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(57) Abregé/Abstract:

The Invention relates to a fuel cell with integrated humidification, comprising a cathode-side or anode-side humidification unit with a
heat exchanger (9,13), a condensate separator (10,14), a caplllary tube (11,15) and a venturi nozzle and/or pump (12, 16). The
Invention also relates to a method for humidifying process gas for the operation of a fuel cell wherein only product water is used and
wherein, according to a first embodiment, the gas containing O, for the cathode is humidified by the cathode off-gas which contains

water vapour by means of a first humidification unit and/or the combustion gas containing H,, for the anode Is humidified by the
anode off-gas which contains water vapour by means of a second humidification unit or wherein, according to a second
embodiment, the combustion gas containing H, for the anode is humidified by the cathode off-gas which contains water vapour by
means of a first humidification unit and/or the gas containing O, for the cathode Is humidified by the anode off-gas which contains
water vapour by means of a second humidification unit.
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(§7) Abstract: The invention relates to a fuel cell with integrated humidification, comprising a cathode-side or anode-side humidi-
fication unit with a heat exchanger (9,13), a condensate separator (10,14), a capillary tube (11,15) and a venturi nozzle and/or pump
(12, 16). The invention also relates to a method for humidifying process gas for the operation of a fuel cell wherein only product
\& water is used and wherein, according to a first embodiment, the gas containing 0, for the cathode is humidified by the cathode off-gas
& which contains water vapour by means of a first humidification unit and/or the combustion gas containing H, for the anode is humid-
e ified by the anode off-gas which contains water vapour by means of a second humidification unit or wherein, according to a second

.

-gas which contains water vapour by

means of a first humidification unit and/or the gas containing 0, for the cathode is humidified by the anode off-gas which contains

water vapour by means of a second humidification unit.

[Fortsetzung auf der ndchsten Seite]
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Zur Erkldrung der Zweibuchstaben-Codes und der anderen
Abkiirzungen wird auf die Erkidrungen ("Guidance Notes on
Codes and Abbreviations") am Anfang jeder reguldren Ausgabe
der PCT-Gazette verwiesen.

(§7) Zusammenfassung: Die Erfindung betrifit eine Brennstofizelle mit integrierter Befeuchtung, umfassend eine kathodenseitige
und/oder anodenseitige Befeuchtungseinheit mit einem Wiarmetauscher (9, 13), einem Kondensatabscheider (10, 14), einem Kapil-
larrohor (11, 15) und einer Venturi-Diise und /oder Pumpe (12, 16). Die Erfindung betrifft ebenso ein Verfahren zum Befeuchten von
Prozessgas fiir den Betrieb einer Brennstoffzelle unter alleiniger Verwendung von Produktwasser, bei dem gemaiss einer ersten Aus-
fiihrungsform das 0,-haltige Gas fiir die Kathode durch das wasserdampthaltige Katohdenabgas iiber eine erste Befeuchtungseinheit
und/oder das H,-haltige Brenngas fiir die Anode durch das wasserdampfthaltige Anodenabgas iiber eine zweite Befeuchtungsein-
heit befeuchtet werden, oder bei dem gemass einer zweiten Ausfiihrungsform das H,-haltige Brenngas fiir die Anode durch das
wasserdampthaltige Kathodenabgas iiber eine erste Befeuchtungseinheit und/oder das 0,-haltige Gas fiir die Kathode durch das was-
serdampfhaltige Anodenabgas iiber eine zweite Befeuchtungseinheit befeuchtet werden.
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Fuel cells with integrated humidification as well as method

for humidifying fuel cell process gas
Background of the Invention
1. Field of the Invention

The 1nvention relates to fuel cells with integrated
humidification as well as a method for humidifying process

gas for the operation of a fuel cell.

Because of their high efficiency and 1low pollutant and
noise emission, fuel cells are very well suited for
1ndependent current generation in smaller and medium units,
for traction applications, as well as for combined current-

and heat generation.

To avoid a desiccation of the electrolyte membrane, 1t 1s
necessary with fuel cells, especially with fuel cells
having proton-conducting electrolyte membranes or polymer
electrolyte membranes (PEM cells) that the process gases,
i.e., gas containing O, for the cathode side and fuel gas
containing H; for the anode side, are humidified. Many
methods have already been proposed for the humidification

of the process gases of fuel cells.
2. Description of the State of the Art

EP 0,629,014 Bl describes a method and a device for
humidifying process gas for the operation of fuel cells,
where water from an external supply line 1is spraved into
the process gas through a jfi'ne atomizing nozzle. The water
quantity 1s adjusted by a dosing valve arranged in the
supply line depending on the gas quantity to be humidified
and the temperature.
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EP 0,301,757 A2 describes a fuel cell with an 1on-

conducting electrolyte membrane where water i1is injected

into the anode side through an external supply line to

humidify and cool the fuel cell.

JP 07,176,313 A describes an arrangement comprised of a
fuel cell and a heat exchanger, where water supplied by an
external supply line is evaporated by the heat extracted
from the used air of the cell and used to humidify the air

to be supplied to the cell.

US-A~-6,106,964 describes an arrangement of a PEM-fuel cell

and a combined heat- and humidity exchanger comprising a

process gas feed chamber and a process waste gas chamber
separated by a water-permeable membrane. The water and heat
from the process waste gas flow are transferred to the
process gas feed flow through the water-permeable membrane.
Although product water is used directly in this arrangement
for humidifyving the fuel <c¢ell, 1t 1s difficult or
impossible to regulate the feedback portion of the product
water. Furthermore, any contaminations 1in the product
water, such as metal ions, are continually circulated,
which can lead to an impailrment of the cell and the water-

permeable membrane during extended operation.

Summary of the Invention

Thus, the invention is based on the problem to provide a
fuel cell with integrated humidification which does not
need external water feed systems and dosing arrangements

and nevertheless enables an increased operational safety

with the lowest possible additional heat regquirement of the
fuel cell. Another goal was to provide a simple method for
humidifying process gas for the operation of a fuel cell of

this type.
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In accordance with one embodiment of the present i1nvention
there is provided a fuel cell with integrated

humidification, comprising

- a fuel cell unit with an anode, a polymer electrolyte
membrane (PEM) and a cathode,

- a feed line for gas containing 0O;, preferably air, to the
cathode,

- a discharge line for cathode waste gas contalning water
vapor,

- a feed line for fuel gas containing H; to the anode,

- a discharge line for anode waste gas containing water
vapor,

- a first humidification unit for the gas containing O,
and/or a second humidification unit for the fuel gas
containing H;, with the first humidification unit comprising
a first heat exchanger through which the feed line for gas
containing O; and the discharge line for cathode waste gas
containing water vapor are gulded, whereby the discharge
line downstream of the first heat exchanger is connected to
the feed line upstream of the first heat exchanger through a
first condensate separator and a first capillary tube and
the first capillary tube runs into a Venturi-nozzle

installed in the feed line and/or into a pump installed in

the feed line,

- and/or a second humidification unit comprises

a second heat exchanger through which the feed line for fuel
gas containing H; and the discharge line for anode waste gas
containing water vapor are guided, whereby the discharge
line downstream of the second heat exchanger is connected to
the feed line upstream of the second heat exchanger through
a second condensate separator and a

second capilllary tube and the second capillary tube runs
into a Venturi-nozzle installed in the feed line and/or into

a pump installed 1n the feed line.
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Another embodiment of the invention provides a method for
the humidification of process gas for the operation of a
fuel cell of this type, where the gas containing O; for the
cathode 1s humidified by the cathode waste gas containing
water vapors through the first humidification unit and/or
the fuel gas containing H; for the anode 1s humidified by the
anode waste gas contailning water vapor through the second

humidification unit.

According to a further embodiment of the invention there 1is
provided a fuel cell with integrated humidification,

comprising

- a fuel cell unit with an anode, a polymer electrolyte
membrane (PEM) and a cathode,

- a feed line for gas contailning 0O,, preferably air, to the
cathode,

- a discharge line for cathode waste gas containing water
vapor,

- a feed line for fuel gas containing H, to the anode,

- a discharge line for anode waste gas containing water
vapor,

- a first humidification unit for the gas containing 0,
and/or a second humidification unit for the fuel gas
containing H;, with the first humidification unit comprising
a first heat exchanger through which the feed line for fuel
gas containing H,; and the discharge line for cathode waste
gas contailning water vapor are guided, whereby the discharge
line downstream of the first heat exchanger is connected to
the feed line upstream of the first heat exchanger through a
first condensate separator and a first capillary tube and
the first capillary tube runs into a Venturi-nozzle

installed in the feed line and/or into a pump installed in

the feed line,



10

15

20

25

30

CA 02416612 2009-03-20

- and/or the second humidification unit comprises

a second heat exchanger through which the feed line for gas
containing O, and the discharge line for anode waste gas
contalning water vapor are guided, whereby the discharge
line downstream of the second heat exchanger 1s connected to
the feed line upstream of the second heat exchanger through
a second condensate separator and a second capilllary tube
and the second capillary tube runs i1nto a Venturi-nozzle
installed in the feed line and/or into a pump installed in

the feed line.

Finally, another embodiment of the invention provides a
method for humidifying process gas for the operation of a
fuel cell of this type, where the fuel gas containing H; for
the anode is humidified by the cathode waste gas containing
water vapor through the first humidification unit and/or the
gas containing O, for the cathode is humidified by the anode

waste gas contalning water vapor through the second

humidification unit.

The invention takes advantage of the fact that the fuel cell
at the cathode side as well as at the anode side produces
sufficient water to guarantee humidification at the cathode
entry side as well as the anode entry side under all
operating conditions, as far as the generated product water
can be extracted from the cathode waste gas flow and/or the

anode waste gas flow.

According to the 1nvention, the feedback of the product
water without the help of auxiliary units also takes
advantage of the fact that the difference in pressure

between the heat exchange entry before and the heat
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exchange exit after the fuel cell can be overcome by means
of a Venturi nozzle. In that way, the product water is
continuously fed back through the process gases of the fuel
cell, thus guaranteeing sufficient humidification of the
electrolyte membrane. The feedback portion of the generated
product water can be determined with the selected .process

gas conversion rate as well as the design of the heat

exchangers.

If the pressure difference that can be applied through the
Venturi nozzle is not sufficient for the cycle consisting
of heat exchanger, fuel cell unit and heat exchanger, a
pump 1nto which the respective capillary tube runs can be
installed instead of the Venturi nozzle or 1in addition to

the Venturi nozzle.

According to the first embodiment of the invention, it 1is
possible to provide either only the first humidification
unit for the cathode side or only the second humidification
unit for the anode side. Preferably, however, both
humidification units are used in the operation. If only one
humidification unit 1is provided, it i1s preferred to use the
first humidification unit for the cathode side because the
quantity of the product water 1s larger at the cathode side
than at the anode side. According to the second embodiment
of the invention, it 1is possible to provide either only the
first humidification unit for the fuel gas containing H, or
only the second humidification unit for the gas containing
O,. Preferably, however, both humidification units are used
in the operation. If only one humidification wunit 1is
provided, 1t 1s preferred to provide the first
humidification unit for the fuel gas containing H, because
the quantity of product water supplied by the cathode waste
gas 1s greater than in the case of the anode waste gas. A
positive side effect of the latter alternative is that the
cathode waste gas supplies small quantities of oxygen to

the fuel gas containing H;, which can be used to oxidize
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CO, which 1s present in the fuel gas in small parts and
acts as catalyst poison, 'into harmless CO; through a
conventional CO-selective catalyst layer present at the
anode. If necessary, additional auxiliary arrangements can
be provided to control the oxygen quantity required for
this purpose. '

Because the product water of the fuel cell is used directly
1n accordance with the invention, rather than having to
supply water from an external supply unit, two significant
improvements are achieved compared to the conventional mode
of operation, where extérnal water supply 1lines are
installed: First, a dosing arrangement to 1inject a
precisely defined quantity of water depending on the
respectilve operating condition is no longer required
because 1n accordance with the principle described in the
invention, a constant fract'ion of the product water 1is
always added 1in dosages, thus rendering making an
additional control obsolete. Nevertheless, the
humidification units 1in accordance with the invention can
optionally still comprise a control system such as a dosing
pump to enable an even more accurate dosing of the

condensate water to be supplied to the feed lines.

Secondly, 1n accordance with the invention, external
storage containers and feed lines for water are obsolete,
and the fuel cell can be operated continuously without

having to add doses of external water.

Compared to the state of the art described in US-A-
6,106,964, where a water-permeable membrane is used to
humidify the process gases, the principle in accordance
with the invention has the advantage that the feedback
portion of the product water to the cell can be varied in a
simple manner, for example by controlling the pressure
differences before and after the Venturi nozzle, such as by

changing the flow speeds of the process gases or by varvyving
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the Venturi-nozzle, by wvarying the diameter of the
capillary tubes, which suitably have an interior diameter
of 0.2 to 10 mm, preferably 1 to 4 mm, or by the design of
the heat exchangers, such as the wvariation of the heat
exchange surface. Furthermore, it is possible compared to
sald state of the art to purify and/or de-ionize the
product water generated as condensate by providing a
purification unit, for example by providing a
demineralization cartridge for the condensate water. In
addition to the humidification by means of product water,
this makes it possible to remove damaging decontaminations
from the fuel cell system, such as metal ions in the cycled

product water.

Apart from the humidification units provided in accordance
with the invention, the other components of the fuel cell
are of conventional type and design. Thus, the fuel cell
can optionally comprise a coolant cycle connected to the
fuel cell unit, having another heat exchanger and a pump to
recirculate coolant, to make use of the combined current-

and heat generation of the cell.

The fuel cell unit 1is typically a fuel cell stack that

comprises a plurality of single fuel cells.

The 1nvention 1is explained 1in detail 1in the enclosed
1llustration, where Fig. 1 is a schematic circuit diagram
of a first embodiment of a fuel cell with integrated
humidification in accordance with the invention. With
reference to Fig. 1, 1 shows a fuel cell unit with an anode
2, a polymer electrolyte membrane 3 and a cathode 4, a feed
line 5 for gas containing 0;, preferably air, a discharge
line 6 for cathode waste gas containing water wvapor, a feed
line 7 for fuel gas containing H; and a discharge line 8
for anode gas containing water wvapor. The embodiment shown

here provides a first humidification unit with a first heat

exchanger 9, a first condensate separator 10 and a first
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capillary tube 11 and a Venturi nozzle 12 installed in the
feed line 5, as well as a second humidification unit with a
second heat exchanger 13, a second condensate separator 14
and a second capillary tube 15 and a Venturi nozzle 16
installed in the feed line 7. The two heat exchangers 9, 13
are preferably heat exchangers working in counter-current
flow, and furthermore preferably a plate heat exchangers
with a heat exchange surface of, for example, 0.05 to 2 m?

per 100 liters of flow-through gas per minute.

The process gas flows are guided such that the gas to be
humidified is guided through the Venturi nozzle, where it
1s mixed with the product water coming from the condensate
separator. The resulting gas-water mixture then flows
through the heat exchanger, where the heat energy required
for the evaporation of the water in the gas-water mixture
is added. The process gas humidified in this way then flows
through the fuel cell, where it is enriched with more
humidity in the form of product water, it is partially
reacted, and then flows 1n the opposite direction through
the respective heat exchanger. In said heat exchanger, the
waste gas 1s condensed by cooling and the thermal energy

content and the condensation heat are released.

After passing through the heat exchanger, the resulting
cooled gas-water mixture 1s separated 1n the condensate
separator 10, 14, purified by means of the purification
unit 23 (see Fig. 2, ° preferably a demineralization
cartridge), and the condensate water, together with a small
portion of waste gas, are fed to the inflowing process gas
by the negative pressure in the Venturi nozzle. The degree
of humidification of the inflowing process gas can be

selected and/or varied, for example, by a design of the

heat exchanger surface or -by adjusting the flow speed of

the process gases.
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For example, the humidification units can also comprise a
control system 22 to be able to dose the quantity of the
condensate water to be supplied to the feed lines 5, 7, as

shown i1n Fig. 2.

The shown embodiment furthermore comprises a coolant cycle
17 with a heat exchanger 18 and a pump 19 to recirculate
coolant. The current generated in the fuel cell is supplied
to an inverter 21 through the current circuit 20 for load

decrease.

Example

According to the arrangement shown in Fig. 1, a fuel cell
with a humidification unit is set up only at the cathode
side and the system with the data shown in Table 1 below is
operated with respect to the humidity content of the

cathode gases.

Table 1: Humidity content with integrated cathode

humidification

— Primary side = used air side BZ --

Flow

speed

(liters | (%) (°C)

per

minute)
100 | 59.7 100 | 59.7
150 69.7| 53.5| 55.9
150 61.3 100 | 61.3

38.4 100 | 38.4

45.5
51.7] 100
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- Secondary side = supply air BZ

Flow TP in | T out | r.F. TP
speed out out
(liters (%) (°C)

per

minute)

100 19.1 12.9

67.6
6.3 60. 1
6.3 99.1

Symbols i1n the table:

46.1
36.7
35.9

13.1
13.1

o
O
®.

22.6

22 .6

BZ: fuel cell

T in: temperature at the entry side

r.F. in: relative humidity at the entry side
TP 1in: dew point at the entry side

T out: temperature at the exit side

r.F. out: relative humidity at the exit side
TP out: dew point at the exit side

A p l.2 tube: Pressure difference in the cathode gas feed
line before and after the Venturi nozzle
A p 2/3 use: Pressure difference between capillary tube

and exit of Venturi nozzle

The table shows that with the heat exchanger design
realized here (0.22 m‘ heat exchanger surface) it is
possible, depending on the air quantity driven and with a
fuel cell-side starting dew point of approximately 60 °C,

to adjust to an entry-side dew point between approximately
36 and 46 °C.
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List of reference symbols

1 Fuel cell

2 Anode

3 Polymer electrolyte membrane
4 Cathode

5 Feed line

6 Discharge line

7 Feed line

8 Discharge line

9 Heat exchanger

10 Condensate separator
11 Capillary tube

12 Venturi nozzle

13 Heat exchanger

14 Condensate separator
15 Capillary tube

16 Venturi nozzle

17 Coolant cycle

18 Heat exchanger

19 Pump

20 Current cycle

21 Inverter

22 Control system

23 Purification unit
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CLAIMS:

1. A fuel cell with integrated humidification, comprising:
a fuel cell unit with an anode;
a polymer electrolyte membrane (PEM) and a cathode;
a feed line to the cathode for gas containing O3;
a discharge line for cathode waste containing water
vapor;
a feed line to the anode for fuel gas containing Hjy;
a discharge line for anode waste gas containing water
vapor;
at least one of a first humidification unit for the gas
containing 0, and a second humidification unit for the
fuel gas containing H;, whereby the first humidification
unlt comprises
a first heat exchanger through which the feed line for
gas containing O, and the discharge line for cathode
waste gas containing water vapor are guided, whereby
the discharge line downstream of the first heat

exchanger is connected to the feed line upstream of the

first heat exchanger through a first condensate
separator and a first capillary tube and the first

capillary tube runs into a Venturi-nozzle installed 1in

the feed line or a pump installed in the feed line,

and the second humidification unit comprises

a second heat exchanger through which the feed line for
fuel gas containing H; and the discharge line for anode
waste gas containing water vapor are guided, whereby
the discharge line downstream of the second heat
exchanger 1s connected to the feed line upstream of the
second heat exchanger through a second condensate

separator and a second capillary tube and the second
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_14_
capillary tube runs into a Venturi-nozzle installed in

the feed line or a pump installed in the feed line.

2. A fuel cell with integrated humidification,
comprising:

a fuel cell unit with an anode;

a polymer electrolyte membrane (PEM) and a cathode;

a feed line to the cathode for gas containing Oy;

a discharge line for cathode waste gas containing water
vapor;

a feed line to the anode for fuel gas containing Hy;

a discharge line for anode waste gas containing water

vVapor:;

at least one of a first humidification unit for the gas
containing O; and a second humidification unit for the

fuel gas containing Hjy;

whereby the first humidification unit comprises

a first heat exchanger through which the feed line for
fuel gas containing H; and the discharge line for
cathode waste gas containing water vapor are guided,
whereby the discharge line downstream of the first heat
exchanger 1s connected to the feed line upstream of the
first heat exchanger through a first condensate
separator and a first capillary tube and the first
capillary tube runs into a Venturi-nozzle installed in

the feed line or a pump installed in the feed line,

and the second humidification unit comprises

a second heat exchanger through which the feed line for
gas contalning O, and the discharge line for anode waste
gas containing water vapor are guided, whereby the

discharge line downstream of the second heat exchanger
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is connected to the feed line upstream of the second
heat exchanger through a second condensate separator
and a second capillary tube and the second capillary
tube runs into a Venturi-nozzle 1installed in the feed

line and/or into a pump installed in the feed line.

The fuel cell in accordance with claim 1 or 2, further
comprising a coolant cycle, connected to the fuel cell
unit, having a heat exchanger and a pump to recirculate

coolant.

The fuel cell in accordance with any one of claims 1 to

3, wherein the fuel cell unit 1s a fuel cell stack

comprising a plurality of single fuel cells.

The fuel cell in accordance with any one of claims 1 to
4, wherein the capillary tubes have an interior

diameter of 0.2 to 10 mm.

The fuel cell in accordance with any one of claims 1 to
4, wherein the capillary tubes have an interior

diameter of 1 to 4 mm.

The fuel cell in accordance with any one of claims 1 to
6, wherein the first and second humidification units
comprise a control system to dose a gquantity of the

condensate water to be supplied to the feed lines.

The fuel cell in accordance with any one of claims 1 to
7, wherein a purification unit 1s provided in the first
and second humidification units to purify or de-ionize

the condensate water.
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The fuel cell in accordance with claim 8, wherein the

purification unit 1s a demineralization cartridge.

A method for humidifying process gas for the operation
of a fuel cell as defined in claim 1, where the gas
containing O; for the cathode 1s humidified by the

cathode waste gas containing water wvapor through a

first humidification unit, the fuel gas contalining H;
for the anode i1s humidified by the anode waste gas

containing vapor through the second humidification

unit.

A method for humidifying process gas for the operation
of a fuel cell as defined 1in claim 2, where the fuel
gas containing H; for the anode 1s humidified by the
cathode waste gas containing water wvapor through a
first humidification unit or the gas containing 0O, for
the cathode is humidified by the anode waste gas

containing water vapor through the second

humidification unit.



CA 02416612 2003-01-30

12




CA 02416612 2003-01-30

2/2

= 2

Fig. 2







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - abstract drawing

