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(57) Abrégée/Abstract:
Engine exhaust system for an internal combustion engine, the engine exhaust system comprising an exhaust conduit (14)
connected to an engine (30), an exhaust gas return conduit (32,33) such that at least a part of the exhaust gas can be returned to
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(57) Abrege(suite)/Abstract(continued):

the engine. The exhaust gas return conduit, at least along a part of its length, Iis formed with at least two flow paths (48,49). The
engine exhaust system further comprises a particle filter arranged in each of the at least two flow paths and at least one cold flame
vaporizer (11) in which fuel is partially oxidized In preheated air to form a cold flame gas. The at least one cold flame vaporizer Is
arranged In fluid communication with all the flow paths such that the cold flame gas can flow through the particle filters, whereby
the cold flame gas can be used to regenerate the particle filter in at least one of the exhaust flow paths while, simultaneously,

exhaust gas can flow through the other exhaust flow path or exhaust flow paths. A method for the cleaning of a particle filter Is also
provided.
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AN (57) Abstract: Engine exhaust system for an internal combustion engine, the engine exhaust system comprising an exhaust conduit
o) (14) connected to an engine (30), an exhaust gas return conduit (32,33) such that at least a part of the exhaust gas can be returned
&\ to the engine. The exhaust gas return conduit, at least along a part of its length, is formed with at least two flow paths (48,49). The
& cngine exhaust system further comprises a particle filter arranged in each of the at least two flow paths and at least one cold flame
&3\ vaporizer (11) in which fuel is partially oxidized in preheated air to form a cold flame gas. The at least one cold flame vaporizer is
& arranged in fluid communication with all the flow paths such that the cold flame gas can flow through the particle filters, whereby
& the cold flame gas can be used to regenerate the particle filter in at least one of the exhaust flow paths while, simultaneously, exhaust

e gas can flow through the other exhaust flow path or exhaust flow paths. A method for the cleaning of a particle filter is also provided.
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Particle filter assembly and method for cleaning a particle filter.

The present invention relates to a particle filter apparatus and an engine exhaust
system wherein a particle filter 1s regenerated by using a cold flame gas. The
invention also relates to a method for cleaning a particle filter and a method for
cleaning a particle filter arranged in an exhaust gas return system. The invention
also relates to the use of the particle filter apparatus, the engine exhaust system and
the methods for cleaning a particle filter where the exhaust gas originates from a
compression ignition engine.

The cold flame is a phenomenon which has so far not received too much attention.
In a cold flame the fuel i1s partially oxidized in preheated air and the temperature is
kept constant at about 450°C, and 1t 1s independent of air/fuel ratio and residence
time. In the cold flame process, only 2-20% (typically 6-9%) of the calorific value
of the fuel 1s released, and this heat 1s used to evaporate the fuel, giving a
homogenous gaseous fuel. During developmental work, 1t has been observed that
the gas was able to remove carbon deposits from the reactor walls. The reason for
this has not been established yet, but 1s thought to be due to free radicals that are
present 1in the cold flame gas, 1.e. the partially oxidized, gaseous fuel.

A more complete description of the cold flame gas phenomenon can be found 1n the
American patent US 6,793,693.

Exhaust from compression ignition engines (often imprecisely called diesel
engines), which operate on excess air, contains mainly particulates, NOx and
incomplete combustion products (HC and CO). Particulates can be removed using a
filter downstream from the engine. After a while, the filter will be blocked and
need to be regenerated. This 1s done by increasing the temperature 1n the exhaust
gas to above 800°C under oxidizing conditions and thereby burn away the carbon
deposits. In order to allow for continuous operation, it 1s common to have two
filters in parallel and a valve which sends the majority of the exhaust to one of the
filters while the other 1s being regenerated.

Incomplete combustion products (HC and CO) can be removed by an oxidation
catalyst.

NOx, on the other hand, can only be removed catalytically 1f the exhaust gas is
slightly reducing (as in an Otto engine). This 1s not normally the case 1n a
compression 1gnition engine.

One way to reduce NOx emissions in a diesel engine 1s to recirculate some of the
exhaust back into the engine (EGR). While this works for smaller diesel engines
operating on clean diesel fuel, 1t 1s not practical for larger engines operating on

heavy fuel o1l since it will produce particulates in the exhaust that will mix with the
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lubricating o1l and cause premature engine wear. Attempts to insert a filter in the
EGR loop has not been successful since the exhaust also contains salts and other
metal compounds which will melt during filter regeneration (when the temperature
1s increased to above 600°C) and cause permanent damage to the filter.

There 1s therefore an objective of the present invention to improve the regeneration
of a particle filter and thereby extending its use to diesel engines running on heavy
diesel fuels.

This objective 1s achieved by the present invention as defined 1n the independent
claims. Further embodiments of the invention are defined in the dependent claims.

There 1s provided a particle filter apparatus comprising a particle filter which i1s
arranged 1n an exhaust gas conduit of an internal combustion engine so that the
exhaust gas, containing particulate matter and soot, 1s cleaned when passing through
the particle filter. The particle filter apparatus further comprises a cold flame
vaporizer in which fuel is partially oxidized in preheated air to form a cold flame
gas, the cold tlame vaporizer being arranged in fluid communication with the
exhaust conduit such that the cold flame gas can flow through the particle filter,
thereby removing deposits of soot which has accumulated in the particle filter.

The cold tflame vaporizer 1s a standard cold flame vaporizer in which the fuel can be
partially oxidized in preheated air to provide fully varporised fuel with free radicals.
In a cold flame vaporizer air and fuel 1s mixed in a proportion of 0,3 — 1,0 (1,0 1s
stoichiometric air/fuel ratio), but only a small fraction of the air is used in the cold
flame reaction.

The exhaust gas conduit may be a pipe or similar of any cross sectional shape, or
the exhaust gas conduit may be formed as internal conduits in a larger body.

The means for preheating the air may be a heat exchanger in which the heat of the
exhaust gas warms up the air. It would also be possible to use other means for
preheating the, for instance electrical heating means.

The particle filter apparatus 1s further provided with one or more valve means which
controls the flow of exhaust gas through the exhaust gas conduit. When
regenerating the particle filter in the exhaust gas conduit, the flow of exhaust gas
can therefore at least partially be shut off.

Furthermore, the particle filter apparatus 1s provided with valve means which
controls the flow of cold flame gas from the cold flame vaporizer into the exhaust
gas conduit and through the particle filter.

These valve means may be controlled such that the particle filter 1s regenerated, for
instance, at specific time intervals, or when the pressure drop across a particle filter
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reaches a predetermined level indicating that the particle filter needs to be
regenerated.

The cold flame vaporizer may be arranged outside the exhaust gas conduit and, i1f
necessary, connected to the exhaust gas conduit with fluid lines. If the cold tflame
vaporizer 1s mounted to the exhaust gas conduit, then there may ohly be necessary
to provide openings into the exhaust gas conduit, while if the cold flame vaporizer
1s arranged separate from the exhaust gas conduit, fluid lines will be provided
connecting the cold flame vaporizer and the exhaust gas conduit.

In an embodiment of the invention, the cold flame vaporizer can also be arranged
inside the exhaust gas conduit. In that case, there 1s no need for fluid lines as the
cold flame vaporizer may just release the cold flame gas into the exhaust gas
conduit through openings including said valve means.

Furthermore, the exhaust gas apparatus comprises a fuel supply which is arranged in
fluid communication with the cold flame vaporizer. The exhaust gas apparatus also
comprises an air supply and means for preheating the air, the air supply being in
fluid communication with the cold flame vaporizer. In order to control the flow of
fuel and preheated air into the cold flame vaporizer, the exhaust gas apparatus
comprises one or more valve means controlling the flow of fuel and preheated air to
said cold flame vaporizer.

There 1s also provided an engine exhaust system for an internal combustion engine,
where the engine exhaust system comprises an exhaust conduit connected to the
engine and an exhaust gas return conduit such that at least a part of the exhaust gas
can be returned to the engine. The exhaust gas return conduit is, at least along a
part of its length, formed with at least two flow paths. The engine exhaust system
further comprises a particle filter arranged 1n each of the at least two flow paths and
at least one cold flame vaporizer in which fuel is partially oxidized in preheated air
to form a cold flame gas. The at least one cold flame vaporizer 1s arranged 1n fluid
communication with all the flow paths such that the cold flame gas can flow
through any of the particle filters. The cold flame gas can thereby be used to
regenerate the particle filter in at least one of the exhaust flow paths while,
simultaneously, exhaust gas can flow through the other exhaust flow path or exhaust
flow paths.

The cold flame vaporizer is, as mentioned above, a standard cold flame vaporizer in
which the fuel can be partially oxidized in preheated air. In the cold flame ~
vaporizer air and fuel 1s mixed 1n a proportion of 0,3 — 1,0 (1,0 1s stoichiometric
air/fuel ratio), but only a small fraction of the air is used 1n the cold flame reaction.

The exhaust gas conduit may be a pipe or similar of any cross sectional shape, or
the exhaust gas conduit may be formed as internal conduits 1n a larger body.
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The means for preheating the air may be a heat exchanger in which the heat of the
exhaust gas warms up the air. It would also be possible to use other means for
preheating the, for instance electrical heating means.

The flow paths may be formed by providing the exhaust gas return conduit, at least
along a part of 1ts length, with one or more partitions such that two or more separate
flow paths for the exhaust gas are formed in the exhaust conduit section. These
partitions may be one or more plates dividing the exhaust gas return conduit in two
or more flow paths. Alternatively, the flow paths may be formed by providing the
exhaust gas return conduit with at least two separate conduits through which the
exhaust gas can flow. '

The engine exhaust system is preferably provided with one or more valve means
which controls the flow of exhaust gas through the flow paths of the exhaust gas
return conduit. The valve means may close off one or more tlow paths for the flow
of exhaust gas. The engine exhaust system is preferably also provided with one or
more valve means controlling the flow of cold flame gas from the at least one cold
flame vaporizer to the exhaust gas return conduit and the particle filters in the flow
paths. These valve means may be controlled such that the particle filters are
regenerated, for instance, at specific time intervals, or when the pressure drop
across a particle filter reaches a predetermined level indicating that the particle
filter needs to be regenerated.

The cold flame vaporizer may be arranged outside the exhaust gas conduit and, 1f
necessary, connected to the exhaust gas conduit with fluid lines. If the cold flame
vaporizer 1s mounted to the exhaust gas conduit, then there may only be necessary
to provide openings into the exhaust gas conduit, while 1f the cold flame vaporizer
1s arranged separate from the exhaust gas conduit, fluid lines will be provided
connecting the cold flame vaporizer and the exhaust gas conduit.

In an embodiment of the invention, the cold flame vaporizer can also be arranged
inside the exhaust gas conduit. In that case, there 1s no need for fluid lines as the
cold flame vaporizer may just release the cold flame gas into the exhaust gas
conduit through openings including said valve means.

The engine exhaust system further comprises a fuel supply which 1s arranged in
fluid communication with the at least one cold flame vaporizer. Preferably, there 1s
also provided valve means controlling the flow of fuel to the at least one cold flame
vaporizer. ‘

The engine exhaust system also comprises an air supply and, as mentioned above,
means for preheating the air, the air supply being arranged 1n fluid communication
with the at least one cold flame vaporizer. Preferably, there i1s also provided valve
means controlling the tlow of preheated air to the at least one cold flame vaporizer.
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There is also provided a method for cleaning a particle filter with deposits of
particulate matter and soot originating from an exhaust gas, the filter being arranged
in an exhaust conduit, the method comprising the steps of providing a cold flame
gas, and letting the cold flame gas flow through the particle filter, whereby the
deposited soot 1s removed from the particle filter.

The cold flame gas may, as explained above, be provided by partially oxidizing fuel
in preheated air in a cold flame vaporizer. Obviously, the cold flame vaporizer is
arranged 1n fluid communication with the exhaust conduit. In the cold flame
vaporizer air and fuel is mixed in a proportion of 0,3 — 1,0 (again 1,0 1s
stoichiometric air/fuel ratio), but only a small fraction of the air is used in the cold
flame reaction.

Furthermore, the method comprises the step of providing one or more valve means
for controlling the flow of cold flame gas from the cold flame vaporizer into the
exhaust conduit.

The method also comprises the step of providing a fuel supply arranged in fluid
communication with the cold flame vaporizer, and an air supply and heating means

for the preheating of the air, the air supply being arranged 1n fluid communication
with the cold tlame vaporizer.

Preferably, the method also comprises the step of providing one or more valve
means for controlling the flow of fuel and preheated air to the cold flame vaporizer.

Furthermore, an oxidation catalyst may be arranged in each flow path of the exhaust
gas return conduit such that the particle filter, the NOx trap and the oxidation
catalyst 1s formed 1n a single unit. Alternatively, the oxidation catalyst may be
arranged separately further downstream where the exhaust flows in a single flow

~path.

There is also provided a method for cleaning a particle filter arranged in an exhaust

gas return system of an internal combustion engine, the exhaust gas return system

comprising an exhaust gas return conduit which, at least along a part of its length, 1s

formed with at least two flow paths, the at least two flow paths each being provided

with a particle filter for the removal of particulate matter and soot in the exhaust

gas, wherein the method comprises the steps of

- providing a cold flame gas,

- letting the cold flame gas flow through the particle filter in at least one of the
flow paths of the exhaust gas return conduit, thereby regenerating the particle
filter by removing deposited soot.

The cold flame gas may be provided by partially oxidizing fuel in preheated air 1n at
least one cold flame vaporizer where the cold flame vaporizer is arranged in fluid
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communication with all the flow paths of the exhaust gas return conduit. In the cold
flame vaporizer air and fuel is mixed in a proportion of 0,3 — 1,0 (again 1,0 is
stoichiometric air/fuel ratio), but only a small fraction of the air is used in the cold
flame reaction.

The method also comprises the step of providing one or more valve means for
separately controlling the flow of cold flame gas from the cold flame vaporizer into
each flow path of the exhaust gas conduit.

The method also comprises the step of providing a fuel supply arranged in fluid
communication with the cold flame vaporizer, and an air supply and heating means
for the preheating of the air, the air supply being arranged in fluid communication
with the cold flame vaporizer. |

The method also comprises the step of providing one or more valve means for
controlling the flow of fuel and preheated air to the cold flame vaporizer.

In order to remove particulate matter from the exhaust gas before the exhaust gas
passes through the NOx trap, the method also comprises the step of arranging, in
each flow path in the exhaust conduit section, the NOx trap downstream of the
respective particle filter.

The method also comprises the step of arranging an oxidation catalyst in the exhaust
conduit section downstream of the particle filter and the NOx trap. An oxidation
catalyst may be arranged in each flow path of the exhaust gas return conduit such
that the particle filter, the NOx trap and the oxidation catalyst is formed in a single
unit. Alternatively, the oxidation catalyst may be arranged separately further
downstream where the exhaust flows in a single flow path.

There 1s also provided a use of the particle filter apparatus where the exhaust gas
originates from a compression ignition engine running on diesel or heavy fuel oil.

There 1s also provided a use of the engine exhaust system where the exhaust gas
originates from a compression ignition engine running on diesel or heavy fuel oil.

There 1s also provided a use of the method for cleaning a particle filter where the
exhaust gas originates from a compression ignition engine running on diesel or
heavy fuel oil.

There 1s also provided a use of the method for cleaning a particle filter where the
exhaust gas originates from a compression ignition engine running on diesel or
heavy fuel oil.

Above, only a cold flame gas produced by a cold flame vaporizer has been
mentioned. A cold flame is one example of a partially oxidized fuel gas among a
number of other partially oxidized fuel gases with the same properties. The present
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invention should therefore not be seen as limited to only a cold flame gas, but
should include other partially oxidized fuel gases with the same or similar
properties as the cold flame gas.

In the following, an embodiment of the invention is disclosed in detail with
reference to the enclosed figures, where

Figure 1 illustrates an embodiment of the invention where a particle filter is
arranged 1n an exhaust conduit

Figure 2a i1llustrates an embodiment of the invention where the particle filter 1s
arranged 1n an EGR loop.

Figure 2b 1s the section A-A of the particle filter on Figure 2a.

Figure 3 illustrates another embodiment of the invention where the particle filter 1s
arranged 1n an EGR loop.

Figur 1 schematically illustrates an embodiment of the present invention. Exhaust
gas, indicated with the arrow 20 flows 1n an exhaust gas conduit 14. Valve means
18 are provided to control the flow of exhaust gas through the exhaust gas conduit.
Further downstream there 1s arranged a particle filter 10 which cleans the exhaust
gas for particulate matter. At certain intervals the particle filter needs to be
regenerated, and that may be carried out, according to the present invention, by
providing a cold flame gas and letting it flow through the particle filter until the
particle filter 1s regenerated. In figure 1 the cold flame gas 1s produced a cold flame
vaporizer 11. A fuel supply 12, for instance diesel or heavy fuel oil, is connected to
the cold flame vaporizer 11 through fluid line 26. Valve means 19 is provided to
control the flow of fuel to the cold flame vaporizer 11. There i1s also provided a fuel
supply 13 which may include an air intake 15 and an air filter (not shown). The air
supply 13 1s connected to the cold flame vaporizer through a fluid line 25. Valve

means 16 controls the flow of air from the air supply 13 to the cold flame vaporizer
11.

Preferably, there 1s also provided heating means (not shown) for preheating the air
betore being fed to the cold flame vaporizer 11. By adjust the valve means 16, 19
properly, the desired ration of fuel and air may be achieved.

The cold flame gas 1s fed through fluid line 27 to the exhaust gas conduit just
upstream for the particle filter 10. Valve means 17 is provided to control the flow
of cold flame gas from the cold flame vaporizer 11 to the exhaust gas conduit 14
and to the exhaust gas conduit 14.

When the particle filter 11 needs to be regenerated, which may be noticed by an
increased pressure drop over the filter indicating that cleaning 1s needed, the valve



10

15

20

25

30

35

CA 02696094 2010-02-10

WO 2009/028957 PCT/NO2008/000309

means 18 1s preferably closed and the valve means 17 opens for the flow of cold
flame gas through the particle filter 10, and thereby regenerating it.

In figure 2a-b and 3a-b, two similar embodiments of the invention is illustrated. An
engine exhaust system for an internal combustion engine 30, preferably a
compression ignition engine, i1s shown. Furthermore, there 1s provided an exhaust
gas conduit 14 through which the exhaust, indicated by arrow 21, flows. In order to
reduce the content of NOx 1n the exhaust from the engine 30, there 1s provided an
EGR loop (exhaust gas return loop).

In figure 2a, the EGR loop 1s shown with a exhaust gas return conduit 32, 33. The
exhaust gas return conduit comprises a fluid line 32 extending between the exhaust
conduit 14 and a particle filter section 22, and a fluid line 33 extending between the
particle filter section 22 and the engine 30. As can be seen on figure 2b the exhaust
gas return conduit 32, 33 1s, at least along a part of its length divided into at least
two tlow paths 48, 49. This length of the particle filter section will preferably
correspond the length of a particle filter 10. The flow paths are formed by a
partition 34 as can be seen on figure 2b.

A particle filter 10 1s provided in each of the flow paths 48, 49 and valve means

(not shown) or other means are provided to control the flow of exhaust gas through
the 48, 49.

There 1s furthermore provided a cold flame vaporizer 11 with a fuel supply 12 and
an air supply 13 in the same manner as explained above. The cold flame gas
produced 1n the cold flame vaporizer 11 1s fed to the fluid line 32 just in front of the
particle filter section 10. When valve means 17 1s opened, cold flame gas may flow
through one or both the flow paths 48, 49.

When one of the particle filters 10 in the particle filter section 22 needs to be
regenerated, valve means or other means blocks the flow path 32, 33 in which the
particle filter 10 to regenerated 1s located, for the flow of exhaust gas. The valve
means 17 opens and lets cold flame gas flow through the particle filter 10 to be
regenerated. When the particle filter 1s regenerated the position of the valves may
be switched such that the exhaust gas flows through the particle filter 10 which has
just been regenerated, while the cold flame gas directed through the particle filter
that needs to be regenerated. The particle filters may be considered to be

regenerated, for instance when the pressure drop over the particle filter drops below
a certain value.

In this way there 1s no need to close the EGR loop while the filters are being
regenerated. In figure 2b there 1s shown that the particle filter section 22 is divided
into two flow paths 48, 49 with particle filters 10, but obviously, more than two
flow paths may be provided if that is deemed necessary.
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The embodiment of the invention shown in figure 3a and 3b is similar to the
embodiment shown 1n figure 2a and 2b. The same numerals have been used for the
same features, so only the parts that differ between the two embodiments will be
explained below.

The difference between the two embodiments is that in the embodiment shown on
figure 3a and 3b, the flow paths are formed by two separate fluid lines instead of
being partitions of a single exhaust conduit (the particle filter section in the
embodiment in figure 2a).

In the ERG loop 40, the exhaust gas flows 1n two (on the drawing) parallel fluid
lines 38, 39. In each of the two fluid lines 38 and 39 there 1s provided a particle
filter 10 and valve means for controlling the flow of the exhaust gas through the two
fluid lines 38, 39. The cold flame gas from the cold flame vaporizer 11 1s
controlled by valve means 17. When the particle filters needs to be regenerated, the
valve means are adjusted such that cold flame gas flows through one particle filter
10, thereby regenerating 1t, while exhaust gas 1s guided through the other particle
filter 10. After the first particle filter has been regenerated, the positions of the
valve means are switched such that the exhaust gas flows through the particle filter
which has just been regenerated while the cold tlame gas tlows through the particle
filter that still needs to be regenerated.

As for the embodiment shown 1n figure 2a and 2b, there 1s possible to provide more
than two flow paths 38, 39 if that 1s needed.
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l. Particle filter apparatus comprising a particle filter which is arranged in an
exhaust gas conduit of an internal combustion engine, wherein the exhaust gas,
containing particulate matter and soot, is cleaned when passing through the
particle filter,characterized in thatthe particle filter apparatus
further comprises a cold flame vaporizer in which fuel is partially oxidized in
preheated air to form a cold flame gas, the cold flame vaporizer being arranged
in fluid communication with the exhaust conduit such that the cold flame gas
can flow through the particle fi]ter thereby removing deposits of soot which has

accumulated in the particle hilter.

2. Particle filter apparatus according to claim 1,

characterized in thatthe particle filter apparatus is provided with
one or more valve means which controls the flow of exhaust gas through the

exhaust gas condmt

3. Partrcle filter apparatus according to claim 1 or 2,

characterized 1n thatthe partlc]e filter apparatus is provided w1th
~ valve means which controls the flow of cold flame gas from the cold flame
- vaporizer into the exhaust gas conduit and through the particle ﬁlter

4. Particle filter apparatus accordmg to one ofthe claims 1-3

characterized in thatthe cold flame Vaporizer is arranged outside
the exhaust flow conduit and, if necessary, connected to the exhaust gas conduit

with fluid lines.

5. Particle fi lter apparatus accordmg to one of the claims 1-3,
- characterized in thatthe cold ﬂame vaporrzer 1S arranged inside the

exhaust gas conduit.

6. Partrcle filter apparatus according to one of the claims 1-5,

charactertizcd in thatthe particle filter apparatus comprises a fuel
supply Wthh 1S arranged in ﬂu1d communication with the cold flame vaporizer.

o gty - by — e T W Sl M — T Sl S il W g g S Wi g a—— g gy B "

7. Particle { ﬁlter apparatus according one of the claims 1. -6,

 __charac terized_ _in_thatthe partrcleﬁlter_apparatus comprises an air

supply and means for preheating the air, the air supply being in ﬂutd
communication with the cold ﬂame vaporizer.

‘8. Particle filter apparatus according to claim 6 or 7,

characterized 1n thatthe particle filter apparatus cemprises one or
- more valve means controlling the flow of fuel and preheated air to the cold

flame vaporizer.
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9. Engine exhaust system for an internal combustion engine, the engine exhaust
system-comprising an exhaust conduit connected to the engine, an exhaust gas
return conduit such that at least a part of the exhaust gas can be returned to the

- 4 amrw. . — " S A N S ——— S cvw b -

engine, the exhaust gas return conduit, at least along a part of its length, being
formed with at least two flow paths, the engine exhaust system further
—comprising a partlcle filter arranged in each of the at Ieast two ﬂow paths,
characterized 1n thatthe engine exhaust system further comprises at
least one cold flame vaponzer in which fuel is partially oxidized in preheated air
to form a cold flame gas, the at least one cold flame vaporizer being arranged in |
fluid communication with all the flow paths such that the cold flame gas can
flow through the particle filters, whereby the cold flame gas can be used to
regenerate the particle filter in at least one of the exhaust flow paths while,
snmultaneously, exhaust gas can flow through the other exhaust flow path or

~ exhaust flow paths.

10. Engine exhaust system according to claim 9,
characterized in thatthe flow paths are formed by providing the
exhaust gas return conduit with one or more partitions, at least along a part of its
length, such that two or more separate flow paths for the exhaust gas are formed

1n the exhaust conduit section.

11. Engine exhaust system accordmg to clalrn 9,
characteri1zed 1n thatthe ﬂow paths are formed by prov1dmg the

exhaust gas return conduit with at least two separate conduits through which the
exhaust gas can flow.

12. Engine exhaust system according to one of the claims 9-11,
characterized in that the engine exhaust system is provided with.

~one or more valve means which controls the flow of exhaust gas through the
- flow paths of the exhaust gas return conduit. |

13. Engine exhaust system according to one of the claims 9-12,
characterized in thatthe engine exhaust system is provided with
one or more valve means controlling the flow of cold flame gas from the at least
one cold flame vaponzer to the exhaust gas return condult and the partlcle filters

WY &l At oy AP SRRt &N SR Y b - Lt JU IS RS R T T p——— " - mgem e - iy S——t - -y =% ves ms
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in the ﬂow paths

14. Engine exhaust system according to one of the claims 9-13,
characterized in thatthe at least one cold flame vaporizer is

arranged outside the flow paths of the exhaust gas return conduit and, if
necessary, connected to the flow paths with fluid lines.

15. Engine exhaust system according to one of the claims 9-13,
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characterized in thatthe at least one cold flame vaporizer is
arranged inside the flow paths of the exhaust gas return conduit.

Engine €xhaust system according to one of the claims 9-15,
characterized in thatthe engine exhaust system comprises a fuel
_supply wl]_gﬂehb___gws  arranged 1n _fluid communication with the at least one cold
flame vaporizer, and valve means controlling the flow of fuel to the at least one

cold flame vaporizer.

Engine exhaust system according one of the claims 9-16,

‘characterized in thatthe engine exhaust system comprises an air

18.

19.

20.

21,
characterized by providing one or more valve means for controllmg

22.

supply and means for preheating the air, the air supply being arranged in fluid -
communication with the at least one cold flame vaporizer, and valve means ‘
controiling the 'ﬂow of preheated air to the at least one cold flame vaporizer.

Method for cleamng a partlcle filter with deposns ot partlculate matter and soot
originating from an exhaust gas, the filter being arranged in an exhaust conduit,
characterized in thatthe method comprises the steps of providing a
cold flame gas, and lettmg the cold flame gas flow through the particle fi ]ter
whereby the soot 1s removed from the particle filter.

Method according to claim 18,
characterized by prowdmg one or more valve means for controlling

the flow of cold flame gas from a cold flame vaporizer, in which the fuel is

‘partially oxidized in preheated air to form the cold flame gas, mto the exhaust

conduit.

Method according one of the claim 19, |
characterized by providing a fuel supply arranged in fluid
communication with the cold flame vaporizer, and an-air supply and heating
means for the preheating of the air, the air supply being arranged in fluid
communication with the cold flame vaporizer. ‘

Method according to claim 20,

the flow of fuel and preheated air to the cold flame vaporizer.

Method for cleaning a particle filter arranged in an exhaust gas return system of
an internal combustion engine, the exhaust gas return system comprising an
exhaust gas return conduit which, at least along a part of 1its length, is formed
with at least two flow paths, the at least two flow paths each being provided

with a particle filter for the removal of partlculate matter and soot in the exhaust

gas,
characterized in thatthe method comprises the steps of
- providing a cold flame gas,
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- letting the cold flame gas flow through the particle filter in at least one of the
flow paths of the exhaust gas return conduit, thereby regenerating the
~ particle filter by removing deposited soot.

23 Method accordmg to claim 22,

* Tl m A oy - b

controllmg the ﬂow of cold ﬂame gas from a cold flame vaporlzer In whlch fuel
1s partially oxidized in preheated air, into each flow path of the exhaust gas

conduit.

24. Method according to claim 23,
characterized by providing a fuel supply arranged in ﬂuxd

communication with the cold flame vaporizer, and an air supply and heating
means for the preheating of the air, the air supply being arranged in fluid
communication with the cold flame vaporizer. |

25. Method according to claim 24,
characterized by providing one or more valve means for controlling

the flow of fuel and preheated air to the cold flame vaporizer.

26. Method according to one of the claims 22-25, |
characterized by arranging, in each flow path in the exhaust

conduit section, the NOx-trap downstream of the respective particle filter.

27. Method according to one of the claims 22-26,
characterized by arranging an oxidation catalyst in the exhaust

conduit section downstream of the particle filter and the NOx trap.

28. Use of the particle filter apparatus according to one of the claims 1-8 where the
exhaust gas originates from a compressnon 1gnition engine running on diesel or

heavy fuel oil.

29. Use of the engine exhaust system according to one of the claims 9-17 where the
exhaust gas originates from a compression ignition engine running on diesel or

heavy fuel oil.

30. Use of the method for cleaning a particle filter according to one of the claims

18-21 where the exhaust gas originates from a compression 1gmt10n engme
runnmg on diesel or heavy fuel oil.

31. Use of the method for cleaning a particle filter 'according to one of the claims

22-27 where the exhaust gas originates from a compressnon 1gnition engme
running on diesel or heavy fuel oil.

'32.Use of a cold flame gas to regenerate.a particle filter with déposits of soot.
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