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(54) Exhaust device for a diesel engine

(57)  An exhaust device for a diesel engine supplies
liquid fuel (6) from a supply source (5) of the liquid fuel
(6) to a gas generator (3) which converts the liquid fuel
(6) to flammable gas (7) and from which a flammable-
gas supply passage (8) is conducted, the flammable-gas
supply passage (8) having a flammable-gas outlet (9)
communicated with an exhaust-gas route (1) upstream

of a diesel-particulate-filter (2), the flammable gas (7)
flowed out of the flammable-gas outlet (9) being burnt in
exhaust gas (10) to generate combustion heat which can
burn fine particles of the exhaust gas (10) remaining at
the filter (2). In this exhaust device for a diesel engine, a
case (11) for containing the filter (2) accommodates at
least part of the gas generator (3).
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Description

[0001] The presentinvention relates to an exhaust de-
vice for a diesel engine and more particularly, concerns
an exhaust device for a diesel engine adapted for com-
pact construction.

[0002] Inaknownexhaustdevice forthe diesel engine,
that supplies liquid fuel from a source of liquid fuel to a
gas generator, which converts the liquid fuel to flammable
gas, asupply passage of the flammable gas extends from
the gas generator, and has an outlet in communication
with with an exhaust-gas route upstream of a diesel-par-
ticulate-filter. The flammable gas from the flammable-gas
outlet is made to burn in the exhaust gas, thereby gen-
erating combustion heat with which the fine particles of
the exhaust gas remaining at the filter can be burnt.

An exhaust device of this type has an advantage that
even when, for example at a light load, the exhaust gas
temperature is comparatively low, the combustion heat
of the flammable gas raises the temperature of the ex-
haust gas flowing into the filter, thereby burning the fine
particles of the exhaust gas, facilitating recovery of the
filter.

[0003] The general object of the invention is to provide
an improved exhaust device of this general character.
One object of the invention is to facilitate the provision
of a compact exhaust device. Another, alternative or ad-
ditional, object of the invention is to promote the efficient
production and combustion of the flammable gas.
[0004] The invention is defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]

Fig. 1 is a vertical sectional side view of an exhaust
device for a diesel engine, in accordance with a first
embodiment of the present invention;

Fig. 2 shows essential portions of the exhaust device
shown in Fig. 1. Fig. 2(A) is a vertical sectional side
view of a gas generator. Fig. 2(B) is a plan view of
aguide plate and Fig. 2(C) is a top view of a partition;
Fig. 3 is a vertical sectional side view of an oxidation
catalyst to be used for the exhaust device shown in
Fig. 1 and its parts positioned in the vicinity thereof;
Fig. 4 shows an exhaust device for a diesel engine,
in accordance with a second embodiment of the
presentinvention. Fig. 4(A) is avertical sectional side
view of a front portion and Fig. 4(B) is a sectional
view taken along a line B-B in Fig. 4(A);

Fig. 5 shows an upstream oxidation-catalyst to be
used for the exhaust device in Fig. 4. Fig. 5 (A) is a
sectional view taken along a line V-V in Fig. 4 (A)
and Fig. 5(B) corresponds to Fig. 5(A) of a modifica-
tion;

Fig. 6 is an oxidation catalyst to be used for the ex-
haust device in Fig. 4. Fig. 6(A) is a sectional view
taken along a line VI-VI of Fig. 4 (A) and Fig. 6(B)
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corresponds to Fig. 6(A) of the modification; and
Fig. 7 is a vertical sectional view of an exhaust device
for a diesel engine, in accordance with a third em-
bodiment of the present invention.

GENERAL EXPLANATION OF THE INVENTION

[0006] As exemplified in Fig. 1, an exhaust device for
a diesel engine comprises a source 5 which supplies lig-
uid fuel (denoted by the arrow 6) to a gas generator 3.
The gas generator 3 converts the liquid fuel to flammable
gas 7. There is a flammable-gas supply passage 8 ex-
tending out of the gas generator 3 and having an outlet
9 for the flammable gas denoted by the arrow 7. The
flammable-gas outlet 9 communicates with an exhaust-
gas route 1 upstream of a diesel particulate-filter 2. The
flammable gas 7 which flows out of the flammable-gas
outlet 9 is burnt in the exhaust gas denoted by the arrow
10 to generate combustion heat which can burn the fine
particles of the exhaust gas residue at the filter 2. In this
exhaust device for the diesel engine, a filter-containing
case 11 which contains the filter 2 accommodates atleast
part of the gas generator 3.

[0007] Itis feasible to make the exhaust device com-
pact. As exemplified in Fig. 1, the filter-containing case
11 which contains the filter 2 accommodates at least part
of the gas generator 3. Therefore, when compared with
the case where the gas generator 3 is separated from
the filter-containing case 11, the exhaust device can be
made more compact.

[0008] It is also feasible to manufacture the exhaust
device at a low cost. As illustrated in Fig. 1, the fuel from
a fuel reservoir 5a of the diesel engine is used as the
liquid fuel 6. When this liquid fuel 6 is mixed with air (de-
noted by the arrow 44), this air 44 may be the air from a
supercharger 39. Accordingly, the fuel reservoir 5a and
the diesel engine’s supercharger 39 can serve as the fuel
supply source and the air supply source of the gas gen-
erator 3, respectively, so that the exhaust device may be
made at a low cost.

[0009] Gas may be very efficiently generated in a cat-
alyst chamber. As exemplified in Fig. 2(A), a catalyst
chamber 51 has an upper portion where a heat sink in
the form of a thermally conductive plate 52 is disposed.
There is formed a fuel-passing gap 53 along an upper
surface of the plate 52. The gap 53 has a lateral opening
to provide a fuel outlet 54 to the catalyst chamber 51.
The catalytic combustion heat generated in the catalyst
chamber 51 is conducted to the fuel-passage gap 53
through the plate 52. Thus the liquid fuel 6 and the air 44
are pre-heated within the fuel-passing gap 53 ahead of
the catalyst chamber 51. This promotes the vaporization
of the liquid fuel 6 and the feeding of a homogeneous
mixture of air and fuel to the catalyst chamber 51, thereby
enhancing the efficiency of gas generation in the catalyst
chamber 51.

[0010] The thermally conductive plate may be heated
at a low cost. As exemplified in Fig. 2(A), the catalytic
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combustion heat generated in the catalyst chamber 51
is conducted through by way of the plate 52 to the fuel-
passing gap 53. Consequently, while the catalytic com-
bustion heat is being generated, itis unnecessary to heat
the thermally conductive plate 52 by means of a glow
plug 45 or the like.

[0011] It is possible to effect the commencement of
gas generation promptly in several ways. As illustrated
in Fig. 2(A), the liquid fuel 6 which flows out of the fuel
outlet 54 impinges on a side 56a of a guide plate 56 and
is guided by the guide plate 56 so as to approach an
exothermic portion 45a of the glow plug 45. By making
the glow plug 45 exothermic at the time of the commence-
ment of gas generation before the catalytic combustion
heat is generated in the catalyst chamber 51, without the
catalytic combustion heat, the liquid fuel 6 is pre-heated
ahead of the catalyst chamber 51. This accelerates the
vaporization of the liquid fuel 6, introduces a homogene-
ous mixture of air and fuel into the catalyst chamber 51
and activates a catalyst 51a with heat from the glow plug
45, whereby to promote the prompt commencement of
the gas generation.

[0012] Furthermore, as exemplified in Fig. 2(A), a
flame-quenching material 57 occupies a space between
the thermally conductive plate 52 and the guide plate 56.
When the glow plug 45 is made exothermic, heat from
the 45 is conducted through the flame-quenching mate-
rial 57 to the heat conduction-plate 52 and the guide plate
56. Thus by making the glow plug 45 exothermic at the
time of commencement of gas generation before the cat-
alytic combustion heat is generated in the catalyst cham-
ber 51, without the catalytic combustion heat, the liquid
fuel 6 and the air 44 are pre-heated while they are passing
through the fuel-passing gap 53 and the flame-quenching
material 57 ahead of the catalyst chamber 51 and the
liquid fuel 6 which flows out of the fuel-passing gap 53 is
pre-heated while it is guided by the guide plate 56. This
promotes the acceleration of the vaporization of the liquid
fuel 6 and the introduction of homogeneous mixture of
air and fuel to the catalyst chamber 51.

[0013] The gas may be highly efficiently generated in
the catalyst chamber. As previously explained with ref-
erence to Fig. 2(A), the flame-quenching material 57 oc-
cupies the space between the plate 52 and the guide
plate 56. While the catalyst is burning in the catalyst
chamber 51, the catalytic combustion heat is conducted
through the guide plate 56 and the flame-quenching ma-
terial 57 to the plate 52. The liquid fuel 6 and the air 44
are pre-heated while they are passing through the fuel-
passing gap 53 and the flame-quenching material 57
ahead of the catalyst chamber 51. This accelerates the
vaporization of the liquid fuel 6 and the introduction of
homogeneous mixture of air and fuel to the catalyst
chamber 51, to improve the efficiency of gas generation
in the catalyst chamber 51.

[0014] Itis possible to inhibit damage to the gas gen-
erator by flame-combustion. Owing to the quenching
function of the flame-quenching material 57, it inhibits
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the occurrence of the flame-combustion between the
thermally conductive plate 52 and the guide plate 56 and
can prevent damage to the gas generator caused by the
flame-combustion.

[0015] As exemplified in Fig. 2(A), the guide plate 56
has an under surface which is in contact with a catalyst
51a within the catalyst chamber 51. While the catalyst
51a is burning in the catalyst chamber 51, the catalytic
combustion heat is efficiently conducted to the guide
plate 56 as well as to the flame-quenching material 57
and the thermally conductive plate 52. Thus the liquid
fuel 6 and the air 44 are efficiently pre-heated while they
are passing through the flame-quenching material 57 and
the fuel-passing gap 53 ahead of the catalyst chamber
51 to entail a high efficiency of the gas generation in the
catalyst chamber 51.

[0016] Gas may be generated within the catalyst
chamber with an increased efficiency. Since a catalyst
componentis supported on the flame-quenching material
57, part of the liquid fuel 6 undergoes catalytic combus-
tion while the liquid fuel 6 is passing through the flame-
quenching material 57 before the catalyst chamber 51 to
produce heat with which the liquid fuel 6 is pre-heated.
This promotes the the vaporization of the liquid fuel 6 and
the introduction of a homogeneous mixture of air and fuel
into the catalyst chamber 51, whereby to improve the
efficiency of gas generation in the catalyst chamber 51.
[0017] As exemplifiedin Fig. 2(A), when the glow plug
45 is made exothermic, the heat of this glow plug 45 is
conducted through the thermally conductive plate 52 to
the fuel-passing gap 53. By making the glow plug 45 ex-
othermic at the time of commencement of gas generation
before the catalytic combustion occurs in the catalyst
chamber 51, without the catalytic combustion heat, the
liquid fuel 6 and the air 44 are pre-heated while they are
passing through the fuel-passing gap 53 ahead of the
catalyst chamber 51. This promotes the vaporization of
the liquid fuel 6 and the introduction of a homogeneous
mixture of air and fuel into the catalyst chamber 51, to
promote prompt commencement of gas generation.
[0018] As exemplified in Fig. 1, an oxidation catalyst
12 for accelerating the combustion of the flammable gas
7 is disposed between the flammable-gas outlet 9 and
an inlet 2a of the filter 2. Thus even if the exhaust gas 10
has a low temperature, it can still cause burning of the
flammable gas 7.

[0019] As exemplified in Fig. 3, in order that the flam-
mable gas 7 heated by the exothermic reaction within
the gas generator 3 may flow from the flammable-gas
outlet 9 to the oxidation catalyst 12, the oxidation catalyst
12 occupies a case 65 for accommodating the oxidation
catalyst 12 and the flammable-gas outlet 9 opens into
the oxidation catalyst 12. The case 65 has a side wall 66
provided with a plurality of exhaust gas inlets 67 and has
an end part 68 provided with an exhaust gas outlet 69.
Therefore, it is possible to reduce the inlet rate of the
exhaust gas per unit area of each of the exhaust gas
inlets 67 in accordance with the possible increase of the
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total opening area of the exhaust gas inlets 67. Owing to
this arrangement, even when the exhaust gas has a low
temperature, the mixture of the flammable gas 7 and the
exhaust gas 10 passes through the oxidation catalyst 12
while it is retains sufficient heat to attain the activation
temperature of the oxidation catalyst 12, so that the flam-
mable gas 7 burns and the consequent increase in the
temperature of the exhaust gas 10 causes the burning
of the fine particles of the exhaust gas at the filter 12.
[0020] Itis possible to alleviate the resistance the ex-
haust gas undergoes when it passes through the oxida-
tion catalyst. As shown in Fig. 3, the exhaust gas inlets
67 are disposed in parallel with one another in the side
66 of the 65 from a front end 70 of the case 65 to a rear
end 68 thereof. Also, the caser 65 tapers outwardly, the
side wall 66 of the case 65 which accommodates the
oxidation-catalyst progressively increasing in diameter
from the front end 70 to the rear end 68 of the case 65.
Accordingly, the cross-sectional area of the oxidation cat-
alyst 12 increases towards the end 68 in compliance with
the increasing rate of the exhaust gas and thereby the
resistance that the exhaust gas 10 encounters when it
passes through the oxidation catalyst 12 is reduced.
[0021] Theoxidation catalyst12is preferably a catalyst
which comprises a catalyst component supported on a
metal substrate of a cubic mesh-structure. The quench-
ing function of the substrate inhibits the flame-combus-
tion within the oxidation catalyst 12, so as to reduce the
damage that the oxidation catalyst experiences when it
burns.

[0022] As exemplified in Fig. 1, the oxidation catalyst
12 and at least part of the gas generator 3 are arranged
within the exhaust-gas inlet pipe 21 of the filter-containing
case 11; this arrangement allows a more compact real-
ization of the exhaust device.

[0023] AsexemplifiedinFig. 1, when an axial direction
of the filter-containing case 11 is taken as a front to rear
direction, the exhaust-gas inlet pipe 21 is inserted into
an exhaust gas-inlet chamber 19 along a radial direction
of the filter-containing case 11, and the oxidation catalyst
12 and at least part of the gas generator 3 are arranged
in the afore-mentioned order within the exhaust-gas inlet
pipe 21 from an upstream side. This arrangement can
allow a decrease in the front-to-rear dimension of the
filter-containing case 11.

[0024] As exemplified in Fig. 1, the exhaust-gas inlet
pipe 21 is inserted into the exhaust gas inlet chamber 19
along the radial direction of the filter-containing case 11,
and the oxidation catalyst 12 and at least part of the gas
generator 3 are arranged within the exhaust-gas inlet
pipe 21. The oxidation catalyst 12 is protected doubly by
a wall of the filter-containing case 11 and a wall of the
exhaust gas inlet pipe 21 as well as the at least part of
the gas generator 3, thereby reducing the incidence of
damage to the oxidation catalyst 12 and the gas gener-
ator 3.

[0025] As exemplified in Fig. 1, the exhaust-gas inlet
pipe 21 is inserted into the exhaust-gas inlet chamber 19
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along the radial direction of the filter-containing case 11
and the oxidation catalyst 12 is disposed within the ex-
haust gas inlet pipe 21. Thus the oxidation catalyst 12 is
surrounded doubly by the wall of the exhaust-gas inlet
pipe 21 and the wall of the filter-containing case 11 so
that the heat of the oxidation catalyst 12 hardly escapes.
For this reason, even the exhaust gas at a low temper-
ature is sufficient to reach the activation temperature of
the oxidation catalyst 12.

[0026] As exemplifiedin Fig. 1(A), the exhaust-gas in-
let pipe 21 is inserted into the exhaust-gas inlet chamber
19 along the radial direction of the filter-containing case
11, and the oxidation catalyst 12 and at least part of the
gas generator 3 are arranged in the mentioned order with-
in the exhaust-gas inlet pipe 21 from the upstream side.
Further, a flammable-gas supply passage 8 conducted
out of the gas generator 3 is inserted into the oxidation
catalyst 12. Therefore, the flammable-gas supply pas-
sage 8 is protected by the wall of the filter-containing
case 11, the wall of the exhaust-gas inlet pipe 21 and the
oxidation catalyst 12.

[0027] Asillustratedin Fig. 1, since an exhaust muffler
28 is employed as the filter-containing case 11, there is
no need to provide the filter-containing case 11 and the
exhaust muffler 28 separately and thereby the exhaust
device can be made more compact.

[0028] The gas generator 3 vaporizes the liquid fuel 6
to covert this liquid fuel 6 into the flammable gas 7. Thus,
as compared with a reaction such as partial oxidation,
there s less fluctuation of the component ratio of the flam-
mable gas 7 and thereby the combustion heat of the flam-
mable gas 7 can be stabilised.

[0029] The gas generator 3 partially oxidizes the liquid
fuel 6 to convert the liquid fuel 6 into the flammable gas
7 containing carbon monoxide and hydrogen. According-
ly, the flammable gas 7 ignites at a relatively low temper-
ature and therefore can be burnt even if the exhaust gas
10 has a low temperature.

[0030] As illustrated in Figs. 4 and 7, in order that the
flammable gas 7, heated by the exothermic reaction with-
in the gas generator 3, can flow from the flammable-gas
outlet 9 to the upstream of the oxidation catalyst 12, an
oxidation-passage 14 is formed within the exhaust-gas
passage 13 upstream of the oxidation catalyst 12 to make
the exhaust-gas passage 13 into a double-cylinder struc-
ture. The upstream oxidation-passage 14 accommo-
dates an upstream oxidation catalyst 15, on an upstream
side of which the flammable-gas outlet 9 of the gas gen-
erator 3 opens into the upstream oxidation-passage 14.
Owing to this arrangement, the flammable gas at a high
temperature is mixed with part of the exhaust gas 10
flowing into the upstream oxidation-passage 14, among
the whole of the exhaust gas, shown by the arrows 10,
10 which passes through the exhaust-gas passage 13,
and the mixture enters the upstream oxidation-catalyst
15. Therefore, even if the exhaust gas 10 has a low tem-
perature, the mixture of the flammable gas 7 and the
exhaust gas 10 flows into the upstream oxidation-catalyst
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15 at a relatively high temperature sufficient to reach the
activation temperature of the upstream oxidation-catalyst
15. Thus the the flammable gas 7 is partly burnt by the
upstream oxidation-catalyst 15. The combustion heat in-
creases the temperature of the whole exhaust gas which
flows into the oxidation catalyst 12 disposed downstream
and enables the activation temperature of this oxidation
catalyst 12 to be attained. Consequently, this oxidation
catalyst 12 burns the residual flammable gas 7 to in-
crease further the temperature of the whole exhaust gas.
This exhaust gas 10 can then burn the fine particles of
the exhaust gas at the filter 2.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0031] Figs. 1to 3 show an exhaust device for a diesel
engine, in accordance with a first embodiment of the
present invention. Figs. 4 to 6 show an exhaust device
for a diesel engine, in accordance with a second embod-
iment of the present invention. Fig. 7 shows an exhaust
device for a diesel engine, in accordance with a third
embodiment of the present invention.

[0032] AsshowninFig. 1, liquid fuel 6 is supplied from
a source 5 of the liquid fuel 6 to a gas generator 3, which
converts the liquid fuel 6 into flammable gas 7. A supply
passage 8 of the flammable gas 7 is conducted out of
the gas generator 3. The supply passage 8 has a flam-
mable-gas outlet 9 which communicates with an exhaust-
gas route 1 upstream of a diesel-particulate-filter 2. The
flammable gas 7 which flows out of the flammable-gas
outlet9is burntin exhaust gas 10 to generate combustion
heat which in turn can burn fine particles of the exhaust
gas 10 remaining at the filter 2. This exhaust device is
connected to an exhaust-gas outlet 36 of an exhaust
manifold for a diesel engine. The diesel-particulate-filter
2 is generally called as DPE and may have has a ceramic
honeycomb structure. An oxidation catalyst is supported
on the diesel-particulate-filter 2. Alternatively, a NOx-oc-
clusion catalyst may be supported on the filter 2. A case
11 for containing the filter 2 accommodates part of the
gas generator 3.

[0033] As shownin Fig. 1, the liquid fuel 6 is fuel from
a fuel reservoir 5a of the diesel engine. The liquid fuel 6
is mixed with air 44 from a supercharger 39. For this
purpose, a gap 53, through which the fuel passes, has
an inlet side communicating with the fuel reservoir 5a of
the diesel engine through a liquid-fuel supply passage
46 and with the supercharger 39 through an air-supply
passage 38.

[0034] AsillustratedinFig. 1, theliquid-fuel supply pas-
sage 46 is provided with a liquid-fuel valve 40 and the
air-supply passage 38 is provided with an air valve 41.
Each of the valves 40 and 41 is associated with a back-
pressure sensor 43 through a controller 42. If the filter 2
is clogged with fine particles of the exhaust gas, the back
pressure increases. Then, based on the detection of this
increase by the back-pressure sensor 43, the controller
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42 opens the liquid-fuel valve 40 and the air valve 41 so
as to supply the liquid fuel 6 and the air 44 to the gas
generator 3. In the gas generator 3, the liquid fuel 6 is
vaporized to convert the liquid fuel 6 into flammable gas
7. This flammable gas 7 is fed into the exhaust-gas route
1. A catalyst 51a within a catalyst chamber 51 is an ox-
idation catalyst, which partially oxidizes the liquid fuel 6
to generate oxidation heat that vaporizes the remaining
liquid fuel 6. The catalyst 51a may be a catalyst which
comprises a catalytic component, such as platinum, sup-
ported on a metal substrate of a cubic mesh-structure.
In particular metal foam may be used for the substrate
of the catalyst 51a. The metal foam is a metallic porous
substance having the same cubic mesh-structure as a
foamed resin, an example of which of which is a sponge,
and is obtained by any suitable known method. For ex-
ample, it may be obtained by using polyurethane foam
of cubic mesh-framework as a base material; subjecting
this base material to an electric-conduction treatment;
then electroplating it; decomposing it by heat for removal;
and leaving the metal cubic mesh-framework. As for the
substrate of the catalyst 51a, alumina pellets or the like
metal pellets may be used. The mixing ratio of the liquid
fuel 6 to the air 44, namely air-fuel ratio (O/C) is set in
range generally centred on 0.6, for example from 0.4 to
0.8.

[0035] Although, in this embodiment, the gas genera-
tor 3 vaporizes the liquid fuel 6 to convert it into the flam-
mable gas 7, the gas generator 3 may partly oxidize the
liquid fuel 6 to convertitinto a flammable gas 7 containing
carbon monoxide and hydrogen. In this case, a partial-
oxidation catalyst in the chamber 51 is utilized instead of
the previously mentioned oxidation catalyst. Such a par-
tial-oxidation catalyst may comprise a catalytic compo-
nent, such as palladium or rhodium, supported on a metal
substrate of a cubic mesh-structure. Alternatively, alum-
inas pellets or the like metal pellets may be employed.
The mixing ratio of the liquid fuel 6 to the air 44, namely
air-fuel ratio (O/C) may be set in a range about 1.3, for
example from 1.0 to 1.6.

[0036] As shown in Fig. 2(A), the gas generator 3 is
provided with a catalyst chamber 51. In order to accom-
modate a catalyst 51a within the catalyst chamber 51,
this catalyst chamber 51 has an upper portion at which
a thermally conductive plate 52 is disposed. Formed
along an upper surface of this thermally conductive plate
52 is a fuel-passing gap 53, to which the liquid fuel 6 and
the air 44 are supplied. This fuel-passing gap 53 has a
side opening to provide a fuel outlet 54 to the catalyst
chamber 51 so as to conduct the catalytic combustion
heat generated within the catalyst chamber 51 through
the thermally conductive plate 52 to the fuel-passing gap
53.

[0037] As shown in Fig. 2(A), the glow plug 45 has an
exothermic portion 45a projected downwards from a mid
portion of the thermally conductive plate 52. The metal
guide plate 56 is arranged below the thermally conductive
plate 52 and is downwardly inclined from a peripheral
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portion 56a below the fuel outlet 54 to underneath the
exothermic portion 45a of the glow plug 45, so that the
liquid fuel 6 which flows from of the fuel outlet 54 impinges
on the portion 56a of the guide plate 56 and approaches
the exothermic portion 45a of the glow plug 45 through
the guidance of the guide plate 56. A metal flame-quench-
ing material 57 of a cubic mesh-structure occupies a
space between the thermally conductive plate 52 and the
guide plate 56. When the glow plug 45 generates heat,
the heat generated by the glow plug 45 is conducted
through the flame-quenching material 57 to the thermally
conductive plate 52 and the guide plate 56. During the
combustion of the catalyst 51a within the catalyst cham-
ber 51, the catalytic combustion heat is conducted
through the guide plate 56 and the flame-quenching ma-
terial 57 to the thermally conductive plate 52. The glow
plug 45 is associated with the controller 42 so as to gen-
erate heat for a predetermined period of time at the initial
term of the gas generation. Metal foam is used for the
flame-quenching material 57, but material made of stain-
less steel, and formed as 'wire-mesh’, may be used.
[0038] As shown in Fig. 2(A), the guide plate 56 has
an under-surface with which the catalyst 51a within the
catalyst chamber 51 is brought into contact. A catalyst
componentis supported on the flame-quenching material
57. When the glow plug 45 generates heat, the heat gen-
erated by the glow plug 45 is conducted through the ther-
mally conductive plate 52 to the fuel-passing gap 53. An
oxidation-catalyst component is supported on the flame-
quenching material 57. There is disposed below the
guide plate 56 a partition 58, which divides the interior
area of the catalyst chamber 51. As shown in Figs. 2(B)
and 2(C), each of the guide plate 56 and the partition 58
is opened to provide a central aperture hole 56b and a
central aperture 58b, respectively. Peripheral apertures
56c¢ are regularly spaced around the central aperture 56b
and a plurality apertures 58c are regularly spaced around
the central aperture 58b. The apertures 56¢ and 58c of
the guide plate 56 and the partition 58 are mutually stag-
gered, when seen from above, so that the liquid fuel 6
flowed out of the fuel outlet 54 is prevented from flowing
straight through both the apertures 56¢ and the apertures
58c in the mentioned order. Both the guide plate 56 and
the partition 58 may be made of stainless steel.

[0039] As shown in Fig. 1, an oxidation catalyst 12 for
accelerating the combustion of the flammable gas 7 is
located between a flammable-gas outlet 9 and an inlet
2a of the filter 2. The oxidation catalyst 12 is composed
as follows.

As shown in Fig. 3, in order that the flammable gas 7
heated by the exothermic reaction within the gas gener-
ator 3 can flow out of the flammable-gas outlet 9 to the
oxidation catalyst 12, the oxidation catalyst 12 occupies
the case 65 and the flammable-gas outlet 9 opens into
the oxidation catalyst 12. The case 65 has a peripheral
wall 66 provided with a plurality of exhaust-gas inlets 67
and has a rear 68 formed with an exhaust-gas outlet 69.
There is a plurality of flammable-gas outlets 9, are ar-
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ranged side by side along of the end part 8a of the supply
passage 8. Exhaust-gas inlets 67 are disposed in the
peripheral wall 66 of the oxidation-catalyst accommodat-
ing case 65.

[0040] AsshowninFig. 3, when the exhaust-gas inlets
67 are located side by side in the peripheral wall 66 from
the front end 70 of the case 65 to the rear end 68 thereof.
The peripheral wall 66 of the 65 has a diameter which
progressively increases from the front 70 to the rear end
68. The case 65 resembles a cup in the form of a trun-
cated cone.

[0041] As shownin Fig. 1, the case 11 is a cylindrical,
with end walls 17 and 18. An axial direction of this case
11 is taken as a front-to-rear direction. A inlet side 2a of
the filter 2 is regarded as the 'front’ and an an outlet side
2bisregarded asthe 'rear’. Within the case 11 is disposed
an exhaust-gas inlet chamber 19 in front of the filter 2
and an exhaust-gas outlet chamber 20 is arranged at the
rear of the filter 2. The exhaust-gas inlet chamber 19
communicates with an exhaust-gas inlet pipe 21 and the
exhaust-gas outlet chamber 20 communicates with an
exhaust gas outlet pipe 22.

The exhaust-gas inlet pipe 21 is inserted into the exhaust-
gas inlet chamber 19 along a radial direction of the filter-
containing case 11. The oxidation catalyst 12 and part
of the gas generator 3 are disposed from the upstream
side of the exhaust gas into the exhaust-gas inlet pipe
21 in the mentioned order. The flammable-gas supply
passage 8 from the gas generator 3 extends into the ox-
idation catalyst 12.

[0042] An exhaust muffler 28 is utilized as the filter-
containing case 11. The exhaust-gas inlet chamber 19
is composed of a first expansion chamber 29 and the
exhaust-gas outlet chamber 20 is constructed by a final
expansion chamber 30. The exhaust-gas inlet pipe 21 is
formed from an exhaust-gas lead-in pipe 31 of the first
expansion chamber 29 and the exhaust-gas outlet pipe
22 is composed of an exhaust-gas lead-out pipe 32 of
the final expansion chamber 30.

[0043] As shown in Fig. 2(A), when the gas generator
3 is supplied with the liquid fuel 6 and with the air 44, the
liquid fuel 6 mixes with the air 44 within the fuel-passing
gap 53. The liquid fuel 6 is converted into fine particles,
which flow from the fuel-passing gap 53 through the
flame-quenching material 57 into the catalyst chamber
51. Part of this liquid fuel 6 is oxidized (i.e. it undergoes
catalytic combustion) within the catalyst chamber 51 to
generate oxidation (combustion) heat by means of which
the remaining liquid fuel 6 is vaporized to become high-
temperature flammable gas 7. This high-temperature
flammable gas 7, as shown in Fig. 2(A), is fed from the
flammable-gas supply passage 8 into the oxidation cat-
alyst 12. On the other hand, the exhaust gas 10 which
passes through the exhaust-gas route 1 flows into the
oxidation catalyst 12 and is mixed with the high-temper-
ature flammable gas 7 and the mixture passes through
the oxidation catalyst 12. The flammable gas 7 is oxidized
(burnt) by the oxygen contained in the mixed exhaust
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gas 10 to produce oxidation heat (combustion heat)
which heats the mixed exhaust gas 10.

[0044] As shown in Fig. 1, the exhaust gas 10 flows
out of the oxidation catalyst 12 as shown by arrows 60
and further flows out of the outlet holes 47 of the exhaust-
gas lead-in pipe 31 into the first expansion chamber 29.
Then, as shown by arrows 62, it enters the filter 2 from
the inlets 2a and passes through the filter. The exhaust
gas 10 that has passed through the filter 2 flows from the
outlets 2b of the filter 2 into the final expansion chamber
30 as shown by arrows 63. Thereafter, the gas flows from
the inlet holes 48 of the exhaust-gas lead-in pipe 32 into
the exhaust-gas lead-in pipe 32 and flows out of the ex-
haust-gas lead-out pipe 32 as shown by an arrow 64.
[0045] The second embodiment as shown in Figs. 4
to 6 is different from the first embodiment as follows.
As shown in Fig. 4(A), the oxidation catalyst 12 is ar-
ranged outside the exhaust-gas inlet pipe 31, although
it exists within the filter-containing case 11. In order that
the flammable gas 7 heated by the exothermic reaction
within the gas generator 3 from the flammable-gas outlet
9 may flow to the upstream side of the oxidation catalyst
12, an upstream oxidation-passage 14 is formed within
the exhaust-gas passage 13 upstream of the oxidation
catalyst 12 and is formed into a double-cylinder structure.
The upstream oxidation-passage 14 accommodates an
upstream oxidation-catalyst 15, on an upstream side of
which the flammable-gas outlet 9 is opened toward the
upstream oxidation-passage 14. The exhaust-gas pas-
sage 13 is the exhaust -gas inlet pipe 21.

[0046] The upstream oxidation-passage has a section-
al area set as follows.

As shown in Fig. 4(B), the upstream oxidation-passage
14 of the exhaust-gas passage 13 of the double-cylinder
structure has a sectional area set to a fraction (such as
1/4) of the sectional area of the whole exhaust-gas pas-
sage 13 including the upstream oxidation-passage 14.
In order to ensure the oxidation-acceleration function of
the upstream oxidation-catalyst 15, it is desirable to set
the sectional area of the upstream oxidation- passage
14 of the exhaust-gas passage 13 of double-cylinder
structure within a range of 1/4 to 1/2 of the total sectional
area of the exhaust-gas passage 13 including the up-
stream oxidation passage 14.

[0047] Theflammable-gas outlet and the upstream ox-
idation-passage are opened in the following direction.
As shown in Fig. 4(A), the flammable-gas lead-out pipe
8, oriented in the direction where the upstream oxidation-
passage 14 is formed, has its terminal end 8a closed and
has a peripheral wall near the terminal end 8a opened
to provide the plurality of flammable-gas outlets 9 orient-
ed radially of the upstream oxidation-passage 14. Fur-
ther, the upstream oxidation-passage 14 has its terminal
end 14a closed and has a peripheral wall near the termi-
nal end 14a, opened to form a plurality of upstream oxi-
dation-passage outlets 16 oriented radially of a passage
4 in front of the oxidation-catalyst inlet.

[0048] As shown in Fig. 4(A), the high-temperature
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flammable gas 7 is fed from the flammable-gas supply
passage 8 to the upstream oxidation-passage 14 within
the exhaust-gas passage 13. On the other hand, part 10
of the exhaust gas (shown by the arrows 10) which pass-
es through the exhaust-gas passage 13 flows into the
upstream oxidation-passage 14 and is mixed with the
high-temperature flammable gas 7 and the mixture pass-
es through the upstream oxidation-catalyst 15. The flam-
mable gas 7 is oxidized (burnt) by the oxygen contained
in the mixed exhaust gas 10 to produce oxidation heat
(combustion heat) which heats the mixed exhaust gas
10. The heated exhaust gas 10 flows out of the upstream
oxidation-passage outlet 16; as shown by the arrows 35,
and is mixed with the remaining exhaust gas 10 and 10
which did not flow into the upstream oxidation-passage
14. The mixture flows out of the outlet holes 47 and pass-
es through the oxidation catalyst 12. The flammable gas
7 oxidized (burnt) by the upstream oxidation-catalyst 15
and remaining is oxidized (burnt) by the oxygen in the
mixed exhaust gas 10 to produce oxidation (combustion)
heat with which the mixed exhaust gas 10 is heated.
[0049] As shown in Fig. 5(A), the upstream oxidation
catalyst 15 comprises a catalytic component supported
on a substrate 25 formed by overlaying and winding a
corrugated metal sheet 23 and a flat metal sheet 24. Each
of the metal sheets 23 and 24 may be a stainless steel
sheet having a thickness of 0.5 mm. Platinum may be
used as the catalyst component. In the case where the
upstream oxidation-catalyst 15 has such a structure, a
relatively wide inter-catalyst passage 34 is formed and
therefore even the upstream oxidation-passage 14 of a
smaller diameter assures a sufficient sectional area of
the inter-catalyst passage within the upstream oxidation-
catalyst 15. Additionally, since the substrate itself 25 is
resilient, it can be retained within the upstream oxidation-
passage 14 without using any cushioning material.

As shown in Fig. 5(B), the upstream oxidation-catalyst
15 may comprises a catalytic component supported on
a substrate 27 formed from a metal mesh 26. This metal
mesh 26 may be made of stainless steel and is generally
called as "wire-mesh". Platinum may be used as the cat-
alytic component.

[0050] As shownin Fig.6 (A), the oxidation catalyst 12
may comprise a catalytic component supported on a sub-
strate 25 formed by overlaying and winding a corrugated
metal sheet 23 and a flat metal sheet 24. Each of the
metal sheets 23 and 24 may be a stainless steel sheet
having a thickness of 0.5 mm. Platinum may be used as
the catalyst component. In the case where the oxidation
catalyst 12 has such a structure, a relatively wide inter-
catalyst passage 34 is formed and therefore a sufficient
sectional area of the inter-catalyst passage within the
oxidation catalyst 12 is assured. Additionally, since the
substrate 25 itself is resilient, it can be retained within
thefilter-containing case 11 without using any cushioning
material.

As shown in Fig. 6(B), the catalyst may comprise a cat-
alytic component supported on a substrate 27 formed
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from a metal mesh 26. This metal mesh 26 may be made
of stainless steel and is generally called as "wire-mesh".
Platinum may be used as the catalyst component.
[0051] The second embodimentisthe same as the first
embodiment except for the variants described above.
[0052] The third embodiment shown in Fig. 7 is distinct
from the first embodiment on the following point.
Alumina pellets may be used for the substrate of the cat-
alyst 51a within the catalyst chamber 51. The oxidation
catalyst 12 is accommodated between the upstream ox-
idation catalyst 15 and the catalyst chamber 51 of the
gas generator 3 within the exhaust-gas inlet pipe 21 of
the filter-containing case 11. The flammable-gas lead-
out passage 8 extends through the oxidation catalyst 12.
The third embodiment is the same as the second em-
bodiment except for the other constructions and func-
tions.

Claims

1. An exhaust device for a diesel engine, that supplies
liquid fuel (6) from a source (5) of the liquid fuel (6)
to a gas generator (3) which converts the liquid fuel
(6) to flammable gas (7) and from which a flammable-
gas supply passage (8) is conducted, the flammable-
gas supply passage (8) having a flammable-gas out-
let (9) in communication with an exhaust-gas route
(1) upstream of a diesel-particulate-filter (2), flam-
mable gas (7) which flows from the flammable-gas
outlet (9) being burnt in exhaust gas (10) to generate
combustion heat which can burn fine particles of the
exhaust gas (10) remaining at the filter (2), a case
(11) for containing the filter (2) accommodating at
least part of the gas generator (3).

2. An exhaust device according to claim 1, and ar-
ranged to mix air from a supercharger (39) with fuel
from a fuel reservoir (5a) of the diesel engine.

3. Anexhaustdevice according to claim 1 or 2, wherein
the gas generator (3) is provided with a catalyst
chamber (51), a thermally conductive plate (52) is
arranged at an upper portion of the catalyst chamber
(51) and a fuel-passing gap (53) is formed along a
surface of the thermally conductive plate (52), the
fuel-passing gap (53) and having a an opening to
provide afuel outlet (54) to the catalyst chamber (51),
whereby catalytic combustion heat generated within
the catalyst chamber (15) is conducted through the
thermally conductive plate (52) to the fuel-passing

gap (53).

4. An exhaust device according to claim 3, wherein the
thermally conductive plate (52) has a mid portion
from which an exothermic portion (45a) of a glow
plug (45) projects downwards, and a guide (56) is
arranged below the thermally conductive plate (52),
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10.

11.

the guide (56) being downwardly inclined from a pe-
riphery (56a) underneath the fuel outlet (54) to below
the exothermic portion (45a) of the glow plug (45),
thereby to guide the fuel towards the exothermic por-
tion (45a) of the glow plug (45).

An exhaust device according to claim 4, wherein a
flame-quenching material (57) occupies a space be-
tween the thermally conductive plate (52) and the
guide (56), whereby when the glow plug (45) gener-
ates heat, heat generated by the glow plug (45) is
conducted through the flame-quenching material
(57) to the thermally conductive plate (52) and the
guide plate (56), and whereby during the catalytic
combustion within the catalyst chamber (51), cata-
lytic combustion heat is conducted through the guide
(56) and the flame-quenching material (57) to the
thermally conductive plate (52).

An exhaust device according to claim 5, wherein the
guide (56) has a surface with which a catalyst (51a)
within the catalyst chamber (51) is brought into con-
tact.

An exhaust device according to claim 5 or claim 6,
wherein a catalytic component is supported on the
flame-quenching material (57).

An exhaust device according to any one of claims 4
to 7, wherein when the glow plug (45) generates
heat, heat generated by the glow plug (45) is con-
ducted through the thermally conductive plate (52)
to the fuel-passing gap (53) .

An exhaust device according to any one of claims 1
to 8, wherein an oxidation catalyst (12) for acceler-
ating the combustion of the flammable gas (7) is dis-
posed between the flammable-gas outlet (9) and an
inlet (2a) of the filter (2).

An exhaust device according to claim 9, wherein in
order that the flammable gas (7) heated by the exo-
thermic reaction within the gas generator (3) from
the flammable-gas outlet (9) can flow to the oxidation
catalyst (12), the oxidation catalyst (12) occupies a
case (65) and the flammable-gas outlet (9) opens
into the oxidation catalyst (12), the case (65) having
a peripheral wall (66) provided with a plurality of ex-
haust-gas inlets (67) and having an end portion (68)
provided with an exhaust-gas outlet (69).

An exhaust device according to claim 10, wherein
the exhaust-gas inlets (67)are disposed along the
peripheral wall (66) from a front end (70) of the case
(65) toward a rear end (68) thereof, and the cross-
sectional area of the case (65)progressively increas-
es from the front end (70) to the rear end (68).
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An exhaust device according to any one of claims 9
to 11, wherein the oxidation catalyst (12) comprises
a catalytic component supported on a metal mesh.

An exhaust device according to any one of claims 9
to 12, wherein the filter-containing case (11) is cy-
lindrical, an exhaust-gas inlet chamber (19) being
provided atafront end of thefilter (2) and an exhaust-
gas outlet chamber (20) being provided at a rear end
of the filter (2) within the filter-containing case (11),
an exhaust-gas inlet pipe (21) communicating with
the exhaust-gas inlet chamber (19) and an exhaust-
gas outlet pipe (22) communicating with the exhaust-
gas outlet chamber (20), and the exhaust-gas inlet
pipe (21) extends into the exhaust-gas inlet chamber
(19) along a radial direction of the filter-containing
case (11), within the exhaust-gas inlet pipe (21) the
oxidation catalyst (12) and at least part of the gas
generator (3) are arranged in the mentioned order
from upstream side of the exhaust-gas inlet pipe, the
flammable-gas supply passage (8) from the gas gen-
erator (3) being inserted into the oxidation catalyst
(12).

An exhaust device according to claim 13, wherein
an exhaust muffler (28) is disposed as the filter-con-
taining case (11) and the exhaust-gas inlet chamber
(19) is formed from a first expansion chamber (29),
the exhaust-gas outlet chamber (20) being com-
posed of a final expansion chamber (30), the ex-
haust-gas inlet pipe (21) being formed from an ex-
haust-gas lead-in pipe (31), and the exhaust-gas out-
let pipe (22) being composed of an exhaust-gas lead-
out pipe (32).

An exhaust according to any one of claims 1 to 14,
wherein the gas generator (3) is disposed to vaporize
the liquid fuel (6) to convert it into the flammable gas

).

An exhaust device according to any one of claims 1
to 14, wherein the gas generator (3) is disposed to
partly oxidizes the liquid fuel (6) to convert it into
flammable gas (7) containing carbon monoxide and
hydrogen.

An exhaust device according to claim 9, wherein in
order that flammable gas (7) heated by the exother-
mic reaction within the gas generator (3) from the
flammable-gas outlet (9) can flow to the upstream
side of the oxidation catalyst (12), an upstream oxi-
dation-passage (14) is formed upstream of the oxi-
dation catalyst (12) within an exhaust-gas passage
(13), which is formed into a double-cylinder structure,
and an upstream oxidation-catalyst (15) is accom-
modated within the upstream oxidation-passage
(14), the flammable-gas outlet (9) opening into the
upstream oxidation-passage (14) on an upstream
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side of the upstream oxidation-catalyst (15).
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