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(57) Abrege/Abstract:
Disclosed Is a catalytic burner arrangement (110) comprising at least a catalytic burner unit (10) with a housing (12) having a
reaction chamber (13) In which a catalyst (14) Is arranged, wherein the catalyst (14) i1s adapted to react a fuel, particularly a

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 2967940 C 2019/07/09

anen 2 967 940
(13) C

(57) Abrege(suite)/Abstract(continued):
hydrogen containing fluid, with an oxidant, particularly air, for producing heat, saild housing (12) having a fluid inlet (14) for

supplying a fluid stream into the housing (12) and a fluid outlet (18) for exiting a fluid stream from the housing (12), and said
catalytic burner arrangement (110) further comprises a mixing unit (20) forming a mixing chamber (26) in which fuel and oxidant
are mixed, wherein sald mixing device comprises a fuel inlet (22), an oxidant inlet (24) and an fuel-oxidant- mixture outlet, and
whereln the fluid inlet (14) of the catalytic burner unit (10) merges with the fuel-oxidant- outlet (28) of the mixing unit (20) for
transferring the fuel-oxidant-mixture from the mixing chamber (26) to the reaction chamber (13) of the catalytic burner unit (10)
whereln said fuel-oxidant-outlet of the mixing chamber (26) Is pipe-shaped and extents into the mixing chamber (26) of the mixing
unit (20), and wherein a length (L) of the pipe-shaped fuel-oxidant-outlet extents over the oxidant inlet (24) and/or the fuel inlet (22).
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(87) Abstract: Disclosed 1s a catalytic burner arrangement (110) comprising
at least a catalytic burner unit (10) with a housing (12) having a reaction
chamber (13) mn which a catalyst (14) 1s arranged, wherein the catalyst (14) 1s

adapted to react a fuel, particularly a hydrogen containing fluid, with an oxid-
ant, particularly air, for producing heat, said housing (12) having a fluid inlet
(14) for supplying a fluid stream into the housing (12) and a fluid outlet (18)
for exiting a tluid stream from the housing (12), and said catalytic burner ar -
rangement (110) further comprises a mixing unit (20) forming a mixing
chamber (26) i which fuel and oxidant are mixed, wherein said mixing
device comprises a fuel inlet (22), an oxidant mlet (24) and an fuel-oxidant-
mixture outlet, and wherein the fluid mlet (14) of the catalytic burner unit
(10) merges with the fuel-oxidant- outlet (28) of the mixing unit (20) for
transferring the fuel-oxidant-mixture from the mixing chamber (26) to the re-
action chamber (13) of the catalytic burner unit (10) wherein said tuel-oxid-
ant-outlet of the mixing chamber (26) is pipe-shaped and extents into the
mixing chamber (26) of the mixing unit (20), and wherein a length (L) of the
pipe-shaped fuel-oxidant-outlet extents over the oxidant inlet (24) and/or the
fuel inlet (22).



CA 02967940 2017-05-15

WO 2016/089296 A1 AN 00O R 00 A O A

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, Published:
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, — before the expiration of the time limit for amending the
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, claims and to be republished in the event of receipt of
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, amendments (Rule 48.2(h))

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))



Catalvtic Burner Arran n

[0001] The present invention relates to a catalytic burner arrangement and to an

auxiliary power assembly based on fuel technology.

[0002] In auxiliary power units based on a fuel cell technology, energy is provided by
a fuel cell stack. For the operation of the fuel cell usually hydrogen is used. In said
APU systems hydrogen is usually produced by so called fuel reformers which
generate a hydrogen rich gas from hydrocarbon fuels, like diesel, by means of a
catalyst. In some preferred fuel reforming processes, as the autothermal fuel
reforming process or the steam reforming process, steam is additionally used for the
fuel reforming reaction. The heat required for the production of steam may be
provided by use of a catalytic burner arranged downstream of the fuel cell or fuel cell
stack, wherein air and excess hydrogen exiting the fuel cell stack are combusted over

a catalyst to release energy, which can be used for the steam production.

[0003] The known catalytic burners have a housing defining a reaction chamber with
an inlet for fuel (hydrogen) and ah inlet for oxidant (air), whereby fuel and oxidant are
introduced into the reaction chamber. The housing further incorporates a catalyst,
which is arranged downstream of the inlets, where hydrogen and air catalytically
react with each other. The problem of the known catalytic burners is that air and
hydrogen often react uncontrolied upstream of the catalyst as soon as being brought
in contact with each other. In some cases air may even enter the fuel inlet, whereby

such an uncontrolled combustion may also take place in the pipes. However, these
uncontrolled combustions may damage the pipes as well as the burner itself.
Additionally, often the mixing of air and fuel is inhomogeneous, which in turn resuits
in the development of hotspots in the catalyst, which might damage the catalyst and
produce unwanted emissions.
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[0004] The present invention provides a catalytic burner, which hinders ignition of the

hydrogen in the pipes and provides a homogenous mixture of air and fuel.

[0005] The present invention also provides an auxiliary power unit assembly that
utilizes the catalytic burner.

[0006] In the following a catalytic burner arrangement is provided which comprises at
least a catalytic burner unit and a mixing unit. Thereby, the catalytic burner unit
comprises a housing which defines a reaction chamber in which a catalyst is
arranged. The catalyst is adapted to react a fuel, particularly a hydrogen containing
fluid with an oxidant, particularly air, for producing heat. The housing further has a
fluid inlet for supplying a fluid stream into the housing and a fluid outlet for exiting a

fluid stream from the housing.

[0007] The mixing unit in turn forms a mixing chamber in which fuel and oxidant are
mixed and comprises a fuel inlet and an oxidant inlet as well as a fuel-oxidant-
mixture outlet. The fuel inlet of the catalytic burner unit merges with the fuel-oxidant-
outlet of the mixing unit so that the fuel-oxidant-mixture from the mixing chamber may
be transported to the reaction chamber of the catalytic burner unit.

[0008] In order to hinder the fuel and the oxidant reacting uncontrolled with each
other and providing an improved mixing, said fuel-oxidant-outiet of the mixing
chamber Is pipe-shaped and extents into the mixing chamber of the mixing unit. By
means of the pipe-shaped fuel-oxidant-outlet extending into the mixing chamber, fuel
and oxidant are guided in a swirl around the fuel-oxidant-outlet and are forced to
stream upwards and to change stream direction before the fuel/oxidant mixture may

enter the fuel-oxidant-outlet.

[0009] It should be noted that "pipe-shaped” in the context of the present invention

refers to an elongated hollow element, which may have a cylindrical or prismatic

2
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form. Said hollow element has at least two openings. At least one first opening allows
an entrance of the fuel-oxidant mixture into the hollow element and at least one
second opening allows an exit of the fuel-oxidant mixture from the hollow element
and thereby from the mixing unit. Thereby, the at least one first opening is arranged
iInside the mixing chamber. It should be further explicitly noted that more than one
opening as first opening and more than one opening as second opening may be

. SUBSTITUTE SHEET (Rule 26)
provided.

[0010] According to an alternate solution, said fuel inlet of the mixing chamber is
arranged upstream of said oxidant inlet. This staggered arrangement of the inlets
prevents the oxidant from entering the fuel inlet and thereby prevents an uncontrolled
ignition of the fuel. Even If it Is preferred to provide in addition a pipe-shaped fuel-
oxidant-outlet of the mixing chamber which extends into the mixing chamber of the
mixing unit, the staggered arrangement alone also provides an improved mixing and

prevents uncontrolled combustion.

[0011] According to a preferred embodiment, a length of the pipe-shaped fuel-
oxidant-outlet extents over the oxidant inlet and/or the fuel inlet. Thereby, It may be
preferred If the fuel-oxidant-outlet extends over both the oxidant inlet and the fuel
inlet. In both embodiments, the swirl and the stream redirection may be maximized.

[0012] According to a further preferred embodiment, the fuel inlet of the mixing
chamber Is arranged upstream of said oxidant inlet. Thereby, the oxidant is reliably
hindered from entering the fuel inlet and reacting uncontrolled.

[0013] According to a further preferred embodiment, the fuel inlet and oxidant inlet
are arranged angled to a direction of a main fluid stream streaming through the fuel-
oxidant-mixture outlet to the reaction chamber of the catalytic Dburner.
Advantageously, the angled arrangement provides a homogenous mixture as the
fluid needs to be redirected from the entrance direction to its exit direction, whereby a
mixing of the fluids is performed.

3
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[0014] For having a directed fluid stream of a fuel and oxidant, it is preferred if the
fuel Inlet and/or the oxidant Inlet are designed as at least one pipe having a

longitudinal axis, whereby the directed fluid streams are provided.

[0015] According to a further preferred embodiment, said mixing unit is prismaticly
or cylindrically shaped having two basis plates and at least three side surfaces or a
mantel side, wheréljnB%thTfU n‘TQW'éItEaEr;I;:I ﬁ%!eo%(? ant inlet are arranged in the side
surfaces or in the mantel side, and the fuel-oxidant-mixture outlet is arranged at one
of the basis plates. Thereby, the geometric design of the mixing unit supports the

mixing so that a very homogenous mixture may be provided.

[0016] According to a further preferred embodiment, at least one of the directed fluid
streams are offset from a longitudinal axis of the mixing chamber, whereby at least
one tangential fluid stream Is provided. By means of the tangential fluid streams a

homogenous mixture may be achieved.

[0017] According to a further preferred embodiment, the longitudinal axis of the fuel
Inlet ana/or of the oxidant inlet are inclined to a cross sectional plane of the mixing
chamber. By the inclined arrangement an uncontrolled ignition of oxidant and fuel

and/or an unwanted entering of oxidant into the fuel pipe is avoided.

[0018] According to a further preferred embodiment, the oxidant inlet and the fuel
Inlet are arranged substantially rectangular to each other, whereby both the mixing is

Improved and an unwanted ignition is reliably avoided.

[0019] A further aspect of the present application relates to an auxiliary power
assembly based on fuel cell technology which comprises at least a fuel processing
assembly which is adapted to convert hydrocarbon fuels into a hydrogen rich gas for
fuel cells by using at least hydrocarbon fuel and steam. Downstream of the processor
assembly at least one fuel cell or fuel cell stack for providing auxiliary power Is
arranged. Downstream of the fuel cell a catalytic burner unit is provided which is
adapted to burn unused hydrogen exiting from the fuel cell or the fuel cell stack by

using an oxidant, such as air or oxygen, and a catalyst for reacting said oxidant and

4
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hydrogen to heat, wherein said heat in turn is used for the production of steam used
in the fuel processing assembly. Thereby the catalytic burner is designed as
described above.

[0020] Further embodiments and preferred arrangements are defined In the

description, the figures and the attached claims.

[0021] In the following the invention will be described by means embodiments
shown In the figures. Thereby, the embodiments are exemplarily only and are not
intended to limit the scope of the protection. The scope of protection is solely defined
by the attached claims.

[0022] The figures show:

Fig. 1: a schematic illustration of the APU system;

Fig. 2: a schematic view of a first preferred embodiment of the catalytic burner;
Fig. 3: a schematic detailed spatial view of the mixing unit shown in Fig. 2;
Fig. 4: a schematic top view of the mixing unit shown In Fig. 3;Fig. 5:
schematic side views of the mixing unit of Fig.4.

[0023] In the following same or similarly functioning elements are indicated with the

same reference signs.

[0024] Fig. 1 shows a schematic illustration of an auxiliary power unit, APU, system
100 based on fuel technology for providing electric power. The APU system 100
comprises a fuel reformer 102 which Is adapted to produce a hydrogen rich gas 104
from a hydrocarbon fuel 105. The hydrogen rich gas 104 is introduced into a fuel cell
stack 106 arranged downstream of the fuel reformer 102. In the fuel cell stack electric

energy 107 Is produced by guiding hydrogen to an anode side of a proton electron
membrane and an oxidant to a cathode side. Excess hydrogen 108, which is not

used in the fuel cell stack may then be transferred to a catalytic burner assembly 110,

where the excess hydrogen 108 Is reacted with air to produce heat 112. The

AMENDED SHEET
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heat 112 is then used for producing steam 114 which in turn is used in the fuel

reformer 102 for the conversion of hydrocarbon fuel 105 to hydrogen rich gas 108.
Byproducts from the fuel reforming process and the catalytic burning, such as carbon

dioxide and nitrogen oxides, may leave the catalytic burner 110 as exhaust 116.

[0025] Fig. 2 shows a schematic illustration of two alternative embodiments of the
catalytic burner assembly 110. As can be seen from Fig. 2, the burner assembly 110
comprises at least two units, namely a burner unit 10 ang a mixing unit 20. The
burner unit 10 comprises a housing 12 defining a reaction chamber 13 In which a
catalyst 14 is incorporated. Further the housing 12 comprises a fluid inlet 16 and a
fluid outlet 18. The mixing unit 20 is arranged In close vicinity to the burning unit 10
and adapted to provide a homogenous mixture of air and hydrogen, which iIs fed
through the fluid inlet 16 into the housing 12 and to the catalyst 14. The mixing unit
20 itself comprises a fuel inlet 22 and an oxidant inlet 24, wherein fuel and oxidant
are mixed In a mixing chamber 26 and may exit the mixing unit 20 through a fuel-
oxidant mixture outlet 28. Fig. 2 and 4 further depict that the fuel inlet 22 and the
oxidant inlet 24 are angled to a fluid flow direction 30 from the mixing unit 20 to the
burner unit 10.

[0020] Further, the mixing unit 20 may be cylindrically shaped having a mantel side
32 and two base plates 34 and 30. Instead of the cylindrically shape also any other
prismatic shape is possible, wherein two base plates 34 and 36 are connected by at

least three side surfaces 32.

[0027] As can be seen from the first embodiment depicted In Fig. 2, the fuel-oxidant-
outlet 28 Is a pipe-shaped hollow element and its length L extends at least over one
of the inlets 22; 24 in the mixing chamber 26. By extending the pipe-shaped fuel-
oxidant outlet 28 over at least one of the inlets 22; 24, the risk of oxidant entering the
fuel Inlet, which may cause uncontrolled combustions, is significantly reduced.
Additionally, the fuel inlet may be arranged upstream of the oxidant inlet 24, whereby
the risk of uncontrolled combustions Is further reduced. The pipe-shaped fuel-oxidant
outlet 28 further comprises a first opening 28-1 arranged In the mixing chamber 26

and a second opening 28-2 which is provided in a bottom plate 34 of the mixing unit

AMENDED SHEET
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20. Thereby it should be noted that more than one opening may be provided as first
and/or second opening 28-1, 28-2.

10028] Further, the fuel inlet 22 Is arranged upstream of the oxidant inlet 24, whereby

an entering of the oxidant into the fuel Iinlet 22 Is avoided. Thereby an unwanted

ignition of oxidant and fuel inside the fuel inlet 22 is avoided.

[0029] In the depicted embodiments, the fuel-oxidant mixture outlet 28 merges with
the fluid inlet 16 of the burner unit 10. Of course it I1s also possible that the pipe-
shaped fuel-oxidant outlet 28 is elongated, or that a connection pipe is arranged
between the burner unit 10 and the mixing unit 20, which fluidly connects the fuel-
oxidant-mixture outlet 28 and the fluid inlet 10.

[0030] Fig. 3 shows a detailed spatial view of the mixing unit 20 as shown in Fig. 2.
As lllustrated in Fig. 3, the fuel inlet 22 and the oxidant inlet 24 are arranged at the
mantel side 32, wherein the fuel oxidant mixture outlet 28 is arranged at/in the bottom
base plate 34. The fuel inlet 22 and the oxidant inlet 24 are pipe-shaped providing
longitudinal axes A2, A4, whereby a directed fuel stream 38 respectively oxigant
stream 40 are provided. These directed streams 38 and 40 are deviated by the walls
32 of the mixing unit 20 into a circular motion 41, whereby turbulences are introduced

In the reaction chamber 26. Thereby a mixing of fuel and oxidant Is performed.
Besides that the mixed gas stream has to undergo a stream redirection from the

circular motion the linear motion through the outlet 28, whereby further perturbations
may be caused In the fluid streams and the homogeneity of the mixing may even be
further improved. As can be further seen from Fig. 3, the pipe-shaped fuel-oxidant
outlet 28 intensifies the induced swirling motion and the redirection of the fluid

streams, whereby the mixing is enhanced.

10031] It should be further noted that in case a pipe-shaped fuel-oxidant outlet 28 Is

used, the fuel inlet 22 and the oxidant inlet 24 may be on the same level. Even if an

AMENDED SHEET
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arrangement at the same level is Iin principle also possible without a pipe-shaped
fuel-oxidant-outlet 28, the risk of oxidant entering the fuel pipe 22 increases. In this
case, It Is therefore preferred to arrange the fuel inlet 22 upstream of the oxidant inlet

24 In order to hinder the oxidant from entering the fuel inlet 22.

[0032] For providing an optimal mixing the fuel inlet 22 and the oxidant inlet 24 are
arranged In such a way that the respective fluid streams enter the mixing chamber
tangentially as depicted in the top view of Fig. 4. By the tangential interjection the
swirling motion in the chamber 26 and thereby the homogeneity of the mixing may be

maximized.

[0033] Fig. 5a and 5b show a further optional detail of the mixing device 20. As can
be seen from the illustrated side views, the axes Az, Az of the fuel inlet pipe 22
respectively the oxidant inlet pipe 24 may be inclined by a predetermined angle q; 3
INn relation to a cross sectional plane 42 of the mixing unit 20. Usually these angles a;
B I1s relatively small, preferably below 10° for ensuring that the fluid streams have a
sufficiently long stay time in the mixing chamber 26 for developing the desired
homogenous mixture. On the other hand the inclination further ensures that air
streaming through the oxidant 24 does not enter the fuel pipe 22. Thereby the angles
a; B may provide the same or a different inclination.

[0034] In general the inventive mixing unit hinders ignition of hydrogen in the pipes.
Additionally, the mixing unit also reduces emissions of unwanted byproducts
produced during the catalytic burning process since all combustible gases are burned

due to the homogenous mixing. Additionally, only little excess air is necessary for
reaching complete combustion, and Increasing the temperature to the desired
temperature suitable for methane combustion performed In the catalyst, which in turn
reduces the amount of unwanted byproducts. Consequently, the catalytic burner
efficiency may be maximized as the reactor temperature and hence the methane

conversion is quickly in the desired range.

AMENDED SHEET
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Reference signs

100 auxiliary power unit

102  fuel reformer

104  hydrogen rich gas

105 hydrocarbon fuel

106 fuel cell staglyp s TITUTE SHEET (Rule 26)
107  electricity

108 hydrogen

110  catalytic burner

112  heat

114  steam production

10 catalytic burner unit

12 housing
14 catalyst
10 fluid inlet

18  fluid outlet

20 mixing unit

22 fuel inlet

24 oxidant inlet

20 mixing chamber

23 fuel-oxidant mixture outlet
28-1, 28-2 openings

30 fluild stream direction from the mixing chamber to the reaction chamber
32 mantel side

34 pbottom base plate

36 top base plate

33 fuel stream direction

40 oxidant stream direction

42 cross sectional plane

L length of fuel-oxidant outlet
A2  longitudinal axis of fuel inlet

A24  longitudinal axis of oxidant inlet

9
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Claims:

1.  Catalytic burner arrangement (110) comprising at kast

a catalytic burner unit (10) with a housing (12) having a reaction chamber (13)
in which a catalyst (14) 1s arranged, wherein the catalyst (14) is adapted to react a
fuel with an oxidant for producing heat, said housing (12) having a fluid inlet (14)
for supplying a fluid stream into the housing (12) and a fluid outlet (18) for exiting a
fluid stream from the housing (12),

and said catalytic burner arrangement (110) further comprises a mixing unit
(20) forming a mixing chamber (26) in which fuel and oxidant are mixed, wherein
sald mixing unit comprises a fuel inlet (22), an oxidant inlet (24) and an fuel-oxidant-

mixture outlet, and wherein

the fluid inlet (14) of the catalytic burner unit (10) merges with the fuel-
oxidant- outlet (28) of the mixing unit (20) for transferring the fuel-oxidant-mixture
from the mixing chamber (26) to the reaction chamber (13) of the catalytic burner
unit (10)

characterized in that

wherein said mixing chamber (26) is prismaticly or cylindrically shaped,
having two basis plates (34; 36) and at least three side surfaces sides or a mantel side
(32), wherein the fuel inlet (22) and the oxidant inlet (24) are arranged at the side
surfaces or the mantel side (32), and the fuel-oxidant-mixture outlet (28) is arranged
at one of the basis plates (34; 36), and wherein said fuel-oxidant-outlet of the mixing
chamber (26) is pipe-shaped and extents mto the mixing chamber (26) of the mixing

unit (20), and wherein a length (L) of the pipe-shaped fuel-oxidant-outlet extents over
the oxidant inlet (24) and/or the fuel inlet (22).

2. Catalytic burner arrangement (110) according to claim 1, wherein said fuel
inlet (22) of the mixing chamber (26) is arranged upstream of said oxidant inlet

(24) of the mixing unit (20).

10
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3. Catalytic burner arrangement (110) according to claim 2, wherein fuel inlet

(22) and oxidant mlet (24) are arranged angled to a direction (30) of a main fluid
stream streaming through the fuel-oxidant-mixture outlet to the reaction chamber

(13) of the catalytic burner.

4, Catalytic burner arrangement (110) according to any one of claims 1 to 3,
wherein the fuel mlet (22) and/or the oxidant inlet (24) is designed as at least one
pipe having a longitudinal axis (A22, A24), whereby a directed fluid stream of fuel
(38) and/or oxidant (40) 1s mtroduced into the mixing chamber (26).

5. Catalytic burner arrangement (110) according to claim 4, wherein the
directed fluid streams (38; 40) are offset from a longitudinal axis of the mixing

chamber (26), thereby providing at least one tangential fluid stream.

6. Catalytic burner arrangement (110) according to any one of the claims 4 to 5,
wherein the longitudinal axis of the fuel inlet (22) and/or the oxidant inlet (24) is

- mclined to a cross sectional plane (42) of the mixing chamber (26).

7. Catalytic burner arrangement (110) according to any one of claims 1 to 6,
wherein the oxidant mlet (24) and the fuel inlet (22) are arranged substantially

rectangular to each other.

8. Catalytic burner arrangement (110) according to any one of claims 1 to 7,

wherein said fuel is a hydrogen containing fluid.

9. Catalytic burner arrangement (110) according to any one of claims 1 to 8,

wherein said oxidant is air.

10.  Auxihary power assembly (100) based on fuel cell technology comprising
at least

- a fuel processing assembly (102) which is adapted to convert hydrocarbon fuels
(105) mto a hydrogen rich gas (104) for fuel cells (106) by using at least hydrocarbon

11
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fuel (105) and steam (114);

- downstream of the fuel processor assembly (102), at least one fuel cell or tuel cell
stack (106) for providing auxiliary power (107); and

- downstream of the fuel cell stack (106), a catalytic burner unit (10) which i1sadapted
to burn unused hydrogen (108) exiting from the tuel cell or fuel cell stack (106) by

using an oxidant and a catalyst (14) for reacting oxidant and hydrogen to heat (112),

wherein said heat s used to produce steam (114) used i the fuel processing

assembly (102),

characterized in that

a catalytic burner arrangement (110) according to any one of claims 1 to 9 is used.

12
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