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(57) ABSTRACT 

The present invention provides a small-sized and light 
Weight catalytic combustor Which can operate stably against 
variations of members to be heated. The catalytic combustor 
includes a heat-conductive separator for de?ning a combus 
tion chamber and conducting heat to a member to be heated, 
the separator has projections and depressions in at least one 
part of a surface facing the combustion chamber, and an 
oxidation catalyst is supported on at least one part of the 
projections and depressions of the heat-conductive separa 
tor. By providing the projections and depressions in the 

(22) Filed; Aug 10, 2001 surface of the heat-conductive separator, Which faces the 
combustion chamber, a How of a mixture of combustible 

(30) Foreign Application Priority Data materials and combustion-assisting materials can partly stay 
around the projections and depressions to enable a stable 

Aug. 11, 2000 (JP) .................................... .. 2000-244782 combustion thereof even at various ?oW rates. 

+——-78mm ———--> 

TE 111 112 113 11:. 115 [116117 
0%, o o’ o 
\T 6 

4 1 / 
| 1 

L‘ 1 1 j 1 1o 1 ' \ 9 
l I 

\\\\ \ 1 A 1 \* \\\\\\ \ l l I u L 

’/// /' M W *8 
a //llV/?7/////////////////// _ /, 

1:1 52 )3 
51 



Patent Application Publication Feb. 21, 2002 Sheet 1 0f 5 US 2002/0022204 Al 

N & 

/_\ CF: 

H A _ V _ 

Q 9.1 
e 5 .M w NEH 

m1 \\\\\\\\\\\>\\\\\\\.\\A_§\\ Q //////, 7/ \2 \( v A V/%/ 
m \ .1 

/ \ erlw 

w .7 

00 

Qua m \U \U E0 W Em: m: q: m: N: F: ,_\ inlllllEEwhl 
F .wE 



Patent Application Publication Feb. 21, 2002 Sheet 2 0f 5 US 2002/0022204 A1 

md 

m 

m 

w 

m 

0 

mm .0 

gm 
o; 

w 

w 

m 

N 

P 

0 

mm .0 m6 mnd 

w 

w 

v 

m 

o: @E Q, 

0; mm .0 m6 c; 

(HIW’DHLVH MO'H NHOOHGAH (HW/DEILVH MO'ld NHSOHGAH 

CVN .wE GEN .wE 



Patent Application Publication Feb. 21, 2002 Sheet 3 0f 5 US 2002/0022204 A1 

NEQwQEEE FEE so: ~=< NEQwQEs} MEE so: ~=< @ m N N N _ o o m N N N _ D M 

N O Q m 

\\ cm. W 

or. "On. 

mNd m mNd H 

0 M 

md m 2 8 

UV m 

N. x 1m; N. Rd W 

\ \\ \ / 

\\ N ._ \\ N m ._ 

2‘ .\ 323m. GE?‘ \ O; m\. Tim @I 

TN 1 

Nsuwméwa? 5E as: ~=< NEQwMEEB FEE so: m2 
m m N m N _ o w m N m N _ o 

o “n o M 
ON. \ mm 2- W 

8.0 mL mNd m 

d M 

2 m 2 M 

W 

N M 

m; N. X x In; W1 
I \\_ \\ g I 

.35 @Fi . W EN @E 

O _ 1 Q _ u 



Patent Application Publication Feb. 21, 2002 Sheet 4 0f 5 US 2002/0022204 A1 

FIG. 4(a) 

FIG. 4 <b> 

V ~ -. \ 
..\ ..“ H v (‘k 

AIR 2?; A L 



Patent Application Publication Feb. 21, 2002 Sheet 5 0f 5 US 2002/0022204 A1 

FIG. 5 

U, mu?msm m5. "6 wmE?EmEE. 

POSITION mm 



US 2002/0022204 A1 

CATALYTIC COMBUSTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a catalytic com 
bustor for heating members to be heated. 

[0003] 2. Description of Related Art 

[0004] Fuel reformers for use in fuel cells generate hydro 
gen by bringing organic compounds into contact With fuel 
reforming catalysts in high temperature atmospheres. To 
keep high temperature atmospheres, some heating devices 
are required. The heating devices are auxiliary facilities of 
the fuel reformers, and accordingly it is preferable to make 
the heating devices as small and light as possible. Where the 
fuel cells are used in motor vehicles or the like, it is much 
required to make the heating devices small and light. The 
output of the fuel cells greatly varies With the operating 
conditions of motor vehicles, and accordingly, it is prefer 
able that the fuel reforming rate of the fuel reformers, as Well 
as the energy generated by the heating devices can greatly 
vary With the output of the fuel cells. More speci?cally, the 
heating devices for the fuel reformers are required to have 
reduced siZe and Weight and to operate stably When the 
operating conditions varies. Such performance is also 
required in general heating devices as Well as heating 
devices for the fuel reformers. 

[0005] Examples of the conventional heating devices for 
heating members to be heated With combustion heat of fuel 
include a combustor having fuel injection ports Which are 
distributed in multiple stages Within a combustion chamber 
packed With catalyst pellets (Publication of unexamined 
Japanese patent application No. Hei 3-208803), a combustor 
in Which a combustion catalyst is supported on surfaces of 
slit grooves Which are formed in plates, and previously 
mixed fuel and air are supplied to combustion chambers 
(Publication of unexamined Japanese patent application No. 
Hei 6-111838) and a combustor in Which a combustion 
catalyst is packed betWeen a corrugated plate and a heat 
conductive plate and previously mixed fuel and air are 
supplied to a combustion chamber (Publication of unexam 
ined Japanese patent application No. Hei 9-255304). 

[0006] These combustors as the conventional heating 
devices, hoWever, have disadvantages as folloWs. In the 
combustors disclosed in Publications of unexamined J apa 
nese patent applications Nos. Hei 3-208803 and Hei 
9-255304, the combustion catalysts are packed in the com 
bustion chambers. Accordingly, to make the combustors 
small and light, the diameter of the combustion catalysts or 
pellets Which support the combustion catalyst must be 
decreased for improving the activity of the combustion 
catalysts. With this arrangement, hoWever, the miniaturiZed 
combustion catalysts cause the increment of pressure loss 
With the result that fuel and air are required to be supplied 
under high pressure. Consequently, poWer of pumps or the 
like must be raised, and additional thermal heat capacity for 
the packed catalysts and pellets supporting catalysts is 
required. 
[0007] The combustor disclosed in Publication of unex 
amined Japanese patent application No. Hei 6-111838 does 
not have a serious problem concerning pressure loss, but, 
Where the supply rate of fuel or the like is varied for 
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temperature adjustment, or Where incombustible materials 
such as Water is mixed With fuel in the case of exhaust gases 
of fuel cells being used as fuel, etc., it is impossible to keep 
the stable combustion, and consequently, ?ame failure may 
occur. In this case, uniform heating cannot be performed. In 
addition, the combustion chambers having slits-like con?gu 
rations make it di?icult to supply fuel to every combustion 
chamber uniformly, and accordingly, uniform heating of the 
members to be heated becomes impossible. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
catalytic combustor of a small siZe and light Weight, Which 
is capable of operating stably against variations of a member 
to be heated. 

[0009] The present inventors have earnestly studied to 
achieve the above-described object, and as a result, they 
have completed the present invention. 

[0010] The catalytic combustor in accordance With the 
present invention includes a heat-conductive separator for 
de?ning a combustion chamber and conducting heat to a 
member to be heated. At least one part of a surface of the 
heat-conductive separator, Which faces the combustion 
chamber, has projections and depressions. And the catalytic 
combustor in accordance With the present invention further 
includes an oxidation catalyst Which is supported on at least 
one part of the projections and depressions of the heat 
conductive separator. 

[0011] With the catalytic combustor in accordance With 
the present invention, pressure loss is small even With a 
reduced siZe and Weight. And by supporting the oxidation 
catalyst on at least one part of the surface of the heat 
conductive separator, heat can be conducted to the members 
to be heated prior to other members. In addition, the pro 
jections and depressions provided in the surface of the 
heat-conductive separator, Which faces the combustion 
chamber, enable a ?oW of a mixture of combustible mate 
rials and combustion-assisting materials to partly stay there 
around, Whereby stable combustion can be effected even at 
Widely ranged ?oW rates. Furthermore, if combustion-block 
ing materials such as Water enter the combustion chamber in 
such a case that the catalytic combustor in accordance With 
the present invention is used in the fuel reformer, the 
projections and depressions provided in the heat-conductive 
separator enable the diffusion range of the combustion 
blocking materials to be reduced. Accordingly, the risk of 
?ame failure decreases, and, even if ?ame failure occurs, the 
diffusion range thereof becomes narroW. 

[0012] The catalytic combustor in accordance With the 
present invention Will be explained in detail. The folloWing 
explanation Will be made With reference to the catalytic 
combustor for heating a fuel reformer Which is used in 
generating hydrogen to be supplied to a fuel cell. The 
catalytic combustor in accordance With the present invention 
is not limited to the catalytic combustor for the fuel 
reformer. The catalytic combustor in accordance With the 
present invention can be used in other general heating 
devices. Where the catalytic combustor in accordance With 
the present invention is used for heating the fuel reformer for 
a fuel cell, the performance of improved stability against 
load variations of the fuel cell, and the reduced siZe and 
Weight is su?iciently achieved, Which is preferable. Where 
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the catalytic combustor in accordance With the present 
invention is used as a catalytic heater for a fuel reformer, it 
is preferable to arrange the fuel reformer by alternately 
layering the catalytic combustors of the present embodi 
ment, fuel evaporating chambers (as members to be heated) 
and fuel reforming chambers (heating chambers) Which 
support fuel reforming catalysts, considering the thermal 
ef?ciency. In this case, the fuel to be reformed can be also 
used as the fuel for the catalytic combustor. 

[0013] The catalytic combustor in the present embodiment 
includes a heat-conductive separator and an oxidation cata 
lyst. With the present catalytic combustor, a ?uid of com 
bustible materials such as hydrogen, alcohol of Which one 
example is methanol, and/or hydrocarbon of Which 
examples include toWn gas, gasoline, light oil, kerosene and 
heavy oil, along With combustion-assisting materials such as 
air ?oWs into the combustion chamber, and reacts With an 
oxidation catalyst to generate heat. In the present embodi 
ment, hydrogen Which has been unable to use in fuel cells 
during normal operation, for example, can be used as the 
combustible material. In starting the fuel cells, hydrogen 
may not exist suf?ciently so that fuel to be reformed is 
available. Of course, fuel to be reformed can be also used 
during normal operation, if required. Where the catalytic 
combustor of the present invention is used in devices other 
than fuel cells, other proper fuel can be used. Examples of 
the combustible materials further include carbon monoxide, 
butane, propane, ammonia, pulveriZed coal-containing gas, 
vegetable fat and oil, hydrogen sul?de in addition to the 
above-described hydrogen, alcohol, toWn gas, gasoline, light 
oil, kerosene and heavy oil. An oxygen gas and air are used 
as the combustion-assisting material. In addition, to use 
energy effectively, exhaust gases from air electrodes of fuel 
cells can be used as the combustion-assisting material. 

[0014] The heat-conductive separator is a member de?n 
ing a combustion chamber, having projections and depres 
sions in at least one part of a surface thereof, Which faces the 
combustion chamber, and conducting heat to members to be 
heated. The heat-conductive separator serves to combust the 
combustible materials by supporting a later-described oxi 
dation catalyst on at least one part of the projections and 
depressions thereof. Accordingly, in the surface of the 
heat-conductive separator, oxidation reaction occurs posi 
tively. Thus, the heat-conductive separator is a member 
Which is heated directly. 

[0015] The combustion chamber is de?ned by the heat 
conductive separator and other Walls. Since the heat-con 
ductive separator is a member Which is heated directly, to 
heat the members to be heated ef?ciently, it is preferable to 
provide the heat-conductive separator on at least one side 
Where the member to be heated exists. With this arrange 
ment, heat generated by the oxidation catalyst is conducted 
directly to the member to be heated via the heat-conductive 
separator. For example, Where the member to be heated 
exists on only one side of the combustion chamber, it is 
preferable to provide the heat-conductive separator on only 
such side. If the heat-conductive separator is provided on 
only the side Where the member to be heated exists, oxida 
tion reaction is not promoted on the other Walls so that 
generated heat is conducted to the member to be heated prior 
to other members, Which is preferable. 

[0016] The material of the heat-conductive separator is not 
limited speci?cally. Any metal, ceramics, semiconductor, 

Feb. 21, 2002 

and resin composite material Will do as far as the thermal 
conductivity is high and stability is good at normally oper 
ating temperatures of the catalytic combustor. The con?gu 
ration of the combustion chamber de?ned by the heat 
conductive separator is not limited speci?cally. Any 
con?guration such as a ?lm-like con?guration or groove 
like con?guration Will do. For the vieW of easy manufac 
turing it is preferable that the combustion chambers, each 
having a rectangular ?lm-like con?guration, and members to 
be heated are alternately layered. 

[0017] The heat-conductive separator has projections and 
depressions in at least one part of a surface thereof, Which 
de?nes the combustion chamber. The projections and 
depressions provided in the surface of the heat-conductive 
separator enable heat generated due to the oxidation reaction 
in the oxidation catalyst to be conducted ef?ciently, and 
affect the How of the ?uid Within the combustion chamber to 
achieve the micro ?ame-holding function. Consequently, the 
combustion efficiency of the combustible materials is 
improved and the ef?cient operation becomes possible. 
Since the surface of the heat-conductive separator, Which 
faces the combustion chamber, is divided by the projections 
and the depressions, foreign substances such as Water, Which 
are intermixed, are prevented from diffusing on the surface 
of the heat-conductive separator, Which has projections and 
depressions, thereby reducing the effect on the catalyst 
function to the minimum. Furthermore, to obtain the micro 
?ame-holding function to the maximum, it is preferable that 
the projections and the depressions have such con?gurations 
as to generate swirls in a ?uid ?oW Within the combustion 
chamber. The micro ?ame-holding function is achieved by 
forming disorder of the ?uid ?oW as Well as small-siZed 
recycling areas of ?uid on rear sides of the projections and 
depressions of the surface of the heat-conductive separator 
With respect to the ?uid ?oW. For example, the projections 
and depressions can have con?gurations provided With 
angular parts, such as rectangular, trapeZoidal, columnar, or 
triangular pyramid-like con?guration or the like, With 
respect to the ?uid ?oW. In particular, it is preferable to have 
such angular parts on rear sides of the projections and 
depressions With respect to the ?uid ?oW. 

[0018] The arrangement of the projections and depres 
sions is not limited speci?cally. Examples thereof include a 
combination of continuous depressions and scattering pro 
jections, and a combination of continuous projections and 
scattering depressions. The preferred combination is com 
posed of continuous depressions and scattering projections, 
considering the pressure loss. The arrangement of the pro 
jections and depressions in the surface of the heat-conduc 
tive separator may be regular or irregular. For reducing the 
pressure loss, it is preferable to arrange them so as not to 
resist the ?uid ?oW as far as possible. Accordingly, it is 
preferable to adjust the arrangement of the projections and 
depressions so as to form passages in parallel to the ?uid 
?oW. For example, they may be arranged in the direction 
along the ?uid ?oW, or they may be arranged at identical 
intervals. With these arrangements, the resistance to the ?uid 
How can be reduced. Therefore, it is preferable to decrease 
the length of each of the projections and depressions in 
directions perpendicular to the ?uid ?oW, because the pas 
sage for ?uid How can be enlarged. HoWever, if the length 
in the directions perpendicular to the ?uid How is too short, 
the effect of generating disordered ?oWs decreases. Accord 
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ingly, it is preferable to adjust such length to a proper length 
in accordance With the using conditions. 

[0019] The preferred height from projecting ends of the 
projections to bottoms of the depressions ranges from 0.4 to 
1.0 mm. In the case of less than 0.4 mm, the effect resulted 
from the projections and depressions decreases. In the case 
of more than 1.0 mm, the increase of such effect is small. 
The most suitable height from the projecting ends of the 
projections to the bottoms of the depressions is greatly 
affected by the con?gurations of the projections and depres 
sions. The preferred number of sets of one projection and 
one depression per unit length of the surface of the heat 
conductive separator ranges from 0.5 to 10/cm. Outside this 
range, the effect resulted from the projections and depres 
sions decreases. The density of these projections and depres 
sions is also affected greatly by the con?gurations thereof. 

[0020] These projections and depressions may be pro 
vided by forming them integrally With the heat-conductive 
separator With pressing, etching, cutting or the like method, 
or by previously forming projections, and securing the 
projections to a surface of a member for de?ning the 
heat-conductive separator, thus forming an integral heat 
conductive separator. 

[0021] In addition, it is preferable to further provide 
projections and depressions in a surface of the heat-conduc 
tive separator, Which faces a member to be heated. By 
providing these projections and depressions, the thermal 
conductivity is improved. When the member to be heated is 
?uid such as gas and liquid, the heat can be conducted 
ef?ciently. In particular, this arrangement is preferable 
Where the member to be heated is a heating chamber for 
reforming organic compounds to hydrogen-containing gas, 
and the heat-conductive separator de?nes the heating cham 
ber, too. The con?gurations of these projections and depres 
sions formed in the surface facing the member to be heated 
do not differ from those formed in the surface facing the 
combustion chamber. The effect of disordering the ?uid is 
not needed. It is sufficient to enlarge the speci?c surface 
area. The method for forming these projections and depres 
sions is similar to the case Where they are formed in the 
surface facing the combustion chamber. 

[0022] The con?guration of Walls other than the heat 
conductive separator, Which de?ne the combustion chamber, 
is not limited speci?cally. It is preferable that the Wall Which 
faces the heat-conductive separator is provided With supply 
ports for supplying at least one of combustible materials and 
combustion-assisting materials to the combustion chamber. 
By previously arranging these supply ports in accordance 
With the arrangement of the members to be heated and the 
heating conditions such as a heating temperature, Which 
Were required by the member to be heated, or by arranging 
these supply ports adjustably in accordance With the varia 
tions of these heating conditions, more precise heating can 
be effected. For example, by arranging the supply ports 
uniformly to enable the combustible materials to be supplied 
to the heat-conductive separator uniformly, the heat-conduc 
tive separator is heated uniformly. By arranging the supply 
ports so as to correspond to parts of the member to be heated, 
Which are required to be heated, efficient heating can be 
effected. It is preferable that these supply ports have a 
reduced opening diameter. The reduced opening diameter 
thereof enables the increment of the supply ?oW rate, and 
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accordingly the possibility of back?re decreases even When 
heating is carried out With a loW output. The increase of the 
pressure of the combustible materials supplied into the 
combustion chamber, Which is caused by the reduced open 
ing diameter of these supply ports, can be prevented by 
increasing the number of supply ports. With this arrange 
ment, a proper pressure can be obtained. The con?guration 
of the supply ports is not limited speci?cally. It is preferable 
to have such a con?guration as to enable the combustible 
materials or the like Which are supplied into the combustion 
chamber to How in directions approximately perpendicular 
to the heat-conductive separator. By supplying the combus 
tible materials so as to inject toWard the heat-conductive 
separator, the combustible materials can reach oxidation 
catalysts more surely, and consequently a precise tempera 
ture control can be performed. 

[0023] Supply ports for supplying the combustible mate 
rials or the like into the combustion chamber can be pro 
vided in Walls other than the Wall facing the heat-conductive 
separator. Where no supply port is provided in the Wall 
facing the heat-conductive separator, other Walls must have 
such supply ports. The heat-conductive separator and Walls 
other than the Wall facing the heat-conductive separator can 
have such supply ports. Where the combustion chamber is a 
rectangular con?guration, such supply ports can be provided 
at an end of a space de?ned betWeen the surface of the 
heat-conductive separator, Which has projections and 
depressions, and the Wall facing the heat-conductive sepa 
rator. With this arrangement, the ?uid How can be directed 
in parallel With the heat-conductive separator to improve the 
disordered ?oWs-generating effect due to the projections and 
depressions. Accordingly, the combustion stabiliZing effect 
can be preferably achieved. 

[0024] In addition, outlet ports for discharging gas after 
reacting With the oxidation catalyst can be provided in the 
heat-conductive separator or other Walls. The positions for 
providing the outlet ports are not limited speci?cally. 

[0025] The oxidation catalyst is supported on at least one 
part of the surface of the heat-conductive separator, Which 
has projections and depressions and faces the combustion 
chamber, and serves to generate the reaction of the com 
bustible materials and the combustion-assisting materials. 
The oxidation catalyst is not required to be supported on the 
entire surface of the heat-conductive separator, Which has 
projections and depressions, and may be supported on 
surfaces other than the surface of the heat-conductive sepa 
rator, Which has projections and depressions. By supporting 
the oxidation catalyst on the surface having projections and 
depressions, precise heating adjustment can be achieved, as 
described above. The supporting amount of the oxidation 
catalyst is not limited speci?cally. A proper amount of 
oxidation catalyst may be supported. The preferred positions 
in Which the oxidation catalyst is supported, and the pre 
ferred supporting amount of the oxidation catalyst Will be 
explained in accordance With folloWing four types of oper 
ating conditions. Where the catalytic combustor may 
start sloWly and frequently operates under a normal state of 
200° C. or more, and if Water or other materials Which 
obstruct the combustion is not greatly intermixed, the oxi 
dation catalyst may operate only around the supply ports, 
and a small amount of the oxidation catalyst may be sup 
ported only around the supply ports. @ Where the catalytic 
combustor may start sloWly, but the load variation after 
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starting is large, even if the action of oxidation catalyst at 
each gas recycling area of the rear side of projections and 
depressions against ?uid How is small, it does not greatly 
affect the heat adjustment. Accordingly, it is unnecessary 
that the each rear side of the projections and de ressions 
supports a large amount of oxidation catalyst. As the 
conditions @ approach the conditions (D, it is possible to 
further decrease the supporting amount of oxidation catalyst 
gradually from lateral sides of the pro'ections and depres 
sions against the ?uid How in order. Where the starting 
speed is rapid, load drastically varies, and Water drops or 
other materials Which obstruct combustion are expected to 
be intermixed, it is preferable that the entire surface having 
the projections and depressions supports the oxidation cata 
lyst. 

[0026] Examples of the elements Which can operate as the 
oxidation catalyst include alloys or mixtures of one or more 

of Pt, Pd, Rh, Re, Ru, Au, Ag, Cu, Ni, Co, Fe, Cr, La, Ce, 
Mo, Nb, V, Zr, Y, Sr, K, Ca, Mg, Na and Ba. These elements 
can be used as simple substances or compounds. 

[0027] The oxidation catalyst is generally used by sup 
porting it on a support, and is used With a promoter, as 
required. Examples of the support and promoter include 
oxides and simple metals of Al, Mg, Fe, Co, Ni, Zn, Ti, V, 
Cr, Ce, La, Li, Na, K, Ca, Sr, Y, Nb, Mo and Ba, and include 
composite bodies or mixtures of one or more kinds thereof. 

[0028] To support the oxidation catalyst on the surface 
having projections and depressions, a Well-knoWn method 
can be adopted. For example, ?rst, a support is formed on the 
surface having projections and depressions into a layer to 
obtain a support layer. By forming the support layer, the 
surface area increases and the ef?ciency of the catalyst is 
enhanced. Then, the oxidation catalyst is supported on the 
support layer. To form the support layer, and to support the 
oxidation catalyst on the support layer, Well-knoWn methods 
can be adopted. In addition, by using the heat-conductive 
separator of Which the surface is composed of a porous 
material, the oxidation catalyst can be supported on the 
heat-conductive separator Without forming any support 
layer. 

[0029] The combustible materials and combustion-assist 
ing materials may be supplied to the combustion chamber as 
a mixture thereof, or separately. It is preferable to supply 
them separately, because there does not occur back?re of the 
combustion of the combustion chamber via the supply ports. 
The preferred method for supplying the combustible mate 
rials and the combustion-assisting materials includes the 
steps of supplying the combustion-assisting materials such 
as air into the space de?ned by the heat-conductive separator 
and the Wall Which faces the separator in parallel With these 
members, and supplying the combustible materials from the 
supply ports provided in the Wall Which faces the separator 
according to demand. With this method, the combustion 
temperature can be precisely adjusted, and back?re or the 
like can be prevented. And the combustible materials need 
not be supplied to the combustion chamber uniformly. It is 
desirable to vary the supply amount of the combustible 
materials in accordance With the requirement by the member 
to be heated. The supplying phase of the combustible 
materials can be arbitrarily varied in accordance With the 
condition of the combustible materials. If the combustible 
materials are initially liquid, for example, the supplying 
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phase thereof may be not varied or may be varied into gas 
by heating. If the combustible materials are initially gas, 
they may be supplied in a gas phase. 

[0030] The catalytic combustor in accordance With the 
present invention can achieve the operational effect that the 
combustion state in the combustion chamber can be readily 
controlled, and a stable operation can be effected against the 
variations of the members to be heated. 

[0031] In addition, the catalytic combustors in accordance 
With the present invention can achieve the operational effect 
that the catalytic combustor can be made small and light as 
required under conditions capable of restraining the degra 
dation of the various performance of the catalytic combus 
tors to a minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a schematic vieW explaining the con 
structions of catalytic combustors of one embodiment of the 
present invention and a comparative example; 

[0033] FIGS. 2(a), 2(b), 2(c) and 2(LD are contour maps of 
combustion efficiencies, each shoWing the result of a com 
bustion ef?ciency test of hydrogen in a catalytic combustor 
of the present invention; 

[0034] FIGS. 3(a), 3(b), 3(c) and 3(LD are contour maps of 
combustion efficiencies, each shoWing the result of a com 
bustion ef?ciency test of methanol in a catalytic combustor 
of the present invention; 

[0035] FIGS. 4(a) and 4(b) are vieWs, each shoWing a 
surface of a heat-conductive separator, Which has projec 
tions and depressions, in catalytic combustors of third and 
fourth embodiments of the present invention; and 

[0036] FIG. 5 is a graph shoWing the result of a tempera 
ture distribution measuring test in a catalytic combustor of 
one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EXEMPLARY 

EMBODIMENTS 

[0037] [Embodiment] 
[0038] Hereinafter, the catalytic combustor in accordance 
With the present invention Will be explained in more detail 
based on several embodiments. 

[0039] [Catalytic Combustor] 
[0040] The catalytic combustor Which Was used in tests is 
schematically illustrated in FIG. 1. The catalytic combustor 
of the present embodiment includes a heat-conductive sepa 
rator 1 Which has projections and depressions in one part 10 
(78 mm><49 mm) of a surface Which faces a combustion 
chamber, a catalyst layer (not shoWn) Which is supported on 
the part 10, a Wall 2 Which has supply ports 21 (opening 
diameter 0.3 mm, 12 ports) for supplying fuel toWard the 
part 10, faces the heat-conductive separator 1, and de?nes 
the combustion chamber With the heat-conductive separator 
1, a plate-like member 3 Which is located to face the Wall 2 
on the opposite side of the combustion chamber and de?nes 
one part (52) of a fuel supply passage, an air supply passage 
4 Which is communicated With a supply port Which opens at 
one end of the heat-conductive separator 1, and a gas 
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discharge passage 6 Which is communicated With an outlet 
port of a combustion gas, Which opens at the other end of the 
heat-conductive separator 1. 

[0041] To support a catalyst on the surface having projec 
tions and depressions, a mixture of ALZO3 and Pt Was 
supported by a thickness of 50 pm toWard the part 10 With 
a normal supporting method. A resultant layer contains 100 
parts by Weight of ALZO3 and 10 parts by Weight of Pt. 

[0042] The height of the projections in the part 10, Which 
Was denoted by H, in each of the catalytic combustors of the 
embodiments and a conventional catalytic combustor Was 
0.4 mm, 0.6 mm, 0.75 mm (Embodiments 1 to 3), 0 mm 
(Comparative example). The Width of each of the projec 
tions and depressions Was 1 mm (5 sets of projection and 
depression/cm), and the distance betWeen each projecting 
end and the Wall 2 Was all 0.5 mm. And, the length of each 
of the projections and the depressions in directions perpen 
dicular to the ?uid How Was 1 mm, and the distance betWeen 
adjacent tWo projections or depressions Was 1 mm. 

[0043] In addition, a catalytic combustor of Which H Was 
0.75 mm and the supply ports Was six Was prepared as the 
catalytic combustor of a fourth embodiment. 

[0044] [Measurement of Combustion Ef?ciency] 

[0045] The combustion efficiency of fuel in the present 
catalytic combustor Was measured using tWo kinds of model 
fuel: (D exhaust gas (hydrogen/carbon dioxide=38%/62% 
(volume ratio) from a fuel electrode of a fuel cell of Which 
the hydrogen utiliZation factor is 80% and @100% metha 
nol. 

[0046] [Measuring Method] 

[0047] With respect to the model fuel (D, air and model 
fuel Were respectively supplied to the air supply passage 4 
and fuel supply passage 51 of each of the catalytic combus 
tors of Embodiments 1 to 4, and Comparative example in 
predetermined air and fuel flow rates. Next, the fuel con 
centration in the exhaust gas Which is discharged from the 
gas discharge passage 6 Was measured With gas chromatog 
raphy, and the combustion efficiency Was measured from the 
measured fuel concentration in the exhaust gas and the fuel 
concentration of an inlet gas. At the same time, pressure loss 
in each of the air supply passage 4 and the fuel supply 
passage 51 Was measured. 

[0048] With respect to the model fuel @, air and model 
fuel Were respectively supplied to the air supply passage 4 
and fuel supply passage 51 of each of the catalytic combus 
tors of Embodiments 1 to 3 in predetermined air and fuel 
flow rates, and a mixture gas containing air and fuel in a 
predetermined mixing ratio Was supplied to the catalytic 
combustor of Embodiment 3 via the fuel supply passage 51. 

[0049] [Measurement Result] 
[0050] The measurement result of the combustion effi 
ciency of the model fuel (D is shoWn in FIG. 2 (a: 
comparative example, b: Embodiment 1, c: Embodiment 2, 
d: Embodiment 3), and the measurement result of the 
combustion efficiency of the model fuel @ is shoWn in FIG. 
3 (a: Embodiment 1, b: Embodiment 2, c: Embodiment 3, d: 
Embodiment 3 (mixture gas)). In FIG. 2, the hydrogen flow 
rate in ordinate is the flow rate in terms of hydrogen element 
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in the standard state. And in FIG. 3, the methanol flow rate 
in ordinate is the flow rate in terms of liquid methanol in the 
standard condition. 

[0051] The measurement result concerning the model gas 
shoWs that as H increases from 0 mm (comparative 

example) to 0.6 mm (Embodiment 2) via 0.4 mm (Embodi 
ment 1), the range Wherein the combustion efficiency is high 
enlarges drastically. Furthermore, When H increases to 0.75 
mm (Embodiment 3), the range Wherein the combustion 
efficiency is high further enlarges, as compared With the 
range of Embodiment 2, but the enlarging speed Was gentle. 
Accordingly, it is considered that the elevation of the com 
bustion efficiency is saturated When H is about 0.6 to 0.75 
mm. 

[0052] The measurement result concerning the model gas 
shoWs that as H increases from 0.4 mm (Embodiment 1) 

to 0.75 mm (Embodiment 3), the range Wherein the com 
bustion efficiency is high enlarges drastically. 

[0053] Although the measurement result is not shoWn, the 
range of fuel air ratio (that is the range Wherein the com 
bustion efficiency is high) Which Was measured using vapor 
phase burners With similar fuel gas Was remarkably narroW, 
as compared With the case of the catalytic combustor of the 
present invention. 

[0054] With respect to the model gas (D, the pressure loss 
in the comparative example Was about 0.15 N/cm2 in the air 
flow rate of 4 L/min, and about 0.20 N/cm2 in the air flow 
rate of 6 L/min. On the other hand, the pressure loss in the 
present embodiment Was as loW as about 0.15 N/cm2 in the 
air flow rate of 3 L/min, and about 0.20 N/cm2 in the air flow 
rate of 5 L/min, and a large loWering of the pressure loss Was 
not observed, as compared With that of the comparative 
example. With respect to the pressure loss on the fuel side, 
a large loWering thereof Was not observed in the catalytic 
combustors of both the comparative example and the present 
embodiment. 

[0055] Accordingly, With the catalytic combustor of the 
present embodiment, it Was possible to keep the combustion 
at a high efficiency even When the operating conditions (?oW 
rate of air and fuel, and mixing ratio thereof) are greatly 
varied. And, this effect can be achieved Without a large 
increment of pressure loss. Accordingly, it has been clari?ed 
that only a small amount of energy is required by an 
auxiliary poWer such as pumps for operating the present 
catalytic combustor. 

[0056] The projections and depressions formed in the part 
10 of the heat-conductive separator 1 of the catalytic com 
bustors of the embodiments 3 and 4 Were observed. As a 
result, as shoWn in FIG. 4, combusted areas (a: Embodiment 
3, b: Embodiment 4) Were observed. This observation result 
shoWs that combustion Was carried out approximately uni 
formly around each supply port. 

[0057] [Temperature Distribution Measuring Test] 

[0058] Testing Methods and Testing Conditions 

[0059] The catalytic combustor of Embodiment 3 Was 
operated under folloWing three operating conditions, and the 
temperature of the surface 11 of the separator 1, Which faces 
the heating chamber, Was measured at each of seven mea 
suring points 111 to 117. 
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[0060] @A gas obtained by mixing methanol and air such 
that the How rate of methanol is 0.6 ml/min and the How rate 
of air is 3 L/min Was supplied from the air supply passage 
4. @ A gas obtained by mixing methanol and air such that 
the How rate of methanol is 0.6 ml/min and the How rate of 
air is 3 L/min Was supplied from the fuel supply passage 51. 
@ A gas containing hydrogen and carbon dioxide in the 
composition ratio of 38% to 62% (volume ratio) Was sup 
plied to the fuel supply passage 51 in the How rate of 0.5 
L/min in terms of hydrogen element under the standard state, 
and air Was supplied from the air supply passage 4 in the 
How rate of 3 L/min. 

[0061] [Result] 
[0062] The testing result is shoWn in FIG. 5. As is 
apparent from FIG. 5, in the operating conditions @ and @ 
Wherein fuel is supplied from the supply ports of the Wall 2 
Which faces the heat-conductive separator 1, variations in 
the resultant temperature distributions Were small. In con 
trast, in the operating condition (D Wherein fuel is supplied 
from one side of the combustion chamber, the temperatures 
at the measuring points 112 to 114 Were high Whereas those 
at the measuring points 115 and 116 Were loW, Whereby there 
occurred a great difference in temperature distribution. The 
reason for these results is considered as folloWs. In the 
method of supplying fuel from one side of the combustion 
chamber, as the fuel passes the measuring points 112 through 
116, the combustion thereof is completed so that the com 
bustion cannot be maintained. In addition, upon measuring 
the temperature of the oxidation catalyst, and that of the fuel 
supply passage 52, the temperature of the oxidation catalyst 
did not much differ from that of the surface 11 Which faces 
the heating chamber, and the temperature on the side of the 
fuel supply passage 52 Was as loW as about 100 to 200° C. 
These results shoW that the combustion heat Was conducted 
to the side of the heating chamber prior to other sides. 

[0063] Small variations in the temperature distributions in 
the conditions @ and ® are considered to be caused by the 
supply ports being uniformly distributed in the Wall 2 facing 
the separator 1. And by properly adjusting the fuel supply 
rate and air supply rate, the temperature can be controlled 
freely. 

[0064] Accordingly, by supplying fuel from the supply 
ports of the Wall 2, the temperature distribution as Well as the 
temperature can be freely adjusted as required. In addition, 
by adjusting the arrangement of the heat-conductive sepa 
rator 1, thermal conduction can be also controlled. 

[0065] While the invention has been described in connec 
tion With What are considered presently to be the most 
practical and preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embodi 
ments, but, on the contrary, is intended to cover various 
modi?cations and equivalent arrangements included Within 
the spirit and scope of the appended claims. 
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What is claimed is: 
1. A catalytic combustor comprising: 

a heat-conductive separator for de?ning a combustion 
chamber and conducting heat to a member to be heated, 
at least one part of a surface of said heat-conductive 
separator, Which faces said combustion chamber, hav 
ing projections and depressions; and 

an oxidation catalyst Which is supported on at least one 
part of said projections and depressions of said heat 
conductive separator. 

2. A catalytic combustor as claimed in claim 1, Wherein 
said projections and depressions have con?gurations Which 
generate sWirls in a How of ?uid Within said combustion 
chamber. 

3. A catalytic combustor as claimed in claim 1, Wherein 
the height from projecting ends of said projections to 
bottoms of said depressions ranges from 0.4 to 1.0 mm. 

4. A catalytic combustor as claimed in claim 1, Wherein 
the number of sets of one of said projections and one of said 
depressions per unit length of said surface of said heat 
conductive separator ranges from 0.5 to 10/cm. 

5. A catalytic combustor as claimed in claim 1, further 
comprising a Wall Which is arranged so as to face said 
heat-conductive separator at a predetermined distance there 
from for de?ning said combustion chamber, said Wall having 
a supply port for supplying at least one of a combustible 
material and a combustion-assisting material for burning 
said combustible material, to said combustion chamber. 

6. A catalytic combustor as claimed in claim 5, Wherein 
said supply port supplies said combustible material, and said 
combustion-assisting material is supplied via an end of a 
space de?ned by said surface of said heat-conductive sepa 
rator, Which has said projections and said depressions, and 
said Wall Which faces said heat-conductive separator. 

7. A catalytic combustor as claimed in claim 5, Wherein 
said supply port is composed of a plurality of supply ports 
Which are arranged in multiple stages toWard a doWnstream 
side of said combustion chamber. 

8. A catalytic combustor as claimed in claim 1, Wherein at 
least one part of a surface of said heat-conductive separator, 
Which de?nes said member to be heated, has said projections 
and said depressions. 

9. A catalytic combustor as claimed in claim 1, Wherein 
said member to be heated is a heating chamber for reforming 
organic compounds to gas Which contains hydrogen. 

10. A catalytic combustor as claimed in claim 5, Wherein 
at least one of said combustible material and said combus 
tion-assisting material, Which is supplied from said supply 
port, is injected toWard said heat-conductive separator. 

11. A catalytic combustor as claimed in claim 10, Wherein 
said supply port supplies said combustible material, and said 
combustion-assisting material is supplied via an end of a 
space de?ned by said surface of said heat-conductive sepa 
rator, Which has said projections and said depressions, and 
said Wall Which faces said heat-conductive separator. 

* * * * * 


