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FUEL CELL ASSEMBLY 

Field of the Invention 

The present invention relates to fuel cell technology and more particularly to an 

open-cathode proton exchange membrane fuel cell (PEMFC) assembly. 

5 Background of the Invention 

Open-cathode proton exchange membrane (PEM) fuel cells have a simple 

construction and minimal balance of plant. Such fuel cells operate in ambient air 

and are thus less costly and complex and consume less parasitic power than close-

cathode fuel cells, which require the provision of oxidant flow channels and external 

10 oxidant supply systems. 

However, in high power operations, heat management of open-cathode PEM 

fuel cells is an issue, particularly for compact fuel cell stacks, as large quantities of 

heat are generated in small and limited spaces. 

Efficient and even cooling is required for stable operation of fuel cells. 

15 Accumulated heat dries up proton conductive membranes and results in high ohmic 

losses and a deteriorated power output. Uneven thermal distribution irreversibly 

damages the membranes and compromises the durability of the fuel cells. 

It is therefore desirable to have a fuel cell assembly that can be cooled 

effectively and that operates with a substantially uniform thermal distribution. 

20 Summary of the Invention 

Accordingly, in a first aspect, there is provided a fuel cell assembly including a 

first endplate, a second endplate, a plurality of separator plates provided between 

the first and second endplates, and a plurality of fuel cells forming a fuel cell stack, 

each of the fuel cells being provided between adjacent ones of the separator plates. 

25 A plurality of oxidant flow channels is formed in the separator plates. The oxidant 
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flow channels define a first flow passage. Each of the fuel cells has an active area. 

A portion of the separator plates extends beyond the active area of the fuel cells to 

define a second flow passage at a downstream portion of the first flow passage. 

Other aspects and advantages of the invention will become apparent from the 

5 following detailed description, taken in conjunction with the accompanying drawings, 

illustrating by way of example the principles of the invention. 

Brief Description of the Drawings 

Embodiments of the invention will now be described, by way of example only, 

with reference to the accompanying drawings, in which: 

10 FIG. 1 is a partial cutaway view of a fuel cell assembly in accordance with one 

embodiment of the present invention; 

FIG. 2 is an enlarged schematic partial cutaway view of a fuel cell provided 

between adjacent ones of a pair of separator plates in accordance with one 

embodiment of the present invention; 

15 FIG. 3 is an enlarged schematic cross-sectional view of the fuel cell and the 

separator plates of FIG. 2; 

FIG. 4 is a front perspective view of a fuel cell assembly in accordance with 

another embodiment of the present invention; 

FIG. 5 is a partial cutaway rear perspective view of the fuel ceil assembly of 

20 FIG. 4; 

FIG. 6A is a thermogram of a conventional fuel cell assembly; 

FIG. 6B is a thermogram of a fuel cell assembly in accordance with one 

embodiment of the present invention; 
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FIG. 7 is a graph comparing a current density of a fuel cell assembly in 

accordance with one embodiment of the present invention against that of a 

conventional fuel cell; and 

FIG. 8 is a graph comparing a power density of a fuel cell assembly in 

5 accordance with one embodiment of the present invention against that of a 

conventional fuel cell. 

Detailed Description of Exemplary Embodiments 

The detailed description set forth below in connection with the appended 

drawings is intended as a description of presently preferred embodiments of the 

10 invention, and is not intended to represent the only forms in which the present 

invention may be practiced. It is to be understood that the same or equivalent 

functions may be accomplished by different embodiments that are intended to be 

encompassed within the scope of the invention. 

Referring now to FIG. 1, a partial cutaway view of a fuel cell assembly 10 is 

15 shown. The fuel cell assembly 10 includes a first endplate 12, a second endplate 

14, a plurality of separator plates 16 provided between the first and second 

endplates 12 and 14 and a plurality of fuel cells 18 forming a fuel cell stack 20. 

Each of the fuel cells 18 has an active area and is provided between adjacent ones 

of the separator plates 16. A plurality of oxidant flow channels 22 is formed in the 

20 separator plates 16. In the present embodiment, a fuel inlet 24 is formed in the first 

endplate 12 and a fuel outlet (not shown) is formed in the second endplate 14. A 

plurality of fuel flow channels 26 (partially shown) connecting the fuel inlet 24 to the 

fuel outlet is formed within the fuel cell stack 20. 

The oxidant flow channels 22 define a first flow passage. As can be seen from 

25 FIG. 1, a first portion 28 of the separator plates 16 extends beyond the active area 

of the fuel cells 18 to define a second flow passage at a downstream portion of the 

first flow passage. In the present embodiment, a second portion 30 of the separator 
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plates 16 extends beyond the active area of the fuel cells 18 towards an upstream 

portion of the first flow passage. 

An exhaust chamber 32 is provided downstream of the first and second flow 

passages. The exhaust chamber 32 is defined in a frame 34 abutting the first 

5 portion 28 of the separator plates 16. A flow directing device 36 is received in the 

frame 34 and is arranged to draw a flow of fluid through the first and second flow 

passages. 

The fuel cell assembly 10 of the present embodiment is of an open-cathode 

design. Individual ones of the fuel cells 18 are stacked together between the first 

10 and second endplates 12 and 14 to form an open-cathode fuel cell stack 20. 

The separator plates 16 include a central portion that is in contact with the 

individual fuel cells 18 and forms an active zone with the fuel cells 18. In the 

present embodiment, the first and second portions 28 and 30 of the separator plates 

16 extending beyond the active area of the fuel cells 18 are formed as a plurality of 

15 radiating fins 28 and 30, respectively, and have therefore a special radiating 

function. Open spaces are present between adjacent ones of the radiating fins 28 

and 30 due to an absence of the active zone. Depending on the required 

application, a length ratio of the radiating fins 28 and 30 to the active area of the fuel 

cells 18 may be between about 1 : 3 and about 1:15. In one embodiment, a length 

20 ratio of the radiating fins 28 and 30 to the active area of the fuel cells 18 is about 1 : 

6. To facilitate conduction of heat generated in the active zone to the radiating fins 

28 and 30 and then to the air flowing through, the separator plates 16 are made of a 

material with good thermal conductivity. The material from which the separator 

plates 16 are made is preferably also corrosion resistant and electrically conductive. 

25 In preferred embodiments, the separator plates 16 are formed of graphite, a carbon-

containing composite or a plurality of corrugated metal sheets. In the present 

embodiment, the radiating fins 28 and 30 are integrally formed with the central 

portion of the separator plates 16. Advantageously, this allows manufacture of the 

fuel cell assembly 10 with pre-existing fuel cell manufacturing equipment and 
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reduces implementation costs by doing away with the need to provide additional 

new equipment for the manufacture of the fuel cell assembly 10. Although 

illustrated as extending both downstream and upstream of the first flow passage, it 

should be understood by those of ordinary skill in the art that the present invention is 

5 not limited to fuel cell assemblies with separator plates extended on both sides of 

the fuel cell stack 20. In an alternative embodiment, the separator plates 16 may 

extend only towards the downstream portion of the first flow passage. 

Referring now to FIG. 2, an enlarged schematic partial cutaway view of one of 

the fuel cells 18 provided between adjacent ones of a pair of separator plates 16 is 

10 shown. As can be seen from FIG. 2, the single fuel cell 18 is sandwiched between a 

pair of separator plates 16. A portion of one of the separator plates 16 is cutaway to 

show the single cell 18. The area with the single cell 18 is the active zone where 

electrochemical reactions take place during cell operation. The portion 28 of the 

separator plates 16 extending beyond the active zone forms the radiating fins 28. In 

15 the embodiment shown, the separator plates 16 are corrugated metal sheets having 

a plurality of parallel grooves 38. The grooves 38 provide airflow channels between 

adjacent layers of the fuel cell stack 20. In the present embodiment, the separator 

plates 16 are formed with open grid-like superstructures to facilitate air access while 

simultaneously providing cell compression and current collection. 

20 Referring now to FIG. 3, an enlarged schematic cross-sectional view of the fuel 

cell 18 and the separator plates 16 of FIG. 2 is shown. As shown in FIG. 3, the fuel 

cell 18 includes a catalyst coated membrane (CCM) 40 provided between a first gas 

diffusion layer (GDL) 42 and a second gas diffusion layer 44. An anode plate 46 is 

provided between one of the separator plates 16 and the second gas diffusion layer 

25 44. The anode plate 46 contacts the separator plate 16 on a first side and the 

second gas diffusion layer 44 on a second side. The oxidant flow channels 22 are 

formed in the separator plates 16 adjacent the first gas diffusion layer 42 and the 

anode plate 46. In the present embodiment, a plurality of through holes 48 is 

formed in surfaces of the separator plates 16 contacting a cathode side of the fuel 

30 cells 18. 
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The oxidant flow channels 22 serve as conduits for airflow through the fuel cell 

stack 20. The airflow provides oxidant for fuel cell reactions and also carries away 

heat generated in the fuel cells 18. 

The anode plate 46 separates the fuel from the oxidant, provides cell 

5 compression and has a current collecting function. 

The provision of the through holes 48 in the separator plates 16 at the portions 

contacting the first gas diffusion layer 42 helps promote oxidant distribution. More 

particularly, the oxidant in the oxidant flow channels 22 passes through the through 

holes 48 to the first gas diffusion layer 42 and this promotes the electrochemical 

10 reactions occurring at the cathode side of the fuel cell 18. 

Fuel is supplied to the second gas diffusion layer 44 via a plurality of fuel flow 

channels. The fuel is distributed through the porous medium of the second gas 

diffusion layer 44 and is split into protons and electrons at the catalyst sites of the 

catalyst coated membrane 40. The protons pass through the membrane 40 and 

15 combine with the oxidant from the oxidant flow channels 22 that is diffused in the 

first gas diffusion layer 42 to form water. The electrons pass through a current 

collector and external circuitry and electricity is thus generated. 

Referring again to FIG. 1, the fuel is supplied to the fuel cell stack 20 via the 

fuel inlet 24. In one embodiment, the fuel that is supplied to the fuel cell stack 20 is 

20 hydrogen. Although described in the present embodiment as being provided on 

different endplates, it should be understood by those of ordinary skill in the art that 

the present invention is not limited by the positioning of the fuel inlet 24 and the fuel 

outlet. The fuel inlet 24 and the fuel outlet may be provided on the same endplate in 

an alternative embodiment. 

25 As shown in FIG. 1, the exhaust chamber 32 is formed in the frame 34 

provided at the downstream portion of the first flow passage. In one embodiment, 

the exhaust chamber 32 is a vacuum chamber. 
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The flow directing device 36 is held in the frame 34 and is employed to draw or 

suck air through the oxidant flow channels 22 to provide oxidants for the 

electrochemical reactions occurring at the active zone of the fuel cells 18. The flow 

of air through the oxidant flow channels 22 also helps remove heat generated during 

5 the electrochemical reactions. Because a second flow passage is provided, air is 

also taken in at the first portion 28 of the separator plates 16 when the flow directing 

device 36 is in use. More particularly, when the flow directing device 36 is operated 

in a suction mode, a negative pressure is formed within the exhaust chamber 32 

and air is drawn through both the first and second flow passages. Air that is taken 

10 in through the first flow passage passes through the second portion 30 of the 

separator plates 16, the oxidant flow channels 22 and then through the first portion 

28 of the separator plates 16 into the exhaust chamber 32. Air that is taken in 

through the second flow passage passes through the open space around the first 

portion 28 of the separator plates 16 and then into the exhaust chamber 32. The 

15 airflow through the first flow passage provides oxidants to the fuel cells 18 and 

removes heat generated in the active zone. The airflow through the second flow 

passage provides additional cooling to the radiating fins 28 when the air passing 

through comes in contact with the fin surfaces. The secondary airflow helps with the 

establishment of a uniform thermal distribution along the active zone as the airflow 

20 through the first flow passage becomes hotter as it passes through the active zone 

and is therefore unable to cool a downstream portion of the fuel cell stack 20 as 

effectively compared to an upstream portion of the fuel cell stack 20 on its own. In 

one embodiment, the flow directing device 36 is an axial fan. 

Advantageously, heat removal from the fuel cell stack 20 of the fuel cell 

25 assembly 10 is by direct heat conduction via the airflows through the first and 

second flow passages. Direct heat conduction as a cooling means is more effective 

than heat removal via radiation alone. 

Further advantageously, although the total volume of airflow is increased in the 

present embodiment, the power consumption of the flow directing device 36 is not 

30 however increased. This is attributed to a decrease in flow resistance in the oxidant 
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flow channels 22 when a secondary airflow is taken in through the open space 

around the radiating fins 28. 

Referring now to FIGS. 4 and 5, a fuel cell assembly 100 in accordance with 

another embodiment of the present invention is shown. The fuel cell assembly 100 

5 includes a first endplate 102, a second endplate 104, a plurality of separator plates 

106 provided between the first and second endplates 102 and 104 and a plurality of 

fuel cells 108, each of the fuel cells 108 being provided between adjacent ones of 

the separator plates 106 and having an active area. Individual ones of the fuel cells 

108 are stacked together between the first and second endplates 102 and 104 to 

10 form an open-cathode fuel cell stack 110. A plurality of oxidant flow channels 112 is 

formed in the separator plates 106. In the present embodiment, a fuel inlet 114 and 

a fuel outlet 116 are formed in the first endplate 102. A plurality of fuel flow 

channels 118 (partially shown) connecting the fuel inlet 114 to the fuel outlet 116 is 

formed within the fuel cell stack 110. 

15 The oxidant flow channels 112 define a first flow passage. As shown in FIGS. 

4 and 5, a first portion 120 of the separator plates 106 extends beyond the active 

area of the fuel cells 108 to define a second flow passage at a downstream portion 

of the first flow passage. In the present embodiment, a second portion 122 of the 

separator plates 106 extends beyond the active area of the fuel cells 108 towards 

20 an upstream portion of the first flow passage. In the present embodiment, the first 

and second portions 120 and 122 of the separator plates 106 extending beyond the 

active area of the fuel cells 108 are formed as a plurality of radiating fins 120 and 

122, respectively. 

An exhaust chamber 124 is provided downstream of the first and second flow 

25 passages. The exhaust chamber 124 is defined in a frame 126 abutting the first 

portion 120 of the separator plates 106. A flow directing device 128 is received in 

the frame 126 and is arranged to draw a flow of air through the oxidant flow 

channels 112 and the open spaces around the radiating fins 120. 
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In the embodiment shown, the radiating fins 120 and 122 are formed as a 

plurality of protrusions 120 and 122 on respective edges of the separator plates 106. 

The protrusions 120 and 122may be slender slices that extend from the respective 

edges of the separator plates 106. Within the active zone of the fuel cell stack 110, 

5 the oxidant flow channels 112 are formed on the surface of the separator plates 

106. 

The fuel cell assembly 100 of the present embodiment operates in a like 

manner to the fuel cell assembly 10 of the earlier embodiment. When the flow 

directing device 128 is operated in a suction mode, a first airflow passes through the 

10 radiating fins 120 and 122 and the oxidant flow channels 112 to provide oxidant to 

the active zone and carry out the heat generated. At the same time, a second 

airflow enters the exhaust chamber 124 through the spaces between the radiating 

fins 120 and provides additional cooling to the fuel cell stack 110. Accordingly, a 

detailed description of the operation of the fuel cell assembly 100 is not required for 

15 a complete understanding of the present invention. 

Referring now to FIGS. 6A and 6B, the thermal performance of a fuel cell in 

accordance with an embodiment of the present invention was investigated by 

experimentation. The experiment involved building a conventional open-cathode 

fuel cell and providing the conventional fuel cell with an axial fan to draw air through 

20 the oxidant flow channels. A fuel cell in accordance with an embodiment of the 

present invention was also built using the same materials and this was also 

provided with the same type of axial fan. The fuel cell in accordance with an 

embodiment of the present invention differed from the conventional fuel cell in that 

the former was formed with radiating fins on the separator plates and provided with 

25 a vacuum chamber defined within the frame in which the axial fan is received. The 

length ratio of the radiating fins to the active zone of the fuel cells was 1 : 6. Both 

the conventional fuel cell stack and the fuel cell stack in accordance with an 

embodiment of the present invention had a length of 55 millimetres (mm), a width of 

45 mm and a height of 65 mm. After 10 minutes (min) of stable operation, the 

30 thermal distribution of both fuel cells was imaged and the results are shown in FIGS. 
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6A and 6B. FIG. 6A is a thermogram of the conventional fuel .cell assembly and 

FIG. 6B is a thermogram of the fuel cell assembly in accordance with one 

embodiment of the present invention. 

As is evident from FIG. 6A, the thermal distribution in the conventional fuel cell 

5 is uneven. A cool zone with temperatures of between about 39 degrees Celsius 

(°C) and about 42 °C was observed upstream of the oxidant flow channels and a hot 

zone with temperatures up to about 52 °C was observed downstream of the oxidant 

flow channels. This shows that the air taken in is heated up in the active zone and 

is incapable of cooling the downstream portion of the oxidant flow channels 

10 effectively and thus the thermal distribution in the conventional fuel cell is uneven. 

Uneven thermal distribution is known to adversely affect the performance and 

durability of fuel cell assemblies. 

In contrast, the thermal distribution along the oxidant flow channels of the fuel 

cell stack in accordance with an embodiment of the present is relatively even as 

15 shown in FIG. 6B. This shows that the air taken in at both ends of the separator 

plates cools the fuel cell stack effectively to achieve a relatively even thermal 

distribution of around 48 °C along the whole active zone of the fuel cell stack. 

Referring now to FIGS. 7 and 8, a second experiment was performed to 

investigate the electrical performance of a fuel cell assembly in accordance with an 

20 embodiment of the present invention. Again, two fuel cell stacks were built with the 

same materials. Each stack contained fifteen (15) single cells. In the conventional 

fuel cell stack, the functional area of each fuel cell was 16 square centimetres (cm2). 

In the fuel cell stack in accordance with an embodiment of the present invention, the 

functional area of each fuel cell was 12 cm2 as some of the space was taken up by 

25 the radiating fins. The length ratio of the radiating fins to the active zone of the fuel 

cells was 1 : 6. Both fuel cell assemblies were operated under ambient conditions 

without additional cooling. Hydrogen was supplied at a pressure of 40 kilopascals 

(kPa) and the fan was powered at 5 watts (W). 
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The results of the second experiment are shown in FIGS. 7 and 8. All the 

experimental data have been normalized through active area and per cell voltage. 

FIG. 7 is a graph comparing a current density of the fuel cell assembly in 

accordance with one embodiment of the present invention against that of the 

5 conventional fuel cell. FIG. 8 is a graph comparing a power density of the fuel cell 

assembly in accordance with one embodiment of the present invention against that 

of the conventional fuel cell. The experimental results of the fuel cell assembly in 

accordance with one embodiment of the present invention are indicated by solid 

lines and that of the conventional fuel cell are indicated by dashed lines. 

10 As can be seen from FIGS. 7 and 8, the power output of both stacks is 

comparable despite the differences in the functional areas. In fact, the output power 

densities of the fuel cell assembly in accordance with one embodiment of the 

present invention are noticeably better than that of the conventional fuel cell. At the 

same per cell voltage, the fuel cell assembly in accordance with one embodiment of 

15 the present invention achieves a higher output current density and a higher power 

density. The differences are even more apparent at normal working voltages. The 

better performance of the fuel cell assembly in accordance with one embodiment of 

the present invention is attributed to the effective cooling and even thermal 

distribution produced by the dual-airflow capability of the fuel cell assembly in 

20 accordance with one embodiment of the present invention. 

As is evident from the foregoing discussion, the present invention provides an 

open-cathode fuel cell assembly with dual-airflow capability. The upstream air 

intake passing through the active zone of the fuel cells provides oxidants and helps 

to cool the fuel cells. The downstream air intake provides additional cooling and 

25 helps to achieve uniform thermal distribution within the fuel cell stack. 

Advantageously, this improves the stability and durability of the fuel cell stack. The 

fuel cell assembly of the present invention is suitable for portable power applications 

where power density is critical. 
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While preferred embodiments of the invention have been illustrated and 

described, it will be clear that the invention is not only limited to the described 

embodiments. Numerous modifications, changes, variations, substitutions and 

equivalents will be apparent to those skilled in the art without departing from the 

5 scope of the invention as described in the claims. 

Further, unless the context dearly requires otherwise, throughout the 

description and the claims, the words "comprise", "comprising" and the like are to be 

construed in an inclusive as opposed to an exclusive or exhaustive sense; that is to 

say, in the sense of "including, but not limited to". 
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CLAIMS 

1. A fuel cell assembly, comprising: 

a first endplate; 

5 a second endplate; 

a plurality of separator plates provided between the first and second endplates; 

a plurality of oxidant flow channels formed in the separator plates, the oxidant 

flow channels defining a first flow passage; and 

a plurality of fuel cells forming a fuel cell stack, each of the fuel cells being 

10 provided between adjacent ones of the separator plates, 

wherein each of the fuel cells has an active area and wherein a portion of the 

separator plates extends beyond the active area of the fuel cells to define a second 

flow passage at a downstream portion of the first flow passage. 

15 2. The fuel cell assembly of claim 1, wherein the portion of the separator plates 

extending beyond the active area of the fuel cells comprises a plurality of radiating 

fins. 

3. The fuel cell assembly of claim 2, wherein a length ratio of the radiating fins to 

20 the active area of the fuel cells is between about 1 : 3 and about 1:15. 

4. The fuel cell assembly of claim 3, wherein the length ratio of the radiating fins 

to the active area of the fuel cells is about 1:6. 

25 5. The fuel cell assembly of claim 2, wherein the radiating fins comprise a 

plurality of protrusions on respective edges of the separator plates. 

6. The fuel cell assembly of claim 1, wherein a second portion of the separator 

plates extends beyond the active area of the fuel cells towards an upstream portion 

30 of the first flow passage. 
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7. The fuel cell assembly of claim 1, further comprising a plurality of through 

holes formed in surfaces of the separator plates contacting a cathode side of the 

fuel cells. 

5 8. The fuel cell assembly of claim 1, wherein the separator plates comprise one 

of graphite, a carbon-containing composite and a plurality of corrugated metal 

sheets. 

9. The fuel cell assembly of claim 1, further comprising an exhaust chamber 

10 provided downstream of the first and second flow passages. 

10. The fuel cell assembly of claim 9, wherein the exhaust chamber is defined in a 

frame abutting the portion of the separator plates defining the second flow passage. 

15 11. The fuel cell assembly of claim 10, wherein a flow directing device is received 

in the frame and arranged to draw a flow of fluid through the first and second flow 

passages. 
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