
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

33
3 

48
1

A
1

TEPZZ¥¥¥¥48_A_T
(11) EP 3 333 481 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.06.2018 Bulletin 2018/24

(21) Application number: 17204159.2

(22) Date of filing: 28.11.2017

(51) Int Cl.:
F23D 14/22 (2006.01) F23C 6/04 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 07.12.2016 JP 2016237895

(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 
KAISHA
Toyota-shi, Aichi-ken, 471-8571 (JP)

(72) Inventors:  
• HIRATA, Koichi

Aichi-ken,, 471-8571 (JP)
• SAKUMA, Daisuke

Aichi-ken,, 471-8571 (JP)
• MIMURA, Kenshiro

Aichi-ken,, 471-8571 (JP)

(74) Representative: J A Kemp
14 South Square 
Gray’s Inn
London WC1R 5JJ (GB)

(54) HYDROGEN GAS BURNER STRUCTURE, AND HYDROGEN GAS BURNER DEVICE 
INCLUDING THE SAME

(57) A hydrogen gas burner structure (1) includes a
first cylinder tube (10), a second cylinder tube (20), a
third cylinder tube (30), and an ignition device (40). An
inside of the first cylinder tube is configured such that
hydrogen gas (G1) flows. A space between the first cyl-
inder tube and the second cylinder tube is configured
such that a first combustion-supporting gas (G2) contain-
ing oxygen gas flows. A space between the second cyl-

inder tube and the third cylinder tube is configured such
that a second combustion-supporting gas (G3) contain-
ing oxygen gas flows. The ignition device is configured
to ignite mixed gas. The tip (11) of the first cylinder tube
is located upstream of the tips (21, 31) of the second and
third cylinder tubes in a gas flow direction in which the
hydrogen gas and the first combustion-supporting gas
and the second combustion-supporting gas flow.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a hydrogen gas
burner structure using a hydrogen gas as a fuel gas, and
a hydrogen gas burner device including the same.

2. Description of Related Art

[0002] In the related art, gas burner devices (combus-
tion burner devices) using hydrogen gas as a fuel gas
have been suggested. In these gas burner devices, a
flame is generated by igniting mixed gas, which is ob-
tained by mixing the hydrogen gas and oxygen gas with
each other, with an ignition device.
[0003] For example, the structure of a gas burner de-
vice described below is suggested in Japanese Unex-
amined Patent Application Publication No. 2007-162993
(JP 2007-162993 A). With the structure of the gas burner
device, an inner tube and an outer tube are concentrically
disposed, an oxygen-containing gas flow passage is
formed in the inner tube, and a fuel gas flow passage is
formed between the inner tube and the outer tube. More-
over, a tip of the inner tube is blocked by a cover, and a
plurality of jetting holes that jets an oxygen-containing
gas to the fuel gas flow passage in a radial direction is
formed in a circumferential direction and a longitudinal
direction of the inner tube. Moreover, an ignition device
that ignites mixed gas obtained by mixing the oxygen-
containing gas and a fuel gas with each other is disposed
on an outer wall surface of the inner tube upstream of
the through-holes.
[0004] With the structure of the gas burner device re-
lated to JP 2007-162993 A, since the tip of the inner tube
is blocked by the cover, the oxygen-containing gas jet in
the radial direction from the jetting holes formed in the
inner tube is mixed with the fuel gas. Since the ignition
device is disposed upstream of the through-holes, com-
bustion of the mixed gas occurs in a stepwise manner
from an upstream side toward a downstream side by the
ignition performed by the ignition device. Accordingly,
there is no local temperature rise, and generation ofNOx
can be suppressed.

SUMMARY OF THE INVENTION

[0005] However, in a case where the hydrogen gas is
used as a fuel gas for the structure of the gas burner
device illustrated in JP 2007-162993 A, the combustion
speed of the hydrogen gas is higher than that of a hydro-
carbon gas, such as town gas. Therefore, combustion of
the hydrogen gas progresses at a time before the hydro-
gen gas is diffused. For this reason, the temperature of
a flame portion of the combusted hydrogen gas tends to
be higher than that of the town gas, NOx is generated by

an oxidation reaction of N2 in the air, and a relatively
large amount of NOx is easily contained in an exhaust
gas after combustion.
[0006] The invention provides a hydrogen gas burner
structure and a hydrogen gas burner device including the
same capable of suppressing a temperature rise of a
flame to reduce the concentration of NOx in an exhaust
gas after combustion by performing slow combustion
even in a case where hydrogen gas is used as a fuel gas.
[0007] As a result of keen studies, the inventors have
found that the hydrogen gas and a combustion-support-
ing gas are not actively mixed with each other when the
combustion-supporting gas containing oxygen gas is re-
leased around the hydrogen gas in the same direction
as a direction in which the hydrogen gas that is the fuel
gas is released. Accordingly, the inventors have found
that diffusive combustion can be realized by suppressing
progress of combustion at a time, for example, even when
the hydrogen gas with a higher combustion speed than
that of the hydrocarbon gas, such as town gas, is used.
[0008] The invention is based on the above-described
finding. A first aspect of the invention relates to a hydro-
gen gas burner structure including a first cylinder tube of
which a tip is open; a second cylinder tube disposed out-
side the first cylinder tube concentrically with the first cyl-
inder tube; a third cylinder tube disposed outside the sec-
ond cylinder tube concentrically with the first cylinder tube
and the second cylinder tube; and an ignition device dis-
posed inside the second cylinder tube. An inside of the
first cylinder tube is configured such that hydrogen gas
flows toward the tip of the first cylinder tube. A space
between the first cylinder tube and the second cylinder
tube is configured such that a first combustion-supporting
gas containing oxygen gas, for primary combustion of
the hydrogen gas, flows toward a tip of the second cyl-
inder tube. A space between the second cylinder tube
and the third cylinder tube is configured such that a sec-
ond combustion-supporting gas containing oxygen gas,
for secondary combustion of the hydrogen gas, flows to-
ward a tip of the third cylinder tube. The ignition device
is configured to ignite mixed gas obtained by mixing the
hydrogen gas and the first combustion-supporting gas
with each other. The tip of the first cylinder tube is located
upstream of the tips of the second and third cylinder tubes
in a gas flow direction in which the hydrogen gas and the
first combustion-supporting gas and the second combus-
tion-supporting gas flow.
[0009] According to the first aspect of the invention, a
first flow passage through which the hydrogen gas flows
is formed in the first cylinder tube. A second flow passage
through which the first combustion-supporting gas for the
primary combustion of the hydrogen gas flows toward
the tip of the second cylinder tube is formed between the
first cylinder tube and the second cylinder tube. The first
cylinder tube and the second cylinder tube are concen-
trically disposed. Accordingly, the hydrogen gas released
from the first flow passage flows in substantially the same
direction so as to surround the first combustion-support-
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ing gas released from the second flow passage. For this
reason, the hydrogen gas and the first combustion-sup-
porting gas are not actively mixed with each other. In the
above-described state, even when the mixed gas in
which the hydrogen gas and the first combustion-sup-
porting gas are mixed with each other is ignited by the
ignition device in a region where the hydrogen gas and
the first combustion-supporting gas are partially mixed
with each other, slow primary combustion occurs due to
the hydrogen gas and the first combustion-supporting
gas irrespective of a combustion load.
[0010] Moreover, a third flow passage through which
a second combustion-supporting gas for secondary com-
bustion of the hydrogen gas flows is formed between the
second cylinder tube and the third cylinder tube. The sec-
ond cylinder tube and the third cylinder tube are concen-
trically disposed. Hence, the second combustion-sup-
porting gas is also not actively mixed with the hydrogen
gas that has not been combusted by the first combustion-
supporting gas. Accordingly, slow secondary combustion
occurs due to the uncombusted hydrogen gas and the
second combustion-supporting gas.
[0011] In the hydrogen gas burner structure according
to the first aspect of the invention, the tip of the third
cylinder tube may be located upstream of the tip of the
second cylinder tube in the gas flow direction.
[0012] In the hydrogen gas burner structure according
to the first aspect of the invention, the first cylinder tube
may include a through-hole, which allows an inside and
an outside of a tube wall of the first cylinder tube to com-
municate with each other, in the tube wall in the vicinity
of the tip of the first cylinder tube. The ignition device may
be disposed downstream of the through-hole in the gas
flow direction.
[0013] A second aspect of the invention relates to a
hydrogen gas burner device including the hydrogen gas
burner structure; and a control device configured to con-
trol flow rates of the hydrogen gas to be supplied to the
hydrogen gas burner structure and at least the first com-
bustion-supporting gas. The first combustion-supporting
gas and the second combustion-supporting gas are the
same combustion-supporting gas. The control device is
configured to control the flow rate of the first combustion-
supporting gas such that the flow rate of the first com-
bustion-supporting gas is lower than a flow rate at which
the hydrogen gas is completely combusted and is lower
than a flow rate of the second combustion-supporting
gas.
[0014] As described above, with the hydrogen gas
burner structure and the hydrogen gas burner device of
the invention, since the hydrogen gas, which has not
been combusted in the primary combustion after the
above-described primary combustion between the hy-
drogen gas and the first combustion-supporting gas, can
be subjected to the above-described secondary combus-
tion by the second combustion-supporting gas that flows
around the hydrogen gas, the hydrogen gas can be slowly
combusted. Accordingly, even in a case where the hy-

drogen gas is used as a fuel gas, generation of NOx in
an exhaust gas after combustion can be reduced by sup-
pressing a temperature rise of a flame by virtue of the
slow combustion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a schematic sectional view of a hydrogen
gas burner device including a hydrogen gas burner
structure according to a first embodiment;
FIG. 2 is a sectional view in the vicinity of a tip of the
hydrogen gas burner structure illustrated in FIG. 1;
FIG. 3 is a sectional view in an arrow direction taken
along line III-III illustrated in FIG. 2;
FIG. 4 is a schematic sectional view of a hydrogen
gas burner structure according to a second embod-
iment;
FIG. 5 is a sectional view in an arrow direction taken
along line V-V illustrated in FIG. 4;
FIG. 6 is a schematic sectional view of a hydrogen
gas burner structure according to a third embodi-
ment;
FIG. 7 is a view illustrating a relationship between a
combustion load rate and the concentration of NOx
according to Example 1, Comparative Example 1,
and Reference Example 1; and
FIG. 8 is a view illustrating a relationship between a
distance between tips of a second cylinder tube and
a third cylinder tube, and the concentration of NOx.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Hereinafter, two embodiments of a hydrogen
gas burner device including a hydrogen gas burner struc-
ture and the hydrogen gas burner structure will be de-
scribed referring to FIGS. 1 to 5.

First Embodiment - 1. Hydrogen Gas Burner Device

[0017] FIG. 1 is a schematic sectional view of a hydro-
gen gas burner device 100 including a hydrogen gas
burner structure 1 according to a first embodiment. FIG.
2 is a sectional view in the vicinity of a tip of the hydrogen
gas burner structure 1 illustrated in FIG. 1. FIG. 3 is a
sectional view in an arrow direction taken along line III-
III illustrated in FIG. 2.
[0018] As illustrated in FIG. 1, the hydrogen gas burner
device 100 according to the first embodiment is a hydro-
gen gas burner device having hydrogen gas G1 as fuel,
and at least includes the hydrogen gas burner structure
1, and a control device 2 that controls the flow rates of
the hydrogen gas G1 and at least a first combustion-
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supporting gas G2 to be described below. As illustrated
in FIGS. 1 to 3, the hydrogen gas burner structure 1 in-
cludes a first cylinder tube 10, a second cylinder tube 20,
and a third cylinder tube 30 that are concentrically (the
same central axis C) disposed from the inside on a tip
side of the hydrogen gas burner structure 1. The first
cylinder tube 10, the second cylinder tube 20, and the
third cylinder tube 30 are made of, for example, metallic
materials, such as stainless steel.
[0019] A first flow passage 41 through which the hy-
drogen gas G1 flows as a fuel gas toward a tip 11 of the
first cylinder tube 10 is formed inside the first cylinder
tube 10. Specifically, a hydrogen gas supply source 51
is connected to the first cylinder tube 10 via a flow rate
adjusting valve 52. The tip 11 of the first cylinder tube 10
is open, and a circular opening is formed at the tip 11.
As described above, the inside of the first cylinder tube
10 is the first flow passage 41 through which the hydrogen
gas G1 flows, and in the first flow passage 41, the hy-
drogen gas G1 is caused to flow in a direction (gas flow
direction d) along the central axis C, and the hydrogen
gas G1 can be released from the tip 11.
[0020] A tip 21 of the second cylinder tube 20 is open,
and a circular opening is formed at the tip 21. A second
flow passage 42 through which the first combustion-sup-
porting gas G2 containing oxygen gas flows toward the
tip 21 of the second cylinder tube 20 is formed between
the first cylinder tube 10 and the second cylinder tube
20. Specifically, the second cylinder tube 20 is connected
by a connecting part 22 in a state where the first cylinder
tube 10 is inserted, and the connecting part 22 is con-
nected to a first combustion-supporting gas supply
source 61 via a flow rate adjusting valve 62.
[0021] Here, the first combustion-supporting gas G2 is
a primary combustion gas of the hydrogen gas G1. A
second combustion-supporting gas G3 to be described
below is a secondary combustion gas for combusting the
hydrogen gas G1 that has not been combusted due to
shortage of the first combustion-supporting gas G2. The
first combustion-supporting gas G2 and the second com-
bustion-supporting gas G3 may be gases containing ox-
ygen gas. For example, a gas obtained by mixing an inert
gas with air (ambient air) or oxygen gas can be included.
[0022] As illustrated in FIGS. 1 and 3, a straightening
plate 23 in which a plurality of through-holes 24 is formed
is disposed inside the connecting part 22 located at a
base end of the second cylinder tube 20. Accordingly,
the second flow passage 42 through which the first com-
bustion-supporting gas G2 for primary combustion of the
hydrogen gas G1 flows is formed between the first cyl-
inder tube 10 and the second cylinder tube 20. In the
second flow passage 42 downstream of the straightening
plate 23, the first combustion-supporting gas G2 supplied
to the second cylinder tube 20 is caused to flow in the
direction (gas flow direction d) along the central axis C.
In addition, in the present embodiment, the first combus-
tion-supporting gas G2 is caused to flow in the gas flow
direction d by the straightening plate 23. However, when

the flow as described above can be formed in the first
combustion-supporting gas G2, the structure is not par-
ticularly limited.
[0023] A tip 31 of the third cylinder tube 30 is open,
and a circular opening is formed at the tip 31. A third flow
passage 43 through which the second combustion-sup-
porting gas G3 containing oxygen gas flows toward the
tip 31 of the third cylinder tube 30 is formed between the
second cylinder tube 20 and the third cylinder tube 30 of
the hydrogen gas burner structure 1. Specifically, the
third cylinder tube 30 is connected by a connecting part
32, and the connecting part 32 is connected to a second
combustion-supporting gas supply source 71 via a flow
rate adjusting valve 72.
[0024] A straightening plate 33 in which a plurality of
through-holes 34 is formed is disposed inside the con-
necting part 32 located at a base end of the third cylinder
tube 30. Accordingly, the third flow passage 43 through
which the second combustion-supporting gas G3 for sec-
ondary combustion of the hydrogen gas G1 flows is
formed between the second cylinder tube 20 and the third
cylinder tube 30. In the third flow passage 43 downstream
of the straightening plate 33, the second combustion-
supporting gas G3 supplied to the third cylinder tube 30
is caused to flow in the direction (gas flow direction d)
along the central axis C. In addition, in the present em-
bodiment, the second combustion-supporting gas G3 is
caused to flow in the gas flow direction d by the straight-
ening plate 33. However, when the flow as described
above can be formed in the second combustion-support-
ing gas G3, the structure is not particularly limited.
[0025] In the present embodiment, as a preferable as-
pect, the cross-sectional area of the second flow passage
42 is smaller than the cross-sectional area of the third
flow passage 43. Accordingly, a state where the flow rate
of the first combustion-supporting gas G2 flowing through
the second flow passage 42 is lower than the flow rate
of the second combustion-supporting gas G3 flowing
through the third flow passage 43 can be more simply
realized. As a result, the hydrogen gas G1 that has not
been combusted in the primary combustion can be com-
pletely combusted through the secondary combustion
using the second combustion-supporting gas G3 without
completely combusting the hydrogen gas G1 through the
primary combustion using the first combustion-support-
ing gas G2.
[0026] When the above-described first, second, and
third flow passages 41, 42, 43 can be formed, the sizes
of the first, second, and third cylinder tubes 10, 20, and
30 are not particularly limited. For example, it is prefer-
able that the external diameter of the first cylinder tube
10 is 5 mm to 50 mm, the internal diameter thereof is 4
mm to 30 mm, and the thickness thereof is 1 mm to 11
mm. It is considered the external diameter of the second
cylinder tube 20 is 30 mm to 200 mm, the internal diam-
eter thereof is 25 mm to 180 mm, and the thickness there-
of is 1 mm to 11 mm. Additionally, it is considered that
the external diameter of the third cylinder tube 30 is 45
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mm to 250 mm, the internal diameter thereof is 35 mm
to 220 mm, and the thickness thereof is 1 mm to 16 mm.
Moreover, it is considered that the lengths of the first to
the third cylinder tubes are 90 mm to 220 mm.
[0027] In the present embodiment, the tip 11 of the first
cylinder tube 10 is located upstream of the tips 21, 31 of
the second and third cylinder tubes 20, 30 in the gas flow
direction d in which the hydrogen gas G1 and the first
and second combustion-supporting gases G2, G3 flow.
Moreover, the tip 31 of the third cylinder tube 30 is located
upstream of the tip 21 of the second cylinder tube 20 in
the gas flow direction d.
[0028] For example, although a distance L1 between
the tip 11 of the first cylinder tube 10 and the tip 21 of the
second cylinder tube 20 is not particularly limited when
stable primary combustion is possible by the hydrogen
gas G1 and the first combustion-supporting gas G2, the
distance is 100 mm to 210 mm. Moreover, a distance L2
between the tip 21 of the second cylinder tube 20 and
the tip 31 of the third cylinder tube 30 is also not partic-
ularly limited when the hydrogen gas G1 that has not
been combusted due to the shortage of the first combus-
tion-supporting gas G2 can be combusted. However,
from the experimental results of the inventors to be de-
scribed below, the distance L2 is larger than at least 0
mm and, for example, is set to 10 mm to 130 mm. Ac-
cordingly, the amount of generation of NOx of an exhaust
gas after combustion can be reduced irrespective of the
combustion load rate of the hydrogen gas burner device
100 to be adjusted, by virtue of the above-described hy-
drogen gas burner structure 1 and the adjustment of the
valve opening degrees of the flow rate adjusting valves
52, 62, 72.
[0029] Moreover, the hydrogen gas burner structure 1
includes an ignition device 40 exemplified as, for exam-
ple, an ignition plug for a pilot burner, or the like. In FIGS.
1 and 2, the structure of the ignition device 40 is simplified
and described, and an ignition position (a tip of an ignition
rod) of the ignition device 40 is illustrated.
[0030] The ignition device 40 ignites mixed gas, in
which the hydrogen gas G1 and the first combustion-
supporting gas G2 are mixed with each other, inside the
second cylinder tube 20. Specifically, in the present em-
bodiment, the hydrogen gas G1 and the first combustion-
supporting gas G2 are mixed with each other in the vi-
cinity of the tip 11 of the first cylinder tube 10. Thus, the
ignition device 40 is disposed in the vicinity of the tip 11
of the first cylinder tube 10.
[0031] The control device 2 controls (adjusts) the flow
rates of the respective gases so as to adjust the valve
opening degrees of the flow rate adjusting valves 52, 62,
72 based on control signals output from the control device
2 and so as to supply the respective gases to the hydro-
gen gas burner structure 1 at the set flow rates of the
respective gases. Specifically, first, the control device 2
sets the flow rate of the hydrogen gas G1 in accordance
with the combustion load rate (the rate of output heat
quantity) of the hydrogen gas burner device 100, and

sets the flow rates of the first combustion-supporting gas
G2 and the second combustion-supporting gas G3 ac-
cording to the setting of the flow rate of the hydrogen gas
G1. In this case, a throttle valve for flow speed control
(not illustrated) may be further provided such that a flow
speed at which the hydrogen gas G1 is released from
the tip 11 of the first cylinder tube 10 reaches at least 15
m/s at a minimum value of the combustion load rate of
the hydrogen gas burner device 100.
[0032] The setting of the flow rates of the first combus-
tion-supporting gas G2 and second combustion-support-
ing gas G3 is performed as follows. Specifically, the flow
rates of the first combustion-supporting gas G2 and the
second combustion-supporting gas G3 are set such that
the flow rate of the first combustion-supporting gas G2
flowing through the second flow passage 42 is lower than
a flow rate at which the hydrogen gas G1 flowing to the
first flow passage 41 is completely combusted and is low-
er than the flow rate of the second combustion-supporting
gas G3 flowing through the third flow passage 43.
[0033] In addition, it is preferable that the flow rate of
the first combustion-supporting gas G2 is set to a flow
rate of 5% or less of the flow rate at which the hydrogen
gas G1 flowing to the first flow passage 41 is completely
combusted. Additionally, it is preferable that the flow rate
of the second combustion-supporting gas G3 is set to a
flow rate at which the hydrogen gas G1 that has not been
combusted can be completely combusted.
[0034] As described above, the control device 2 drives
the flow rate adjusting valves 52, 62, 72, and adjusts the
flow rates of the hydrogen gas G1 and the first and second
combustion-supporting gases G2, G3 such that the flow
rates of the respective gases become set flow rates. In
the present embodiment, an example including the con-
trol device 2 has been illustrated as a preferable aspect.
However, in a case where the control device 2 is not
included, the flow rates of the gases flowing through the
flow rate adjusting valves 52, 62, 72 may be directly and
manually adjusted. Additionally, the ignition timing of the
ignition device 40 may be controlled by the control device
2. Moreover, when the second combustion-supporting
gas G3 can be supplied at a sufficient flow rate capable
of completely combusting the hydrogen gas G1 that has
not been combusted, the flow rate of the second com-
bustion-supporting gas G3 may be made constant, and
the control device 2 may not control the flow rate of the
second combustion-supporting gas G3, and may control
the flow rate of the hydrogen gas G1 and the first com-
bustion-supporting gas G2.

2. Method of Combusting Hydrogen Gas G1 Using Hy-
drogen Gas Burner Structure

[0035] In the present embodiment, the hydrogen gas
G1 is combusted by the drive control of the flow rate
adjusting valves 52, 62, 72 performed by the control de-
vice 2, using the hydrogen gas burner device 100 illus-
trated in FIG. 1, in a state where the flow rates of the
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hydrogen gas G1 and the first and second combustion-
supporting gases G2, G3 satisfy the following relation-
ship.
[0036] Specifically, the hydrogen gas G1 and the first
combustion-supporting gas G2 are caused to flow such
that the flow rate of the first combustion-supporting gas
G2 flowing through the second flow passage 42 is lower
than the flow rate at which the hydrogen gas G1 flowing
to the first flow passage 41 is completely combusted. In
addition, the first combustion-supporting gas G2 and sec-
ond combustion-supporting gas G3 are caused to flow
such that the flow rate of the first combustion-supporting
gas G2 flowing through the second flow passage 42 is
lower than the flow rate of the second combustion-sup-
porting gas G3 flowing through the third flow passage 43.
[0037] The mixed gas obtained by mixing the hydrogen
gas G1 and the first combustion-supporting gas G2 with
each other is ignited by the ignition device 40 while the
above-described relationship between the flow rates of
the hydrogen gas G1 the first and second combustion-
supporting gases G2, G3 is satisfied.
[0038] In the present embodiment, the hydrogen gas
G1 released from the first flow passage 41 and the first
combustion-supporting gas G2 released from the second
flow passage 42 flow in substantially the same direction
due to the first cylinder tube 10 and the second cylinder
tube 20 that are concentrically disposed. For this reason,
the hydrogen gas G1 and the first combustion-supporting
gas G2 are not actively mixed with each other inside the
second cylinder tube 20. Moreover, since the tip 11 of
the first cylinder tube 10 is located upstream of the tip 21
of the second cylinder tube 20, the first combustion-sup-
porting gas G2 can be released so as to surround the
hydrogen gas G1 inside the second cylinder tube 20
downstream of the tip 11 of the first cylinder tube 10.
[0039] In the above-described state, the mixed gas is
ignited by the ignition device 40 in a region where the
hydrogen gas G1 and the first combustion-supporting
gas G2 are partially mixed with each other inside the
second cylinder tube 20 downstream of the tip 11 of the
first cylinder tube 10. Accordingly, slow primary combus-
tion occurs due to the hydrogen gas G1 and the first com-
bustion-supporting gas G2. Additionally, in the present
embodiment, the flow rate of the first combustion-sup-
porting gas G2 flowing through the second flow passage
42 is lower than the flow rate at which the hydrogen gas
G1 flowing to the first flow passage 41 is completely com-
busted. Therefore, in the primary combustion, it is con-
sidered that the complete combustion of the hydrogen
gas G1 is suppressed and the slow combustion thereof
is performed. In the slow combustion, it is considered
that the temperature of a flame F is difficult to increase
extremely and generation of NOx is also suppressed.
[0040] In the present embodiment, it is difficult for the
second combustion-supporting gas G3 released from the
third flow passage 43 to flow in a direction intersecting
the central axis C due to the second cylinder tube 20 and
the third cylinder tube 30 that are concentrically disposed.

Hence, the second combustion-supporting gas G3 is also
not actively mixed with the hydrogen gas G1 that has not
been combusted by the first combustion-supporting gas
G2. Accordingly, slow secondary combustion occurs due
to the uncombusted hydrogen gas G1 and the second
combustion-supporting gas G3.
[0041] Additionally, in the present embodiment, the
control device 2 performs control such that the flow rate
of the first combustion-supporting gas G2 flowing through
the second flow passage 42 is lower than the flow rate
of the second combustion-supporting gas G3 flowing
through the third flow passage 43. Accordingly, the pri-
mary combustion of the hydrogen gas G1 by the first
combustion-supporting gas G2 is limited, and the uncom-
busted hydrogen gas G1 is secondarily combusted by
the second combustion-supporting gas G3 that flows
around the hydrogen gas G1.
[0042] Since the hydrogen gas G1 can be diffusively
combusted by the primary combustion and the secondary
combustion as described above, a rise in the temperature
of the flame F can be suppressed. Accordingly, the con-
centration of NOx in a combusted exhaust gas can be
reduced, and the lifespan of the hydrogen gas burner
device 100 can be improved. Moreover, since the hydro-
gen gas G1 is diffusively combusted even when the hy-
drogen gas G1 has a higher combustion speed than a
hydrocarbon gas, the backfire heading toward an up-
stream side in the gas flow direction d can be reduced.
[0043] Particularly, since the tip 31 of the third cylinder
tube 30 is located upstream of the tip 21 of the second
cylinder tube 20 in the gas flow direction d, the second
combustion-supporting gas G3 flowing through the third
flow passage 43 is radially discharged in a direction away
from the central axis C. Accordingly, the uncombusted
hydrogen gas G1 in the primary combustion can be sec-
ondarily combusted by the second combustion-support-
ing gas G3 such that a reaction time becomes longer. As
a result, as will be described below, NOx in an exhaust
gas after combustion can be reduced irrespective of the
combustion load rate of the hydrogen gas burner device
100.

Second Embodiment

[0044] FIG. 4 is a schematic sectional view of a hydro-
gen gas burner structure 1 according to a second em-
bodiment, and FIG. 5 is a sectional view in an arrow di-
rection taken along line V-V illustrated in FIG. 4. The hy-
drogen gas burner structure according to the second em-
bodiment is different from the hydrogen gas burner struc-
ture according to the first embodiment in terms of provid-
ing a through-hole in the first cylinder tube and the posi-
tion of the ignition device. Hence, the detailed description
of the same configuration as that of the first embodiment
will be omitted.
[0045] The hydrogen gas burner structure 1 according
to the present embodiment includes a through-hole 16,
which allows the first flow passage 41 and the second
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flow passage 42 to communicate with each other, in a
tube wall in the vicinity of the tip 11 of the first cylinder
tube 10. Additionally, the ignition device 40 is disposed
downstream of the through-hole 16 in the gas flow direc-
tion d.
[0046] Accordingly, a small amount of the hydrogen
gas G1 passing through the through-hole 16 and the first
combustion-supporting gas G2 passing through the sec-
ond flow passage 42 can be mixed with each other, and
the mixed gas can be ignited by the ignition device 40
upstream of the tip 11 of the first cylinder tube 10 in the
gas flow direction d. As results as described above, since
there is no need for disposing the ignition device 40 down-
stream of the tip 11 of the first cylinder tube 10 with rel-
atively high heat generation density(energy density), the
lifespan of the ignition device 40 can be improved.

Third Embodiment

[0047] FIG. 6 is a schematic sectional view of a hydro-
gen gas burner structure according to a third embodi-
ment. As illustrated in FIG. 6, the hydrogen gas burner
structure according to the third embodiment is different
from the hydrogen gas burner structure according to the
first embodiment in that a base end 26 of the second
cylinder tube 20 is allowed to communicate with the inside
of the connecting part 32 of the third cylinder tube 30 and
the first and second combustion-supporting gases G2,
G3 are supplied from a combustion-supporting gas sup-
ply source 81 via a common flow rate adjusting valve 82.
Hence, the detailed description of the same configuration
as that of the first embodiment will be omitted.
[0048] In the present embodiment, the second cylinder
tube 20 is sandwiched between the straightening plates
23, 33 on the base end 26 side. The second cylinder tube
20 is open at the base end 26 of the second cylinder tube
20, and is disposed within the connecting part 32 of the
third cylinder tube 30. The third cylinder tube 30 is con-
nected to the connecting part 32, and the connecting part
32 is connected to the combustion-supporting gas supply
source 81 that supplies a combustion-supporting gas G
containing oxygen, such as air, via a flow rate adjusting
valve 82. Hence, the first and second combustion-sup-
porting gases G2, G3 are supplied from the common
combustion-supporting gas supply source 81, and the
total flow rate of the first and second combustion-sup-
porting gases G2, G3 is adjusted by one flow rate adjust-
ing valve 82.
[0049] Here, a plurality of through-holes 24, 34 is
formed in an array state illustrated in FIG. 3 such that the
respective straightening plates 23, 33 have a flow rate
sectional area ratio according to a flow rate ratio of the
first and second combustion-supporting gases G2, G3
that are caused to flow to the second and third flow pas-
sages 42, 43. Specifically, the flow rate sectional area
ratio of the straightening plates 23, 33 is set by setting
the apertures of the respective through-holes 24, 34 of
the straightening plates 23, 33 such that the flow rate of

the first combustion-supporting gas G2 flowing through
the second flow passage 42 is lower than the flow rate
of the second combustion-supporting gas G3 flowing
through the third flow passage 43.
[0050] As described above, the respective straighten-
ing plates 23, 33 in which the through-holes 24, 34 are
formed serve as throttle parts that keep the flow rate ratio
of the first and second combustion-supporting gases G2,
G3 flowing to the second and third flow passages 42, 43
constant. Also, even when the control device 2 adjusts
(controls) the valve opening degree of the flow rate ad-
justing valve 82, the first and second combustion-sup-
porting gases G2, G3 can be caused to flow to the second
and third flow passages 42, 43 with a constant throttling
ratio (a constant flow rate ratio of the first and second
combustion-supporting gases G2, G3).
[0051] Moreover, the control device 2 controls (ad-
justs) the flow rates of the respective gases so as to adjust
the valve opening degrees of the flow rate adjusting
valves 52, 82 based on control signals output from the
control device 2 and so as to supply the respective gases
to the hydrogen gas burner structure 1 at the set flow
rates of the respective gases. In the present embodiment,
the control device 2 outputs a control signal such that the
flow rate of the hydrogen gas G1 satisfies a relationship
with the flow rate of the first combustion-supporting gas
G2 illustrated in the first embodiment. Accordingly, the
control device 2 drives the flow rate adjusting valves 52,
82, and adjusts the valve opening degrees of the flow
rate adjusting valves 52, 82. The second combustion-
supporting gas G3 flows through the third flow passage
43 in a flow rate ratio that is constant with respect to the
first combustion-supporting gas G2.
[0052] As described above, in the present embodi-
ment, the combustion-supporting gas G from the com-
bustion-supporting gas supply source 81 can be split into
the first and second combustion-supporting gases G2,
G3 in a constant flow rate ratio by one flow rate adjusting
valve 82. Thus, the configuration of the device is simpli-
fied compared to that of the first embodiment. In addition,
the structure of the present embodiment may be applied
to the hydrogen gas burner device 100 of the second
embodiment.
[0053] Hereinafter, examples according to the inven-
tion will be described.

Example 1

[0054] The hydrogen gas G1 was combusted using the
hydrogen gas burner device 100 including the hydrogen
gas burner structure 1 according to the second embod-
iment. Specifically, the internal diameter of the first cyl-
inder tube 10 was 16 mm and the external diameter there-
of was 34 mm, the internal diameter of the second cylin-
der tube 20 was 93 mm and the external diameter thereof
was 102 mm, and the internal diameter of the third cyl-
inder tube 30 was 118 mm, and the external diameter
thereof was 128 mm. The distance L1 from the tip 21 of
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the second cylinder tube 20 to the tip 11 of the first cyl-
inder tube 10 was 160 mm. The distance L2 from the tip
21 of the second cylinder tube 20 to the tip 31 of the third
cylinder tube 30 was 80 mm.
[0055] Next, the hydrogen gas G1 was caused to flow
to the first flow passage 41 while the control device
changes the flow rate of the hydrogen gas G1 such that
the combustion load rate of the hydrogen gas burner de-
vice 100 varies. Air was used for the first combustion-
supporting gas G2 flowing to the second flow passage
42 and the second combustion-supporting gas G3 flow-
ing to the third flow passage 43. Additionally, the first
combustion-supporting gas G2 was caused to flow to the
second flow passage 42 so as to have a flow rate of 5%
of the flow rate at which the hydrogen gas G1 flowing to
the first flow passage 41 was completely combusted. The
second combustion-supporting gas G3 was caused to
flow to the third flow passage 43 so as to have a flow rate
at which the hydrogen gas G1 that has not been com-
busted due to the shortage of the first combustion-sup-
porting gas G2 is completely combusted. The concen-
tration of NOx included in an exhaust gas after combus-
tion accompanying a change in the combustion load rate
was measured. The results of the measurement are il-
lustrated in FIG. 7.

Comparative Example 1

[0056] A hydrogen gas burner device in which the tip
11 of the first cylinder tube 10 of the hydrogen gas burner
device 100 illustrated in FIG. 1 was blocked and a plurality
of through-holes communicating with the second flow
passage 42 was provided in the peripheral wall in the
vicinity of the tip 11 of the first cylinder tube 10 was pre-
pared. In Comparative Example 1, the hydrogen gas G1
was caused to flow to the first flow passage 41 while
changing the flow rate of the hydrogen gas G1 such that
the combustion load rate of the hydrogen gas burner de-
vice 100 varies. The second combustion-supporting gas
G3 was not caused to flow and the first combustion-sup-
porting gas G2 was caused to flow. Additionally, the first
combustion-supporting gas G2 was caused to flow to the
second flow passage 42 so as to have the flow rate at
which the hydrogen gas G1 flowing to the first flow pas-
sage 41 was completely combusted. The concentration
of NOx included in an exhaust gas after combustion ac-
companying a change in the combustion load rate was
measured. The results of the measurement are illustrated
in FIG. 7.

Reference Example 1

[0057] The concentration of NOx included in an ex-
haust gas after combustion accompanying a change in
the combustion load rate was measured using a hydro-
gen gas burner device of Comparative Example 1. In
Reference Example 1, there is a difference in that a hy-
drocarbon-based natural gas (town gas) is used instead

of the hydrogen gas.

Result 1

[0058] As illustrated in FIG. 7, in the hydrogen gas
burner device 100 including the hydrogen gas burner
structure 1 according to Example 1, the concentration of
NOx in the exhaust gas after combustion was lower than
that of Comparative Example 1. Additionally, the concen-
tration of NOx in an exhaust gas after combustion ac-
cording to Reference Example 1 was lower than that of
Comparative Example 1.
[0059] From the above results, in the hydrogen gas
burner device of Comparative Example 1, it is considered
that the hydrogen gas G1 was combusted at a time in a
narrow space by blocking the tip 11 of the first cylinder
tube 10 and actively mixing the hydrogen gas G1 with
the first combustion-supporting gas G2 from the through-
holes of the peripheral wall in the vicinity of the tip 11 of
the first cylinder tube 10. Accordingly, it is considered
that the temperature of the flame F became high and
consequently, the concentration of NOx became higher
than that of Example 1.
[0060] On the other hand, in Reference Example 1, a
natural gas was used. Thus, the combustion speed of
the natural gas is slower than that of the hydrogen gas.
Therefore, it is considered that slow combustion occurs
and the temperature of the flame F became lower than
that of Comparative Example 1.

Example 2

[0061] In the same manner as in Example 1, the con-
centration of NOx in an exhaust gas after combustion
was measured using the hydrogen gas burner device
100. Example 2 is different from Example 1 in that the
hydrogen gas G1 was caused to flow to the first flow
passage 41 on the condition that the combustion load
rates of the hydrogen gas burner device 100 became
10%, 50%, and 100% and the distance L2 from the tip
21 of the second cylinder tube 20 to the tip 31 of the third
cylinder tube 30 was changed from -80 mm to 80 mm
with respect to the respective combustion load rates. In
addition, a minus value of the distance L2 is a distance
from the tip 21 of the second cylinder tube 20 of the tip
31 of the third cylinder tube 30 when the tip 31 of the third
cylinder tube 30 is located upstream of the tip 21 of the
second cylinder tube 20. A relationship between the dis-
tance between the tips of the second cylinder tube 20
and the third cylinder tube 30 and the concentration of
NOx is illustrated in FIG. 8.
[0062] In Comparative Example 1 described previous-
ly, as illustrated in FIG. 7, the concentration of NOx in
the exhaust gas after combustion was about 50 ppm at
a combustion load rate of 20%. However, as illustrated
in FIG. 8, in Example 2, even when the combustion load
rate was 10% and the distance L2 was -80 mm, the con-
centration of NOx in an exhaust gas after combustion
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was about 40 ppm. From the above-described results, it
can be understood that the concentration of NOx in the
exhaust gas after combustion in the hydrogen gas burner
device of Example 2 is lower than that in Comparative
Example 1 irrespective of the distance L2.
[0063] Moreover, from the results illustrated in FIG. 7,
it is considered that the concentration of NOx can be
reduced irrespective of the combustion load rate by mak-
ing the distance L2 from the tip 21 of the second cylinder
tube 20 to the tip 31 of the third cylinder tube 30 larger
than 0 mm. Moreover, it is considered that the concen-
tration of NOx can be more reliably reduced by making
the distance L2 from the tip 21 of the second cylinder
tube 20 to the tip 31 of the third cylinder tube 30 equal
to or larger than 10 mm.
[0064] Although detailed description has been made
above using the embodiments of the invention, the spe-
cific configuration is not limited to the present embodi-
ments and examples, and even when there are design
changes without departing from the scope of the inven-
tion, the design changes are also included in the inven-
tion.

Claims

1. A hydrogen gas burner structure (1) comprising:

a first cylinder tube (10) of which a tip (11) is
open, an inside of the first cylinder tube (10) be-
ing configured such that hydrogen gas (G1)
flows toward the tip (11) of the first cylinder tube
(10);
a second cylinder tube (20) disposed outside
the first cylinder tube (10) concentrically with the
first cylinder tube (10), a space between the first
cylinder tube (10) and the second cylinder tube
(20) being configured such that a first combus-
tion-supporting gas (G2) containing oxygen gas,
for primary combustion of the hydrogen gas
(G1), flows toward a tip (21) of the second cyl-
inder tube (20);
a third cylinder tube (30) disposed outside the
second cylinder tube (20) concentrically with the
first cylinder tube (10) and the second cylinder
tube (20), a space between the second cylinder
tube (20) and the third cylinder tube (30) being
configured such that a second combustion-sup-
porting gas (G3) containing oxygen gas, for sec-
ondary combustion of the hydrogen gas (G1),
flows toward a tip (31) of the third cylinder tube
(30); and
an ignition device (40) disposed inside the sec-
ond cylinder tube (20), the ignition device being
configured to ignite mixed gas obtained by mix-
ing the hydrogen gas (G1) and the first combus-
tion-supporting gas (G2) with each other,
wherein the tip (11) of the first cylinder tube (10)

is located upstream of the tips (21, 31) of the
second and third cylinder tubes (20, 30) in a gas
flow direction in which the hydrogen gas (G1)
and the first combustion-supporting gas (G2)
and the second combustion-supporting gas
(G3) flow.

2. The hydrogen gas burner structure (1) according to
claim 1, wherein the tip (31) of the third cylinder tube
(30) is located upstream of the tip (21) of the second
cylinder tube (20) in the gas flow direction.

3. The hydrogen gas burner structure (1) according to
claim 1 or 2, wherein:

the first cylinder tube (10) includes a through-
hole, which allows an inside and an outside of
a tube wall of the first cylinder tube (10) to com-
municate with each other, in the tube wall in a
vicinity of the tip (11) of the first cylinder tube
(10); and
the ignition device is disposed downstream of
the through-hole in the gas flow direction.

4. A hydrogen gas burner device (100) comprising:

the hydrogen gas burner structure (1) according
to any one of claims 1 to 3; and
a control device configured to control flow rates
of the hydrogen gas (G1) to be supplied to the
hydrogen gas burner structure (1) and at least
the first combustion-supporting gas (G2),
wherein
the first combustion-supporting gas (G2) and the
second combustion-supporting gas (G3) are the
same combustion-supporting gas, and
the control device is configured to control the
flow rate of the first combustion-supporting gas
(G2) such that the flow rate of the first combus-
tion-supporting gas (G2) is lower than a flow rate
at which the hydrogen gas (G1) is completely
combusted and is lower than a flow rate of the
second combustion-supporting gas (G3).
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