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(54) EXHAUST GAS TREATMENT SYSTEM FOR DIESEL ENGINE

(57) The present application relates to an exhaust
gas treatment system for diesel engines. The exhaust
gas treatment system includes: a low temperature heater
arranged downstream of an exhaust pipe of a diesel en-
gine, and a particulate filter connected to the low tem-
perature heater and configured to filter particulate mat-
ters from engine exhaust gas. The low temperature heat-
er includes: a tubular shell having an inlet end and an
outlet end, and the inlet end being in communication with
the exhaust pipe of the engine; an ignition portion ar-
ranged on a sidewall of the shell near the inlet end, and
an oil inlet arranged at a center of the ignition portion; an

ignition cylinder connected to the ignition portion and in
communication with the ignition portion, the ignition cyl-
inder having an open end and a closed end, the closed
end being near the inlet end of the tubular shell and the
open end being near the outlet end of the tubular shell;
and an air intake pipe which passes through the tubular
shell and a sidewall of the ignition cylinder and enters
the ignition cylinder. The intake pipe has a first air outlet
and a second air outlet, the first air outlet is directly inside
the ignition cylinder, the second air outlet is in commu-
nication with the ignition portion, and the ignition portion
is located between the first air outlet and the closed end.
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Description

FIELD

[0001] The present application relates to the technical field of exhaust gas after-treatment for diesel vehicles. Specif-
ically, the present application relates to an exhaust gas treatment system for heating and filtering exhaust gas of a diesel
vehicle and regenerating a particulate filter used in the system and a regeneration method of the exhaust gas treatment
system.

BACKGROUND

[0002] With the implementation of Euro V emission standard, a diesel particulate filter (DPF) has become an indis-
pensable technology for diesel vehicles. In recent years, with the increase of motor vehicle ownership, vehicle emissions
have gradually become the main source of air pollution in China’s big cities. In the sources of particulate matters with a
particulate diameter not more than 2.5 mm (referred to PM2.5) in atmospheric air of Beijing, the share ratio of vehicle
exhaust emissions is as high as 22%. Moreover, particulates exhausted from vehicles mainly come from diesel vehicles.
With the China’s diesel vehicle emission control regulations become increasingly strict in recent years, the application
of DPF will have a wide market prospect.
[0003] In diesel engines, the combustion of diesel fuel is realized by self-ignition of different air-fuel mixtures. If the
combustion is incomplete, particulates are produced due to oxygen deficiency. The particulates mainly include carbon
(carbon black), sulfates and incompletely combusted hydrocarbons. In order to filter out these particulates, a diesel
particulate filter has been disclosed in the conventional technology.
[0004] When the diesel particulate filter is used, an exhaust backpressure normally rises due to a rising load of the
filter. Since engine manufacturers do not allow the exhaust backpressure to exceed an allowable value and do not expect
maintenance costs resulting from filter evacuation, passive or active regeneration of the filter is necessary.
[0005] In general, an active diesel particulate filter system includes an electrical regeneration system or a combustor
support system, and the regeneration can be triggered manually, or the triggering of the regeneration can also be
controlled in an open loop mode or a closed loop mode by monitoring the exhaust backpressure.
[0006] In the conventional technology, the combustor is normally designed to have an ejector with a small opening,
so as to atomize fuel in a combustion chamber, and the fuel is mixed with the air required for combustion in the combustion
chamber. A defect of such design is that carbon may be quickly deposited on the tiny atomizing opening of a nozzle due
to combustion residues, which disturbs the operation of the combustor. For example, combustion residues may be
formed when the combustor is closed.
[0007] In addition, the currently designed combustor has a relatively complicated structure, thus not only the manu-
facturing process is troublesome and costly, but also problems may easily arise during operation, as mentioned in
Chinese Patent Application No. CN 201310019585.7. Furthermore, there’re also some combustors which can only be
regenerated when the vehicle is parked or in idle, while cannot be regenerated when the vehicle is accelerating or
running at a high speed, as mentioned in Chinese Patent Application No. CN 200780021783.1.
[0008] Therefore, an exhaust gas treatment system is still required in this field, which can heat exhaust gas from diesel
engines to a regeneration temperature of the diesel particulate filter and can realize particulate filter regeneration when
the vehicle is running at a high speed or even is accelerated.

SUMMARY

[0009] In order to achieve the above objects, a structure is provided according to the present application, which employs
simple structures to achieve fuel oil combustion and exhaust gas heating. This structure utilizes the principle of eccentric
air admission to allow the introduced fresh air to form a vortex in a combustion chamber, such that the fresh air can be
fully mixed with fuel gas, to improve combustion efficiency. Then, flames produced by the combustion is directly introduced
into a mixing chamber of a particulate filter to be fully mixed with the exhaust gas from an exhaust pipe, thereby increasing
the exhaust gas temperature and realizing the regeneration of the particulate filter.
[0010] In view of this, an exhaust gas treatment system for a diesel engine is provided according to the present
application. The exhaust gas treatment system can quickly heat and ignite the diesel and the introduced fresh air under
various complex working conditions, especially under a low temperature condition, so as to quickly heat up the exhaust
gas to a temperature required for the particulate filter regeneration, so that the carbon particulates accumulated in the
particulate filter can be quickly cleared through combustion in a short time, and the object of real-time online regeneration
is realized.
[0011] An exhaust gas treatment system for a diesel engine is provided according to a first aspect of the present
application. The exhaust gas treatment system includes: a low temperature heater arranged downstream of an exhaust
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pipe of the diesel engine, and a particulate filter connected to the low temperature heater and configured to capture
particulate matters from engine exhaust. The low temperature heater includes a tubular shell, having an inlet end and
an outlet end, and the inlet end being in communication with the exhaust pipe of the diesel engine; an ignition portion
arranged on a sidewall of the shell near the inlet end, and an oil inlet being arranged at a center of the ignition portion;
an ignition cylinder connected to the ignition portion and in communication with the ignition portion, the ignition cylinder
having an open end and a closed end, the closed end being near the inlet end of the tubular shell and the open end
being near the outlet end of the tubular shell; and an air intake pipe which passes through the tubular shell and a sidewall
of the ignition cylinder and enters the ignition cylinder. The intake pipe has a first air outlet and a second air outlet, the
first air outlet is directly inside the ignition cylinder, the second air outlet is in communication with the ignition portion,
and the ignition portion is located between the first air outlet and the closed end. The exhaust gas treatment system
according to the present application not only can perform real-time online regeneration on the particulate filter, that is
the DPF, accumulated with soot, when the vehicle is parked or idling, but also can perform real-time online regeneration
on the particulate filter, that is the DPF, accumulated with soot, when the vehicle is traveling at a high speed or is
accelerating. Further, more importantly, compared with the conventional exhaust gas treatment system, the time required
for the online regeneration of DPF of the exhaust gas treatment system is greatly reduced, and may even only be a half
of the regeneration time of the conventional exhaust gas treatment system.
[0012] In the exhaust gas treatment system according to the first aspect, the first air outlet is inserted into the ignition
cylinder in an eccentric manner. By arranging the air outlet in this way, fresh air from a compressor can form a swirling
vortex in the combustion chamber, which enhances the gas flow turbulence in the combustion chamber, facilitates the
complete combustion of the fuel oil and quick transferring of the heat generated by combustion to the engine exhaust gas.
[0013] In the exhaust gas treatment system according to the first aspect, a flow divider is further arranged between
an outer wall of the ignition cylinder and the tubular shell, and an annular portion of the flow divider is cut equidistantly
to form multiple rectangular or trapezoidal notches and outwardly curved fin-shaped portions.
[0014] In the exhaust gas treatment system according to the first aspect, the fin-shaped portions bend toward the
outlet end of the tubular shell, and are at an angle of 10 to 90 degrees with respect to a plane on which the annular
portion of the flow divider lies, and the angle is preferable to be 10 degrees, 15 degrees, 20 degrees, 25 degrees, 30
degrees, 35 degrees, 40 degrees, 45 degrees, 50 degrees, 55 degrees, 60 degrees, 65 degrees, 70 degrees, 75 degrees,
80 degrees or 85 degrees.
[0015] In the exhaust gas treatment system according to the first aspect, in front of the flow divider, a tapered flow
converging hood is arranged on an inner wall of the tubular shell, and the flow converging hood extends toward the
outlet end and has a gradually decreasing diameter.
[0016] In the exhaust gas treatment system according to the first aspect, an angle formed between a sidewall of the
flow converging hood and a sidewall of the tubular shell ranges from 10 degrees to 50 degrees, and is preferable to be
10 degrees, 15 degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees or 50 degrees.
[0017] In the exhaust gas treatment system according to the first aspect, the low temperature heater is in communication
with a housing for mounting the particulate filter, the housing includes the particulate filter located at a rear part and a
mixing chamber located at a front part, the outlet end of the tubular shell is inserted into the mixing chamber; and the
exhaust pipe of the diesel engine is inserted into the mixing chamber in an eccentric manner.
[0018] In the exhaust gas treatment system according to the first aspect, an oxidation catalyst is arranged between
the low temperature heater and the particulate filter, and is configured to remove hydrocarbons and a part of particulates
from the exhaust gas.
[0019] In the exhaust gas treatment system according to the first aspect, a wall-flow honeycomb ceramic filter or the
oxidation catalyst is made of cordierite, silicon carbide or recrystallized silicon carbide.
[0020] According to a second aspect of the present application, a method for regenerating an exhaust gas treatment
system arranged on an exhaust pipe of a diesel engine is provided, wherein the exhaust gas treatment system is the
exhaust gas treatment system according to the first aspect. The method includes the following steps:

monitoring a differential pressure between two ends of the particulate filter in real time by pressure sensors mounted
at the two ends of the particulate filter, and starting a regeneration procedure when a value of the differential pressure
reaches a predetermined regeneration threshold value;

injecting fuel oil into an oil storage inner sleeve, then turning on a preheating rod for preheating; and when a
predetermined preheating time lapses, feeding fresh air into the air intake pipe and energizing a ceramic ignition
plug at the same time, to ignite a fuel-air spray formed by the fresh air and the fuel oil, to heat the exhaust gas;

monitoring an exhaust temperature at the inlet of the particulate filter in real time by temperature sensors mounted
at the two ends of the particulate filter, controlling a fuel injection amount in a fuzzy prediction mode, and in a case
that the exhaust temperature does not reach a predetermined regeneration temperature of the particulate filter,
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increasing the fuel injection amount; and

in a case that the differential pressure between the two ends of the particulate filter is reduced to a predetermined
threshold value for regeneration termination, stopping preheating, stopping feeding fresh air and fuel oil, and then
de-energizing the ceramic ignition plug.

[0021] Compared with the conventional technology, the exhaust gas treatment system according to the present ap-
plication can ignite stably and regenerate the blocked DPF evenly when the vehicle is accelerating or even travelling at
a high speed, instead, in the conventional technology, stable ignition and regeneration of the rear-mounted DPF can
only be realized when the vehicle is parked or idling. Without being restricted to any theories, the reason may be that
flames produced in this manner are forcefully pushed into the exhaust gas, the flames are pushed more powerfully, thus
cannot be blown out even when the exhaust gas speed is fast or getting faster, so that the stable ignition and regeneration
can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The present application will be described hereinafter with reference to the drawings. It should be understood
that, the drawings are only examples used to explain and illustrate principles of the present application and are not
intended to limit the present application to the specific solutions shown in the drawings. In the drawings:

Figure 1 is a schematic view showing an exhaust gas treatment system for diesel engines according to an embodiment
of the present application;

Figure 2 is a schematic view showing a low temperature heater of the exhaust gas treatment system according to
an embodiment of the present application;

Figure 3 is a schematic view showing a gas flow path according to the low temperature heater in Figure 2;

Figure 4 is a schematic view showing the operating principle of a wall-flow honeycomb ceramic filter according to
an embodiment of the present application; and

Figure 5 is a schematic view showing the operating principle of an oxidation catalyst according to an embodiment
of the present application.

Reference Numerals in the Figures:

[0023]

DETAILED DESCRIPTION

[0024] The exhaust gas treatment system according to the present application will be described hereinafter in detail
with reference to the drawings. However, it should be understood by those skilled in the art that, the embodiments
hereinafter are only used to allow those skilled in the art to better understand the present application, and are not intended
to limit the present application. The scope of the present application is defined by the claims.
[0025] Figure 1 is a schematic view showing an exhaust gas treatment system 100 according to an embodiment of
the present application. The exhaust gas treatment system 100 is installed downstream of an exhaust pipe of a diesel
engine, which is used for the treatment of the exhaust gas from the exhaust pipe to remove the nitrogen oxide and most
of particulate matters therein, for example, more than 95% of the particulate matters. Unlike most present conventional
treatment systems that regenerate the diesel particulate filter (DPF) only by injecting fuel oil to enhance combustion,
the exhaust gas treatment system 100 according to the present application ignites a fuel-air mixture and utilizes the heat
generated in combustion to increase the exhaust gas temperature of the diesel engine, so as to realize the reliable

100 exhaust gas treatment system, 101 exhaust gas inlet pipe,
102 low temperature heater, 103 turbulator,
104 oxidation catalyst, 105 particulate filter,
106 exhaust gas outlet pipe, 107 pressure sensor,
108 temperature sensor.
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combustion and regeneration of the DPF under various operating conditions, especially in harsh environments, even
when the exhaust gas treatment system 100 according to the present application is used under an operation condition
of extreme temperatures, the above effects can also be realized.
[0026] Referring to Figure 1, the exhaust gas treatment system 100 includes an exhaust gas inlet pipe 101 connected
to the exhaust pipe of the diesel engine, a low temperature heater 102 connected to the exhaust gas inlet pipe 101, a
turbulator 103 connected to the low temperature heater 102, an oxidation catalyst 104 connected to the turbulator 103,
a particulate filter 105 connected to the oxidation catalyst 104 and an exhaust gas outlet pipe 106 connected to the
particulate filter 105. Of course, in the exhaust gas treatment system 100 shown in Figure 1, the turbulator 103 and the
oxidation catalyst 104 may also be omitted. The turbulator 103 is used to facilitate fully mix and temperature increase
of the exhaust gas, but is not necessary. By adding the oxidation catalyst 104, a coated catalyst inside the oxidation
catalyst 104 can oxidize NO into NO2 and remove a part of soluble organics, so as to further increase the exhaust gas
temperature. However, the oxidation catalyst 104 is not necessary either, and under conditions that the low temperature
heater 102 has a good temperature increasing effect, the exhaust gas temperature can be increased directly to the
required temperature for regeneration, so as to remove the carbon particulates accumulated in the DPF completely and
thoroughly.
[0027] In an embodiment, shells of these parts are all made of steelwork, preferably stainless steel material. This
keeps the surfaces of these parts clean and bright and reduces the dust accumulation and corrosion. In another em-
bodiment, these parts are connected by flanges. This facilitates the installation, disassembly and replacement of these
parts. Of course, these parts can also be connected in other connection manners well-known to those skilled in the art,
such as welding and the like.
[0028] The exhaust gas inlet pipe 101 is connected to the exhaust pipe port (not shown) of the diesel engine for
receiving the exhaust gas. In a preferable embodiment, the exhaust gas inlet pipe 101 is in a tapered shape with a
gradually varying diameter, that is, an end of the exhaust gas inlet pipe 101 connected to the exhaust pipe is smaller
than an end of the exhaust gas inlet pipe 101 connected to the low temperature heater 102, as shown in Figure 1. In
this way, when the exhaust gas enters the low temperature heater 102, both a pressure and a flow velocity become
small, which allows the exhaust gas has a long contact time with the hot gas flow generated in the low temperature
heater 102, therefore the exhaust gas can be more fully heated. Such an arrangement also reduces a resistance of the
low temperature heater 102 to the exhaust gas. Other parts of the exhaust gas treatment system 100 shown in Figure
1 will be described in detail hereinafter with reference to Figure 2 and Figure 3.
[0029] The low temperature heater is an important part of the exhaust gas treatment system 100. In an embodiment,
the low temperature heater receives and combusts the fuel from an oil intake pipe and the fresh air from an air intake
pipe. The fuel may come from the engine, such as diesel oil; or, the fuel may also be a liquid or gaseous fuel, such as
propane, ethyl alcohol and the like.
[0030] The low temperature heater can be configured to have a heat transfer relationship with the exhaust gas from
the exhaust pipe of the engine. For example, the low temperature heater can be directly connected in a flow path of the
exhaust gas to heat the exhaust gas, flowing into the shell, to a relative high temperature that can improve the efficiency
of the oxidation catalyst 104 (DOC) arranged downstream of the low temperature heater and allow the regeneration of
the particulate filter 105 (DPF) arranged further downstream. As an alternative solution, the low temperature heater may
also be used to preheat an exhausting system before the engine is started, so as to improve the efficiency of the
exhausting system when the engine is started, thereby reducing the cold start emissions.
[0031] A combustor according to an embodiment of the present application is shown in Figure 2, that is, the low
temperature heater for increasing the exhaust gas temperature of the engine. The low temperature heater is installed
at a tail end of the exhaust pipe of the engine of a vehicle (especially a diesel vehicle) to provide heat by combustion,
thereby increasing the exhaust gas temperature of the engine and realize the regeneration of the particulate filter.
[0032] In the embodiment shown in Figure 2, the low temperature heater includes a tubular shell having an inlet end
and an outlet end, and the inlet end being in communication with the exhaust pipe of the engine; an ignition portion
arranged on a sidewall of the shell near the inlet end, and an oil inlet being arranged at a center of the ignition portion;
an ignition cylinder connected to the ignition portion and in communication with the ignition portion, the ignition cylinder
having an open end near the inlet end of the tubular shell and a closed end near the outlet end of the tubular shell; and
an air intake pipe which passes through the tubular shell and the sidewall of the ignition cylinder and enters into the
ignition cylinder. The intake pipe has a first air outlet and a second air outlet, the first air outlet is directly within the ignition
cylinder, the second air outlet is in communication with the ignition portion, and the ignition portion is located between
the first air outlet and the closed end.
[0033] An ignition plug is mounted on the combustion chamber through a tubular mounting seat. The ignition plug is
near the closed end of the combustion chamber and is configured to ignite a mixture of fuel oil and air in the combustion
chamber. In an embodiment, the fuel oil is sprayed into the combustion chamber through a tube at the center of the
ignition plug, and is ignited by the ignition plug. In other embodiments, the ignition plug may also be a conventional
electronic ignition plug, such as an electronic ignition plug conventionally used in diesel engines. Of course, the ignition
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plug may also be a high temperature ceramic ignition rod, such as an ignition rod which is made of a silicon nitride rod
body and a heating filament like a tungsten filament arranged in the rod body.
[0034] The ignition cylinder is of a tubular shape, including a closed end and an open end. The open end faces an
exhausting direction of the diesel engine, and is configured to output a hot gas flow generated by combustion. The closed
end is configured to rebound the generated hot gas flow toward the open end and prevent the generated hot gas flow
from flowing toward an opposite direction of the exhaust direction, so as to improve heat efficiency. In an embodiment,
the ignition cylinder is made of heat resistant metal such as stainless steel.
[0035] The first air outlet of the air intake pipe is inserted into the ignition cylinder in an eccentric manner. The eccentric
manner refers to that a center line of the first air outlet is not aligned with a center line of the ignition cylinder, but deviates
from the center line of the ignition cylinder by a certain distance, so that an exit of the first air outlet is not aligned with
the center line of the ignition cylinder, but is directed toward a part of a sidewall of the ignition cylinder. In this way, when
the fresh air enters into the ignition cylinder through the air intake pipe, the fresh air impacts the sidewall of the ignition
cylinder first, and then flows along the sidewall to form a swirling air flow, thus the fresh air and the fuel oil (or the atomized
fuel oil) entering from an oil inlet can be fully mixed inside the ignition cylinder, which facilitates combustion.
[0036] The second air outlet of the air intake pipe is in communication with the tubular mounting seat of the ignition
plug, so as to feed a part of the fresh air into the ignition plug to mix with the fuel oil, and to provide the initial combustion
mixture. Generally, the ratio of the amount (for example, by volume) of the fresh air entering from the first air outlet to
the amount of the fresh air entering from the second air outlet is 9:1 to 1:1, the ratio can be 8:1, 7:1, 6:1, 5:1, 4:1, 3:1 or
2:1, or an arbitrary value therebetween. By changing the amounts of the fresh air entering from the first air outlet and
the second air outlet, a fuel-air ratio in the combustion chamber can be flexibly changed, so as to realize different
combustion conditions. For example, when the diesel engine is in a parked or idling condition, the ratio can be appropriately
increased, for example, may be 8:1, because the amount of exhaust gas is relatively small at this time, the gas composition
in the combustion chamber is small, and a relatively small amount of fresh air will be able to maintain complete combustion
of fuel oil. In comparison,when the diesel engine is in an accelerating condition or is travelling at a high speed, the
amount of exhaust gas is relatively large, resulting in a large gas composition in the combustion chamber, in this case,
more fresh air is required to be delivered into the ignition plug, so as to realize the complete combustion of the fuel oil.
In an embodiment, the ratio adjustment is realized by a baffle piece (not shown) arranged at the second air outlet in a
partially fixed manner. In a case that the gas flow is relatively small, an opening of the baffle piece is relatively small,
therefore only a small amount of air flows into the ignition plug; and in a case that the gas flow increases, the opening
of the baffle piece increases, a relatively large amount of air flows into the ignition plug, so as to realize the adjustment
of the air ratio between the first air outlet and the second air outlet.
[0037] A flow divider is further arranged between an outer wall of the ignition cylinder and the tubular shell, and an
annular portion of the flow divider is cut equidistantly to form multiple rectangular or trapezoidal notches and outwardly
curved fin-shaped portions. The fin-shaped portions bend toward the outlet end of the tubular shell, and are at a 10 to
90 degrees angle with respect to a plane in which the annular portion of the flow divider lies. In a preferable embodiment,
the angle may be 10 degrees, 15 degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees,
50 degrees, 55 degrees, 60 degrees, 65 degrees, 70 degrees, 75 degrees, 80 degrees, or 85 degrees. In a more
preferable embodiment, the angle is 45 degrees.
[0038] Without restriction by any theory, the flow divider turns a direction of the linear gas flow from the engine into a
swirling direction, so as to increase a contact area between the gas flow and the flames, to ensure that the gas is evenly
heated and to decrease a situation that the gas flow directly impacts a flow converging hood and causes turbulences
accordingly.
[0039] In an embodiment, in front of the flow divider, a tapered flow converging hood is arranged on an inner wall of
the tubular shell, and the flow converging hood extends toward the outlet end and has a gradually decreasing diameter.
An angle between a sidewall of the flow converging hood and the sidewall of the tubular shell ranges from 10 degrees
to 50 degrees. In a preferable embodiment, the angle may be 10 degrees, 15 degrees, 20 degrees, 25 degrees, 30
degrees, 35 degrees, 40 degrees, 45 degrees or 50 degrees. The flow converging hood converges the deflected gas
flow generated by the flow divider to be close to the flames, so as to achieve a good heating effect.
[0040] In another embodiment, the exhaust gas from the engine enters into the low temperature ignition device through
the gas intake pipe, and is discharged through the flow divider and the flow converging hood. The air from an air pump
enters through the air intake pipe, passes by the igniter and the ignition cylinder, brings the burning flames at the igniter
to the flow converging hood, so as to heat the gas coming from the engine, and to be mixed with the air from the air
pump to form a high temperature gas to be discharged. By providing the flow divider and the flow converging hood, the
hot gas flow generated by the combustion and the exhaust gas from the engine are mixed to form a swirling gas flow
first, and then are converged slightly, so as to realize be fully mixed, which facilitates the even regeneration of the DPF,
and can prevent the DPF from being broken due to uneven heating in the regeneration process, thus prolonging its
service life. In addition, such even mixing also greatly improves the heat efficiency, reduces the fuel oil consumption
during the regeneration process, and further realizes the effects of energy conservation and emission reduction.
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[0041] In another embodiment, the low temperature heater is in communication with a housing for mounting the
particulate filter. The housing includes the particulate filter located at a rear part and a mixing chamber located at a front
part, the outlet end of the tubular shell is inserted into the mixing chamber; and the exhaust pipe of the diesel engine is
inserted into the mixing chamber in an eccentric manner. In this way, the exhaust gas entering into the mixing chamber
forms a swirling gas flow, which facilitates the fully mix between the exhaust gas and the hot gas flow generated by
combustion, so that the even regeneration of the DPF is realized. In addition, an advantage of this arrangement is that
the low temperature heater can form a curved cooperation rather than a straight cooperation with the exhaust pipe,
which facilitates the flexible installation and improves the adaptability of the low temperature heater.
[0042] As a core part of the exhaust gas treatment system 100, the particulate filter 105, that is the DPF, may employ
the wall-flow honeycomb ceramic filter commonly used in this field presently, such as the wall-flow honeycomb ceramic
filter made of cordierite, silicon carbide or recrystallized silicon carbide. The advantage of the wall-flow honeycomb
ceramic filter is that it can remove most of the particulate matters in the exhaust gas, such as more than 95% of the
particulate matters, so that the emission can meet the most restrict requirement for particulate emissions at present.
The operating principle of the wall-flow honeycomb ceramic filter is shown in Figure 4. Referring to Figure 4, particulates
are trapped in the honeycomb filter with alternately blocked channels, and are removed through combustion after being
accumulated to a certain amount, thereby realizing the filter regeneration.
[0043] In an embodiment, the wall-flow honeycomb ceramic filter made of recrystallized silicon carbide is especially
preferable, such as "HUANGDI" brand recrystallized silicon carbide honeycomb ceramic wall-flow particulate filter (DPF).
The filter captures particulates in diesel exhaust gas through porous partitions between alternately blocked honeycomb
channels, and has a great capability of capturing the superfine soot nanoparticles. Besides, the filter has a large filtration
area, a low pressure drop and a compact structure, and has excellent performances of heat resistance, corrosion
resistance and heat conduction, and has a high mechanical strength, a good thermal shock resistance and a long service
life.
[0044] The main parameters of the filter are shown in Table 1:

[0045] The filter has been tested by Tianjin SwARC Automotive Research Laboratory Co., Ltd according to the inter-
national recognized VERT testing specification, and the result shows that the pressure drop performance meets the
requirements and the average filtration efficiency reaches up to 96.5% by analyzing particulates weight. The filter is also
certified by China Association of Environmental Protection Industry.
[0046] Preferably, an oxidation catalyst, that is the DOC well known in this field, is further arranged between the low
temperature heater (or the turbulator) and the particulate filter. The purpose of providing the DOC is to remove the
hydrocarbons and a part of the particulates in the exhaust gas. For example, the DOC used herein may be those
commonly used in diesel engines presently.

Table 1: Main parameters of wall-flow honeycomb ceramic filter made of recrystallized silicon carbide

Technical Characteristic Units

SiC content % >99

cells per square inch cpsi 200∼300

side length of cell mm 1.20∼1.45

wall thickness of cell mm 0.30∼0.35

Porosity factor % 42-60

median aperture mm 9-20

compression strength MPa >13∼18

thermal expansivity (40∼800°C) 10-6 4.30∼4.40

thermal conductivity (at 500°C) W/mK >14

capture ratio % >98∼99

honeycomb volume density Kg/L ∼0.80

filtration area m2/L ∼0.75

permeability m2 <5.03 10-12

thermal shock resistance parameter (ΔT) °C 250
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[0047] The oxidation catalyst used in vehicle diesel engines employs precious metals such as platinum (Pt), palladium
(Pd) and the like as catalysts, mainly for reducing the content of the soluble organic fraction (SOF) in the particulate
emission, so as to reduce the particulate matter emission, and the hydrocarbons (HC) and carbon monoxide (CO) in
the emission can be effectively reduced at the same time. The oxidation catalyst can remove 90% of the SOF, so that
the particulate matter emission can be reduced by 40% to 50%. The treatment efficiencies of the HC and CO can reach
up to 88% and 68%, respectively. The catalytic oxidation technique has a good effect in removing the SOF in the
particulate emission of the diesel engine, that is, by providing the catalytic converter in the diesel engine exhaust system,
the SOF is oxidized and converted to CO2 and H2O under the action of precious metal catalysts such as platinum,
rhodium, palladium and the like or rare earth catalysts, to be removed, and the removal efficiency may usually be up to
80%. Other harmful substances in the exhaust gas such as HC and CO can also be also removed at the same time.
[0048] The conversion principal of the DOC is shown in Figure 5. For example, the exhaust gas of the diesel engine
contains CO, HC, SOF, polycyclic aromatic hydrocarbons (PAH) and the like, the main products after the oxidation
conversion of the DOC mainly include CO2 and H2O, so that the exhaust gas is partially purified.

FIRST EMBODIMENT: REGENERATION METHOD FOR EXHAUST GAS TREATMENT SYSTEM OF DIESEL EN-
GINE

[0049] A regeneration method for the exhaust gas treatment system arranged on the exhaust gas piping of the diesel
engine is provided according to this embodiment. The exhaust gas treatment system may be the exhaust gas treatment
system in the first embodiment. Of course, the exhaust gas treatment system may also be an exhaust gas treatment
system obtained by improving the exhaust gas treatment system in the first embodiment.
[0050] In an embodiment, the regeneration method includes steps 1-4:

Step 1: monitoring a differential pressure between two ends of the particulate filter in real time, and starting a
regeneration procedure when a value of the differential pressure reaches a predetermined regeneration threshold
value.

Step 2: injecting a predetermined amount of fuel oil into an oil storage inner sleeve, then turning on a preheating
rod for preheating; and when a predetermined preheating time lapses, feeding fresh air into the air intake pipe and
energizing the ceramic ignition plug at the same time, to ignite a fuel-air spray formed by the fresh air and the fuel
oil, to heat the exhaust gas.

Step 3: monitoring an exhaust temperature at an inlet of the particulate filter in real time, controlling a fuel injection
amount in a fuzzy prediction mode, and in a case that the exhaust temperature does not reach a predetermined
regeneration temperature of the particulate filter, increasing the fuel injection amount.

Step 4: in a case that the differential pressure between the two ends of the particulate filter is reduced to a prede-
termined threshold value for regeneration termination, stopping preheating, stopping feeding fresh air and fuel oil,
and then de-energizing the ceramic ignition plug. With this method, the carbon particulates accumulated in the DPF
can be completely removed through combustion, so that the DPF can be regenerated evenly to be used to remove
the particulates repeatedly. The predetermined amount of fuel oil is used to immerse a central cylindrical concave
portion of the oil storage inner sleeve in which the preheating rod is inserted, so as to prevent the temperature of
the preheating rod from rising too high, thus prolonging the service life of the preheating rod. For example, the
predetermined amount of fuel oil can just completely immerse the central cylindrical concave portion or basically
immerse the central cylindrical concave portion.

[0051] In order to facilitate the measurement of the pressure and temperatures at the two ends of the DPF, a temperature
sensor, such as a thermocouple, and a pressure sensor are arranged at each of a front end and a rear end of the DPF.
For example, the temperature sensors 108 and the pressure sensors 107 are shown in Figure 1. Temperature values
measured by the temperature sensors 108 and pressure values measured by the pressure sensors 107 are all transmitted
to a separately arranged control unit (such as an electrical control unit) as a basis for controlling.

SECOND EMBODIMENT: COMBUSTION OF LOW TEMPERATURE HEATER UNDER AN IDLING CONDITION

[0052] The low temperature heater is arranged as shown in Figure 2, which will not be described herein. The low
temperature heater is linearly installed with respect to the exhaust pipe of the engine. The engine is a diesel engine of
Dongfeng Motor Corporation, with an engine displacement of 2.8 liters. The comparative example is a low temperature
heater disclosed in a Chinese Patent Application No. 200780021783.1.
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[0053] First, the engine is started, the low temperature heater is preheated and ignited according to a program under
the conditions of idling, accelerating and travelling at a high speed, the ignition reliability of the flames under the idling
condition is observed, that is, to observe whether the ignition is stable and whether a situation that the flames are blown
out by the exhaust gas happens, and the results are recorded.
[0054] Next, an used particulate filter, that is a DPF (wherein a large amount of soot is accumulated, but the DPF is
intact), is installed at the outlet end of the low temperature heater, and a regeneration experiment is carried out according
to the program. During the experiment process, it is observed whether the combustion in the DPF is even, and multiple
temperatures are recorded. It is detected whether there are cracks on the DPF after the experiment.

THIRD EMBODIMENT: COMBUSTION OF LOW TEMPERATURE HEATER UNDER HIGH SPEED AND ACCELER-
ATING CONDITIONS

[0055] The low temperature heater is arranged as shown in Figure 2, which will not be described herein. The low
temperature heater is linearly installed with respect to the exhaust pipe of the engine. The engine is a diesel engine of
Dongfeng Motor Corporation, with an engine displacement of 2.8 liters. The comparative example is a low temperature
heater disclosed in a Chinese Patent Application No. 200780021783.1.
[0056] First, the engine is started, the low temperature heater is preheated and ignited according to a program under
the conditions of idling, accelerating and travelling at a high speed, the ignition reliability of the flames under the idling
condition is observed, that is, to observe whether the ignition is stable and whether a situation that the flames are blown
out by the exhaust gas happens, and the results are recorded.
[0057] Next, a used particulate filter, that is a DPF (wherein a large amount of soot is accumulated, but the DPF is
intact), is installed at the outlet end of the low temperature heater, and a regeneration experiment is carried out according
to the program. During the experiment process, it is observed whether the combustion in the DPF is even, and multiple
temperatures are recorded. It is detected whether there are cracks on the DPF after the experiment.
[0058] Finally, the regenerated DPF is weighed, and a soot cleaning rate is calculated based on a weight of the DPF
before generation. The average value of multiple soot cleaning rates is calculated to indicate a degree of regeneration.
[0059] The results of the second embodiment and the thirdembodiment are shown in the following Table 2.
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[0060] In the second embodiment and the third embodiment, the low temperature heaters according to the present
application are both ignited stably, and can stably regenerate the DPF accumulated with soot, the soot cleaning rate
reaches up to 90%, which indicates that the DPF has an excellent regeneration effect, and the situations of breakages
or cracks of the DPF did not happen.
[0061] Compared with the present application, in the comparative example, the average soot cleaning rate is only
85% even under the idling condition. Moreover, under the conditions of accelerating and travelling at a high speed, a
very small flame is observed, and the temperature at the inlet end of the DPF is very low, and is only about 300 °C,
which cannot reach the DPF regeneration temperature at all, therefore the soot cleaning rate is almost zero, that is, the
low temperature heater disclosed in the comparative example cannot regenerate the DPF under this condition.
[0062] According to the above experimental data, no matter under what conditions, including the conditions of idling,
accelerating and travelling at a high speed, the low temperature heater according to the present application is superior
to the low temperature heater in the comparative example in terms of the ignition reliability or ignition stability, the soot
cleaning rate of the DPF, and the like.
[0063] The above embodiments are used to illustrate the present application, and are only the preferable embodiments
of the present application, rather than limiting the present application. Any modifications, equivalent substitutions, im-
provements and the like all fall into the scope of protection of the present application.

Claims

1. An exhaust gas treatment system for a diesel engine, comprising:

a low temperature heater arranged downstream of an exhaust pipe of the diesel engine; and
a particulate filter connected to the low temperature heater and configured to capture particulate matters from
engine exhaust;
wherein, the low temperature heater comprises:

a tubular shell, having an inlet end and an outlet end, and the inlet end being in communication with the
exhaust pipe of the diesel engine;
an ignition portion arranged on a sidewall of the shell near the inlet end, and an oil inlet being arranged at
a center of the ignition portion;
an ignition cylinder connected to the ignition portion and in communication with the ignition portion, the
ignition cylinder having an open end and a closed end, the closed end being near the inlet end of the tubular
shell and the open end being near the outlet end of the tubular shell; and
an air intake pipe which passes through the tubular shell and a sidewall of the ignition cylinder and enters
the ignition cylinder, and wherein the intake pipe has a first air outlet and a second air outlet, the first air
outlet is directly inside the ignition cylinder, the second air outlet is in communication with the ignition portion,
and the ignition portion is located between the first air outlet and the closed end.

2. The exhaust gas treatment system for the diesel engine according to claim 1, wherein the first air outlet is inserted
into the ignition cylinder in an eccentric manner.

3. The exhaust gas treatment system for the diesel engine according to claim 1 or 2, wherein a flow divider is further
arranged between an outer wall of the ignition cylinder and the tubular shell, and an annular portion of the flow
divider is cut equidistantly to form multiple rectangular or trapezoidal notches and outwardly curved fin-shaped
portions.

4. The exhaust gas treatment system for the diesel engine according to claim 3, wherein the fin-shaped portions bend
toward the outlet end of the tubular shell, and are at an angle of 10 to 90 degrees with respect to a plane on which
the annular portion of the flow divider lies.

5. The exhaust gas treatment system for the diesel engine according to claim 4, wherein the angle is 10 degrees, 15
degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees, 50 degrees, 55 degrees, 60
degrees, 65 degrees, 70 degrees, 75 degrees, 80 degrees or 85 degrees.

6. The exhaust gas treatment system for the diesel engine according to claim 1, wherein in front of the flow divider, a
tapered flow converging hood is arranged on an inner wall of the tubular shell, and the flow converging hood extends
toward the outlet end and has a gradually decreasing diameter.
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7. The exhaust gas treatment system for the diesel engine according to claim 6, wherein an angle formed between a
sidewall of the flow converging hood and a sidewall of the tubular shell ranges from 10 degrees to 50 degrees.

8. The exhaust gas treatment system for the diesel engine according to claim 7, wherein the angle is 10 degrees, 15
degrees, 20 degrees, 25 degrees, 30 degrees, 35 degrees, 40 degrees, 45 degrees or 50 degrees.

9. The exhaust gas treatment system for the diesel engine according to claim 1, wherein the low temperature heater
is in communication with a housing for mounting the particulate filter, the housing comprises the particulate filter
located at a rear part and a mixing chamber located at a front part, the outlet end of the tubular shell is inserted into
the mixing chamber; and the exhaust pipe of the diesel engine is inserted into the mixing chamber in an eccentric
manner.

10. The exhaust gas treatment system for the diesel engine according to claim 1, wherein an oxidation catalyst is
arranged between the low temperature heater and the particulate filter, and is configured to remove hydrocarbons
and a part of particulates from the exhaust gas.

11. The exhaust gas treatment system for the diesel engine according to claim 10, wherein a wall-flow honeycomb
ceramic filter or the oxidation catalyst is made of cordierite, silicon carbide or recrystallized silicon carbide.

12. A method for regenerating an exhaust gas treatment system arranged on an exhaust piping of a diesel engine, the
exhaust gas treatment system is the exhaust gas treatment system according to any one of claims 1 to 11, wherein
the method comprises the following steps:

monitoring a differential pressure between two ends of the particulate filter in real time by pressure sensors
mounted at the two ends of the particulate filter, and starting a regeneration procedure when a value of the
pressure differential reaches a predetermined regeneration threshold value;
injecting fuel oil into an oil storage inner sleeve, then turning on a preheating rod for preheating; and when a
predetermined preheating time lapses, feeding fresh air into the air intake pipe and energizing a ceramic ignition
plug at the same time, to ignite a fuel-air spray formed by the fresh air and the fuel oil, to heat the exhaust gas;
monitoring an exhaust temperature at the inlet of the particulate filter in real time by temperature sensors
mounted at the two ends of the particulate filter, controlling a fuel injection amount in a fuzzy prediction mode,
and in a case that the exhaust temperature does not reach a predetermined regeneration temperature of the
particulate filter, increasing the fuel injection amount; and
in a case that the differential pressure between the two ends of the particulate filter is reduced to a predetermined
threshold value for regeneration termination, stopping preheating, stopping feeding fresh air and fuel oil, and
then de-energizing the ceramic ignition plug.
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