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Sekoitinjarjestely pakokaasun jalkikasittelyyn kasittden kotelon (220) jarjestettynd muodostamaan ontelon
kasittden keskusvirtauskanavan (250) jossa pakokaasu virtaa; ja ainakin yhden sivusisdantulojérjestelyn
(251-254) jarjestettyna paastamaan pakokaasu sisdan keskusvirtauskanavaan (250) sen sivuilta and
jarjestettynd aikaansaamaan etenevé keskivirtaus keskusvirtauskanavaan (250) pyoriva virtaus
keskivirtauksen ympdrille tai reunoille keskivirtauskanavassa (250); missa ainakin yksi
sivusisdantulojarjestely (251-254) kasittaa ainakin parin sivusisdantuloputkia keskusvirtauskanavan (250)
sivuilla.

A mixer arrangement for aftertreatment of exhaust gas comprising a housing (220) configured to form a
cavity comprising a center flow channel (250) in which the exhaust gas flows; and at least one side inlet
arrangement (251-254) configured to allow the exhaust gas to enter the center flow channel (250) from the
sides thereof and configured to cause an advancing center flow in the center flow channel (250) and a

rotating flow around or on the edges of the center flow in the center flow channel (250); wherein the at least

one side inlet arrangement (251-254) comprises at least a pair of side inlet pipes on the side of the center
flow channel (250).
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A MIXER ARRANGEMENT AND A METHOD OF MIXING FOR
AFTERTREATMENT OF EXHAUST GAS

TECHNICAL FIELD

The present application generally relates to a mixer arrangement and a method of

mixing for aftertreatment of exhaust gas.

BACKGROUND ART

Emission regulations for internal combustion engines have tightened over recent
years, and the trend is even tightening. For example, regulated emissions of NOx
and particles from internal combustion engines are becoming so low that the target
emissions levels are hard to be met. Therefore, aftertreatment systems are used in
engines to reduce emissions. For reducing NOx emissions, NOx reduction
catalysts, including selective catalytic reduction (SCR) systems, are utilized to
convert NOx (NO and NO2) to N2 and other compounds. SCR systems utilize a

reactant, such as ammonia, to reduce the NOx.

Simultaneously with the emission regulation demands, also power and efficiency
demands for engines increase. On top of that the internal combustion engines
should be designed and manufactured with smaller size and decreased weight, if

possible.

Solutions increasing the efficiency of SCR systems by enhancing the mixing of
reactants using a predetermined flow pattern are known. Such solutions apply flow
guide elements such as fins and perforated conical elements in order to produce a
flow enhancing mixing. Such solution of then require a lot of space and

accordingly are not applicable to all situations.

A solution is needed for cost-efficiently providing an aftertreatment system of

exhaust gas for internal combustion engine to reduce emissions capable of
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fulfilling the requirements for emission regulations without sacrificing too much
power and efficiency of the engine and do all this in compact size and ease of

manufacture and assembly.

SUMMARY

According to a first example aspect of the invention there is provided A mixer
arrangement for aftertreatment of exhaust gas comprising:

a housing configured to form a cavity comprising a center flow channel in
which the exhaust gas flows; and

at least one side inlet arrangement configured to allow the exhaust gas to
enter the center flow channel from the sides thereof and configured to cause an
advancing center flow in the center flow channel and a rotating flow around or on
the edges of the center flow in the center flow channel; wherein

the at least one side inlet arrangement comprises at least a pair of side inlet

pipes on the side of the center flow channel.

The mixer arrangement may further comprise at least one flow guide element

within the center flow channel.

The at least one flow guide element may comprise at least one funnel element

positioned substantially at the level of the at least one side inlet arrangement.

The at least one flow guide element may comprise at least one ring-like element.

The at least one flow guide element may comprise a perforated cone element.

The at least one flow guide element may comprise guide plates dividing the center

flow channel.

The at least one flow guide element may comprise curved fins in a circular

configuration.
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The at least one flow guide element may comprise fins protruding towards the

centerline of the center flow channel.

The mixer arrangement may comprise a plurality of side inlet arrangements.

The side inlet pipes of any of the side inlet arrangements may be positioned on the

opposite sides of the center flow channel.

The side inlet pipes of any of the side inlet arrangements may be positioned in an

offset position from the centerline of the center flow channel.

The side inlet pipes of any of the side inlet arrangements may be perpendicular

with respect to the advancing flow direction in the center flow channel.

The side inlet pipes of any of the side inlet arrangements may be at an angle with
respect to the advancing flow direction in the center flow channel and/or at an
angle with respect to a plane perpendicular to the advancing flow direction in the

center flow channel.

The mixer arrangement may further comprise an injector element configured to
inject a reactant, such as urea or ammonia, into the advancing and rotating flow in

the center flow channel.

According to a second example aspect of the invention there is provided an
apparatus for aftertreatment of exhaust gas, comprising

the mixer arrangement of the first example aspect of the invention; and
further comprising at least one of the following upstream of the mixer arrangement
a diesel oxidation catalyst (DOC) substrate; and

a diesel particulate filter (DPF).

The apparatus may further comprise a selective catalytic reduction (SCR)

substrate downstream of the mixer arrangement.
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According to a third example aspect of the invention there is provided an engine
system comprising a mixer arrangement of the first example aspect or an

apparatus for aftertreatment of exhaust gas of the second aspect.

According to a fourth example aspect of the invention there is provided a method
of mixing for aftertreatment of exhaust gas, comprising:

guiding at least a part of the exhaust gas into the center flow channel
through at least one side inlet arrangement comprising at least a pair of side inlet
pipes on the side of the center flow channel in order to form an advancing center
flow in the center flow channel and a rotating flow on the edges of or around the
advancing flow in the center flow channel,

injecting a reactant, such as urea or ammonia, with an injection element
into the established exhaust gas flow in the center flow channel; and

mixing the reactant with the exhaust gas flow in the center flow channel.

Different non-binding example aspects and embodiments of the present invention
have been illustrated in the foregoing. The above embodiments are used merely to
explain selected aspects or steps that may be utilized in implementations of the
present invention. Some embodiments may be presented only with reference to
certain example aspects of the invention. It should be appreciated that

corresponding embodiments may apply to other example aspects as well.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described, by way of example only, with reference to the

accompanying drawings, in which:

Fig. 1 shows a schematic view of an exhaust gas aftertreatment according to an
example embodiment of the invention;
Fig. 2 shows a schematic side view of a mixer arrangement for exhaust gas

aftertreatment according to an example embodiment of the invention;
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shows a schematic back view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic front view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic top view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic back view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic top view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic side view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic back view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic top view of a part of a mixer arrangement for exhaust
gas aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas

aftertreatment according to an example embodiment of the invention;
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6

shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows a schematic view of a part of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention
shows an example of the flow in a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows an example of the flow in a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention;
shows an example of the flow in a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention; and
shows a flow diagram showing operations in accordance with an example

embodiment of the invention.

DETAILED DESCRIPTION

In the following description, like numbers denote like elements. Hereto it is noted

that while the structure of the mixing arrangement is described in detail with

reference to Figs. 2-26, the structure of each element thereof is not repeatedly

explained in detail with reference to each of the Figs. 2-26 separately.

Fig. 1 shows a schematic picture of exhaust gas aftertreatment system according

to an example embodiment of the invention. An engine system 100 is shown. The

engine system 100 comprises an engine 110 and an exhaust aftertreatment

apparatus 120. Furthermore, the system 100 may comprise other devices that are

not shown in the Fig. 1. Such devices comprise, for example, a fuel storage for the

engine 110 (e.g. diesel), and an air intake device including an air filter.
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Fig. 1 shows a connection 115 between the engine 110 and the exhaust
aftertreatment apparatus 120. The connection 115 may comprise a pipe for

guiding exhaust gas from the engine 110, for example.

The exhaust aftertreatment apparatus 120 that receives the exhaust gas from the
engine 110 over the connection 115. In an embodiment, the apparatus 120
comprises a catalytic converter, such as diesel oxidation catalyst (DOC) device
121, a mixer 122 and a selective catalytic reduction (SCR) device 123. The
devices 121-123 are in an embodiment implemented within the same housing of
the apparatus 120 but at least one of the devices 121, 123 may also be placed
outside the housing of the apparatus 120. A connection 124 for receiving reactant
for the mixer 122 is also disclosed. The apparatus 120 may further comprise
devices not shown in Fig. 1, such as a doser for the reactant, a storage for the
reactant (such as urea or ammonia), gas flow guides and connections within the

apparatus 120.

Catalytic converters (diesel oxidation catalysts or DOC's) 121 are typically used in
an exhaust system to convert undesirable gases such as carbon monoxide and
hydrocarbons from engine's exhaust into carbon dioxide and water. DOC's may
have different configurations. The substrates used in catalytic converters

preferably include a catalyst.

A diesel particulate filter (DPF) may also be implemented together or alternatively
to the DOC 121 in an exhaust system to remove particulate matter (e.g., carbon
based particulate matter such as soot) from the exhaust. DPF's can have a variety

of known configurations.

The selective catalytic reduction (SCR) catalyst device 123 is typically used in an
exhaust system to remove undesirable gases such as nitrogen oxides (NOx) from
the engine’s emissions. SCR's are capable of converting NOx to nitrogen and
oxygen in an oxygen rich environment with the assistance of reactants such as
urea or ammonia, which are injected into the exhaust gas upstream of the SCR
device 123.
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A mixer 122 is configured to receive exhaust gas from the engine 110 over
connection 115, which gas is possibly run through a DOC 121 or DPF, as
disclosed above. The mixer 122 receives also reactant, such as diesel exhaust
fluid (DEF), over the connection 124, the reactant commonly referred to as AdBlue
that is an aqueous urea solution made with 32.5% high-purity urea and 67.5%
deionized water. DEF may be used as a consumable in selective catalytic
reduction (SCR) in order to lower NOx concentration in the diesel exhaust
emissions from diesel engines. The mixer 122 is configured to mix the exhaust gas
and the reactant and also to reduce urea deposits in exhaust pipelines. When
SCR process uses DEF, it can cause urea deposits in exhaust pipes, especially in
off-road applications using airless DEF injectors. Larger DEF spray droplets might
lead to wall wetting and film formation on exhaust pipe inner surfaces, causing
deposits when the local temperatures are low. Urea deposit problems have
become frequent and critical, and the mixer 122 is configured to keep pipelines
clean by evenly distributing the reactant to the exhaust gas in the shortest possible

pipe length and avoiding this way the wall wetting and film formation.

The apparatus 120 may also help water evaporation from DEF and ensures
optimal reactions with the reactant with no unwanted side effects. The apparatus
120 may be used with all reactant dosers (e.g. urea or ammonia) to achieve even
NHS3 distribution within the exhaust gas. Further benefit is experienced with airless
injectors, which have rather large Sauter mean diameter (SMD) and when the
injection must start at low temperatures. An exhaust gas outlet pipe 130 guides the

aftertreated exhaust gas from the apparatus 120.

In an embodiment, the apparatus 120 is configured to inject small droplets of
reactant, or catalyte, such as urea-water solution, to the exhaust gas flow and
causing the reactant to vaporize in an exhaust gas flow channel defined by inner
cavity of the apparatus housing and to react with the nitric oxides of the exhaust
gas and changing them to plain nitrogen. Such final change to nitrogen takes

place in SCR catalysator 123.
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Fig. 2 shows a schematic side view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 2 shows
the back side, i.e. the side of the DOC/DPF 121 of the mixer arrangement from
which side the exhaust gas flows into the mixer arrangement. The mixer
arrangement comprises a housing 220 configured to accommodate the elements
of the mixer arrangement, i.e. in which the elements of the mixer arrangement are
formed, and to form the cavity in which the exhaust gas flows. The housing 220 is
configured to have a size smaller than the housing of the DOC/DPF system 121 so

that the overall height of the exhaust gas aftertreatment system is not increased.

The mixer arrangement further comprises an injector element 210 at an end of the
center flow channel 250 configured to inject a reactant, or catalyte, such as urea or
ammonia, into the exhaust gas flow, in an embodiment substantially downstream.
In an embodiment, the injector element 210 comprises an injector nozzle or
nozzles. The mixer arrangement further comprises an exhaust outlet pipe 230
configured to guide the exhaust gas flow onwards from the mixing arrangement,

for example into an SCR system.

Fig. 3 shows a schematic back view, i.e. a view from the DOC/DPF side or inlet
side, of the mixer arrangement for exhaust gas aftertreatment according to an
example embodiment of the invention. In an embodiment, the mixer arrangement
comprises a center inlet 240 configured to allow a part of the exhaust gas to enter
a center flow channel 250. In an embodiment, the center inlet 240 and/or the
center flow channel 250 has a circular cross-section. In an embodiment, the center
inlet 240 comprises a perforated flow guide, for example a perforated sleeve
surrounding the center inlet 240. In an embodiment, the injector element 210 is
positioned at the center inlet and configured to inject the reactant into the center
flow channel 250 substantially downstream into the exhaust gas flow in the center

flow channel 250.

The mixer arrangement further comprises at least one side inlet arrangement 251-
253. The at least one side inlet arrangement 251-253 comprises at least a pair of

inlet pipes on the side of the center flow channel 250. In an embodiment, the side
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inlet pipes have a circular or rectangular cross-section. In an embodiment, the
side inlet pipes are substantially perpendicular to the center flow channel. In a
further embodiment, the side inlet pipes of the at least one side inlet arrangement
251-253 are positioned on the opposite sides of the center flow channel 250. In a
further embodiment, the side inlet pipes of the at least one side inlet arrangement
251-253 are positioned in an offset position from the center line of the center flow
channel 250, i.e. the side inlet pipes are positioned in such a way that the center

line thereof does not dissect the center line of the center flow channel 250.

The at least one side inlet arrangement 251-253 is configured to allow at least a
part of the exhaust gas to enter the center flow channel 250 from the sides thereof
and configured to cause an advancing center flow in the center flow channel (250)
and a rotating, or swirling flow, around or on the edges of the center flow in the
center flow channel 250. Accordingly, the exhaust gas flow in the center flow
channel 250 contains an advancing, and in an embodiment rotating, center flow
substantially in the direction of the center flow channel 250 and a rotating flow on
the edges thereof, the rotating flow, in an embodiment, also causing the advancing

flow in the first direction while it advances to have a rotating flow component.

In an embodiment, the mixer arrangement comprises a plurality of side inlet
arrangements 251-253, offset from each other in the longitudinal direction of the
center flow channel 250. In an embodiment, the number of side inlet arrangements
251-253 is one, two or three. The mixer arrangement, in an embodiment, further
comprises inlet holes 258 formed into the side of the pipe forming the center flow
channel to allow at least some of the exhaust gas to enter the center flow channel
250. The inlet holes 258 are configures to lower the pressure opposing the flow of
the exhaust gas through mixer arrangement and/or to allow raw exhaust gas, i.e.
exhaust gas that has not yet cooled due to vaporizing the injected urea, into the

center flow channel in order to improve mixing and urea vaporization.

Fig. 4 shows a schematic front view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention, i.e. a view

from the side opposite to the DOC/DPF system. Fig. 4 shows the housing 220 of
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the mixer arrangement and the injection element 210 as well as the exhaust outlet
230.

Fig. 5 shows a schematic top view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 5 shows
the housing 220 of the mixer arrangement and a cradle 212 thereon for

accommodating the injector element 210 (not shown in Fig. 5).

Fig. 6 shows a schematic back view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 6 shows
the injector element 210 on an end of the center flow channel. Fig. 6 further shows
the at least one side inlet arrangement 251-253 and the inlet holes 258. An
advancing flow in a first direction and a rotating flow the center flow by the exhaust
gas entering the center flow channel through the at least one side inlet
arrangement 251-253. In an embodiment, at least a part of the exhaust gas enters
through a center inlet 240. The injector element 210 | configured to inject a
reactant, or catalyte, such as urea or ammonia, into the advancing and rotating
flow in the center flow channel 250. The exhaust gas is configured exit the mixer

arrangement via the exhaust outlet 230.

Fig. 6 further shows an inlet cavity 242 within the housing 220 of the mixer
arrangement, into which the exhaust gas from the DOC/DPF system enters and

from which it flows into the center flow channel 250.

Fig. 7 shows a schematic top view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 7 shows
the cradle element 212 configured to accommodate the injector element 240 on

top of the center inlet 240.

Fig. 8 shows a schematic side view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 8 shows
the injector element 210 on top of the center inlet. Furthermore, Fig. 8 shows the

at least one side inlet arrangement 251-253, each side inlet arrangement in an
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embodiment comprising a pair of side inlet pipes on opposite sides of the center
flow channel. In an embodiment, the side inlet pipes have a substantially circular
cross-section. In an embodiment, the side inlet pipes are straight. In a further
embodiment, as seen in Fig. 8, the side inlet pipes are curved, so that the opening
on the end distant from the center flow channel points at a tangential direction with
respect to the center flow channel in order to enhance the rotation of the flow

within the central flow channel.

The mixer arrangement further comprises at least one flow guide element
264,266. In an embodiment, the flow guide element comprises a funnel element
264,266 within the center flow channel. The at least one funnel element is
positioned substantially at the level of the at least one side inlet arrangement 251-
253 and configured to increase the rotation caused by the flow through the at least
one side inlet element 251-253. In an embodiment, the mixer arrangement
comprises a plurality of funnel elements 264,266, for example two funnel
elements, or a funnel element 264,266 positioned substantially at the level of each

side inlet arrangement 251-253.

Fig. 9 shows a schematic back view of a mixer arrangement for exhaust gas
aftertreatment according to an example embodiment of the invention. Fig. 9 shoes
the at least one side inlet arrangement 251-253, the inlet holes 258 and the central
flow channel 250 as well as the exhaust outlet 230 as described in more detail

hereinbefore and hereinafter.

Figs. 10 to 13 show a schematic view of a part of a mixer arrangement for exhaust
gas aftertreatment according to an example embodiment of the invention. Figs. 10
to 13 show the center flow channel 250 and the at least one side inlet arrangement
251-253 with the at least one funnel element 262-266 positioned at the level
thereof within the center flow channel 250. As can be seen from Figs. 10 to 13, in
an embodiment with a plurality of side inlet arrangements 251-253, the size and
angle with respect to the center flow channel or with respect to a plane
perpendicular to the centerline of the center flow channel of each of the side inlet

arrangements 251-253 may not be the same. Furthermore, in an embodiment, the
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at least on side inlet arrangement 251-253 has an opening not parallel to the
centerline of the center flow channel, but angled in relation thereto. In a further
embodiment, the center flow channel comprises a center inlet 240 the width of

which is smaller than the width of the center flow channel 250.

As can be seen from Figs. 10-13, the position and alignment of the side inlet
arrangements 251-253, i.e. the angle of each side inlet pipe with respect to the
flow direction and the position of each side inlet pipe with respect to the centerline
of the center flow channel is not the same, i.e. the side inlet pipes are positioned
according to the situation, for example so that a first side inlet arrangement 251 is
positioned and angled in such a way that the flow entering therethrough enters
substantially at a tangential direction with respect to the center flow channel 250
and a second side inlet arrangement 252 is positioned and angled in such a way
that the flow entering therethrough enters in a direction towards the centerline of

the center flow channel 250.

While Figs. 10-13 show that the at least one side inlet arrangement 251-253
comprises a pair of side inlet pipes, the number of pipes in the at least one side
inlet arrangement 251-253 is in an embodiment different, for example more than

two side inlet pipes, in an embodiment for example four or six side inlet pipes.

An example of the dimensions of the mixer arrangement is as follows: In an
example situation in which the mixer arrangement is used with an engine with a
power of ca. 150-250 kW, the diameter of the center flow channel 250 is between
80 and 120 mm, for example about 100 mm, and the diameter of a side inlet pipe

is between 30 and 50 mm, for example about 38 mm.

Figs. 14 to 17 show a schematic view of a part of a mixer arrangement for exhaust
gas aftertreatment according to an example embodiment of the invention. Figs. 14
to 17 show the center flow channel 250 and the at least one side inlet arrangement
251-254. While Figs. 14-17 show that the at least one side inlet arrangement 251-
254 comprises a pair of side inlet pipes, the number of pipes in the at least one

side inlet arrangement 251-254 is in an embodiment different, for example more
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than two side inlet pipes, in an embodiment for example four or six side inlet pipes.
Fig. 14 further shows with a dashed line the centerline of the center flow channel
250 and an axis perpendicular thereto. It is to be noted that the at least one side
inlet arrangement 251-254, or any inlet pipe of a side inlet arrangement, is in an
embodiment at an angle with respect to the centerline and/or with respect to the

axis perpendicular thereto.

Figs. 14-17 further shows a flow guide element 270 on top of the center flow
channel 250 configured to guide the exhaust gas entering from the at least one
side inlet arrangement 251-254. In an embodiment, the flow guide element 270
comprises fin-like elements protruding from the sides of the center flow channel
towards the center thereof. Furthermore, in an embodiment, the mixer
arrangement comprises at least one further flow guide element 272. In an
embodiment, the at least one flow guide element 272 comprises a plurality of ring-
like elements in the center flow channel 250. In an embodiment the plurality of
ring-like elements comprises concentric ring-like elements. In a still further
embodiment, the central opening of the ring-like elements 272 grows smaller in the

direction of the exhaust flow in the center flow channel 250.

Figs. 18 to 19 show a schematic view of a part of a mixer arrangement for exhaust
gas aftertreatment according to an example embodiment of the invention. Figs. 18
to 19 show the center flow channel 250 and the at least one side inlet arrangement
251a-254. As can be seen from Figs. 18 to 19, the at least one side inlet
arrangement 151a-254 comprises a plurality of side inlet arrangements 251a-254,
the size and angle with respect to the center flow varies. The embodiment of Figs.
17-18 shows that the first side inlet arrangement 251a,251b comprises four side
inlet pipes, or two pairs thereof, with a different angle relative to the centerline of
the center flow channel 250. While Figs. 18-19 show that the further side inlet
arrangements 252-254 comprises a pair of side inlet pipes, the number of pipes in
the further side inlet arrangement 252-254 is in an embodiment different, for
example more than two side inlet pipes, in an embodiment for example four or six

side inlet pipes.
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Figs. 18-19 further show an inlet guide element 270 on top of the center flow
channel 250 configured to guide the exhaust gas entering from the at least one
side inlet arrangement 251-254. Furthermore, in an embodiment, the mixer
arrangement comprises at least one flow guide element 280. In an embodiment,
the at least one flow guide element 280 comprises a conical perforated element in
the center flow channel 250. In an embodiment the diameter of the perforated
conical flow guide element 280 grows smaller in the direction of the exhaust flow in

the center flow channel 250.

Figs. 20-22 show a schematic view of a part of a mixer arrangement for exhaust
gas aftertreatment according to an example embodiment of the invention. Figs. 20
to 22 show the center flow channel 250 and the at least one side inlet arrangement
251-254. Figs. 20 to 22 show side inlet arrangements 251-254 the cross-section of

the pipes of which is rectangular.

Figs. 20-22 further show a center inlet 240 configured to allow at least a part of the
exhaust gas to enter the center flow channel therethrough. Furthermore, Fig.
shows a flow guide element 290 on top of the center flow channel 250 configured
to guide the exhaust gas entering from the at least one side inlet arrangement
251-254 or from the center inlet 240. The flow guide element 290, in an
embodiment, comprises flow guide plates configured to divide the cross-section of
the center flow channel into smaller section in order to homogenize the flow and

enhance mixing.

Furthermore, in an embodiment, the mixer arrangement of Figs. 20-22 comprises
at least one flow guide element 280. In an embodiment, the at least one flow guide
element 280 comprises a conical perforated element in the center flow channel
250. In an embodiment the diameter of the perforated conical flow guide element
280 grows smaller in the direction of the exhaust flow in the center flow channel
250.

In a still further embodiment, the mixer arrangement of Figs. 20-22 comprises at

least one further flow guide element 285 shown in Fig. 22 in addition to or instead
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of the flow guide element 280. The flow guide element 285 comprises a plurality of
curved fins in a circlelike configuration and is configured to enhance the rotation of
the flow in the center flow channel 250 and/or to cause a counterrotation to the
flow. It is to be noted, that the flow guide element 285 is in an embodiment
combined with other flow guide elements described herein. In an embodiment, the

flow guide element 285 is positioned around the injector element 210.

Figs. 23-25 show examples of the flow in a mixer arrangement for exhaust gas

aftertreatment according to an example embodiment of the invention.

Fig. 23 shows with arrows how the flow entering through the at least one side inlet
arrangement 251-253 enters in two directions of rotation depending on the angle
of the at least one side inlet arrangement and combines to form an advancing and
rotating flow in the center flow channel guided by the flow guide elements of which
a funnel 266 is shown. Furthermore, the injection of the reactant, or catalyte, is

shown with an arrow on top of Fig. 23.

Fig. 24 shows with arrows how the flow entering through the at least one side inlet
arrangement 251-254 enters as rotating flow and combines to form an advancing
and rotating flow in the center flow channel 250 guided by the flow guide elements
of which a ring-like element 272 is shown. Furthermore, the injection of the

reactant, or catalyte, is shown with an arrow on top of Fig. 24.

Fig. 25 shows with arrows how the flow entering through the at least one side inlet
arrangement 251a-254 enters as rotating flow and combines to form an
advancing and rotating flow in the center flow channel 250. The exhaust gas flow
entering from the side inlet arrangement 251a,251b is guided by the flow guide
element 270 to increase the advancing flow. The combined rotating and advancing
flow is further enhanced by the flow guide elements of which a funnel 266 is
shown. Furthermore, the injection of the reactant, or catalyte, is shown with an

arrow on top of Fig. 25.
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Fig. 26 shows a flow diagram showing operations in accordance with an example
embodiment of the invention. At step 2600 the mixing process in the mixer
arrangement according to an embodiment of the invention begins, i.e. the exhaust
gas from the DOC/DPF system enters the mixer arrangement. At steps 2610 and
2620 exhaust gas is guided into the center flow channel through the at least one
side inlet arrangement 251-254, i.e. through the side inlet pipes in order to form an
advancing center flow in the center flow channel 250 and a rotating flow on the
edges of or around the advancing flow in the center flow channel 250 and, in an
embodiment in order to cause the advancing flow as a whole to have a rotating
flow component. Furthermore, the at least one funnel element 262-266 is
configured to enhance the rotation of the flow. In an embodiment at steps 2610
and 2620 a part of the exhaust gas is guided through the center inlet 240 into the
center flow channel in order to form an advancing flow in the first direction in the

center flow channel 250

Simultaneously and/or subsequently with steps 2610 and 2620 reactant is
injected into the established exhaust gas flow in the center flow channel 250 at
step 2630 by the injection element 210. In an embodiment, the reactant is injected
downstream from the center inlet opening. The reactant is mixed with the exhaust
gas flow in the center flow channel 250 at step 2640. The exhaust gas and
reactant mixture exits via the exhaust outlet 230 at step 2650 thus ending the

process at step 2660.

Without in any way limiting the scope, interpretation, or application of the claims
appearing below, a technical effect of one or more of the embodiments disclosed
herein is fitting an effective mixer arrangement in a small space. Another technical
effect of one or more of the embodiments disclosed herein is the provision of a
mixer arrangement that is easy to manufacture and assemble as the side inlet
pipes are easy and cost effective to manufacture compared to conventionally used
curved flow guide plates requiring precise cutting. Another technical effect of one
or more of the embodiments disclosed herein is the provision of an advancing and
swirling flow without a large volume cavity. Another technical effect of one or more

of the embodiments disclosed herein is the provision of a mixer arrangement with
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a robust structure and easy assembly. A still further technical effect of one or more
of the embodiments disclosed herein is the provision of a mixer arrangement with

scalability in view of different mass flows.

Various embodiments have been presented. It should be appreciated that in this
document, words comprise, include and contain are each used as open-ended
expressions with no intended exclusivity. If desired, the different functions
discussed herein may be performed in a different order and/or concurrently with
each other. Furthermore, if desired, one or more of the above-described functions
may be optional or may be combined. Although various aspects of the invention
are set out in the independent claims, other aspects of the invention comprise
other combinations of features from the described embodiments and/or the
dependent claims with the features of the independent claims, and not solely the

combinations explicitly set out in the claims.

The foregoing description has provided by way of non-limiting examples of
particular implementations and embodiments of the invention a full and informative
description of the best mode presently contemplated by the inventors for carrying
out the invention. It is however clear to a person skilled in the art that the invention
is not restricted to details of the embodiments presented above, but that it can be
implemented in other embodiments using equivalent means or in different
combinations of embodiments without deviating from the characteristics of the

invention.

Furthermore, some of the features of the above-disclosed embodiments of this
invention may be used to advantage without the corresponding use of other
features. As such, the foregoing description shall be considered as merely
illustrative of the principles of the present invention, and not in limitation thereof.

Hence, the scope of the invention is only restricted by the appended patent claims.
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Claims:

1. A mixer arrangement for aftertreatment of exhaust gas comprising:

a housing (220) configured to form a cavity comprising a center flow
channel (250) in which the exhaust gas flows; and

at least one side inlet arrangement (251-254) configured to allow the
exhaust gas to enter the center flow channel (250) from the sides thereof and
configured to cause an advancing center flow in the center flow channel (250) and
a rotating flow around or on the edges of the center flow in the center flow channel
(250);

characterized in that the at least one side inlet arrangement (251-254)
comprises at least a pair of side inlet pipes on the side of the center flow channel
(250).

2. The mixer arrangement of claim 1, further comprising at least one flow
guide element (262-266, 270, 272,280, 285, 290) within the center flow channel.

3. The mixer arrangement of claim 2, wherein the at least one flow guide
element comprises at least one funnel element (262-266) positioned substantially

at the level of the at least one side inlet arrangement (251-254).

4. The mixer arrangement of claim 2 or 3, wherein the at least one flow guide

element comprises at least one ring-like element (272).

5. The mixer arrangement of claim 2, 3 or 4, wherein the at least one flow

guide element comprises a perforated cone element (280).

6. The mixer arrangement of claim 2, 3, 4 or 5, wherein the at least one flow

guide element (290) comprises guide plates dividing the center flow channel.

7. The mixer arrangement of any of the claims 2 to 6, wherein the at least one

flow guide element (285) comprises curved fins in a circular configuration.

8. The mixer arrangement of any of the claims 2 to 7, wherein the at least one



PRH 24 -05- 2019

20195431

10

15

20

25

30

20

flow guide element (270) comprises fins protruding towards the centerline of the

center flow channel (250).

9. The mixer arrangement of any preceding claim, comprising a plurality of

side inlet arrangements (251-254).

10.  The mixer arrangement of any preceding claim, wherein the side inlet pipes
of any of the side inlet arrangements (251-254) are positioned on the opposite

sides of the center flow channel (250).

11.  The mixer arrangement of any preceding claim, wherein the side inlet pipes
of any of the side inlet arrangements (251-254) are positioned in an offset position

from the centerline of the center flow channel (250).

12. The mixer arrangement of any preceding claim, wherein the side inlet pipes
of any of the side inlet arrangements (251-254) are perpendicular with respect to

the advancing flow direction in the center flow channel (250).

13.  The mixer arrangement of any preceding claim, wherein the side inlet pipes
of any of the side inlet arrangements (251-254) are at an angle with respect to the
advancing flow direction in the center flow channel (250) and/or at an angle with
respect to a plane perpendicular to the advancing flow direction in the center flow
channel (250).

14. The mixer arrangement of any preceding claim, further comprising an
injector element (210) configured to inject a reactant, such as urea or ammonia,

into the advancing and rotating flow in the center flow channel (250).

15. An apparatus for aftertreatment of exhaust gas, characterized by
comprising
the mixer arrangement of any preceding claim; and further
comprising at least one of the following upstream of the mixer arrangement
a diesel oxidation catalyst (DOC) substrate; and

a diesel particulate filter (DPF).
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16.  The apparatus of claim 15, further comprising a selective catalytic reduction

(SCR) substrate downstream of the mixer arrangement.

17.  An engine system, characterized by comprising the mixer arrangement of
any of the claims 1 to 14 or an apparatus for aftertreatment of exhaust gas of claim
15 or 16.

18. A method of mixing for aftertreatment of exhaust gas, comprising:

guiding at least a part of the exhaust gas into the center flow channel (250)
through at least one side inlet arrangement (251-254) comprising at least a pair of
side inlet pipes on the side of the center flow channel (250) in order to form an
advancing center flow in the center flow channel (250) and a rotating flow on the
edges of or around the advancing flow in the center flow channel (250);

injecting a reactant, such as urea or ammonia, with an injection element
(210) into the established exhaust gas flow in the center flow channel (250); and

mixing the reactant with the exhaust gas flow in the center flow channel
(250).
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Patenttivaatimukset

1. Sekoitinjarjestely pakokaasun jalkikésittelya varten, joka kasittaa:

kotelon (220), joka on maéaaritetty muodostamaan ontelon, joka kasittéda
keskivirtauskanavan (250), jossa pakokaasu virtaa; ja

vahintaan yhden sivutulojarjestelyn (251-254), joka on maaritetty siten, etta
pakokaasu paadsee keskivirtauskanavaan (250) sen sivuilta ja on maaritetty
aiheuttamaan etenevan keskivirtauksen keskivirtauskanavassa (250) ja py&rivan
virtauksen keskivirtauksen reunojen ymparilla tai reunoilla keskivirtauskanavassa
(250);

tunnettu siitd, ettd vahintdan yksi sivutulojarjestelyn (251-254) puoli

kasittda vahintaan parin sivutuloputkia keskivirtauskanavan (250) puolella.

2. Patenttivaatimuksen 1 sekoitinjarjestely, joka lisdksi kasittda vahintaan
yhden  virtausohjainelementin  (262-266, 270, 272,280, 285, 290)

keskivirtauskanavassa.

3. Patenttivaatimuksen 2  sekoitinjarjestely, jossa vahintdan  yksi
virtausohjainelementti kasittda vahintdan yhdesta suppiloelementistd (262-266),
joka on sijoitettu olennaisesti vahintaan yhden sivutulojarjestelyn (251-254)

tasolle.

4. Patenttivaatimuksen 2 tai 3 sekoitinjarjestely, jossa vahintaan vyksi

virtausohjainelementti kasittda vahintadan yhden rengasmaisen elementin (272).

. Patenttivaatimuksen 2, 3 tai 4 sekoitinjarjestely, jossa vahintdan yksi

virtausohjainelementti kasittaa refl'itetyn kartioelementin (280).

6. Patenttivaatimuksen 2, 3, 4 tai 5 sekoitinjarjestely, jossa vahintdan yksi

virtausohjainelementti (290) kasittaa keskivirtauskanavan jakavia ohjauslevyja.

7. Minka tahansa patenttivaatimuksen 2-6 sekoitinjarjestely, jossa vahintadan

yksi virtausohjainelementti (285) kasittdd ympyran muotoiset kaarevat evét.

8. Minka tahansa patenttivaatimuksen 2—7 sekoitinjarjestely, jossa vahintadan
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yksi virtausohjainelementti (270) kasittdd evid, jotka ulkonevat kohti

keskivirtauskanavan keskilinjaa (250).

9. Minka tahansa edellisen patenttivaatimuksen mikserijarjestely, joka kasittaa

useita sivutulojarjestelyja (251-254).

10. Minka tahansa edellisen patenttivaatimuksen sekoitinjarjestely, jossa minka
tahansa sivutulojarjestelman (251-254) sivutuloputket (251-254) on sijoitettu

keskivirtauskanavan (250) vastakkaisille puolille.

11.  Minka tahansa edellisen patenttivaatimuksen sekoitinjarjestely, jossa minka
tahansa sivutulojarjestelman (251-254) sivutuloputket (251-254) on sijoitettu

keskivirtauskanavan keskilinjasta (250) poikkeavaan kohtaan.

12. Minka tahansa edellisen patenttivaatimuksen sekoitinjarjestely, jossa minka
tahansa sivutulojarjestelman (251-254) sivutuloputket ovat kohtisuorassa

suhteessa virtauksen etenemissuuntaan keskivirtauskanavassa (250).

13.  Minkéa tahansa edellisen patenttivaatimuksen sekoitinjarjestely, jossa minka
tahansa sivutulojarjestelméan (251-254) sivutuloputket ovat kulmassa suhteessa
etenevan virtauksen suuntaan keskivirtauskanavassa (250) ja/tai kulmassa
suhteessa tasoon, joka on kohtisuorassa keskivirtauskanavassa (250) etenevan

virtauksen suuntaan nahden.

14. Mink&a tahansa aiemman patenttivaatimuksen sekoitinjarjestely, joka liséksi
kasittda injektorielementin (210), joka on maaritetty ruiskuttamaan reaktanttia,
kuten ureaa tai ammoniakkia, keskivirtauskanavassa (250) etenevaan ja pyorivaan

virtaukseen.

15.  Laite pakokaasun jalkikasittelya varten, tunnettu siita, ettd se kasittaa
mink& tahansa edellisen patenttivaatimuksen sekoitinjarjestelyn; ja joka
lisaksi kasittéda vahintédan yhden seuraavista sekoitinjarjestelyn ylavirrassa
dieselhapetuskatalysaattorin (DOC) substraatin; ja
dieselhiukkassuodattimen (DPF).
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16. Patenttivaatimuksen 15 laite, joka lisédksi kasittdd sekoitinjarjestelyn

alavirrassa olevan selektiivisen katalyyttisen pelkistyssubstraatin (SCR).

17.  Moottorijarjestelmda, tunnettu siitd, ettd se kasittdd minka tahansa
patenttivaatimuksen 1-14 sekoitinjarjestelyn tai patenttivaatimuksen 15 tai 16

pakokaasun jalkikasittelylaitteen.

18.  Pakokaasun jalkikasittelymenetelmad, joka kasittaa sen, etta:

ohjataan vahintddn osa pakokaasusta keskivirtauskanavaan (250)
vahintdan yhden sivutulojarjestelyn (251-254) kautta, joka kasittaa vahintaan parin
sivutuloputkia keskivirtauskanavan (250) sivulla muodostamaan
keskivirtauskanavassa (250) etenevan keskivirtauksen ja etenevan virtauksen
reunoilla tai ymparilla pyérivan virtauksen keskivirtauskanavassa (250);

ruiskuttamaan reagenssia, kuten ureaa tai ammoniakkia,
injektorielementilla (210) muodostettuun pakokaasuvirtaan keskivirtauskanavassa
(250); ja

sekoitetaan reaktanttia pakokaasuvirtaan keskivirtauskanavaan (250).
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