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posed on an upstream side of a combustion region (R1)
within a second pipe (2), and that has a relatively slow

flow-rate of combustion gas (G1) within the second pipe,
and a flame kernel formation unit (3a) is disposed in the
low flow-rate region.



EP 2 357 408 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a combustor
that heats combustion gas by burning combustion gas
that is emitted from a first pipe via apertures that are
within a flame quenching distance in a combustion region
within a second pipe, and also by transferring the heat
of burned gas that arises from burning of combustion gas
to the combustion gas via the first pipe. Priority is claimed
on Japanese Patent Application No. 2008-314690, filed
December 10, 2008, and Japanese Patent Application
No. 2008-318537, filed December 15, 2008, the content
of which is incorporated herein by reference.

BACKGROUND ART

[0002] Previously, as a combustor which allows for
size reduction, a combustor is known which burns com-
bustion gas (an air-fuel mixture that mixes fuel and oxi-
dants) that is emitted from a first pipe via apertures that
axe within a flame quenching distance in a combustion
region within a second pipe.
According to this type of combustor, flame propagation
to the first pipe is prevented by the apertures that are
within the flame quenching distance. Furthermore, by
conducting appropriate supply of combustion gas, it is
possible to stably burn combustion gas in an extremely
narrow combustion region within the second pipe.
[0003] Now, with respect to the combustor, when com-
bustion gas is burned in the combustion region, the flame
in the combustion region is maintained by continuously
supplying combustion gas to the combustion region.
However, at the time of start-up, it is necessary to ignite
the combustion gas with an ignition apparatus.
Consequently, the combustor is configured with disposal
of an igniter plug (flame kernel formation unit) of the ig-
nition apparatus on the downstream side of the combus-
tion region. Ignition of combustion gas at the time of start-
up is then conducted using a flame kernel formed by the
igniter plug (see, e.g., Patent Document 1).
[0004] Furthermore, as this type of combustor, for pur-
poses of more stable burning of combustion gas, further
size reduction of the combustor, and advancement of
energy efficiency, a combustor has been proposed that
heats combustion gas prior to burning by transferring the
heat of burned gas that arises from burning of combustion
gas to the combustion gas via a first pipe (see, e.g., Pat-
ent Document 2).

BACKGROUND ART LITERATURE

PATENT LITERATURE

[0005]

Patent Document 1: Japanese Unexamined Patent

Application, First Publication No. H1-312306
Patent Document 2: Japanese Unexamined Patent
Application, First Publication No. 2004-156862

DISCLOSURE OF INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE

[0006] However, at the time of start-up, combustion
gas flows at a high rate of speed through the interior of
the second pipe. Consequently, as shown in Patent Doc-
ument 1, in the case where an igniter plug is disposed
on the downstream side of the combustion region, it is
necessary to propagate the flame against the flow of com-
bustion gas so as to form a flame in the combustion re-
gion. Depending on circumstances, there are cases
where combustion gas cannot be ignited, because the
flame is not satisfactorily propagated against the flow of
combustion gas, and there are cases where multiple ig-
nition operations are required.
[0007] Moreover, in the case where the igniter plug is
disposed on the downstream side of the combustion re-
gion, after start-up of the combustor, the igniter plug is
exposed to the high-temperature and high-speed burning
gas that arises from burning of combustion gas in the
combustion region. Consequently, the problem arises
that igniter plug life is shortened.
[0008] On the other hand, in order to efficiently supply
the heat of burned gas to the combustion gas, it is pref-
erable to form the first pipe which constitutes the flow
path of the combustion gas from material with high ther-
mal conductivity. However, many materials that have
high thermal conductivity have low thermal resistance.
Consequently, in the case where the first pipe is formed
from material with high thermal conductivity, the region
of the first pipe that is exposed to the high-temperature
environment in the vicinity of the combustion region de-
teriorates due to oxidation embrittlement, and the life of
the combustor is shortened.
[0009] It would be conceivable to form the first pipe
from material with high thermal resistance. However, as
such material has low thermal conductivity, it becomes
impossible to efficiently transfer the heat of burned gas
to the combustion gas. Consequently, there is a risk that
heating of the combustion gas will be insufficient.
[0010] The present invention was made in light of the
foregoing problems, and its object is to enhance the ig-
nitability of combustion gas and extend the life of the
flame kernel formation unit of the ignition apparatus in a
combustor which carries out heating by transferring the
heat of burned gas to combustion gas. Another object of
the present invention with respect to the combustor is to
render the combustion gas sufficiently heatable, and en-
hance durability.

MEANS FOR SOLING THE PROBLEMS

[0011] The present invention adopts the following con-
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figuration in order to solve the aforementioned problems.
[0012] The first invention is a combustor including: a
first pipe through the interior of which combustion gas
flows and which emits the combustion gas via apertures
within a flame-quenching distance; a second pipe to
which the combustion gas that is emitted from the aper-
tures of the first pipe is supplied, and within which a com-
bustion region is formed that burns the combustion gas
supplied from an upstream side, and that circulates
burned gas to a downstream side; and an ignition appa-
ratus which ignites combustion gas supplied to the sec-
ond pipe using a flame kernel that is formed by a flame
kernel formation unit. It also includes a low flow-rate re-
gion that is disposed on an upstream side of the com-
bustion region inside the second pipe, wherein the flow-
rate of the combustion gas through the interior of the
second pipe is relatively slow, and the flame kernel for-
mation unit is disposed in the low flow-rate region.
[0013] In a second invention, with respect to the first
invention, the first pipe is an inner pipe which has the
combustion gas supplied from one end, while the other
end is a blocked end, and the second pipe is an outer
pipe which is disposed around an outer circumference
of the first pipe with interposition of the combustion re-
gion, and which discharges the combustion gas from one
end, while the other end is a blocked end that is disposed
at the other end side of the first pipe.
[0014] In a third invention, with respect to the second
invention, a region between the blocked end of the first
pipe and the blocked end of the second pipe constitutes
the low flow-rate region.
[0015] In a fourth invention, with respect to the third
invention, the first pipe and the second pipe is arranged
concentrically and the flame kernel formation unit is sin-
gularly disposed in a central region of the blocked end
of the second pipe.
[0016] In a fifth invention, with respect to the third in-
vention, the flame kernel formation unit is fixed to the
second pipe, and is arranged to be out of alignment with
the direction of extension of the first pipe.
[0017] A sixth invention relates to any of the first to fifth
inventions, and is a combustor which heats the combus-
tion gas by transferring heat of burned gas that arises
from burning of the combustion gas to the combustion
gas via the first pipe. The first pipe is provided with a heat
transfer region which is exposed to an environment that
is below an oxidation corrosion temperature of formative
material, and which has a relatively high thermal conduc-
tivity and a relatively low thermal resistance, as well as
a heat resistant region which is exposed to an environ-
ment that is above the oxidation corrosion temperature
of the formative material of the heat transfer region, and
which has a relatively high thermal resistance compared
to the heat transfer region.
[0018] In a seventh invention, with respect to the six
invention, the first pipe is an inner pipe that has the com-
bustion gas supplied from a first end, while the other end
is a blocked end, and the second pipe is an outer pipe

that is disposed around an outer circumference of the
first pipe with interposition of the combustion region, and
that discharges the combustion gas from one end, while
the other end is a blocked end that is disposed at the
other end side of the first pipe.
[0019] In an eighth invention, with respect to the sixth
and seventh inventions, the heat resistant region has a
relatively high thermal resistance due to a coating that is
applied to the surface of the first pipe.
[0020] In a ninth invention, with respect to the sixth and
seventh inventions, the heat resistant region is formed
from material of higher thermal resistance than the form-
ative material of the heat transfer region.
[0021] In a tenth invention, with respect to any of the
sixth to ninth inventions, a first member that is provided
with the heat transfer region and a second member that
has the heat resistant region are formed as separate bod-
ies, and the first pipe is configured by joining the first
member and the second member.

EFFECTS OF THE INVENTION

[0022] According to the present invention, a low flow-
rate region is provided which is disposed on the upstream
side of the combustion region, and which has a relatively
slow flow-rate of combustion gas within the second pipe,
and a flame kernel formation unit of an ignition apparatus
is disposed in the low flow-rate region. Consequently,
after a flame kernel formed in the flame kernel formation
unit has ignited combustion gas in the low flow-rate re-
gion, the flame is propagated downstream through the
interior of the second pipe, and reaches the combustion
region. Consequently, there is no need to propagate a
flame against the flow of combustion gas, and ignitability
is enhanced.
[0023] Furthermore, according to the present inven-
tion, the low flow-rate region is disposed on the upstream
side of the combustion region. Consequently, the flame
kernel formation unit is not exposed to the high-temper-
ature and high-speed burning gas that arises from burn-
ing of combustion gas in the combustion region. Addi-
tionally, even in the case where the combustion gas is
high-temperature, as the speed of combustion gas in the
low flow-rate region is slower than the speed of combus-
tion gas in the other regions inside the second pipe, it is
possible to reduce the thermal load on the flame kernel
formation unit. As a result, the life of the flame kernel
formation unit of the ignition apparatus is lengthened.
[0024]  In this manner, according to the present inven-
tion, it is possible to enhance the ignitability to the com-
bustion gas in the combustor, and to promote longer life
of the flame kernel formation unit of the ignition appara-
tus.
[0025] In addition, according to the present invention,
combustion gas can be heated by transferring the heat
of burned gas to the combustion gas in a heat transfer
region of an inner pipe 101.
Moreover, in a heat resistant region of the inner pipe 101,
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it is possible to prevent oxidation embrittlement of the
inner pipe 101 due to the heat of burned gas.
Thus, according to the present invention, with respect to
a combustor that carries out heating by transferring the
heat of burned gas to combustion gas, it is possible to
render combustion gas sufficiently heatable, and en-
hance durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a diagrammatic perspective view which
schematically illustrates the skeleton framework of
a combustor of a first embodiment of the present
invention.
Fig. 2 is a sectional view which schematically illus-
trates the skeleton framework of the combustor of
the first embodiment of the present invention.
Fig. 3 is a sectional view which illustrates a variation
of the combustor of the first embodiment of the
present invention.
Fig. 4 is a sectional view which schematically illus-
trates the skeleton framework of a combustor of a
second embodiment of the present invention.
Fig. 5 is a sectional view which illustrates a variation
of the combustor of the second embodiment of the
present invention.
Fig. 6 is a skeleton framework of a Swiss-roll com-
bustor which is a variation of the present invention.
Fig. 7 is a sectional view which schematically illus-
trates the skeleton framework of a combustor of a
third embodiment of the present invention.
Fig. 8 is an exploded sectional view of an inner pipe
with which a combustor of a fourth embodiment of
the present invention is provided.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] An embodiment of the combustor of the present
invention is described below with reference to drawings.
In the drawings which follow, the dimensions of the var-
ious components have been appropriately modified to a
size that enables recognition of the respective compo-
nents.

(First embodiment)

[0028] Fig. 1 and Fig. 2 are drawings which schemat-
ically illustrate the skeleton framework of the combustor
of the present embodiment. Fig. 1 is a diagrammatic per-
spective view, and Fig. 2 is a sectional view.
As these drawings show, a combustor 100 of the present
embodiment is provided with an inner pipe 1 (first pipe),
an outer pipe 2 (second pipe), and an ignition apparatus
3.
[0029] The inner pipe 1 has a cylindrical shape such
that combustion gas G1 is supplied to its own interior

from one end, while the other end constitutes a blocked
end 1 a. The inner pipe 1 is formed from metal material
that has thermal resistance.
On the circumferential surface in the vicinity of the
blocked end 1a of this inner pipe 1, multiple apertures 1b
are formed which emit the combustion gas G1 that is
supplied to the interior of the inner pipe 1 into the exterior
of the inner pipe 1. The diameters of these apertures 1b
are set so as to be within a flame quenching distance.
[0030] The outer pipe 2 is disposed around the outer
periphery of the inner pipe 1, and has a cylindrical shape
such that burned gas G2 is discharged from one end,
while the other end constitutes a blocked end 2a. As with
the inner pipe 1, the outer pipe 2 is formed from metal
material that has thermal resistance.
The burned gas G2 is high-temperature gas that is gen-
erated by the burning of the combustion gas G1.
[0031] As shown in Fig. 2, regions that are between
the inner pipe 1 and the outer pipe 2 (i.e., inside the outer
pipe 2) and on the downstream side of the apertures 1b
of the inner pipe 1 in terms of the flow direction of the
combustion gas G1 constitute a combustion region R1.
In the case where a flame is formed in this combustion
region R1, the combustion gas G1 that is supplied to the
combustion region R1 from the upstream side is burned
in the combustion region R1. The burned gas G2 that
occurs as a result flows toward the downstream side of
the combustion region R1.
[0032] The blocked end 1a of the inner pipe 1 and the
blocked end 2a of the outer pipe 2 are disposed in parallel
in mutual opposition with separation. As combustion gas
G1 is emitted from the apertures 1b formed on the cir-
cumferential face of the inner pipe 1 to the interior of the
outer pipe 2, a cavity region R2 (low flow-rate region)
which is a region wherein the flow rate of the combustion
gas G1 is relatively slow inside the outer pipe 2 is con-
stituted between the blocked end 1a of the inner pipe 1
and the blocked end 2a of the outer pipe 2. As is clear
from Fig. 1 and Fig. 2, this cavity region R2 is disposed
on the upstream side of the combustion region R1 relative
to the flow direction of the combustion gas G1 and the
burned gas G2.
[0033] The ignition apparatus 3 is provided with an ig-
niter plug 3 a (flame kernel formation unit) that can form
a flame kernel, an energizer 3b that forms the aforemen-
tioned flame kernel by energizing the igniter plug 3a, and
so on.
As the igniter plug 3 a, one may use, for example, a spark
plug or glow plug.
[0034] In the combustor 100 of the present embodi-
ment, the igniter plug 3a of the ignition apparatus 3 is
disposed in the cavity region R2.
More specifically, in the combustor 100 of the present
embodiment, the inner pipe 1 and outer pipe 2 are con-
centrically arranged, and the igniter plug 3 a is singularly
disposed in the central region of the blocked end 2a of
the outer pipe 2
The energizer 3b is disposed outside the outer pipe 2 in
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the direction of extension of the outer pipe 2, and is con-
nected to the igniter plug 3a.
[0035] With respect to the distance from the blocked
end 1a of the inner pipe 1 to the igniter plug 3 a, even in
the case where the inner pipe 1 is stretched in the direc-
tion of extension of the inner pipe 1 due to thermal ex-
pansion, the distance from the blocked end 1 a of the
inner pipe 1 to the igniter plug 3 a is set so as to be within
the flame quenching distance.
[0036] With respect to the combustor 100 of the
present embodiment having such a configuration, in the
case where a flame is formed in the combustion region
R1 from a quenched state (that is, at the time of start-
up), a flame kernel is formed by the igniter plug 3a of the
ignition apparatus 3 in a state where the combustion gas
G1 is supplied to the interior of the inner pipe 1 from one
end of the inner pipe 1.
When a flame kernel is formed by the igniter plug 3 a in
this manner, the flame kernel ignites the combustion gas
G1 that has accumulated in the cavity region R2. The
flame formed by this ignition is propagated downstream
through the interior of the outer pipe 2, reaches the com-
bustion region, and stabilizes burning.
[0037] Here, in the combustor 100 of the present em-
bodiment, the igniter plug 3a is disposed on the upstream
side of the combustion region.
Consequently, after a flame kernel which is formed by
the igniter plug 3a ignites the combustion gas G1 of the
cavity region R2, the flame is propagated downstream
through the interior of the outer pipe 2 (the region sand-
wiched by the inner pipe 1 and the outer pipe 2) relative
to the flow direction of combustion gas G1, and reaches
the combustion region. As a result, in the combustor 100
of the present embodiment, there is no need to propagate
the flame against the flow of the combustion gas G1, and
ignitability is enhanced.
[0038] Moreover, according to the combustor 100 of
the present embodiment, as the igniter plug 3a is dis-
posed on the upstream side of the combustion region
R1, the igniter plug 3a is not exposed to the high-tem-
perature and high-speed burned gas G2 that arises from
the burning of the combustion gas G1 in the combustion
region R1.
Even in the case where the combustion gas G1 being
high temperatures due to thermal exchange with the
burned gas G2 via the inner pipe 1, as the speed of the
combustion gas G1 in the cavity region R2 is slower than
in the other regions inside the outer pipe 2, it is possible
to mitigate thermal load on the igniter plug 3a. Accord-
ingly, the life of the igniter plug 3a of the ignition apparatus
3 is lengthened.
[0039] In this manner, according to the combustor 100
of the present embodiment, it is possible to promote en-
hancement of ignitability of the combustion gas G1, and
lengthening of the life of the igniter plug 3a of the ignition
apparatus 3,
[0040] In addition, in the combustor 100 of the present
embodiment, the inner pipe 1 and the outer pipe 2 are

concentrically arranged, and the igniter plug 3 a is dis-
posed in the central region at the blocked end 2a of the
outer pipe 2.
Consequently, the distance from the igniter plug 3a to
the combustion region R1 is equal across the entire cir-
cumference af the combustor 100, and propagation of
the flame from the igniter plug 3a to the combustion re-
gion R1 uniformly spreads across the entire circumfer-
ence of the combustor 100, enabling achievement of sta-
ble flame propagation.
[0041] Otherwise, in the present embodiment, descrip-
tion was given of a configuration wherein the blocked end
2a of the outer pipe 2 to which the igniter plug 3 a is fixed
is flat, and parallels the blocked end 1a of the inner pipe 1.
However, it is also acceptable to have a configuration
wherein, for example, the blocked end 2a of the outer
pipe 2 is inclined toward the igniter plug 3 a.
By adopting the foregoing configuration, the propagation
path of flame from the igniter plug 3a to the combustion
region R1 is smoothened, enabling achievement of more
stable flame propagation.

(Second embodiment)

[0042] Next, a second embodiment of the present in-
vention is described. In the description of the second em-
bodiment, description of components identical to those
of the foregoing first embodiment is omitted or abbrevi-
ated.
[0043] Fig. 4 is a sectional view which schematically
illustrates the skeleton framework of a combustor 200 of
the present embodiment.
As shown in this drawing, in the combustor 200 of the
present embodiment, the igniter plug 3 a of the ignition
apparatus 3 is fixed to the blocked end 2a of the outer
pipe 2 so as to be arranged out of alignment with the
direction of extension of the inner pipe 1. Furthermore,
the combustor 200 of the present embodiment is provid-
ed with multiple igniter plugs 3a.
[0044] According to the combustor 200 of the present
embodiment having the foregoing configuration, even in
the case where the inner pipe 1 stretches in the direction
of extension of the inner pipe 1 due to thermal expansion,
it is possible to prevent excessive interference and prox-
imity of the blocked end 2a of the inner pipe 1 and the
igniter plugs 3a.
[0045] With respect to the combustor 200 of the
present embodiment, as shown in Fig. 5, it is also ac-
ceptable to have a configuration wherein the blocked end
2a of the outer pipe 2 is inclined toward the igniter plugs
3 a.
By adopting such a configuration, the propagation paths
of flame from the igniter plugs 3a to the combustion region
R1 is smoothened, enabling achievement of more stable
flame propagation.
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(Third embodiment)

[0046] Fig. 7 is a sectional view which schematically
illustrates the skeleton framework of a combustor 300 of
the present embodiment. In the present embodiment, as
the structure and positional relations of an inner pipe 101,
outer pipe 102, blocked ends 101a and 102a, and aper-
tures 101 b are respectively identical to the inner pipe 1,
outer pipe 2, blocked end 1a, blocked end 2a, and aper-
tures 1b of the foregoing first embodiment, description
thereof is omitted.
[0047] In the present embodiment, the combustion gas
G1 emitted from the apertures 101b impacts the inner
wall surface of the outer pipe 102, the flow rate of the
combustion gas G1 lowers.
As a result, the combustion region R1 is stably formed
in the region where the flow rate is lowered, that is, in the
vicinity of the inner wall surface of the outer pipe 102.
Moreover, as shown by the arrow marks in Fig. 7, the
burned gas G2 produced by burning of the combustion
gas G1 in the combustion region R1 flows toward the
side ends of the outer pipe 2, and approaches the outer
wall surfaces of the inner pipe 1 due to repulsive force
from the impact of the combustion gas G1 against the
outer pipe 2.
As a result of this type of flow of the combustion gas G1
and burned gas G2, as shown in Fig. 7, a region A1 inside
the inner pipe 101 which is on the downstream side of
the combustion region R1 and which is near to this com-
bustion region R1 is exposed to a relatively high-temper-
ature environment.
The inner pipe 101 is exposed to a relatively low-temper-
ature environment as it heads farther downstream in the
discharge direction of the burned gas G2 from the region
As.
The region which is on the upstream side of the discharge
direction of the burned gas G2 from the region A1 of the
inner pipe 101 is cooled by the combustion gas G1 that
is emitted from the apertures 101b of the inner pipe 101.
Consequently, the inner pipe 101 is exposed to a low-
temperature environment relative to the region A1.
[0048]  In the combustor 300 of the present embodi-
ment, the temperature distribution to which the inner pipe
101 is exposed is obtained in advance through actual
measurements or simulation, and the inner pipe 101 is
divided by region into a heat transfer region 110 wherein
thermal conductivity is relatively high and thermal resist-
ance is relatively low, and a heat resistant region 120
wherein thermal resistance is relatively high compared
to the heat transfer region 110.
Specifically, in the present embodiment, the heat transfer
region 110 is a region exposed to a temperature envi-
ronment that is below the oxidation corrosion tempera-
ture of the formative material of the heat transfer region
110.
Moreover, the heat resistant region 120 is a region ex-
posed to a temperature environment that is above the
oxidation corrosion temperature of the formative material

of the heat transfer region 110.
[0049] That is, the inner pipe 101 in the combustor 300
of the present embodiment is provided with a heat trans-
fer region 110 which is exposed to an environment that
is below the oxidation corrosion temperature of the form-
ative material, and which has relatively high thermal con-
ductivity and relatively low thermal resistance, and a heat
resistant region 120 which is exposed to an environment
that is above the oxidation corrosion temperature of the
formative material of the heat transfer region 110, and
which has relatively high thermal resistance compared
to the heat transfer region 110.
This heat resistant region 120 necessarily includes the
aforementioned region A1 of the inner pipe 101 that is
exposed to a relatively high-temperature environment.
[0050] In the combustor 300 of the present embodi-
ment, the region on the upstream side of the region A1
of the inner pipe 101 relative to the discharge direction
of the burned gas G2 is formed from the same material
as the heat transfer region 110.
In short, in the combustor 300 of the present embodiment,
the sole region that is exposed to an environment that is
above the oxidation corrosion temperature of the forma-
tive material of the heat transfer region 110 of the inner
pipe 101 is the heat resistant region 120.
[0051] In the combustor 300 of the present embodi-
ment, as shown in Fig. 7, the heat resistant region 120
has a relatively high thermal resistance due to a coating
103 that is applied to the surface of the inner pipe 101.
As the formative material of the inner pipe 101, one may
use carbon steel and stainless steel (e.g., SUS 321 or
SUS 304). As the formative material of the coating 103,
one may use ceramics.
For example, in the case where stainless steel is used
as the formative material of the inner pipe 101 and where
ceramics is used as the formative material of the coating
103, the heat transfer region 110 is formed only from
stainless steel and the heat resistant region 120 has a
double-layer structure of stainless steel and a ceramic
layer.
[0052] In the combustor 300 of the present embodi-
ment having the foregoing configuration, when combus-
tion gas G1 is supplied to the inner pipe 101, in the proc-
ess of flowing through the inner pipe 101, the combustion
gas G1 is heated via the inner pipe 101 by the heat of
the burned gas G2 that flows along the outer side of the
inner pipe 101.
The heated combustion gas G1 is emitted from the ap-
ertures 101b of the inner pipe 101 into the space between
the inner pipe 101 and the outer pipe 102, and is burned
in the combustion region R1.
Burned gas G2 is generated by the burning of the com-
bustion gas G1 in the combustion region R1, and this
burned gas G2 transits the interior of the outer pipe 102,
and is discharged to the outside.
Here, in the combustor 300 of the present embodiment,
the inner pipe 101 is provided with a heat transfer region
110 which is exposed to an environment that is below
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the oxidation corrosion temperature of the formative ma-
terial, and which has relatively high thermal conductivity
and relatively low thermal resistance, and a heat resistant
region 120 which is exposed to an environment that is
above the oxidation corrosion temperature of the forma-
tive material of the heat transfer region 110, and which
has relatively high thermal resistance compared to the
heat transfer region 110.
Consequently, it is possible to prevent oxidation embrit-
tlement of the inner pipe 101 in the heat resistant region
120, and transfer the heat of the burned gas G2 to the
combustion gas G1 in the heat transfer region 110.
[0053] In this manner, according to the combustor 300
of the present invention, the combustion gas G1 is heated
by transferring the heat of the burned gas G2 to the com-
bustion gas G1 in the heat transfer region 110 of the inner
pipe 101.
Moreover, in the heat resistant region 120 of the inner
pipe 1, it is possible to prevent oxidation embrittlement
of the inner pipe 101 by the heat of the burned gas.
Thus, according to the combustor 300 of the present em-
bodiment, in a combustor that performs heating by trans-
ferring the heat of burned gas to combustion gas, it is
possible to sufficiently heat the combustion gas, and en-
hance durability.
[0054] In addition, according to the combustor 300 of
the present embodiment, only a region that is exposed
to an environment that is above the oxidation corrosion
temperature of the formative material of the heat transfer
region 110 of the inner pipe 101 is the heat resistant
region 120, and a coating 103 is applied only to the heat
resistant region 120.
In short, the area where the coating 103 is applied is kept
to a minimum.
Consequently, it is possible to inhibit peeling of the coat-
ing 103 that originates in the thermal elongation differ-
ential of the formative material (ceramic material) of the
coating 103 and the formative material (metal material)
of the heat transfer region 110 of the inner pipe 101.

(Fourth embodiment)

[0055] Next, a fourth embodiment of the present inven-
tion is described.
In description of the fourth embodiment, description of
portions identical to the third embodiment is either omit-
ted or abbreviated.
[0056]  Fig. 8 is an exploded sectional view of an inner
pipe 101 with which the combustor of the present em-
bodiment is provided.
As shown in this drawing, with respect to the inner pipe
101 with which the combustor of the present embodiment
is provided, a first member 104 provided with the heat
transfer region 110 and a second member 105 provided
with the heat resistant region 120 are joined by fitting
together a screw structure.
[0057] In the combustor of the present embodiment, a
female screw 104a is formed in the first member 104,

and a male screw 105a is formed in the second member
105.
However, it is also acceptable to form the male screw in
the first member 104, and form the female screw in the
second member 105.
[0058] In the combustor of the present embodiment,
the first member 104 is formed from material that has
relatively high thermal conductivity and relatively low
thermal resistance. As a result of this configuration, the
heat transfer region 110 has relatively high thermal con-
ductivity.
On the other hand, the second member 105 is formed
from material with a higher thermal resistance than the
formative material of the heat transfer region 110.
As a result of this configuration, the heat resistant region
120 has a high thermal resistance.
As the formative material of the first member 104, one
may use carbon steel or stainless steel (e.g., SUS321,
SUS304, SUS316, and SUS310). As the formative ma-
terial of the second member 105, one may use ceramics.
[0059] In the combustor of the present embodiment
having the foregoing configuration, as with the third em-
bodiment, the combustion gas G1 is heated by transfer-
ring the heat of the burned gas G2 to the combustion gas
G1 in the heat transfer region 110 of the inner pipe 1.
Moreover, in the heat resistant region 120 of the inner
pipe 101, it is possible to prevent oxidation embrittlement
of the inner pipe 101 by the heat of the burned gas.
Thus, according to the combustor of the present embod-
iment, in a combustor that performs heating by transfer-
ring the heat of burned gas to combustion gas, it is pos-
sible to sufficiently heat the combustion gas, and en-
hance durability.
[0060] While preferred embodiments of the invention
have been described and illustrated above, it should be
understood that these are exemplary of the invention,
and are not to be considered as limiting. Additions, omis-
sions, substitutions, and other modifications can be made
without departing from the spirit or scope of the present
invention. Accordingly, the invention is not to be consid-
ered as being limited by the foregoing description, and
is only limited by the scope of the appended claims.
[0061] For example, in the foregoing embodiments, a
combustor of double-pipe structure is described wherein
an inner pipe 1 is provided as the first pipe of the present
invention, an outer pipe 2 is provided as the second pipe
of the present invention, and the inner pipe 1 and outer
pipe 2 are concentrically arranged.
However, the present invention is not limited thereto. For
example, as shown in Fig. 6, it may be applied to a so-
called Swiss roll type combustor wherein the first pipe
and the second pipe are arranged so as to wind around
a central combustion chamber that constitutes the com-
bustion region. In the case where the present invention
is applied to this type of Swiss roll combustor, as shown,
for example, in Fig. 5, it is acceptable to form within the
second pipe 10 a separate chamber 20 that communi-
cates with the combustion chamber and that has a rela-
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tively slow flow rate of combustion gas on its inner side,
and to use the inner side of this separate chamber 20 as
the cavity region R2 where the igniter plugs 3a are dis-
posed.
In addition, the present invention may also be applied to
the so-called disk-type combustor recorded, for example,
in Japanese Patent Application, First Publication No.
2007- 212082.
[0062]  Moreover, in the foregoing embodiments, con-
figurations were described wherein the region between
the blocked end 1a of the inner pipe 1 and the blocked
end 2a of the outer pipe 2 constitutes the cavity region R2.
However, the present invention is not limited thereto, and
it is also acceptable to form a separate chamber that is
connected to the region between the blocked end 1a of
the inner pipe 1 and the blocked end 2a of the outer pipe
2, and place the cavity region on the inner side of this
separate chamber.
[0063] In addition, in the case where, for example, the
flow rate of combustion gas in the cavity region R2 is
insufficiently slow, it is also acceptable to dispose a flow-
rate reduction member, which lowers the flow rate of com-
bustion gas, in the cavity region.
[0064] In the foregoing embodiments, configurations
were described wherein an igniter plug 3a is used as the
flame kernel formation unit of the present invention.
However, the present invention is not limited thereto, and
one may use any device that is capable of forming a flame
kernel (spark) as the flame kernel formation unit of the
present invention.
[0065] Moreover, in the foregoing embodiments, a
combustor of double-pipe structure is described wherein
an inner pipe 101 is provided as the first pipe of the
present invention, an outer pipe 102 is provided as the
second pipe of the present invention, and the inner pipe
101 and outer pipe 102 are concentrically arranged.
However, the present invention is not limited thereto, and
may also be applied, for example, to a so-called Swiss
roll type combustor wherein the first pipe and the second
pipe are arranged so as to wind around a central com-
bustion chamber that constitutes the combustion region.
In addition, the present invention may also be applied to
the so-called disk-type combustor recorded, for example,
in Japanese Patent Application, First Publication No.
2007-212082.
[0066] In the foregoing embodiments, configurations
were described wherein the formative materials of the
coating 103 and the second member 105 are ceramics.
However, the present invention is not limited thereto, and
it is also acceptable to form the coating 103 and the sec-
ond member 105 from other heat resistant material which
has higher thermal resistance than the formative material
of the heat resistant region 120.

INDUSTRIAL APPLICABILITY

[0067] According to the present invention, it is possible
to enhance the ignitability of combustion gas in the com-

bustor, and the durability of the flame kernel formation
unit of the ignition apparatus. Moreover, in a combustor
that performs heating by transferring the heat of burned
gas to combustion gas, combustion gas can be rendered
sufficiently heatable, and durability can be enhanced.

DESCRIPTION OF THE REFERENCE NUMERALS

[0068]

100,200,300: combustor
1,101: inner pipe (first pipe)
1a, 101a: blocked end
1b,101b: aperture
2,102: outer pipe (second pipe)
2a,102a: blocked end
3: ignition apparatus
3a: igniter plug (flame kernel formation unit)
G1: combustion gas
G2: burned gas
R1: combustion region
R2: cavity region (low flow rate region)
103: coating
104: first member
105: second member
110: heat transfer region
120: heat resistant region

Claims

1. A combustor comprising:

a first pipe through the interior of which combus-
tion gas flows and which emits the combustion
gas via apertures within a flame-quenching dis-
tance;
a second pipe to which the combustion gas that
is emitted from the apertures of the first pipe is
supplied, and within which a combustion region
is formed that burns the combustion gas sup-
plied from an upstream side, and that circulates
burned gas to a downstream side; and
an ignition apparatus which ignites combustion
gas supplied to the second pipe using a flame
kernel that is formed by a flame kernel formation
unit;
wherein the first pipe is an inner pipe which has
the combustion gas supplied from one end,
while the other end is a blocked end;
the second pipe is an outer pipe which is dis-
posed around an outer circumference of the first
pipe with interposition of the combustion region,
and which discharges the combustion gas from
one end, while the other end is a blocked end
that is disposed at the other end side of the first
pipe; and
the flame kernel formation unit is disposed on
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the upstream side of the combustion region with-
in the second pipe, between the blocked end of
the first pipe and the blocked end of the second
pipe.

2. The combustor according to claim 1, wherein
the first pipe and the second pipe is arranged con-
centrically and the flame kernel formation unit is sin-
gularly disposed in a central region of the blocked
end of the second pipe.

3. The combustor according to claim 1, wherein
the flame kernel formation unit is fixed to the second
pipe, and is arranged to be out of alignment with the
direction of extension of the first pipe.

4. The combustor according to any of the claims 1 to
3, which heats the combustion gas by transferring
heat of burned gas that arises from burning of the
combustion gas to the combustion gas via the first
pipe, wherein
the first pipe has a heat transfer region and a heat
resistant region;
the heat transfer region is exposed to an environ-
ment that is below an oxidation corrosion tempera-
ture of formative material, and has a higher thermal
conductivity and a lower thermal resistance than the
heat resistant region; and
the heat resistant region is exposed to an environ-
ment that is above the oxidation corrosion tempera-
ture of the formative material of the heat transfer re-
gion, and has a higher thermal resistance than the
heat transfer region.

5. The combustor according to claim 4, wherein
the heat resistant region has a higher thermal resist-
ance than the heat transfer region due to a coating
that is applied to the surface of the first pipe.

6. The combustor according to claim 4, wherein
the heat resistant region is formed from material of
higher thermal resistance than the formative material
of the heat transfer region.

7. The combustor according to any of the claims 4 to
6, wherein
a first member that is provided with the heat transfer
region and a second member that has the heat re-
sistant region are formed as separate bodies, and
the first pipe is configured by joining the first member
and the second member.
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