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(57) Abrege(suite)/Abstract(continued):

d

the flow field plate (100; 200), wherelin the backside comprises a cooling fluid flow field (1 10; 210) for substantially uniformly

stributing the cooling fluid over the flow field plate (100; 200), the flow field plate (100; 200) further comprises a cooling fluid sub-

manifold (1 12; 212) which Is adapted to provide cooling fluid from the cooling fluid manifold (102; 202) to a cooling fluid flow field

(210; 1 10), wherein the cooling fluid sub-manifold (1 12; 212) is fluidly disconnected from the cooling fluid flow field (1 10; 210), a
bipolar plate or bipolar plate assembly comprising a flow field plate, as well as a fuel cell or fuel cell stack comprising such a flow
fleld plate and/or bipolar plate or such a bipolar plate assembly.
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(57) Abstract: The present mvention discloses a flow field plate (100; 200)
for a bipolar plate or bipolar plate assembly of a tuel cell or a tuel cell stack,
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having an electrode facing front side, a backside and at least a cooling tluid
manifold (102; 202) for supplying cooling tluid to the tlow field plate (100;
200), wherein the backside comprises a cooling fluid flow field (1 10; 210)
for substantially uniformly distributing the cooling fluid over the flow field
plate (100; 200), the flow field plate (100; 200) further comprises a cooling
fluid sub-manifold (1 12; 212) which 1s adapted to provide cooling fluid
from the cooling fluid manifold (102; 202) to a cooling fluid flow field
(210; 1 10), wherem the cooling fluid sub-manifold (1 12; 212) 1s thudly
disconnected from the cooling fluid flow field (1 10; 210), a bipolar plate or
bipolar plate assembly comprising a tlow field plate, as well as a fuel cell or
fuel cell stack comprising such a tlow field plate and/or bipolar plate or
such a bipolar plate assembly.
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Flow field plate for a fuel cell

Description:

[0001] The present invention relates to a flow field plate, particularly for a bipolar
plate of a fuel cell or a fuel cell stack, a bipolar plate assembly for a fuel cell and a
fuel cell or fuel cell stack comprising such a flow field plate and/or such a bipolar

plate or bipolar plate assembly.

[0002] Usually fuel cells are arranged in fuel cell stacks which are built by
stacking a plurality of repeating unit fuel cells between two end assembly units,
which hold the stacked cells together. In the fuel cell stack there are features for
distributing various fluids (reactants, cooling fluid) over the fuel cell stack. The
features are called manifolds and flow fields. The features conducting fresh
reactants and fresh cooling fluid are called inlet manifolds and the features
removing unused reactants and products as well as outgoing cooling fluids are
called outlet manifolds. For distributing the various fluids over active areas in the
fuel cell, flow fields are used which often comprise channel-like structures. The

active area of a fuel cell is defined as the area where the reactions take place.

[0003] The fuel cell stack further includes an oxidant inlet for supplying an
oxidant, preferably air, to the fuel cell cathodes and a fuel inlet for supplying fuel,
preferably a hydrogen containing fluid, to the fuel cell anodes and a cooling fluid
Inlet for supplying a cooling fluid to the cooling fluid channels. The fuel cell stack is
normally operated within a specified temperature interval to maximize efficiency

and/or durabillity.

[0004] The repeating fuel cell units comprise usually two sub-assemblies, namely
a 5-layer-membrane-electrode-assembly (5-layer MEA) and a bipolar plate
assembly. The 5-layer MEA comprises a membrane with two electrodes placed on
the two major surfaces of the membrane, a porous anode electrode on the anode
side and a porous cathode electrode on the cathode side. On each electrode, the

anode and the cathode, a gas diffusion layer, preferably made from a porous and
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electrically conductive material, is applied for conducting electricity and thermal
heat to and from the electrodes as well as supplying reactants to and removing
products from the electrodes. Besides the 5-layer MEA and the bipolar plate

assembly further features may be present, e.g. at least a sealing layer which is

adapted to seal the 5-layer MEA and the bipolar plate assembly.

[0005] The bipolar plate assembly comprises at least one flow field plate on
which channel-like structures are formed which create flow paths for leading
reactants from inlet manifolds to an active area of the fuel cell and unused
reactants and products from the active area to the outlet manifold. The bipolar
plate assembly further comprises a cooling fluid inlet manifold and a cooling fluid
flow field for supplying and distributing cooling fluid to the fuel cell. The heated

cooling fluid Is subsequently removed by a cooling fluid outlet manifold.

[0006] For the distribution of the cooling fluid in an effective way, it is known from
the state of the art, e.g. from PCT Application WO 2010/054744, to use flow field
plates, which are placed adjacent to each other and are adapted to form a space
between them for the distribution of the cooling fluid and to form a bipolar plate
assembly. On the both sides of each flow field plate, flow field structures are
arranged which are adapted to form fluid channels when the two fluid flow plates
are placed in contact with each other or when the flow field plates are placed in
contact with the gas diffusion layers of the respective 5-layer membrane electrode
assembly. The channels between the two flow field plates are used for distributing
a cooling fluid to the fuel cell stack for controlling the temperature of the fuel cell,

wherein the channels on the electrode facing sides are used for distributing

reactants.

[0007] Additionally, document WO 2010/054 744 discloses that cooling fluid
channels are arranged as a negative structure of the reactant channels and are
also already present at the reactant inlet manifold. Thereby, it is alleged that the
reactants are already influenced by the cooling fluid at their inlet manifold, which

enables a better cooling of the reactants.
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[0008] Disadvantageously, the cooling provided by the simple prolongation of the
cooling channels is not sufficient for controlling the temperature during situations,
where the anode gas and the cathode gas are significantly cooler or hotter than a
specified temperature range. This deviation in temperature can, if not carefully
controlled by additional components, be a problem for the fuel cell stack.
Moreover, insufficient cooling may result in the generation of hot spots in the fuel
cell, which in turn may result in an operation failure of the fuel cell stack.
Consequently, even with the suggested design of WO 2010/054744, additional
heat exchangers are necessary for controlling the temperatures of the reactants.

[0009] It is therefore object of the present invention to provide an effective
temperature control for a fuel cell, which allows for an omission of additional heat

exchangers.

[0010] This object is solved by a flow field plate, a bipolar plate assembly, and a

fuel cell or a fuel cell stack where cooling fluid id controlled in a particular manner.

[0011] The invention is based on the idea to provide a flow field plate for a bipolar
plate or a bipolar plate assembly of a fuel cell or a fuel cell stack having an
electrode facing front side and a backside, wherein the flow field plate comprises at
least a cooling fluid manifold for supplying cooling fluid to the flow field plate and

on its backside a cooling fluid flow field for substantially uniformly distributing the
cooling fluid over the backside of the flow field plate, wherein the flow field plate
further comprises a cooling fluid sub-manifold, which is adapted to provide cooling
fluid from the cooling fluid manifold to a cooling fluid flow field. Inventively, the
cooling fluid sub-manifold is fluidly disconnected from the cooling fluid flow field of

the own flow field plate.

[0012] That means the cooling fluid supplied to the cooling fluid sub-manifold of
the flow field plate does not supply cooling fluid to the own fluid flow field, but to a
fluid flow field of another flow field plate which is adapted to be placed adjacent to

the flow field plate. This design allows for an increased size and volume of the
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cooling fluid sub-manifold instead of the limited volume of the known channels

structure so that an efficient cooling may be provided.

[0013] Preferably, the flow field plate further comprises on its electrode front side
a reactant fluid flow field, which is preferably designed as a negative structure of
the cooling fluid flow field. Forming the fluid flow fields as negative structure allows
for a reduced thickness of the flow field plate, which In turn results in a desired

reduced size of the fuel cell stack.

[0014] Advantageously, the flow field plate may further comprise at least a first
reactant fluid manifold, which is fluidly connected to the reactant fluid flow field on
the electrode facing surface of the flow field plate and a second reactant fluid
manifold, which is fluidly disconnected from the reactant fluid flow field. When
placing the flow field plates adjacent to each other, this arrangement of reactant
manifolds allow for a distribution of the first reactant over the own fluid flow plate

and of the second reactant over the adjacently placed fluid flow plate.

[0015] Having in mind this arrangement of reactant manifolds, it is clear that the
cooling fluid sub-manifold is in fact enabled to cool the reactant fluids of the
adjacently placed flow field plate. It goes without saying that it is also possible to
heat the reactant fluids, provided the temperature of the cooling fluid is above the
temperature of the reactant fluid. With other words, if the flow field plate is used as
anode plate, the cooling fluid sub-manifold of the anode flow field plate is adapted
to cool the oxidant, preferably air, supplied to the cathode flow field plate. Vice
versa, the cooling fluid sub-manifold of the cathode plate is adapted to cool the
fuel, namely the hydrogen containing gas, supplied to the anode flow field plate.
Preferably, the cooling fluid sub-manifold provides a volume, which may be filled
with enough cooling fluid for providing the desired heat exchanging capacity,
which is necessary for controlling a temperature of the fuel cell even during
situations, where the temperature of the reactants Is outside the operation
temperature range of the fuel cell, as mentioned above. In the following this

situation is described as temperature critical situation.
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[0016] According to a further preferred embodiment, the cooling fluid sub-
manifold Is arranged between a second reactant manifold and the cooling fluid
flow field. Consequently, the cooling fluid sub-manifold is adapted to provide an

Increased and sufficient cooling/heating of the reactant.

[0017] According to a further preferred embodiment, a length of the cooling fluid
sub-manifold substantially extends at least over the width of the second reactant
sub-manifold. Thereby, the complete reactant sub-manifold may be temperature-

influenced by the cooling fluid.

[0018] It is further preferred, that a cross-section of the cooling fluid sub-manifold
IS reduced In size along a cooling fluid flow direction of the cooling fluid sub-
manifold. By this design it is ensured that the cooling fluid is distributed uniformly
to each structure of the cooling fluid flow field. Preferably, the cross-section is
reduced by about 10% to 90%, preferably by 20% to 80% and most preferred by
50% to 75%.

[0019] Consequently, a preferred shape of the cooling fluid sub-manifold Is a
tapered shape, e.g. the cooling fluid sub-manifold is wedge-shaped or boomerang-
shaped. Boomerang-shaped In this connection means an angled wedge-shaped
form. With this inventive design of the cooling fluid sub-manifold, a spread In the
flow velocity between the individual fluid distribution structures, e.g. the channel-
like structures or the channels, may be minimized. Preferably, the flow velocity
does not vary more than approximately 25 %, preferably approximately less than

20 % over the flow field plate.

[0020] As mentioned above, it is preferred to adapt the volume of the cooling fluid
sub-manifold so as to provide a desired heat exchanging capacity for the reactant
supplied by the second reactant manifold, I.e. of the reactant streaming through
the flow field structure of the respective other flow field plate, which preferably
allows for an increase/decrease in temperature up to 200°C, preferably in a range
of about 20°C to 120°C, most preferred of approximately 40°C, provided there Is

no phase transition in the fluid.
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[0021] According to a further preferred embodiment, the cooling fluid sub-
manifold further comprises at least one guiding structure for guiding the cooling
fluid in the cooling fluid sub-manifold. The guiding structures may be elongated
lands which are adapted to direct the cooling fluid over the whole length of the
cooling fluid sub-manifold and guide approximately the same amount of cooling
fluid to each channel-like flow field structure. The guiding structure may be further
used as support structure for keeping two adjacent plates in substantially the same

distance from each other.

[0022] According to a further preferred embodiment, the flow field plate further
comprises on its backside a first reactant sub-manifold which is fluidly connected
to the first reactant manifold and to the reactant fluid flow field on the front side of
the flow field plate, preferably by tunnel like openings in the flow field plate. This
arrangement allows for a uniform distribution of the reactant over the flow field

plate.

[0023] Advantageously, the first reactant fluid manifold and/or the first reactant
sub-manifold, and the second reactant fluid manifold and/or the second reactant
sub-manifold exhibit a substantially axial symmetric size and/or substantially axial
symmetric shape. Moreover, the flow field plate may exhibit a substantially

rotational symmetry, preferably concerning its centre of mass.

[0024] Since the fuel flow is usually smaller than the oxidant flow, it may be
advantageous to design flow field plates having an asymmetrical shape, where the
fuel manifolds are smaller than the oxidant manifolds. Moreover, also the fuel flow
fleld may be designed differently from the oxidant flow field, which results in a
different design for a flow field plate used as anode plate and a flow field plate
used as cathode plate. For example, the fuel flow field of the anode plate may
have fewer channel-like structures and/or the fuel channel-like structures may
have a reduced cross-section. Advantageously, adapting the fuel flow field plate to
the reduced fuel flow allows for smaller flow field plates, which in turn reduces the

overall size of the fuel cell stack. Additionally, the smaller cross-section of the
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channel-like structures in the fuel flow field and/or the fewer fuel channel-like
structures increase the fuel flow velocity to the same level as at the oxidant flow

velocity, so that water droplets may be efficiently removed.

[0025] However, even if there are good reasons for an asymmetrical shape, the
Inventors have inventively discovered that using a symmetrical flow field plate
allows for a more evenly distributed clamping force applied to each flow field plate
and consequently to the fuel cell stack. Besides that, a symmetrical design allows
for flipping the operation direction of the fuel cell, i.e. changing inlet and outlet, In
order to increase the fuel cell’s lifetime. This is due to the fact that usually the fuel
cell is more worn at the inlet side than at the outlet side due to temperature

differences and/or the dry gas.

[0026] Additionally, the tooling costs, the logistic costs and the storage costs may
be reduced as only one tool for producing flow field plates is necessary and only
one kind of flow field plates need to be handled and held on stock. It should be
also noted that since the tool produces substantially identical flow field plates, the

quality of a bipolar plate assembly Is increased.

[0027] According to a further aspect of the invention, a bipolar plate assembly is
provided which comprises at least a first flow field plate as mentioned above and a
second flow field plate as mentioned above, wherein preferably the first and the
second flow field plates are adapted to be arranged in contact to each other. It
goes without saying that the invention may also be used for bipolar plates having

flow field plates, which are separated by a further plate or layer.

[0028] The cooling fluid sub-manifolds and the cooling fluid flow fields of the first
and the second flow field plates are adapted to form channel-like cooling
structures for the cooling fluid. Inventively, the cooling fluid sub-manifold of the first
flow field plate i1s adapted to be fluidly connected to the cooling fluid flow field of
the second flow field plate and the cooling fluid sub-manifold of the second flow
fleld plate i1s adapted to be fluidly connected to the cooling fluid flow field of the first

flow field plate when the first and the second flow field plates are placed in contact
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with each other or contact an intermediate layer. As mentioned above, this design
allows that the cooling fluid sub-manifold may extend over the whole area of the
respective other reactant sub-manifold which in turn enables a sufficient cooling of
the respective reactants even during the above mentioned temperature critical

conditions.

[0029] Preferably, the first fluid flow plate is designed as cathode plate and the
second fluid flow plate is designed as anode plate, wherein preferably the cathode
plate has an oxidant manifold as first reactant fluid manifold, an optional oxidant
sub-manifold and/or an optional fuel sub-manifold, a fuel manifold as second fluid
manifold, and an oxidant flow field as reactant flow field for providing an oxidant,
preferably air, to the electrode facing side of the cathode plate. Respectively, the
anode plate has a fuel manifold as first reactant fluid manifold, an optional fuel
sub-manifold and/or an optional reactant sub-manifold, an oxidant manifold as
second reactant manifold, and a fuel flow field as reactant flow field for providing
fuel, preferably a hydrogen containing fluid, to the electrode facing side of the

anode plate.

[0030] According to a further aspect of the present invention, the volume of the
cooling fluid sub-manifold of the anode plate is adapted to provide a heat
exchanging capacity for the oxidant, preferably to the oxidant streaming through
the oxidant sub-manifold and/or the oxidant flow field. Analogously, the volume of
the cooling fluid sub-manifold of the cathode plate is adapted to provide a heat
exchanging capacity for the fuel, preferably for the fuel streaming through the fuel
sub-manifold and/or the fuel sub-manifold. Since, as mentioned above the cooling
fluid sub-manifold may be designed as space extending over the respective
reactant (sub-)manifold of the respective other plate, the heat exchanging capacity
may be adapted so that further temperature controlling devices, particularly heat

exchangers, for the reactants may be omitted.

[0031] As mentioned above, the cooling fluid sub-manifold of the cathode plate is
preferably adapted to be fluidly connected to the cooling fluid flow field of the

anode plate and the cooling fluid sub-manifold of the anode plate is adapted to be
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fluidly connected to the cooling fluid flow field of the cathode plate, preterably
when the cathode plate and the anode plate are placed in contact with each other
or contact the intermediate layer. Thereby, the above mentioned volume for the

cooling fluid sub-manifold may be provided.

[0032] According to a further preferred embodiment, the bipolar plate assembly is
shaped asymmetrically, wherein the fuel manifold is smaller than the oxidant
manifold and/or wherein the cooling fluid sub-manifold of the anode plate Is larger
than the cooling fluid sub-manifold of the cathode plate), and/or wherein the
oxidant flow field of the cathode plate comprises more channel-like structures than
the fuel flow field of the anode plate, and/or wherein a cross-section of the
channel-like structures of the fuel flow field of the anode plate is smaller than a
cross-section of the channel-like structures of the oxidant flow field of the cathode
plate. Thereby, a bipolar plate assembly comprising the above mentioned

advantages for an asymmetric flow field plate may be achieved.

[0033] According to a further preferred embodiment, the bipolar plate assembly is
designed symmetrically, wherein the fuel manifold and/or the fuel sub-manifold
and/or the fuel flow field is substantially equal sized to the oxidant manifold and /or
the oxidant sub-manifold and/or the oxidant flow field, and/or wherein the cooling
fluid sub-manifold of the anode plate is substantially equal sized to the cooling fluid
sub-manifold of the cathode plate. Thereby, a bipolar plate having the above

mentioned advantages of a symmetric flow field plate is achieved.

[0034] According to a further aspect of the invention, a fuel cell and/or a fuel cell
stack having at least one flow field plate as mentioned above and/or having at
least one bipolar plate and/or a bipolar plate assembly as mentioned above Is

disclosed.

[0035] Further advantages and/or preferred embodiments are described In the

description, the Figures and the attached claims.
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[0036] In the following the invention will be described in greater detail with
reference to the attached Figures. Thereby, It should be explicitly noted that the
embodiments shown In the Figures shall not be intended to limit the scope of the

iInvention. The scope of the invention is solely determined by the attached claims.

The Figures show:

Figure 1: a schematic view of a preferred embodiment for an inventive flow
fleld plate designed as cathode plate;

Figure 2: a schematic view of a preferred embodiment for an inventive flow
fleld plate designed as anode plate;

Figure 3: an enlarged schematic view of the oxidant manifold and oxidant sub-
manifold of the preferred embodiment shown in Fig. 1
a) from the backside and
b) from the front side;

Figure 4 a schematic view of a further preferred embodiment for an inventive
flow field plate; and

Figure 5: a schematic view of the flow pattern created when an inventive
anode flow field plate and an inventive cathode flow field plate are

placed in contact.

[0037] In the following same or similarly acting elements are indicated by the

same reference numerals.

[0038] In general, a fuel cell stack is built by stacking a plurality of repeating fuel
cell units between two end assembly units that hold the stacked cells together.
The repeating fuel cell units comprise mainly two sub-assemblies, namely a 5-
layer membrane electrode assembly (5-layer MEA) and a bipolar plate assembly.
Optionally, a sealing layer may be arranged between the 5-layer MEA and the
bipolar plate assembly sealing both main components. The sealing layer may also

be an integral part of the 5-layer MEA and/or of the bipolar plate assembly.

[0039] The 5-layer MEA comprises a membrane electrode assembly covered on

both sides by a gas diffusion layer. The membrane electrode assembly itself
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comprises a membrane with two electrodes, an anode and a cathode, placed on
the two major surfaces of the membrane. The anode (electrode) and the cathode
(electrode) are covered by the gas diffusion layers, which are usually made from a
porous and electrically conducting material and are adapted to conduct electricity
and thermal heat to and from the electrodes as well as to supply the reactants to
and to remove products from the electrodes. The electrodes, the membrane and

the gas diffusion layers form the 5-layer membrane electrode assembly (5-layer
MEA).

[0040] In a fuel cell stack, a bipolar plate or a bipolar plate assembly separates
two of the above described 5-layer MEAs. Thereby, the bipolar plate has an anode
facing side and a cathode facing side. The anode facing side is placed in contact
with the gas diffusion layer covering the anode of the first 5-layer MEA, and the
cathode facing side Is placed in contact with the gas diffusion layer covering the

cathode of the second 5-layer MEA.

[0041] The bipolar plate or bipolar plate assembly itself may comprise a single
plate or two and more plates which are placed in contact with each other. On the
electrode facing sides of the bipolar plate, channel-like fluid distribution structures
are arranged which form channels or channel-like structures for the reactants,
when placed in contact with the respective gas diffusion layers. The channel-like
flow field structures on the electrode sides of the bipolar plate/the bipolar plate
assembly ensure a uniform distribution of the reactants to the active areas of the

electrodes.

[0042] A bipolar plate assembly usually comprises at least two flow field plates,

an anode flow field plate facing the anode side of the first 5-layer MEA and the

cathode flow field plate facing the cathode of the second 5-layer MEA.

[0043] Usually, the bipolar plate and/or the flow field plates are made from a
material with good electrical and thermal conduction properties with no or
negligible permeabillity of gases or liquids. Additionally, the plates may be coated

with a material having good electrical and thermal conduction properties for further
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Improving the electrical and thermal conductivity. As mentioned above, channel-
like structures or channels are formed In the bipolar plate or the flow field plates to
create flow paths for leading reactants from a reactant inlet manifold to the active
area and unused reactants and product water from the active area to the reactant

outlet manifold.

[0044] In the bipolar plate assembly comprising at least two flow field plates a
region for distributing cooling fluid for removal of the produced heat is created
when the two flow field plates are placed in contact with each other. For the
distribution of the cooling fluid, the flow field plates usually comprise on their
backsides a cooling fluid flow field comprising channel-like structures for uniformly

distributing the cooling fluid over the flow field plate.

[0045] Fig. 1 and Fig. 2 depict schematically the backsides of a cathode flow field
plate 100 (Fig. 1) and an anode flow field plate 200 (Fig. 2).

[0046] The cathode flow field plate (cathode plate) 100 and the anode flow field
plate (anode plate) 200 both comprise a cooling fluid inlet manifold 102, 202 anad
an oxidant inlet manifold 104, 204 as well as a fuel inlet manifold 106 and 206.
When the backsides of both flow field plates 100, 200 are placed in contact with
each other, the inlet manifolds 102, 202, 104, 204, and 106 and 206 are forming
respective common manifolds. On the backside of the flow field plates 100, 200
cooling fluid flow fields 110, 210 are formed. The cooling fluid flow fields 110, 210
comprise channel-like structures 111, 211 for distributing the cooling fluid

uniformly over the flow field plates.

[0047] The Figures further depict an oxidant sub-manifold 114 at the cathode
plate 100 and fuel sub-manifold 214 at the anode plate 200. It should be noted that
it Is also possible that the fuel sub-manifold 214 may only be formed in the
cathode plate 100 and/or the oxidant sub-manifold 114 may be only formed In the
anode plate. On the other hand, it is also possible that each flow field plate, the
cathode plate and the anode plate, comprise both an oxidant sub-manifold 114,

215 and a fuel sub-manifold 214, 115. It goes without saying that also an
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asymmetrical design Is possible, where the oxidant sub-manifold 114,215 is
formed In both flow field plates, but the fuel sub-manifold 214 Is only formed In one

of the flow field plates or vice versa.

[0048] As depicted in Fig. 1, the cathode plate 100 further comprises a cooling
fluid sub-manifold 112 which extends along the whole length of the fuel sub-
manifold 214 (see Fig. 2). Further, the cooling fluid sub-manifold 112 is adapted to
be fluidly connected to the flow field 210 of the anode plate 200 in an area

Indicated with reference numeral 213.

[0049] Analogously, the anode plate 200 has a cooling fluid sub-manifold 212
which extends along the whole length of the oxidant sub-manifold 114 and Is
adapted to connect the cooling fluid flow field 110 of the cathode plate 100 in an

area which Is indicated by reference numeral 113.

[0050] For guiding the cooling fluid in the cooling fluid sub-manifold 112, 212
guiding structures 108, 208 may be provided which are designed in the
embodiment of Fig. 1 and 2 as elongated lands. Besides guiding the cooling fluid
in the cooling fluid sub-manifold 112, 212, the guiding structures 108, 208 may
provide a support for the respective other flow field plate when the flow field plates
are placed in contact with each other. It goes without saying that, besides the
llustrated design of the guiding structures, the guiding structures may have any
other shape, which is adapted to provide at least one of the above mentioned

features.

[0051] Aside from the distribution of the cooling fluid to the cooling fluid flow field
110, 210, the cooling fluid sub-manifold 112, 212 is further adapted to cool or heat
the respective reactant of the other flow field plate 200, 100, thereby providing a
temperature control for the fuel cell. That means the cooling fluid sub-manifold 112
of the cathode plate 100 is adapted to control the temperature of the fuel
streaming from fuel manifold 106 to fuel sub-manifold 214 and further to the anode
side of the anode plate 200. The same applies for the cooling fluid sub-manifold

212 on the anode plate 200, which is adapted to control the temperature of the
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oxidant streaming from oxidant manifold 204 to oxidant sub-manifold 114 and

further to the cathode side of the cathode plate 100.

[0052] Fig. 3 depicts the backside (Fig.3a) and the front side (Fig. 3b) of a
cathode plate 100 in enlarged detail. Thereby, Fig. 3a shows the backside of the
cathode plate 100 with oxidant manifold 104 and cathode sub-manifold 114. As
can be seen in Fig. 3a the oxidant sub-manifold 114 further comprises a plurality
of tunnel-like openings 116 which extend to the front side of the cathode plate 100
(see Fig. 3b). The tunnel-like openings 116 are adapted to guide the oxidant
entering the backside of the cathode plate 100 at oxidant sub-manifold 114 to the
front side and further to an oxidant flow field 118 comprising channel-like
structures 120, which form oxidant flow channels, when the cathode plate is
placed in contact with the gas diffusion layer of the cathode side of the 5-layer
MEA. The oxigdant fluid flow field 118 and the cooling fluid flow field 110 are

preferably designed as negatives of each other.

[0053] Even if not illustrated by a figure, the anode plate 200 may analogously
comprise tunnel-like openings, which are adapted to guide fuel entering the
backside of the anode plate 200 at fuel sub-manifold 214 to the anode facing side

and further to channel-like structures of a fuel flow field.

[0054] By designing the cooling fluid flow fields 110, 210 as negatives of the
respective reactant flow field 118, it iIs ensured that the flow field plate 100, 200
may be made very thin which in turn decreases the overall size of the fuel cell

stack.

[0055] As further depicted Iin Figs. 1 and 2 the cooling fluid sub-manifold 112, 212
provides a decreasing cross-section in direction of the flow direction of the cooling
fluid in the cooling fluid sub-manifold 112, 212 (see arrow). The reduction In the
cross-section ensures a uniform flow distribution over the coolant fluid flow fields
110, 210. Preferably, the reduction is of approximately 10% to 90%, preferably
20% to 80% and most preferred 50% to 75%. Additionally, the reduced cross-

section facilitates a more compact design of the cooling fluid manifold and the
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reactant manifold area of the bipolar plates. Advantageously, the total volume of
the cooling fluid sub-manitold is adapted so that the heat exchanging capacity is
sufficiently large for influencing the reactants. Preferably, the volume Is adapted so
that the reactants may be cooled or heated approximately for up to 200°C,
preferably in a range of about 20°C to 120 °C, most preferred of approximately

40°C, provided there is no phase transition in the fluid.

[0056] As can be seen, the cooling fluid sub-manifolds 112, 212 of Fig. 1 and Fig.
2 have a different length in the depicted embodiments. Since the fuel flow is
usually smaller than the oxidant flow, the fuel inlet manifold 106, 2060 may be made
smaller than the oxidant inlet manifold 104, 204. This is particularly useful when
fuel cells are used which operate on pure hydrogen which has a low viscosity.
Even with the smaller fuel inlet manifold 106, 206 the pressure drop is not
iIncreased. Additional a smaller fuel manifold 106, 206 allows for a smaller overall

size of the flow field plate 100, 200 which results in a more compact design.

[0057] Additionally, since the flow at the anode side Is usually smaller than the
flow at the cathode side, the flow fields are ordinarily designed thereto. For
example, the anode plate 200 may have fewer channel-like structures, or the
cross-sections of the channel-like structures are adapted to the expected fuel flow
In order to increase the fuel flow velocity to approximately the same level as the

oxidant flow velocity so that water droplets are efticiently removed.

[0058] Besides the depicted designs in Figs. 1, 2 and 3 it is also possible to
design the cathode and anode plates 100, 200 symmetrically. The cathode
manifold 104 and 204 and the anode manifold 106 and 206 and the respective
sub-manifolds 114, 214 are then substantially equally sized. In this embodiment
also the cooling fluid sub-manifolds 112 and 212 are substantially equally sized. A

symmetrical flow field plate is schematically depicted in Fig. 4.

[0059] The symmetrical design of the flow field plates 100, 200 has the
advantage that tooling costs or manufacturing costs are reduced since both plates

may be tooled on the same stamping tool. Thereby, also flow field plates having a
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higher quality may be produced as the flow field plates are substantially identical.
Further, having symmetrically designed flow field plates enables for a more evenly
distributed clamping pressure on the bipolar plates. Additionally, the symmetrical
design enables for an increase In lifetime of the fuel cell stack, since the operation
direction of the fuel cell stack may be reversed after a predetermined operation
period. Usually, the fuel cell is more worn at the inlet side than at the outlet side
due to temperature differences and/or the dry gas. By reversing the operation
direction after a certain operation time the wear may be distributed more evenly to

all parts of the fuel cell.

[0060] Regardless whether the anode plate and the cathode plate 100, 200 are
designed symmetrically or asymmetrically, the length of the coolant fluid sub-
manifolds 112, 212 is preferably greater or equal to the reactant sub-manifolds
114, 214, respectively. Thereby, areas with sub-optimal cooling are avoided,
where the temperature will increase and may lead to a failure of the fuel cell due to
hot spots. Preferably, the cooling fluid sub-manifolds 112, 212 are oriented such
that the flow of the cooling fluid in the cooling fluid sub-manifold 112, 212 is

substantially normal to the flow of the reactant from the reactant sub-manifold 114,
214.

[0061] When placing the cathode plate 100 and anode plate 200 in contact with
each other, the inventive flow field structures create a flow pattern as illustrated in
Fig. 5. The created flow pattern allows for a distribution of the cooling fluid velocity
between individual cooling channels over the direction x (see Fig. 5) to vary not
more than approximately 20%, preferably approximately 15%, if the average
velocity Is in the range of approximately 0.30 m/s to 0.60 m/s preferably 0.40 m/s
to 0.50 m/s. Consequently, one important feature of the design of the cooling fluid
sub-manifold 112, 212 is to minimize the spread In the flow velocity between the
iIndividual flow channels of the cooling flow field. This is inventively achieved by the
reduced cross-section of the cooling fluid sub-manifold 112, 212 and the optional
guiding structures 108, 208. However, besides the illustrated shape, the cooling
fluid sub-manifold 112, 212 may have any other shapes substantially providing at

least one of the above discussed features.
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[0062] Generally, with this invention the utilization of the active area of each fuel
cell unit is maximized. In this invention a thin formed metal bipolar plate assembly
may be created with an efficient flow distribution without the need of extra insert or
an additional plate. This increases the volumetric power density of the fuel cell
stack, reduces the complexity of the fuel cell stack assembly and increases its cost
effectiveness. Further, the cooling fluid sub-manifold is adapted to provide a
cooling and/or heating area having a sufficient heat exchanging capacity for the
reactants, which may eliminate the need for additional heat exchangers. Thereby,
the volumetric power density of the fuel cell system may be increased and the
systems costs may be reduced. The invention also allows for the usage of
symmetrical flow field plates, which decrease the tooling investment cost and
creates a substantially even contact pressure distribution within a fuel cell stack,

thereby decreasing the risk of fluid leakage.
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Reference numerals:
100 cathode plate — first flow field plate
200 anode plate — second flow field plate

102, 202 cooling fluid manifold

104, 204 oxidant manifold

100, 206 fuel manifold

108; 208 cooling fluid guiding structures

110, 210 cooling fluid flow field

111, 211 channel-like structures for the cooling fluid
112, 212 cooling fluid sub-manifold

113, 213 cooling fluid sub-manitold contact area
114, 215 oxidant sub-manifold

214, 115 fuel sub-manifold

1106 tunnel-like openings

118 oxidant/tuel flow field

120 channel-like structures for the oxidant/fuel
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Claims:

1. Flow field plate (100; 200) for a bipolar plate or bipolar plate assembly of a fuel
cell or a fuel cell stack, having an electrode facing front side, a backside and at least
a cooling fluid manifold (102; 202) for supplying cooling fluid to the flow field plate
(100; 200), wherein the backside comprises a cooling fluid flow field (110; 210) for
distributing the cooling fluid over the flow field plate (100; 200), the flow field plate
(100; 200) further comprises a cooling fluid sub-manifold (112; 212) which is adapted
to distribute cooling fluid from the cooling fluid manifold (102; 202) to a cooling fluid
flow field (210; 110),

characterized in that

the cooling fluid sub-manifold (112; 212) is fluidly disconnected from the cooling fluid
flow field (110; 210) of the flow field plate (100; 200).

2. . Flow field plate (100; 200) according to claim 1, wherein the flow field plate
(100; 200) comprises on its electrode facing front side a reactant fluid flow field (118),

which is designed as negative structure of the cooling fluid flow field (110; 210).

3. Flow field plate (100; 200) according to claim 1 or 2, wherein the flow field
plate (100; 200) further comprises at least a first reactant fluid manifold (104; 204;
106; 206) which is fluidly connected to the reactant fluid flow field (118) and a second
reactant fluid manifold (104; 204:106; 206), which is fluidly disconnected from the

reactant fluid flow field (118) on the electrode facing surface of the flow field plate
(100; 200).

4. Flow field plate (100; 200) according to claim 3, wherein the flow field plate
(100; 200) comprises on its backside a first reactant sub-manifold (114; 214) which is
fluidly connected to the first reactant manifold (104; 206) and to the reactant fluid flow

field (118) on the electrode facing surface of the flow field plate (100; 200).

5. Flow field plate (100; 200) according to claim 3 or 4 comprises on its backside
a second reactant sub-manifold (115; 215), which is fluidly connected to the second
reactant manifold (204; 106).

CA 2874053 2017-10-19
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6. Flow field plate (100; 200) according to claim 4 or 5, wherein the first reactant
sub-manifold (114; 214) is fluidly connected to the first reactant manifold (104; 206)
and to the reactant fluid flow field (118) on the electrode facing surface of the flow
field plate (100; 200) by tunnel-like openings (116) in the flow field plate (100; 200).

7 Flow field plate (100; 200) according to any one of claims 3 to 6, wherein any
of the first reactant fluid manifold (104; 204; 106; 206), the first reactant sub-manifold
(114; 214), the second reactant fluid manifold (104; 204; 106; 206) and the second
reactant sub-manifold (114; 214), exhibit an axial-symmetric shape.

8. Flow field plate (100; 200) according to any one of claims 3 to 7, wherein the
flow field plate (100; 200) exhibits a rotational symmetry concerning the centre of

Mass.

9. Flow field plate (100; 200) according to any one of claims 3 to 7, wherein the
cooling fluid sub-manifold (112; 212) is arranged in an area (113, 213) between the
second reactant manifold (104; 204,106, 206) and the cooling fiuid flow field (110;
210).

10.  Flow field plate (100; 200) according to claim 7, wherein a length of the cooling
fluid sub-manifold (112; 212) substantially extends at least over the length of the
second reactant fluid sub-manifold (114; 214).

11.  Flow field plate (100; 200) according to any one claim of claims 1 to 10,
wherein a cross-section of the cooling fluid sub-manifold (112; 212) is reduced along

a cooling fluid flow direction in the cooling fluid sub-manifold (112; 212).

12.  Flow field plate (100; 200) according to claim 11, wherein the cross-section of
the cooling fluid sub-manifold (112; 212) is reduced by 10% to 90%.

13. Flow field plate (100; 200) according to claim 11, wherein the cross-section of
the cooling fluid sub-manifold (112; 212) is reduced by 20% to 80%.

CA 2874053 2017-10-19



21

14.  Flow field plate (100, 200) according to claim 11, wherein the cross-section of
the cooling fluid sub-manifold (112; 212) is reduced by 50% to 75%.

15.  Flow field plate (100; 200) according to any one of claims 11 to 14, wherein
the cooling fiuid sub-manifold (112; 212) has a tapered shape.

16.  Flow field plate (100; 200) according to claim 15, wherein the cooling fluid sub-

manifold (112; 212) is of a wedge-shape or boomerang-shape.

17.  Flow field plate (100; 200) according to any one of the claims 3 to 16, wherein
length, width and depth of the cooling fluid sub-manifold (112; 212) are designed to
provide a predetermined cooling fluid flow velocity in at least one of the cooling fluid

sub-manifold and the cooling fluid flow field.

18. Flow field plate (100; 200) according to any one of claims 3 to 17 wherein
length, width and depth of the cooling fluid sub-manifold (112; 212) are designed to
provide a predetermined heat exchanging area between the cooling fluid and the

reactant supplied by the second reactant manifold (104; 204; 106, 206).

19.  Flow field plate according to any one of claims 1 to 18, wherein the cooling
fluid sub-manifold (112; 212) further comprises at least one cooling fluid guiding
structure (108, 208).

20.  Bipolar plate assembly for a fuel cell or a fuel cell stack comprising at least a
first flow field plate (100) according to any one of claims 1 to 19 and a second flow
field plate (200) according to any one of claims 1 to 19, wherein the first and the
second flow field plates (100; 200) are adapted to be arranged adjacent to each
other, so that the cooling fluid flow fields (110; 210) of the first and second flow field
plates (100; 200) are adapted to form channel-like structures for the cooling fluid,
characterized in that

the cooling fluid sub-manifold (112) of the first fiow field plate (100) 1s adapted to be
fluidly connected to the cooling fluid flow field (210) of the second flow field plate
(200) and the cooling fluid sub-manifold (212) of the second fluid flow plate is
adapted to be fluidly connected to the cooling fluid flow field (110) of the first fiow
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field plate (100), when the first and the second flow field plates (100; 200) are placea

INn contact with each other.

21.  Bipolar plate assembly according to claim 20, wherein the first flow field plate
(100) is designed as cathode plate and the second flow field plate (200) is designed
as anode plate, wherein the cathode plate (100) has an oxidant manifold (104) as
first reactant fluid manifold and an oxidant flow field (118) as reactant flow field, for

providing an oxidant to the electrode facing side of the cathode plate (100).

22. Bipolar plate assembly according to claim 20 or 21, wherein the anode plate
(200) has a fuel manifold (206) as first reactant fluid manifold and a fuel flow field as

reactant flow field, for providing fuel to the electrode facing front side of the anode
plate (100).

23. Bipolar plate assembly of a fuel cell or a fuel cell stack, having a cathode plate
(100) with an oxidant flow field (118) on a cathode facing front side and a cooling
fluid flow field (110) on a backside, and an anode plate (200) with a fuel flow field on
an anode facing front side and a cooling fluid flow field (210) on a backside, wherein
the cathode plate (100) and the anode plate (200) further comprise at least

a cooling fluid manifold (102; 202) for supplying cooling fluid to the bipolar plate and
a coOIing fluid sub-manifold (112; 212) for distributing the cooling fluid to the cooling
fluid flow field (110; 210);

an oxidant manifold (104; 204) for providing oxidant to the bipolar plate assembly and

an oxidant sub-manifold (114) for distributing the oxidant to the oxidant flow field
(118), and

a fuel manifold (106; 206) for providing fuel to the bipoiar plate assembly and a fuel
sub-manifold (214) for distributing fuel to the fuel flow field;

characterized in that

the cooling fluid sub-manifold (212) of the anode plate (200) is designed as space
extending substantially over a length of the oxidant sub-manifold and the cooling fluid
sub-manifold (112) of the cathode plate (100) is designed as space extending

substantially over a length of the fuel sub-manifold.
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24.  Bipolar plate assembly according to claim 23, wherein the cooling fluid sub-
manifold (112) of the cathode plate (100) is adapted to be fluidly connected to the
cooling fluid flow fieid (210) of the anode plate (200) and the cooling fluid sub-
manifold (212) of the anode plate (200) is adapted to be fluidly connected to the
cooling fluid flow field (110) of the cathode plate (100).

25.  Bipolar plate assembly according to claim 23, wherein the cooling fluid sub-
manifold (112) of the cathode plate (100) is adapted to be fluidly connected to the
cooling fluid flow field (210) of the anode plate (200) and the cooling fluid sub-
manifold (212) of the anode plate (200) is adapted to be fluidly connected to the
cooling fluid flow field (110) of the cathode plate (100), when the cathode plate (100)

and anode plate (200) are placed in contact with each other.

26. Bipolar plate assembly according to any one of claims 20 to 25, wherein the

cathode plate (100) is a flow field plate according to any one of the claims 1 to 19.

27. Bipolar plate assembly according to any one of claims 20 to 26, wherein the

anode plate (200) is flow field plate according to any one of the claims 1 to 19.

28. Bipolar plate assembly according to any one of claims 21 to 27, wherein the
oxidant is air and the fuel is a hydrogen containing fluid.

29.  Bipolar plate assembly according to any one of claims 21 to 28, wherein the
fuel manifold (106; 206) is smaller than the oxidant manifold (104; 204).

30. Bipolar plate assembly according to any one of claims 21 to 29, wherein the
cooling fluid sub-manifold (212) of the anode plate (200) is larger than the cooling
fluid sub-manifold (112) of the cathode plate (100).

31.  Bipolar plate assembly according to any one of claims 21 to 30, wherein the

oxidant flow field comprises more channel-like structures than the fuel flow field.
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32. Bipolar plate assembly according to any one of claims 21 to 31, wherein a
cross-section of the channel-like structures of the fuel flow field is smaller than a

cross-section of the channel-like structures of the oxidant flow field.

33. Bipolar plate assembly according to any one of claims 21 to 32, wherein the
anode plate (200) is substantially identical to the cathode plate (100).

34. A fuel cell stack having at least one flow field plate (100; 200) according to any

one of claims 1 10 19.

35. A fuel cell stack having a bipolar plate assembly according to any one of
claims 20 to 33.

CA 2874053 2017-10-19
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