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ABSTRACT

The performance of the proton Exchange membrane fuel cells depends on a lot of physical and chemical factors
including the operation conditions, transport phenomena inside the cell and kinetics of the electrochemical
reactions, membrane electrode assembling (MEA) But the design of the flow channels is one of the most
important factors affecting the performance of fuel cells. The homogeneous distribution of the reactive gases
over the flow fields channels and catalyst surface, it leads to improve the chemical reactions and thus to
improve the performance of the cell. The aim of this work is to review the most important results conducted in
recent years related to the effect of the different geometric design parameters of the flow fields channels on the
overall performance of a PEMFC.
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INTRODUCTION

Fuel cells have been emerging as an alternative power source that are environmentally friendly and are more
efficient than many generators and engines. The main advantage of using fuel cells as power sources is that it
converts the chemical energy in the fuel cell directly to electrical energy. This direct conversion of energy
allows for higher possible system efficiencies than engines. As the number of power generators using fossil fuel
energy increases in all applications, the necessity for alternatives to the internal-combustion engine become even
more obvious [1] . The efficiency of fuel cells is higher than the internal combustion engine and the only by-
products are water and heat, fuel cells are considered as prominent power sources for the future. [2]

TYPES OF FUEL CELL

There are different types of fuel cells classified mainly by the type of the electrolyte used. They are proton
exchange membrane fuel cells (PEMFCs), alkaline fuel cells (AFCs), phosphoric acid fuel cells (PAFCs),
molten carbonate fuel cells (MCFCs), and solid oxide fuel cells (SOFCs). The operating temperature of fuel cell
depends on the electrolyte that used in the fuel cell. The applications of fuel cells can be classified into portable
power, transportation, and stationary uses. Among the above five types of fuel cells, the PEMFC operating at
low temperature has proved its potential for wide applications , also we must be referring that PEMFC fuel cell
has another advantage such as there are easy implementation ,soundness of the system, longer lifetime, low
emission and high power density when compared with other types of fuel cell [3],[4].

COMPOUNDS OF FUEL CELL

In general , fuel cell consist of two electrodes (anode and cathode ) and electrolyte between them, each of
electrodes consist of flow field plates ,gas diffusion layers (GDL) and catalyst layer shown in figure (1). The
flow field plates, usually the most outer layer of the fuel cell, are responsible for distributing reactant gases
evenly throughout the cell, removing excess water efficiently, and supplying a conduction route for the electrons
from the external circuit. The GDL has a similar function to the flow field plate as the GDL further distributes
reactant gases to the active sites on the catalyst layer, whilst facilitating the removal of water and providing and
conductive path for electrons. The difference between the GDL and flow field plates is that the GDL is made of
a porous carbon paper (or woven carbon cloth) that has been impregnated with a hydrophobic agent,
Polytetraflouroethelyne (PTFE). PTFE makes some of the pores hydrophobic which causes them to repel water
and allow a constant path for reactant gases to travel through. The catalyst used for PEMFC applications is
platinum and allows for reaction of the hydrogen (proton) and oxygen to occur, providing a driving force that
creates the electrical current. The electrolyte membrane is a fluorinated polymer that has been treated [5] to
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allow for proton conductivity and prevent electrons passing through. In general, the most popular membrane is
Nafion® designed by DuPont. As a proton conductive membrane, Nafion® is partially hydrophilic and requires
a certain amount of water saturation to function properly. Thus, there is a very fine balance to remove only the
excess water from the catalyst area and not dry out the membrane. [6]
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Figure 1. fuel vell and flow field

BIPOLAR PLATES

In general, the flow field plates have a significant effect on the improvement fuel cell performance and lifetime.
They responsible for distributing reactant gases, removing excess water efficiently, and also giving a conduction
route for the electrons from the external circuit [16] .

Bipolar plates are plates that having flow fields on both sides of the plate i.e. one side of flow fields as the anode
side and the other side as the cathode side. The other names of bipolar plates are separator plates due to separate
two cells, so the connection of many fuel cells in series refer to the fuel cell stacks. Also , we must be referring
that the bipolar plate cost, weight and volume in fuel cell have significant effect on the stack performance due to
it constitutes more than 60% of the weight and over 30% of the overall cost in a fuel cell stack, so that the
develop of the fabrication techniques, flow field layouts and selection metals are required for economic
advantages and high performance [17-20].

The operation conditions (pressure drop and fluid flow distribution ) in any designs for flow field channel of
PEMFC fuel cell have a significant effects on the performance and the lifetime of the fuel cell .So the uniform
flow distributions and low pressure drop are require for any designs in the fuel cell to achieve that the reactant
gases arrive along the electrode surface area and that lead to achieve the reaction in all catalyst that found in
electrode ,while the low pressure drop referring to the low losses happen when the reactant gases flow through
channels from inlet plate to the outlet plate because of the high pressure drop occur when the loss happened as
the friction loss or as the flow through the bends or others those lead to the non-uniform flow distribution and
form accumulation water droplet. So the pressure losses using to overcome on these disadvantages.
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REQUIREMENTS OF BIPOLAR PLATES

The necessary requirements in a bipolar plate are; a)- The ability to uniformly distribute the reactant gases over
the special active electrode surfaces , b) Structurally strong , ¢) Cheap material and low cost for manufacturing
bipolar plate d) Good corrosive resistance towards acids and bases , and e) High electrical conductivity, high
thermal conductivity and high gas impermeability [17],[20],[33][34].

FLOW FIELD DESIGN OF FUEL CELL

The flow fields design are one of the important obstacles to the spread of fuel cells, because of these flow
fields have a significant effect on the flow distribution and pressure variation in PEMFC that lead to effect on
the performance of fuel cell.. The PEMFC performance is generally based on energy efficiency and power
density in studying. Despite of all the research and development efforts, the design of the flow fields and bipolar
plate remain one of the important issues for cost reduction and performance improvement of PEM fuel cell. In
general there are different types of the flow field layout design such as; pin-type, parallel/straight type , single
and multiple serpentine flow fields and interdigitated flow fields ,and spiral type [17],[20],[33]. Bellow involves
the principle work of most types of flow field design according to advantages , disadvantages and the flow
through these channels;

PIN-TYPE FLOW FIELD

The first type of flow field layout design is pin type. In this type these pins are usually circular or cubical in
cross-section. In this type the reactant gases flow through grooves around pins. It was found in this type the
reactants flow through the paths with least resistance that lead to form stagnant areas and low reactant pressure
drop , so the non-uniform reactant distribution and decreased water removal that lead to reduce fuel cell
performance [17],[20],[33]. The figure (2) pins type flow field
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Figure 2. a [35] & b [37] pin type flow field.

PARALLEL/STRAIGHT FLOW FIELD

Generally the parallel flow field can be classified into two kinds are Z-type and U-type according to the outlet
flow rate of reactant gases, while the inlet is same . First the Z-type flow field in this type the inlet flow rate in
one side, while the outlet flow rate in other side of flow field plate . Second the U-type flow field in this type
the inlet and outlet of the flow rate of the reactant gases in the same side of flow field plate .The parallel flow
field design consists of number of parallel channels and that design also is connected to the gas inlet and exit. In
this type the reactant gas (for example hydrogen) tends to follow the path with least resistance and would likely
follow the channels along the plate walls, neglecting the channels at the center of the plate leading to under-
utilization of the plate (that lead to form stagnant areas in various areas in the plates). During the operation of
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the fuel cell the water droplets increasing (due to neglect some channel) that lead to accumulation liquid water
in the channels and that caused to reduce cell performance. So the poor gas flow distribution and inadequate
water removal lead to decrease cell performance, also several researchers found the low pressure drop in the
flow channels because of the length of the channels of the parallel flow field relatively small , when the
reactant gases pass through these channels [17],[20],[33]. The figure (3) shown parallel flow field in Z and U-
type flow field.

Figure 3. Z-and U-type parallel flow field [71].

SERPENTINE FLOW FIELD

The properties of this type of the design as the following; a)- the continuous flow , b)- the inlet at one end and
the outlet at the other end of plate and c)- the flow in the serpentine path . Usually this type of design used to
supply reactant gases to the active area and turn eliminates stagnant areas caused by incorrect gas distribution.
The high pressure drop occurs in this type due to the relatively long flow path from inlet to outlet , also one
problem happen in this design represented in a getting blocked due to the formation of water droplets in the
channels especially for higher current densities . So to avoid this problem and limit pressure drop must be use
the multiple serpentine channels instead of a single serpentine channel to achieve the continued operation of the
fuel cell even with blockage of one channel of fuel cell due to the presence of the other channels are open , in
spite of a lower efficiency due to the blockage of one channel and decrease of the long flow path
[17],[20],[33]. The figure (4) shown the single and multiple serpentine flow field.

c [39] d[71]
Fig (4) a&b single serpentine and c&d multiple serpentine flow field.
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INTERDIGITATED FLOW FIELD

In this type of the design they found the interdigitated flow field consists of multiple dead - ended flow
channels .The principle of work of the interdigitated flow field is a forced gas flow through the adjacent gas
diffusion layer (GDL) and then to the electrode when the reaction occur, while the excess reactant gases return
through GDL to flow field channel for the outlet reactant gases through flow field plate. We must be referred
that the accumulation of the products in GDL give a significant advantage because the adjacent GDL is
electrode . In this type the pressure drop is depending on the properties of the GDL such as a porosity and
hydrophobicity , so the lifetime and the performance of the fuel cell can be specified by these properties of
GDL. This type of flow field is not very common in PEMFC fuel cell [17],[20],[33]. The figure (5) shown the
interdigitated flow field
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Figure 5. a&b Interdigitated flow field.

The above four types of flow field is the most common can be showed in PEMFC fuel cell, also must be
referred that any types can be modified to give new design that shown in the effect of flow field design on the
PEM fuel cell performance

SPIRAL FLOW FIELD DESIGN

The spiral flow field design is one type of flow field plate in PEMFC fuel cell in this type gases flow in spiral
path . Because of the remove inefficient water causes the low power output and that lead to lower
performance[35] , so this type usually not used in fuel cell because of these disadvantage .The figure (6) shown
spiral flow field

Fig (6) spiral flow field [35].
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THE EFFECT OF FLOW-FIELD DESIGN

In general ,the design of special gas flow fields with uniform flow distribution and low pressure drop in the
flow field plate of the PEM fuel cell are required for high absorption and easy removal of wastewater .So Liu et
al. [35] experimentally investigated and compared the effect of various designs of gas flow fields on the PEM
fuel cells and cell stack performance. They found that the effect of flow field design on performance is
arrangement from best to worse as follow; a) - Serpentine having uniform distribution, acceptably pressure drop,
acceptable water flooding and good humidity in the cathode channel, b) — First design of pin type ( Pin VI) gives
a larger interactive space which lead to improved mass transfer shown in figure (7) , c) — Two different designs
of parallel flow field depend on the inlet and exit reactant in parallel types in these types water distribution is
irregular and this leads to accumulate water in large areas shown in figure (6) , d) —Second design of pin type (
PinV2) has the same reason in Pin (V1) shown in figure (7) , ) — Interdigitated having High pressure drop and
this may lead to a flood on the cathode electrode due to the mechanism of transfer of H2 and O2 in the channels
of the fuel cell, and f) - Spiral has the remove inefficient water causes the low power output. Due to
experimental work results showed that over all other tested flow field design the serpentine flow field showed
best performance while the spiral flow field design showed the worst performance. Also they found that the fuel
cell stacks with single serpentine channel design and they symmetric four serpentine channel arrangement both
worked better. They observed that the cathode plate water distribution of cell with symmetric double serpentine
effectively utilized the MEA area without excessive water blocking the diffusion path. Therefore, the novel
symmetry serpentine multiple flow channel arrangement is particularly recommended for large sized fuel cells.

c d

Fig ( 7) a- parallel V1 ,b- parallel V2, c-pin VV1,and d-pin V2 flow field plate [35].

Pal et al. [36] numerically analyzed the effect of three flow channel configuration (conventional, serpentine and
pin type) on the cell performance. Also, investigated the effect of porosity of the carbon inserts on the cell
performance for range from 0.6 to 0.9. Results showed that the performance of the flow channel with zigzag
and uniformly positioned porous inserts is more than the conventional serpentine flow channel by 20.36% and

16.87% respectively. Also they found the reason for this increase is the removal of the accumulated
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water from the rib surface due to the capillary action of the porous carbon inserts. This helps in eliminating the
stagnant water regions under the rib and there by helps in reducing liquid flooding. There is not much effect on
the performance of the two new adopted designs with the variation in porosity level of the porous inserts from
0.6 t0 0.9. A.P. Manso et al. [37] reviewed the effect of different geometric configurations (simple serpentine ,
multiple serpentine , simple parallel ( Z-type and U-type) , parallel in series , symmetrical parallel in U and
interdigitated flow field ) on the performance of the PEM fuel cell. So in the different flow field layout design
results showed these flow field has little effect on the overall PEM fuel cell performance at high operation
condition while opposite happens at low operation condition because of these flow field have a significant
effect on the PEMFC performance . Also they found that the flow fields with low pressure drop gives low
performance of the fuel cell , while the opposite is happening in flow field with high pressure drop such as
serpentine and interdigitated flow fields give more uniform reactant distribution and improve the elimination of
condense water in the cathode side but that lead to increase the energy required to drive the gas , also must be
referring the serpentine flow fields, longer straight channel segments between channel bends and narrower
channels improve convection that lead to increase in the active area of the MEA and decrease in the current
collection .Vijay Edupuganti [38] numerically investigated the effect of flow field plate geometry and design
(serpentine and parallel Z-type) on the PEM fuel cell performance by using Computational fluid Dynamic
(CFD) Modeling and Simulation .After running simulation he was found that the flow field geometry on the
cathode side had a significant effect on the reactant distribution and water management, and the velocity results
showed that the velocity in the serpentine design is relatively higher and uniform that lead to uniform diffusion
of reactants and that minimized water accumulation , so the serpentine model can be represented the optimal
model, also in serpentine flow field design, the pressure along the channel decreased evenly, while the pressure
decreased in parallel flow field design was uneven . Sreenivasulu et al. [39] experimentally investigated the
effect of the back pressure and the flow geometry (4-Serpentine flow, interdigitated flow and dual inlet single
outlet flow) on PEM fuel cell performance. Results showed that the performance of the fuel cell increases
with an increase in back pressure in the hydrogen flow channels due to an increase in residence time of
hydrogen in the channel. As a result there is an increase in the diffusion rate of hydrogen across the GDL, and
also found the 4-serpentine flow channel gives the higher power output both with and without back pressure,
while at higher back pressures the dual inlet and single outlet flow channel performances better than the
interdigitated channel. Glandt et al. [40] numerically studied the effect of single, and double pass serpentine
flow field designs on temperature and local current density distributions. Conclusions showed that the local
temperature and current density distributions become more uniform for serpentine flow field designs with a
larger number of passes. Also they were found that the double pass flow-field gives less condensed liquid water
on the cathode than the single pass flow-field. Maharudrayya et al. [41] developed algorithms to calculate the
plate pressure drop and flow distribution in multiple (U and Z-type) parallel channel configurations used in
PEM fuel cell stacks. They were found from comparison assessment of different channel configurations that
serpentine channels exhibit a significantly higher pressure drop while parallel configurations have a significantly
high flow non-uniformity index .The parallel channel configurations can be reduced by using multiple-U type
configurations without significant increase in pressure drop, while multiple Z-type configurations have, in
general, a lower flow non-uniformity index but may have much higher pressure drop .Wang [42] developed

analytical model based on mass and momentum conservation to solve the pressure and flow distribution in
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parallel-channel configurations of fuel cells: U-type arrangement. His model takes both of friction effect and
inertial effect into account ,while existing models neglected either inertial effect or friction effect. Therefore he
was found the friction and momentum effects work in opposite directions, the former tending to produce a
pressure drop , while the latter tending to produce a pressure rise. The proper balance between the two effects
can result in less non-uniformity and an optimal design of the U-type fuel cell stacks.
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Fig. (8) — Schematic diagram of U-type arrangement

Wang [43] has been developed a theoretical model based on mass and momentum conservation to solve the
pressure and flow distribution in parallel-channel configurations of fuel cells: Z-type arrangement ,also he
taking into consideration friction and inertial effects. Results showed that the analytical solution is fully explicit
that it is easily used to predict pressure drop and flow distribution for Z-type layers or stacks and provide easy-
to-use design guidance under a wide variety of combination of flow conditions and geometrical parameters to
investigate the interactions among structures, operating conditions and manufacturing tolerance and to minimize
the impact on stack operability. It can also be used for the design guidance of flow distribution and pressure
drop in other manifold systems, such as plate heat exchanges, plate solar collectors, distributors of fluidized bed

and boiler headers .For determining the performance of different layout configuration of Z-type arrangement .
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Fig. (9) — Schematic diagram of Z-type arrangement.
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Wang [44] was extended his theoretical model of Z-type arrangement to different layout configuration of Z-type
arrangement, including single serpentine, multiple serpentine, parallel straight and interdigitated layouts using
the physical parameters of the structure; ratio of length to diameter and ratio of all the channel area to head area.
He was found the generalized theory has unique capacities to compare directly, systematically and quantitatively
different configurations, existing models and methodologies; also the theory makes a step forward in flow field

designs, and provides practical guideline and measures to ensure uniform flow distribution in various

configurations.
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Figure (10) Schematic Diagram of Fuel Cell Stack and Bipolar Plates with Main Component [44]

Wang et al. [45] developed model to investigate the effects of the cathode flow channel configuration on the
local transport phenomena and cell performance for parallel and interdigitated flow fields in proton exchange
membrane (PEM) fuel cells. The effect of liquid water formation on the reactant transport is taken into account
in this model. Results showed that for operating voltages greater than 0.7 V, the electrochemical reaction rates
are low with a small amount of oxygen consumption and liquid water production, and all cell designs provide
sufficient oxygen for the electrochemical reactions. Thus, the flow channel aspect ratio and the flow channel
cross-sectional area have little effect on the cell performance, while for operating voltages lower than 0.7 V, as
the operating voltage decreases the electrochemical reaction rates gradually increase with a large amount of
oxygen consumption and liquid water production, so the cell performance is strongly dependent on the flow field
design. For the parallel flow field design, lower flow channel aspect ratios and flow channel cross-sectional area
are as improve liquid water removal, thus, decreasing both improves cell performance. However, the
interdigitated design has an optimal aspect ratio of 1.00 and an optimal cross-sectional area of 1.000 mm x
1.000 mm.

So the comparative analysis of various flow field geometric configuration is repeated in several
studies, both in steady state and in transient state[46-53], the results showed that the flow field geometric
configuration (straight parallel or Z-type parallel, pin-type and cascade ) with smaller pressure drop that lead to
mal-distribution over the active surface area of the MEA and that causes decreasing electrochemical reaction
efficiency and PEMFC performance, while the flow field geometric configuration ( serpentine and interdigitated
flow field) with higher pressure drop that lead to improve uniform reactants distribution over the catalytic

layers, increasing both, the current density values and performance of the PEM cell. But the higher pressure
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drop lead to increase the energy required to drag gas that causes low of the global performance of the system,
while the under rip convection and the elimination of the residual water in the cathode side improves , so the
overall efficiency of the electrochemical reaction increases and thus the overall efficiency increases for PEM

fuel.

GEOMETRIC PARAMETERS OF THE FLOW CHANNEL CROSS SECTION

In general several researchers such as Isanaka et al.[17] , X. Li and I. Sabir[20] and others were found that
the rectangular or square in cross-section typically used as the fluid flow field channels of the bipolar plate
although other arrangement cross-section such as triangular, semi-circular and spherical due to the lower
pressure losses when rectangular or square cross section used at the same flow rate that lead to increase the
performance of PEMFC fuel cell although the hydrogen consumption is lower when compared with triangular,
semi-circular and spherical cross section [17], [20] ,[54],[55]. The dimensions of flow field channels have
significant effects on the cell performance and lifetime of PEMFC fuel cell and operation condition that must be
explains and these dimensions are channel width, channel depth and land width or rip width (the distance that
separate between two channels).So Isanaka et al . [17] numerically showed that to reduce the fluid pressure
loss due to friction losses should be the range of channel width about 1 to 2mm and depth as low as possible
(Imm) . The land width has a significant effect represented by the collection of the electron from the reactions
taking place in the MEA , so the specification land width is very important due to when the land width is
bigger than that lead to reduce the active area of the MEA available for absorption of the reactant gas and that
lead to reduce cell performance ,while when the land width is lower than that lead to increase the active area of
the MEA available for absorption of the reactant gas and reduce the collection of electron that effect on cell
performance of PEMFC fuel cell . So must find the balance between channel width and land width , also must
be referring that larger channel size width (such as channel width about 5mm) lead to that the reactant gases
have turbulent flow that effects on the flow of the gas reactant through channels also effect on the absorption of
the gas into the MEA. Kumar and Reddy [56] numerically investigated the effect of geometric parameters
(channel width, rib width and channel depth) on the consumption of hydrogen at the anode side .They were
found when the values of the channel width, rib width and channel depth were 1.5, 0.5 and 1.5 mm,
respectively, that lead to the greatest hydrogen consumptions (80%) happen. Also the results showed that when
used the hemispherical and triangular shaped cross-section for channels , the hydrogen consumptions increased
with 9% at the anode side that lead to increase fuel cell efficiency. In [57] numerically simulated the effect of
the three different (rectangular, trapezoidal and parallelogram) channel cross sections on a straight flow channel
at high current densities. Results showed that the rectangular section channel given the higher cell potentials,
while the trapezoidal cross section given more uniform current density distributions .The three different channel
cross section shown in figure (11). Many researchers found that the rectangular cross section channel design
for bipolar plates is still the most commonly used ,while other shapes of cross section may show enhancements

in some specific aspects of the fuel cell operation [57] ,[58].
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Fig (11) Cross-sectional view of different geometrical configurations analyzed: a- Rectangular, b- Trapezoidal, c- Parallelogram [57] .

Many researchers investigated the effect of channel and rib widths on the performance of the PEM fuel cell
in numerical analyzed [59-63]. Results showed that the geometric parameters (channel and rib widths) have a
more significant effect when the fuel cell operating at the low potentials ,also the optimal fuel cell configuration
given maximizes the fuel cell performance. They found that the optimal rib width largely depends on the type
of oxidizing agent used and PEM fuel cell operation conditions . So the fuel cell operating with air as oxidizing
agent , the rib width should be shorter than that for fuel cell operating with pure oxygen . On the other hand for
fuel cell operating at high potentials that lead to give better performance with wider ribs. While the few studies
can be found in literature having investigated the effect of channel depth on the cell performance. Also we must
be referring the effect of various channel depth has a significant effect when operating at low potentials and
increasing the current densities. The pressure drop in this case increases , so that lead to decreases the overall
cell performance(overall system efficiency) [64], [65] .So Shimpalee and Van Zee [64] numerically investigated
the effect of the geometric parameters ( channel and rib widths) on the reactants distribution and PEMFC
performance on a 25 cm”™2 fuel cell with serpentine gas flow channel . Conclusions showed that for the
narrower gas flow channels give better results due to improve heat transfer from MEA toward collector as well
as increased the pressure drop. On contrast when the channel configuration with wider channel and narrower
ribs that lead to non-uniform local distribution of the reactants, despite of the global distribution of reactants
kept uniform. Liu et al.[65] numerically investigated the effect of the reduction in channel height on the fuel cell
performance along the cathode stream wise direction shown in the figure (12). Results showed that for low
operating voltages ,that lead to improve the mass transport towards the gas diffusing layers and catalyst layer
,improve the electrochemical reaction ,enhance water elimination ,so the cell efficiency increases and give better

lembrane
Catalyst layer

result for cell performance. F .

ANODE
CATHODE

Fig (12) Schematic diagram of the 2D PEMFC model [65].
Choi et al.[66] and A.P. Manso et al.[67] numerically analyzed the effect of aspect ratio (height to width ratio of

channel cross section) on the cell performance . Results showed that the performance of the fuel cell for
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serpentine gas flow channel can be enhanced with increasing aspect ratio at high operating voltages (due
decrease channel width and increase rip width) . Maharudrayya et al. [68] numerically investigated the effect
of the geometric parameters (channel width , rip with and channel depth ) and Reynolds number on the flow
pattern and the pressure loss characteristics in PEMFC of single and multiple serpentine flow field plate . They
were found that here is a significant effect of Re on the bend loss coefficient, which is also influenced by the
curvature ratio and the aspect ratio as well as the presence of an upstream bend. Her et al. [69] experimentally
studied the effect of the channel and rib geometric scale (channel to rib width ratio) effects of flow channel
plates/bipolar plates on the performance of micro PEM fuel cell stacks. Copper metals were used to make
bipolar plates. Results showed that the dimensions of the channel and their spacing have affected on the
reactant gas access to gas diffusion layer and also provide wide area for water removal from the gas diffusion
layer for this increase in proton conductivity . Also they were found when the ratio of cannel to rip width is
smaller that lead to reduce the active area of the MEA available for absorption of the reactant gas and that lead
to reduce cell performance , while when the ratio is higher that lead to increase the active area of the MEA
available for absorption of the reactant gas and reduce the collection of electron that effect on cell performance
of PEMFC fuel cell .So must be found the balance between channel width and land width .In fact , the optimum

channel to rib width ratio in the range of the present study of 0.5-2 was found to be 1.

CONCLUSIONS

Bipolar plate is one of the key components in PEM fuel cell stacks. In practice, PEM fuel cell stack
design often boils down to bipolar plate design, which in turn is basically the design of flow channels formed on
the two surfaces of the bipolar plates, because the requirements on carrying out the bipolar plate functions
optimally are often met by the appropriate design of flow channels. Throughout this review it has been shown
that the geometric parameters of the flow fields can have great influence on the overall PEMFC behavior. Many
of the PEMFC drawbacks discussed here may be overcome by appropriately choosing the flow field design.
Thus, problems in mass transport, water management, and mal-distribution of reactants can be solved by
efficiently design the BP flow fields and so, enhance PEMFC performance. For instance, homogeneous gas
distribution in

the flow channel can provide a uniform current density throughout the active area and, therefore, a
uniform temperature distribution, causing less mechanical stresses in the MEA and prolonging the PEMFC
lifetime. Therefore, flow field design is crucial for achieving high performance of the PEM fuel cell.

A variety of flow channel configurations and layouts have been proposed in different designs,
including pins, straight channels, serpentine channels, integrated channels, interdigitated channels and channels
formed from sheet metals. These different flow field designs have pros and cons associated with them which in
turn make them suitable for different applications. Improvements in the design of bipolar plates can help achieve

the set goals of cost and performance for the commercialization of PEM fuel cell.
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CONCLUSIONS

In this work, the effect of the operation temperature on the performance of a 100 W PEM fuel cell has been
studied the polarization curves of the fuel cell showed that the performance of the fuel cell decreases as the
membranes can be dried at higher temperature. This causes a decrease on the mean fuel cell voltage.

The experimental results appear that the polarization curve is identical with the theoretical polarization curve of
fuel cell where the three types of losses are clear and showed the same behavior known of the cell. The fuel cell
efficiency decrease with the increase the operating temperature within range (50-65) °C and hydrogen flow rate.
The maximum efficiency of the cell was at low current densities and high voltage. The operating point the fuel
cell must be selected so that the power output greater as possible, taking into consideration both of the cell
voltage and efficiency were their being inversely proportionate with the power output.
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