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(57) Abréegée/Abstract:

The present invention provides a fuel cell system for the supply of a vehicle with drinking water and oxygen, said fuel cell system
comprising a fuel cell and an electrolysis cell with air cathode. |n addition, the electrolysis cell is coupled to the fuel cell, and the fuel
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(57) Abrege(suite)/Abstract(continued):
cell and the electrolysis cell are designed In such a way that a power requirement of the electrolysis cell is completely covered by a
power delivery from the fuel cell.
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Fuel cell system for the supply of drinking water and oxygen

‘This application claims the benefit of the filing date of United States Provisional

Patent Applications No. 60/715 277 filed, September 8, 2005 and No. 60/759 883
filed January 18, 2006 and of German Patent Applications No. 10 2005 042 749.9
filed September 8, 2005 and No. 10 2006 002 470.2 field January 18, 2006, the

disclosures of which are hereby incorporated herein by reference.

The present invention relates to a fuel cell system for the supply of drinking water

and oxygen. In particular, the present invention relates to a fuel cell system for the

| supply of drinking water and oxygen for an aircraft or aerodyne, an aircraft

comprising a fuel cell system for the supply of drinking water and oxygen, and the
use of a corresponding fuel cell system for the supply of drinking water and oxygen

in an aircraft.

In conventional civil aircraft, drinking water for supplying to passengers is stored 1n
storage tanks on board, and is distributed from these storage tanks to passengers
during the flight. This means that the entire water volume required must be filled into

the tanks before the flight and lifted by the power of the engines at flight altitude.

In addition, at flight altitude the passengers require adequate air for breathing, which
is supplied by the air-conditioning system of the aircraft. The air-conditioning system
in turn draws its compressed air from a compressor stage of the engines, as a result of

which power from the engines is required for obtaining compressed air.

In order for the passengers to be able to move freely in the cabin, aircraft are
provided with what is referred to as a pressurised cabin, which maintains the air
pressure at a level which is tolerable for the human organism. As a rule, such a
pressurised cabin is operated at a pressure level of about 750 hPa. This pressure level
corresponds approximately to the air pressure at an altitude of 2,450 m above sea
level. With an average external pressure at 10,000 m altitude of about 260 hPa, this

means a pressure
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differential of about 490 hPa between the external pressure and the pressure
maintained in the cabin. The pressure differential must be accommodated or

absorbed structurally by the cabin.

For modern civil aircraft, an average flight altitude of about 12,000 m 1s striven for.
At this altitude, the average external air pressure is about 190 hPa. From this, with a
conventional design layout a differential pressure between the cabin pressure and
external air pressure of about 560 hPa would be derived. This pressure differential
requires additional measures for reinforcing the structure of the cabin, which in turn

means additional weight and therefore an increase 1n overall fuel consumption.

There may be a need object of the invention 1s to provide an efficient system for the

supply of drinking water and oxygen to a vehicle.

This need may be met by a fuel cell system for the supply of drinking water and
oxygen for an aircraft or aecrodyne, an aircraft comprising a fuel cell system for the
supply of drinking water and oxygen, and the use of a corresponding fuel cell system
for the supply of drinking water and oxygen in an aircraft according to the features of

the independent claims.

According to an embodiment of the present invention, the need indicated above may
be met by a fuel cell system for the supply of drinking water and oxygen to an
aircraft, said fuel cell system comprising a fuel cell and an electrolysis cell. The
electrolysis cell further comprises an air cathode and is coupled to the fuel cell. The
fuel cell and the electrolysis cell are designed in such a way that a power requirement

of the electrolysis cell is covered by a power delivery from the fuel cell.

A basic 1dea of an exemplary embodiment of the invention may be that a fuel cell
and an electrolysis cell, which comprises an air cathode, i.e. forms an electrolysis cell
with air cathode, are connected together to form a fuel cell system, whereby the fuel

cell may be used as an energy supply of the electrolysis cell. Preferably, the fuel cell
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may be designed in relationship to the electrolysis cell in such a way that the fuel cell

covers the entire power requirement of the electrolysis cell.

The fuel cell system according to an exemplary embodiment of the invention may
create a system in which different demands on the cabin supply of an aircraft may be
integrated. On the one hand, such a high-integratibility system may be used to
generate pure oxygen. This is produced by the electrolysis cell, and may serve to
increase the oxygen partial pressure, i1.e. the percentage distribution of the oxygen
and nitrogen is altered in favour of the oxygen, in the respiration air of the
passengers and crew of a vehicle, such as an aircraft. By this, the possibility may be
created to reduce the cabin pressure, which in turn may counteract the tendencies
described in the possible event of an increase in the flight altitude, since tewer
mechanical stresses are imposed on the cabin, as a result of which it may be possible
to achieve a weight saving with regard to structural components. For example, by
increasing the oxygen partial pressure for a cabin air pressure, a value of about 600
hPa may be achieved, which may mean that, with the conventional pressure
differential described heretofore, of about 490 hPa, a flight altitude of about 15,500
m may be achieved without additional structural reinforcement and the associated
weight increase. Moreover, while retaining the flight altitudes usual today, the
structure of the cabin may be made lighter accordingly. Both may contribute to

substantial fuel savings.

Alternatively, 1t may also be possible for the comfort of the passengers to be
increased while retaining a cabin pressure conventional hitherto of 750 hPa, in that
the oxygen partial pressure 1s increased and, simultaneously, the carbon dioxide
partial pressure (CO, partial pressure 1s reduced). Increased CO; values in the
respiration air are regarded medically as one possible cause of the occurrence of
headaches and malaise, as well as for the appearance of a slightly increased potential

for aggression among passengers.

[t may also be possible that, in order to save weight, drinking water might not need to

be stored 1n storage tanks and take to flight altitude, but could be composed from
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hydrogen and oxygen in a fuel cell, and so made available for consumption by the
passengers, i.e. only hydrogen would have to be stored. Accordingly, one advantage
of the invention may be that the fuel cell system would make possible the production
of fresh water for the supply of water consumers found on board today’s vehicles, 1n
particular aircraft. Such water consumers are, for example, washing areas, toilets,
and on-board kitchens. Possible future water consumers too, however, such as
showers air humidifying systems, and automatic drinks dispensers, may be provided
with fresh water by a fuel cell system according to the invention. The tuel cell

system may in particular lead to a reduction of the water load at aircraft takeott and

during climbing.

This may lead to substantial weight savings, and therefore to a reduced power
requirement, in particular when climbing but in other flight phases also, as a result of
which the fuel requirement may be substantially reduced. It may also be possible for

a defined consistent water quality to be provided.

Further objects, embodiments, and advantages of the invention can be derived from

the further independent claims and the dependent claims.

Examples of embodiments of the fuel cell system are described in greater detail

hereinatter.

In an exemplary embodiment, the fuel cell comprises an anode side and a cathode

side, and the electrolysis cell comprises an anode side and a cathode side. Moreover,

the cathode side of the electrolysis side is coupled to the cathode side of the fuel cell.

With such a coupling, it may be possible for moist air to be conducted to the cathode
side of the fuel cell directly from the cathode side of the electrolysis cell as educt gas,
or to be mixed into the air flow required for the cathode reaction. It may also be
made possible for the cathode waste air from the electrolysis cell to be condensed,
and the product water formed from the cathode reaction to be conducted to the

cathode air flow of the fuel cell.
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On the cathode side of the electrolysis cell, in this situation, preferably a reaction
takes place in accordance with the reaction equation
Yo Oy (air) + 2H  (membrane) + 2e¢ -> H,0 (liquid)
while on the anode side of the electrolysis cell a reaction takes place preferably in

accordance with the reaction equation

H,0 (liquid) -> 1/20; (ultra pure) + 2H' (membrane) +2¢".

In an alternative exemplary embodiment of the fuel cell system, the tuel cell
comprises an anode side and a cathode side, and the electrolysis cell comprises an

anode side and a cathode side. Moreover, the cathode side of the electrolysis cell 1s

coupled to the anode side of the fuel cell.

By such linking of the electrolysis cell with the fuel cell, it may be possible to reduce
the external hydrogen requirement of the electrolysis cell, since the hydrogen passing
through the membrane of the electrolysis cell onto the cathode side may be

conducted to the anode side of the fuel cell.

In another exemplary embodiment the fuel cell is arranged in such a way that

hydrogen or a reformate gas can be conducted on the anode side.

With such an arrangement it may be possible for hydrogen or a reformate gas
composed of hydrogen and carbon dioxide as a combustion gas to be conducted on

the anode side.

In a further exemplary embodiment of the fuel cell system, the electrolysis cell 1s

arranged in such a way that air from a cabin of the vehicle is conductable to the

cathode side.

With this arrangement it may be possible that hydrogen from the electrolysis process
penetrating through a membrane of the electrolysis cell on the cathode side combines
with the oxygen present in the cabin air, and therefore moistens the cabin air, which

may be conducted as an educt gas to the fuel cell.
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In another exemplary embodiment, the fuel cell system also comprises a heat

exchanger. The heat exchanger is arranged in such a way that 1t cools air conducted

from the cathode side of the fuel cell.

This may make it possible for the cathode-side waste air of the fuel cell to be cooled,
as a result of which the water produced in the fuel cell may be condensed. This water
may be stored in a water tank and may subsequently be used as fresh water for water

consumers in the aircraft.

In a further exemplary embodiment, the fuel cell system further comprises an
additional heat exchanger, wherein the additional heat exchanger is arranged 1n such

a way that it cools air conducted from the anode side of the electrolysis cell.

As a result, it may be possible to undertake a first oxygen/water separation with the
air derived from the anode side of the electrolysis cell, i.e. to carry out a first drying
of this derived or discharged air. The water which is collected in this process may be

conducted back into the anode side of the electrolysis cell.

In another exemplary embodiment, the fuel cell system further comprises a cooling

circuit, which is coupled to the fuel cell in such a way that it cools the fuel cell.

Such a cooling circuit may be operated and used in an aircraft, for example, with the

outside or ambience air as the cooling medium, in order to carry out any cooling of

the fuel cell which may possibly be necessary.

In another exemplary embodiment of the fuel cell system, the fuel cell 1s a low-
temperature fuel cell, preferably a proton exchange membrane fuel cell (PEMEC).
According to the invention, the fuel cell can alternatively also be designed as any
other known type of fuel cell. Such a low-temperature fuel cell can be designed 1n

such a way that it can be operated, for example, in a temperature range between 60

°C and 80 °C.
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In another exemplary embodiment of the fuel cell system, the fuel cell is the fuel cell
of a high-temperature PEM fuel cell. According to the invention, as an alternative the
fuel cell can also be designed as any other known type of fuel cell. Such a high-
temperature PEM fuel cell can be designed in such a way that it can be operated, for
example in a temperature range between 120 °C and 300 °C.

In another exemplary embodiment of the fuel cell system, the electrolysis cell 1s
designed as a polymer membrane electrolysis cell with a catalyst. As an alternative,
the electrolysis cell can be designed as another type of electrolysis cell which is

adapted to the temperature level of the downstream fuel cell.

In another exemplary embodiment, the fuel cell system further comprises a plurality
of fuel cells and a plurality of electrolysis cells. Due to the provision of a plurality of
fuel cells and electrolysis cells, it may be become possible to provide any desired

performance with regard to energy or oxygen.

In another exemplary embodiment of the fuel cell system, the fuel cell and the
electrolysis cell are connected to form a stack, and the electrolysis cell is suppled

with power directly from the fuel cell.

In this situation, the electrolysis cell(s) and fuel cell(s) may become one single stack,
 e. are combined to one mechanical association of individual components, which can

lead to a saving of cable material.

In another exemplary embodiment of the fuel cell system, a power ratio between the
fuel cell and the electrolysis cell is selected in such a way that a power emission from
the fuel cell corresponds precisely to a power requirement of the electrolysis cell.
Expressed another way, the power output from the fuel cell is selected in such a way
that the fuel cell can only supply the electrolysis cell and does not produce any
excess power, i.e. the electrical output from the fuel cell is matched precisely to the

electrical power requirement of the electrolysis cell and pure oxygen and water
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production takes place. The control of the system 1s effected in this case preferably
only via the media introduced, i.e. water, hydrogen, and cabin air, as a result of
which it may be possible to save on electrical regulators and transformers to adjust
the energy delivered from the fuel cell to the onboard network. If such a fuel cell
system is compiled or integrated to form a single stack, in this way all external

connections are saved, which makes it possible to save on cable material.

According to another exemplary embodiment of the fuel cell system, a power output
ratio between the fuel cell and the electrolysis cell is selected in such a way that a
power emission from the fuel cell corresponds precisely to a power requirement of
the electrolysis cell and all necessary ancillary appliances of the fuel cell system.
Expressed another way, the fuel cell produces an excess in relation to the power
consumption of the electrolysis cell, which is large enough to operate all external
consumers of the fuel cell system such as pumps or compressors, i.¢. the fuel cell
system can cover the inherent energy requirement. It may also be possible to supply
its reformer with water in order to produce combustion gas for fuel cells. This design
may also make it possible to do without electrical regulators and transformers for

adjusting the energy delivered from the fuel cell to the onboard network.

According to another exemplary embodiment of the fuel cell system, a power ratio
between the fuel cell and the electrolysis cell is selected in such a way that a power
output from the fuel cell is higher than a power requirement of the electrolysis cell
and all required ancillary devices of the fuel cell system. Preferably, the fuel cell
system comprises a power inverter and a voltage converter or transformer, whereby
the inverter and transformer are designed in such a way that power from the fuel cell

is fedable into an onboard network of the vehicle.

This may make it possible for energy to be conducted to an onboard network of the
vehicle. A limiting parameter in this context may lie in the moisture requirement of
the fuel cell, which moisture requirement may be covered by the electrolysis cell.

A first exemplary aspect of the invention may be seen in the fact that an arrangement

is created for the production of oxygen and fresh water for the onboard requirement
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of aircraft, whereby the arrangement consists of or comprises an electrolysis cell and
a fuel cell, wherein the power ratio to one another is selected in such a way that the
electrical power requirement of the electrolysis cell is covered by the provision of
electrical energy by the fuel cell, and, additionally, the power requirement of all
required ancillary devices is completely covered, and no power at all is fed into the
onboard network of the aircraft. In this situation, the electrolysis cell serves to
produce the oxygen by electrolytic splitting at the anode of water to hydrogen and
oxygen and to humidify the downstream fuel cell by recombination of hydrogen with
the oxygen contained in the air introduced on the cathode side from the cabin of the
aircraft to produce water. Preferably, the fuel cell is a low-temperature fuel cell of
the PEMFC type and/or the electrolysis cell is an electrolysis cell on the basis of a
polymer membrane with catalyst. The electrolysis cell further comprises an air

cathode, i.e. is designed as an electrolysis cell with air cathode.

In an exemplary embodiment of this first aspect, electrolysis cells and fuel cells can
be combined to form a stack, whereby the electrolysis cells are supplied directly with
energy from the fuel cells, and the fuel cells are supplied directly with the educt gas
“moist air” on the cathode side from the electrolysis cells, and the combustion gas
conducted to the fuel cells on the anode side consists of hydrogen or a reformate gas

formed from hydrogen and carbon dioxide.

A second exemplary aspect of the invention may be seen in the fact that an
arrangement for the production of oxygen and fresh water for the onboard
requirement of aircraft is created, wherein the arrangement consists of or comprises
an electrolysis cell and a fuel cell, of which the power ratio to one another 1s selected
in such a way that the electrical power requirement of the electrolysis cell 1s covered
by electrical energy from the fuel cell, and, additionally, a power excess 1s fed 1nto
the onboard network of the aircraft. In this situation, the electrolysis cell serves to
produce the oxygen by electrolytic splitting at the anode of water to hydrogen and
oxygen, and to humidify the downstream fuel cell by recombination of the hydrogen
with the oxygen contained in the air introduced on the cathode side from the cabin of

the aircraft, to form water. Preferably, the fuel cell is a low-temperature fuel cell of
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the PEMFC type and/or the electrolysis cell is an electrolysis cell on the basis of a
polymer membrane with catalyst. The electrolysis cell further comprises an air

cathode, i.e is designed as an electrolysis cell with air cathode.

In one exemplary embodiment of this second aspect, electrolysis cells and fuel celis
can be combined in a stack, wherein the electrolysis cells are supplied with energy
directly from the fuel cells, and the fuel cells are supplied directly with the educt gas
“moist air’ on the cathode side from the electrolysis cells, and the combustion gas
conducted to the fuel cells on the anode side consists of hydrogen or a reformate gas

formed from hydrogen and carbon dioxide.

In a further exemplary embodiment of this second aspect, an inverter and voltage
transformer can be provided for the energy infeed into the onboard network, which
are connected in between the fuel cell and the infeed point and undertake an
adjustment of the electrical energy from the fuel cell to the voltage, type current, and

frequency of the onboard network.

A further exemplary aspect of the invention can be seen in that the invention creates
a fuel cell system which consists of two parts with modes of effect. In this situation,
the first part is a fuel cell operated with air and hydrogen, preferably a low-
temperature fuel cell, such as a proton exchange membrane fuel cell (PEM fuel cell),
while the second part is an electrolysis cell, preferably likewise a low-temperature
electrolysis cell, such as a proton exchange membrane electrolysis cell. In principle
the fuel cell and electrolysis cell are similar. The main difference lies only in the type
of the catalyst. The size ratio, or in other words the power output ratio, between the
electrolysis cell and the fuel cell is determined in this situation from the type of
intended application, i.e. whether the fuel cell is intended to supply only the
electrolysis cell or also additional ancillary devices of the fuel cell system with
electrical power, or whether the fuel cell is additionally intended to feed an onboard
network. The electrolysis cell further comprises an air cathode, i.e. is designed as an

electrolysis cell with air cathode.
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A further exemplary aspect of the invention can be seen in the fact that an
arrangement for the production of oxygen and fresh water is provided for the
requirement on board aircraft, whereby the arrangement consists of or comprises an
electrolysis cell and a fuel cell, wherein the power ratio to one another is selected in
such a way that the electrical power requirement of the electrolysis cell, and
additionally of all required ancillary appliances, is fully covered by the fuel cell, and
no power at all is fed into the onboard network of the aircraft. In this context, the
electrolysis cell may serve to produce the oxygen by electrolytic splitting at the
anode from water to hydrogen and oxygen, whereby the hydrogen produced 1s
conducted to the anode side of the downstream fuel cell. Preferably, the fuel cell is a
low-temperature fuel cell of the PEMFC type, which operates in a temperature range
of between about 60 °C and 80 °C or a high-temperature fuel cell of the PEMFC
type, which operates in a temperature range between about 120 °C and 300 °C.
Furthermore, the electrolysis cell can be an electrolysis cell on the basis of a polymer

membrane with catalyst.

In an exemplary embodiment of this aspect, electrolysis cells and fuel cells can be
combined to form a stack, whereby the electrolysis cell is supplied with energy
directly from the fuel cells, and the combustion gas conducted on the anode side to
the fuel cells consists of hydrogen or a reformate gas of hydrogen and carbon

dioxide.

An additional exemplary aspect of the invention can be seen in the fact that an
arrangement is provided for the production of oxygen and fresh water for the
requirement on board aircraft, whereby the arrangement consists of or comprises an
electrolysis cell and a fuel cell, wherein the power ratio to one another is selected in
such a way that the electrical power requirement of the electrolysis cell is covered by
the provision of electrical energy by the fuel cell and, additionally, a power surplus 1s
fed into the onboard network of the aircraft. A division into two different systems 1s
possible: One with air humidification for the fuel cell by recombination of the
hydrogen created with air oxygen from the cabin, and one with moisture heat

exchanger for the air humidification of the fuel cell, but for this with the conducting
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of the hydrogen produced to the fuel cell anode. These cases can be considered
separately.As an alternative, the fuel cell may be a fuel cell of another type than a
PEMFC, wherein this other fuel cell type can be operated on the anode side with the
fuel hydrogen or reformate gas. Furthermore, the electrolysis cell can be an
electrolysis cell on the basis of a polymer membrane with catalyst, or another
electrolysis cell type which is adjusted in temperature level of the downstream fuel

cell.

In an exemplary embodiment of this additional aspect, electrolysis cells and fuel cells
can be combined to form a stack, wherein the electrolysis cells are supplied with
energy directly from the fuel cells, and the combustion gas conducted to the fuel cells
on the anode side consists of hydrogen or a reformate gas formed of hydrogen and
carbon dioxide. Furthermore, an inverter and a voltage transformer are preferably
provided for the energy infeed into the onboard network, these being connected
between the fuel cell and the infeed point, and undertake an adjustment of the
electrical energy from the fuel cell to the voltage, type current, and frequency of the

onboard network.

Reference may be made to the fact that features or steps which have been described
with regard to one of the foregoing exemplary embodiment or with regard to one of
the foregoing exemplary aspects can also be used in combination with other features

or steps of other exemplary embodiment or exemplary aspects described heretofore.

The invention is described hereinafter in greater detail on the basis of embodiment

examples, making reference to the drawings.

Fig 1 shows a schematic representation of the fuel cell system according to an

exemplary embodiment of the invention.

Fig. 2 shows a diagrammatic representation of the fuel cell system according to a

further exemplary embodiment of the invention.
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In the following description of the figures, the same or similar reference signs are

used for the same or similar elements.

Fig. 1 shows a diagrammatic representation of a fuel cell system for the supply ot an
aircraft with drinking water and oxygen according to one exemplary embodiment of
the present invention. As can be seen from Fig. 1, the fuel system 100 comprises a
fuel cell 101 with an anode side 102 and a cathode side 103. The fuel cell 101 1s
designed as a proton exchange membrane fuel cell (PEMFC). Represented
diagrammatically between the anode side 102 and the cathode side 103 1s a
membrane 104. The anode side 102 of the fuel cell 101 represents a feed line 105
with a valve 106 and a discharge line 107 with a valve 108. The cathode side 103 of
the fuel cell 101 comprises a feed line 109 and a discharge line 110 with a valve 111.
For preference, the feed line 109 can be additionally coupled to an additional air
delivery line, not represented in Fig. 1. The discharge line 110 is coupled to a first
heat exchanger 112 of the fuel cell system 100. The first heat exchanger 112 1s also
coupled to a condensate discharger 113, which on the one hand is connected to a
storage tank 114 for the storage of water which is condensed in the first heat
exchanger 112. The storage tank 114 is provided with a discharge line 115, which, by
means of a valve 116, serves as an outflow in the event of there being too much
water in the storage tank 114. In addition, the condensate discharger 113 is connected
via a filter 117 to an outlet 118, via which outgoing air can leave the aircraft, 1.e. a

pressurised cabin of the aircratt.

Furthermore, the fuel cell system 100 comprises an electrolysis cell 119 with an
anode side 120 and a cathode side 121. The cathode side 121 of the electrolysis cell
119 is designed as what is referred to as an air cathode, and comprises a feed line
122, which is coupled via a valve 123 and a filter 124 to an inlet 125, by which air
can be introduced from the pressurised cabin into the cathode side 121 of the
electrolysis cell 119. A discharge line 126 from the cathode side 121 of the
electrolysis cell 119 is coupled to the feed line 109 of the cathode side 103 of the fuel
cell 101. A discharge line 127 from the anode side 120 of the electrolysis cell 119 1s

coupled to a second heat exchanger 128, which comprises a gas discharge line 129,
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which is coupled via a third heat exchanger 130 and a pump 131 to an outlet, by
which oxygen can be introduced into the pressurised cabin. The second heat
exchanger 128 serves to provide an oxygen/water separation of the water/oxygen
mixture on the anode side 120 of the electrolysis cell 119. A water discharge line 132
of the second heat exchanger 128 is coupled via a circulation pump 133 and a valve
134 to an inlet on the anode side 120 of the electrolysis cell 119. Furthermore, the
second heat exchanger 128 comprises a water inlet 135, which is coupled via a valve
136, a pump 137, and a further valve 138 to an outlet of the storage tank 114. The
outlet of the storage tank 114 is additionally connected via a valve 139 and a pump

140 to a drinking water system of the aircratt.

Furthermore, the fuel cell system 100 comprises a cooling circuit 141, which 1s
connected to air outside the aircraft. The cooling circuit 141 serves to cool the first

heat exchanger 112, the second heat exchanger 128, the third heat exchanger 130,
and the fuel cell 101.

The function of the fuel cell system represented in Fig. 1 is described in greater detail

hereinafter.

Water is conducted to the electrolysis cell 119 from the storage tank 114, which
serves as a water storage holder, and/or from a water circuit via the second heat
exchanger 128, by the pump 133. By a voltage imposed at the electrolysis cell 119,
this water is split into 2H and O, i.e. hydrogen and oxygen. The oxygen atoms
acquired in this way form oxygen molecules O, and are carried out via the second
heat exchanger 128 and conducted via a ventilation arrangement of the air-
conditioning system of the aircraft, which then provides breathing air with increased

oxygen proportion for the cabin and the passengers.

On the cathode side, the electrolysis cell 119 is provided with discharge air from the
cabin. The cabin air is conveyed due to the differential pressure present in the system
as a whole between the cabin and the outside air. At the cathode 121 of the

electrolysis cell 119, the hydrogen from the electrolysis process, which has passed
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through the membrane of the electrolysis cell 119 from the anode 120 to the cathode
121, combines with the oxygen contained in the cabin air to form water, which leads
to a humidification of the cabin air flowing through the electrolysis cell. The moist
air from the electrolysis cell 119, which essentially contains N, O,, and H,0, 1s now
conducted to the cathode 103 of the fuel cell 101. In addition, if an additional air
inlet line is coupled to the line 109, additional air can be conducted to the cathode
side of the fuel cell 101. With simultaneous imposition of hydrogen at the anode 102,
with the imposition of an electrical load, i.e. an consumer of electrical energy, which
is provided, for example, by the electrolysis cell, additional water 1s formed.
Subsequently the entire water portion from the fuel cell discharge air 1s condensed
out in the first heat exchanger 112. Part of the water which is condensed out 1s
conducted to the anode side of the electrolysis cell via the tank 114 and the pump
137, in order to make up the water loss there again, which takes place 1n accordance
with the reaction equation

H,0 (liquid) -> 1/20; (ultra pure) + 2H" (membrane) +2¢". The anodic water loss is

equal to the cathodic water production.

To cool the system described, a cooling circuit is used, which uses the outside air as
the primary cooling medium, and as a secondary cooling medium pumps a cooling
fluid via the piping system represented in Fig. 1 to the corresponding heat
exchangers. The heat exchangers principally required are on the one hand a cooler,
which discharges the waste heat from the cooling circuit to the outside air, the third
heat exchanger 130, which undertakes a drying of the oxygen, up to a residual
moisture content which may possibly be required, for the air-conditioning system,
the second heat exchanger 128, which has the effect of cooling the anode water
circuit, and the first heat exchanger 112, which has the effect of condensation of the
air humidity present in the cathode discharge air of the fuel cell 101. The condensate
occurring at the first heat exchanger 112 is conducted away via the condensate
discharge line 113 and conducted to the storage tank 114, which serves as a buffer
tank for the intermediate storage tanks, from where it is conducted either as drinking
water for consumption by the passengers or serves as a water resource for the

electrolysis cell 119.
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In addition to this, the cooling circuit can also be provided with additional heat
exchangers, which take on the heating functions for various system parts in the

aircraft, such as protecting water tanks against freezing.

As an alternative to the fluid cooling medium described heretofore, a gaseous cooling
medium can be used, a combination of a fluid and a gaseous cooling medium, or a
cooling medium which changes its aggregate state under heating from fluid to
gaseous and under cooling from gaseous to fluid. In the case of the cooling medium
which changes its aggregate state, the condensation temperature and the boiling
temperature are selected in such a way that they lie between the temperatures of the
high-temperature side and the low-temperature side of the heat exchanger, 1.e. that

the aggregate state of the cooling medium changes in the heat exchanger.

Fig. 2 shows a diagrammatic representation of a fuel cell for the supply of an aircraft
with drinking water and oxygen in accordance with a further exemplary embodiment
of the present invention. In distinction to the exemplary embodiment from Fig. 1,
however, in the exemplary embodiment from Fig. 2 a cathode side of an electrolysis
cell is coupled to an anode side of a fuel cell. As can be seen from Fig. 2, the fuel cell
system 200 exhibits a fuel cell 201 with an anode side 202 and a cathode side 203.
The fuel cell 201 is designed as a proton exchange membrane fuel cell (PEMEFC).
Represented in diagrammatic form between the anode side 202 and the cathode side

703 is a membrane 204. The anode side 202 of the fuel cell 201 comprises a first
delivery line 205 with a valve 206 and a second delivery line 207 with a valve 208.

The cathode side 203 of the fuel cell 201 comprises a delivery line 209 and a
discharge line 210, which are both coupled to a moisture-heat exchanger 250 in such
a way that a moisture and/or heat exchange takes place between an air intake on the
cathode side 203 and an air discharge on the cathode side 203. For this purpose, the
delivery line 209 of the cathode side is coupled to a first side 251 of the moisture-
heat exchanger 250, and at the same time represents a first discharge line for the

moisture-heat exchanger 250. A first delivery line 252 of the moisture-heat
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exchanger 250 on the first side of the moisture-heat exchanger 250 is coupled via a
valve 253 to the passenger cabin in such a way that cabin air can be conducted to the
moisture-heat exchanger 250. Furthermore, for the moisture and/or heat exchange of
the intake air of the cathode side 203 and the discharge air of the cathode side 203,
the discharge line 210 of the cathode side 203 1s coupled to a second side 253 of the
moisture-heat exchanger 250. A second discharge line 255 of the second side 254 of
the moisture-heat exchanger 250 is coupled to a first heat exchanger 212 of the fuel
cell system 200.

The first heat exchanger 212 is coupled to a condensate discharge line 213, which on
the one hand is connected to a storage tank 214 for the storage of water which i1s
condensed in the first heat exchanger 212. The storage tank 214 is provided with a
discharge line 215, which, by a valve 216, serves as an outflow 1n the event of there
being too much water in the storage tank 214. Furthermore, the condensate discharge
line 213 is connected via a filter 217 to an outlet 218, via which outgoing air can

leave the aircraft, 1.e. a pressurised cabin of the aircraft.

Furthermore, the fuel cell system 200 comprises an electrolysis cell 219 with an
anode side 220 and a cathode side 221. The cathode side 221 of the electrolysis cell
219 1s designed as what is known as an air cathode, and comprises a first discharge
line 222, which if required can serve as a hydrogen discharge via a valve 223. A
second discharge line of the cathode side 221 of the electrolysis cell 219 1s coupled
to the second delivery line 207 of the anode side 202 of the fuel cell 201, and serves
to conduct hydrogen, which i1s produced in the electrolysis cell 219, to the fuel cell
201 as fuel. A discharge line 227 of the anode side 220 of the electrolysis cell 219 1s
coupled to a second heat exchanger 228, which exhibits a gas discharge line 229,
which 1s coupled via a third heat exchanger 230 and a pump 231 to an outlet, via
which oxygen can be conducted to the pressurised cabin. The second heat exchanger
228 serves to provide an oxygen/water separation of the water/oxygen mixture on the
anode side 220 of the electrolysis cell 219. A water discharge line 232 of the second
heat exchanger 228 1s coupled via a circulation pump 233 and a valve 234 to an

intake on the anode side 220 of the electrolysis cell 219. Furthermore, the second
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heat exchanger 228 exhibits a water intake 235, which 1s coupled via a valve 236, a
pump 237, and a further valve 238, to an outlet of the storage tank 214. The outlet of
the storage tank 214 1s further connected via a valve 239 and a pump 240 to a

drinking water system of the aircraft.

Furthermore, the fuel cell system 200 comprises a cooling circuit 241 with a cooler
242, which is 1n connection with air outside the aircraft. The cooling circuit 241

serves to cool the first heat exchanger 212, the second heat exchanger 228, the third

heat exchanger 230, and the fuel cell 201.

Represented in Fig. 2 are a number of delivery and discharge lines for the fuel cell
system 200, shown diagrammatically as arrows. Discharge line 260 represents a
water discharge and delivery line 261 represents a cabin air inlet for the cathode side
of the fuel cell, while delivery line 262 characterises a hydrogen infeed for the anode
side of the fuel cell. Furthermore, discharge line 263 represents in diagrammatic
form a hydrogen discharge, by which, if required, hydrogen can be conducted from
the cathode side of the electrolysis cell. Discharge line 264 represents a drinking
water outlet by which water can be conducted from the buffer tank 214 to the
drinking water system of the aircraft. Discharge line 265 represents diagrammatically
an outlet, by which oxygen, which is produced in the electrolysis cell, can be
conducted to the air-conditioning system of the aircraft. Discharge lines 266
represent discharge lines by which, if required, discharge air can be conducted from
the cathode side of the fuel cell overboard of the aircraft. Finally, delivery lines 267
represent in diagrammatic form delivery lines by which ambient air can be conducted

to the cooling circuit 241.

The function of the fuel cell system from Fig. 2 is similar to that of the fuel cell

system from Fig. 1. Accordingly, hereinafter consideration is given only briefly of

the differences in the fuel cell system 200.

One substantial difference between the fuel cell system 200 in Fig. 2 in comparison

with the ftuel cell system 100 in Fig. 1 lies in the fact that the cathode side of the
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electrolysis cell 1s coupled to the anode side of the fuel cell. As a result, 1t 1s possible
for the hydrogen produced in the electrolysis cell can be conducted to the fuel cell for
the production of energy, as a result of which the external hydrogen requirement of
the fuel cell can be reduced. In order to be able to ensure turther that air of adequate
humidity 1s available to the cathode side of the fuel cell, the fuel cell system 200
from Fig. 2 exhibits the additional moisture-heat exchanger 250, by which a part of
the water produced 1n the fuel cell 1s again conducted to the intake air of the cathode
side of the fuel cell. The remaining water portion is condensed out as in the
embodiment example from Fig. 1. Furthermore, in the embodiment example of Fig.
2, cabin air 1s not provided to the cathode side of the electrolysis side, as is the case
in the embodiment example from Fig. 1, but the cabin air 1s conducted via the
moisture-heat exchanger to the cathode side of the fuel cell. The cathode side of the
electrolysis cell in the embodiment example from Fig. 2, however, does not
comprises any delivery lines at all, but two discharge lines, whereby one is used to
conduct hydrogen to the anode side of the fuel cell, while by contrast the second

discharge line serves, if required, to conduct away any surplus hydrogen.

By way of supplement, reference should be made to the fact that “comprising” does
not exclude any other elements or steps, and “a” or “one” does not exclude the plural.
Retference may also be made to the fact that features or steps which have been
described with reference to one of the foregoing exemplary embodiment can also be
used 1n combination with other features or steps of other exemplary embodiment
described heretofore. Reference signs in the claims are not to be regarded as

restrictive.
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Patent Claims

1. A fuel cell system (100, 200) for the supply of a vehicle with drinking water
and oxygen, said fuel cell system (100, 200)comprising:

a fuel cell (101, 201); and

an electrolysis cell (119, 219),

wherein the electrolysis cell (119, 219)comprises an air cathode and 1s
coupled to the fuel cell (101, 201), and

wherein the fuel cell (101, 201) and the electrolysis cell (119, 219) are
designed in such a way that a power requirement of the electrolysis cell (119, 219) is

covered by a power delivered from the fuel cell (101, 201).

2. The fuel cell system (100) according to claim 1,

wherein the fuel cell (101) comprises an anode side (102) and a cathode side
(103),

wherein the electrolysis cell (119) comprises an anode side (120) and a
cathode side (121), and

wherein the cathode side (121) of the electrolysis cell (119) is coupled to the
cathode side (103) of the fuel cell (101).

3. The fuel cell system (100) according to claim 2,

wherein the electrolysis cell (119) is designed in such a way that air from a

cabin of the aircraft is conductable to its cathode-side.

4, The fuel cell system (200) according to claim 1,

wherein the fuel cell (201) comprises an anode side (202) and a cathode side
(203),

wherein the electrolysis cell (219) comprises an anode side (220) and a
cathode side (221), and

wherein the cathode side (221) of the electrolysis cell (219) is coupled to the
anode side (203) of the fuel cell (201).
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. The fuel cell system (200) according to claim 4,

wherein the fuel cell (201) is designed in such a way that air from a cabin of

the aircraft is conductable to its cathode-side.

6. The tuel cell system (100, 200) according to one of claims 2 to 5,
| wherein the fuel cell (101, 201) is designed in such a way that hydrogen or

reformate gas is conductable to it on the anode side.

7. The tuel cell system (100, 200) according to one of claims 2 to 6, further
comprising:
a heat exchanger (113, 213),

wherein the heat exchanger (113, 213) is designed in such a way that it cools
air discharged from the cathode side (103, 203) of the fuel cell (101, 201).

8. The fuel cell system (100, 200) according to one of claims 2 to 7, further
comprising:

an additional heat exchanger (128, 228),

wherein the additional heat exchanger (128, 228) is designed in such a way

that 1t cools the water/oxygen mixture discharged from the anode side (120, 220) of
the electrolysis cell (119, 219).

9. The tuel cell system (100, 200) according to one of claims 1 to 8, further
comprising:
a cooling circuit (141, 241),

wherein the cooling circuit (141, 241) is coupled to the fuel cell (101, 201) in
such a way that it cools the fuel cell (101, 201).

10.  The fuel cell system (100, 200) according to one of claims 1 to 9,
wherein the fuel cell (101, 201) is a low-temperature fuel cell.

11.  The tuel cell system (100, 200) according claim 10,
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wherein the low-temperature fuel cell (101, 201) 1s a proton exchange

membrane fuel cell.

12.  The fuel cell system (100, 200) according to one of claims 1 to 9,
5 wherein the fuel cell (101, 201) is a high-temperature PEM fuel cell.

13.  The fuel cell system (100, 200) according to claim 12,
wherein the high-temperature PEM fuel cell (101, 201) is a proton exchange

membrane fuel cell.

10
14.  The fuel cell system (100, 200) according to one of claims 1 to 13,

wherein the electrolysis cell (119, 219) is a polymer membrane electrolysis

cell with catalyst.

15 15.  The fuel cell system (100, 200) according to one of claims 1 to 13,

wherein the electrolysis cell (119, 219) is not a polymer membrane

electrolysis cell with catalyst, and

wherein the electrolysis cell (119, 219) is arranged in such a way it 1s

adjusted in a temperature range to the fuel cell.

20
16.  The fuel cell system (100, 200) according to one of claims 1 to 15,

which further comprises a plurality of fuel cells and a plurality of electrolysis cells.

17.  The fuel cell system (100, 200) according to one of claims 1 to 16,
25 wherein the fuel cell (101, 201) and the electrolysis cell (119, 219) are

connected to form a stack, and

wherein the electrolysis cell (119, 219) is supplied with power directly from
the fuel cell (101, 201).

30 18.  The fuel cell system (100, 200) according to one of claims 1 to 17,
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wherein a power ratio between the fuel cell (101, 201) and the electrolysis
cell (119, 219) is selected in such a way that a power delivery from the fuel cell (101,

201) corresponds precisely to a power requirement of the electrolysis cell (119, 219).

19.  The fuel cell system (100, 200) according to one of claims 1 to 17,

wherein a power ratio between the fuel cell (101, 201) and the electrolysis
cell (119, 219) is selected in such a way that a power delivery from the fuel cell (101,
201) corresponds precisely to a power requirement of the electrolysis cell (119, 219)

and of all required ancillary devices of the fuel cell system (100, 200).

20.  The fuel cell system (100, 200) according to one of claims 1 to 17,

wherein a power ratio between the fuel cell (101, 201) and the electrolysis
cell (119, 219) is selected in such a way that a power delivery from the fuel cell (101,
201) 1s higher than a power requirement of the electrolysis cell (119, 219) and of all
required ancillary devices of the fuel cell system (100, 200).

21. The fuel cell system (100, 200) according to claim 20, further comprising:

an inverter, and

a voltage transformer,

wherein the inverter and the voltage converter are designed in such a way that
power from the fuel cell (101, 201) can be fed into an onboard network of the

vehicle.

22. Anaircraft with a fuel cell (100, 200) system according to one of claims 1 to
21.

23. Use of a fuel system (100, 200) according to claims 1 to 21 in an aircraft.
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