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NOVEL FUEL-CELL-FLOW-FIELD DESIGN
WITH IMPROVED FLOW UNIFORMITY

FIELD OF THE INVENTION
[0001] This invention generally relates to fuel cells and, more particularly, to flow fields

for fuel cells.

DESCRIPTION OF THE RELATED ART

[0002] Fuel cells are widely known and used for generating electricity in a variety of
applications. A typical fuel cell utilizes reactant gases, such as hydrogen and oxygen, to generate
an electrical current. Typically, the fuel cell includes adjacent flow fields that each receives a
reactant gas. Each flow field distributes the reactant gas to an adjacent gas distribution layer to a
respective anode catalyst layer or a cathode catalyst layer adjacent an electrolyte layer to
generate the electrical current. The electrolyte layer can be any layer that effectively transports
ions, but does not conduct electrons. Some example fuel-cell electrolytes include: alkaline
solutions (e.g., KOH), proton-exchange membranes (PEM) phosphoric acid, and solid oxides.

[0003] A typical flow field includes open, or parallel, channels that have fully open inlets
and fully open outlets. A reactant gas entering though the channel diffuses through the gas
distribution layer toward the catalyst. The open channels allow relatively unrestricted reactant
gas flow and thereby produce a relatively low reactant gas pressure drop. However, the
concentration of the reactant gases within the catalyst layers is low relative to the concentration
in the channels, as required for a diffusive flux where the driving force for species flow is a
concentration gradient. This low reactant concentration lowers the performance of the fuel cell
relative to what would be obtained if the concentration was closer to that in the channels.

[0004] Another type of flow field includes entrance channels interdigitated with exit
channels. Channels with fully open inlets and fully closed outlets are alternated with channels
that have fully closed inlets and fully open outlets. These alternating channels force a reactant
gas entering the open-entrance channels to flow through the gas distribution layer in order to exit
the cell through an adjacent open-exit channel. In this case, the concentration of the reactant
gases within the catalyst layers is closer to the reactant concentration in the channels due to the

forced flow through the gas distribution layer and the cell performance is typically better than
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with open, parallel channels. However, the pressure drop is higher with interdigitated channels
due to forcing the flow through the gas distribution layer, which is much more restrictive to gas
flow than open channels.

[0005] Another type of flow field is a combination of the two described above where the
interdigitated channels are partially open or closed instead of fully open or closed, as taught in
U.S. Patent Application 20080292938, which is assigned to the same entity and incorporated
herein.

[0006] Uniform reactant flow across the active area of the cell is desirable, since this will
this will result in a more uniform reaction rate across the active area of the cell (i.e., a more
uniform current density distribution) and improve the overall performance of the cell. Some fuel
cells have manifolds/inlets that direct reactant to the fuel cell flow field in a more uniform
manner. Some flow fields have channels with variable depth and/or cross-sectional area to help

normalize flow within a fuel cell field.

SUMMARY

[0007] This invention addresses a need for improved reactant flow distribution among
channels in a fuel cell flow field.

[0008] One exemplary device for use in a fuel cell includes a flow field in which an
interdigitated field varies placement of blockages, which may be full or partial, to homogenize
flow in all portions of the field. By homogenizing flow, each channel of the field is used most
efficiently thereby increasing the efficiency of the overall fuel cell.

[0009] One exemplary method for equalizing reactant flowing through a fuel cell field
includes the steps of controlling the flow that enters each channel of a fuel cell flow field by
placing at least one at least partial blockage in at least one channel such that flow tends to
normalize in each said channel in said flow field and said channels are at least partially
interdigitated. If the blockages are placed properly, flow through each channel approaches
average for flow through all channels.

[0010] Another exemplary method of equalizing reactant flow through a fuel cell flow
field includes the steps of analyzing flow that enters each channel of a fuel cell flow field,
placing blockages in a channel in which flow is above average and removing blockages in

channels in which flow is below average.
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[0011] The above examples are not intended to be limiting. Additional examples are
described below. The various features and advantages of this invention will become apparent to
those skilled in the art from the following detailed description. The drawings that accompany the

detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The various features and advantages of the disclosed examples will become
apparent to those skilled in the art from the following detailed description. The drawings that
accompany the detailed description can be briefly described as follows.

[0013] Figure 1 illustrates an example fuel cell.

[0014] Figure 2 illustrates an example flow field plate.

[0015] Figure 3 illustrates a flow distribution portion of the flow field plate.

[0016] Figure 4 illustrates another example flow distribution portion of a flow field plate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] Figure 1 illustrates a partially exploded view of selected portions of an example
fuel cell 10 for generating an electric current in a known electrochemical reaction between
reactant gases, for example. It is to be understood that the disclosed arrangement of the fuel cell
10 is only an example and that the concepts disclosed herein may be applied to other fuel cell
arrangements.

[0018] The example fuel cell 10 includes one or more fuel cell units 12 that may be
stacked in a known manner to provide the assembly of the fuel cell 10. Each of the fuel cell units
12 includes an electrode assembly 14 and flow field plates 16a and 16b for delivering reactant
gases (e.g., air and hydrogen) to the electrode assembly 14. The flow field plate 16a may be
regarded as an air plate for delivering air and the flow field plate 16b may be regarded as a fuel
plate for delivering hydrogen. The flow field plate 16a, flow field plate 16b, or both may also
circulate coolant (in coolant channels) for maintaining a desired operating temperature of the fuel
cell 10 and hydrating the reactant gases indirectly by maintaining the electrode assembly 14 in a

desired temperature range.
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[0019] The electrode assembly 14 includes an electrolyte 18 between a cathode catalyst
20a and an anode catalyst 20b. Gas diffusion layers 22 may be used between the respective flow
field plates 16a and 16b and the electrode assembly 14 to facilitate distribution of the reactant
gases.

[0020] The flow field plates 16a and 16b may be substantially similar. Thus, the
disclosed examples made with reference to the flow field plate 16a may also apply to the flow
field plate 16b. In other examples, the flow field plate 16b may be different or include some of
the same features as the flow field plate 16a.

[0021] The flow field plate 16a includes a non-porous plate body 30. Non-porous refers
to the body being solid and free of pores that are known in porous plates for holding or
transporting liquid water or other fluids. Thus, the non-porous plate body 30 is a barrier to fluids.

[0022] The non-porous plate body 30 includes reactant gas channels 32 and coolant
channels 34. The reactant gas channels 32 are located on a side of the flow field plate 16a that
faces in the direction of the electrode assembly 14 in the fuel cell unit 12 and the coolant
channels 34 are located on the opposite side of the flow field plate 16a.

[0023] The flow field plate 16a may be stamped or otherwise formed into the desired
shape. In this regard, positive features on one side of the flow field plate 16a are negative
features on the other side, and vice versa. Stamping allows the flow field plate 16a to be made at
a relatively low cost with a reduced need for machining operations, for example. The flow field
plate 16a may be formed from steel, such as stainless steel, or other suitable alloy or material.

[0024] Figure 2 illustrates one side of the flow field plate 16a. It is to be understood that
the other side is the negative of the visible side. The channels 32 and 34 include inlets 42 for
receiving a fluid (reactant gas or coolant) and outlets 44 for discharging the fluid. Optionally, the
reactant gas channels 32 may include obstructions 45 in some of the channel inlets 42 and
channel outlets 44. The obstructions 45 may completely block the given channel inlets 42 and
channel outlets 44 such that the reactant gas channels 32 are interdigitated. Alternatively, the
obstructions 45 may partially block (see 47 in Fig. 4) the given channel inlets 42 and channel

outlets 44 such that the reactant gas channels 32 are partially interdigitated.
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[0025] The flow field plate 16a extends between a first terminal end 36 and a second
terminal end 38 of the non-porous plate body 30 and includes flow fields 40 (one shown). The
term “flow field” as used in this disclosure may refer to any or all of the channels 32 and 34 for
delivering the air, fuel, and coolant and any other area between the channels 32 and 34 and
manifolds for transporting the air, fuel, or coolant. The reactant gas channels 32 may be regarded
as a flow field for the reactant gas (e.g., air in the case of flow field plate 16a and fuel in the case
of flow field plate 16b) and the coolant channels 34 may be regarded as a flow field for coolant.

[0026] The flow fields 40 may each include a first flow distribution portion 50 and a
second flow distribution portion 52. The flow fields of the reactant gases are active areas that are
side by side with the electrode assembly 14, for delivering the reactant gases to the electrode
assembly 14 for the electrochemical reaction. Thus, the first flow distribution portion 50 and the
second flow distribution portion 52 are also side by side with a portion of the electrode assembly
14. In the illustrated example, the first flow distribution portion 50 diverges from the first
terminal end 36 to the channel inlets 42, and the second first flow distribution portion 52
converges from the channel outlets 44 to the second terminal end 38.

[0027] The flow field plate 16a includes another first flow distribution portion 50 and
another second flow distribution portion 52 (as the negative) on the back side of the flow field
plate 16a for distributing the coolant to and from the coolant channels 34.

[0028] In the illustrated example, the flow field plate 16a has an irregular octagonal
shape to achieve the divergent and convergent shape. However, the shape is not limited to
octagonal, and in other examples the flow field plate 16a may have a different polygonal shape
or a non-polygonal shape, such as elliptical, to achieve the divergent and convergent shape.

[0029] The first flow distribution portion 50 and the second flow distribution portion 52
may each include a straight end wall 54 and two straight side walls 56 that non-perpendicularly
extend from the straight end wall 54. The angle between the side walls 56 and the end wall 54
provides the respective diverging or converging shape. The angles shown may be varied,

depending on a desired degree of divergence or convergence.
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[0030] The diverging and converging shapes of the respective first flow distribution
portion 50 and second flow distribution portion 52 facilitate distribution of a fluid to the given
flow field 40. For instance, the flow of a fluid delivered into the first flow distribution portion 50
follows along the side walls 56 to the outer channels near the edges of the flow field plate 16a. If
the side walls 56 were perpendicular to the straight end wall 54, the fluid would not flow
smoothly near the corner and flow into the outer channels would be inhibited. By sloping the
side walls 56 relative to the end wall 54 to create a divergent shape, the first flow distribution
portion 50 more uniformly distributes the fluid to the channels. Likewise, the second flow
distribution portion 52 converges and thereby funnels the fluid flowing from the channels to
facilitate collection of the fluid.

[0031] The fuel cell 10 also includes manifolds 60, 62, 64, 66, 68, and 70 to deliver and
collect reactant gas and coolant to and from the flow fields 40. The manifolds 60 and 64 are
located near the side walls 56 of the first flow distribution portion 50, and the manifold 62 is
located near the end wall 54. The manifolds 66 and 70 are located near the side walls 56 of the
second flow distribution portion 52, and the manifold 68 is located near the end wall 54.

[0032] The individual manifolds 60, 62, 64, 66, 68, and 70 may be used as inlets for
delivering the fuel, air, or coolant to a given flow field 40 or as outlets for collecting the fuel, air,
or coolant from the given flow field 40 to facilitate fluid distribution or achieve other fuel cell
objectives.

[0033] Referring also to Figure 2, the first flow distribution portion 50, the second flow
distribution portion 52, or both may include a flow guide 78 that establishes a desired flow
distribution between a given manifold 60, 62, 64, 66, 68, and 70 and the channels. For example,
the flow guide 78 may include protrusions 80 within the first flow distribution portion 50 and/or
second flow distribution portion 52. The shape of the protrusions 80, arrangement of the
protrusions 80, or both, may contribute to establishing the desired flow distribution by limiting
flow to or from selected reactant gas channels 32 and promoting flow to or from other of the
reactant gas channels 32. Given this description, one of ordinary skill in the art will recognize

and design particular shapes and arrangements to suit their particular needs.
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[0034] The protrusions 80 may have a non-equiaxed cross-sectional shape, with long
axes L and short axes S. In the given example, the long axes L of the protrusions 80 in the first
flow distribution portion 50 diverge towards the sides of the field 40, 42 and the long axes L of
the protrusions 80 in the second flow distribution portion 52 converge towards the manifold 68.
The protrusions 80 are generally arranged in rows, but other arrangements are contemplated. In
this example, the protrusions 80 have an oval cross-section. In other examples, the protrusions 8§80
may have other non-equiaxed or equiaxed cross-sectional shapes.

[0035] While the protrusions 80 in the first flow distribution portion 50 are intended to
distribute the flow to the channels 32 and 34 equally, the flow rate in the first flow distribution
portion 50 tends to form an unequal flow pattern as indicated by illustrative bar line 84 (see Figs.
3 and 4), in this case a bell curve (see Fig. 3). The bar line 84 is illustrative only because
protrusions 80 may have other shapes, manifold 62 may have other shapes and the back pressure
at field 40 may be shaped differently because the second flow distribution portion 52 may also
have different shapes and differently shaped protrusions 80. In this pattern the higher flow rates
tend to be in the center channels of the field 40.

[0036] Flow through the fuel cell 10 caused by the first flow distribution portion 50 (and
any backpressure caused by the second flow distribution portion 52) by using pressure or flow
sensors 86 placed in channels 32 to determine flow passing from the first flow distribution
portion 50 to the channels. Once flow is determined, blockages are placed in the channels to
encourage flow where it is lower and to discourage flow where flow is higher.

[0037] The blockages 45 placed in the channels 32, 34 and assisting the interdigitation
process may be either partial or complete and are placed to homogenize or normalize flow in
each channel. If the flow is not homogenized or normalized, flow through the channels is not
equal and the fuel cell will not operate at peak efficiency. The fuel cell may also not get enough
moisture entrained in a reactant flow and therefore dry-out and perform under specification. The
fuel cell may also require more parasitic power to push the flow through the channels and

decrease the efficiency of the fuel cell.
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[0038] Therefore, the blockages in this embodiment are placed within the channels to
essentially oppose the shape of the bar line 84 by making it harder to get through the channels
that would get more flow and making it easier to flow through other channels that get less flow.
Because the pressure drop in a channel increases as that channel elongates, the blockages are
placed to shorten the channels that get too much flow and maintain a lower pressure drop that
causes the flow to migrate to the longer channels that need more flow and have a higher pressure
drop.

[0039] Referring to Figure 3, bar line 84 is roughly mirrored by imaginary line linking
the blockages 45. Note also that some channels 88 may have more than one blockage to tune the
flow through a channel. Note that the blockages 45 depicted in Fig, 3 are all complete
blockages.

[0040] Referring now to Figure 4, the shape of the bar line 84 shows a “two-humped
camel” that is off center. The blockages 45 are arranged similarly in concept to Figure 3 to
oppose the flow — see imaginary line 92. Note that some of the blockages are partial blockages
47. Please also note that a channel need not have a blockage 94 to encourage flow therethrough.

[0041] It will be appreciated by one skilled in the art that the goal is to make the reactant
flow, and thereby the reactant concentration, as uniform as possible in the catalyst layers, 20a
and 20b. Due to the varying degree of interdigitation in the different channels the reactant
concentration in these layers may vary even if the flow in each channel is uniform. Ideally, the
current density of the cell should be uniform as possible, so the current density distribution
across the active area of the cell can also be used as part of the method to optimize the cell
design. The current density distribution can be measured by using segmented current collectors,
as has been described in the open fuel cell literature.

[0042] Although a combination of features is shown in the illustrated examples, not all of
them need to be combined to realize the benefits of various embodiments of this invention. In
other words, a system designed according to an embodiment of this invention will not
necessarily include all of the features shown in any one of the Figures or all of the portions
schematically shown in the Figures. Moreover, selected features of one example embodiment

may be combined with selected features of other example embodiments.
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[0043] The preceding description is exemplary rather than limiting in nature. Variations
and modifications to the disclosed examples may become apparent to those skilled in the art that
do not necessarily depart from the essence of this invention. The scope of legal protection given

to this invention can only be determined by studying the following claims.
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CLAIMS

We claim:

1. A device for use in a fuel cell, comprising:

a plurality of interdigitated channels,

a reactant flow distribution for entering at least one of said channels and,
at least one obstruction member that blocks at least a portion of said distribution through at least
one of said channels such that said distribution in each said channel tends to equalize with that of

other said channels.

2. The device as recited in Claim 1 wherein said at least one obstruction member partially

obstructs at least one said channel.

3. The device as recited in Claim 1 wherein said device further comprises an inlet through

which said reactant gas flow distribution flows.

4. The device as recited in Claim 3 wherein a shape of a plurality of said obstruction

members mirrors a shape of said inlet.

5. The device as recited in Claim 1 wherein a shape of a plurality of said obstruction

members mirrors a shape of an inlet through which said reactant gas flow distribution flows.

6. The device as recited in Claim 1 wherein a shape of a plurality of said obstruction
members mirrors a shape of said reactant gas flow distribution to at least partially offset said

shaped distribution of flow through said channel.

7. The device as recited in Claim 1 wherein at least one channel has no blockages.

10
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8. A method for distributing flow in a fuel cell, comprising:
determining flow of a reactant in a plurality of channels in a field,
placing at least one at least partial blockage in at least one channel such that flow tends to

normalize in each said channel in said field and said channels are interdigitated.

9. The method of claim 8 in which said flow has a shaped-distribution as it enters said field.

10. The method of claim 9 further comprising:
placing a plurality of said at least one obstruction member is said at least one channel to
mirror said shaped-distribution to at least partially offset said shaped distribution of flow through

said channel.

11. The method of claim 9 further comprising:

not placing a blockage in at least one channel.
12. The method of claim 8 in which said field has an inlet and further comprising:
placing a plurality of said obstruction members in said channel to mirror a shape of said

inlet.

13. The method of claim 8 in which the current density distribution across said cell is used to

optimize the placement of said blockages in said channels.

11
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14. A method for distributing flow in a fuel cell, comprising:
determining flow of a reactant in a plurality of channels in an interdigitated field, and

placing at least one at least partial blockage in a channel in which flow in said channel

exceeds flow in other channels.
15. The method of claim 14, further comprising:

removing at least one at least partial blockage in a channel in which flow in said channel

is lower than flow in other channels.

12
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