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Docket No.: 74596

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the Invention'CATALYT'C BURNER, ESPECIALLY FOR A VEHICLE HEATER

As a below named inventor, | hereby declare that:

This declaration is directed to:

&1 The attached application, or

United Stales application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an ariginal joint inventor of a claimed invention in the
application.

WHEREAS Eberspéacher Climate Control Systems GmbH & Co. KG

+

(hereinafter referred {o as Assignee) having a place of business at:
Eberspacherstrassea 24, D-73730 Esslingen, GERMANY

is desirous of acquiring the entire right, title and interest to said invention and in the Letters
Patent to be obtained therefor from the United States;

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration of the
sum of One Dollar ($1.00) (or the equivalent thereof in foreign currency) and other valuable
consideration, the receipt of which is hereby acknowledged, | have assigned, sold and set over
and by these presents do assign, sell and set over unto the said Assignee for the territory of the
United States of America and not elsewhere, the full and exclusive right, title and interest in and
to the said invention, said invention, application and Letters Patent fo be held and enjoyed by
the said Assignee for its own use and behoof and for the use and behoof of its successors and
assigns to the full end of the term for which said Letters Patent is granted, as fully and entirely
as the same would have been held by me had this Assignment and sale not been made.

I hereby acknowledge that any wiilful false statement made in this declaration is punishable
under 18 U.S.C. 1001 by fine or imprisonment of not more than (5) years, or both.

LEGAL NAME OF INVENTOR

INVENTOR: Glinter EBERSPACH

=lnvenior's signature_ =807 p i g e =sDate 2043 {12 ) 57
A

G faec

e

McGLEW & TUTTLE, P.C., Box 9227 Scarborough Station, Scarborough N.Y.10510-9227 U.S.A
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Docket #74596

CATALYTIC BURNER, ESPECIALLY FOR A VEHICLE
HEATER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of German
Application DE 10 2013 200 016.2 filed January 2, 2013, the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention pertains to a catalytic burner, especially for a vehicle heater,
for the catalytically supported combustion of a fuel/combustion air mixture, comprising a mixing
chamber, a combustion air feed device for feeding combustion air to the mixing chamber, a fuel
feed device for feeding fuel to the mixing chamber, and a catalyzer device upstream of the
mixing chamber with at least one catalyzer unit, through which the fuel/combustion air mixture

can flow.
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BACKGROUND OF THE INVENTION

[0003] Fuel-operated heaters are used as parking heaters or auxiliary heaters for
supplying heat in motor vehicles. A mixture of fuel and combustion air is ignited and burnt in
these. The heat generated in the process is transmitted to a heat carrier medium, for example, the
air to be introduced into an interior chamber of the vehicle or to the cooling agent circulating in
an engine coolant system. Catalytic burners (catalytic combustion (reaction) devices) are known
to be used in order to make it possible to meet the ever-increasing requirements imposed in terms
of pollutant emission, especially also during the start-up phase of combustion. The combustion
of fuel and combustion air is achieved in these by a process supported catalytically on the surface

of catalytic material.

[0004] Such a catalytic burner is known from WO 2007/003649 A1l. The fuel fed
through a fuel feed line in the form of droplets is introduced in this catalytic burner into a
pot-like evaporator. This evaporator is open opposite the direction of flow of the combustion air
being fed with the fuel for combustion. The combustion air flowing into the pot-like evaporator
leads to swirling in the interior of this pot-like (pot shaped) evaporator, and this swirling leads to
thorough mixing of the combustion air with the fuel accumulating therein. The mixture thus
formed from combustion air and fuel leaves the pot-like evaporator via an edge area of a
circumferential wall of said pot-like evaporator and then reaches further to a combustion
chamber, in which the catalyzer device with a plurality of catalyzer units, which follow each
other in the direction of flow and through which the fuel/combustion air mixture can flow, for the

combustion of this fuel/combustion air mixture.

PATENT
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SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide a catalytic burner (catalytic
combustion (reaction) device), especially for a vehicle heater, with which a more efficient

catalytically supported combustion process can be achieved.

[0006] This object is accomplished according to the present invention by a catalytic
burner, especially for a vehicle heater, for the catalytically supported combustion of a
fuel/combustion air mixture, comprising a mixing chamber, a combustion air feed device for
feeding combustion air to the mixing chamber, a fuel feed device for feeding fuel to the mixing
chamber, a catalyzer device downstream of the mixing chamber with at least one catalyzer unit,

through which the fuel/combustion air mixture can flow.

[0007] Provisions are made, furthermore, for the fuel feed device to comprise a porous
evaporator device, which accommodates a fuel feed line and releases fuel vapor into the mixing
chamber, or/and for at least one catalyzer unit to comprise a grid-like support (a grid support)

with catalyst material on its surface.

[0008] Measures that markedly improve the quality of the catalytically supported
combustion of the fuel/combustion air mixture are taken individually and in combination in the
catalytic burner designed according to the present invention. Efficient mixing of fuel and

combustion air is guaranteed by providing a porous evaporator device, because the fuel, which is

PATENT
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generally fed in the liquid form, received in the porous evaporator device, is distributed therein
due to capillary action, possibly also supported by the effect of the force of gravity, and is
released into the mixing chamber on the comparatively large surface of this porous evaporator
device. This fuel vapor can be mixed with the combustion air in the mixing chamber and in an
area of the chamber that may follow same downstream. The risk that major accumulations of
liquid fuel will develop or fuel will be entrained in the combustion air in the form of droplets can
be ruled out hereby essentially completely. The provision of at least one catalyzer unit with a
grid-like support and catalyst material on the surface thercof can also improve the catalytically
supported combustion process. It is possible due to a catalyzer unit of such a design to provide
the grid-like support in a three-dimensional configuration adapted to the structural conditions in
the catalytic burner, to possibly deform this support, as a result of which the flow characteristics
can be improved, on the one hand, and the surface of such a catalyzer unit, which surface is made

available for the catalytically supported combustion, can be increased, on the other hand.

[0009] In one embodiment, that guarantees efficient mixing of the combustion air with
fuel, especially with fuel vapor released from a porous evaporator device, a burner housing
defines with a circumferential wall a combustion chamber containing at least one catalyzer unit,
wherein a projection with a circumferential wall and with a bottom wall arranged offset in
relation to the bottom wall of the burner housing in the direction of a longitudinal axis 1s
provided at a bottom wall of the burner housing, wherein at least one part of the porous

evaporator device is carried at the circumferential wall or/and the bottom wall of the projection.

PATENT
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[0010] To make it possible to use the inner volume area of the projection as a mixing
chamber or at least part of the mixing chamber, at least one flow opening leading to the
combustion chamber is provided in the circumferential wall of the projection and that at least one
part of the evaporator device be provided at the circumferential wall or/and the bottom wall of

the projection on a side facing away from the combustion chamber.

[0011] The passage of fuel and combustion air from the mixing chamber to an arca
following same downstream, in which the catalyzer device is also arranged, can be guaranteed by
at least one flow opening being provided in an area of the circumferential wall that is located
close to the bottom wall of the projection or/and by at least one flow opening being provided in
an area of the circumferential wall of the projection, which area is located close to the bottom

wall of the burner housing.

[0012] At least one and preferably each flow opening in the circumferential wall of the

projection is advantageously covered by a catalyzer unit.

[0013] To make it possible to provide this catalyzer unit with the largest possible surface
that can be used for the catalytic reaction, it is proposed that at least one and preferably each flow

opening in the circumferential wall of the projection is covered by a catalyzer unit.

[0014] Provisions may be made in an alternative embodiment of the catalytic burner

designed according to the present invention for at least one part of the porous evaporator device

PATENT
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to be provided on a side of the circumferential wall facing the circumferential wall of the burner
housing and for at least one flow opening leading to the mixing chamber to be provided in the
circumferential wall of the burner housing in the area of the axial extension of the projection. A
volume area between the circumferential wall of the burner housing and the circumferential wall
of the projection is used as the mixing chamber in this design. The mixture of fuel and
combustion air formed there can then be delivered in the downstream direction to the catalyzer
device. Provisions may now be made, in particular, for a chamber formed between the
circumferential wall of the burner housing and the circumferential wall of the projection to be
defined at least partly by a catalyzer unit at its end area located a distance from the bottom wall
of the burner housing. This catalyzer unit consequently defines essentially the mixing chamber
and thus ensures that a first stage of the catalytically supported combustion can take place

immediately during the discharge of the fuel/combustion air mixture from the mixing chamber.

[0015] It is further proposed, in an especially advantageous embodiment, that at least one
flow diaphragm with at least one flow opening be provided at the circumferential wall of the
burner housing and that at least one, preferably each flow opening is covered by a catalyzer unit.
The provision of one or more flow diaphragms and catalyzer units associated therewith
guarantees that the release of heat in the area of a respective catalyzer unit being positioned here
can be controlled by a comparatively high flow velocity of the fuel/combustion air mixture to be

catalyticly combusted and local overheating is consequently prevented.

[0016] The efficiency of the catalytically supported combustion can be further increased
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by a chamber formed between the projection and a flow diaphragm being divided by a catalyzer
unit into a radially outer chamber area and a radially inner chamber area. It is proposed in an
alternative design of the catalytic burner designed according to the present invention that a burner
housing with a circumferential wall define a combustion chamber containing at least one
catalyzer unit and that at least one part of the porous evaporator device be provided at the
circumferential wall of the burner housing or/and at a bottom wall of the burner housing. The
projection discussed above can consequently be essentially eliminated in such a design. The
circumferential wall or/and the bottom wall of the burner housing may also assume at the same

time the functionality of a support for at least one part of the porous evaporator device.

[0017] Provisions may now be made, for example, for the porous evaporator device to be
provided on an outer side of the bottom wall facing away from the combustion chamber and for
at least one flow opening leading to the combustion chamber to be provided in the
circumferential wall of the burner housing, preferably in an area located close to the bottom wall.
The entire volume enclosed by the circumferential wall and the bottom wall of the burner
housing can consequently be used essentially as a combustion chamber in this design. The

mixing of the fuel with the combustion air takes place upstream and outside this volume.

[0018] The catalytically supported combustion can be carried out especially efficiently in
this design if at least one, preferably each flow opening is covered by a catalyzer unit. In
particular, the catalyzer unit may be arranged now on an inner side of the circumferential wall of

the burner housing facing the combustion chamber, so that large parts of the surface of the
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catalyzer unit are located such that they face the combustion chamber and can be used for the

catalytically supported reaction.

[0019] It is proposed in an alternative embodiment, that the porous evaporator device be
provided on an inner side of the bottom wall of the burner housing facing the combustion
chamber and that at least one flow opening leading to the mixing chamber be provided in the
circumferential wall of the burner housing, preferably in an area located close to the bottom wall.
Consequently, an area of the volume enclosed by the circumferential wall and the bottom wall of
the burner housing forms here the mixing chamber or a part of the mixing chamber, which

supports a compact design.

[0020] It is proposed in another alternative embodiment that the porous evaporator device
designed essentially as a pot-like or shell-like evaporator device with a circumferential wall arca
and with a bottom wall area be carried at the circumferential wall. Based on the fact that the
porous evaporator device is designed with a pot-like or shell-like configuration, its volume,
which can be used to distribute the fuel fed at first in the liquid form and also its surface that can
be used to evaporate the fuel can be increased. This also supports the efficient mixing of the fuel
vapor released over a comparatively large surface with the combustion air flowing past this

surface.

[0021] To make it possible to utilize the catalytically supported combustion process as

efficiently as possible in this design of the porous evaporator device, it is proposed that a
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catalyzer unit be arranged at the evaporator device. In particular, provisions may now be made
for the catalyzer unit to also comprise the catalyst material applied to the material of which the
porous evaporator device is made. The porous material of the evaporator device consequently
forms the support for the catalyst material here, so that an additional support can be eliminated

here.

[0022] Even if the burner housing is built without a projection provided at its bottom
wall, an efficient support of the combustion of the catalytic reaction can be achieved by at least
one flow diaphragm being provided at the circumferential wall of the burner housing and by at

least one, preferably each flow opening being covered by a catalyzer unit.

[0023] To make it possible to enlarge the surface available for the catalytic reaction, it is
proposed that at least one catalyzer unit be formed in the upstream direction or in the
downstream direction, preferably in an arc-shaped, conical or cylindrical manner. The design of
a respective catalyzer unit with a grid-like support, which support can then be deformed to obtain
the shape in which the catalyzer unit is installed, is especially suitable for this. This deformation
may take place before or after the application of the catalyst material to the grid-like support not
made of catalyst material. However, a grid-like support made entirely of catalyst material could
also be brought to the shape needed for installation by deformation. Such a grid-like support
made entirely of catalyst material also has catalyst material on its surface in the sense of the

present invention.
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[0024] To make it possible to support the evaporation of the fuel especially during the
start-up phase of the combustion process in the design of a catalytic burner according to the
present invention with a porous evaporator device, it is proposed that an electrically excitable

heating means be associated with the porous evaporator device.

[0025] The present invention will be described in detail below with reference to the
figures attached. The various features of novelty which characterize the invention are pointed
out with particularity in the claims annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages and specific objects attained by its uses,
reference 1s made to the accompanying drawings and descriptive matter in which preferred

embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In the drawings:

[0027] Figure 1 is a longitudinal sectional view of a catalytic burner that can be used in a
vehicle;

[0028] Figure 2 is a longitudinal section of a variant of the catalytic burner shown in
Figure 1;

[0029] Figure 3 1is a longitudinal section of another variant of the catalytic burner shown

10
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in Figure 1;

[0030]

in Figure 1;

[0031]

burner;

[0032]

burner;

[0033]

Figure 6;

[0034]

in Figure 6;

[0035]

Figure 4 is a longitudinal section of another variant of the catalytic burner shown

Figure 5 1s a longitudinal section of an alternative embodiment of a catalytic

Figure 6 is a longitudinal section of another alternative embodiment of a catalytic

Figure 7 is a longitudinal section of a variant of the catalytic burner shown in

Figure 8 is a longitudinal section of another variant of the catalytic burner shown

Figure 9 is a longitudinal section of another variant of the catalytic burner shown

in Figure 6; and

[0036]

Figure 10 is a longitudinal section of another alternative embodiment of a

catalytic burner.

11
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0037] Referring to the drawings in particular, a catalytic burner that can be used as a
parking heater or auxiliary heater in a vehicle is generally designated by 10 in Figure 1. The
catalytic burner 10 comprises a burner housing 12 elongated in the direction of a longitudinal
axis L with an essentially cylindrical circumferential wall 14 and with a bottom wall 16. A
projection 18, which comprises a circumferential wall 20, which is, for example, likewise
essentially cylindrical, and a bottom wall 22 located offset in the direction of the longitudinal
axis L in relation to the bottom wall 16 of the burner housing 12, is provided at the bottom wall

16, for example, in a central area.

[0038] A mixing chamber generally designated by 24 is provided in the interior of
projection 18. A porous evaporator device 28 is provided or carried on the side of the bottom
wall 22 of projection 18 facing this mixing chamber 24. This porous evaporator device 28
comprises a disk-shaped evaporator element 30 made of porous material. An electrically
excitable heating means 32 is provided between this and the bottom wall 22 of projection 18.
The evaporator element 30 may be made, for example, of nonwoven or braided material, foamed

ceramic, metal foam or the like.

[0039] A fuel feed line extends, for example, concentrically with the longitudinal axis L
in the direction of the longitudinal axis L through a volume area located upstream of the mixing

chamber 24 into the mixing chamber 24 or into the evaporator element 30 provided at the bottom

12
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wall 22. Delivered by a fuel pump, not shown, for example, a metering pump, liquid fuel 1s fed
into the evaporator element 30 via the fuel feed line 34. The liquid fuel is distributed in the inner
volume of the porous evaporator element 30 due to the capillary action of said porous evaporator
element 30 and evaporated into the mixing chamber 24 on the side of the evaporator element 30

facing the mixing chamber 24.

[0040] The volume through which the fuel feed line 34 passes upstream of the mixing
chamber 24 forms a combustion air flow chamber 36. The air to be mixed in the mixing
chamber 24 with the fuel evaporated there is fed, delivered by a combustion air blower, through
this combustion air flow chamber 36. To achieve efficient mixing of this combustion air with the
fuel vapor provided in mixing chamber 24, a swirling means 38, which ensures swirling of the
combustion air introduced into the mixing chamber 24, may be carried at the bottom wall 16 of
burner housing 12. A flame arrester 40, which prevents flames generated in the combustion
process from flashing back into an area of the combustion air flow chamber 36 located farther

upstream, may be provided farther upstream of the swirling means 38.

[0041] The fuel/combustion air mixture produced in the mixing chamber 24 reaches a
combustion chamber of the catalytic burner 10 generally designated by 44 through a plurality of
slot-like flow openings 42 formed in the circumferential wall 20 of projection 18. The flow
openings 42 are elongated, for example, in the direction of the longitudinal axis L and adjoin the

bottom wall 22 of projection 18.

13
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[0042] A catalyzer device 46 is arranged in the combustion chamber 44. This comprises
in the example shown in Figure 1 three catalyzer units 48, 50, 52. The catalyzer unit 48 is
essentially cylindrical and surrounds the circumferential wall 20 of projection 18 on the outer
side thereof facing the circumferential wall 14 of the burner housing 12. The mixture flowing
through the flow openings 42 into the combustion chamber 44 passes through the catalyzer unit
48, so that a part of the mixture reacts on the surface of the catalyzer unit 18 with the catalyst
material provided there and is catalyticly combusted, supported by this catalyst material. Since
the catalyzer unit 48 1s arranged such that it surrounds the projection 18 over the entire

circumference, a comparatively large surface can be used for a catalytically supported reaction.

[0043] After passing through the catalyzer unit 48, the mixture passing through the flow
openings 42 enters a chamber 54 formed between the circumferential wall 20 of the projection
and the circumferential wall 14 of the burner housing, which chamber is defined axially by the
catalyzer unit 50 in an end area located close to the bottom wall 22 of projection 18. The
catalyzer unit 50 may have a ring disk-shaped design and be carried on the inner surface of the
circumferential wall 14 of the burner housing 12 or/and of the bottom wall 22 of projection 18
or/and of the catalyzer unit 48. The mixture entering chamber 54 can thus react on the surface of
the catalyzer unit 48 during its flow through the flow openings 42 or during the flow in chamber
54 and, furthermore, it can react on the surface of the catalyzer unit 50 when leaving chamber 54

and hence during its passage through the catalyzer unit 50.

[0044] A flow diaphragm 56, which has, for example, a ring disk-shaped design, is

14
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carried farther downstream of the catalyzer unit 50 at the circumferential wall 14 of the burner
housing 12. This has, for example, in its central area, a flow opening 58, which is covered by the
disk-shaped catalyzer unit 52. The mixture flowing downstream of the catalyzer unit 50, 1.e.,
downstream of chamber 54, in the direction of the flow diaphragm 56 and not yet catalyticly
combusted at the catalyzer units 48, 50 can be catalyticly combusted in a last stage of the
catalytic reaction at the catalyzer unit 52 in a catalytically supported manner, so that after flowing
through the three catalyzer units 48, 50, 52 following each other in the direction of flow, the total
quantity of fuel/combustion air mixture produced in mixing chamber 24 is essentially catalyticly
combusted. The part of the circumferential wall 14 of the burner housing 12 that is located
downstream of the flow diaphragm 56, i.e., the part still following the third catalyzer unit 52, can
direct the combustion waste gases with the heat of combustion being carried therein, in the
manner of a flame tube, towards a heat exchanger device, not shown in Figure 1, where at least

one part of the heat can be transferred to a heat carrier medium.

[0045] The catalyzer units 48, 50, 52 of the catalyzer device 46 may be designed, in
principle, with a grid-like support, preferably one made of a metallic material, which is coated
with catalyst material on its surface. Such a grid-like support makes possible the passage of
mixture to be catalyticly combusted by a catalytically supported reaction, but can also be brought
at the same time into the desired configuration suitable for installation in a simple manner by
deformation. For example, the catalyzer unit 48, which has a generally cylindrical configuration,
can thus be bent from a strip-like blank, whose end areas, which now face one another, can be

connected to one another in a suitable manner, for example, by connection in material or by

15
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deformation. The grid-like support can be coated with the catalyst material before or after this

shaping operation.

[0046] However, the design of the catalyzer units 48, 50, 52 could also be such, in
principle, that the grid-like support itself is built up already from catalyst material and thus also

has, of course, catalyst material on its surface for supporting the combustion.

[0047] A highly efficient combustion process with comparatively low pollutant emission
is guaranteed with a catalytic burner 10 having the design shown in Figure 1 due to the highly
efficient mixing of the fuel vapor generated in the porous evaporator device 28 with the
combustion air introduced into the mixing chamber 24, on the one hand, and due to the catalyzer
units 48, 50, 52 being positioned at areas with comparatively high velocity of flow and intense
swirling of the mixture leaving the mixing chamber 24, on the other hand. Since a comparatively
high velocity of flow of the fuel/combustion air mixture and also of combustion waste gases
generated during the combustion taking place already farther upstream is generated in the area of
the catalyzer units 48, 50, 52 due to the positioning of said catalyzer units, it is guaranteed that
overheating of the catalyzer units will not occur. Furthermore, efficient evaporation of fuel can
be guaranteed even during the start-up phase due to the electrically excitable heating means 32
provided in association with the evaporator element 30 of the porous evaporator device 28, so
that the pollutant emission can be reduced even during this phase at the beginning of the
combustion. This can also be supported by the fact that an igniting means 60, for example, a

glow type ignition pin, which can support the ignition of the mixture provided in mixing chamber
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24 and hence even a combustion taking place in the mixing chamber 24, is provided in the

mixing chamber 24.

[0048] Figure 2 shows a modified embodiment of the catalytic burner shown in Figure 1.
Components and assembly units that correspond to the components and assembly units described
above are designated with the same reference numbers here as well as in Figures 3 through 5
following it. Only the differences existing from the previous embodiments will essentially be

discussed with reference to Figure 2 and the figures following it.

[0049] The evaporator element 30 of the porous evaporator device 28 is carried directly
on the inner side of the bottom wall 22 of projection 18 facing the mixing chamber 24 in the
design shown in Figure 2. Consequently, no additional electrically excitable heating means is
provided here. Evaporation of the fuel can be achieved during the start-up phase also with the
additional support by the heat generated by the igniting means 60 and the combustion, which also

takes place in the mixing chamber 24.

[0050] The slot-like flow openings 42 provided in the circumferential wall 20 of
projection 18 are provided in the design shown in Figure 3 at a spaced location from the bottom
wall 22 of projection 18 but adjoining the bottom wall 16 of the burner housing 12. The
catalyzer unit 48 covering the flow openings 42 is also located in this area of the length of the
circumferential wall 20 and surrounds same on its outer side facing the circumferential wall 14 of

the burner housing 12, but adjoining here the bottom wall 16 of the burner housing 12.
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[0051] It should be pointed out that the electrically excitable heating means shown in
Figure 1 could, of course, also be provided between the evaporator element 30 and the bottom

wall 22 of projection 18 in this embodiment variant shown in Figure 3 as well.

[0052] The bottom wall 22 of projection 18 extends radially relative to the longitudinal
axis L over the circumferential wall 20 of the projection in the embodiment variant shown in
Figure 4, so that the chamber 54 is defined at its end area facing away from the bottom wall 16 of
the burner housing 12 not only by the catalyzer unit 50, but also by a radially projecting part of
the bottom wall 22. This leads to flow throttling and to an increase in the velocity of flow of the
mixture flowing through from the mixing chamber 24 into the combustion chamber 44 and
through the catalyzer unit 50 there and hence to improved dissipation of heat from the area of the

catalyzer unit 50.

[0053] Figure 5 shows the design of the catalytic burner 10, in which the mixing chamber
24 is provided essentially in the chamber 54 formed radially between the circumferential wall 14
of the burner housing 12 and the circumferential wall 20 of projection 18. A plurality of flow
openings 62, through which the air arriving in the combustion air flow chamber 36 enters the
mixing chamber 24 from the radially outside direction, are provided distributed in the
circumferential direction in this axial area of the circumferential wall 14. The evaporator
clement 30 of the porous evaporator device 28, which said evaporator element 30 has an

essentially cylindrical shape, is carried on the outer side of the circumferential wall 20 facing the
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circumferential wall 14 of the burner housing 12. The fuel feed line 34 feeds the fuel being fed
in the liquid form through branch lines 64 into the evaporator element 30. The fuel vapor is
evaporated from the surface of the evaporator element 30 facing the mixing chamber 24 and is

mixed in the mixing chamber 24 with the combustion air fed into said mixing chamber.

[0054] Chamber 54, 1.e., the mixing chamber 24 here, is defined axially by an area of the
bottom wall 22 of the projection 18 projecting axially over the circumferential wall 20 of
projection 18 and the catalyzer unit 48 at the end area located facing away from the bottom wall
16 of the evaporator housing 12. The fuel/combustion air mixture formed in the mixing chamber
24 flows through the ring-shaped intermediate chamber between the circumferential wall 14 of
the burner housing 12 and the bottom wall 22 of projection 18 and thus enters the combustion
chamber 44 through the catalyzer unit 48. Two flow diaphragms 56, 58 are provided there at
axially spaced locations, each with a flow opening 58, 68 and with a catalyzer unit 52, 70

covering this.

[0055] The catalyzer unit 50, which now has an essentially cylindrical shape, is arranged
downstream of the catalyzer unit 48. This [catalyzer unit] is located in the radial area of the
circumferential wall 20 of the projection and divides the chamber 72 located axially between the
bottom wall 22 of projection 18 and the flow diaphragm 56 into a radially outer chamber area 74
and a radially inner chamber area 76. The mixture passing through the catalyzer unit 48 and the
combustion waste gases generated at the catalyzer unit 48 enter the chamber 48 or the radially

outer chamber area 74 and flow through the essentially cylindrical catalyzer unit 50 in the
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radially inward direction, so that they enter the central area and hence the area of the flow
opening 58 in the flow diaphragm 56. An additional stage of the catalytic reaction is obtained
thereby in the area between the upstream flow diaphragm 56 and the outlet from the mixing

chamber 24, especially in an area in which the velocity of flow is comparatively high.

[0056] It should be pointed out that the heating of the evaporator element can be achieved
by heat transport. An electrically excitable heating means could, of course, also be arranged on
the rear side of the evaporator element 30 facing away from the mixing chamber 24 in this

embodiment as well.

[0057] An alternative embodiment of a catalytic burner is shown in Figure 6.
Components and assembly units that correspond to the components and assembly units described

13 bh

above are designated by the same reference numbers followed by an “a.

[0058] The burner housing 12a is designed without the projection recognizable in the
figures described above in the design of a catalytic burner 10a shown in Figure 6. The
circumferential wall 14a and the bottom wall 16a define the combustion chamber 44a. The
mixing chamber 24a is formed upstream of this combustion chamber 44a, defined by another
housing section 78a of the burner housing 12a. The fuel/combustion air mixture produced in the
mixing chamber 24a enters the combustion chamber 44a through flow openings 80a formed in
the circumferential wall 14a of the burner housing 12a close to the bottom wall 16a of the burner

housing 12a. The catalyzer unit 48a, which has an essentially cylindrical shape here, 1s provided
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in the axial area in which the flow openings 80a are formed in the circumferential wall 14a on the
inner side of the circumferential wall 14a facing the combustion chamber 44a, so that a first stage
of the catalytic reaction can take place already at the time of entry into the combustion chamber
44a. This is then followed by the first flow diaphragm 56a with the catalyzer unit 58a provided

thereon as well as the second flow diaphragm 66a with the catalyzer unit 70a provided thereon.

[0059] The porous evaporator device 28a or the porous evaporator element 30a thereof is
carried on the side of the bottom wall 16a of the burner housing 24a facing away from the
combustion chamber 44a and facing the mixing chamber 24a. The evaporator element 30a can
be heated by the heat of combustion generated in the combustion chamber 44a. An electrically
excitable heating means could, of course, be provided here as well between the evaporator
element 30a and the bottom wall 16a. The evaporator element 30a is essentially planar, disk-

shaped advantageously covers the entire outer side of the bottom wall 16a.

[0060] Figure 7 shows a variant of the design shown in Figure 6. The evaporator element
30a of the porous evaporator device 28a is provided in this design on the side of the bottom wall
16a of the burner housing 12a facing the combustion chamber 44a. The combustion air fed via
the combustion air flow chamber 36a enters the mixing chamber 24a, which is defined in this
embodiment variant by the circumferential wall 14a and the bottom wall 16a of the burner
housing 12a as well as by the flow diaphragm 56a that is the first flow diaphragm in the direction
of flow, through the flow openings 80a provided close to the bottom wall 16a in the

circumferential wall 14a of the burner housing 12a. The fuel/combustion air mixture formed in
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the mixing chamber 24a can enter the combustion chamber 44a through the flow opening 58a in

the flow diaphragm 56a and hence through the catalyzer unit 52a.

[0061] An electrically excitable heating means could be provided for heating or for
additionally heating the evaporator element 30a between this and the bottom wall 16a of the
burner housing 12a in this embodiment as well. As an alternative or in addition, heating can take
place by means of heat conduction or heat radiation from the area of the combustion chamber 44a
or from assembly units adjoining this, especially the flow diaphragm 56a or the catalyzer unit 58a

as well as also from the circumferential wall 14a of the burner housing 12a.

[0062] Figure 8 shows a variant of the embodiment of the catalytic burner 10a shown in
Figure 7. It can be clearly recognized in Figure 8 that the two catalyzer units 52a, 70a carried at
the flow diaphragms 56a, 66a no longer have a planar configuration, but have an arched
configuration. The arch is oriented in the upstream direction here. The surface of the catalyzer
units 52a, 70a can be markedly enlarged due to this arched design of the catalyzer units 52a, 70a,
while the size of the flow openings 58a, 68a is otherwise unchanged, which increases the
efficiency of the catalytically supported combustion. Furthermore, it can be recognized in Figure
8 that the flow openings 58a, 68a provided in the flow diaphragms 56a, 66a may have different
sizes from one another. The two catalyzer units 52a, 70a also have correspondingly different

dimensions.

[0063] It should be pointed out that especially the catalyzer units being carried at the
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respective flow diaphragms and, of course, also the catalyzer units being carried at other
locations may, of course, also be provided with such an arch and with the surface enlargement
generated thereby in all other embodiments. This embodiment can be easily obtained especially
if, as was described above, the catalyzer units are designed with a grid-like support, preferably
one made of a metallic material, which, made before or after the application of the catalyst
material or optionally of catalyst material proper, can be brought to the desired installation
configuration by shaping. Other shapes, for example, a conical or cylindrical shape of the
catalyzer units, are, of course, possible as well. Arching in the downstream direction while
maintaining the principle of enlarging the surface that can be used for the catalytic reaction is

possible as well.

[0064] Figure 9 shows another variant of the catalytic burner 10a. A plurality of flow
openings 58a, 58a’ are provided here in the flow diaphragm 56a axially defining the mixing
chamber 24a. These are located eccentrically to the longitudinal axis L and may be provided in a
ring-shaped pattern around the longitudinal axis L at equally spaced locations or/and with
identical size or different sizes. A catalyzer unit 52a, 52a’ 1s provided associated with each flow
opening 58a, 58a’. As was shown above in reference to Figure 8, these may be arched out, here

in the direction of the mixing chamber 24a.

[0065] For example, web elements 82a, 82a’ made of a metallic material, which ensure
intensified heat transfer from the catalyzer units 52, 52a’ to the evaporator element 30a and thus

support the evaporation of the fuel from the evaporator element 30a, are located between the
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evaporator element 30a of the porous evaporator device 28a and the catalyzer units 52a, 52a’.

[0066] It should be pointed out that these web elements 82, 82a’ may be provided
independently from the shape and also the number and positioning of the catalyzer units 52a,
52a’. Furthermore, it should be pointed out that a different number of flow openings and
catalyzer units associated therewith may, of course, be provided in the case of the flow
diaphragms of the other embodiments as well. In particular, a central flow opening, which is
consequently concentric to the longitudinal axis L and, surrounding this, a plurality of

eccentrically positioned flow openings could be provided as well.

[0067] Another alternative embodiment of a catalytic burner is shown in Figure 10.
Components and assembly units that correspond to the components and assembly units described
above in terms of design or function are designated by the same reference numbers followed by a

C‘b bh

[0068] In the design shown in Figure 10, the further housing section 78b of the burner
housing 12 forms essentially the mixing chamber 24b upstream of the circumferential wall 14b
and of the bottom wall 16b of the burner housing 12b, which said bottom wall acts as a flow
diaphragm 56b. The porous evaporator device 28b made with a pot-like shape is carried in this
further housing section 78b via a plurality of webs 84b, 84b’. This [porous evaporator device]
comprises a circumferential arca 86b as well as a bottom wall area 88b, which is made, for

example, integrally in one piece therewith and which is positioned axially opposite the bottom

24

PATENT
REEL: 032034 FRAME: 0520



10

15

wall 16b of the evaporator housing 12b.

[0069] The fuel feed line 36b ends in a nozzle area 90b designed, for example, in the
manner of a venturi tube already before the porous evaporator device 28b. The fuel released
from the fuel feed line 36b in the liquid form, for example, in the form of droplets, is delivered
by a part of the combustion air being delivered in the combustion air flow chamber 36b through
the nozzle area 90b in the direction of the inner area of the pot-like porous evaporator device
28b. The fuel reaches the inner surface of the porous evaporator device 28b, is absorbed by this
and is removed in the vapor form on the surface of said evaporator device, especially the surface

facing outward, by the combustion air stream flowing along said surface.

[0070] An electrically excitable heating means 32b carried on the outer side of the bottom
wall area 28b can be used to heat the porous evaporator device 28b. Said heating means can be
energized via the webs 84b, 84b’ carrying the porous evaporator device 28b in an electrically

insulated manner.

[0071] To carry out a first stage of the catalytic reaction already where the mixing of
combustion air and fuel begins, 1.e., on the surface of the porous evaporator device 28b, the
porous evaporator device may be provided, for example, coated, with catalyst material on its
surface, so that a first catalyzer unit 48b is already formed in this area. It can consequently be
recognized here that the volume area that is used as a mixing chamber 24b, on the one hand,

namely, the volume area containing the porous evaporator device 28b in the additional housing
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section 78b can also be used in part as a combustion chamber or as part of the combustion
chamber 44b. The functions are consequently combined here by generating fuel vapor, on the
one hand, and by providing a catalyzer unit, on the other hand, in the porous evaporator device
28b. The functions are also combined in the use of a volume area as a mixing chamber 24b, on
the one hand, and as part of the combustion chamber 44b, on the other hand. It should be pointed
out that, in particular, this combination of functions can also be achieved in the embodiments
described above by complete mixing of the fuel vapor with the combustion air being able to take
place not only in the mixing chamber but also in the parts of the combustion chamber still

following same.

[0072] While specific embodiments of the invention have been shown and described in

detail to illustrate the application of the principles of the invention, it will be understood that the

invention may be embodied otherwise without departing from such principles.
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WHAT IS CLAIMED IS:

1. A catalytic burner for the catalytically supported combustion of a fuel/combustion air
mixture, the catalytic burner comprising:

a mixing chamber;

a combustion air feed device feeding combustion air to the mixing chamber;

a fuel feed device feeding fuel to the mixing chamber;

a catalyzer device downstream of the mixing chamber, the catalyzer device comprising a
catalyzer unit, through which the fuel/combustion air mixture flows, wherein at least one of:

the fuel feed device comprises a porous evaporator device receiving liquid fuel from a
fuel feed line and releasing fuel vapor into the mixing chamber; and

the catalyzer unit comprises a grid support with catalyst material on a surface of the grid

support.

2. A catalytic burner in accordance with claim 1, further comprising:

a burner housing with a bottom wall and with a circumferential wall defining a
combustion chamber containing the catalyzer unit; and

a projection provided at a bottom wall of the burner housing, the projection having a
circumferential wall and a bottom wall arranged offset in relation to the bottom wall of the
burner housing, in the direction of a catalytic burner longitudinal axis, wherein at least one part
of the porous evaporator device is carried at the circumferential wall of the projection or at the

bottom wall of the projection.
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3. A catalytic burner in accordance with claim 2, wherein:

at least one flow opening leading to the combustion chamber is provided in the
circumferential wall of the projection; and

at least one part of the porous evaporator device is provided at one of the circumferential
wall and the bottom wall of the projection on a side of the one of the circumferential wall and the

bottom wall facing away from the combustion chamber.

4. A catalytic burner in accordance with claim 3, wherein at least one of:

at least one flow opening is provided in an area of the circumferential wall of the
projection, located adjacent to the bottom wall of the projection; and

at least one flow opening is provided in an area of the circumferential wall of the

projection, located adjacent to the bottom wall of the burner housing.

5. A catalytic burner in accordance with claim 3, wherein at least one and preferably each

flow opening in the circumferential wall of the projection is covered by a catalyzer unit.

6. A catalytic burner in accordance with claim 5, wherein the catalyzer unit is provided

on an outer side of the circumferential wall of the projection, facing the combustion chamber.

7. A catalytic burner in accordance with claim 2, wherein
at least one part of the porous evaporator device is provided on a side of the

circumferential wall of the projection, facing the circumferential wall of the burner housing; and
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at least one flow opening, leading to the mixing chamber, is provided in the

circumferential wall of the burner housing, in an area of axial extension of the projection.

8. A catalytic burner in accordance with claim 2, wherein a chamber is formed between
the circumferential wall of the burner housing and the circumferential wall of the projection and
is defined at least partially by the catalyzer unit at an end area located at a distance from the

bottom wall of the burner housing,.

9. A catalytic burner in accordance with claim 2, further comprising a flow diaphragm
with at least one flow opening, the flow diaphragm being provided at the circumferential wall of

the burner housing and at least one flow opening is covered by the catalyzer unit.

10. A catalytic burner in accordance with claim 9, wherein:
a chamber is formed axially between the projection and the flow diaphragm;
the chamber 1s divided by the catalyzer unit into a radially outer chamber area and a

radially inner chamber area.

11. A catalytic burner in accordance with claim 1, further comprising:
a burner housing with a circumferential wall defining a combustion chamber containing
the catalyzer unit, wherein at least one part of the porous evaporator unit is provided one of at the

circumferential wall of the burner housing and at a bottom wall of the burner housing.
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12. A catalytic burner in accordance with claim 11, wherein the porous evaporator device
is provided on an outer side of the bottom wall, facing away from the combustion chamber, and
that at least one flow opening, leading to the combustion chamber, is provided in the

circumferential wall of the burner housing, in an area located adjacent to the bottom wall.

13. A catalytic burner in accordance with claim 12, wherein the at least one flow opening

is covered by the catalyzer unit.

14. A catalytic burner in accordance with claim 13, wherein the catalyzer unit is provided
on an inner side of the circumferential wall of the burner housing, facing the combustion

chamber.

15. A catalytic burner in accordance with claim 12, wherein:

the porous evaporator device is provided on an inner side of the bottom wall of the burner
housing, facing the combustion chamber; and

at least one flow opening, leading to the mixing chamber, is provided in the

circumferential wall of the burner housing, in an area located close to the bottom wall.

16. A catalytic burner in accordance with claim 1, wherein;
the porous evaporator device has an essentially pot or shell design with a circumferential
wall area and with a bottom wall areca; and

the porous evaporator device is carried at the circumferential wall of the burner housing.
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17. A catalytic burner in accordance with claim 16, wherein the catalyzer unit is provided

at the porous evaporator device.

18. A catalytic burner in accordance with claim 17, wherein the catalyzer unit comprises

catalyst material applied to the material of which the porous evaporator device is made.

19. A catalytic burner in accordance with claim 11, further comprising a flow diaphragm
with at least one flow opening is provided at the circumferential wall of the burner housing and

wherein at least one flow opening is covered by the catalyzer unit.

20. A catalytic burner in accordance with claim 1, wherein the catalyzer unit is formed in
the upstream direction or in the downstream direction with an arc shape, conical shape or

cylindrical shape.

21. A catalytic burner in accordance with claim 1, wherein the grid support is deformed

to obtain the installed shape of the catalyzer unit.

22. A catalytic burner in accordance with claim 1, further comprising an electrically

excitable heating device associated with the porous evaporator device.
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ABSTRACT OF THE DISCLOSURE

A catalytic burner, especially for a vehicle heater, for the catalytically supported
combustion of a fuel/combustion air mixture, includes a mixing chamber (24) and a combustion
air feed device (36), for feeding combustion air to the mixing chamber (24) and a fuel feed
device (28, 34), for feeding fuel to the mixing chamber (24), upstream of the mixing chamber
(24). A catalyzer device (46) is provided with at least one catalyzer unit (48, 50, 52, 70), through
which the fuel/combustion air mixture can flow. The fuel feed device (28, 34) includes an
evaporator device (28) receiving liquid fuel from a fuel feed line (34) and releasing fuel vapor
into the mixing chamber (24) or/and the at least one catalyzer unit (48, 50, 52, 70) includes a

grid-like support with catalyst material on a surface of the a grid-like support.
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