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Description

FILTER PURGE SYSTEM UTILIZING A REACTIVE PROPELLANT

Technical Field

5 The present disclosure relates generally to a system for purging a

filter, and more particularly, to a purge system that uses a reactive propellant.

Background

Internal combustion engines, including diesel engines, gasoline

engines, gaseous fuel-powered, and other engines known in the art exhaust a

10  complex mixture of air pollutants. The air pollutants may be composed of
gaseous compounds, as well as solid particulate matter. Due to increased
attention on the environment, exhaust emission standards have become more
stringent, and the amount of gaseous compounds and particulate matter emitted to
the atmosphere from an engine may be regulated depending on the type of

15  engine, size of engine, and/or class of engine.

One method that has been implemented by engine manufacturers
to comply with the regulation of air pollutants exhausted to the environment has
been to remove these pollutants from the exhaust flow of an engine with filters.
However, extended use and repeated regeneration of such filters may cause

20  matter to build up in the filters, thereby reducing filter functionality and engine
performance.

One method of removing matter from a filter may be to divert an
exhaust flow from the clogged filter to a separate filter, without disconnecting
either filter from the engine. While the exhaust flow is diverted, air may be

25  directed through the clogged filter in a direction opposite the normal flow.

Although functionally adequate, the second filter may increase the cost and size
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of the filter system. In addition, matter that is located out of the direct path of the
reverse flow may be insufficiently removed from such systems.

U.S. Patent No. 5,725,618 (the 618 patent) issued to Shimoda on
10 March 1998, discloses an alternative system for removing particulate matter
from an engine filter. In particular, the ‘618 patent discloses a particulate filter
connected to an engine exhaust line and an impact air valve structure located
within the exhaust line and downstream of the particulate filter. When the
particulate filter is clogged with accumulated particulates, an impact wave is
generated by instantly releasing air fed to a pressure accumulating chamber of the
impact air valve. When the impact wave is transferred to a downstream face of
the particulate filter in a reverse flow direction, it removes captured particulates
from the filter. Following removal of the particulates from the filter, the
particulates may be burned away upstream of the filter. In this manner, the ‘618
patent may remove particulate matter from an entire cross-section of the filter
without the use of a secondary filter system.

Although the system of the ‘618 patent may improve the amount
of particulate matter dislodged from a filter, the system requires an impact air
valve in order to generate the reverse flow condition and the additional impact air
valve increases the overall cost and size of the system. Furthermore, the system
of the ‘618 patent may not provide an impact wave of optimal force and duration
for removing particulate matter.

The present disclosure is directed to overcoming one or more of

the problems set forth above.

Summary of the Invention

In one aspect, the present disclosure is directed to a system for
removing matter from a filtering device. The system includes a reactive
propellant located downstream of a filtering device. The system further includes
an impact wave generated by the reactive propellant and directed across the

filtering device.
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In another aspect, the present disclosure is directed toward a
method of removing matter from a filtering device. The method includes
initiating an oxidizing reaction. The method further includes generating an
impact wave from the oxidizing reaction and directing the impact wave across the

filtering device.

Brief Description of the Drawings

FIG. 1 is a diagrammatic illustration of an exemplary disclosed
filter purge system;

FIG. 2 is a diagrammatic illustration of another exemplary
disclosed filter purge system;

FIG. 3 is a diagrammatic illustration of another exemplary
disclosed filter purge system; and

FIG. 4 is a diagrammatic illustration of yet another exemplary

disclosed filter purge system.

Detailed Description

FIG. 1 illustrates an exemplary embodiment of a filter purge
system 10. In some embodiments of the present disclosure, filter purge system
10 may include a filter 12 connected to an internal combustion engine 14 such as,
for example, a diesel engine. Engine 14 may include an exhaust line 16
connecting an exhaust flow of engine 14 with an inlet 17 of filter 12. Engine 14
may also include a turbine (not shown) connected to exhaust line 16. In such an
embodiment, inlet 17 of filter 12 may be connected to an outlet of the turbine.
An outlet 18 may be positioned downstream of filter 12 and allow the exhaust
flow to pass from filter 12.

An inlet valve 19 may be disposed within exhaust line 16 of
engine 14 and upstream of inlet 17. Inlet valve 19 may be a two-way, three-port
valve that may selectively allow an exhaust flow of engine 14 to pass through

filter 12. In some situations, inlet valve 19 may block communication between
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engine 14 and filter 12. For example, during operation of filter purge system 10,
inlet valve 19 may be selectively positioned to direct flow from filter purge
system 10 to the atmosphere or a receptacle, rather than into engine 14, in order
to prohibit dislodged matter from flowing back into engine 14. Inlet valve 19
may be controlled and/or actuated by any meaﬁs known in the art, such as, for
example by a solenoid or via hydraulics, pneumatics, or manual means.
Alternatively or additionally, exhaust line 16 may be removably attached to inlet
17 and may be uncoupled from filter 12 during operation of filter purge system
10 (not shown).

Filter 12 may include a filter media 24 fabricated from, for
example, a cordierite, sintered metal, or silicon carbide material. In some
embodiments of the present disclosure, filter media 24 may be coated with or
otherwise contain a catalyst capable of reducing or converting soot, NOx, sulfur
compounds, particulate matter and/or other pollutants known in the art to
innocuous substances. Such catalyst materials may include, for example,
alumina, platinum, rhodium, barium, cerium, and/or alkali metals, alkaline-earth
metals, rare-earth metals, or combinations thereof. Filter media 24 may be
formed into a honeycomb structure, a mesh structure, or any other structural
configuration to maximize a surface area available for the filtering of material
(i.e. particulate matter).

Filter 12 may also include a filter housing 26 configured to contain
and support filter media 24. An inlet end cap 27 of filter housing 26 may be
defined as the portion of filter housing 26 located upstream of filter media 24 to
receive a flow of exhaust. An outlet end cap 28 of filter housing 26 may be
defined as the portion of filter housing 26 located downstream of filter media 24
to discharge the flow of exhaust.

One or more sensors (not shown) may be disposed within outlet
end cap 28 and/or internal to filter 12. The sensor may embody any sensing

device known in the art such as, for example, a flow meter, an emission sensor
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(i.e. a NOx sensor), a temperature sensor, a pressure transducer, or other sensor.
The sensor may sense, for example, an increase in the pressure drop across filter
media 24, indicating a saturation of filter media 24. The sensor may send a signal
indicative of the pressure drop to a controller or other device (not shown), and
may assist in, for example, triggering filter regeneration and/or operation of filter
purge system 10. It is further considered that one or more sensors may be located
upstream of filter media 24.

Filter purge system 10 may further include a propellant system 30
mechanically attached to outlet 18 by any means such as, for example, by
threaded fastening. Propellant system 30 may include a propellant 31 and an
igniter 32 contained, for example, in a single cartridge 34 with a single ignition
point. It is considered that igniter 32 may be any device that provides an
electrical spark to propellant 31. The ignition of propellant 31 may result in an
impact wave (i.e. a fast moving wave of gas). It is further considered that a
timing device (not shown) may control igniter 32 and may be used to trigger
multiple combustion events of propellant 31. For example, the timing device
may trigger igniter 32 to initiate reactions of propellant 31 at intervals of about
100 ms. The quantity and geometry of propellant 31 may be controlled to
achieve a reaction that results in an impact wave with a mass flow rate of for
example, about 15 kg/sec and a duration of at least about 10 ms. The interval
between reactions, duration of the impact wave, and the mass flow rate may be
dependant upon the quantity of and geometry of propellant 40, as well as the
geometry of filter 12. It is further considered that propellant system 30 may be
attached for removal during operation of engine 14 so that it does not interfere
with the flow of exhaust through outlet 18.

Propellant 31 may be a reactive propellant i.e., a material that is
capable of an oxidizing reaction. Propellant 31 may embody a solid propellant,
the reactants and products of which may not damage the catalyst coating of filter

media 24. For example, it is considered that propellant 31 may be a combination



WO 2009/005663 PCT/US2008/007905

10

15

20

25

of guanylurea dinitramide (C,H;N7Os, also referred to GUDN) and ammonium
nitrate (N;H,O3, also referred to as AN). The oxidation of GUDN with AN may
result in carbon dioxide (CO,), nitrogen (N;) and water vapor (H>O), compounds
that may be inert to the catalyst coating of filter media 24.

Referring to Fig. 2, an alternative embodiment of filter purge
system 10 may include propellant 31 extending into outlet end cap 28, and igniter
32 being located within propellant 31. The placement of propellant 31 as
illustrated in Fig. 2 may help to ensure that the impact wave generated by the
reaction of propellant 31 is evenly distributed across filter media 24.

Referring to Fig. 3, propellant system 30 may further include
layers 36a and 36b of a slow burning material 36 positioned between layers of
propellant 31. The use of slow burning material 36 may allow a single ignition
event to set off a series of impact waves, generated by reactions of layers 31a and
31b of propellant 31. The layer quantity and spacing of slower burning material
36 may be thus controlled in order to achieve the desired duration of a single
impact wave-generating reaction and the interval between such reactions.

Referring to Fig. 4, it is further considered that propellant 31 may
alternatively embody a gaseous propellant. Gaseous propellant 31 may be, for
example, propane or any other combustible gas contained within a tank 40.
Gaseous propellant 31 may be released from tank 40 through a nozzle 42 into
outlet end cap 28 where it may mix with oxygen and be ignited by a spark plug
46.

Industrial Applicability

The disclosed filter purge system may be used with any filtering
device and power soufce known in the art. The filtering device may be used, for
example, with diesel, gasoline, gaseous fuel powered or other combustion
engines or furnaces known in the art to remove particulate matter from a flow of

exhaust. The disclosed filter purge system may be located on-board of the engine
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or furnace and may remove particulate matter captured within the filtering device.
The operation of filter purge system 10 will now be explained in detail.

A variety of different methods and systems may be used to remove
matter from a filtering device. For example, some filter devices may be cleaned
through regeneration. During regeneration, a heat source may be used to increase
the temperature of the filter device to combustion or oxidation levels. The heat
source may also increase the temperature of particulate matter trapped in the
filtering device above a combustion or oxidation temperature of the particulate
matter, thereby burning away most of the collected particulate matter and
regenerating the filter. Although regeneration may reduce the buildup of
particulate matter within the filter, regeneration does not remove all particulate
matter. Remaining particulate matter, or ash, may become trapped in the filter
system and may gradually build up and plug the filter device over time, and result
in deterioration in filtering performance. Thus, in some situations, it is necessary
to remove built-up ash from the filter device using other techniques and systems.

Referring to Fig. 1, under normal operation of engine 14, exhaust
line 16 may be coupled to filter 12 and inlet valve 19 may be open to facilitate
passage of an exhaust flow from the engine 14. As illustrated by a flow arrow
72, the exhaust flow may exit engine 14, and pass through exhaust line 16 and
open inlet valve 19. From inlet valve 19, the exhaust flow may enter filter 12
through inlet 17 and travel across at least a portion of filter media 24, as
illustrated by a flow arrow 74. During normal operation of engine 14, propellant
arrangement 30 may be uncoupled from outlet 18 (not shown) so that exhaust
may pass through outlet 18 substantially unrestricted.

Over time, the sensor may sense an increase in the pressure drop
across filter media 24, indicating a saturation of filter media 24. Based on these
readings, filter purge system 10 may undergo regeneration either automatically,
or as a result of some operator input. As described above, the regeneration

process may not remove all the matter entrained in filter media 24, and ash may
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build up in filter media 24. Filter purge system 10 of the present disclosure may
be activated to assist in removing the ash collected within filter media 24. It is
understood that filter purge system 10 may also be used to assist in the removal
of soot and/or other matter collected within the filter media 24.

To begin the removal of ash from filter 12, engine 14 may be
turned off such that combustion ceases and substantially no exhaust flows from
engine 14 to exhaust line 16. Propellant system 31 may be attached to outlet 18.
Inlet valve 19 may be positioned to direct flow away from engine 14 and/or
exhaust line 16 may be uncoupled from inlet 17.

Filter purge system 10 may be activated and igniter 32 may emit
an electrical spark to ignite solid propellant 31 and initiate the oxidation reaction
thereof. For example, solid propellant 31, composed of GUDN and AN, may
react producing carbon dioxide, nitrogen, water vapor, and an impact wave (i.e. a
burst of gas) with an adequate mass flow rate and duration to remove matter
entrained within filter media 24. The duration and force of the impact wave may
be dependant on the geometry of filter 12. The impact wave may, for example,
have a mass flow rate of about 15 kg/s and a duration of at least about 10 ms.
The impact wave may be directed through filter media 24 in the direction
indicated by a flow arrow 78, and result in a pressure drop of approximately 5-7
psi across filter media 24. As the impact wave travels across filter media 24,
entrained particulate matter may be dislodged from filter media 24 and blown
into inlet end cap 27. It is considered that substantially all of the energy of each
impact wave may be consumed by the passage of the wave through filter media
24. Following the first reaction of solid propellant 31, igniter 32 may initiate
further reaction events at intervals of approximately 100 ms until substantially all
the entrained particulate matter has been removed from filter media 24. It is
considered that igniter 32 may be controlled by a timing device (not shown).

Referring to Fig. 3, it is further considered that a single event of

igniter 32 may initiate a chain of impact wave-generating reactions of propellant
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31. For example, the ignition event may initiate a reaction of propellant 31, as
discussed above. Propellant 31 may react, consuming substantially all of first
solid propellant layer 30a within, for example, about 10 ms. The reaction may
then consume slower burning layer 36a within, for example, about 100 ms, and
then reach second solid propellant layer 30b and consume that layer within about
the same time required to consume first solid propellant layer 30a. This cycle of
burning solid propellant 31 and slower burning material 36 may repeat until
substantially all of solid propellant 31 has been consumed. Once the ash is
broken free, it may be removed from inlet end cap 27 by a vacuum or other
means.

Referring to Fig. 4, it is further considered that the impact wave
may be generated by the combustion of gaseous propellant 31. Gas propellant 31
may be released from tank 40 through nozzle 42 and into outlet end cap 28,
where it may mix with oxygen and be ignited by spark plug 46. The combustion
of gas propellant 31 may initiate an impact wave that may be directed across
filter media 24 in a manner similar to that described above.

Several advantages may be associated with the disclosed filter
purge system. Specifically, the disclosed system method may use readily
available solid or gas propellant to create an impact wave that may remove
entrained matter from a filter. The impact wave generated by the propellant may
be distributed evenly across the filter such that the system may remove
substantially all the matter entrained within the filter. Furthermore, the disclosed
system may remove matter from a filter without the need for a redundant filter
system or large and costly valve systems.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed filter purge system.
Other embodiments will be apparent to those skilled in the art from consideration

of the specification and practice of the disclosed method and apparatus. It is
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intended that the specification and examples be considered as exemplary only,

with a true scope being indicated by the following claims and their equivalents.
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Claims

1. A filter purge system (10), comprising:
a filtering device (12); and
a reactive propellant (30) located downstream of the filtering

device configured to generate an impact wave.

2. The system of claim 1, wherein the propellant includes at

least one of a solid propellant or a gas propellant.

3. The system of claim 1, wherein the propellant is

configured to generate multiple impact waves.

4. The system of claim 1, wherein the impact wave results in
at least one of a mass flow rate of approximately 15 kg/s or a pressure drop of

approximately 5-7 psi across the filtering device.

5. The system of claim 1, further including a housing (26)
that contains the filtering device and the propellant, the propellant being

removably located at an outlet (28) of the housing.

6. An exhaust treatment system, comprising:
an engine (14); and
the filter purge system of any one of claims 1-5 configured to

generate an impact wave that dislodges matter from a filtering device.

7. A method for removing matter from a filtering device (12)
comprising:
initiating a oxidizing reaction to generate an impact wave; and

directing the impact wave across the filtering device.
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8. The method of claim 6, wherein initiating the oxidizing

reaction includes igniting at least one of a solid propellant or a gas propellant

9. The method of claim 6, wherein directing the impact wave
across the filtering device includes at least one of a mass flow rate of

5  approximately 15 kg/s or a pressure drop of approximately 5-7 psi.

10.  The method of claim 6, wherein directing the impact wave
across the filtering device includes directing the impact wave though the filtering

device for approximately 10 ms.
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