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(57) ABSTRACT

An exhaust gas temperature control apparatus adjusts the
temperature of exhaust gas in a stage before an exhaust gas
purification unit disposed in an exhaust pipe passage of an
internal combustion engine. The exhaust gas temperature
control apparatus includes a heat reservoir which can store
and radiate heat, a heating member which causes the heat
reservoir to store heat, and a temperature control section
which controls the temperature of the exhaust gas discharged
from the exhaust gas temperature control apparatus by caus-
ing the heat reservoir to store heat or radiate heat in accor-
dance with operation state of a vehicle on which the internal
combustion engine is mounted.
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EXHAUST GAS TEMPERATURE CONTROL
APPARATUS AND EXHAUST GAS
TEMPERATURE ADJUSTMENT APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Japanese
Patent Application No. 2015-036509, which was filed on Feb.
26, 2015, the disclosure of which is herein incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an exhaust gas tem-
perature control apparatus which is disposed in an exhaust
pipe passage of an internal combustion engine and controls
the temperature of exhaust gas, and to an exhaust gas tem-
perature adjustment apparatus disposed in the exhaust pipe
passage.

[0004] 2. Description of Related Art

[0005] In order to cope with recent regulations on the com-
ponents of emission gas (exhaust gas) of an internal combus-
tion engine, various types of exhaust gas purification units are
disposed in the exhaust pipe passage of the internal combus-
tion engine. These exhaust gas purification units purify the
exhaust gas components such as NOx and PM (particulate
matter) through chemical reaction between a chemical sub-
stance such as catalyst or urea water and the exhaust gas
components, and the chemical substance exhibits an optimum
purification performance in a certain temperature range.
Meanwhile, as a result of the improved combustion efficiency
of'the internal combustion engine, the temperature of exhaust
gas tends to decrease. In view of this, there has been proposed
a technique of controlling the bed temperature of a selective
reduction catalyst in a subsequent stage to a temperature
range in which the NOx purification rate is relatively high.
Specifically, a passage containing a heat reservoir and a pas-
sage for bypassing the heat reservoir are added to the exhaust
pipe passage so as to adjust the temperature of exhaust gas to
thereby control the bed temperature of the selective reduction
catalyst to the temperature range in which the NOx purifica-
tionrate is relatively high (see, for example, Patent Document

1).
RELATED ART DOCUMENT

[0006] Patent Document 1 is Japanese Patent Application
Laid-Open (kokai) No. 2010-261423.

BRIEF SUMMARY OF THE INVENTION

[0007] However, the technique using a heat reservoir only
has a problem in that when the temperature of the heat reser-
voir itself is low, bringing exhaust gas into contact with the
heat reservoir rather lowers the temperature of exhaust gas or
the temperature of exhaust gas cannot be raised to a desired
temperature. Also, in the case where the exhaust gas tempera-
ture is raised using a heating apparatus, there arises a problem
in that the supply of electric power to the heating apparatus
increases the load of a vehicle during travel, whereby the fuel
efficiency of the vehicle decreases.

[0008] Accordingly, there has been desire to adjust the tem-
perature of exhaust gas discharged from an internal combus-
tion engine to an operating temperature range of a purification
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unit, while suppressing a decrease in the overall energy effi-
ciency of a vehicle, irrespective of the temperature of the
exhaust gas.

[0009] The present invention has been accomplished so as
to solve the above-described problem and can be realized as
the following modes.

[0010] A first mode provides an exhaust gas temperature
control apparatus which adjusts the temperature of exhaust
gas in a stage before an exhaust gas purification unit disposed
in an exhaust pipe passage of an internal combustion engine.
The exhaust gas temperature control apparatus according to
the first mode comprises a heat reservoir configured to store
and radiate heat; a heating member configured to cause the
heat reservoir to store heat; and a temperature control section
configured to control the temperature of the exhaust gas dis-
charged from the exhaust gas temperature control apparatus
by causing the heat reservoir to store heat or radiate heat in
accordance with operation state of a vehicle on which the
internal combustion engine is mounted.

[0011] The exhaust gas temperature control apparatus
according to the first mode can adjust the temperature of
exhaust gas discharged from the internal combustion engine
to the operating temperature range of the purification unit,
while suppressing a decrease in the overall energy efficiency
of the vehicle, irrespective of the temperature of the exhaust
gas.

[0012] In the exhaust gas temperature control apparatus
according to the first mode, the heating member may generate
heat using regenerative electric power obtained depending on
the operation state of the vehicle. That is to say, the regenera-
tive power is obtained depending on the operative state of the
vehicle, and the heating member generates heat using the
regenerative electric power. In this case, it is possible to adjust
the exhaust gas temperature to the operating temperature
range of the purification unit by causing the heating member
to generate heat, without lowering the overall energy effi-
ciency of the vehicle.

[0013] The exhaust gas temperature control apparatus
according to the first mode may further comprise a first flow
passage for the exhaust gas (i.e., the first flow passage serves
as a flow passage for the exhaust gas), the first flow passage
containing the heat reservoir; a second flow passage for the
exhaust gas (i.e., the second flow passage serves as a flow
passage for the exhaust gas) which differs from the first flow
passage; and a changeover section which leads the exhaust
gas to at least one of the first flow passage and the second flow
passage (i.e., the changeover section switches the flow pas-
sage for the exhaust gas to at least one of the first flow passage
and the second flow passage), wherein the temperature con-
trol section causes the heat reservoir to store heat or radiate
heat by controlling the changeover section. In this case, it is
possible to cause the heat reservoir to store heat or radiate heat
by switching the exhaust gas flow passage between the flow
passage in which the heat reservoir is disposed and the flow
passage in which the heat reservoir is not disposed.

[0014] In the exhaust gas temperature control apparatus
according to the first mode, the temperature control section
may switch the changeover section to lead the exhaust gas to
the first flow passage when either: (1) the temperature of the
exhaust gas is equal to or higher than a first predetermined
temperature and the temperature of the heat reservoir is lower
than a second predetermined temperature lower than the first
predetermined temperature, or (2) when the temperature of
the exhaust gas is lower than a third predetermined tempera-
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ture lower than the first predetermined temperature and the
temperature of the heat reservoir is equal to or higher than a
fourth predetermined temperature higher than the second pre-
determined temperature and the third predetermined tem-
perature. In this case, the temperature of the exhaust gas
discharged from the exhaust gas temperature control appara-
tus can be controlled by storing heat in the heat reservoir
using the exhaust gas or raising the temperature of the exhaust
gas using the heat reservoir.

[0015] In the exhaust gas temperature control apparatus
according to the first mode, the temperature control section
may switch the changeover section to lead the exhaust gas to
the second flow passage when the temperature of the exhaust
gas is lower than the first predetermined temperature and is
equal to or higher than the third predetermined temperature.
In this case, it is possible to control the temperature of the
exhaust gas discharged from the exhaust gas temperature
control apparatus without through the heat reservoir to a
temperature within a predetermined temperature range.
[0016] In the exhaust gas temperature control apparatus
according to the first mode, the temperature control section
may switch the changeover section to lead the exhaust gas to
the second flow passage when the operation state of the
vehicle is a deceleration state, a cold start state, or a steady
state. In this case, it becomes possible to discharge the
exhaust gas without through the heat reservoir.

[0017] In the exhaust gas temperature control apparatus
according to the first mode, the temperature control section
may supply obtained regenerative electric power to the heat-
ing member when the operation state of the vehicle is a
deceleration state. In this case, it is possible to cause the
heating member to generate heat and store the generated heat
in the heat reservoir without lowering the overall energy
efficiency of the vehicle, and adjust the exhaust gas tempera-
ture to the operating temperature range of the purification unit
when necessary through use of the stored heat.

[0018] In the exhaust gas temperature control apparatus
according to the first mode, the temperature control section
may switch the changeover section to lead the exhaust gas to
the first flow passage when the operation state of the vehicle
is an acceleration state or is a high load state in which a load
greater than a predetermined load acts on the vehicle. In this
case, the exhaust gas temperature can be lowered by the heat
reservoir.

[0019] A second mode provides an exhaust gas temperature
adjustment apparatus disposed in an exhaust pipe passage of
an internal combustion engine. The exhaust gas temperature
adjustment apparatus according to the second mode com-
prises an introduction opening for introducing exhaust gas
from the internal combustion engine; a discharge opening for
discharging the introduced exhaust gas; a first flow passage
establishing communication between the introduction open-
ing and the discharge opening; a heat reservoir and a heating
member disposed in the first flow passage; a second flow
passage which differs from the first flow passage, the second
flow passage establishing communication between the intro-
duction opening and the discharge opening; and a changeover
section configured to lead the exhaust gas to at least one of the
first flow passage and the second flow passage (i.e., the
changeover section switches a flow passage, through which
the exhaust gas flows, to at least one of the first flow passage
and the second flow passage).

[0020] The exhaust gas temperature adjustment apparatus
according to the second mode can adjust the temperature of
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exhaust gas discharged from the internal combustion engine
to the operating temperature range of the purification unit,
while suppressing a decrease in the overall energy efficiency
of the vehicle, irrespective of the temperature of the exhaust
gas.

[0021] Intheexhaust gastemperature adjustment apparatus
according to the second mode, the heating member and the
heat reservoir may be integrally formed. In this case, the
efficiency of the operation of storing heat in the heat reservoir
using the heating member can be improved.

[0022] The exhaust gas temperature adjustment apparatus
according to the second mode may further comprise a second
heating member disposed at the discharge opening. In this
case, the shortage of heat which occurs as a result of heating
the exhaust gas by the heat reservoir only can be supple-
mented by the heat generated by the second heating member.
[0023] The exhaust gas temperature adjustment apparatus
according to the second mode may further comprises a selec-
tive catalytic reduction unit disposed in the first flow passage
and located downstream of the heat reservoir and the heating
member. In this case, it is possible to efficiently raise the
temperature of the selective catalytic reduction unit to a
proper operating temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Illustrative aspects of the invention will be described
in detail with reference to the following figures wherein:
[0025] FIG. 1 is an explanatory view schematically show-
ing a vehicle including an exhaust gas temperature control
apparatus used in a first embodiment.

[0026] FIG. 2 is an external perspective view schematically
showing the structure of the exhaust gas temperature control
apparatus according to the first embodiment.

[0027] FIG. 3 is a schematic transverse cross-sectional
view of the exhaust gas temperature control apparatus accord-
ing to the first embodiment taken along line 3-3 shown in FIG.
2.

[0028] FIG. 4 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of cold start.

[0029] FIG. 5 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of steady operation.
[0030] FIG. 6 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of deceleration and at
the time of low load.

[0031] FIG. 7 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of acceleration.
[0032] FIG. 8 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of rapid acceleration or
at the time of acceleration in a state in which a heat reservoir
has not yet stored a sufficient amount of heat.

[0033] FIG.9 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of high load and at the
time of regeneration of a DPF.

[0034] FIG. 10 is an explanatory view showing a modifica-
tion of the exhaust gas temperature control apparatus accord-
ing to the first embodiment.
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[0035] FIG. 11 is a block diagram schematically showing
the electrical connections among electrical components in the
vehicle having the heat reservoir according to the first
embodiment.

[0036] FIG. 12 is a flowchart showing a first processing
routine for controlling the operation of the exhaust gas tem-
perature control apparatus in the first embodiment.

[0037] FIG. 13 is a flowchart showing a second processing
routine for controlling the operation of the exhaust gas tem-
perature control apparatus in the first embodiment.

[0038] FIG. 14 is an explanatory view showing an operat-
ing state of an exhaust gas temperature control apparatus
according to a second embodiment at the time of cold start.
[0039] FIG. 15 is an explanatory view showing an operat-
ing state of the exhaust gas temperature control apparatus
according to the second embodiment at the time of decelera-
tion and at the time of low load.

[0040] FIG. 16 is an explanatory view showing an operat-
ing state of the exhaust gas temperature control apparatus
according to the second embodiment at the time of accelera-
tion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

[0041] One mode of an exhaust gas temperature control
apparatus according to the present invention will now be
described by taking as an example a vehicle including a diesel
engine (internal combustion engine). FIG. 1 is an explanatory
view schematically showing a vehicle having an exhaust gas
temperature control apparatus used in a first embodiment.

A. First Embodiment

[0042] A vehicle 500 includes a diesel engine (hereafter
referred to as the “engine™) 510, four wheels 520, and an
exhaust gas purification system 10. The engine 510 uses light
oil as fuel and outputs drive force by means of explosive
combustion of the fuel. Also, as a result of the explosive
combustion, the engine 510 discharges exhaust gas contain-
ing NOX (nitrogen oxides) and PM (particulate matter) to the
atmosphere through the purification system 10 provided in
the exhaust system of the vehicle 500. Notably, the configu-
ration of the vehicle shown in FIG. 1 and used in the first
embodiment can be used similarly in other embodiments.

[0043] The purification system 10 includes various types of
exhaust gas purification units provided on an exhaust pipe
(exhaust pipe passage). The exhaust pipe 11 is connected to
the engine 510 through a manifold 11a on the side toward the
engine 510 (on the upstream side with respect to the flow
direction of the exhaust gas), and has a muffler end pipe 115
on the furthest downstream side with respect to the flow
direction of the exhaust gas. A third temperature sensor 193
for detecting the temperature of coolant is provided on the
engine 510. The purification system 10 includes a diesel
oxidation catalyst (DOC) 12, a diesel particulate filter (DPF)
13, an exhaust gas temperature control apparatus 20, a selec-
tive catalytic reduction (SCR) unit 14, and an ammonia slip
diesel oxidation catalyst (NH; DOC) 15 which are provided
on the exhaust pipe 11 in this order from the upstream side
with respect to the flow direction of the exhaust gas. A fuel
injection unit 17 may be disposed on the exhaust pipe 11 to be
located upstream of the DOC 12, and a urea water injection
unit 18 is disposed upstream of the SCR unit 14. A first
temperature sensor 191 is disposed on the exhaust gas tem-
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perature control apparatus 20, and a second temperature sen-
sor 192 is disposed upstream of the exhaust gas temperature
control apparatus 20. The first temperature sensor 191 may be
disposed on the upstream side or downstream side of the
exhaust gas temperature control apparatus 20. The second
temperature sensor 192 may be disposed at any location
where it can detect the temperature of the exhaust gas intro-
duced into the exhaust gas temperature control apparatus 20,
for example, on the downstream side (outlet side) of the DPF
13. Notably, the expression “on the exhaust pipe” in the
present embodiment encompasses both the case where a rel-
evant unit or the like is provided inside the exhaust pipe and in
the case where a relevant unit or the like is provided in the
midway of the exhaust pipe (a relevant unit or the like con-
stitutes a portion of the exhaust pipe).

[0044] The diesel oxidation catalyst 12 carries a noble
metal such as platinum (Pt), palladium (Pd), or the like as a
catalyst. The diesel oxidation catalyst 12 oxidizes carbon
monoxide (CO) and hydrocarbon (HC) which are unburned
gas components contained in the exhaust gas and convert
them to carbon dioxide (CO,) and water (H,0), and oxides
nitrogen monoxide (NO) contained in the exhaust gas and
coverts it to nitrogen dioxide (NO,).

[0045] The diesel particulate filter 13 is a filter which col-
lects the particulate matter (PM) contained in the exhaust gas
by fine voids of a porous ceramic. A metal catalyst such as
platinum or the like is applied to the surface of the porous
ceramic. The diesel particulate filter 13 is naturally regener-
ated as follows. In the presence of NO, produced by the diesel
oxidation catalyst 12, the particulate matter chemically reacts
with the catalyst in an atmosphere of 250 to 300° C. and is
converted to carbon dioxide (CO,) and water (H,O), whereby
the diesel particulate filter 13 is regenerated. The diesel par-
ticulate filter 13 can be regenerated by means of forced regen-
eration as well. Specifically, fuel is supplied to the diesel
oxidation catalyst 12 directly through the fuel injection unit
17 or indirectly from the engine 510 in the exhaust stroke, and
hydrocarbon originating from the fuel is catalytically com-
busted so as to increase the temperature of the exhaust gas to
450° C. or higher, whereby the collected particulate mater is
oxidized. Thus, the diesel particulate filter 13 is regenerated.
[0046] The selective catalytic reduction (SCR) unit 14 is an
apparatus which carries a zeolite-based catalyst or a vana-
dium-based catalyst and selectively reduces NOx. In general,
the selective catalytic reduction unit 14 operates as follows.
Urea water is sprayed on the exhaust gas by the urea water
injection unit 18 at a location before the inlet of the selective
catalytic reduction unit 14. The selective catalytic reduction
unit 14 produces ammonia (NH;) through thermal decompo-
sition of the urea water and hydrolysis reaction, and convers
the NOx component of the exhaust gas to nitrogen (N,) and
water (H,O). Accordingly, at the location before the inlet of
the selective catalytic reduction unit 14, the exhaust gas must
have a proper temperature (for example, 200° C. or higher) in
order to obtain ammonia from the urea water.

[0047] The ammonia slip diesel oxidation catalyst 15 car-
ries the same catalyst as the diesel oxidation catalyst 12. The
ammonia slip diesel oxidation catalyst 15 oxidizes and
decomposes ammonia not used for the reaction at the selec-
tive catalytic reduction unit 14 to thereby produce nitrogen or
NOx.

[0048] The exhaust gas temperature control apparatus 20
according to the present embodiment will now be described in
detail. FIG. 2 is an external perspective view schematically
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showing the structure of the exhaust gas temperature control
apparatus according to the first embodiment. FIG. 3 is a
schematic transverse cross-sectional view of the exhaust gas
temperature control apparatus according to the first embodi-
ment taken along line 3-3 shown in FIG. 2.

[0049] The exhaust gas temperature control apparatus 20
includes a casing 201 (housing), a first flow passage pipe 21,
a second flow passage pipe 22, a heat reservoir 30, a heating
member 31, a heat insulating material 23, and a flow passage
changeover valve 25. Notably, in the case where the exhaust
gas temperature control apparatus 20 does not contain a con-
trol unit 60 to be described later, the exhaust gas temperature
control apparatus 20 may be referred to as an exhaust gas
temperature adjustment apparatus. The casing 201 is formed
of stainless steel or steel sheet with oxidation prevention
treatment performed thereon. The first flow passage pipe 21
defines a first flow passage 21a through which the exhaust gas
flows, and the second flow passage pipe 22 defines a second
flow passage 22a through which the exhaust gas flows. The
first flow passage pipe 21 and the second flow passage pipe 22
are disposed in parallel to each other. The casing 201 has an
introduction opening 20q for introducing the exhaust gas into
the inside of the casing 201 and a discharge opening 205 for
discharging the exhaust gas to the outside. The introduction
opening 20a communicates with the first flow passage pipe 21
and the second flow passage pipe 22, and the discharge open-
ing 205 communicates with the first flow passage pipe 21 and
the second flow passage pipe 22. Although the first flow
passage pipe 21 and the second flow passage pipe 22 have the
shape of a hollow parallelepiped, they may have a cylindrical
shape or any other shape.

[0050] On one side of the casing 201 where the introduction
opening 20aq is provided, the flow passage changeover valve
25 is provided so as to switch the flow passage pipe through
which the exhaust gas flows, between the first flow passage
pipe 21 and the second flow passage pipe 22. The flow pas-
sage changeover valve 25 may be a changeover valve in
which selective switching between the flow passages is real-
ized by swing motion of a plate-shaped valve body about a
shaft provided at one end of the valve body as shown in the
drawings, a changeover valve in which selective switching
between the flow passages is realized by rotation of a rotary
valve body about its axis, the rotary valve body having com-
munication passages formed therein, or a changeover valve in
which selective switching between the flow passages is real-
ized by straight movement of a plate-shaped valve body.
Examples of an actuator for driving the valve body include a
motor such as a stepping motor, an electromagnetic actuator,
and an actuator using fluid such as air or oil. Notably, as will
be described later, there exist cases where the switching
between the flow passages is not required to be selective; i.e.,
exclusive. In such a case, the flow passage changeover valve
25 is required to introduce the exhaust gas, introduced
through the introduction opening 20a, to both of the first and
second flow passage pipes 21 and 22. The flow passage
changeover valve 25 may be provided for each of the flow
passage pipes 21 and 22. Inthis case, it is possible to close one
flow passage pipe and adjust the flow rate of the exhaust gas
flowing to the other flow passage pipe. Namely, the exhaust
gas flow rates at the two flow passage pipes can be controlled
independently.

[0051] Theheatreservoir 30 is disposed inside the first flow
passage pipe 21 to partially occupy the interior of the flow
passage pipe 21. Although the heat reservoir 30 has a rectan-
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gular parallelepipedic shape corresponding to the shape of the
first flow passage pipe 21, the heat reservoir 30 may have a
circular columnar shape or any other shape. The heat reser-
voir 30 may be any of a ceramic member, a sintered body of
metal powder, a metal honeycomb, an expanded metal, and
the like each of which has internal flow passages through
which the exhaust gas can flow. Also, a latent heat reservoir
formed of molten salt or the like may be used as the heat
reservoir 30. Notably, the internal flow passages may be
intentionally formed flow passages (for example, straight
flow passages) or flow passages (for example, meandering
flow passages) formed by voids formed due to the property of
the material. Notably, depending on the required heat capac-
ity, the heat reservoir 30 may be disposed in the first flow
passage pipe 21 such that the heat reservoir 30 occupies the
entire internal space of the first flow passage pipe 21.

[0052] The heating member (heater) 31 is embedded in the
heat reservoir 30. In the example shown in FIGS. 2 and 3,
since the first flow passage pipe 21 has a rectangular paral-
lelepipedic shape and the heat reservoir 30 also has a paral-
lelepipedic shape corresponding thereto, the heating member
31 has a rectangular spiral cross-sectional shape. However,
the heating member 31 may have a circular spiral cross-
sectional shape. Since the heating member 31 is used to store
heat in the heat reservoir 30, the heating member 31 may be
partially or entirely embedded in the heat reservoir 30, or may
be disposed near or joined to a portion or the entirety of the
outer peripheral surface of the heat reservoir 30. The heating
member 31 may be a heating member which is formed by
stacking a plurality of flat or corrugated metal plates, or flat
and corrugated metal plates, in such a manner that they are
spaced from one another and in which the plates themselves
generate heat upon energization. In this case, it is desired that
holes be formed in the metal plates or irregularities be formed
on the metal plates in order to increase their heat generation
surface areas. A plurality of heating members each of which
has a rod-like shape and which are inserted into the internal
flow passages of the heat reservoir 30 to extend along the flow
direction of the exhaust gas may be used as the heating mem-
ber 31. Notably, the heating member in the present embodi-
ment may be a resistance heating element (heat generation
member) whose periphery is not covered with an insulating
material and which itself generates heat when electricity is
supplied thereto. For example, the heating member may be a
wire-shaped heating member such as Nichrome wire, copper
wire, or tungsten wire. Alternatively, the heating member 31
may be a plate-shaped bare metallic member formed of, for
example, stainless steel, cupper, or aluminum. Alternatively,
the heating member 31 may be formed of non-metallic mate-
rial (e.g., silicon carbide, carbon, etc.) which is small in heat
capacity and does not function as a heat reservoir. Alterna-
tively, the heating member 31 may be a heating member
which includes a resistance heating element disposed within
a casing and covered with powder of an inorganic insulating
material such as magnesia; i.e., the heating member 31 may
be a heating member generally called “heater.”

[0053] Notably, in the case where the heating member 31 is
formed by stacked plates and has a spiral cross section, the
heating member 31 may be used as the heat reservoir 30.
Namely, since each metal plate can function as a heat genera-
tion member and a heat storage member, the heating member
31 can function as a heat reservoir 30 having a predetermined
heat capacity. In this case, the separating spaces between the
stacked plates can function as internal flow passages. Further,
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the heating member 31 is not required to be embedded in the
heat reservoir 30 and may be disposed on the upstream side
(the engine side) or the downstream side of the heat reservoir
30 to be located near the heat reservoir 30. Namely, no limi-
tation is imposed on the position of the heating member 31 so
long as the heating member 31 can heat the heat reservoir 30
and causes the heat reservoir 30 to store heat.

[0054] The heat insulating material 23 is disposed or
charged in the space between the casing 201 and the first flow
passage pipe 21 and the second flow passage pipe 22. For
example, a sheet material formed of ceramic, a cylindrical
hard ceramic material, or a foamable ceramic material is used
as the heat insulating material 23. As a result of provision of
the heat insulating material 23, the amount of heat conducted
to the metallic casing 201 can be reduced, and the heat insu-
lating efficiency of the exhaust gas temperature control appa-
ratus 20 can be maintained at a desired level. Notably, in order
to further improve the heat insulation property, the casing 201
may have a double wall structure in which a layer of air is
provided between the two walls.

[0055] The switching of the flow passage changeover valve
25 in accordance with the operation state of the vehicle and
the heating of the heat reservoir 30 by the heating member 31;
namely, the operation of the exhaust gas temperature control
apparatus according to the first embodiment, will be
described with reference to FIGS. 410 9. FIG. 4 is an explana-
tory view showing an operating state of the exhaust gas tem-
perature control apparatus according to the first embodiment
at the time of cold start. FIG. 5 is an explanatory view show-
ing an operating state of the exhaust gas temperature control
apparatus according to the first embodiment at the time of
steady operation. FIG. 6 is an explanatory view showing an
operating state of the exhaust gas temperature control appa-
ratus according to the first embodiment at the time of decel-
eration and at the time of low load. FIG. 7 is an explanatory
view showing an operating state of the exhaust gas tempera-
ture control apparatus according to the first embodiment at
the time of acceleration. FIG. 8 is an explanatory view show-
ing an operating state of the exhaust gas temperature control
apparatus according to the first embodiment at the time of
rapid acceleration or at the time of acceleration in a state in
which the heat reservoir has not yet stored a sufficient amount
of'heat. FIG. 9 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the first embodiment at the time of high load and at the
time of regeneration of the DPF.

[0056] Inthe case where the operation state of the vehicle is
the state of cold start, as shown in FIG. 4, the flow passage
changeover valve 25 is switched so as to close the first flow
passage pipe 21 and lead the exhaust gas from the engine 510
to the second flow passage pipe 22; i.e., the second flow
passage 22a. This operation is performed for the following
reason. At the time of cold start, the temperature of the
exhaust gas is low (for example, about 50° C.). Therefore,
when the heat reservoir 30 is exposed to the exhaust gas, the
temperature (heat storage amount) of the heat reservoir 30
decreases. Also, since no heat is stored in the heat reservoir
30, even when the exhaust gas and the heat reservoir 30 are
brought into contact with each other, an increase in the tem-
perature of the exhaust gas is not expected. Also, the heating
member 31 is not energized. Notably, a second heating mem-
ber 35 energized by the battery is provided at the discharge
opening 205. At the time of cold start, the second heating
member 35 is energized to heat the exhaust gas.
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[0057] Inthe case where the operation state of the vehicle is
a steady operation state, as shown in FIG. 5, the flow passage
changeover valve 25 is switched to establish communication
between the introduction opening 20a and the first and second
flow passage pipes 21 and 22 to thereby lead the exhaust gas
from the engine 510 to the first and second flow passage pipes
21and 22;i.e., the first and second flow passages 21a and 22a.
This operation is performed for the following reason. At the
time of steady operation, the temperature of the exhaust gas
introduced into the exhaust gas temperature control apparatus
increases to about 200° C. Therefore, it is possible to heat the
heat reservoir 30, by exposing the heat reservoir 30 to the
exhaust gas, to thereby cause the heat reservoir 30 to store
heat. Neither the heating member 31 nor the second heating
member 35 is energized.

[0058] Inthe case where the operation state of the vehicle is
a deceleration or low load state, as shown in FIG. 6, the flow
passage changeover valve 25 is switched to close the first flow
passage pipe 21 and lead the exhaust gas from the engine 510
to the second flow passage pipe 22; i.e., the second flow
passage 22a. As will be described later, at the time of decel-
eration, the vehicle according to the present embodiment can
collect the kinetic energy at the time of deceleration as elec-
trical energy through use of an alternator to thereby obtain
regenerative electric power. In view of this, at the time of
deceleration, the heating member 31 generates heat through
use of the regenerative electric power to thereby store heat in
the heat reservoir 30. Also, in the case where the load of the
vehicle is low and the on-vehicle battery stores a surplus
amount of electric power, the heating member 31 generates
heat through use of the electric power of the on-vehicle bat-
tery to thereby store heat in the heat reservoir 30. One reason
why the first flow passage pipe 21 is closed in either case is to
prevent the exhaust gas from taking the heat generated by the
heating member 31 or the heat stored in the heat reservoir 30
to thereby allow the heat reservoir 30 to store a larger amount
of'heat. Another reason why the first flow passage pipe 21 is
closed is that at the time of deceleration from a steady opera-
tion state or at the time of transition to a low load state, NOx,
HC, CO, etc. are hardly emitted, and it is unnecessary to heat
the exhaust gas by the heating member 31 or the heat reservoir
30. Notably, the supply of electricity to the second heating
member 35 is also not performed.

[0059] Inthe case where the operation state of the vehicle is
an acceleration state and the heat reservoir 30 stores a suffi-
cient amount of heat, as shown in FIG. 7, the flow passage
changeover valve 25 is switched to close the second flow
passage pipe 22 and lead the exhaust gas from the engine 510
to the first flow passage pipe 21; i.e., the first flow passage
21a. Atthe time of acceleration, the engine load increases, the
amount of emitted NOx increases, and the flow rate of the
exhaust gas itself increases. Therefore, if the exhaust gas is
introduced directly into the SCR unit 14, the temperature of
the SCR unit 14 may become lower than a temperature suit-
able for its operation. In view of this, in order to activate the
SCR unit 14 to a sufficient degree, the exhaust gas is heated by
the heat stored in the heat reservoir 30 so as to increase the
temperature of the SCR unit 14 to the temperature suitable for
its operation to thereby allow the SCR unit 14 to process NOx
of'an increased amount. Also, neither the heating member 31
nor the second heating member 35 is energized.

[0060] Inthe case where the operation state of the vehicle is
the state of rapid acceleration or in the case where the opera-
tion state of the vehicle is an acceleration state and the heat
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reservoir 30 has not yet stored a sufficient amount of heat, as
shown in FIG. 8, the flow passage changeover valve 25 is
switched to close the second flow passage pipe 22 and lead the
exhaust gas from the engine 510 to the first flow passage pipe
21; i.e., the first flow passage 21a. Also, the supply of elec-
tricity to the second heating member 35 is performed for the
following reason. At the time of rapid acceleration, the engine
load increases, the amount of emitted NOx increases, and the
flow rate of the exhaust gas increases considerably. There-
fore, the exhaust gas cannot be heated to a sufficient degree by
only the heat stored in the heat reservoir 30. Therefore, the
shortage of'heat is supplemented by the heat generated by the
second heating member 35. Another reason why the supply of
electricity to the second heating member 35 is performed is as
follows. In the case where the vehicle accelerates in a state in
which the amount of heat stored in the heat reservoir 30 is not
sufficient, the exhaust gas having increased in flow rate can-
not be heated to a sufficient degree by only the heat stored in
the heat reservoir 30. Therefore, the shortage of heat is
supplemented by the heat generated by the second heating
member 35. Notably, the heating member 31 is not energized.
Also, in the case where the sum of the amount of heat gener-
ated as a result of energization of the second heating member
35 and the amount of heat stored in the heat reservoir 30 is less
than the required amount of heat, in addition to the second
heating member 35, the heating member 31 may be caused to
generate heat through use of electric power other than the
regenerative electric power; for example, through use of the
electric power of the battery 42. Alternatively, only the heat-
ing member 31 may be caused to generate heat without caus-
ing the second heating member 35 to generate heat.

[0061] Inthe case where the operation state of the vehicle is
a high load state or a state in which the DPF is regenerated, as
shown in FIG. 9, the flow passage changeover valve 25 is
switched to close the second flow passage pipe 22 and lead the
exhaust gas from the engine 510 to the first flow passage pipe
21; i.e., the first flow passage 21a. At the time of high load or
at the time of regeneration of the DPF, the temperature of the
exhaust gas rises to about 400° C. within a short period of time
and leakage of NH; tends to occur at the SCR unit 14. In view
of this, the thermal energy of the exhaust gas having an
excessively high temperature is absorbed by the heat reser-
voir 30 so as to decrease the rising speed of the temperature of
the exhaust gas to thereby suppress the leakage of NH3.
Notably, neither the heating member 31 nor the second heat-
ing member 35 is energized.

[0062] Although the exhaust gas temperature control appa-
ratus 20 according to the present embodiment shown in FIGS.
2 and 3 has the first flow passage pipe 21 and the second flow
passage pipe 22 which are arranged in parallel in the horizon-
tal direction, the exhaust gas temperature control apparatus
20 may have a first flow passage pipe 21 and a second flow
passage pipe 22 which are arranged in parallel in the vertical
direction as shown in FIG. 10. FIG. 10 is an explanatory view
showing a modification of the exhaust gas temperature con-
trol apparatus according to the first embodiment. For
example, in the case where a mounting space extending in the
horizontal direction does not exist and a mounting space
extending in the vertical direction can be found, the exhaust
gas temperature control apparatus 20 according to the first
embodiment can be mounted on the vehicle (in the mounting
space extending in the vertical direction).

[0063] FIG. 11 is a block diagram schematically showing
the electrical connections among electrical components in the
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vehicle having the heat reservoir according to the first
embodiment. The vehicle 500 includes an alternator (genera-
tor) 40 which is driven by the drive force of the engine 510.
The engine 510 has an engine-side pulley 511 for providing to
the alternator 40 the drive force (output) taken out from a
crankshaft (not shown). The alternator 40 has an alternator-
side pulley 401 for receiving the drive force provided from the
engine 510. The engine-side pulley 511 and the alternator-
side pulley 401 are mechanically connected by a belt 512,
whereby the drive force of the engine 510 is transmitted to the
alternator 40 through the belt 512.

[0064] The vehicle 500 includes the flow passage
changeover valve 25, a vehicle accessory 41, the battery 42, a
control unit 60, a first relay 61, a second relay 62, a third relay
63, the first temperature sensor 191, the second temperature
sensor 192, and the third temperature sensor 193. The flow
passage changeover valve 25, which has the above-described
structure, is connected to the control unit 60 through a control
signal line. The valve body of the flow passage changeover
valve 25 is driven by its actuator in accordance with the
control signal from the control unit 60, whereby the flow
passage of the exhaust gas is switched to the first flow passage
pipe 21, to the second flow passage pipe 22, or to the first and
second flow passage pipes 21 and 22. The control unit 60
functions as a temperature control section for adjusting the
temperature of the exhaust gas discharged from the exhaust
gas temperature control apparatus 20.

[0065] The vehicle accessory 41 is an accessory which is
used when the vehicle travels and which is driven by (con-
sumes) the electric power output from the alternator 40 or the
electric power stored in the battery 42. Examples of the
vehicle accessory 41 include head lamps, an audio system, a
navigation system, and an electric heater.

[0066] The output terminal of the alternator 40 is electri-
cally connected to the heating member 31 through the first
relay 61. Also, the output terminal of the alternator 40 is
electrically connected to the vehicle accessory 41 through the
third relay 63 and is electrically connected to the positive
terminal (+) of the battery 42 through an ammeter 64. The
positive terminal (+) of the battery 42 is electrically con-
nected to the second heating member 35 through the second
relay 62. Notably, a DC/DC converter for voltage step up or
voltage step down may be disposed in a wiring path extending
from the alternator 40 to the vehicle accessory 41 and the
battery 42. The ground-side terminals of the alternator 40, the
vehicle accessory 41, the heating member 31, and the second
heating member 35 are electrically connected to the negative
terminal (=) of the battery 42 through the body ground.
[0067] The first relay 61 is a switch which turns the heating
member 31 on and off; namely, allows and stops the supply of
electric power to the heating member 31. The second relay 62
is a switch which turns the second heating member 35 on and
off; namely, allows and stops the supply of electric power to
the second heating member 35. The third relay 63 is a switch
which allows and stops the supply of electric power generated
by the alternator 40 to the accessory 41 and the battery 42. The
first to third relays 61 to 63 are connected to the control unit
60 through control signal lines and are turned on (closed) and
turned off (opened) by the control signals from the control
unit 60. The ammeter 64 detects the output current of the
battery 42 and provides the detected output current to the
control unit 60 through a signal line. The first temperature
sensor 191, which is used to detect the temperature of the
exhaust gas temperature control apparatus 20 (the heat reser-
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voir 30), and the second temperature sensor 192, which is
used to detect the temperature of the exhaust gas introduced
into the exhaust gas temperature control apparatus 20, are
both connected to the control unit 60 through signal lines.
[0068] In the present embodiment, the electric power gen-
erated by the alternator 40 can be supplied to the heating
member 31 directly, namely, without storing the electric
power in the battery 42, by turning the first relay 61 on and
turning the third relay 63 off. For example, under the condi-
tion that the battery 42 is in a prescribed fully charged state at
the time of deceleration of the vehicle and the electric power
output from the alternator 40 becomes excessive power, it is
possible to operate the alternator 40 so as to supply electric
power to the heating member 31 for heat generation. The
thermal energy generated by the heating member 31 is used to
heat the heat reservoir 30, whereby heat is stored in the heat
reservoir. As a result, it is possible to convert the kinetic
energy of the vehicle to electrical energy and then to thermal
energy, without wasting the kinetic energy, to thereby store
the thermal energy in the heat reservoir 30. As having been
already described, the heat stored in the heat reservoir 30 is
used to increase the temperature of the exhaust gas in accor-
dance with the operation state of the vehicle. Also, in the case
where the operation state of the vehicle is a low load state and
the battery 42 stores a surplus amount of electric power, the
control unit 60 may turn on the first and third relays 61 and 63
to thereby cause the heating member 31 to generate heat using
the electric power from the battery 42. The second heating
member 35 generates heat using the electric power from the
battery 42 when the second relay 62 is turned on.

[0069] Operation control for the exhaust gas temperature
control apparatus 20 in the first embodiment will be described
with reference to FIG. 12. FIG. 12 is a flowchart showing a
first processing routine for controlling the operation of the
exhaust gas temperature control apparatus in the first embodi-
ment. The present processing routine is executed by the con-
trol unit 60. Notably, the control unit 60 includes at least a
central processing unit (CPU), memories, and an input/output
interface for exchanging control signals and detection signals
with external devices. The CPU, the memories, and the input/
output interface are not shown in the drawings.

[0070] The control unit 60 starts the present processing
routine when the vehicle is started, and detects the operation
state of the vehicle using various sensors provided on the
vehicle. For example, the control unit 60 can judge the opera-
tion state of the vehicle (i.e., an acceleration state, a decelera-
tion state, or a steady operation state) on the basis of an input
signal input from an accelerator pedal opening sensor and an
input signal input from the temperature sensor 192 disposed
on the upstream side of the exhaust gas temperature control
apparatus 20, judges whether or not DPF regeneration pro-
cessing is being executed on the basis of a DPF control signal,
and judges whether or not the engine is cold started on the
basis of an input signal which is input from the third tempera-
ture sensor 193 and represents the coolant temperature.
[0071] The control unit 60 judges whether or not the opera-
tion state of the vehicle is a cold start state (step S100). In the
case where the control unit 60 judges that the operation state
of'the vehicle is a cold start state (step S100: Yes), the control
unit 60 sends a control signal to the flow passage changeover
valve 25 so as to close the first flow passage pipe 21 (the first
flow passage 21a) (step S102). Namely, as shown in FIG. 4,
the control unit 60 establishes communication between the
introduction opening 20a and the second flow passage pipe 22
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(the second flow passage 22a) to thereby lead the exhaust gas
to the second flow passage 22a. The control unit 60 judges
whether or not the vehicle is in a cold start state on the basis
of the coolant temperature input from the third temperature
sensor 193 which detects the coolant temperature of the
engine 510. For example, in the case where the coolant tem-
perature detected by the third temperature sensor 193 is 0° C.
10 20° C., the control unit 60 judges that the vehicleis in a cold
start state. Alternatively, the control unit 60 may judge
whether or not the vehicle is in a cold start state on the basis
of the temperature of the exhaust gas introduced into the
exhaust gas temperature control apparatus 20 detected by the
second temperature sensor 192 (for example, the temperature
of the exhaust gas is 50° C. or lower), or on the basis of the
coolant temperature and the exhaust gas temperature. The
control unit 60 turns off the third relay 63 (step S104), turns
onthe secondrelay (step S106), and returns to the detection of
the operation state. As a result of switching of the third relay
63 to the off position, the heating member 31 is turned off (is
disconnected from the electric power circuit), and as a result
of switching of the second relay 62 to the on position, the
second heating member 35 is turned on. As a result, the
exhaust gas introduced into the exhaust gas temperature con-
trol apparatus 20 is heated to a higher temperature by the
second heating member 35, whereby the temperature of the
SCR unit 14 in the subsequent stage can be quickly raised to
a proper operating temperature.

[0072] Notably, the control unit 60 may judge whether or
notthethird relay 63 is in the on position before sending an off
signal (opening signal) to the third relay 63 and send the off
signal to the third relay 63 only when the third relay 63 is in
the on position, or the control unit 60 may send the off signal
to the third relay 63 irrespective of the present position of the
third relay 63. This procedure is the same in the valve position
switching control for the flow passage changeover valve 25
and in the on-off control for the first and second relays 61 and
62.

[0073] Inthe case where the control unit 60 judges that the
operation state of the vehicle is not a cold start state (step
S100: No), the control unit 60 judges whether or not the
operation state of the vehicle is a deceleration state (step
S108). In the case where the control unit 60 judges that the
operation state of the vehicle is a deceleration state (step
S108: Yes), the control unit 60 sends a control signal to the
flow passage changeover valve 25 so as to close the first flow
passage pipe 21 (the first flow passage 21a) (step S110) and
establish communication between the introduction opening
20a and the second flow passage pipe 22 (the second flow
passage 22a) to thereby lead the exhaust gas to the second
flow passage 224 as shown in FIG. 6. Namely, the control unit
60 prevents the heat reservoir 30 from being exposed to the
flow of the exhaust gas to thereby efficiently execute the
processing of storing heat in the heat reservoir 30 using the
heating member 31 which will be described later. In the case
where the input signal from the accelerator pedal opening
sensor indicates that the accelerator pedal is not operated (the
opening (the amount of operation of the pedal) is zero), the
control unit 60 judges that the operation state of the vehicle is
a deceleration state (coasting state). The control unit 60 turns
off the second and third relays 62 and 63 (step S112), turns on
the first relay 61 (step S114), and returns to the detection of
the operation state. As a result of switching of the second and
third relays 62 and 63 to the off position, the second heating
member 35 is turned off (disconnected from the electric
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power circuit), and the connection between the battery 42 and
the alternator 40 is broken. Meanwhile, as a result of the first
relay 61 being turned on, the regenerative electric power
generated by the alternator 40 as a result of deceleration is
supplied to the heating member 31, and the heating member
31 generates heat which is stored in the heat reservoir 30.

[0074] Notably, in addition to the judgment as to whether or
not the operation state of the vehicle is a deceleration state, the
control unit 60 may judge whether or not the vehicle is in a
low load state. In the case where the vehicle is in a low load
state, the control unit 60 may switch the exhaust gas flow
passage of the exhaust gas temperature control apparatus 20
in the same manner as in the case where the vehicle is in a
deceleration state. The judgement as to whether or not the
vehicle is in a low load state can be made by judging whether
or not the opening of the accelerator pedal is less than a
predetermined opening and the vehicle speed is approxi-
mately constant. In the case where the vehicle is in a low load
state, since regenerative electric power cannot be obtained,
the supply of electric power to the heating member 31 is
performed through use of the electric power of the battery 42.
Accordingly, the control unit 60 turns off the first and third
relays 61 and 63 and turns on the second relay 62. The
processing of storing heat in the heat reservoir 30 for the case
where the vehicle is in a low load state is executed when a
surplus amount of electric power remains in the battery 42 or
the case where the battery 42 is in a state in which charging by
the alternator 40 is unnecessary.

[0075] In the case where the control unit 60 judges that the
operation state of the vehicle is not a deceleration state (step
S108: No), the control unit 60 judges whether or not the
operation state of the vehicle is an acceleration state (step
S116). In the case where the control unit 60 judges that the
operation state of the vehicle is an acceleration state (step
S116: Yes), the control unit 60 sends a control signal to the
flow passage changeover valve 25 so as to close the second
flow passage pipe 22 (the second flow passage 22a) (step
S118) and establish communication between the introduction
opening 20a and the first flow passage pipe 21 (the first flow
passage 21a) to thereby lead the exhaust gas to the first flow
passage 21a as shown in FIG. 7. The control unit 60 judges
that the operation state of the vehicle is an acceleration state
when the opening of the accelerator pedal is equal to or
greater than a predetermined angle and a change in vehicle
speed per unit time is equal to or greater than a predetermined
value. The control unit 60 turns off the first to third relays 61
to 63 (step S120) and returns to the detection of the operation
state. As a result of switching of the first to third relays 61 to
63 to the off position, the heating member 31 and the second
heating member 35 are turned off (disconnected from the
electric power circuit), and the connection between the bat-
tery 42 and the alternator 40 is broken. Since the flow rate of
the exhaust gas increases and the amount of NOX increases at
the time of acceleration, by exposing the heat reservoir 30 to
the exhaust gas, the exhaust gas is heated by the thermal
energy stored in the heat reservoir 30, whereby the tempera-
ture of the exhaust gas discharged from the exhaust gas tem-
perature control apparatus 20 is raised to a desired tempera-
ture. Notably, the desired temperature is a temperature within
atemperature range within which the SCR unit 14 can operate
properly.

[0076] Notably, in addition to the judgment as to whether or
not the operation state of the vehicle is an acceleration state,
the control unit 60 may judge whether or not the vehicle is in
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arapid acceleration state. In the case where the vehicleisin a
rapid acceleration state, as shown in FIG. 8, the control unit
60 may turn on the second relay 62 (step 122) so as to cause
the second heating member 35 to generate heat using the
electric power of the battery 42. In a rapid acceleration state,
the flow rate of the exhaust gas increases considerably and the
exhaust gas cannot be heated to the desired temperature by
only the heat stored in the heat reservoir 30 in some cases. In
view of this, the shortage of heat is supplemented by the heat
generated by the second heating member 35. The judgment as
to whether or not the vehicle is in a rapid acceleration state can
be made by judging whether or not a kick-down switch which
is turned on when the accelerator pedal is fully pressed down
to the floor has been turned on. Also, in the case where the
vehicle is in an acceleration state and the temperature of the
heat reservoir 30 is lower than a predetermined temperature,
heating of the exhaust gas by the second heating member 35
may be performed in the same manner as in the case where the
vehicle is in a rapid acceleration state. In this case as well, the
exhaust gas having a high flow speed in an acceleration state
cannot be heated to a sufficiently high temperature in some
cases. In such a case, heating by the second heating member
35 becomes necessary in order to heat the exhaust gas dis-
charged from the exhaust gas temperature control apparatus
20 to the desired temperature. The temperature of the heat
reservoir 30 can be detected by, for example, the first tem-
perature sensor 191.

[0077] Inthe case where the control unit 60 judges that the
operation state of the vehicle is not an acceleration state (step
S116: No), the control unit 60 judges whether or not the
operation state of the vehicle is a high load state (step S124).
In the case where the control unit 60 judges that the operation
state of the vehicle is a high load state (step S124: Yes), the
control unit 60 sends a control signal to the flow passage
changeover valve 25 so as to close the second flow passage
pipe 22 (the second flow passage 22a) (step S126) and estab-
lish communication between the introduction opening 20a
and the first flow passage pipe 21 (the first flow passage 21a)
to thereby lead the exhaust gas to the first flow passage 21a as
shown in FIG. 9. The control unit 60 can judge whether or not
the vehicle is in a high load state on the basis of the opening
of'the accelerator pedal (by judging whether or not the open-
ing is equal to or greater than a predetermined opening), fuel
injection amount, traveling gear, and vehicle speed. Namely,
in the case where the opening of the accelerator pedal is large
and the vehicle speed is low, it can be said that the vehicle is
in a high load state. The control unit 60 turns off the first to
third relays 61 to 63 (step S128) and returns to the detection
of the operation state. As a result of switching of the first to
third relay 61 to 63 to the off position, the heating member 31
and the second heating member 35 are turned off (discon-
nected from the electric power circuit), and the connection
between the battery 42 and the alternator 40 is broken. At the
time of high load, the temperature of the exhaust gas
increases. Therefore, a portion of the thermal energy of the
exhaust gas is absorbed by the heat reservoir 30 as a result of
exposure of the heat reservoir 30 to the exhaust gas, whereby
the temperature of the exhaust gas introduced into the exhaust
gas temperature control apparatus 20 is decreased to a desired
temperature before the exhaust gas is discharged from the
exhaust gas temperature control apparatus 20. Notably, the
desired temperature is, for example, a temperature within a
temperature range within which leakage of NH; does not
occur at the SCR unit 14.
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[0078] Notably, in addition to the judgment as to whether or
not the operation state of the vehicle is a high load state, the
control unit 60 may judge whether or not the vehicle is in a
DPF regeneration processing state. In the case where the
vehicle is in a DPF regeneration processing state, as shown in
FIG. 9, the control unit 60 may turn off the first to third relays
61 to 63. In the DPF regeneration processing state, in order to
regenerate the DPF catalyst, post injection is executed, and
hydrocarbon originating from the fuel is supplied to the DPF
13. As a result, the hydrocarbon originating from the fuel is
catalytically combusted at the DPF 13, whereby the exhaust
gas temperature increases to 450° C. or higher, and the col-
lected particulate matter is oxidized. Thus, forced regenera-
tion is carried out. Since the DPF 13 is disposed on the
upstream side of the exhaust gas temperature control appara-
tus 20, the temperature of the exhaust gas introduced into the
exhaust gas temperature control apparatus 20 also increases
greatly. In view of'this, a portion of the thermal energy of the
exhaust gas is absorbed by the heat reservoir 30, whereby the
exhaust gas whose temperature has been decreased to a
desired temperature is discharged from the exhaust gas tem-
perature control apparatus 20.

[0079] In the case where the control unit 60 judges that the
operation state of the vehicle is not a high load state (step
S124: No), the control unit 60 judges that the operation state
of'the vehicle is a steady travel state and sends a control signal
to the flow passage changeover valve 25 so as to open both of
the first and second flow passage pipes 21 and 22 (the first
flow passage 21a and the second flow passage 22a) (step
S130) as shown in FIG. 5, and returns to the detection of the
operation state. The expression “open both of the first and
second flow passage pipes 21 and 22” means an operation of
moving the valve body to the neutral position so that the
introduction opening 20a communicates with the first flow
passage pipe 21 (the first flow passage 21a) and the second
flow passage pipe 22 (the second flow passage 22a) and the
exhaust gas is led to the first and second flow passages 21a
and 22a. In a steady travel state, the flow rate of the exhaust
gas is smaller than that at the time of acceleration and the
temperature of the exhaust gas is lower than that at the time of
high load. Therefore, a portion of the exhaust gas is dis-
charged directly from the exhaust gas temperature control
apparatus 20 and the remaining portion of the exhaust gas is
discharged from the exhaust gas temperature control appara-
tus 20 after being used for storing heat in the heat reservoir 30.

[0080] Second operation control for the exhaust gas tem-
perature control apparatus 20 will be described with reference
to FIG. 13. FIG. 13 is a flowchart showing a second process-
ing routine for controlling the operation of the exhaust gas
temperature control apparatus in the first embodiment. In the
first processing routine, the operation of the exhaust gas tem-
perature control apparatus 20 is controlled on the basis of the
operation state of the vehicle. In contrast, in the second pro-
cessing routine, the operation of the exhaust gas temperature
control apparatus 20 is controlled on the basis of the tempera-
ture of the exhaust gas and the temperature of the heat reser-
voir 30.

[0081] The control unit 60 judges whether or not the tem-
perature GT ofthe exhaust gas introduced into the exhaust gas
temperature control apparatus 20 is a first predetermined
temperature T1 or higher (step S200). The exhaust gas tem-
perature GT can be detected by the second temperature sensor
192. The first predetermined temperature T1 is the tempera-
ture of the exhaust gas at the time of high load or at the time
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of DPF regeneration processing, and is, for example, 400° C.
In the case where the temperature GT of the exhaust gas GT
is the first predetermined temperature T1 or higher, in con-
sideration of leakage of NH, at the SCR unit 14 in the subse-
quent stage, it is desired that the temperature of the exhaust
gas be lowered by the heat reservoir 30 as having been
described already.

[0082] Inthe case where the control unit 60 judges that the
exhaust gas temperature GT is equal to or higher than the first
predetermined temperature T1 (step S200: Yes), the control
unit 60 judges whether or not the temperature HT of the heat
reservoir 30 is lower than a second predetermined tempera-
ture T2 (step S202). The heat reservoir temperature HT can be
detected by the first temperature sensor 191. The second
predetermined temperature T2 is a temperature which is
lower than the first predetermined temperature T1 and at
which the heat reservoir 30 does not raise the temperature of
the introduced exhaust gas, and is, for example, a temperature
which satisfies the relation of 300° C.<T2<400° C. In the case
where the control unit 60 judges that the heat reservoir tem-
perature HT is lower than the second predetermined tempera-
ture T2 (step S202: Yes), the control unit 60 sends a control
signal to the flow passage changeover valve 25 so as to close
the second flow passage pipe 22 (the second flow passage
22a) (step S204) and establish communication between the
introduction opening 20a and the first flow passage pipe 21
(the first flow passage 21a) to thereby lead the exhaust gas to
the first flow passage 21a as shown in FIG. 9. As a result, the
exhaust gas temperature control apparatus 20 can discharge
the high-temperature exhaust gas after decreasing its tem-
perature to a predetermined temperature or without further
heating the exhaust gas. After that, the control unit 60 returns
to the detection of the operation state.

[0083] Inthe case where the control unit 60 judges that the
heat reservoir temperature HT is equal to or higher than the
second predetermined temperature T2 (step S202: No), the
control unit 60 sends a control signal to the flow passage
changeover valve 25 so as to close the first flow passage pipe
21 (the first flow passage 21a) (step S206) and establish
communication between the introduction opening 20a and
the second flow passage pipe 22 (the second flow passage
22a) to thereby lead the exhaust gas to the second flow pas-
sage 22a. After that, the control unit 60 returns to the detec-
tion of the operation state. In the case where the temperature
HT of the heat reservoir 30 is equal to or higher than the
second predetermined temperature T2, it is not expected that
the heat reservoir 30 lowers the temperature of the exhaust gas
to a sufficient degree. Also, in the case where the temperature
HT of the heat reservoir 30 is equal to or higher than 400° C.,
the heat reservoir 30 further raises the temperature of the
exhaust gas. For these reasons, the exhaust gas is discharged
from the exhaust gas temperature control apparatus 20 with-
out being exposed to the heat reservoir 30.

[0084] Inthe case where the control unit 60 judges that the
exhaust gas temperature GT is lower than T1 (step S200: No),
the control unit 60 judges whether or not the exhaust gas
temperature GT is lower than a third predetermined tempera-
ture T3 (step S208). The third predetermined temperature T3
is a temperature which is lower than the first predetermined
temperature T1 and which is not sufficiently high for activa-
tion of the SCR unit 14 in the subsequent stage, and is, for
example, 100° C. In the case where the control unit 60 judges
that the exhaust gas temperature GT is lower than the third
predetermined temperature T3 (step S208: Yes), the control
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unit 60 judges whether or not the heat reservoir temperature
HT is a fourth predetermined temperature T4 or higher (step
S210). The fourth predetermined temperature T4 is a tem-
perature which is higher than the second predetermined tem-
perature T2 and the third predetermined temperature T3 and
at which the SCR unit 14 in the subsequent stage can be
activated, and is, for example, 200° C. In the case where the
control unit 60 judges that the heat reservoir temperature HT
is equal to or higher than the fourth predetermined tempera-
ture T4 (step S210: Yes), the control unit 60 sends a control
signal to the flow passage changeover valve 25 so as to close
the second flow passage pipe 22 (the second flow passage
22a) (step S212) and establish communication between the
introduction opening 20a and the first flow passage pipe 21
(the first flow passage 21a) to thereby lead the exhaust gas to
the first flow passage 21a. As a result, the exhaust gas intro-
duced into the exhaust gas temperature control apparatus 20 is
heated by the heat reservoir 30 having a higher temperature,
whereby exhaust gas whose temperature is equal to or close to
the desired temperature can be discharged. After that, the
control unit 60 returns to the detection of the operation state.

[0085] In the case where the control unit 60 judges that the
exhaust gas temperature GT is equal to or higher than the third
predetermined third temperature T3 (step S208: No) or the
case where the control unit 60 judges that the heat reservoir
temperature HT is lower than the fourth predetermined third
temperature T4 (step S210: No), the control unit 60 sends a
control signal to the flow passage changeover valve 25 so as
to close the first flow passage pipe 21 (the first flow passage
21a) (step S214) and establish communication between the
introduction opening 20a and the second flow passage pipe 22
(the second flow passage 22a) to thereby lead the exhaust gas
to the second flow passage 22a. As a result, the exhaust gas
introduced into the exhaust gas temperature control apparatus
20 is discharged from the exhaust gas temperature control
apparatus 20 without through the heat reservoir 30, so that the
discharged exhaust gas has a temperature which is suffi-
ciently high for operation of the SCR unit 14. Notably, in the
case where steps 5216 and S218 to be described later are not
executed, communication may be established between the
introduction opening 20a and the first and second flow pas-
sage pipes 21 and 22 (the first and second flow passages 21a
and 22a) so as to lead the exhaust gas to the first and second
flow passages 21a and 22a. In this case, exhaust gas whose
temperature is sufficiently high for operation of the SCR unit
14 is discharged through the second flow passage 22a, and
exhaust gas flowing through the first flow passage 21a allows
the heat reservoir 30 to store heat.

[0086] The control unit 60 turns off the second and third
relays 62 and 63 (step S216), turns on the first relay (step
S218), and returns to the detection of the operation state. It is
desired that the steps S216 and S218 be executed when regen-
erative electric power is obtained in some operation states of
the vehicle. However, the steps S216 and S218 may be
executed in the case where the electric power from the battery
42 is used if the amount of the electric power remaining in the
battery 42 is sufficiently large.

[0087] As aresult of the second and third relays 62 and 63
being turned off and the first relay 61 being turned on, in the
case where the vehicle is in a deceleration state, the regenera-
tive electric power generated by the alternator 40 is supplied
to the heating member 31, whereby the heating member 31
generates heat. As a result, the heat reservoir 30 is heated by
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the heating member 31 and can store heat for heating the
exhaust gas when the step S204 is executed next time.
[0088] According to the above-described exhaust gas tem-
perature control apparatus 20 of the first embodiment, the
thermal energy of the exhaust gas is stored by the heat reser-
voir 30, and the temperature of the exhaust gas is increased by
the heat stored in the heat reservoir 30, whereby the tempera-
ture of the exhaust gas supplied to the exhaust gas purification
unit can be controlled to a desired temperature range or to a
desired temperature. In the case where an electrical heating
member is used to heat the exhaust gas, a certain start-up time
is needed. In contrast, in the case where the heat stored in the
heat reservoir 30 is used to heat the exhaust gas, the tempera-
ture of the exhaust gas can be raised within a short period of
time without needing such a start-up time. Also, since the
heating member 31 is embedded in the heat reservoir 30 or
disposed near the heat reservoir 30, heat can be stored in the
heat reservoir 30 without depending the exhaust gas only.
Further, since regenerative electric power obtained during
deceleration of the vehicle is supplied to the heating member
31, it is unnecessary to additionally operate the internal com-
bustion engine 510 (consume fuel) in order to obtain electric
power for causing the heating member 31 to generate heat,
and kinetic energy released during declaration can be con-
verted to electrical energy used for causing the heating mem-
ber 31 to generate heat.

[0089] Also, in the case where the temperature of the
exhaust gas is relatively high, the temperature of the exhaust
gas can be lowered by exposing the heat reservoir 30 to the
exhaust gas, whereby problems occurring when exhaust gas
ot high temperature is supplied to the exhaust gas purification
unit provided in the subsequent stage; for example, leakage of
NHj; at the SCR unit 14, can be suppressed or prevented.
[0090] As described above, the exhaust gas temperature
control apparatus 20 according to the first embodiment can
adjust the temperature of the exhaust gas to the operating
temperature range of the purification unit, irrespective of the
temperature of the exhaust gas discharged from the engine
510, without lowering the overall energy efficiency of the
vehicle. As a result, the exhaust gas temperature control appa-
ratus 20 can purify the exhaust gas to a desired level irrespec-
tive of the operation state of the vehicle.

B. Second Embodiment

[0091] An exhaust gas temperature control apparatus 20A
according to a second embodiment will be described with
reference to FIGS. 14 to 16. More specifically, the switching
of the flow passage changeover valve 25 in accordance with
the operation state of the vehicle and the heating of the heat
reservoir 30 by the heating member 31 will be described. FIG.
14 is an explanatory view showing an operating state of the
exhaust gas temperature control apparatus according to the
second embodiment at the time of cold start. FIG. 15 is an
explanatory view showing an operating state of the exhaust
gas temperature control apparatus according to the second
embodiment at the time of deceleration and at the time of low
load. FIG. 16 is an explanatory view showing an operating
state of the exhaust gas temperature control apparatus accord-
ing to the second embodiment at the time of acceleration.

[0092] The exhaust gas temperature control apparatus 20A
according to the second embodiment differs from the exhaust
gas temperature control apparatus 20 according to the first
embodiment in the point that a pre SCR 37 is provided imme-
diately after the heat reservoir 30. Namely, in addition to the
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heat reservoir 30 including the heating member 31, the pre
SCR 37 is provided in the first flow passage pipe 21. Namely,
in addition to the SCR unit 14 provided in the stage subse-
quent to the exhaust gas temperature control apparatus 20A,
an SCR is separately provided in the exhaust gas temperature
control apparatus 20A.

[0093] At the time of cold start shown in FIG. 14, the flow
passage changeover valve 25 is switched so as to close the
first flow passage pipe 21 and lead the exhaust gas from the
engine 510 to the second flow passage 22a. Also, the electric
power from the battery 42 is supplied to the second heating
member 35, whereby the exhaust gas is heated. At the time of
deceleration and low load shown in FI1G. 15, the flow passage
changeover valve 25 is switched so as to close the first flow
passage pipe 21 and lead the exhaust gas from the engine 510
to the second flow passage 22a. The first relay 61 is turned on,
whereby regenerative electric power generated as a result of
deceleration is supplied to the heating member 31. As a result,
the heating member 31 generates heat, and the generated heat
is stored in the heat reservoir 30. Also, in the case where the
load is low and the on-vehicle battery stores a surplus amount
ofelectric power, the heating member 31 generates heat using
the electric power of the on-vehicle battery and causes the
heat reservoir 30 to store the generated heat.

[0094] At the time of acceleration shown in FIG. 16, the
flow passage changeover valve 25 is switched so as to close
the second flow passage pipe 22 and lead the exhaust gas from
the engine 510 to the first flow passage 21a. Also, neither the
heating member 31 nor the second heating member 35 is
energized. At the time of acceleration, the amount of emitted
NOx increases, and the flow rate of the exhaust gas itself
increases. In the second embodiment, in addition to the heat
reservoir 30 for heating the exhaust gas, and the pre SCR 37
is disposed immediately after the heat reservoir 30. Thus, by
the heat stored in the heat reservoir 30, the temperature of the
pre SCR 37 can be efficiently increased to a temperature
necessary for thermal decomposition of urea water and
hydrolyzing reaction. As a result, ammonia (NH;) is pro-
duced smoothly, whereby conversion of the NOx component
of the exhaust gas to nitrogen (N,) and water (H,O) can be
performed sufficiently. Notably, the NOx component which
has not been converted to nitrogen (N,) and water (H,0) by
the pre SCR 37 can be converted to nitrogen and water at the
SCR unit 14 in the subsequent stage. Notably, in the second
embodiment, the second heating member 35 can be operated
in the same manner as in the first embodiment.

[0095] According to the above-described exhaust gas tem-
perature control apparatus 20A ofthe second embodiment, in
addition to the SCR unit 14, the pre SCR 37 is provided in the
exhaust gas temperature control apparatus 20A. Therefore,
the temperature of the pre SCR 37 can be efficiently raised by
the heat stored in the heat reservoir, whereby the ratio of
conversion (decomposition) of the NOx component of the
exhaust gas can be increased. Namely, slipping off of the NOx
component due to a failure of the pre SCR 37 to reach its
operating temperature can be suppressed or prevented. As a
result, the pre SCR 37 can enhance the NOx component
puritying performance in cooperation with the SCR unit 14 in
the subsequent stage.

C. Modifications

[0096] (1) In the above-described embodiments, the tem-
perature of the heat reservoir 30 and the temperature of the
exhaust gas are obtained by the first temperature sensor 191
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provided on the heat reservoir 30 and the second temperature
sensor 192 provided upstream of the heat reservoir 30. How-
ever, these temperatures may be equally obtained on the basis
of'the time elapsed after the startup of the engine 510 or onthe
basis of the record of energization of the heating member 31.
[0097] (2) Since each of the exhaust gas temperature con-
trol apparatuses 20 and 20 A according to the above-described
embodiments is provided upstream of the SCR unit 14,
exhaust gas having a temperature suitable for NOx purifica-
tion can be steadily supplied to the SCR unit 14. As a result,
at the SCR unit 14, NOx purification can be performed under
a condition under which NOx purification cannot be conven-
tionally performed due to a decrease in the temperature of the
exhaust gas, whereby the amount of NOx emitted to the
atmosphere can be reduced further. Also, the processing of
raising the exhaust gas temperature by fuel combustion,
which has been conventionally performed at the DOC 12 or
the DPF 13 in order to raise the exhaust gas temperature,
becomes unnecessary, whereby the amount of fuel consumed
independently of travel can be reduced.

[0098] (3) The exhaust gas temperature control apparatuses
20 and 20A according to the above-described embodiments
may employ the following configuration instead of the above-
described configuration. Each of the exhaust gas temperature
control apparatuses 20 and 20A according to the above-de-
scribed embodiments is disposed between the DPF 13 and the
SCR unit 14. However, the exhaust gas temperature control
apparatus 20 or 20A may be disposed upstream of the DPF
13. In this case, the temperature of the exhaust gas introduced
into the DPF 13 can be maintained at a high temperature, and
it is expected that spontaneous regeneration is performed
periodically without performance of forced regeneration
involving fuel injection. As a result, no fuel is consumed for
the regeneration, whereby the fuel efficiency of the vehicle
can be improved.

[0099] Notably, the term “purification unit” used in the
present specification encompasses not only a so-called
chemical-reaction-type purification catalyst which converts a
particular component (substance) contained in exhaust gas to
aharmless component (substance) using a catalyst, but also a
filter-type purification unit which traps the particular compo-
nent contained in exhaust gas. Even a filer-type purification
unit may have a proper temperature range for properly per-
forming its regeneration operation. Since the exhaust gas
temperature control apparatuses 20 and 20A according to the
above-described embodiments can maintain the temperature
of the exhaust gas introduced into the filter-type purification
unit to fall within the proper temperature range, the filter-type
purification unit can exhibit expected performance under a
wide range of conditions irrespective of the operation state of
the engine 510. Accordingly, the exhaust gas temperature
control apparatuses 20 and 20A according to the above-de-
scribed embodiments may be disposed upstream of any puri-
fication unit so long as the purification unit exhibits expected
performance as a result of introduction of exhaust gas within
a predetermined temperature range, and as a result of being
disposed upstream of such a purification unit, the exhaust gas
temperature control apparatuses 20 and 20A allow the puri-
fication unit to exhibit its performance under a wide range of
conditions.

[0100] (4) In the above-described embodiments, descrip-
tions have been given by taking the diesel engine 510 as an
example. However, each of the exhaust gas temperature con-
trol apparatuses 20 and 20 A according to the above-described
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embodiments may be disposed in an exhaust gas passage of a
gasoline engine and constitute an exhaust gas purification
system for the gasoline engine. Although the temperature of
exhaust gas discharged from a gasoline engine is higher than
the temperature of exhaust gas discharged from a diesel
engine, in order to purify the exhaust gas to a sufficient degree
from the beginning of the startup of the engine, various
attempts have been made to increase the temperature of a
catalyst to a temperature range within which the catalyst
exhibits an expected performance. For example, an attempt
has been made to quickly warm up a three-way catalyst,
generally used as a purification unit for a gasoline engine, by
disposing the catalyst immediately after the exhaust manifold
of'the engine. However, in the case where the position of the
catalyst is determined on the basis of the distribution of the
exhaust gas temperature, the position of the catalyst cannot be
determined freely, and the layout around the engine cannot be
designed freely. In contrast, in the case where the exhaust gas
temperature control apparatuses 20 and 20A according to the
above-described embodiments are applied, quick warming up
can be realized irrespective of the position of the three-way
catalyst, and the degree of freedom of vehicle design can be
increased.

[0101] (5) In the above-described embodiments, a single
heat reservoir 30 is used. However, the heat reservoir 30 may
be composed of a plurality of independent heat reservoirs. In
this case, it is expected that the temperature distribution of
exhaust gas within the heat reservoir 30 becomes uniform as
a result of dispersion and mixing of exhaust gas temperatures
among the heat reservoirs 30.

[0102] (6) Intheabove-described embodiments, each of the
exhaust gas temperature control apparatuses 20 and 20A has
the shape of a rectangular box. However, each of them may
have aredundant shape which has a plurality of folds between
the introduction opening 20a and the discharge opening 205,
or may have a cylindrical shape. Also, in the above-described
embodiments, the exhaust gas temperature control apparatus
20 (20A) extends straight. However, the exhaust gas tempera-
ture control apparatus 20 (20A) may be applied to a purifica-
tion system in which a portion of the structure or pipe is
disposed to extend in a direction intersecting with the remain-
ing portion of the structure or pipe and which is formed into
a folded shape. For example, the exhaust gas temperature
control apparatus 20 (20A) may be applied to a purification
system which has a folded shape and which includes a parallel
portion which becomes parallel to the ground surface when
the system is mounted on a vehicle and an intersecting portion
which intersects with the parallel portion, whereby the length
in the flow direction of exhaust gas is shortened. Notably, the
purification system may be a purification system in which the
intersecting portion is a vertical portion perpendicular to the
ground surface and which has a larger size in the vertical
direction. In this case, the exhaust gas temperature control
apparatus 20 (20A) may be disposed in the parallel portion or
the intersecting portion.

[0103] Although the present invention has been described
on the basis of embodiments and modifications thereof, the
above-described embodiments of the invention are provided
so as to facilitate understanding of the present invention and
do not limit the present invention. The present invention can
be modified or improved without departing from the spirit of
the invention and the scopes of the claims, and the present
invention encompasses equivalents thereof. For example, in
order to solve, partially or entirely, the above-mentioned
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problem or yield, partially or entirely, the above-mentioned
effects, technical features of the embodiments and modifica-
tions corresponding to technical features of the modes
described in the section “Summary of the Invention” can be
replaced or combined as appropriate. Also, the technical fea-
ture(s) may be eliminated as appropriate unless the present
specification mentions that the technical feature(s) is essen-
tial.

DESCRIPTION OF REFERENCE NUMERALS

[0104] 10: purification system

[0105] 11: exhaust pipe

[0106] 11a: manifold

[0107] 115: muffler end pipe

[0108] 12: diesel oxidation catalyst
[0109] 13: diesel particulate filter

[0110] 14: selective catalytic reduction unit
[0111] 15: diesel oxidation catalyst
[0112] 17: fuel injection unit

[0113] 18: urea water injection unit
[0114] 191: first temperature sensor
[0115] 192: second temperature sensor
[0116] 193: third temperature sensor
[0117] 20: exhaust gas temperature control apparatus
[0118] 20A: exhaust gas temperature control apparatus
[0119] 20a: introduction opening

[0120] 20&: discharge opening

[0121] 201: casing

[0122] 21: first flow passage pipe

[0123] 21a: first flow passage

[0124] 22: second flow passage pipe
[0125] 22a: second flow passage

[0126] 23: heat insulating material

[0127] 25: flow passage changeover valve
[0128] 30: heat reservoir

[0129] 31: heating member

[0130] 35: second heating member

[0131] 40: alternator

[0132] 401: alternator-side pulley

[0133] 41: accessory

[0134] 42: battery

[0135] 500: vehicle

[0136] 510: diesel engine

[0137] 511: engine-side pulley

[0138] 512: belt

[0139] 520: wheel

[0140] 60: control unit

[0141] 61: first relay

[0142] 62: second relay

[0143] 63: third relay

[0144] 64: ammeter

[0145] T1: first predetermined temperature
[0146] T2: second predetermined temperature
[0147] T3: third predetermined temperature
[0148] T4: fourth predetermined temperature

What is claimed is:

1. An exhaust gas temperature control apparatus which
adjusts the temperature of exhaust gas in a stage before an
exhaust gas purification unit disposed in an exhaust pipe
passage of an internal combustion engine, the exhaust gas
temperature control apparatus comprising:

a heat reservoir configured to store and radiate heat;

a heating member configured to cause the heat reservoir to

store heat; and
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a temperature control section configured to control the
temperature of exhaust gas discharged from the exhaust
gas temperature control apparatus by causing the heat
reservoir to store heat or radiate heat in accordance with
an operation state of a vehicle on which the internal
combustion engine is mounted.

2. The exhaust gas temperature control apparatus accord-
ing to claim 1, wherein the heating member generates heat
using regenerative electric power, the regenerative electric
power obtained depending on the operation state of the
vehicle.

3. The exhaust gas temperature control apparatus accord-
ing to claim 1, further comprising:

a first flow passage for the exhaust gas, the first flow pas-

sage containing the heat reservoir;

a second flow passage for the exhaust gas which differs
from the first flow passage; and

a changeover section which leads the exhaust gas to at least
one of the first flow passage and the second flow passage,
wherein

the temperature control section causes the heat reservoir to
store heat or radiate heat by controlling the changeover
section.

4. The exhaust gas temperature control apparatus accord-
ing to claim 3, wherein the temperature control section
switches the changeover section to lead the exhaust gas to the
first flow passage when either: (1) the temperature of the
exhaust gas is equal to or higher than a first predetermined
temperature and the temperature of the heat reservoir is lower
than a second predetermined temperature lower than the first
predetermined temperature, or (2) when the temperature of
the exhaust gas is lower than a third predetermined tempera-
ture lower than the first predetermined temperature and the
temperature of the heat reservoir is equal to or higher than a
fourth predetermined temperature higher than the second pre-
determined temperature and the third predetermined tem-
perature.

5. The exhaust gas temperature control apparatus accord-
ing to claim 3, wherein the temperature control section
switches the changeover section to lead the exhaust gas to the
second flow passage when the temperature of the exhaust gas
is lower than a first predetermined temperature and is equal to
or higher than a third predetermined temperature lower than
the first predetermined temperature.

6. The exhaust gas temperature control apparatus accord-
ing to claim 3, wherein, when the operation state of the
vehicle is a deceleration state, a cold start state, or a steady

13
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state, the temperature control section switches the
changeover section to lead the exhaust gas to the second flow
passage.

7. The exhaust gas temperature control apparatus accord-
ing to claim 6, wherein, when the operation state of the
vehicle is the deceleration state, the temperature control sec-
tion supplies obtained regenerative electric power to the heat-
ing member.

8. The exhaust gas temperature control apparatus accord-
ing claim 3, wherein, when the operation state of the vehicle
is an acceleration state or is a high load state in which a load
greater than a predetermined load acts on the vehicle, the
temperature control section switches the changeover section
to lead the exhaust gas to the first flow passage.

9. An exhaust gas temperature adjustment apparatus dis-
posed in an exhaust pipe passage of an internal combustion
engine, the exhaust gas temperature adjustment apparatus
comprising:

an introduction opening for introducing exhaust gas from
the internal combustion engine;

a discharge opening for discharging the introduced exhaust
£as;

a first flow passage establishing communication between
the introduction opening and the discharge opening;

a heat reservoir and a heating member disposed in the first
flow passage;

a second flow passage which differs from the first flow
passage, the second flow passage establishing commu-
nication between the introduction opening and the dis-
charge opening; and

a changeover section configured to lead the exhaust gas to
at least one of the first flow passage and the second flow
passage.

10. The exhaust gas temperature adjustment apparatus
according to claim 9, wherein the heating member and the
heat reservoir are integrally formed.

11. The exhaust gas temperature adjustment apparatus
according to claim 9, further comprising a second heating
member disposed at the discharge opening.

12. The exhaust gas temperature adjustment apparatus
according to claim 9, further comprising a selective catalytic
reduction unit disposed in the first flow passage and located
downstream of the heat reservoir and the heating member.
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