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(54) FUEL REFORMER AND EXHAUST GAS PURIFICATION DEVICE USING SAME

(57) A carrier gas supplied from a carrier gas source
is injected from a carrier gas injection nozzle. Also, a fuel
including a hydrocarbon-based liquid and supplied from
a fuel source is supplied to a tip end of the carrier gas
injection nozzle, whereby this fuel is atomized with the
carrier gas injected from the carrier gas injection nozzle.
Furthermore, an inlet of a reforming part that decompos-
es the atomized fuel and reforms the atomized fuel into
a reducing gas including either or both of hydrogen and
an oxygen-containing hydrocarbon is provided so as to
face the carrier gas injection nozzle and the fuel supply
nozzle, and a reducing gas supply nozzle that supplies
the reducing gas discharged from an outlet of the reform-
ing part is provided in an exhaust pipe.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a reformer that decomposes a fuel including a hydrocarbon-based liquid to
reform it into a reducing gas and to an apparatus that purifies NOx in an exhaust gas of an engine by using, as a reducing
agent, the reducing gas reformed by this reformer.

BACKGROUND ART

[0002] Conventionally, as an exhaust gas purifier of this type, there is disclosed an exhaust purifier that is configured
so that an oxidation catalyst for oxidizing a part of NO in an exhaust gas to NO2 is provided in an exhaust pipe of an
internal combustion engine, a NOx trapping catalyst for trapping NOx in the exhaust gas in copresence of hydrogen is
provided in the exhaust pipe on a downstream side of the oxidation catalyst, a hydrogen supply means for reforming a
fuel to generate a reductive gas containing at least hydrogen and supplying this reductive gas between the oxidation
catalyst and the NOx trapping catalyst in the exhaust pipe is provided separately from the exhaust pipe; and furthermore,
a control means supplies the reductive gas by the hydrogen supply means under conditions including a condition that
a temperature of the exhaust gas is in a predetermined range (see, for example, Patent Literature 1). In this exhaust
purifier, a first catalyst converter and a second catalyst converter are provided in the exhaust pipe in this order from the
upstream side, and a supply port of a fuel reformer is provided between the first catalyst converter and the second
catalyst converter in the exhaust pipe. The fuel reformer has a reformed gas introducing passageway, one end side of
which is connected to the supply port, a reforming catalyst provided in this reformed gas introducing passageway, and
a fuel gas supply device for supplying a fuel gas to the reforming catalyst from the other end side of the reformed gas
introducing passageway. This fuel reformer reforms the fuel of the engine by the action of the reforming catalyst, to
thereby generate the reformed gas of the reductive gas containing hydrogen (H2), carbon monoxide (CO), and hydro-
carbon (HC). It is noted that the fuel reformer is provided with a heating heater containing a glow plug, a spark plug, and
the like and is configured so that the reforming catalyst can be heated when the fuel reformer is started. According to
this, the temperature of the reformed gas generated by the fuel reformer reaches a high temperature in a range of from
about 500 °C to 800 °C.
[0003] Meanwhile, the reforming catalyst contains at least one metal catalyst component selected from the group
consisting of rhodium, platinum, palladium, nickel, and cobalt, and at least one oxide selected from the group consisting
of ceria, zirconia, alumina, and titania, or a composite oxide including such a material as a basic composition. This
reforming catalyst reforms the fuel gas supplied from the fuel gas supply device, to thereby generate the reformed gas
containing hydrogen, carbon monoxide, and a hydrocarbon. Also, the reformed gas generated with the reforming catalyst
passes through the reformed gas introducing passageway and is supplied from the supply port into the exhaust pipe.
Furthermore, a reformed gas introducing valve for controlling a flow rate of the reformed gas, which passes through this
reformed gas introducing passageway and is introduced into the exhaust pipe, is provided in an intermediate portion of
the reformed gas introducing passageway. This reformed gas introducing valve is connected to an ECU via an actuator,
and a supply amount of the reformed gas to the exhaust pipe via the reformed gas introducing passageway is controlled
by the ECU.
[0004] In the thus configured exhaust purifier, since the oxidation catalyst for oxidizing a part of NO in the exhaust gas
to NO2 is provided on the upstream side of the NOx trapping catalyst for trapping NOx in the exhaust gas in copresence
of hydrogen, a mixed gas of NO2-rich NO and NO2 can be supplied to the NOx trapping catalyst. As a result, a NOx
trapping performance by the NOx trapping catalyst at a low temperature immediately after start of the internal combustion
engine can be enhanced. More specifically, even if the temperature of the NOx trapping catalyst is about 50 °C or lower,
it is possible to commence trapping of a significant amount of NOx. In this way, NOx in the exhaust gas can be trapped
with the NOx trapping catalyst by supplying the reductive gas containing hydrogen to the NOx trapping catalyst whose
NOx trapping performance has been enhanced in this way, under conditions including a condition that the temperature
of the exhaust gas is in a predetermined range, more specifically in a low temperature region, and therefore, a NOx
purification rate at the cold machine time immediately after start of the internal combustion engine can be enhanced.
Also, since the hydrogen supply means is provided separately from the exhaust pipe, even at the cold machine time
period, the reductive gas can be stably supplied without causing an accidental fire on the internal combustion engine.
Also, by supplying the reductive gas under the conditions including the condition that the temperature of the exhaust
gas in the predetermined range which is in the low temperature region, the reductive gas is made to reach the NOx
trapping catalyst without burning hydrogen, thereby enabling it to contribute to trapping of NOx. Furthermore, the oxidation
catalyst is provided on the upstream side of the NOx trapping catalyst to supply the mixed gas of NO and NO2 to the
NOx trapping catalyst, and therefore, the NOx trapping performance of the NOx trapping catalyst at the low temperature
immediately after start of the internal combustion engine can be enhanced. As a result, it becomes unnecessary to
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dispose the NOx trapping catalyst in the vicinity of the internal combustion engine.
[0005] Meanwhile, there is disclosed an internal combustion engine that is configured so that a turbo supercharger
and an exhaust gas purification catalyst are provided in an exhaust passageway, through which an exhaust gas dis-
charged from an exhaust port of a cylinder head passes, in such a manner that the turbo supercharger is located on an
upstream side and the exhaust gas purification catalyst is located on a downstream side, and a fuel can be vaporized
and supplied to the exhaust gas purification catalyst (see, for example, Patent Literature 2). In this internal combustion
engine, a vaporization chamber for vaporizing the fuel by heating with heat of the exhaust gas is provided in a portion
of the exhaust passageway on the upstream side of the turbo supercharger, and this vaporization chamber is connected
to a portion of the exhaust passageway on the downstream side of the turbo supercharger. Also, the vaporization chamber
is integrally provided with a part of an exhaust manifold fixed to the cylinder head in such a manner that an interior of
the vaporization chamber and an interior of the exhaust manifold are partitioned by a partition wall, and the above-
described partition wall is provided with a communication hole for injecting only a small amount of the exhaust gas into
the vaporization chamber.
[0006] In the thus configured internal combustion engine, nevertheless the fuel is vaporized utilizing the heat of the
exhaust gas, it is possible to avoid the fuel for reducing the catalyst from being introduced into the turbo supercharger.
Therefore, nevertheless its structure is simple, it is possible to prevent a turbine or the like of the turbo supercharger
from erosion or to prevent properties of the exhaust gas from deterioration on the occasion that the exhaust gas is
returned to the exhaust gas to the cylinder. In particular, since the fuel is exposed to the exhaust gas, the fuel can be
vaporized rapidly and surely, and since the vaporized fuel is quickly fed to the catalyst by a pressure (positive pressure)
of the exhaust gas, there is brought such an advantage that the responsibility is high.
[0007] Also, there is disclosed an exhaust gas purifier of a diesel engine in which a vaporization combustion chamber
for a reducing agent in which a vaporization chamber for the reducing agent is integrated with a protector so that
vaporization and combustion of the reducing agent are not affected by an exhaust gas flow is provided on an upstream
side of a catalyst part for denitration of an exhaust gas discharge passage (see, for example, Patent Literature 3). In
this exhaust gas purifier, magnetite (Fe3O4) is used as a denitration catalyst, and this magnetite is used in a shape
having a large contact area with the exhaust gas, for example, a granulate shape, a pellet shape, a honeycomb shape,
etc. Also, as a hydrocarbon which is used as the reducing agent, light oil, heavy oil, benzin, methane, ethane, and the
like can be used. Furthermore, in order to increase combustion properties of the reducing agent or for the nitration
reaction of the exhaust gas, secondary air is introduced into the exhaust gas discharge passage.
[0008] In the thus configured exhaust gas purifier of the diesel engine, when the reducing agent including a hydrocarbon
or an alcohol and secondary air (oxygen) are added to the exhaust gas and the mixture is brought into contact with
magnetite (Fe3O4), NOx in the exhaust gas is reduced and converted into nitrogen. Also, when the reducing agent such
as light oil or heavy oil is burnt with high efficiency in a place where the exhaust gas of the diesel engine always flows,
particulate on the catalyst surface is removed, and the denitration of the diesel engine can be efficiently achieved while
cleaning the catalyst surface. For that reason, when the vaporization combustion chamber for the reducing agent is
provided on the upstream side of the catalyst part disposed in the exhaust gas discharge passageway and when the
reducing agent is vaporized in this vaporization combustion chamber, even if the exhaust gas of the diesel engine is
discharged, the protector does not hinder the vaporization and combustion of the reducing agent in the vaporization
combustion chamber, and therefore, the vaporization and combustion of the reducing agent are performed in the va-
porization combustion chamber without hindrance. As a result, by setting up the vaporization combustion chamber
capable of surely performing the vaporization of the reducing agent and the combustion of the reducing agent and being
free from hindrance of the combustion by the exhaust gas in the exhaust gas passage of the diesel engine, the particulate
on the catalyst surface is effectively removed, and the denitration of the exhaust gas of the diesel engine can be efficiently
achieved while cleaning the catalyst surface.

CITATION LIST

PATENT LITERATURE

[0009]

Patent Literature 1: JP 2011-69270 A (claim 1, paragraphs [0013], [0014], and [0024] to [0030], and Fig. 1)
Patent Literature 2: JP 2006-283604 A (claims 1 and 2, paragraphs [0008] and [0009], and Figs. 1 and 2)
Patent Literature 3: JP Hei.6-101454 A (claim 1, paragraphs [0012] to [0014] and [0027], and Fig. 1)
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SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0010] However, in the exhaust purifier disclosed in the above-described conventional Patent Literature 1, by heating
the reforming catalyst by the heating heater including the glow plug, a spark plug, or the like and supplying the fuel gas
from the fuel gas supply device to this reforming catalyst, the reformed gas having a temperature of from about 500 °C
to 800 °C is generated. However, a specific configuration is not described, and there is such a defect that the fuel gas
cannot be efficiently reformed into the reformed gas. Also, for example, there is a concern that when the reforming
catalyst is directly heated by the glow plug, the spark plug, or the like, a portion of the reforming catalyst being in contact
with the glow plug or the like, or a portion of the reforming catalyst in close vicinity thereto becomes extremely high in
temperature and deteriorates. Meanwhile, in the internal combustion engine disclosed in the above-described conven-
tional Patent Literature 2 and the exhaust gas purifier disclosed in the Patent Literature 3, the fuel for reduction and the
reducing agent are heated and vaporized by the exhaust gas, and therefore, there is such a defect that immediately
after start of the engine or when the exhaust gas temperature is relatively low, the fuel for reduction or the like cannot
be sufficiently vaporized, and NOx in the exhaust gas cannot be efficiently decreased.
[0011] A first object of the present invention is to provide a fuel reformer that can sufficiently atomize a fuel by means
of injection of a carrier gas, whereby the fuel can be efficiently reformed into a reducing gas. A second object of the
present invention is to provide a fuel reformer that can prevent deterioration of the reforming catalyst when a glow plug
and a reforming catalyst are used. A third object of the present invention is to provide a fuel reformer in which a reformer
housing can be relatively easily attached to an exhaust pipe together with a reducing gas supply nozzle. A fourth object
of the present invention is to provide a fuel reformer in which by sufficiently ensuring a carrier gas passage in a carrier
gas heating part, a carrier gas can be sufficiently heated in the carrier gas heating part, and a fuel does not flow in the
carrier gas passage of the carrier gas heating part, but only the carrier gas flows therein, whereby adhering of the fuel
onto an inner wall of the carrier gas passage can be hindered, and the carrier gas smoothly flows in the carrier gas
passage. A fifth object of the present invention is to provide an exhaust gas purifier using a fuel reformer, in which even
if the exhaust gas temperature is a relatively low temperature or the exhaust gas temperature is in a wide temperature
range of from a relatively low temperature to a high temperature, NOx can be efficiently decreased. A sixth object of the
present invention is to provide an exhaust gas purifier in which by vaporizing or vaporizing and misting a liquid fuel by
heating and bringing this vaporized or vaporized and misted fuel into contact with a reforming catalyst in a high pressure
state, a reformation reaction of the fuel with the reforming catalyst can be promoted.

SOLUTION TO PROBLEM

[0012] As shown in Figs. 1 to 3, a first aspect of the invention is a fuel reformer including a carrier gas injection nozzle
17 that injects a carrier gas supplied from a carrier gas source 14, a fuel supply nozzle 19 that supplies a fuel 18, including
a hydrocarbon-based liquid and supplied from a fuel source 37, to a tip end of the carrier gas injection nozzle 17 so that
the fuel 18 is atomized with the carrier gas injected from the carrier gas injection nozzle 17, a reforming part 22 that
includes an inlet that faces the carrier gas injection nozzle 17 and the fuel supply nozzle 19 and that decomposes the
atomized fuel 18 so as to reform the atomized fuel 18 into a reducing gas including either or both of hydrogen and an
oxygen-containing hydrocarbon, and a reducing gas supply nozzle 23 that is attached to in an exhaust pipe 12 of an
engine 11 so as to supply the reducing gas discharged from an outlet of the reforming part 22 to the exhaust pipe 11.
[0013] A second aspect of the invention is an invention based on the first aspect and is characterized, as further shown
in Fig. 1, in that the reforming part 22 includes a glow plug 22a that decomposes a part or a large part of the atomized
fuel 18 by heating the atomized fuel 18 so as to reform the part or the large part of atomized fuel 18 into the reducing
gas including either or both of the hydrogen and the oxygen-containing hydrocarbon.
[0014] A third aspect of the invention is an invention based on the second aspect and is characterized, as further
shown in Fig. 4, in that the reforming part 72 includes the glow plug 22a and a reforming catalyst 72b that is provided
between the glow plug 22a and the reducing gas supply nozzle 23 at a predetermined distance from the glow plug 22a
and that decomposes a part or a large part of a remaining atomized fuel 18 so as to reduce the part or the large part of
the remaining atomized fuel 18 into the reducing gas including either or both of the hydrogen and the oxygen-containing
hydrocarbon.
[0015] A fourth aspect of the invention is an invention based on the first aspect and is characterized, as further shown
in Fig. 5, in that a fuel vaporizer 91 that vaporizes a part or a large part of the fuel 18 by heating is provided between
the fuel source and the fuel supply nozzle 19.
[0016] A fifth aspect of the invention is an invention based on the first aspect and is characterized, as further shown
in Figs. 8 and 11, by further including a carrier gas heating part 116 that is provided between the carrier gas source 14
and the carrier gas injection nozzle 17 and that can adjust an amount of heat generation for heating the carrier gas
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supplied from the carrier gas source 14, a carrier gas temperature sensor 132 that detects an outlet temperature of the
carrier gas heating part 116, and a controller 57 that controls the amount of heat generation of the carrier gas heating
part 116 based on a detection output of the carrier gas temperature sensor 132 and that controls a supply flow rate of
the fuel 18 to the fuel supply nozzle 19 according to a flow rate of NOx flowing through the exhaust pipe 12, wherein the
reforming part 122 includes either or both of the glow plug and the reforming catalyst 122a.
[0017] A sixth aspect of the invention is an invention based on the fifth aspect and is characterized, as further shown
in Fig. 8, in that the carrier gas heating part 116, the carrier gas injection nozzle 17, the fuel supply nozzle 19, and the
reforming part 122 are housed in a reformer housing 124, and the reformer housing 124 is connected to a base end of
the reducing gas supply nozzle 23.
[0018] A seventh aspect of the invention is an invention based on the fifth aspect and is characterized, as further
shown in Figs. 8 and 9, in that the carrier gas heating part 116 includes a coil holding part 116a formed in a columnar
shape, a heating coil 116c that is embedded so as to extend along an outer peripheral surface of this coil holding part
116a and not to be exposed on the outer peripheral surface of the coil holding part 116a, and a carrier gas passage coil
116d that is helically wound around the outer peripheral surface of the coil holding part 116a to thereby form a carrier
gas passage 116d through which the carrier gas flows helically along the outer peripheral surface of the coil holding part
116a.
[0019] An eighth aspect of the invention is an invention based on the first aspect and is characterized, as further shown
in Figs. 12 and 13, in that a bypass pipe 154 that bypasses the reforming part 122 is provided, a circulation pump 156
that returns the reducing gas and the atomized fuel 18, which are discharged from the reforming part 122, to just before
the carrier gas injection nozzle 17 is provided in the bypass pipe 154, a temperature of the reforming part 122 is detected
by a reforming part temperature sensor 151, 152, and the controller 57 controls the circulation pump 156 based on a
detection output of the reforming part temperature sensor 151, 152.
[0020] As shown in Figs. 15 to 17, a ninth aspect of the invention is a fuel reformer including a carrier gas heating part
116 that can adjust an amount of heat generation for heating a first carrier gas supplied from a carrier gas source 14
through a first carrier gas supply pipe 171, a first carrier gas injection nozzle 181 that injects the first carrier gas heated
by the carrier gas heating part 116, a first fuel supply nozzle 191 that supplies a fuel 18 including a hydrocarbon-based
liquid to a tip end of the first carrier gas injection nozzle 181 so that the fuel 18 is atomized with the first carrier gas
injected from the first carrier gas injection nozzle 181, an exothermic catalyst part 174 that includes an inlet facing the
first carrier gas injection nozzle 181 and the first fuel supply nozzle 191 and that oxidizes the atomized fuel 18 to further
heat the first carrier gas and to increase a temperature thereof, a second carrier gas supply pipe 172 that mixes a second
carrier gas supplied from the carrier gas source 14 with the first carrier gas heated by the exothermic catalyst part 174,
a second carrier gas injection nozzle 182 that injects the mixed carrier gas of the first and second carrier gases, a second
fuel supply nozzle 192 that supplies the fuel 18 including the hydrocarbon-based liquid to a tip end of the second carrier
gas injection nozzle 182 so that the fuel 18 is atomized with the mixed carrier gas injected from the second carrier gas
injection nozzle 182, a reforming part 122 that includes an inlet facing the second carrier gas injection nozzle 182 and
the second fuel supply nozzle 192 and that decomposes the atomized fuel 18 to reform the atomized fuel 18 into a
reducing gas including either or both of hydrogen and an oxygen-containing hydrocarbon, a reducing gas supply nozzle
23 that is attached to an exhaust pipe 12 of an engine 11 so as to supply, to the exhaust pipe 12, the reducing gas
discharged from an outlet of the reforming part 122, a first carrier gas temperature sensor 271 that detects an outlet
temperature of the carrier gas heating part 116, a second carrier gas temperature sensor 272 that detects an outlet
temperature of the exothermic catalyst part 174, and a controller 57 that controls the amount of heat generation of the
carrier gas heating part 116 based on a detection output of the first carrier gas temperature sensor 271, that controls a
supply flow rate of the fuel 18 to the first fuel supply nozzle 191 based on a detection output of the second carrier gas
temperature sensor 272, and that further controls a supply flow rate of the fuel 18 to the second fuel supply nozzle 192
according to a flow rate of NOx flowing through the exhaust pipe 12.
[0021] A tenth aspect of the invention is an invention based on the ninth aspect and is characterized, as further shown
in Fig. 15, in that the carrier gas heating part 116, the first carrier gas injection nozzle 181, the first fuel supply nozzle
191, the exothermic catalyst part 174, the second carrier gas injection nozzle 182, the second fuel supply nozzle 192,
and the reforming part 122 are housed in a reformer housing 176, and the reformer housing 176 is connected to a base
end of the reducing gas supply nozzle 23.
[0022] An eleventh aspect of the invention is an invention based on the ninth aspect and is characterized, as further
shown in Figs. 15 and 16, in that the carrier gas heating part 116 includes a coil holding part 116a formed in a columnar
shape, a heating coil 116c that is embedded so as to extend along an outer peripheral surface of this coil holding part
116a and not to be exposed on the outer peripheral surface of the coil holding part 116a, and a carrier gas passage coil
116d that is helically wound around the outer peripheral surface of the coil holding part 116a, to thereby form a carrier
gas passage 116e through which the first carrier gas flows helically along the outer peripheral surface of the coil holding
part 116a.
[0023] As shown in Figs. 1 to 3, a twelfth aspect of the invention is an exhaust gas purifier using a fuel reformer,
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including a selective reduction catalyst 31 that is provided in an exhaust pipe 12 of an engine 11 and that can reduce
NOx in an exhaust gas to N2, a fuel reformer 13 that includes a reducing gas supply nozzle 23 extending to the exhaust
pipe 12 on an exhaust gas upstream side of the selective reduction catalyst 31 and that supplies, from the reducing gas
supply nozzle 23 to the exhaust pipe 12, a reducing gas functioning as a reducing agent in the selective reduction catalyst
31, an exhaust gas temperature sensor 53 that detects an exhaust gas temperature related to the selective reduction
catalyst 31, and a controller 57 that controls the fuel reformer 13 based on a detection output of the exhaust gas
temperature sensor 53, the exhaust gas purifier characterized in that the fuel reformer 13 includes a carrier gas injection
nozzle 17 that injects a carrier gas supplied from a carrier gas source 14, a fuel supply nozzle 19 that supplies a fuel
18, including a hydrocarbon-based liquid and supplied from a fuel source 37, to a tip end of the carrier gas injection
nozzle 17 so that the fuel 18 is atomized with the carrier gas injected from the carrier gas injection nozzle 17, a reforming
part 22 that includes an inlet that faces the carrier gas injection nozzle 17 and the fuel supply nozzle 19 and that
decomposes the atomized fuel 18 so as to reform the atomized fuel 18 into the reducing gas including either or both of
hydrogen and an oxygen-containing hydrocarbon, and a reducing gas supply nozzle 23 that is attached to in the exhaust
pipe 12 of the engine 11 so as to supply, to the exhaust pipe 12, the reducing gas discharged from an outlet of the
reforming part 22.
[0024] As shown in Figs. 15 to 18, a thirteenth aspect of the invention is an exhaust gas purifier using a fuel reformer,
including an exhaust gas purifier using a fuel reformer, including a selective reduction catalyst 31 that is provided in an
exhaust pipe 12 of an engine 11 and that can reduce NOx in an exhaust gas to N2, a fuel reformer 173 that includes a
reducing gas supply nozzle 23 extending to the exhaust pipe 12 on an exhaust gas upstream side of the selective
reduction catalyst 31 and that supplies, from the reducing gas supply nozzle 23 to the exhaust pipe 12, a reducing gas
functioning as a reducing agent in the selective reduction catalyst 31, an exhaust gas temperature sensor 53 that detects
an exhaust gas temperature related to the selective reduction catalyst 31, and a controller 57 that controls the fuel
reformer 173 based on a detection output of the exhaust gas temperature sensor 53, the exhaust gas purifier characterized
in that the fuel reformer 173 includes a carrier gas heating part 116 that can adjust an amount of heat generation for
heating a first carrier gas supplied from a carrier gas source 14 through a first carrier gas supply pipe 171, a first carrier
gas injection nozzle 181 that injects the first carrier gas heated by the carrier gas heating part 116, a first fuel supply
nozzle 191 that supplies a fuel 18 including a hydrocarbon-based liquid to a tip end of the first carrier gas injection nozzle
181 so that the fuel 18 is atomized with the first carrier gas injected from the first carrier gas injection nozzle 181, an
exothermic catalyst part 174 that includes an inlet facing the first carrier gas injection nozzle 181 and the first fuel supply
nozzle 191 and that oxidizes the atomized fuel 18 to further heat the first carrier gas and to increase a temperature
thereof, a second carrier gas supply pipe 172 that mixes a second carrier gas supplied from the carrier gas source 14
with the first carrier gas heated by the exothermic catalyst part 174, a second carrier gas injection nozzle 182 that injects
the mixed carrier gas of the first and second carrier gases, a second fuel supply nozzle 192 that supplies the fuel 18
including the hydrocarbon-based liquid to a tip end of the second carrier gas injection nozzle 182 so that the fuel 18 is
atomized with the mixed carrier gas injected from the second carrier gas injection nozzle 182, a reforming part 122 that
includes an inlet facing the second carrier gas injection nozzle 182 and the second fuel supply nozzle 192 and that
decomposes the atomized fuel 18 to reform the atomized fuel 18 into the reducing gas including either or both of hydrogen
and an oxygen-containing hydrocarbon, a reducing gas supply nozzle 23 that is attached to the exhaust pipe 12 of the
engine 11 so as to supply, to the exhaust pipe 12, the reducing gas discharged from an outlet of the reforming part 122,
a first carrier gas temperature sensor 271 that detects an outlet temperature of the carrier gas heating part 116, a second
carrier gas temperature sensor 272 that detects an outlet temperature of the exothermic catalyst part 174, and a controller
57 that controls the amount of heat generation of the carrier gas heating part 116 based on a detection output of the
first carrier gas temperature sensor 271, that controls a supply flow rate of the fuel 18 to the first fuel supply nozzle 191
based on a detection output of the second carrier gas temperature sensor 272, and that further controls a supply flow
rate of the fuel 18 to the second fuel supply nozzle 192 according to a flow rate of NOx flowing through the exhaust pipe 12.
[0025] As shown in Figs. 19 to 21, a fourteenth aspect of the invention is an exhaust gas purifier for purifying an
exhaust gas of an engine 11, the exhaust gas purifier characterized by including a selective reduction catalyst 31 that
is provided in an exhaust pipe 12 of the engine 11 and that can reduce NOx in the exhaust gas to N2, a fuel reformer
313 that heats a liquid fuel 18 in a hermetically sealed reforming case 327 by a heater 331 to vaporize or vaporize and
mist the liquid fuel 18 and that further reforms the vaporized or vaporized and misted fuel 18 with a reforming catalyst
328 into a hydrocarbon-based gas, a fuel supply means 316 that supplies the fuel 18 into the fuel reformer 313, an
injecting nozzle 318 that extends to an exhaust pipe 12 on an exhaust gas upstream side of the selective reduction
catalyst 31 and that can inject the hydrocarbon-based gas reformed with the reforming catalyst 328, an exhaust gas
temperature sensor 53 that detects an exhaust gas temperature related to the selective reduction catalyst 31, a pressure
sensor 348 that detects an inlet pressure of the fuel reformer 313, and a controller 57 that controls the fuel reformer 313
and the fuel supply means 316 based on respective detection outputs of the exhaust gas temperature sensor 53 and
the pressure sensor 348.
[0026] A fifteenth aspect of the invention is an invention based on the fourteenth aspect and is characterized, as further
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shown in Figs. 20 and 21, in that the fuel reformer 313 includes the hermetically sealed cylindrical reforming case 327,
the reforming catalyst 328 housed in this reforming case 327, a fuel passageway 329 that is provided helically between
an inner peripheral surface of the reforming case 327 and an outer peripheral surface of the reforming catalyst 328, and
the heater 331 that is helically arranged so as to surround the fuel passageway 329 and that is embedded in a wall of
the reforming case 327.
[0027] A sixteenth aspect of the invention is an invention based on the fourteenth aspect and is characterized, as
further shown in Fig. 19, by further including a bypass pipe 343 that communicates and connects an inlet part and an
outlet part of the fuel reformer 313 with each other so as to bypass the fuel reformer 313, and an opening degree
regulation valve 344 that is provided in the bypass pipe 343 and that regulates an opening degree of the bypass pipe 343.

ADVANTAGEOUS EFFECTS OF INVENTION

[0028] According to the fuel reformer of the first aspect of the present invention, by injecting the carrier gas, which is
supplied from the carrier gas source, from the carrier gas injection nozzle and atomizing the fuel supplied from the fuel
supply nozzle with the carrier gas injected from the above-described carrier gas injection nozzle, this atomized fuel is
decomposed in the reforming part and reformed into the reducing gas. As a result, the fuel can be efficiently reformed
into the reducing gas.
[0029] According to the fuel reformer of the second aspect of the present invention, by injecting the carrier gas, which
is supplied from the carrier gas source, from the carrier gas injection nozzle and atomizing the fuel supplied from the
fuel supply nozzle with the carrier gas injected from the above-described carrier gas injection nozzle, this atomized fuel
is heated and decomposed by the glow plug and reformed into the reducing gas. As a result, the fuel can be efficiently
reformed into the reducing gas even without using a reforming catalyst.
[0030] According to the fuel reformer of the third aspect of the present invention, by injecting the carrier gas, which is
supplied from the carrier gas source, from the carrier gas injection nozzle and atomizing the fuel supplied from the fuel
supply nozzle with the carrier gas injected from the above-described carrier gas injection nozzle, a part or a residue of
this atomized fuel is heated and decomposed by the glow plug and reformed into the reducing gas, and thereafter, a
part or a large part of the remaining atomized fuel is decomposed with the reforming catalyst and reformed into the
reducing gas. As a result, not only the fuel can be more efficiently reformed into the reducing gas, but also even though
the glow plug and the reforming catalyst are used, the glow plug is provided apart from the reforming catalyst without
being in contact with the reforming catalyst or being in close vicinity thereto, and therefore, deterioration of the reforming
catalyst can be prevented.
[0031] According to the fuel reformer of the fourth aspect of the present invention, a part or a large part of the fuel
supplied from the fuel source is heated and vaporized by the fuel vaporizer and then supplied from the fuel supply nozzle,
and therefore, this vaporized fuel is uniformly mixed with the carrier gas injected from the carrier gas injection nozzle to
constitute a fuel gas, and the fuel in the liquid state is atomized by the carrier gas injected from the carrier gas injection
nozzle. As a result, the fuel gas containing the atomized fuel is decomposed in the reforming part and rapidly reformed
into the reducing gas, and therefore, the fuel can be efficiently reformed into the reducing gas.
[0032] According to the fuel reformer of the fifth aspect of the present invention, by heating the carrier gas supplied
from the carrier gas source in the carrier gas heating part, injecting this heated carrier gas from the carrier gas injection
nozzle, and atomizing the fuel supplied from the fuel supply nozzle with the carrier gas injected from the above-described
carrier gas injection nozzle, this atomized fuel is decomposed in the reforming part and reformed into the reducing gas.
As a result, the fuel can be more efficiently reformed into the reducing gas.
[0033] According to the fuel reformer of the sixth aspect of the present invention, the carrier gas heating part, the
carrier gas injection nozzle, the fuel supply nozzle, and the reforming part are housed in the reformer housing, and this
reformer housing is connected to the base end of the reducing gas supply nozzle, and therefore, the reformer housing
can be relatively easily attached to the exhaust pipe together with the reducing gas supply nozzle.
[0034] According to the fuel reformer of the seventh or eleventh aspect of the present invention, by forming the coil
holding part having a high heat conductivity into a columnar shape, embedding the heating coli so that it lies along the
outer peripheral surface of this coil holding part and is not exposed on the outer peripheral surface of the coil holding
part, and winding the coil for the carrier gas passage having a high heat conductivity helically around the outer peripheral
surface of the coil holding part, to thereby form the carrier gas passage in which the carrier gas or the first carrier gas
flows helically along the outer peripheral surface of the coil holding part, and therefore, the carrier gas passage in the
carrier gas heating part can be sufficiently ensured. As a result, the carrier gas or the like can be sufficiently heated in
the carrier gas heating part. Also, since the fuel does not flow in the carrier gas passage, but only the carrier gas or the
like flows therein, the fuel does not adhere onto the inner wall of the carrier gas passage. As a result, the carrier gas or
the like smoothly flows in the carrier gas passage.
[0035] According to the fuel reformer of the eighth aspect of the present invention, since the controller controls the
circulation pump on the basis of the detection output of the reforming part temperature sensor, a part of the reducing
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gas containing the atomized fuel resulting from mixing of the reducing gas reformed by the reforming part and the
atomized fuel which has not been reformed by the reforming part but passed through the reforming part as it is passes
through the bypass pipe, returns to just before the fuel injection nozzle, and again flows into the reforming part, and the
atomized fuel in the atomized-fuel-containing reducing gas is reformed by the reforming part. As a result, efficiency for
reforming the fuel into the reducing gas can be enhanced.
[0036] According to the fuel reformer of the ninth aspect of the present invention, by heating the first carrier gas supplied
from the carrier gas source in the carrier gas heating part, injecting this heated first carrier gas from the first carrier gas
injection nozzle, atomizing the fuel supplied from the first fuel supply nozzle with the first carrier gas injected from the
above-described first carrier gas injection nozzle, and oxidizing this atomized fuel in the exothermic catalyst part, the
first carrier gas further heats up to cause temperature rise. By mixing this first carrier gas having further heated up to
cause temperature rise with the second carrier gas and injecting the mixture from the second carrier gas injection nozzle
and atomizing the fuel supplied from the second fuel supply nozzle with the mixed carrier gas injected from the above-
described second carrier gas injection nozzle, this atomized fuel is decomposed by the reforming part and reformed into
the reducing gas. In this way, the first carrier gas is subjected to the temperature rise in the two steps, and therefore,
an electric power required for heating-up of the first carrier gas in the carrier gas heating part can be decreased. As a
result, the fuel can be more efficiently reformed into the reducing gas.
[0037] According to the fuel reformer of the tenth aspect of the present invention, the carrier gas heating part, the
carrier gas injection nozzle, the first fuel supply nozzle, the exothermic catalyst part, the second carrier gas injection
nozzle, the second fuel supply nozzle, and the reforming part are housed in the reformer housing, and this reformer
housing is connected to the base end of the reducing gas supply nozzle, and therefore, the reformer housing can be
relatively easily attached to the exhaust pipe together with the reducing gas supply nozzle.
[0038] According to the exhaust gas purifier of the twelfth or thirteenth aspect of the present invention, if the carrier
gas temperature sensor detects that the exhaust gas temperature has reached a predetermined temperature or higher,
the controller drives the fuel reformer. According to this, the fuel reformer decomposes the fuel and reforms it into the
reducing gas, and this reducing gas is then supplied to the exhaust pipe from the reducing gas supply nozzle. Then,
when the reducing gas flows into the selective reduction catalyst together with the exhaust gas, the reducing gas functions
as the reducing agent for reducing NOx in the exhaust gas, and NOx in the exhaust gas is rapidly reduced to N2. As a
result, NOx can be efficiently decreased in a wide temperature range of the exhaust gas temperature of from a relatively
low temperature to a high temperature.
[0039] According to the exhaust gas purifier of the fourteenth aspect of the present invention, since the liquid fuel is
vaporized or vaporized and misted by heating with the heater in the hermetically sealed reforming case, the pressure
in the reforming case becomes high, and this vaporized or vaporized and misted fuel in the high pressure state is reformed
with the reforming catalyst into a hydrocarbon-based gas or a lightened hydrocarbon-based gas. As a result, since the
reformation reaction of the vaporized or vaporized and misted fuel with the reforming catalyst can be promoted, the
liquid fuel can be surely reformed into a hydrocarbon-based gas by the fuel reformer. In consequence, when the above-
described reformed hydrocarbon-based gas is injected from the injection nozzle into the exhaust pipe, this hydrocarbon-
based gas functions as the reducing agent for reducing NOx in the exhaust gas to N2 on the selective reduction catalyst,
and therefore, even if the exhaust gas temperature is relatively low, NOx in the exhaust gas can be efficiently decreased.
[0040] According to the exhaust gas purifier of the fifteenth aspect of the present invention, the liquid fuel is vaporized
or vaporized and misted by heating with the heater during a course of passing through the fuel passageway, and therefore,
the volume of the fuel in the reforming case expands, and the vaporized or vaporized and misted fuel in a state where
its partial pressure has become high flows into the reforming catalyst and comes into contact with a surface thereof. As
a result, since the reformation reaction of the fuel with the reforming catalyst can be promoted, the liquid fuel can be
surely reformed into the hydrocarbon-based gas or the lightened hydrocarbon-based gas by the fuel reformer. In con-
sequence, similar to the foregoing, when the reformed hydrocarbon-based gas is injected from the injection nozzle into
the exhaust pipe, this hydrocarbon-based gas functions as the reducing agent for reducing NOx in the exhaust gas to
N2 on the selective reduction catalyst, and therefore, even if the exhaust gas temperature is relatively low, NOx in the
exhaust gas can be efficiently decreased.
[0041] According to the exhaust gas purifier of the sixteenth aspect of the present invention, if the exhaust gas tem-
perature becomes relatively high, the bypass pipe is opened at a predetermined opening degree by the opening degree
regulation valve, to thereby allow the liquid fuel to pass through the bypass pipe as it is without being reformed by the
fuel reformer, and the liquid fuel is injected into the exhaust pipe from the injection nozzle. This injected liquid fuel is
rapidly reformed into the hydrocarbon-based gas with the exhaust gas having a relatively high temperature, and therefore,
this hydrocarbon-based gas functions as the reducing agent for reducing NOx in the exhaust gas to N2 on the selective
reduction catalyst, and NOx in the exhaust gas is efficiently decreased.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

Fig. 1 is a longitudinal section configuration view showing a fuel reformer of a first embodiment of the present invention.
Fig. 2 is an enlarged section view of an A part in Fig. 1.
Fig. 3 is a configuration view showing an exhaust gas purifier using the fuel reformer.
Fig. 4 is a longitudinal section configuration view showing a fuel reformer of a second embodiment of the present
invention.
Fig. 5 is a longitudinal section configuration view showing a fuel reformer of a third embodiment of the present
invention.
Fig. 6 is an enlarged longitudinal section view of a vaporizer of the fuel reformer.
Fig. 7 is a section view taken along a B-B line in Fig. 6.
Fig. 8 is a longitudinal section configuration view showing a fuel reformer of a fourth embodiment of the present
invention.
Fig. 9 is an enlarged section view of a C part in Fig. 8.
Fig. 10 is an enlarged section view of a E part in Fig. 8.
Fig. 11 is a configuration view showing an exhaust gas purifier using the fuel reformer.
Fig. 12 is a longitudinal section configuration view showing a fuel reformer of a fifth embodiment of the present
invention.
Fig. 13 is a configuration view showing an exhaust gas purifier using the fuel reformer.
Fig. 14 is a flowchart for controlling a temperature of the fuel reformer.
Fig. 15 is a longitudinal section configuration view showing a fuel reformer of a sixth embodiment of the present
invention.
Fig. 16 is an enlarged section view of an F part in Fig. 15.
Fig. 17 is an enlarged section view of a G part in Fig. 15.
Fig. 18 is a configuration view showing an exhaust gas purifier using the fuel reformer.
Fig. 19 is a configuration view of an exhaust gas purifier of a seventh embodiment of the present invention.
Fig. 20 is a longitudinal section view of a fuel reformer of the exhaust gas purifier.
Fig. 21 is a section view taken along an H-H line in Fig. 20.
Fig. 22 is an enlarged main part section view including an injection nozzle of the exhaust gas purifier.
Fig. 23 is a graph showing a change of a generation amount of hydrogen with a change of an exhaust gas temperature
when each of fuel reformers of examples 1 to 3 is used.
Fig. 24 is a graph showing a change of a generation amount of acetaldehyde with the change of the exhaust gas
temperature when each of the fuel reformers of the examples 1 to 3 is used.
Fig. 25 is a graph showing a change of a NOx decrease rate with the change of the exhaust gas temperature when
each of the exhaust gas purifiers of the examples 1 to 3 is used.
Fig. 26 is a graph showing a change of a generation rate of hydrogen with a change of an exhaust gas temperature
when each of fuel reformers of examples 3 and 4 is used.
Fig. 27 is a graph showing a change of a generation rate of acetaldehyde with the change of the exhaust gas
temperature when each of fuel reformers of the examples 3 and 4 is used.
Fig. 28 is a graph showing a change of a NOx decrease rate with the change of the exhaust gas temperature when
each of the exhaust gas purifiers of the examples 3 and 4 is used.
Fig. 29 is a graph showing a change of generation rate of hydrogen with the change of the exhaust gas temperature
when each of fuel reformers of the examples 3 and 5 is used.
Fig. 30 is a graph showing a change of generation rate of acetaldehyde following the change of the exhaust gas
temperature when each of the fuel reformers of the examples 3 and 5.
Fig. 31 is a graph showing a change of a NOx decrease rate with the change of the exhaust gas temperature when
each of the exhaust gas purifiers of the examples 3 and 5 and a comparative example 1.
Fig. 32 is a graph showing a change of a NOx decrease rate following a change of an exhaust gas temperature
when each of exhaust gas purifiers of an example 6 and a comparative example 2.

DESCRIPTION OF EMBODIMENTS

[0043] Next, embodiments of the present invention will be described with reference to the accompanying drawings.
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<First Embodiment>

[0044] As shown in Figs. 1 and 3, a fuel reformer 13 is provided in an exhaust pipe 12 of a diesel engine 11. This fuel
reformer 13 has a carrier gas injection nozzle 17 that injects a carrier gas supplied from a carrier gas source 14, a fuel
supply nozzle 19 that supplies a fuel 18 into a tip end of the carrier gas injection nozzle 17 so that the fuel 18 is atomized
with a carrier gas injected from the carrier gas injection nozzle 17, a reforming part 22 that decomposes this atomized
fuel 18 and reforms it into a reducing gas 21, and a reducing gas supply nozzle 23 that supplies the reducing gas 21
discharged from an outlet of the reforming part 22 to the exhaust pipe 12 of the engine 11. The above-described carrier
gas injection nozzle 17, reforming part 22 and fuel supply nozzle 19 are housed in a cylindrical reformer housing 24
extending in a vertical direction, and a lower end of this reformer housing 24 is connected to an upper end of the reducing
gas supply nozzle 23. With this configuration, it becomes possible to relatively easily install the reformer housing 24 in
the exhaust pipe 12 together with the reducing gas supply nozzle 23. Also, in this embodiment, the carrier gas source
14 is a carrier gas tank (air tank) that stores the carrier gas (air) compressed by a compressor (not sown) (Fig. 2). It is
noted that the carrier gas source may also be configured by a compressor that supplies air in the atmosphere, an exhaust
gas of the engine, or a mixed gas thereof to a carrier gas heating part without using the carrier gas tank (air tank). Also,
the fuel 18, which is supplied to the fuel supply nozzle 19, is the same as a fuel supplied to the diesel engine 11.
[0045] The above-described carrier gas injection nozzle 17 is formed in a lower end of a carrier gas inflow case 26
inserted into an upper part of the reformer housing 24. An upper part of this case 26 is formed in a cylindrical shape,
and a lower part of the case 26 is formed in a funnel shape which tapers downward. Then, the configuration is made so
that the carrier gas which has flown into the carrier gas inflow case 26 is injected downward from a tip (lower end) of
the carrier gas injection nozzle 17. It is noted that a reference sign 27 in Fig. 1 indicates a carrier gas supply pipe having
a tip end connected to a lid that closes an upper surface of the reformer housing 24. A base end of this carrier gas supply
pipe 27 is connected to the carrier gas tank 14 (Fig. 3).
[0046] As shown in Figs. 1 and 2, the fuel supply nozzle 19 has a horizontal pipe part 19a that is provided to extend
from an outer peripheral surface, which is at a center in the vertical direction, of the reformer housing 24 to a center of
the reformer housing 24, a vertical pipe part 19b that is communicated with and connected to a tip end of this horizontal
pipe part 19a and provided to extend downward and that has a lower end being closed, and a plurality of supply holes
19c that are formed at intervals of predetermined angles in the same horizontal plane in a lower side surface of the
vertical pipe part 19b. In this embodiment, four supply holes 19c are formed at every 90 degrees in the same horizontal
plane on the lower side surface of the vertical pipe part 19b. By configuring the fuel supply nozzle 19 in this way, the
fuel 18 supplied to the supply holes 19c of the fuel supply nozzle 19 is blown away with the carrier gas injected from the
carrier gas injection nozzle 17 and atomized.
[0047] As shown in Fig. 2, an inclination angle θ of the carrier gas injection nozzle 17 formed in the lower end of the
carrier gas inflow case 26 is set to be in a range of from 30 to 60 degrees with respect to the horizontal plane, and
preferably from 40 to 50 degrees against the horizontal plane. Also, a distance H between a horizontal plane including
the lower end of the carrier gas injection nozzle 17 and a horizontal plane including hole centers of the supply holes 19c
of the fuel supply nozzle 19 is set to be in a range from -10 to +10 mm, and preferably from 0 to +5 mm. Furthermore,
assuming that d1 denotes an outer diameter of the vertical pipe part 19b of the fuel supply nozzle 19 and that d2 denotes
a hole diameter of the carrier gas injection nozzle 17, d1/d2 is set to be in a range of from 0.1 to 0.98, and preferably
from 0.5 to 0.8. Here, the reason why the inclination angle θ of the carrier gas injection nozzle 17 is limited in the range
of from 30 to 60 degrees is that if it is less than 30 degrees, the atomization of the fuel becomes insufficient, whereas if
it exceeds 60 degrees, atomized fuel does not spread. Also, the reason why the above-described distance H is limited
in the range of from -10 to +10 mm is that if it is less than -10 mm, the fuel cannot be atomized, and if it exceeds +10
mm, the fuel also cannot be atomized. Furthermore, the reason why d1/d2 is limited in the range of from 0.1 to 0.98 is
that if it is less than 0.1, the atomization of the fuel becomes insufficient, whereas if it exceeds 0.98, a space that
sufficiently for allowing the carrier gas to flow is not provided. It is assumed that in reference to the horizontal plane
including the lower end of the carrier gas injection nozzle 17, the above-described distance H is positive (+) if the hole
center of the supply hole 19c of the fuel supply nozzle 19 protrudes from the tip end of the nozzle 17 and that the distance
H is negative (-) if the hole center of the supply hole 19c of the fuel supply nozzle 19 is inside the nozzle 17.
[0048] Referring back to Fig. 1, in this embodiment, the reformer part 22 includes a glow plug 22a that decomposes
a part or a large part of the above-described atomized fuel 18 by heating the above-described atomized fuel 18 so as
to reform it into a reducing gas including either one or both of hydrogen and an oxygen-containing hydrocarbon. This
glow plug 22a faces the carrier gas injection nozzle 17 and the fuel supply nozzle 19 and is inserted into a lower part of
the reformer housing with a relatively large gap from the lower end of the carrier gas injection nozzle 17 and the lower
end of the vertical pipe part 19b of the fuel supply nozzle 19. This configuration is employed for the purpose of allowing
the above-described atomized fuel 18 to gradually spread downward in a relatively wide space between the fuel supply
nozzle 19 and the glow plug 22a and to substantially uniformly disperse this atomized fuel 18 in the surroundings of the
glow plug 22a.
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[0049] As shown in Fig. 3, the fuel reformer 13 is incorporated into the exhaust gas purifier of the diesel engine 11.
This exhaust gas purifier includes a selective reduction catalyst 31 provided in the exhaust pipe 12 of the engine 11 and
the above-described fuel reformer 13 having the reducing gas supply nozzle 23 extending into the exhaust pipe 12 on
an upstream side of the selective reduction catalyst 31. The above-described selective reduction catalyst 31 is housed
in a case 34 having a diameter larger than the exhaust pipe 12 and is configured so that NOx in the exhaust gas can
be reduced to N2. The selective reduction catalyst 31 is a monolith catalyst and is configured by coating a cordierite
honeycomb carrier with a zeolite or alumina. Examples of the zeolite include silver-zeolite, copper-zeolite, iron-zeolite,
and the like. The selective reduction catalyst 31 including silver-zeolite, copper-zeolite, or iron-zeolite is configured by
coating a honeycomb carrier with a slurry containing a zeolite powder having been ion-exchanged with silver, copper
or iron. Also, the selective reduction catalyst 31 including silver-alumina, copper-alumina, or iron-alumina is configured
by coating a honeycomb carrier with a slurry containing a γ-alumina powder or θ-alumina powder having silver, copper
or iron supported thereon. It is noted that the above-described cordierite honeycomb carrier may be a metal carrier
formed of stainless steel. Furthermore, the reducing gas supply nozzle 23 is attached to the exhaust pipe 12 of the
engine 11 (Figs. 1 and 3). The reducing gas supply nozzle 23 including a nozzle main body 23a formed in a cylindrical
shape and a flange part 23b formed on an upper end of this nozzle main body 23a in an integral manner with the nozzle
main body 23a (Fig. 1). A lower plane of the nozzle main body 23a is formed in an inclined plane so that a length of the
nozzle main body 23a becomes gradually short from the exhaust gas upstream side toward the exhaust gas downstream
side. The flange part 23b is attached to a flange part 12a provided in the exhaust pipe 12.
[0050] Meanwhile, the fuel reformer 13 further includes a fuel supply pipe 36 having a tip end connected to the fuel
supply nozzle 19; a fuel tank 37 that is connected to a base end of this fuel supply pipe 36 and that stores the fuel 18,
a fuel supply pump 38 that forcedly supplies the fuel 18 in this fuel tank 37 to the fuel supply nozzle 19, a fuel supply
amount regulation valve 39 that regulates a supply amount of the fuel 18, which is supplied from the fuel supply nozzle
19 to the tip end of the carrier gas injection nozzle 17, and a carrier gas flow rate regulation valve 41 provided in the
carrier gas supply pipe 27, which connecting the carrier gas tank 14 and the carrier gas inflow case 26 (Figs. 1 and 3).
The above-described fuel supply pump 38 is provided in the fuel supply pipe 36 between the fuel supply nozzle 19 and
the fuel tank 37, and the fuel supply amount regulation valve 39 is provided in the fuel supply pipe 36 between the fuel
supply nozzle 19 and the fuel supply pump 38. Furthermore, the fuel supply amount regulation valve 39 includes a fuel
pressure regulation valve 42 that regulates a supply pressure of the fuel 18 to the fuel supply nozzle 19 provided in the
fuel supply pipe 36 and a fuel on-off valve 43 that is provided in the base end of the fuel supply nozzle 19 and that opens
and closes the base end of the fuel supply nozzle 19.
[0051] The fuel pressure regulation valve 42 includes first to third ports 42a to 42c, the first port 42a is connected to
a discharge port of the fuel supply pump 38, the second port 42b is connected to the fuel on-off valve 43, and the third
port 42c is connected to the fuel tank 37 by a return pipe 44. The fuel 18 forcedly supplied by the fuel supply pump 38
flows from the first port 42a into the fuel pressure regulation valve 42 and is forcedly supplied from the second port 42b
to the fuel on-off valve 43. Also, if the pressure at the fuel pressure regulation valve 42 reaches a predetermined pressure
or more, the fuel 18 forcedly supplied by the fuel supply pump 38 flows from the first port 42a into the fuel pressure
regulation valve 42, and thereafter, the fuel 18 goes through the third port 42c and the return pipe 44 and is returned to
the fuel tank 37. Furthermore, the carrier gas flow rate regulation valve 41 is configured so as to be able to regulate the
flow rate of the carrier gas supplied from the carrier gas tank 14 to the carrier gas inflow case 26.
[0052] Meanwhile, an air intake pipe 47 is connected to an air intake port of the diesel engine 11 via an air intake
manifold 46, and the exhaust pipe 12 is connected to an exhaust port of the diesel engine 11 via an exhaust manifold
48 (Fig. 3). A compressor housing 49a of a turbo supercharger 49 and an inter cooler 51 that cools the intake air
compressed by the turbo supercharger 49 are provided in the air intake pipe 47, and a turbine housing 49b of the turbo
supercharger 49 is provided in the exhaust pipe 12. A compressor blade (not shown) is housed in a rotatable manner
in the compressor housing 49a, and a turbine blade (not shown) is housed in a rotatable manner in the turbine housing
49b. The configuration is made so that the compressor blade and the turbine blade are connected to each other by a
shaft (not shown), the compressor blade is rotated via the shaft and the turbine blade by the energy of the exhaust gas
discharged from the engine 11, and the intake air in the air intake pipe is compressed by means of the rotation of this
compressor blade.
[0053] An exhaust gas temperature sensor 53 that detects an exhaust gas temperature at an inlet of the selective
reduction catalyst 31 is inserted into the case 34 on the exhaust gas inlet side of the selective reduction catalyst 31 (Fig.
3). Also, a rotational speed of the engine 11 is detected by a rotation sensor 54, and a load of the engine 11 is detected
by a load sensor 56. Each of detection outputs of the exhaust gas temperature sensor 53, the rotation sensor 54, and
the load sensor 56 is connected to a control input of a controller 57, and control outputs of the controller 57 are connected
to the glow plug, the fuel supply pump 38, the carrier gas flow rate regulation valve 41, and the fuel on-off valve 43,
respectively. A memory 58 is provided in the controller 57. This memory 58 stores, in advance, the number of times the
fuel on-off valve 43 opens and closes per unit time, presence or absence of actuation of the fuel supply pump 38, and
the opening degree of the carrier gas flow rate regulation valve 41, according to the exhaust gas temperature at the inlet
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of the selective reduction catalyst 31, the engine rotational speed, and the engine load. Also, the memory 58 stores, as
a map, a change of the flow rate of NOx in the exhaust gas discharged from the engine 11 on the basis of changes of
the engine rotational speed and the engine load, respectively. It is noted that in this embodiment, the exhaust gas
temperature sensor is inserted into the case on the exhaust gas inlet side of the selective reduction catalyst. However,
so long as the temperature related to the selective reduction catalyst can be detected, the exhaust gas temperature
sensor may be inserted into the case on the exhaust gas outlet side of the selective reduction catalyst, or may be inserted
into the case on the exhaust gas inlet side and exhaust gas outlet side of the selective reduction catalyst, respectively.
[0054] An operation of the exhaust gas purifier having the thus configured fuel reformer 13 will be described. When
the engine 11 is started, the controller 57 opens the carrier gas flow rate regulation valve 41 at a predetermined opening
degree and energizes the glow plug 22a, to thereby heat the glow plug 22a. Then, if the exhaust gas temperature sensor
53 detects that an inlet temperature of the selective reduction catalyst 31 has increased to, for example, a relatively low
temperature, for example, 200 °C, the controller 57 acquires each of detection outputs of the engine rotational speed
and the engine load, which are detected by the rotation sensor 54 and the load sensor 56, determines a NOx amount
in the exhaust gas with respect to the respective detection outputs of the engine rotational speed and the engine load
based on the map, and supplies the fuel 18 according to this NOx amount to the supply holes 19c of the fuel supply
nozzle 19. That is, the controller 57 drives the fuel supply pump 38 on the basis of the respective detection outputs of
the rotation sensor 54 and the load sensor 56 and repeats opening and closing of the fuel on-off valve 43 in a predetermined
duty ratio, to thereby supply the fuel 18 according to the NOx amount to the supply holes 19c of the fuel supply nozzle 19.
[0055] The fuel 18 supplied to the supply holes 19c of the fuel supply nozzle 19 is blown away with the carrier gas
injected from the carrier gas injection nozzle 17 and atomized, and its temperature increases by means of mixing with
the high-temperature carrier gas. Then, the above-described atomized fuel 18 gradually spreads downward in the rel-
atively wide space between the fuel supply nozzle 19 and the glow plug 22a and is substantially uniformly dispersed in
the reformer housing 24. Therefore, the part or the large part of this substantially uniformly dispersed and atomized fuel
18 is heated by the flow plug 22a, decomposed as expressed in the following formulae (1) and (2), and reformed into
the reducing gas 21 such as hydrogen (H2), an oxygen-containing hydrocarbon (HCHO), and carbon monoxide (CO).

CH2 + 0.5O2 → H2 + CO (1)

CH2 + 0.5O2 → HCHO (2)

[0056] Each of the above formulae (1) and (2) expresses a chemical reaction formula in which the fuel 18 is decomposed
into the reducing gas 21. It is noted that the large part of the reducing gas 21 resulting from the reformation by the glow
plug 22a is hydrogen (H2), and the oxygen-containing hydrocarbon (HCHO) is extremely scarce.
[0057] In this way, the fuel 18 is heated and decomposed by the glow plug 22a, and reformed into the reducing gas
21, and thereafter, this reducing gas 21 is supplied from the reducing gas supply nozzle 23 to the exhaust pipe 12. Then,
when a hydrogen gas (H2) as the reducing gas 21 flows into the selective reduction catalyst 31 together with the exhaust
gas, the hydrogen gas (H2) functions as a reducing agent that reduces NOx (NO, NO2) in the exhaust gas, and NOx in
the exhaust gas is rapidly reduced to N2 as expressed in the following formula (3).

NO + NO2 + 3H2 → N2 + 3H2O (3)

[0058] The above formula (3) expresses a chemical reaction formula in which NO and NO2 in the exhaust gas react
with the hydrogen gas (H2) in the presence of the selective reduction catalyst 31, whereby NO and NO2 are reduced to
N2. As a result, NOx can be efficiently decreased in a wide temperature range where the exhaust gas temperature is
from a relatively low temperature to a high temperature.

<Second Embodiment>

[0059] Fig. 4 shows a second embodiment of the present invention. In Fig. 4, the same reference signs as those in
Fig. 1 indicate the same components. In this embodiment, a reforming part 72 includes the same glow plug 22a as that
in the first embodiment and a reforming catalyst 72b provided between this glow plug 22a and the reducing gas supply
nozzle 23, at a predetermined distance from the glow plug 22a. An inlet of the reforming catalyst 72b is provided to face
the glow plug 22a and disposed below the glow plug 22a at the predetermined distance from the glow plug 22a. Also,
the reforming catalyst 72b is a monolith catalyst and is configured by coating a cordierite honeycomb carrier with rhodium
(Rh) or ruthenium (Ru). The reforming catalyst 72b including rhodium is configured by coating a honeycomb carrier with
a slurry containing a rhodium powder. Also, the reforming catalyst 72b including ruthenium is configured by coating a
honeycomb carrier with a slurry containing a ruthenium powder. It is noted that the above-described cordierite honeycomb
carrier may be a metal carrier formed of stainless steel. The above-described reforming catalyst 72b is configured so
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that a part or a large part of the remaining atomized fuel 18, which has not been reformed by the glow plug 22a, is
decomposed and reformed into a reducing gas including either or both of hydrogen and an oxygen-containing hydro-
carbon. Except what is described above, the configuration is the same as that in the first embodiment.
[0060] In the exhaust gas purifier having a thus configured fuel reformer 73, by injecting the carrier gas, which is
supplied from the carrier gas source, from the carrier gas injection nozzle 17 and atomizing the fuel 18 supplied from
the fuel supply nozzle 19 with the carrier gas injected from the above-described carrier gas injection nozzle 17, a part
of or a residue of this atomized fuel 18 is heated and decomposed by the glow plug 22a and reformed into a reducing
gas, and thereafter, a part or a large part of the remaining atomized fuel 18 is decomposed with the reforming catalyst
72b and reformed into a reducing gas. As a result, the fuel 18 can be efficiently reformed into a reducing gas. Also, the
glow plug 22a is provided apart from the reforming catalyst 72b without being in contact with the reforming catalyst 72b
or without being in vicinity of the reforming catalyst 72b, and therefore, deterioration of the reforming catalyst 72b can
be prevented. The operations other than those described above are substantially the same as those in the first embod-
iment, and therefore, redundant description thereon will be omitted.

<Third Embodiment>

[0061] Figs. 5 to 7 show a third embodiment of the present invention. In Fig. 5, the same reference signs as those in
Fig. 1 indicate the same components. In this embodiment, a fuel vaporizer 91 that vaporizes a part or a large part of the
fuel 18 by heating is provided between the fuel tank and the fuel supply nozzle 19. As shown in Figs. 6 and 7, this fuel
vaporizer 91 has a hermetically sealed cylindrical vaporization case 92, an oxidation catalyst 95 housed in this vaporization
case 92, a fuel passageway 94 provided helically between an inner peripheral surface of the vaporization case 92 and
an outer peripheral surface of the oxidation catalyst 95, and a heater 96 that is helically arranged so as to surround the
fuel passageway 94 and that is embedded in a wall of the vaporization case 92. The vaporization case 92 includes a
case main body 97 having a rectangular cylindrical shape and having an opened upper end and a closed lower end, a
lid 98 that has a rectangular plate shape, that is detachably attached to the open end of the case main body 97, and
that closes the open end of the case main body 97 in an openable manner, and a fuel storage part 99 that is attached
to an upper outer peripheral surface of the case main body 97 and that temporarily stores the liquid fuel 18 which is to
flow into the vaporization case 92.
[0062] A catalyst housing part 97a that houses the oxidation catalyst 95 is formed in the inside of the case main body
97, and a relatively shallow lower recessed part 97b having a diameter smaller than an inner diameter of the catalyst
housing part 97a is formed on a bottom surface of this catalyst housing part 97a. Also, a recessed groove 97c helically
extending from the upper part of the vaporization case 92 toward the lower portion of the vaporization case 92 is formed
on the inner peripheral surface of the vaporization case 92. The above-described fuel passageway 94 is formed by the
recessed groove 97c of the case main body 97 and the outer peripheral surface of the oxidation catalyst 95 in a state
where the oxidation catalyst 95 is housed in the catalyst housing part 97a. An upper end of the above-described recessed
groove 97c is connected to an inlet hole 97d formed on an upper outer peripheral surface of the case main body 97,
and a lower end of the recessed groove 97c is connected to an outlet groove 97e extending to the above-described
lower recessed part 97b. Furthermore, the fuel storage part 99 is attached to the upper outer peripheral surface of the
case main body 97 so that its inside is communicated with the inlet hole 97d, and a supply short pipe 104 that allows
the liquid fuel 18 to pass through the fuel storage part 99 and the inlet hole 97d and flow into the fuel passageway 94 is
connected to an outer side surface of the fuel storage part 99.
[0063] Meanwhile, the oxidation catalyst 95 is a monolith catalyst and is configured by coating a cordierite honeycomb
carrier with a zeolite or alumina. Examples of the zeolite include rhodium-zeolite, platinum-zeolite, palladium-zeolite,
and the like. The oxidation catalyst 95 including rhodium-zeolite, platinum-zeolite, or palladium-zeolite is configured by
coating a honeycomb carrier with a slurry containing a zeolite powder having been ion-exchanged with rhodium, platinum
or palladium. Also, the oxidation catalyst 95 including rhodium-alumina, platinum-alumina, or palladium-alumina is con-
figured by coating a honeycomb carrier with a slurry containing a γ-alumina powder or θ-alumina powder having rhodium,
platinum or palladium supported thereon. When the vaporized fuel and the misted fuel are supplied to this oxidation
catalyst 95, a part of this vaporized fuel is burnt with the oxidation catalyst 95, and the above-described misted fuel is
vaporized. Also, a relatively shallow upper recessed part 98a having a diameter smaller than the inner diameter of the
catalyst housing part 97a is formed on the lower surface of the lid 98, and an outlet hole 98b communicated with the
upper recessed part 98a is formed on the side face of the lid 98. A discharge short pipe 105 that discharges the fuel
vaporized with the oxidation catalyst 95 and/or the fuel, which is still in a liquid state, is connected to this outlet hole 98b.
[0064] The above-described vaporization case 92 is formed of a metal having a relatively high heat conductivity that
is in a range of from 15 to 17 W/(m·K), such as SUS316, SUS304, Inconel (registered trademark, manufactured by
Huntington Alloys Canada Limited), etc. Also, as for the heater 96, it is preferable to use a so-called sheathed heater
which is configured by loosely inserting a heating element such as a nichrome wire into a metal sheath (metal ultrafine
pipe) and filling a powder of a high-purity inorganic insulating material in a space between the metal sheath and the
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heating element. Furthermore, the case main body 97 and the lid 98 of the vaporization case 92 are covered by a heat
insulation case 107 filled with a heat insulating material 106. With this configuration, dissipation of the heat generated
by the heater 96 can be suppressed. It is noted that in Figs. 6 and 7, reference signs 96a and 96b indicate terminals of
the heater 96. Also, a pressure sensor 103 and a first temperature sensor 101 that detect an inlet pressure and an inlet
temperature of the fuel vaporizer 91, namely the pressure and the temperature of the fuel 18 immediately before it flows
into the fuel passageway 94, are respectively provided in the fuel storage part 99 of the fuel vaporizer 91. Also, in the
lower recessed part 97b of the vaporization case 92 of the fuel vaporizer 91, a second temperature sensor 102 that
detects the temperature of the fuel 18 discharged from the fuel passageway 94, namely the fuel 18 heated and vaporized
by the heater 96 and the misted fuel 18 is provided. Furthermore, the engine is provided with a rotation sensor that
detects a rotational speed of the engine and a load sensor that detects a load of the engine. Each of detection outputs
of the pressure sensor 103, the first temperature sensor 101, the second temperature sensor 102, the exhaust gas
temperature sensor (sensor that detects an exhaust gas temperature at the inlet of the selective reduction catalyst), the
rotation sensor, and the load sensor is connected to a control input of the controller, and control outputs of the controller
are connected to the glow plug 22a, the heater 96, the fuel supply pump, the carrier gas flow rate regulation valve, and
the fuel on-off valve, respectively.
[0065] Also, a memory is provided in the controller. The memory stores, in advance, the number of times the fuel on-
off valve opens and closes per unit time, presence or absence of actuation of the fuel supply pump, and the opening
degree of the carrier gas flow rate regulation valve, according to the exhaust gas temperature at the inlet of the selective
reduction catalyst, the engine rotational speed, and the engine load. Also, the memory stores, as a map, a change of
the flow rate of NOx in the exhaust gas discharged from the engine based on a change of each of the engine rotational
speed and the engine load. Furthermore, the memory stores, as a map, a change of the generation rate of the fuel gas
(vaporized fuel 18) according to the inlet pressure of the fuel vaporizer 91, the temperature in the fuel passageway 94,
and the flow rate of the fuel gas (vaporized fuel 18) discharged from the oxidation catalyst 95. If a partial pressure of the
fuel 18, which has been heated and vaporized by the heater 96 is higher, the vaporization of the fuel 18 with the oxidation
catalyst 95 can be more promoted. Therefore, the inlet pressure of the fuel vaporizer 91 is set to be relatively high and
to be in a range of from 30 to 100 kPa. For that reason, the vaporization case 92 is manufactured so as to have a
pressure resistance. It is noted that the heating efficiency of the fuel 18 by the heater 96 can be detected by a temperature
difference between the respective detection outputs of the first and second temperature sensors 101 and 102. Except
what is described above, the configuration is the same as that in the first embodiment.
[0066] An operation of the exhaust gas purifier having a thus configured fuel reformer 93 will be described. When the
engine is started, the controller turns on the heater 96 on the basis of the respective detection outputs of the exhaust
gas temperature sensor, the rotation sensor, and the load sensor and also gradually increases the rotational speed of
the fuel supply pump. If the pressure sensor 103 detects that the inlet pressure of the fuel vaporizer 91 has reached a
predetermined pressure (for example, 30 kPa), the fuel supply pump is caused to rotate at the rotational speed at that
time, to thereby keep the inlet pressure of the fuel vaporizer 91 at the above-described predetermined pressure. If the
first and second sensors 101 and 102 detect, in this state, that the temperature of the fuel 18 in the fuel passageway
94 has reached a predetermined temperature, the controller opens or closes the fuel on-off valve at a predetermined
number of times per unit time, a predetermined opening time period, and a predetermined closing time. Thereby, a part
or a large part of the liquid fuel 18 which has flown into the fuel passageway 94 is heated by the heater 96 and vaporized
or misted, and a part of the vaporized fuel 18 is burnt with the oxidation catalyst 95 to thereby vaporize the misted fuel
18. This vaporized fuel 18 is uniformly mixed with the carrier gas injected from the carrier gas injection nozzle 17 to
constitute a fuel gas, and the fuel 18 which is still in a liquid state is atomized with the carrier gas injected from the carrier
gas injection nozzle 17. As a result, the fuel gas containing the atomized fuel 18 is decomposed by the reforming part
72 and rapidly reformed into a reducing gas, and therefore, the fuel 18 can be more efficiently reformed into the reducing
gas. The operations other than those described above are substantially the same as those in the first embodiment, and
therefore, redundant description thereon will be omitted.

<Fourth Embodiment>

[0067] Figs. 8 to 11 show a fourth embodiment of the present invention. In Figs. 8, 10 and 11, the same reference
signs as those in Figs. 1 to 3 indicate the same components. In this embodiment, a fuel reformer 113 includes a carrier
gas heating part 116 that heats the carrier gas supplied from the carrier gas source 14, the carrier gas injection nozzle
17 that injects the carrier gas heated by the carrier gas heating part 116; the fuel supply nozzle 19 that supplies the fuel
18 to the tip end of the carrier gas injection nozzle 17 so that the fuel 18 is atomized with the carrier gas injected from
the carrier gas injection nozzle 17, a reforming part 122 that decomposes this atomized fuel 18 and that reforms this
atomized fuel 18 into the reducing gas 21, and the reducing gas supply nozzle 23 that supplies the reducing gas 21,
which is discharged from an outlet of the reforming part 122, to the exhaust pipe 12 of the engine 11. The above-described
carrier gas heating part 116, carrier gas injection nozzle 17, reforming part 122 and fuel supply nozzle 19 are housed
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in a cylindrical reformer housing 124 that extends in the vertical direction, and a lower end of this reformer housing 124
is connected to the upper end of the reducing gas supply nozzle 23. This reformer housing 124 has a diameter larger
than the reformer housing of the first embodiment and is formed in a long cylindrical shape.
[0068] Meanwhile, the carrier gas heating part 116 includes a coil holding part 116a that is formed in a columnar
shape, that extends in the vertical direction, and that is integrally formed with a stepped flange 116b in an upper end
thereof, a heating coil 116c that is embedded so as to extend along an outer peripheral surface of this coil holding part
116a and not to be exposed on the outer peripheral surface of this coil holding part 116a, and a carrier gas passage coil
116d helically wound around the outer peripheral surface of the coil holding part 116a (Fig. 8). The coil holding part 116a
is formed of a metal having a relatively high heat conductivity that is in a range of from 15 to 17 W/(m·K), such as SUS316,
Inconel (registered trademark, manufactured by Special Metals Corporation), etc. Also, although illustration is omitted,
the heating coil 116c is configured by loosely inserting a heating element such as a nichrome wire into a metal sheath
(metal ultrafine pipe) and filling a powder of a high-purity inorganic insulating material in a space between the metal
sheath and the heating element. Here, although illustration is omitted, as for a method for embedding the heating coil
116c in the coil holding part 116a, there are a method in which a first holding part having a columnar shape and having
a diameter slightly smaller than the coil holding part 116a is prepared, a helical recessed groove capable of housing the
heating coil therein is formed on an outer peripheral surface of this first holding part, the heating coil is housed in this
helical recessed groove, and a second holding part having a cylindrical shape and having the same outer diameter as
the coil holding part is fitted to the first holding part; and the like. Also, a carrier gas passage coil 116d is formed by
helically winding a metal wire material having a relatively high heat conductivity which is in a range of from 15 to 17
W/(m·K), such as SUS316, SUS304, or Inconel, around the outer peripheral surface of the coil holding part 116a. The
above-described carrier gas passage coil 116d is helically wound at a predetermined interval D (Fig. 9) between metal
wire materials adjacent to each other, and according to this, a carrier gas passage 116e in which the carrier gas flows
helically along the outer peripheral surface of the coil holding part 116a is formed. That is, the configuration is made so
that a space formed by providing the predetermined intervals D forms the carrier gas passage 116e through which the
carrier gas flows.
[0069] The above-described carrier gas heating part 116 is housed in an upper part of a heating part case 126 which
has the upper part formed in a cylindrical shape and a lower part formed in a funnel shape which tapers downward, and
this heating part case 126 is inserted into an upper part of the reformer housing 124. Also, when the carrier gas heating
part 116 is housed in the heating part case 126, a space T (Fig. 9) that is in a range of from 0.4 to 0.5 mm is formed
between the outer peripheral surface of the carrier gas passage coil 116d and the inner peripheral surface of the heating
part case 126. Here, the reason why the above-described space T is limited in the range of from 0.4 to 0.5 mm is that
if the space T is less than 0.4 mm, the heat which has been generated in the heating coil 116c and conducted to the
carrier gas passage coil 116d through the coil holding part 116a is conducted to the heating part case 126 and dissipated,
whereas if the space T exceeds 0.5 mm, a large part of the carrier gas does not flow within the helical carrier gas passage
116e but flows through the space T, so that the carrier gas cannot be sufficiently heated in the carrier gas heating part
116. Also, the configuration is made so that the carrier gas injection nozzle 17 is formed in a lower end of the heating
part case 126, and the carrier gas heated in the carrier gas heating part 116 is injected downward from a tip end (lower
end) of this carrier gas injection nozzle 17. It is noted that a reference sign 127 in Fig. 8 indicates a carrier gas supply
pipe having a tip end connected to the reformer housing 124 and the upper part of the heating part case 126. A base
end of this carrier gas supply pipe 127 is connected to the carrier gas tank 14.
[0070] The fuel supply nozzle 19 is configured in the same manner as that in the fuel supply nozzle of the first
embodiment. Also, similar to the first embodiment, as shown in Figs. 8 and 10, the inclination angle θ of the carrier gas
injection nozzle 17 formed in the lower end of the heating part case 126 is set to be in the range of from 30 to 60 degrees
with respect to the horizontal plane, and preferably from 40 to 50 degrees with respect to the horizontal plane. Also,
similar to the first embodiment, the distance H between the horizontal plane including the lower end of the carrier gas
injection nozzle 17 and the horizontal plane including hole centers of the supply holes 19c of the fuel supply nozzle 19
is set to be in the range from -10 to +10 mm, and preferably from 0 to +5 mm. Furthermore, similar to the first embodiment,
assuming that d1 denotes the outer diameter of the vertical pipe part 19b of the fuel supply nozzle 19 and that d2 denotes
the hole diameter of the carrier gas injection nozzle 17, d1/d2 is set to be in the range of from 0.1 to 0.98, and preferably
from 0.5 to 0.8.
[0071] As shown in Fig. 8, the reforming part 122 includes a reforming catalyst 122a. An inlet of the reforming catalyst
122a is provided to face the carrier gas injection nozzle 17 and the fuel supply nozzle 19 and below the lower end of
the carrier gas injection nozzle 17 and the lower end of the vertical pipe part 19b of the fuel supply nozzle 19 at a relatively
large distance from the lower end of the carrier gas injection nozzle 17 and the lower end of the vertical pipe part 19b
of the fuel supply nozzle 19. This configuration is employed for the purposes of allowing the above-described atomized
fuel 18 to gradually spread downward in a relatively wide space between the fuel supply nozzle 19 and the reforming
catalyst 122a and disperse this atomized fuel 18 substantially uniformly over the entire inlet surface (upper surface) of
the reforming catalyst 122a. Also, the reforming catalyst 122a is a monolith catalyst and is configured by coating a
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cordierite honeycomb carrier with rhodium (Rh) or ruthenium (Ru). The reforming catalyst 122a including rhodium is
configured by coating a honeycomb carrier with a slurry containing a rhodium powder. Also, the reforming catalyst 122a
including ruthenium is configured by coating a honeycomb carrier with a slurry containing a ruthenium powder. It should
be noted that the above-described cordierite honeycomb carrier may be a metal carrier formed of stainless steel. Fur-
thermore, similar to the first embodiment, the reducing gas supply nozzle 23 is attached to the exhaust pipe 12 of the
engine 11.
[0072] The fuel reformer 113 is incorporated into the exhaust gas purifier of the diesel engine 11. This exhaust gas
purifier is configured in the same manner as that in the gas purification apparatus of the first embodiment. Meanwhile,
a carrier gas temperature sensor 132 that detects a temperature of the carrier gas at an outlet of the carrier gas heating
part 116 is inserted into the reformer housing 124 on the outlet side of the carrier gas heating part 116 (Fig. 8). Each of
detection outputs of the carrier gas temperature sensor 132, the exhaust gas temperature sensor 53, the rotation sensor
54, and the load sensor 56 is connected to the control input of the controller 57, and control outputs of the controller 57
are connected to the heating coil 116c, the fuel supply pump 38, the carrier gas flow rate regulation valve 41, and the
fuel on-off valve 43, respectively. The memory 58 is provided in the controller 57. The memory 58 stores, in advance,
the number of times the fuel on-off valve 43 opens and closes per unit time, presence or absence of actuation of the
fuel supply pump 38, and the opening degree of the carrier gas flow rate regulation valve 41, according to the carrier
gas temperature at the outlet of the carrier gas heating part 116, the exhaust gas temperature at the inlet of the selective
reduction catalyst 31, the engine rotational speed, and the engine load. Also, the memory 58 stores, as a map, a change
of the flow rate of NOx in the exhaust gas discharged from the engine 11 based on a change of each of the engine
rotational speed and the engine load is stored. Except what is described above, the configuration is the same as that in the

first embodiment.

[0073] An operation of the exhaust gas purifier having the thus configured fuel reformer 113 will be described. When
the engine 11 is started, the controller 57 repeats energization and non-energization every certain time period on the
heating coil 116c of the carrier gas heating part 116 and opens the carrier gas flow rate regulation valve 41 at a prede-
termined opening degree. Immediately after the start of the engine 11, the outlet temperature of the carrier gas heating
part 116 is an extremely scarce temperature which is about room temperature, and if the carrier gas temperature sensor
132 detects this temperature which is about room temperature, the controller 57 regulates a duty ratio of an energizing
time period for the heating coil 116c and a non-energizing time period for the heating coil 116c on the basis of a detection
output of the carrier gas temperature sensor 132, to thereby making the energizing time for the heating coil 116c be
longer than the non-energizing time for the heating coil 116c. When the carrier gas flow rate regulation valve 41 is
opened, and energization and non-energization for the heating coil 116c are repeated, the carrier gas in the carrier gas
tank 14 is supplied to the carrier gas passage 116e of the carrier gas heating part 116. This carrier gas reaches the
carrier gas injection nozzle 17 drawing the heat, which is generated by the heating coil 116c and conducted to the coil
holding part 116a and the carrier gas passage coil 116d, during a course of flowing through the carrier gas passage
116e. Since the above-described carrier gas passage 116e is sufficiently long, the carrier gas can be sufficiently heated
by the carrier gas heating part 116. Also, the fuel 18 does not flow in the carrier gas passage 116e but only the carrier
gas flows therein, and therefore, the fuel 18 does not adhere onto an inner wall of the carrier gas passage 116e, and
the carrier gas smoothly flows in the carrier gas passage 116e. According to this, the outlet temperature of the carrier
gas heating part 116 gradually increases.
[0074] If the carrier gas temperature sensor 132 detects that the outlet temperature of the carrier gas heating part 116
has reached, for example, 600 °C, the controller 57 regulates a duty ratio of the energizing time period for the heating
coil 116c and the non-energizing time period for the heating coil 116c, to thereby keep the outlet temperature of the
carrier gas heating part 116 at a predetermined temperature which is 600 °C or higher. Also, if the exhaust gas temperature
sensor 53 detects that the inlet temperature of the selective reduction catalyst 31 has increased to, for example, a
relatively low temperature, for example, 200 °C, the controller 57 acquires the detection outputs of the engine rotational
speed and the engine load detected by the rotation sensor 54 and the load sensor 56, determines a NOx amount in the
exhaust gas with respect to each of the detection outputs of the engine rotational speed and the engine load based on
the map, and supplies the fuel 18 according to this NOx amount to the supply holes 19c of the fuel supply nozzle 19.
That is, the controller 57 drives the fuel supply pump 38 on the basis of the respective detection outputs of the rotation
sensor 54 and the load sensor 56 and also repeats opening and closing of the fuel on-off valve 43 in a predetermined
duty ratio, to thereby supply the fuel 18 according to the NOx amount to the supply holes 19c of the fuel supply nozzle 19.
[0075] The fuel 18 supplied to the supply holes 19c of the fuel supply nozzle 19 is blown away with the carrier gas
injected from the carrier gas injection nozzle 17 and atomized, and also, its temperature increases by means of mixing
with the high-temperature carrier gas. Then, the above-described atomized fuel 18 gradually spreads downward in the
relatively wide space between the fuel supply nozzle 19 and the reforming catalyst 122a and is substantially uniformly
dispersed over the entire inlet surface (upper surface) of the reforming catalyst 122a. Therefore, the large part of this
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substantially uniformly dispersed and atomized fuel 18 is decomposed with the reforming catalyst 122a as expressed
in the following formulae (1) and (2) and reformed into the reducing gas 21 such as hydrogen (H2), an oxygen-containing
hydrocarbon (HCHO), and carbon monoxide (CO).

CH2 + 0.5O2 → H2 + CO (1)

CH2 + 0.5O2 → HCHO (2)

[0076] Each of the foregoing formulae (1) and (2) expresses a chemical reaction formula in which the fuel 18 is
decomposed into the reducing gas 21. Here, since the temperature of the atomized fuel 18 immediately before it flows
into the reforming catalyst 122a is kept at the predetermined temperature which is 600 °C or higher, the reformation
efficiency of the atomized fuel 18 with the reforming catalyst 122a into the reducing gas 21 can be enhanced. It should
be noted that a large part of the reducing gas 21 resulting from the reformation with the reforming catalyst 122a is
hydrogen (H2), and the oxygen-containing hydrocarbon (HCHO) is extremely scarce.
[0077] In this way, the fuel 18 is decomposed by the fuel reformer 113 and reformed into the reducing gas 21, and
thereafter, this reducing gas 21 is supplied from the reducing gas supply nozzle 23 to the exhaust pipe 12. Then, when
the hydrogen gas (H2) as the reducing gas 21 flows into the selective reduction catalyst 31 together with the exhaust
gas, the hydrogen gas (H2) functions as the reducing agent which reduces NOx (NO and NO2) in the exhaust gas, and
NOx in the exhaust gas is rapidly reduced to N2 as expressed in the following formula (3).

NO + NO2 + 3H2 → N2 + 3H2O (3)

[0078] The foregoing formula (3) expresses a chemical reaction formula in which N and NO2 in the exhaust gas react
with the hydrogen gas (H2) in the presence of the selective reduction catalyst 31, whereby NO and NO2 are reduced to
N2. As a result, NOx can be efficiently decreased in a wide temperature range where the exhaust gas temperature is in
a range of from a relatively low temperature to a high temperature.

<Fifth Embodiment>

[0079] Figs. 12 to 14 show a fifth embodiment of the present invention. In Figs. 12 and 13, the same reference signs
as those in Figs. 8 and 11 indicate the same components. In this embodiment, a bypass pipe 154 that bypasses the
reforming part 122 is provided, and a circulation pump 156 that returns the reducing gas discharged from the reforming
part 122 and the atomized fuel 18 to just before the carrier gas injection nozzle 17 is provided in the bypass pipe 154.
One end (lower end) of the bypass pipe 154 is connected to the reformer housing 124 below the reforming catalyst 122a,
and the other end (upper end) of the bypass pipe 154 is horizontally inserted into the reformer housing 124 and a lower
part (funnel shaped proportion) of the heating part case 126 that are between the carrier gas heating part 116 and the
carrier gas injection nozzle 17. Also, a temperature on the inlet side of the reforming part 122 is detected by a first
reforming part temperature sensor 151, and a temperature on the outlet side of the reforming part 122 is detected by a
second reforming part temperature sensor 152. Also, an oxygen concentration on the inlet side of the reforming part is
detected by a first λ sensor, and an oxygen concentration on the outlet side of the reforming part is detected by a second
λ sensor. Furthermore, each of detection outputs of the first reforming part temperature sensor 151, the second reforming
part temperature sensor 152, the first λ sensor 161, the second λ sensor 162, the carrier gas temperature sensor 132,
the exhaust gas temperature sensor 53, the rotation sensor 54, and the load sensor 56 is connected to the control input
of the controller 57, and control outputs of the controller 57 are connected to the circulation pump 156, the heating coil
116c, the fuel supply pump 38, the carrier gas flow rate regulation valve 41, and the fuel on-off valve 43, respectively.
[0080] The memory 58 is provided in the controller 57. Also, the memory 58 stores, in advance, the number of times
the fuel on-off valve 43 opens and closes per unit time, presence or absence of actuation of the fuel supply pump 38,
and the opening degree of the carrier gas flow rate regulation valve 41, according to the carrier gas temperature at the
outlet of the carrier gas heating part 116, the exhaust gas temperature at the inlet of the selective reduction catalyst 31,
the engine rotational speed, and the engine load. Also, the memory 58 stores, as maps, a change of the flow rate of the
carrier gas injected from the carrier gas injection nozzle 17, a change of the flow rate of the fuel 18 supplied from the
fuel supply nozzle 19 to the tip end of the carrier gas injection nozzle 17, and a change of the circulation flow rate of the
reducing gas containing the atomized fuel flowing through the bypass pipe 154 which are based on changes of the
engine rotational speed and the engine load. Furthermore, the memory 58 stores, as a map, a change of the flow rate
of NOx in the exhaust gas discharged from the engine 11 based on a change of each of the engine rotational speed
and the engine load. Except what is described above, the configuration is the same as that in the first embodiment.
[0081] An operation of the exhaust gas purifier having a thus configured fuel reformer 153 will be described with
reference to a flowchart of Fig. 14. When the engine 11 is started, the controller 57 acquires the flow rate of the carrier
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gas injected from the carrier gas injection nozzle 17, the flow rate of the fuel 18 supplied from the fuel supply nozzle 19
to the tip end of the carrier gas injection nozzle 17, and the circulation flow rate of the reducing gas containing the
atomized fuel flowing through the bypass pipe 154 from the map based on the engine rotational speed detected by the
rotation sensor 54 and the engine load detected by the load sensor 56. Then, the controller 57 controls the opening
degree of the carrier gas flow rate regulation valve 17, the number of times the fuel on-off valve 43 opens and closes
per unit time, and the circulation pump 156, respectively so that the flow rate of the carrier gas, the flow rate of the fuel
18, and the circulation flow rate of the reducing gas containing the atomized fuel as described above are achieved.
Subsequently, the controller 57 acquires a temperature T1 on the inlet side of the reforming catalyst 122a and a tem-
perature T2 on the outlet side of the reforming catalyst 122a by the detection outputs of the first and second reforming
part temperature sensors 151 and 152, respectively and computes (T2 - T1) to obtain a temperature difference ΔT
therebetween. Then, if the temperature T2 on the outlet side of the reforming catalyst 122a falls within a range of (TMIN
< T2 < TMAX), the circulation flow rate of the reducing gas containing the atomized fuel and flowing through the bypass
pipe 154 is not corrected. Here, TMIN represents a minimum temperature (for example, 600 °C) at which the atomized
fuel can be reformed with the reforming catalyst 122a into the reducing gas, and TMAX represents a heat-resistant
temperature (for example, a predetermined temperature in a range of from 700 °C to 900 °C) of the reforming catalyst 122a.
[0082] On the other hand, if the temperature T2 on the outlet side of the reforming catalyst 122a falls outside the range
of (TMIN < T2 < TMAX), the controller 57 computes a target oxygen concentration based on the above-described temper-
ature difference ΔT and computes the circulation flow rate of the reducing gas containing the atomized fuel and flowing
through the bypass pipe 154 based on the target oxygen concentration and the flow rate of the carrier gas. Then, the
controller 57 acquires the oxygen concentration λ1 on the inlet side of the reforming catalyst 122a and the oxygen
concentration λ2 on the outlet side, respectively by the detection outputs of the first and second λ sensors 161 and 162,
corrects the circulation flow rate of the reducing gas containing the atomized fuel and caused by the circulation pump
156 to flow through bypass pipe 154 based on these oxygen concentrations λ1 and λ2, and then controls the circulation
pump 156 so that this corrected circulation flow rate is achieved. As a result, not only the reducing gas in an optimum
flow rate is achieved by the reforming catalyst 122a, but also deterioration of the reforming catalyst 122a by the heat
can be suppressed. In this way, the controller 57 controls the circulation pump 156 on the basis of each of the detection
outputs of the first and second reforming part temperature sensors 151 and 152, and therefore, a part of the reducing
gas containing the atomized fuel resulting from mixing of the reducing gas reformed with the reforming catalyst 122a of
the reforming part 122 and the atomized fuel, which has not been reformed in the reforming part 122a but passed through
the reforming catalyst 122a as it is, passes through the bypass pipe 154, returns to just before the carrier gas injection
nozzle 17, and again flows into the reforming part 122a, and the atomized fuel in the above-described atomized fuel
containing reducing gas is reformed with the reforming catalyst 122a. As a result, efficiency for reforming the fuel into
the reducing gas can be enhanced. The operations other than those described above are substantially the same as the
operations in the fourth embodiment, and therefore, redundant description thereon will be omitted.

<Sixth Embodiment>

[0083] Figs. 15 to 18 show a sixth embodiment of the present invention. In Figs. 15 to 18, the same reference signs
as those in Figs. 8 and 11 indicate the same components. In this embodiment, a fuel reformer 173 includes the carrier
gas heating part 116 that heats a first carrier gas supplied from the carrier gas tank 14 through a first carrier gas supply
pipe 171, a first carrier gas injection nozzle 181 that injects the first carrier gas heated by the carrier gas heating part
116, a first fuel supply nozzle 191 that supplies the fuel 18 to a tip end of the first carrier gas injection nozzle 181 so that
the fuel 18 is atomized with this injected first carrier gas, an exothermic catalyst part 174 that oxidizes this atomized fuel
18 and that further heats the first carrier gas to increase its temperature, a second carrier gas supply pipe 172 that mixes
the carrier gas stored in the carrier gas tank 14 as the second carrier gas with the first carrier gas on an outlet side of
the exothermic catalyst part 174, a second carrier gas injection nozzle 182 that injects the mixed carrier gas of the first
and second carrier gases, a second fuel supply nozzle 192 that supplies the fuel 18 to a tip end of the second carrier
gas injection nozzle 182 so that the fuel 18 is atomized with this injected mixed carrier gas, the reforming part 122 that
decomposes this atomized fuel 18 to reform it into the reducing gas 21, and the reducing gas supply nozzle 23 that
supplies the reduced gas 21 discharged from the outlet of the reforming part 122 to the exhaust pipe 12 of the engine 11.
[0084] The carrier gas heating part 116 is configured in the same manner as that in the fourth embodiment, except
that the length of the carrier gas heating part is shorter than that in the fourth embodiment (Fig. 15). For that reason, as
for the carrier gas heating part 116, the same reference sign as that in the carrier gas heating part of the fourth embodiment
is used. Also, a first heat part case 201 is configured in the same manner as the heating part case of the fourth embodiment,
except that the length of the heat part case is shorter than that in the fourth embodiment. Furthermore, the first carrier
gas injection nozzle 181 formed in a lower end of the first heating part case 201 is configured in the same manner as
the carrier gas injection nozzle formed in the lower end of the heating part case of the fourth embodiment.
[0085] Meanwhile, the first fuel supply nozzle 191 is configured in the same manner as the fuel supply nozzle of the
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fourth embodiment. That is, as shown in Figs. 15 and 17, the first fuel supply nozzle 191 includes a horizontal pipe part
191a that is provided to extend from the outer peripheral surface of a lower part, in the vertical direction, of an upper
housing part 176a of a reformer housing 176 toward a center of the upper housing part 176a, a vertical pipe part 191b
that is communicated with and connected to a tip end of this horizontal pipe part 191a, that is provided to extend
downward, and that has a closed lower end, and a plurality of supply holes 191c that are formed at intervals of prede-
termined angles in the same horizontal plane in a lower side surface of the vertical pipe part 191b.
[0086] The exothermic catalyst part 174 has an inlet that faces the first carrier gas injection nozzle 181 and the first
fuel supply nozzle 191 and is provided below the lower end of the first carrier gas injection nozzle 181 and the lower
end of the vertical pipe part 191b of the first fuel supply nozzle 191 at a relatively large distance from the lower end of
the first carrier gas injection nozzle 181 and the lower end of the vertical pipe part 191b of the first fuel supply nozzle
191 (Fig. 15). This configuration is employed for the purpose of allowing the above-described atomized fuel 18 to gradually
spread downward in a relatively wide space between the first fuel supply nozzle 191 and the exothermic catalyst part
174 and dispersing this atomized fuel 18 substantially uniformly over the entire inlet surface (upper surface) of the
exothermic catalyst part 174. Also, the exothermic catalyst part 174 is a monolith catalyst and is configured by coating
a cordierite honeycomb carrier with platinum (Pt) or palladium (Pd). The exothermic catalyst part 174 including platinum
is configured by coating a honeycomb carrier with a slurry containing a platinum powder. Also, the exothermic catalyst
part 174 including palladium is configured by coating a honeycomb carrier with a slurry containing a palladium powder.
It should be noted that the above-described cordierite honeycomb carrier may be a metal carrier formed of stainless steel.
[0087] The above-described exothermic catalyst part 174 is housed in an upper part of a second heating part case
202 having an upper part that is formed in a cylindrical shape and a lower part that is formed in a funnel shape which
tapers downward, and this second heating part case 202 is inserted into an upper part of a lower housing part 176b of
the reformer housing 176 (Fig. 15). Also, the second carrier gas supply pipe 172 is inserted into the lower housing part
176b of the reformer housing 176 and a lower part of the second heating part case 202, with extending in the horizontal
direction so as to be located on an outlet side of the exothermic catalyst part 174. Furthermore, the configuration is made
so that the second carrier gas injection nozzle 182 is formed in a lower end of the second heating part case 202, and
the mixed carrier gas of the first and second carrier gases is injected downward from the tip end (lower end) of this
second carrier gas injection nozzle 182.
[0088] The second fuel supply nozzle 192 is configured in the same manner as the fuel supply nozzle of the fourth
embodiment. That is, as shown in Figs. 15 and 17, the second fuel supply nozzle 192 has a horizontal pipe part 192a
that is provided to extend from the outer peripheral surface at a center, in the vertical direction, of the lower housing part
176b of the reformer housing 176 toward a center of the lower housing part 176b, a vertical pipe part 192b that is
communicated with and connected to a tip end of this horizontal pipe part 192a, that is provided to extend downward,
and that has a closed lower end, and a plural of supply holes 192c that are formed at intervals of predetermined angles
in the same horizontal plane in a lower side surface of the vertical pipe part 192b. Also, an inlet of the reforming part
122 is provided to face the second carrier gas injection nozzle 182 and the second fuel supply nozzle 192 and below
the lower end of the second carrier gas injection nozzle 182 and the lower end of the vertical pipe part 192b of the second
fuel supply nozzle 192 at a relatively large distance from the lower end of the second carrier gas injection nozzle 182
and the lower end of the vertical pipe part 192b of the second fuel supply nozzle 192. This configuration is employed
for the purposes of allowing the above-described atomized fuel 18 to gradually spread downward in a relatively wide
space between the second fuel supply nozzle 192 and the reforming part 122 and dispersing this atomized fuel 18
substantially uniformly over the entire inlet surface (upper surface) of the reforming part 122.
[0089] Meanwhile, the fuel reformer 173 further includes a first fuel supply pipe 211 that has a tip end connected to
the first fuel supply nozzle 191, the fuel tank 37 which is connected to a base end of this first fuel supply pipe 211 and
which stores the fuel 18, the fuel supply pump 38 which forcedly supplies the fuel 18 in this fuel tank 37 to the first fuel
supply nozzle 191, a first fuel supply amount regulation valve 221 that regulates a supply amount of the fuel 18 which
is supplied from the first fuel supply nozzle 191 into the tip end of the first carrier gas injection nozzle 181, a first carrier
gas flow rate regulation valve 231 provided in the first carrier gas supply pipe 171 which connects the carrier gas tank
14 and the carrier gas passage 116e of the carrier gas heating part 116 to each other, a second fuel supply pipe 212
that has a tip end connected to the second fuel supply nozzle 192 and a base end connected to the first fuel supply pipe
211 in the vicinity of the discharge port of the fuel supply pump 38, a second fuel supply amount regulation valve 222
that regulates the supply amount of the fuel 18 supplied from the second fuel supply nozzle 192 to the tip end of the
second carrier gas injection nozzle 182, and a second carrier gas flow rate regulation valve 232 provided in the second
carrier gas supply pipe 172 which connects the carrier gas tank 14 and the lower part of the second heating part case
202 to each other (Figs. 15 and 18). It should be noted that the first carrier gas is a gas that supplies, to the exothermic
catalyst part 174, oxygen necessary for oxidizing the fuel 18 in the exothermic catalyst part 174 and that the second
carrier gas is a gas that supplies, to the reforming part 122, oxygen necessary for reforming the fuel 18 in the reforming
part 122. Also, the second carrier gas is set to have a flow rate smaller than the first carrier gas.
[0090] The above-described fuel supply pump 38 is provided in the first fuel supply pipe 211 between the first fuel
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supply nozzle 191 and the fuel tank 37 (Figs. 15 and 18). Also, the first fuel supply amount regulation valve 221 includes
a first fuel pressure regulation valve 241 that is provided in the first fuel supply pipe 211 and that regulates a supply
pressure of the fuel 18 to the first fuel supply nozzle 191, and a first fuel on-off valve 251 that is provided in the base
end of the first fuel supply nozzle 191 and that opens or closes the base end of the first fuel supply nozzle 191. The first
fuel pressure regulation valve 241 has first to third ports 241a to 241c, the first port 241a is connected to the discharge
port of the fuel supply pump 38, the second port 241b is connected to the first fuel on-off valve 251, and the third port
241c is connected to the fuel tank 37 by a first return pipe 261. The fuel 18 forcedly supplied by the fuel supply pump
38 flows from the first port 241a into the first fuel pressure regulation valve 241 and is forcedly supplied from the second
port 241b into the first fuel on-off valve 251. Also, if the pressure at the first fuel pressure regulation valve 241 reaches
a setting pressure or more, the fuel 18 forcedly supplied by the fuel supply pump 38 flows from the first port 241a into
the first fuel pressure regulation valve 241, and thereafter, the fuel 18 passes through the third port 241c and the first
return pipe 261 and is returned to the fuel tank 37. Furthermore, the first carrier gas flow rate regulation valve 231 is
configured so that the flow rate of the first carrier gas supplied from the carrier gas tank 14 to the carrier gas passage
116e of the carrier gas heating part 116 can be regulated.
[0091] The second fuel supply amount regulation valve 221 includes a second fuel pressure regulation valve 242 that
is provided in the second fuel supply pipe 212 and that regulates a supply pressure of the fuel 18 to the second fuel
supply nozzle 192, and a second fuel on-off valve 252 that is provided in the base end of the second fuel supply nozzle
192 and that opens and closes the base end of the second fuel supply nozzle 192 (Figs. 15 and 18). The second fuel
pressure regulation valve 242 includes first to third ports 242a to 242c, the first port 242a is connected to the discharge
port of the fuel supply pump 38, the second port 242b is connected to the second fuel on-off valve 252, and the third
port 242c is connected to the fuel tank 37 by a second return pipe 262. The fuel forcedly supplied from the fuel supply
pump 38 flows from the first port 242a into the second fuel pressure regulation valve 242 and is forcedly supplied from
the second port 242b to the second fuel on-off valve 252. Also, if a pressure at the second fuel pressure regulation valve
242 reaches a predetermined pressure or more, the fuel 18 forcedly supplied by the fuel supply pump 38 flows from the
first port 242a into the second fuel pressure regulation valve 242, and thereafter, the fuel 18 passes through the third
port 242c and the second return pipe 262 and is returned to the fuel tank 37. Furthermore, the second carrier gas flow
rate regulation valve 232 is configured so that the flow rate of the second carrier gas supplied from the carrier gas tank
14 to the lower part of the second heating part case 202 can be regulated.
[0092] Meanwhile, a first carrier gas temperature sensor 271 that detects the temperature of the first carrier gas at
the outlet of the carrier gas heating part 116 is inserted into the first heating part case 201 on the outlet side of the carrier
gas heating part 116, and a second carrier gas temperature sensor 272 that detects the temperature of the first carrier
gas or the mixed carrier gas of the first and second carrier gases at the outlet of the exothermic catalyst part 174 is
inserted into the second heating part case 202 on the outlet side of the exothermic catalyst part 174 (Fig. 15). Each of
detection outputs of the first carrier gas temperature sensor 271, the second carrier gas temperature sensor 272, the
exhaust gas temperature sensor 53, the rotation sensor 54, and the load sensor 56 is connected to the control input of
the controller 57, and control outputs of the controller 57 are connected to the heating coil 116c, the fuel supply pump
38, the first carrier gas flow rate regulation valve 231, the second carrier gas flow rate regulation valve 232, the first fuel
on-off valve 251, and the second fuel on-off valve 252, respectively (Fig. 18). The memory 58 is provided in the controller
57. The memory 58 stores, in advance, the numbers of times the first and second fuel on-off valves 251 and 252 open
and close per unit time, presence or absence of actuation of the fuel supply pump 38, and the openings degrees of the
first and second carrier gas flow rate regulation valves 231 and 232, according to the first carrier gas temperature at the
outlet of the carrier gas heating part 116, the first carrier gas temperature at the outlet of the exothermic catalyst part
174, the exhaust gas temperature at the inlet of the selective reduction catalyst 31, the engine rotational speed, and the
engine load. Also, the memory 58 stores, as a map, a change of the flow rate of NOx in the exhaust gas discharged
from the engine 11 with a change of each of the engine rotational speed and the engine load. Except what is described
above, the configuration is the same as that in the fourth embodiment.
[0093] An operation of the exhaust gas purifier using the thus configured fuel reformer 173 will be described. When
the engine 11 is started, the controller 57 repeats energization and non-energization of the heating coil 116c of the carrier
gas heating part 116 every certain time period and opens the first carrier gas flow rate regulation valve 231 at a prede-
termined opening degree. Immediately after the start of the engine 11, an outlet temperature of the carrier gas heating
part 116 is an extremely scarce temperature that is about the room temperature; and if the first carrier gas temperature
sensor 271 detects this temperature of about the room temperature, the controller 57 regulates a duty ratio of an energizing
time period for the heating coil 116c and a non-energizing time period for the heating coil 116c on the basis of a detection
output of the first carrier gas temperature sensor 271, to thereby make the energizing time period for the heating coil
116c longer than the non-energizing time period for the heating coil 116c. If the first carrier gas flow rate regulation valve
231 is opened and energization and non-energization for the heating coil 116c are repeated, the carrier gas in the carrier
gas tank 14 is supplied as the first carrier gas to the carrier gas passage 116e of the carrier gas heating part 116. This
first carrier gas reaches first the carrier gas injection nozzle 181 while drawing the heat, which is generated by the heating
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coil 116c and conducted to the coil holding part 116a and the carrier gas passage coil 116d, during a course of flowing
through the carrier gas passage 116e. Since the above-described carrier gas passage 116e is sufficiently long, the first
carrier gas can be sufficiently heated by the carrier gas heating part 116. Also, the fuel 18 does not flow into the carrier
gas passage 116e, but only the first carrier gas flows therein, and therefore, the fuel 18 does not adhere to an inner wall
of the carrier gas passage 116e, and the first carrier gas smoothly flows in the carrier gas passage 116e. According to
this, the outlet temperature of the carrier gas heating part 116 gradually increases.
[0094] If the first carrier gas temperature sensor 271 detects that the outlet temperature of the carrier gas heating part
116 has reached, for example, 250 °C, the controller 57 regulates a duty ratio of the energizing time period and the non-
energizing time period for the heating coil 116c, to thereby keep the outlet temperature of the carrier gas heating part
116 at 250 °C, and the controller 57 also drives the fuel supply pump 38 and repeats opening and closing of the first
fuel on-off valve 251 in a predetermined duty ratio, to thereby supply the fuel 18 in the fuel tank 37 to the supply holes
191c of the first fuel supply nozzle 191. The fuel 18 supplied to the supply holes 191c of the first fuel supply nozzle 191
is blown away with the first carrier gas injected from the first carrier gas injection nozzle 181 and atomized, and its
temperature increases by means of mixing with the first carrier gas having a relatively high temperature. Then, the above-
described atomized fuel 18 gradually spreads downward in the relatively wide space between the first fuel supply nozzle
191 and the exothermic catalyst part 174 and is substantially uniformly dispersed over the entire inlet surface (upper
surface) of the exothermic catalyst part 174. Therefore, a large part of this substantially uniformly dispersed and atomized
fuel 18 is oxidized in the exothermic catalyst part 174 and further heats the first carrier gas, to thereby increase the
temperature. Then, if the second carrier gas temperature sensor 272 detects that the outlet temperature of the exothermic
catalyst part 174 has reached, for example, 600 °C, the controller 57 regulates opening and closing of the first fuel on-
off valve 251, respectively, to thereby keep the outlet temperature of the exothermic catalyst part 174 at a predetermined
temperature which is 600 °C or higher.
[0095] Then, if the exhaust gas temperature 53 detects that the inlet temperature of the selective reduction catalyst
31 has increased to a relatively low temperature, for example, 200 °C, the controller 57 acquires each of the detection
outputs of the engine rotational speed and the engine load detected by the rotation sensor 54 and the load sensor 56,
determines from the map a NOx amount in the exhaust gas with respect to each of the detection outputs of the engine
rotational speed and the engine load, and supplies the fuel 18 according to this NOx amount to the supply holes of the
second fuel supply nozzle 192. That is, the controller 57 repeats opening and closing of the second fuel on-off valve
252 in a predetermined duty ratio on the basis of each of the detection outputs of the rotation sensor 54 and the load
sensor 56, to thereby supply the fuel 18 according to the NOx amount to the supply holes of the second fuel supply
nozzle 192.
[0096] At the same time, the controller 57 opens the second carrier gas flow rate regulation valve 231 at a predetermined
opening degree and supplies the carrier gas in the carrier gas tank 14 as the second carrier gas from the second carrier
gas supply pipe 172 to the lower part of the second heating case part 202. According to this, the first carrier gas whose
temperature has been further increased and the second carrier gas are mixed to form a high-temperature mixed carrier
gas. The fuel 18 supplied to the supply holes 192c of the second fuel supply nozzle 192 is blown away with the mixed
carrier gas injected from the second carrier gas injection nozzle 182 and atomized, and its temperature increases by
means of mixing with the high-temperature mixed carrier gas. Then, the above-described atomized fuel 18 gradually
spreads downward in the relatively wide space between the second fuel supply nozzle 192 and the reforming catalyst
122a and is substantially uniformly dispersed over the entire inlet surface (upper surface) of the reforming catalyst 122a.
Therefore, a large part of this substantially uniformly dispersed and atomized fuel 18 is decomposed with the reforming
catalyst 122a as expressed in the following formulae (1) and (2) and reformed into the reducing gas 21 such as hydrogen
(H2), an oxygen-containing hydrocarbon (HCHO), and carbon monoxide (CO).

CH2 + 0.5O2 → H2 + CO (1)

CH2 + 0.5 O2 → HCHO (2)

[0097] Each of the foregoing formulae (1) and (2) expresses a chemical reaction formula in which the fuel 18 is
decomposed into the reducing gas 21. Here, since the temperature of the atomized fuel 18 immediately before it flows
into the reforming catalyst 122a is kept at the predetermined temperature, which is 600 °C or higher, the reformation
efficiency of the atomized fuel 18 with the reforming catalyst 122a into the reducing gas 21 can be enhanced. It should
be noted that the large part of the reducing gas 21 resulting from the reformation with the reforming catalyst 122a is
hydrogen (H2), and the oxygen-containing hydrocarbon (HCHO) is extremely scarce.
[0098] In this way, the fuel 18 is decomposed by the fuel reformer 173 and reformed into the reducing gas 21, and
thereafter, this reducing gas 21 is supplied from the reducing gas supply nozzle 23 to the exhaust pipe 12. Then, when
a hydrogen gas (H2) as the reducing gas 21 flows into the selective reduction catalyst 31 together with the exhaust gas,
the hydrogen gas (H2) functions as a reducing agent which reduces NOx (NO and NO2) in the exhaust gas, and NOx
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in the exhaust gas is rapidly reduced to N2 as expressed in the following formula (3).

NO + NO2 + 3H2 → N2 + 3H2O (3)

[0099] The foregoing formula (3) expresses a chemical reaction formula in which N and NO2 in the exhaust gas react
with the hydrogen gas (H2) in the presence of the selective reduction catalyst 31, whereby NO and NO2 are reduced to
N2. As a result, NOx can be efficiently decreased in a wide temperature range where the exhaust gas temperature is in
a range of from a relatively low temperature to a high temperature. Also, as described above, the first carrier gas is
subjected to temperature rise in the two stages, and therefore, an electric power required for heating-up of the first carrier
gas in the carrier gas heating part 116 can be decreased. As a result, the fuel 18 can be more efficiently reformed into
the reducing gas than that in the fourth embodiment.

<Seventh Embodiment>

[0100] Figs. 19 to 22 show a seventh embodiment of the present invention. In Fig. 19, the same reference signs as
those in Fig. 3 indicate the same components. In this embodiment, the exhaust gas purifier includes the selective
reduction catalyst 31 capable of reducing NOx in the exhaust gas discharged from the diesel engine 11 to N2, a fuel
reformer 313 that reforms the liquid fuel 18 into a hydrocarbon-based gas, a fuel supply means 316 that supplies the
fuel 18 to the fuel reformer 313, and an injection nozzle 318 that extends into the exhaust pipe 12 on the exhaust gas
upstream side of the selective reduction catalyst 31 and that can inject a hydrocarbon-based gas. Here, the fuel which
is supplied to the fuel reformer 313 by the fuel supply means 316 is the same as the fuel supplied to the diesel engine
11. Also, the selective reduction catalyst 31 is configured in the same manner as the selective reduction catalyst of the
first embodiment.
[0101] Meanwhile, as shown in Figs. 20 and 21, the fuel reformer 313 is configured in the substantially same way as
the fuel vaporizer of the third embodiment. Specifically, the fuel reformer 313 includes a hermetically sealed cylindrical
reforming case 327; a reforming catalyst 328 that is housed in this reforming case 327, a fuel passageway 329 that is
provided helically between an inner peripheral surface of the reforming case 327 and an outer peripheral surface of the
reforming catalyst 328; and a heater 331 that is helically arranged so as to surround the fuel passageway 329 and that
is embedded in a wall of the reforming case 327. The reforming case 327 includes a case main body 332 that has a
rectangular cylindrical shape and that has an opening upper end and a closed lower end, a lid 333 that has a rectangular
plate shape, that is detachably attached to the open end of the case main body 332, and that closes the open end of
the case main body 332 in an openable manner, and a fuel storage part 334 that is attached to the upper outer peripheral
surface of the case main body 332 and that temporarily stores the liquid fuel 18 (Fig. 19) which is to flow into the reforming
case 327. A catalyst housing part 332a that houses the reforming catalyst 328 is formed inside the case main body 332,
and a relatively shallow lower recessed part 332b having a diameter smaller than an inner diameter of the catalyst
housing part 332a is formed on the bottom surface of this catalyst housing part 332a. Also, a recessed groove 332c that
helically extends from the upper part of the reforming case 327 toward the lower portion of the reforming case 327 is
formed in the inner peripheral surface of the reforming case 327. The above-described fuel passageway 329 is formed
by the recessed groove 332 of the case main body 332 and the outer peripheral surface of the reforming catalyst 328
in a state where the reforming catalyst 328 is housed in the catalyst housing part 332a. An upper end of the above-
described recessed groove 332c is connected to an inlet hole 332d formed in the upper outer peripheral surface of the
case main body 332, and a lower end of the recessed groove 332c is connected to an outlet groove 332e that extends
to the above-described lower recessed part 332b. Furthermore, the fuel storage part 334 is attached to the upper outer
peripheral surface of the case main body 332 so that its inside is communicated with the inlet hole 332d, and a supply
short pipe 336 that allows the liquid fuel 18 (Fig. 19) to pass through the fuel storage part 334 and the inlet hole 332d
and to flow into the fuel passageway 329 is connected to the outer side face of the fuel storage part 334.
[0102] Meanwhile, the reforming catalyst 328 is a monolith catalyst and is configured by coating a cordierite honeycomb
carrier with a zeolite or alumina. Examples of the zeolite include rhodium-zeolite, platinum-zeolite, palladium-zeolite,
and the like. The reforming catalyst 328 including rhodium-zeolite, platinum-zeolite, or palladium-zeolite is configured
by coating a honeycomb carrier with a slurry containing a zeolite powder having been ion-exchanged with rhodium,
platinum, or palladium. Also, the reforming catalyst 328 including rhodium-alumina, platinum-alumina, or palladium-
alumina is configured by coating a honeycomb carrier with a slurry containing a γ-alumina powder or θ-alumina powder
which has rhodium, platinum or palladium supported thereon. When the vaporized or vaporized and misted fuel is
supplied to this reforming catalyst 328, this vaporized or vaporized and misted fuel is decomposed into a hydrocarbon-
based gas and reformed on the reforming catalyst 328. Also, a relatively shallow upper recessed part 333a having a
diameter smaller than the inner diameter of the catalyst housing part 332a is formed in the lower surface of the lid 333,
and an outlet hole 333b communicated with the upper recessed part 333a is formed in the side face of the lid 333. A
discharge short pipe 337 that discharges the hydrocarbon-based gas reformed with the reforming catalyst 328 is con-
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nected to this outlet hole 333b.
[0103] The above-described reforming case 327 is formed of a metal having a relatively high heat conductivity that is
in a range of from 15 to 17 W/(m·K), such as SUS316, SUS304, or Inconel ( registered trademark, manufactured by
Huntington Alloys Canada Limited). Also, as for the heater 331, it is preferable to use a so-called sheathed heater which
is configured by loosely inserting a heating element such as a nichrome wire into a metal sheath (metal ultrafine pipe)
and filling a powder of a high-purity inorganic insulating material in a space between the metal sheath and the heating
element. Furthermore, the case main body 332 and the lid 333 of the reforming case 327 are covered by a heat insulation
case 339 filled with a heat insulating material 338. According to this, dissipation of the heat generated by the heater 331
can be suppressed. It is noted that in Figs. 20 and 21, reference signs 331a and 331b indicate terminals of the heater 331.
[0104] As shown in Figs. 19 and 20, the fuel supply means 316 includes the fuel tank 37 which stores the liquid fuel
18, a first supply pipe 316a that connects this fuel tank 37 to the supply short pipe 336 of the above-described fuel
reformer 313, the fuel supply pump 38 which is provided in the first supply pipe 316a and which forcedly supplies the
fuel 18 in the fuel tank 37 to the fuel reformer 313, a return pipe 316b having one end connected to the first supply pipe
316a between the fuel supply pump 38 and the supply short pipe 336 and the other end connected to the fuel tank 37,
and a pump flow rate regulation valve 316c that is provided in this return pipe 316b. The above-described fuel supply
pump 38 is driven by a motor not shown. The configuration is made so that by not only changing the rotational speed
of this fuel supply pump 316c continuously or stepwise but also regulating the opening degree of the pump flow rate
regulation valve 316c, the pressure of the fuel 18 discharged by the fuel supply pump 38 can be regulated. Also, the
discharge short pipe 337 of the fuel reformer 313 is connected to the injection nozzle 318 via a second supply pipe 342,
and a flow rate regulation valve 341 that regulates the flow rate of the hydrocarbon-based gas, which is injected from
the injection nozzle 318, by opening or closing this second supply pipe 342 is provided in the second supply pipe 342.
This flow rate regulation valve 341 can regulate the flow rate of the hydrocarbon-based gas injected from injection nozzle
318 by controlling the number of times of opening and closing per unit time, the opening time period, and the closing
time period. Furthermore, an inlet part and an outlet part of the fuel reformer 313 are communicated with and connected
to each other by a bypass pipe 343 so as to bypass the fuel reformer 313, and an opening degree regulation valve 344
that regulates the flow rate of the fuel flowing through the bypass pipe 343 by regulating the opening degree of the
bypass pipe 343 is provided in this bypass pipe 343. Specifically, one end of the bypass pipe 343 is connected to the
first supply pipe 316a, and the other end of the bypass pipe 343 is connected to the second supply pipe 342. It is noted
that a reference sign 346 in Fig. 19 indicates a check valve. This check valve 346 has a function to allow the fuel to flow
from the first supply pipe 316a into the second supply pipe 342 and to prohibit the fuel or the hydrocarbon-based gas
from flowing from the second supply pipe 342 into the first supply pipe 316a.
[0105] As shown in detail in Fig. 22, the injection nozzle 318 is inserted into a curved pipe part 12b that is curved at
approximately 90 degrees in the exhaust pipe 12. Specifically, the exhaust pipe 12 includes the above-described curved
pipe part 12b, an upstream side straight pipe part 12c that is detachably attached to an exhaust gas inlet of this curved
pipe part 12b and that extends straight, and a downstream side straight pipe part 12d that is detachably attached to in
an exhaust gas outlet of the curved pipe part 12b and that extends straight. In the curved pipe part 12b, a cylindrical
nozzle attachment part 12e is provided integrally with the curved pipe part 12b so that it protrudes from the outer surface
of the curved pipe part 12b. A direction of the nozzle attachment part 12e is set so that when the injection nozzle 318
is attached to this nozzle attachment part 12e, a center line of an injection port of the injection nozzle 318 coincides with
a hole center of the downstream side straight pipe part 12d, that is, the hydrocarbon-based gas or the liquid fuel injected
by the injection nozzle 318 is directed toward a center in the downstream side straight pipe part 12d. Also, a guide pipe
12f extends toward the downstream side straight pipe part 12d concentrically with the nozzle attachment part 12e is
provided in the curved pipe part 12b integrally with the curved pipe part 12b. A length and an inner diameter of this guide
pipe 12f are set so that contact of the hydrocarbon-based gas or the liquid fuel injected from the injection nozzle 318
with an inner wall of the guide pipe 12f is lessened, whereby the hydrocarbon-based gas or the liquid fuel can be
effectively mixed with the exhaust gas.
[0106] Meanwhile, the exhaust gas temperature sensor 53, which detects the exhaust gas temperature related to the
selective reduction catalyst 31, is provided in the case 34 on the exhaust gas inlet side of the selective reduction catalyst
31 (Fig. 19). Also, in the fuel storage part 334 of the fuel reformer 313, a pressure sensor 348 and a first temperature
sensor 351 that detect an inlet pressure and an inlet temperature of the fuel reformer 313, that is, a pressure and a
temperature of the fuel immediately before it flows into the fuel passageway 329, respectively is provided (Fig. 20). Also,
in the lower recessed part 332b of the reformer case 327 of the fuel reformer 313, a second temperature sensor 352
that detects a temperature of the fuel discharged from the fuel passageway 329, that is, a temperature of the vaporized
or vaporized and misted fuel which is heating by the heater 331 is provided. Furthermore, the engine 11 is provided with
the rotation sensor 54, which detects the rotational speed of the engine 11, and the load sensor 56, which detects the
load of the engine 11 (Fig. 19). Each of detection outputs of the exhaust temperature sensor 53, the pressure sensor
348, the first temperature sensor 351, the second temperature sensor 352, the rotation sensor 54, and the load sensor
56 is connected to the control input of the controller 57, and the control outputs of the controller 57 are connected to the
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heater 331, the fuel supply pump 38, the pump flow rate regulation valve 316c, the flow rate regulation valve 341, and
the opening degree regulation valve 344, respectively.
[0107] The memory 58 is provided in the controller 57. The memory 58 stores, in advance, the rotational speed of the
fuel supply pump, the opening degree of the pump flow rate regulation valve 316c, the number of times the flow rate
regulation valve 341 opens and closes per unit time, the opening time period of the flow rate regulation valve 341 per
unit time, and the closing time period of the flow rate regulation valve 341 per unit time, according to the engine rotational
speed, the engine load, and the exhaust gas temperature on the inlet side of the selective catalyst type catalyst 31. Also,
the memory 58 stores, as a map, a change of the flow rate of NOx in the exhaust gas according to the engine rotational
speed and the engine load. Furthermore, the memory 58 stores, as a map, a change of the generation rate of the
hydrocarbon-based gas according to the inlet pressure of the fuel reformer 313, the temperature in the fuel passageway
329, and the flow rate of the hydrocarbon-based gas discharged from the reforming catalyst 328. When a partial pressure
of the fuel which has been heated and vaporized by the heater 331 is higher, the reformation reaction of the fuel with
the reforming catalyst 328 can be more promoted, and therefore, the inlet pressure of the fuel reformer 313 is set to be
relatively high as in a range of from 30 to 100 kPa. For that reason, the reforming case 327 is manufactured so as to
have pressure resistance. It should be noted that the heating efficiency of the fuel by the heater 331 can be detected
based on a temperature difference between the detection outputs of the first and second temperature sensors 351 and
352.
[0108] An operation of the exhaust gas purifier having the thus configured fuel reformer 313 will be described. Imme-
diately after start of the engine 11, or when the engine 11 operates under light load, the exhaust gas temperature is low
and in a range of from 100 to 180 °C. If the exhaust gas temperature sensor 53 detects the exhaust gas temperature
that is in this temperature range and the rotation sensor 54 and the load sensor 56 detect that the engine 11 operates
under no load or light load, the controller 57 turns on the heater 331 on the basis of each of the detection outputs of the
exhaust gas temperature sensor 53, the rotation sensor 54, and the load sensor 56 and also gradually increases the
rotational speed of the fuel supply pump. It is noted that the controller 57 controls the opening degree regulation valve
344 to keep it the bypass pipe 343 being in a closed state. Then, if the pressure sensor 348 detects that the inlet pressure
of the fuel reformer 313 has reached a predetermined pressure (for example, 30 kPa), the fuel supply pump is caused
to rotate at the rotational speed at that time, and also, the opening degree of the pump flow rate regulation valve 316c
is regulated, whereby the inlet pressure of the fuel reformer 313 is kept at the above-described predetermined pressure.
In this state, if the first and second sensors 351 and 352 detect that the temperature of the fuel in the fuel passageway
329 has reached a predetermined temperature, the controller 57 opens and closes the flow rate regulation valve 341 at
a predetermined number of times of opening and closing per unit time, a predetermined opening time period, and a
predetermined closing time period.
[0109] According to this, the liquid fuel which has flown into the fuel passageway 329 is heated by the heater 331 and
is rapidly vaporized or misted, and this vaporized or misted fuel is decomposed with the reforming catalyst 328 and
reformed into a hydrocarbon-based gas such as a gaseous HC and a lightened HC (for example, a partially oxidized
hydrocarbon, a cracked hydrocarbon, etc.), carbon monoxide, and hydrogen. Specifically, the liquid fuel 18 is heated
by the heater 331 and vaporized or misted in the fuel passageway 329 of the hermetically sealed reforming case 327,
and therefore, the pressure in the reforming case 327 becomes high, and the vaporized or misted fuel in this high
pressure state is reformed with the reforming catalyst 328 into the hydrocarbon-based gas. That is, the liquid fuel 18 is
heated by the heater 331 and vaporized or misted during a course of passing through the fuel passageway 329, and
therefore, the volume of the fuel in the reforming case 327 expands, and the vaporized or misted fuel in a state where
a partial pressure thereof becomes high flows into the reforming catalyst 328 and comes into contact with its surface.
As a result, the reformation reaction of the vaporized or misted fuel with the reforming catalyst 328 can be promoted,
and therefore, the liquid fuel 18 can be surely reformed into the hydrocarbon-based gas in the fuel reformer 313.
[0110] The hydrocarbon-based gas injected from the injection nozzle 318 into the exhaust pipe 12 flows into the
selective type catalyst 31 together with the exhaust gas. This hydrocarbon-based gas, which has flown into the selective
type catalyst 31 together with the exhaust gas, functions as the reducing agent which reduces NOx (NO and NO2) in
the exhaust gas. That is, NOx in the exhaust gas is rapidly reduced with the selective reduction catalyst 31 to N2. As a
result, even if the exhaust gas temperature is relatively low, NOx in the exhaust gas can be efficiently decreased.
[0111] Meanwhile, if the exhaust gas temperature exceeds 180 °C, the controller 57 turns off the heater 331 and also
controls the opening degree regulation valve 344 to open the bypass pipe 343 at a predetermined opening degree, on
the basis of the detection output of the exhaust gas temperature sensor 53. It is noted that the controller 57 causes the
fuel supply pump 38 to rotate at a predetermined rotational speed, opens or closes the flow rate regulation valve 341 at
a predetermined number of times of opening and closing (per unit time), a predetermined opening time period, and a
predetermined closing time period, and also regulates the opening degree of the pump flow rate regulation valve 316c,
to thereby keep the inlet pressure of the fuel reformer 313 at the above-described predetermined pressure. According
to this, the liquid fuel 18 passes through the bypass pipe 344 without passing through the fuel reformer 313 and the
liquid fuel 18 is injected as it is from the injection nozzle 318 into the exhaust pipe 12. This injected liquid fuel 18 is
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reformed with the exhaust gas having the relatively high temperature into the hydrocarbon-based gas, and therefore,
this hydrocarbon-based gas functions as the reducing agent which reduces NOx in the exhaust gas to N2 on the selective
reduction catalyst 31, and NOx in the exhaust gas is efficiently decreased.
[0112] It should be noted that although the exhaust gas purifier of the present invention is applied to the diesel engine
in the above-described first to seventh embodiments, the exhaust gas purifier of the present invention may also be
applied to a gasoline engine. Also, although the exhaust gas purifier of the present invention is applied to the turbo
supercharger-equipped diesel engine in the above-described first to seventh embodiments, the exhaust gas purifier of
the present invention may also be applied to a natural aspiration type diesel engine or a natural aspiration type gasoline
engine. Also, although the fuel pressure is regulated by the fuel pressure regulation valve, which is the three-way valve,
in the above-described first to sixth embodiments, the fuel pressure may also be regulated by means of regulation of
an opening and closing time period of the fuel on-off valve and the presence or absence of driving of the fuel supply
pump. Also, although the reforming part is configured by the reforming catalyst in the above-described fourth embodiment,
the reforming part may also be configured by a glow plug or the reforming part may be configured by a glow plug and
a reforming catalyst. Also, although the fuel passageway is formed by forming the helically recessed groove on the inner
peripheral surface of the case main body of the reforming case and housing the reforming catalyst in the catalyst housing
part of the case main body in the above-described seventh embodiment, the fuel passageway may also be formed by
forming the recessed groove on the outer peripheral surface of the reforming catalyst and housing the reforming catalyst
in the catalyst housing part of the case main body. Furthermore, although the catalyst temperature sensor is provided
on the exhaust gas inlet side of the selective reduction catalyst in the catalyst case in the above-described seventh
embodiment, so long as the temperature related to the selective reduction catalyst can be detected, the catalyst tem-
perature sensor may be provided on the exhaust gas outlet side of the selective reduction catalyst in the catalyst case
or the catalyst temperature sensor may be provided on both the exhaust gas inlet side and the exhaust gas outlet side
of the selective reduction catalyst in the catalyst case.

EXAMPLES

[0113] Next, examples of the present invention will be described in detail along with comparative examples.

<Example 1>

[0114] As shown in Fig. 3, the selective reduction catalyst 31 was provided in the exhaust pipe 12 of the straight six
turbo supercharger-equipped diesel engine 11 having 8,000 cc displacement. This selective reduction catalyst 31 was
a copper-based catalyst manufactured by coating a honeycomb carrier with a slurry containing a zeolite powder having
been ion-exchanged with copper. Also, the fuel reformer 13, which decomposes the fuel 18 to reform it into the reducing
gas 21, was connected to the exhaust pipe 12 on the exhaust gas upstream side of the selective reduction catalyst 31,
and the reducing gas supply nozzle 23 of the fuel reformer 13 was inserted into the exhaust pipe 12. As shown in Figs.
1 and 2, this fuel reformer 13 has the carrier gas injection nozzle 17 which injects the carrier gas (air) supplied from the
carrier gas tank 14 (air tank), the fuel supply nozzle 19 which supplies the fuel 18 to the tip end of the carrier gas injection
nozzle 17 so that the fuel 18 is atomized with the carrier gas injected from the carrier gas injection nozzle 17, the reforming
part 22 which decomposes this atomized fuel 18 and reforming it into the reducing gas 21, and the above-described
reducing gas supply nozzle 23 which supplies the reducing gas 21 discharged from the outlet of the reforming part 22
to the exhaust pipe 12 of the engine 11. The reforming part 22 included the glow plug 22a. This exhaust gas purifier
was an example 1.

<Example 2>

[0115] The configuration was made the same as that of the exhaust gas purifier having the fuel reformer of the example
1, except that as shown in Fig. 4, the reforming part 72 includes the glow plug 22a, and the reforming catalyst 72b which
is provided between this glow plug 22a and the reducing gas supply nozzle 23 and at the predetermined distance from
the glow plug 22a. This exhaust gas purifier was an example 2.

<Example 3>

[0116] As shown in Figs. 11 to 13, the fuel reformer 13 had the carrier gas heating part 116 which heats the carrier
gas (air) supplied from the carrier gas tank 14 (air tank), the carrier gas injection nozzle 17 which injects the carrier gas
heated by the carrier gas heating part 116, the fuel supply nozzle 19 which supplies the fuel 18 to the tip end of the
carrier gas injection nozzle 17 so that the fuel 18 is atomized with the carrier gas injected from the carrier gas injection
nozzle 17, the reforming part 122 which decomposes this atomized fuel 18 and reforms it into the reducing gas 21, and
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the above-described reducing gas supply nozzle 23 which supplies the reducing gas 21 discharged from the outlet of
the reforming part 122 to the exhaust pipe 12 of the engine 11. The reforming part 122 was configured by the reforming
catalyst 122a manufactured by coating a honeycomb carrier with a slurry containing a rhodium (Rh) powder. Except
what is described above, the configuration was made the same as that of the exhaust gas purifier having the fuel reformer
of the first embodiment. This exhaust gas purifier was an example 3.

<Comparison Test 1 and Evaluation>

[0117] Amounts of hydrogen and acetaldehyde generated by each of the fuel reformers of the examples 1 to 3 were
measured. The generation amounts of hydrogen and acetaldehyde were shown in terms of a ratio to the amount of the
supplied fuel. Results are shown in Figs. 23 and 24.
[0118] As can be seen from Fig. 23, in the example 1, the maximum generation amount of hydrogen was about 110
ppm, whereas in the example 3, the maximum generation amount of hydrogen was increased to about 180 ppm, and
in the example 2, the maximum generation amount of hydrogen was more increased to about 190 ppm. Also, as can
be seen from Fig. 24, in the example 1, the maximum generation amount of acetaldehyde was about 20 ppm, whereas
in the example 3, the maximum generation amount of acetaldehyde was increased to about 22 ppm, and in the example
2, the maximum generation amount of acetaldehyde was more increased to about 37 ppm.

<Comparison Test 2 and Evaluation>

[0119] A NOx decrease rate was measured while the temperature of the exhaust gas discharged from each of the
exhaust pipes of engine of the examples 1 to 3 was gradually increased from 100 °C to 400 °C by varying a rotational
speed and a load of the engine. Results are shown in Fig. 25.
[0120] As can be seen from Fig. 25, in the examples 1 to 3, when the exhaust gas temperature was about 250 °C,
the NOx decrease rate was at maximum, and the NOx decrease rates were from about 46 to 49% and substantially
equal to each other. Meanwhile, in the example 1, when the exhaust temperature was increased to about 400 °C, the
NOx decrease rate was lowered to about 11%, whereas in the example 3, even when the exhaust gas temperature was
increased to about 400 °C, the NOx decrease rate was lowered only to about 13%, and in the example 2, even when
the exhaust gas temperature was increased to about 400 °C, the NOx decrease rate was lowered only to about 20%.

<Example 4>

[0121] As shown in Fig. 12, the bypass pipe 154 which bypasses the reforming catalyst 122a of the reforming part
122 was provided in the reformer housing 124, and the circulation pump 156 which returns the reducing gas discharged
from the reforming catalyst 122a and the atomized fuel 18 to just before the carrier gas injection nozzle 17 was provided
in this bypass pipe 154. Except for what is described above, the configuration was made the same as that of the exhaust
gas purifier having the fuel reformer of the example 3. This exhaust gas purifier was Example 4.

<Comparison Test 3 and Evaluation>

[0122] Amounts of hydrogen and acetaldehyde generated by each of the fuel reformers of the examples 3 and 4 were
measured. The generation amounts of hydrogen and acetaldehyde were shown in terms of a ratio to the amount of the
supplied fuel. Results are shown in Figs. 26 and 27.
[0123] As can be seen from Fig. 26, in the example 3, the maximum generation amount of hydrogen was about 180
ppm, whereas in the example 4, the maximum generation amount of hydrogen increased to about 200 ppm. Also, as
can be seen from Fig. 27, in the example 3, the maximum generation amount of acetaldehyde was about 22 ppm,
whereas in the example 4, the maximum generation amount of acetaldehyde increased to about 24 ppm.

<Comparison Test 4 and Evaluation>

[0124] A NOx decrease rate was measured while the temperature of the exhaust gas discharged from each of the
exhaust pipes of the engine of the examples 3 and 4 was gragually increased from 100 °C to 400 °C by varying the
rotational speed and the load of the engine. Results are shown in Fig. 28.
[0125] As can be seen from Fig. 28, in the examples 3 and 4, when the exhaust gas temperature was about 250 °C,
the NOx decrease rate was at maximum, and the NOx decrease rates were about 48% and substantially equal to each
other. Meanwhile, in the example 3, when the exhaust temperature was increased to about 400 °C, the NOx decrease
rate was lowered to about 13%, whereas in the example 4, even when the exhaust gas temperature was increased to
about 400 °C, the NOx decrease rate was lowered only to about 16%.
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<Example 5>

[0126] As shown in Figs. 15 to 17, the fuel reformer 173 includes the carrier gas heating part 116 which heats the first
carrier gas (air) supplied from the carrier gas tank 14 (air tank), the first carrier gas injection nozzle 181 which injects
the first carrier gas heated by the carrier gas heating part 116, the first fuel supply nozzle 191 which supplies the fuel
18 to a tip end of the first carrier gas injection nozzle 181 so that the fuel 18 is atomized with the first carrier gas injected
from the first carrier gas injection nozzle 181, the exothermic catalyst part 174 which oxidizes the above-described
atomized fuel 18 and further heats the first carrier gas to increase the temperature, the second carrier gas injection
nozzle 182 which injects the mixed carrier gas obtained by mixing the second carrier gas (air) supplied from the carrier
gas tank 14 with the first carrier gas heated by the exothermic catalyst part 174, the second fuel supply nozzle 192 which
supplies the fuel 18 to a tip end of the second carrier gas injection nozzle 182 so that the fuel 18 is atomized with the
mixed carrier gas injected from the second carrier gas injection nozzle 182, the reforming part 122 which decomposes
this atomized fuel 18 to reform it into the reducing gas 21, and the above-described reducing gas supply nozzle 23 which
supplies the reduced gas 21 discharged from the outlet of the reforming part 122 to the exhaust pipe 12 of the engine
11. The exothermic catalyst part 174 was a catalyst manufactured by coating a honeycomb carrier with a slurry containing
a platinum (Pt) powder. Also, the reforming part 122 was configured by the reforming catalyst 122a manufactured by
coating a honeycomb carrier with a slurry containing a rhodium (Rh) powder. Except what is described above, the
configuration was made the same as that of the exhaust gas purifier having the fuel reformer of the example 3. This
exhaust gas purifier was an example 5.

<Comparison Test 5 and Evaluation>

[0127] Amounts of hydrogen and acetaldehyde generated by each of the fuel reformers of the examples 3 and 5 were
measured. The generation amounts of hydrogen and acetaldehyde were shown in terms of a ratio to the amount of the
supplied fuel. Results are shown in Figs. 29 and 30.
[0128] As can be seen from Fig. 29, in the example 3, the maximum generation amount of hydrogen was about 180
ppm, whereas in the example 5, the maximum generation amount of hydrogen increased to about 270 ppm. Also, as
can be seen from Fig. 30, in the example 3, the maximum generation amount of acetaldehyde was about 22 ppm,
whereas in the example 5, the maximum generation amount of acetaldehyde increased to about 37 ppm.

<Comparative Example 1>

[0129] The configuration was made the same as that of the example 3, except that the fuel reformer was not provided.
This exhaust gas purifier was a comparative example 1.

<Comparison Test 6 and Evaluation>

[0130] A NOx decrease rate was measured while the temperature of the exhaust gas discharged from each of the
exhaust pipes of engine of Examples 3 and 5 and Comparative Example 1 was gradually increased from 200 °C to 400
°C by varying a rotational speed and a load of the engine. Results are shown in Fig. 31.
[0131] As can be seen from Fig. 31, in the exhaust gas purifier of the comparative example 1, the NOx decrease rate
was low and about 42% at maximum, whereas in the exhaust gas purifiers of the examples 3 and 5, the NOx decrease
rate was high and from about 48 to 49% at maximum. Meanwhile, when the exhaust temperature increased to about
400 °C, the NOx decrease rate in the comparative Example 1 was lowered to about 6%, whereas even when the exhaust
gas temperature increased to about 400 °C, the NOx decrease rate in the example 3 was lowered only to about 13%,
and even when the exhaust gas temperature increased to about 400 °C, the NOx decrease rate in the example 5 was
lowered only to about 32%.

<Example 6>

[0132] As shown in Figs. 20 and 21, the fuel reformer 313 includes the hermetically sealed cylindrical reforming case
327, the reforming catalyst 328 housed in this reforming case 327, the fuel passageway 329 provided helically between
the inner peripheral surface of the reforming case 327 and the outer peripheral surface of the reforming catalyst 328,
and the heater 331 which is helically arranged so as to surround the fuel passageway 329 and which is embedded in
the wall of the reforming case 327. The reforming case 327 was formed of SUS 316, and a sheathed heater was used
as the heater 331. Also, the reforming catalyst 328 was a rhodium-based catalyst manufactured by coating a honeycomb
carrier with a slurry containing a zeolite powder having been ion-exchanged with rhodium.
[0133] As shown in Fig. 19, an inlet end of the above-described fuel reformer 313 was connected to the fuel tank 37
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via the first supply pipe 316, an outlet end of the fuel reformer 313 was connected to the injection nozzle 318 via the
second supply pipe 342, and the injection nozzle 318 was provided so that it extended to the exhaust pipe 12 on the
exhaust gas upstream side of the selective reduction catalyst 31. Also, the fuel supply pump 38 was provided in the first
supply pipe 316a, and the flow rate regulation valve 341 which opens and closes this second supply pipe 342 was
provided in the second supply pipe 342. Furthermore, the exhaust gas temperature sensor 53 was provided on the
exhaust gas inlet side of the selective reduction catalyst 31 in the reforming case 326. Except what is described above,
the configuration was made the same as that of the exhaust gas purifier having the fuel reformer of the example 1. This
exhaust gas purifier was an example 6.

<Comparative Example 2>

[0134] The configuration was made the same as that of the example 6, except that the fuel reformer was not provided.
This exhaust gas purifier was a comparative example 2.

<Comparison Test 7 and Evaluation>

[0135] A NOx decrease rate was measured while the temperature of the exhaust gas discharged from each of the
exhaust pipes of the engine of the example 6 and comparative Example 2 from 100 °C to 550 °C was gradually increased
by varying a rotational speed and a load of the engine. Results are shown in Fig. 32. It should be noted that in the exhaust
gas purifier of the example 6, when the exhaust gas temperature was from 100 to 180 °C, the heater was turned on to
supply the hydrocarbon-based gas from the injection nozzle to the exhaust pipe, and when the exhaust gas temperature
exceeded 180 °C, the heater was turned off to supply the liquid fuel from the injection nozzle into the exhaust pipe. Also,
in the exhaust gas purifier of the comparative example 2, when the exhaust gas temperature was in the range of from
100 to 550 °C, the fuel supply means was driven to supply the liquid fuel from the injection nozzle to the exhaust pipe.
[0136] As can be seen from Fig. 32, it is found that in the exhaust gas purifier of the comparative example 2, when
the exhaust gas temperature was relatively low and in the range of from 100 to 180 °C, NOx in the exhaust gas could
not be substantially purified, whereas in the exhaust gas purifier of the example 6, when the exhaust gas temperature
was relatively low and in the range of from 100 to 180 °C, the purification rate of NOx in the exhaust gas abruptly
increased with an increase of the temperature. It is also found that when the exhaust gas temperature exceeded 200
°C, the purification rate of NOx by the exhaust gas purifier of the comparative example 2 was substantially equal to the
purification rate of NOx by the exhaust gas purifier of the example 6.

INDUSTRIAL APPLICABILITY

[0137] In the fuel reformer and the exhaust gas purifier using the same according to the present invention, the fuel
reformer decomposes the fuel including the hydrocarbon based-liquid to reform it into the reducing gas, and by using
the reducing gas resulting from the reformation by this fuel reformer as the reducing agent of the exhaust gas purifier,
it can be utilized for purifying NOx in an exhaust gas of engine.
[0138] It should be noted that this international application claims the benefits of Japanese Patent Application
No.200371 (2011-200371) filed on September 14, 2011 and Japanese Patent Application No.005805 (2012-005805)
filed on January 16, 2012, and the contents of Japanese Patent Applications Nos.2011-200371 and 2012-005805 are
incorporated herein in their entirety.

Claims

1. A fuel reformer comprising
a carrier gas injection nozzle that injects a carrier gas supplied from a carrier gas source;
a fuel supply nozzle that supplies a fuel, including a hydrocarbon-based liquid and supplied from a fuel source, to
a tip end of the carrier gas injection nozzle so that the fuel is atomized with the carrier gas injected from the carrier
gas injection nozzle;
a reforming part that includes an inlet that faces the carrier gas injection nozzle and the fuel supply nozzle and that
decomposes the atomized fuel so as to reform the atomized fuel into a reducing gas including either or both of
hydrogen and an oxygen-containing hydrocarbon; and
a reducing gas supply nozzle that is attached to in an exhaust pipe of an engine so as to supply the reducing gas
discharged from an outlet of the reforming part to the exhaust pipe.

2. The fuel reformer according to claim 1, wherein the reforming part includes a glow plug that decomposes a part or
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a large part of the atomized fuel by heating the atomized fuel so as to reform the part or the large part of atomized
fuel into the reducing gas including either or both of the hydrogen and the oxygen-containing hydrocarbon.

3. The fuel reformer according to claim 2, wherein the reforming part includes the glow plug and a reforming catalyst
that is provided between the glow plug and the reducing gas supply nozzle at a predetermined distance from the
glow plug and that decomposes a part or a large part of a remaining atomized fuel so as to reduce the part or the
large part of the remaining atomized fuel into the reducing gas including either or both of the hydrogen and the
oxygen-containing hydrocarbon.

4. The fuel reformer according to claim 1, wherein a fuel vaporizer that vaporizes a part or a large part of the fuel by
heating is provided between the fuel source and the fuel supply nozzle.

5. The fuel reformer according to claim 1, further comprising:

a carrier gas heating part that is provided between the carrier gas source and the carrier gas injection nozzle
and that can adjust an amount of heat generation for heating the carrier gas supplied from the carrier gas source;
a carrier gas temperature sensor that detects an outlet temperature of the carrier gas heating part; and
a controller that controls the amount of heat generation of the carrier gas heating part based on a detection
output of the carrier gas temperature sensor and that controls a supply flow rate of the fuel to the fuel supply
nozzle according to a flow rate of NOx flowing through the exhaust pipe, wherein
the reforming part includes either or both of the glow plug and the reforming catalyst.

6. The fuel reformer according to claim 5, wherein
the carrier gas heating part, the carrier gas injection nozzle, the fuel supply nozzle, and the reforming part are housed
in a reformer housing, and
the reformer housing is connected to a base end of the reducing gas supply nozzle.

7. The fuel reformer according to claim 5, wherein
the carrier gas heating part includes
a coil holding part formed in a columnar shape,
a heating coil that is embedded so as to extend along an outer peripheral surface of this coil holding part and not
to be exposed on the outer peripheral surface of the coil holding part, and
a carrier gas passage coil that is helically wound around the outer peripheral surface of the coil holding part to
thereby form a carrier gas passage through which the carrier gas flows helically along the outer peripheral surface
of the coil holding part.

8. The fuel reformer according to claim 1, wherein
a bypass pipe that bypasses the reforming part is provided,
a circulation pump that returns the reducing gas and the atomized fuel, which are discharged from the reforming
part, to just before the carrier gas injection nozzle is provided in the bypass pipe,
a temperature of the reforming part is detected by a reforming part temperature sensor, and
the controller controls the circulation pump based on a detection output of the reforming part temperature sensor.

9. A fuel reformer comprising
a carrier gas heating part that can adjust an amount of heat generation for heating a first carrier gas supplied from
a carrier gas source through a first carrier gas supply pipe;
a first carrier gas injection nozzle that injects the first carrier gas heated by the carrier gas heating part;
a first fuel supply nozzle that supplies a fuel including a hydrocarbon-based liquid to a tip end of the first carrier gas
injection nozzle so that the fuel is atomized with the first carrier gas injected from the first carrier gas injection nozzle;
an exothermic catalyst part that includes an inlet facing the first carrier gas injection nozzle and the first fuel supply
nozzle and that oxidizes the atomized fuel to further heat the first carrier gas and to increase a temperature thereof;
a second carrier gas supply pipe that mixes a second carrier gas supplied from the carrier gas source with the first
carrier gas heated by the exothermic catalyst part;
a second carrier gas injection nozzle that injects the mixed carrier gas of the first and second carrier gases;
a second fuel supply nozzle that supplies the fuel including the hydrocarbon-based liquid to a tip end of the second
carrier gas injection nozzle so that the fuel is atomized with the mixed carrier gas injected from the second carrier
gas injection nozzle;
a reforming part that includes an inlet facing the second carrier gas injection nozzle and the second fuel supply
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nozzle and that decomposes the atomized fuel to reform the atomized fuel into a reducing gas including either or
both of hydrogen and an oxygen-containing hydrocarbon;
a reducing gas supply nozzle that is attached to an exhaust pipe of an engine so as to supply, to the exhaust pipe,
the reducing gas discharged from an outlet of the reforming part;
a first carrier gas temperature sensor that detects an outlet temperature of the carrier gas heating part;
a second carrier gas temperature sensor that detects an outlet temperature of the exothermic catalyst part; and
a controller that controls the amount of heat generation of the carrier gas heating part based on a detection output
of the first carrier gas temperature sensor, that controls a supply flow rate of the fuel to the first fuel supply nozzle
based on a detection output of the second carrier gas temperature sensor, and that further controls a supply flow
rate of the fuel to the second fuel supply nozzle according to a flow rate of NOx flowing through the exhaust pipe.

10. The fuel reformer according to claim 9, wherein
the carrier gas heating part, the first carrier gas injection nozzle, the first fuel supply nozzle, the exothermic catalyst
part, the second carrier gas injection nozzle, the second fuel supply nozzle, and the reforming part are housed in a
reformer housing, and
the reformer housing is connected to a base end of the reducing gas supply nozzle.

11. The fuel reformer according to claim 9, wherein
the carrier gas heating part includes
a coil holding part formed in a columnar shape,
a heating coil that is embedded so as to extend along an outer peripheral surface of this coil holding part and not
to be exposed on the outer peripheral surface of the coil holding part, and
a carrier gas passage coil that is helically wound around the outer peripheral surface of the coil holding part, to
thereby form a carrier gas passage through which the first carrier gas flows helically along the outer peripheral
surface of the coil holding part.

12. An exhaust gas purifier using a fuel reformer, comprising
a selective reduction catalyst that is provided in an exhaust pipe of an engine and that can reduce NOx in an exhaust
gas to N2;
a fuel reformer that includes the reducing gas supply nozzle extending to the exhaust pipe on an exhaust gas
upstream side of the selective reduction catalyst and that supplies, from the reducing gas supply nozzle to the
exhaust pipe, a reducing gas functioning as a reducing agent in the selective reduction catalyst;
an exhaust gas temperature sensor that detects the exhaust gas temperature related to the selective reduction
catalyst; and
a controller that controls the fuel reformer based on a detection output of the exhaust gas temperature sensor,
the exhaust gas purifier characterized in that
the fuel reformer includes
a carrier gas injection nozzle that injects a carrier gas supplied from a carrier gas source;
a fuel supply nozzle that supplies a fuel, including a hydrocarbon-based liquid and supplied from a fuel source, to
a tip end of the carrier gas injection nozzle so that the fuel is atomized with the carrier gas injected from the carrier
gas injection nozzle,
a reforming part that includes an inlet that faces the carrier gas injection nozzle and the fuel supply nozzle and that
decomposes the atomized fuel so as to reform the atomized fuel into the reducing gas including either or both of
hydrogen and an oxygen-containing hydrocarbon, and
a reducing gas supply nozzle that is attached to in the exhaust pipe of the engine so as to supply, to the exhaust
pipe, the reducing gas discharged from an outlet of the reforming part.

13. An exhaust gas purifier using a fuel reformer, comprising
a selective reduction catalyst that is provided in an exhaust pipe of an engine and that can reduce NOx in an exhaust
gas to N2;
a fuel reformer that includes the reducing gas supply nozzle extending to the exhaust pipe on an exhaust gas
upstream side of the selective reduction catalyst and that supplies, from the reducing gas supply nozzle to the
exhaust pipe, a reducing gas functioning as a reducing agent in the selective reduction catalyst;
an exhaust gas temperature sensor that detects the exhaust gas temperature related to the selective reduction
catalyst; and
a controller that controls the fuel reformer based on a detection output of the exhaust gas temperature sensor,
the exhaust gas purifier characterized in that
the fuel reformer includes
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a carrier gas heating part that can adjust an amount of heat generation for heating a first carrier gas supplied from
a carrier gas source through a first carrier gas supply pipe,
a first carrier gas injection nozzle that injects the first carrier gas heated by the carrier gas heating part,
a first fuel supply nozzle that supplies a fuel including a hydrocarbon-based liquid to a tip end of the first carrier gas
injection nozzle so that the fuel is atomized with the first carrier gas injected from the first carrier gas injection nozzle,
an exothermic catalyst part that includes an inlet facing the first carrier gas injection nozzle and the first fuel supply
nozzle and that oxidizes the atomized fuel to further heat the first carrier gas and to increase a temperature thereof,
a second carrier gas supply pipe that mixes a second carrier gas supplied from the carrier gas source with the first
carrier gas heated by the exothermic catalyst part,
a second carrier gas injection nozzle that injects the mixed carrier gas of the first and second carrier gases,
a second fuel supply nozzle that supplies the fuel including the hydrocarbon-based liquid to a tip end of the second
carrier gas injection nozzle so that the fuel is atomized with the mixed carrier gas injected from the second carrier
gas injection nozzle,
a reforming part that includes an inlet facing the second carrier gas injection nozzle and the second fuel supply
nozzle and that decomposes the atomized fuel to reform the atomized fuel into the reducing gas including either or
both of hydrogen and an oxygen-containing hydrocarbon,
a reducing gas supply nozzle that is attached to the exhaust pipe of the engine so as to supply, to the exhaust pipe,
the reducing gas discharged from an outlet of the reforming part,
a first carrier gas temperature sensor that detects an outlet temperature of the carrier gas heating part,
a second carrier gas temperature sensor that detects an outlet temperature of the exothermic catalyst part, and
a controller that controls the amount of heat generation of the carrier gas heating part based on a detection output
of the first carrier gas temperature sensor, that controls a supply flow rate of the fuel to the first fuel supply nozzle
based on a detection output of the second carrier gas temperature sensor, and that further controls a supply flow
rate of the fuel to the second fuel supply nozzle according to a flow rate of NOx flowing through the exhaust pipe.

14. An exhaust gas purifier for purifying an exhaust gas of an engine, the exhaust gas purifier characterized by com-
prising:

a selective reduction catalyst that is provided in an exhaust pipe of the engine and that can reduce NOx in the
exhaust gas to N2;
a fuel reformer that heats a liquid fuel in a hermetically sealed reforming case by a heater to vaporize or vaporize
and mist the liquid fuel and that further reforms the vaporized or vaporized and misted fuel with a reforming
catalyst into a hydrocarbon-based gas;
a fuel supply means that supplies the fuel into the fuel reformer;
an injecting nozzle that extends to an exhaust pipe on an exhaust gas upstream side of the selective reduction
catalyst and that can inject the hydrocarbon-based gas reformed with the reforming catalyst;
a catalyst temperature sensor that detects the exhaust gas temperature related to the selective reduction catalyst;
a pressure sensor that detects an inlet pressure of the fuel reformer; and
a controller that controls the fuel reformer and the fuel supply means based on respective detection outputs of
the catalyst temperature sensor and the pressure sensor.

15. The exhaust gas purifier according to claim 14, wherein
the fuel reformer includes
the hermetically sealed cylindrical reforming case,
the reforming catalyst housed in this reforming case,
a fuel passageway that is provided helically between an inner peripheral surface of the reforming case and an outer
peripheral surface of the reforming catalyst, and
the heater that is helically arranged so as to surround the fuel passageway and that is embedded in a wall of the
reforming case.

16. The exhaust gas purifier according to claim 14, comprising:

a bypass pipe that communicates and connects an inlet part and an outlet part of the fuel reformer with each
other so as to bypass the fuel reformer; and
an opening degree regulation valve that is provided in the bypass pipe and that regulates an opening degree
of the bypass pipe.
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