixed with air or air-fuel-mixture before the
exhaust gas on its own comes into contact with the -
perhaps cold - surface of the mixing volume wall, inner
wall of the base body or other surfaces of components
of the gas mixer.
[0036] It can be provided that the at least one exhaust
gas inlet opening is arranged in such a way that its center
axis is parallel, preferably aligned, with a center axis of
the at least one discharge opening.
[0037] If the at least one exhaust gas inlet opening is
arranged in such a way that its center axis is aligned with
a center axis of the at least one discharge opening, the
advanced embodiment is implemented, wherein the ex-
haust gas is directly supplied in direction of the at least
one discharge opening without touching any - potentially
cold - surfaces, wherein the risk of condensation is nearly
eliminated, while at the same time the exhaust gas is
properly mixed with the air or air-fuel-mixture inside the
mixing volume.
[0038] It can be provided that at least one second inlet
opening at the base body for supplying fuel to the mixing
volume is provided.
[0039] Therefore, it can be provided that by use of

- the at least one first inlet opening air is supplied,
- the at least one exhaust inlet opening exhaust gas

is supplied, and
- the at least one second inlet opening fuel is supplied

to the mixing volume, wherein inside the mixing volume
an air-fuel-exhaust-mixture is mixed and discharged from
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the base body via the at least one discharge opening of
the base body.
[0040] It can be provided that the at least one second
inlet opening is arranged in such a way that supplied fuel
via the at least one second inlet opening enters the base
body essentially transversely with respect to the center
axis.
[0041] Furthermore, protection is sought for an ar-
rangement comprising a gas mixer according to the in-
vention and a compressor, preferably of a turbocharger,
of an internal combustion engine, wherein the compres-
sor is fluidically connected to the at least one discharge
opening of the gas mixer.
[0042] It can be provided that a rotational axis of the
compressor wheel of the compressor is parallel, prefer-
ably aligned, with the center axis of the mixing volume
and/or a center axis of the at least one exhaust gas inlet
opening.
[0043] An advantage of such an embodiment is an im-
proved thermodynamical balance of air-fuel-exhaust-
mixture being compressed by the compressor, leading
to decreased thermal gradients and therefore decreased
thermal stresses of the compressor parts, especially the
compressor wheels.
[0044] Also, protection is sought for an internal com-
bustion engine comprising a gas mixer according to the
invention.
[0045] Further details and advantages of the invention
are apparent from the accompanying figures and the fol-
lowing description of the drawings. The figures show:

Fig. 1 an embodiment of a gas mixer according to the
invention in a perspective view,

Fig. 2 the embodiment of Fig. 1 in another perspective
view,

Fig. 3 the embodiment of the previous figures in a side
view along the center axis, and

Fig. 4 a view of the cross-section A-A indicated at Fig.
3.

[0046] Fig. 1 to 4 disclose an embodiment of a gas
mixer 1 for an internal combustion engine 1 according to
the present invention.
[0047] Fig. 1 and Fig 2 show different perspective
views of the gas mixer 1, whereas Fig. 3 discloses a side
view of the gas mixer 1, and Fig. 4 a cross-section A-A
indicated in Fig. 3, wherein the interior of the gas mixer
1 along the center axis 9 can be seen.
[0048] The gas mixer 1 comprises a base body 3 hav-
ing a mixing volume 4, wherein the mixing volume 4 is
configured for mixing an exhaust gas with air and fuel.
[0049] The base body 3 is formed in such a way (which
especially can be seen in Fig. 2) that the mixing volume
4 is formed cylindrically.
[0050] The cylindrical shape of the mixing volume 4 is
essentially rotationally symmetric regarding the center
axis 9 of the base body 3.
[0051] Furthermore, the gas mixer 1 comprises a first

inlet opening 5, a second inlet opening 11 and an exhaust
gas inlet opening 6.
[0052] The exhaust gas inlet opening 6 is provided at
a base body cover 16 of the base body 3, which can by
connected and disconnected with the base body 3 by
screw (or bolted) connections to release the mixing vol-
ume 4 and the mixing structure 8 regarding the environ-
ment.
[0053] The first inlet opening 5 at the base body 3 is
used for supplying air to the mixing volume 4.
[0054] The second inlet opening 11 is used for supply-
ing fuel to the mixing volume 4.
[0055] And the exhaust gas inlet opening 6 is used for
supplying exhaust gas to the mixing volume 4.
[0056] The supplied air, fuel and exhaust gas is mixed
inside the base body 3 of the gas mixer at the mixing
volume 4, wherein the air-fuel-exhaust mixture is dis-
charged from the mixing volume 4 of the base body via
the discharge opening 7.
[0057] The first inlet opening 5 and the second inlet
opening 11 are arranged in such a way that supplied air
and fuel via the first inlet opening 5 (supplying air) and
the second inlet opening 11 (supplying fuel) are entering
the base body 3 essentially transversely with respect to
the center axis 9.
[0058] In this way a helical flow of the air and the fuel
inside the cylindrical mixing volume 4 can be provided
around the center axis 9 to mix the fuel with the air.
[0059] The exhaust inlet opening 6 is arranged in the
center of the base body, wherein a center axis of the
exhaust inlet opening 6 is aligned with the center axis 9
of the base body.
[0060] The gas mixer 1 furthermore comprises a mix-
ing structure 8 at the base body 3, extending along a
center axis 9 of the mixing volume 4 starting from the at
least one exhaust gas inlet opening 6 projecting into the
mixing volume 4 guiding the exhaust gases coming from
the exhaust gas inlet opening 6 into the mixing volume 4.
[0061] The mixing structure 8 surrounds the exhaust
gas inlet opening 6 at the mixing volume 4 forming a
tubular section having a circular cross section projecting
into the mixing volume 4, wherein the center axis 9 of the
mixing volume 4, the center axis of the mixing structure
8 and the center axis 9 of the at least one exhaust gas
inlet opening 6 are aligned.
[0062] Because air and fuel are supplied into the mix-
ing volume radially and the exhaust gas centrally, ex-
haust gas is mixed with air and fuel before the exhaust
gas gets in contact with the - perhaps cold - surface of
the mixing volume 4 wall, inner wall of the base body 3
or other surfaces of components of the gas mixer 1.
[0063] This direct supply of the exhaust gas into the
center of the mixing volume 4 reduces the risk of a con-
densate forming, as the hot exhaust gas is prevented
from directly contacting cold surfaces (e.g. the inner wall
of the base body 3 during or after a cold start of the internal
combustion engine 2).
[0064] The mixing structure 8 comprises a plurality of
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openings 10 around the shell surface of the mixing struc-
ture 8, wherein the openings 10 fluidically connecting the
exhaust gas inlet opening 6 and the mixing volume 4,
wherein one more opening is provided at the mixing struc-
ture 8 symmetrically with the center axis 9 at an end of
the mixing structure 8 facing away from the exhaust gas
inlet opening 6.
[0065] As can be seen in Fig. 4 the mixing structure 8
has a decreasing cross-sectional area along the center
axis 9 of the mixing structure 8. In this way exhaust gas
can be supplied continuously along the mixing structure
8 along the center axis 9 into the air and fuel flow sur-
rounding the mixing structure 8.
[0066] The center axis 9 of the at least one exhaust
gas inlet opening 6 and the at least one discharge open-
ing 7 are aligned with the center axis 9 of the mixing
volume 4.
[0067] As the center axis 9 of the base body 3 is aligned
with the center axis of the discharge opening 7, a partic-
ularly preferred helical flow pattern of the air-fuel-exhaust
mixture is provided via the discharge opening 7, which
especially generates an improved operation condition for
the compressor 15 (if the compressor 15 is directly ar-
ranged at the discharge opening 7 as can be seen by the
embodiment shown by Fig. 1 to 4).
[0068] The compressor 16 comprises a compressor
wheel 15 having a rotational axis 14 which is aligned with
the center axis 9 of the mixing volume 4 and the center
axis 9 of the at least one exhaust gas inlet opening 6.
[0069] The compressor 16 is part of a turbocharger 13,
wherein the compressor wheel 15 is connected and driv-
en by a turbine wheel 17 of the turbocharger 13.

List of used reference signs:

[0070]

1 gas mixer
2 internal combustion engine
3 base body
4 mixing volume
5 first inlet opening
6 exhaust gas inlet opening
7 discharge opening
8 mixing structure
9 center axis
10 opening of the mixing structure
11 second inlet opening
12 compressor
13 turbocharger
14 rotational axis of the compressor
15 compressor wheel
16 base body cover
17 turbine wheel
18 turbine exhaust gas outlet

Claims

1. Gas mixer for an internal combustion engine (2),
comprising:

- a base body (3) having a mixing volume (4),
wherein the mixing volume (4) is configured for
mixing an exhaust gas with air or fuel or an air-
fuel mixture,
- at least one first inlet opening (5) at the base
body (3) for supplying air or air-fuel mixture to
the mixing volume (4),
- at least one exhaust gas inlet opening (6) at
the base body (3) for supplying exhaust gas to
the mixing volume (4) and
- at least one discharge opening (7) at the base
body (3) for discharging the mixture from the
mixing volume (4) of the base body (3),

characterized in that a mixing structure (8) is pro-
vided at the base body (3), extending along a center
axis (9) of the mixing volume (4) starting from the at
least one exhaust gas inlet opening (6) projecting
into the mixing volume (4).

2. Gas mixer according to claim 1, wherein the mixing
structure (8) surrounds the at least one exhaust gas
inlet opening (6) at the mixing volume (4) forming a
tubular section, preferably comprises a circular cross
section, projecting into the mixing volume (4).

3. Gas mixer according to claim 2, wherein the inner
cross-sectional area of the mixing structure (8) de-
creases, preferably partly according to a polynomial
or linear function, along the center axis (9) of the
mixing structure (8).

4. Gas mixer according to claim 2 or 3, wherein the
mixing structure (8) comprises at least one opening
(10) fluidically connecting the at least one exhaust
gas inlet opening (6) and the mixing volume (4).

5. Gas mixer according to at least one of the preceding
claims, wherein the center axis (9) of the mixing vol-
ume (4) and the mixing structure (8) is essentially
parallel, preferably aligned, with a center axis (9) of
the at least one exhaust gas inlet opening (6).

6. Gas mixer according to at least one of the preceding
claims, wherein the base body (3) forms a cylindrical,
preferably rotationally symmetric, mixing volume (4).

7. Gas mixer according to at least one of the preceding
claims, wherein a center axis (9) of the at least one
exhaust gas inlet opening (6) and/or the at least one
discharge opening (7) is parallel, preferably aligned,
with the center axis (9) of the mixing volume (4).
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8. Gas mixer according to at least one of the preceding
claims, wherein the at least one first inlet opening
(5) is arranged radially at the cylindrical mixing vol-
ume (4) .

9. Gas mixer according to at least one of the preceding
claims, wherein the at least one first inlet opening
(5) is arranged in such a way that supplied air or air-
fuel mixture via the at least one first inlet opening (5)
enters the base body (3) essentially transversely with
respect to the center axis (9).

10. Gas mixer according to at least one of the preceding
claims, wherein the at least one exhaust gas inlet
opening (6) is arranged in such a way that its center
axis (9) is parallel, preferably aligned, with a center
axis (9) of the at least one discharge opening (7).

11. Gas mixer according to at least one of the preceding
claims, wherein at least one second inlet opening
(11) at the base body (3) for supplying fuel to the
mixing volume (4) is provided.

12. Gas mixer according claim 11, wherein the at least
one second inlet opening (11) is arranged in such a
way that supplied fuel via the at least one second
inlet opening (11) enters the base body (3) essen-
tially transversely with respect to the center axis (9).

13. Arrangement comprising a gas mixer (1) according
to at least one of the preceding claims and a com-
pressor (12), preferably of a turbocharger (13), of an
internal combustion engine (2), wherein the com-
pressor (12) is fluidically connected to the at least
one discharge opening (7) of the gas mixer (1).

14. Arrangement according to claim 13, wherein a rota-
tional axis (14) of the compressor wheel (15) of the
compressor (12) is parallel, preferably aligned, with
the center axis (9) of the mixing volume (4) and/or a
center axis (9) of the at least one exhaust gas inlet
opening (6).

15. Internal combustion engine comprising a gas mixer
(1) according to at least one of the claims 1 to 12
and/or an arrangement according to claim 13 or 14.
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