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Water flooding is one of the major issues which is influencing the performance of PEMFC, while scaling up the active area.
Water accumulation in between the GDL and cathode flow field landing in PEMFC can be removed by fixing porous inserts
along the landing area of the cathode flow field. In this paper, the optimum active area of the PEMFC is found from the
experimental investigations of three active area sizes of 25 cm2, 36 cm2 and 70 cm2 with better water management by fixing
porous inserts along the landing surface. All three active areas of PEMFCs with three different flow fields viz. Serpentine;
Uniform and Stagger patterned pin types having porous inserts on cathode side have been investigated experimentally. The
PEMFCs with active area of 25 cm2, 36 cm2 and 70 cm2 with stagger patterned pin types having porous inserts have obtained
maximum power densities as 0.270 W/cm2, 0.338 W/cm2and 0.170 W/cm2 respectively. The PEMFC with active area of 36 cm2

yields higher power density compared to 25 cm2 and 70 cm2 PEMFCs. So it is found that the active area of 36 cm2 is the
optimum active area of single cell PEMFC for maximum performance.
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Introduction 

An ever increasing demand for energy and fast

depletion of fossil fuels has prompted researchers to

look for alternative power generation technologies

using unconventional fuels. One such alternative with

low environmental impact and lower fossil fuel

dependency is fuel cell technology. Even though there

are variety of fuel cells, Proton Exchange Membrane

Fuel Cell (PEMFC) is considered suitable for the

automobile industry and stationary power appliances

because of its optimal working temperature, faster start

up and response to changes in loading conditions. The

PEMFC converts fuel’s chemical energy directly into

electrical energy by taking in fuel (preferably hydrogen)

and an oxidant (air or oxygen) and producing electricity

with water and heat as byproducts.

Many problems of PEMFC need to be tackled such

as high cost of catalyst material (Platinum) [1], low

reliability, water and thermal management issues apart

from hydrogen generation and storage issues. At

present, active research for minimizing the platinum

catalyst loading by using platinum alloy catalysts and

non-noble metal catalysts using nanotechnology are

going on. The incremental cost reduction in the design

and development of the single cell system would

amount to significant cost savings while fabricating

complicated fuel cell stacks. Many efforts are being

carried out to resolve water and thermal management

issues, while scaling up and stacking up of the fuel cell.

Addressing the above issues in the development of

high energy density fuel cell system, will make a

pathway to commercialization of fuel cells for automotive

and power generating applications. 

In PEMFCs, the water is produced as one of by-

products due to electrochemical reactions in cathode

side. It is imperative that the amount of water should

be optimum [2]. If the amount of water is too less, there

is a drop in fuel cell’s performance due to dehydration of

Nafion membrane [3]. If the water content is too high, it

causes flooding of fuel cell which prohibits the passage

of hydrogen ion, thus reducing the electrochemical

reactions and fuel cell’s performance [4]. As water

flooding increases, there is a sudden fall of power

density at higher current densities. So water lodging is

considered as an important restraining aspect of the

PEMFC performance. Flooding is not only dropping

performance of PEMFC, but also degrades its durability

and life. Besides, water flooding is not only occurring

in Gas Diffusion Layer (GDL) and Catalyst Layer

(CL), but also in reactant flow channels due to

operating conditions, design parameters and properties

of components. The effective area of the Membrane

Electrode Assembly (MEA) which is known as active

area of PEMFC is also influencing the performance. 
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Increasing the humidification temperature above the

stack temperature cools the air (cathode reactant), that

causes the condensation on water presented in the air

[5]. This resulted in water flooding and increased pressure

drop. The reactant flow exhausts the water from the

electrode which in turn leads to a reduction in water

lodging and improvement in PEMFC’s performance

[6].

The flow field designs are influencing the water

flooding and performance of PEMFCs. Use of parallel

serpentine-baffle flow field improves water management

[7]. Also, using a slanted flow channel with 20o angle

to collect the water from GDL improves the water

management in PEMFCs [8]. Problems such as water

transport in fuel cells can be solved by efficient design

of flow fields [9]. The property of the surface and the

geometry of the flow channels play pivotal roles in the

characteristics and the amount of water accumulated in

the flow channel [10]. Parallel flow field with stepwise

depth shows an appreciably superior performance

among parallel and serpentine flow channels, single-

path and multi-path flow channels, and uniform depth

and stepwise depth flow channels [11]. Experimental

analysis the performance of PEMFC with serpentine

and perforated flow field designs on 25 cm2 PEMFC

shows that the perforated flow field performs better than

serpentine flow field due to better water management

[12]. A novel gas field design using microgrooves in

flow channel [13] results in better water removal rate

and 16% increase in current density, since the

capillarity action and shear forces developed by the air

flow converted the microgrooves into pathways between

adjacent grooves.

The serpentine flow field is found to produce

enhanced cell performance by effective transportation

of water [14-15]. Serpentine-baffle flow field design

increases the limiting current density and enhances the

cell performance compared to conventional serpentine

design [16].Serpentine flow field with outlet channels

having modified lengths and heights resulted in

maximum reactant utilization and liquid water removal

in PEMFCs [17]. PEMFC with integrated Electro-

osmotic (EO) pumping to remove water from the

cathode channels resulted in better performance [18].

Stagger patterned pin type flow filed with 2 mm porous

inserts produced higher current density compared to

others [19].

It is important to increase the active area of fuel cell

above 25 cm2 if the more power is required. This

process is called as scaling up of fuels cells. The

flooding of fuel cell becomes prominent during scaling

up of fuel cell which is done for increasing the power

output. A proper flow field and condition for effective

water removal from flow field is mandatory while

scaling up the fuel cell for better water management.

Poor water management results in flow channel

flooding which considerably decreases the performance

of PEMFC. Experimentation on scaling and stacking

up of PEMFCs and the results ensured that the

performance of PEMFC was dropped by 40% during

the scaling up process, due to the increased risk of

flooding [20]. Interdigitated and parallel flow fields are

found to be susceptible to flooding among other flow

fields in the experimental investigation for 25 cm2 as

well as 100 cm2 active areas of fuel cells [21]. Studies

on scaling up PEMFC from 25 cm2 towards 70 cm2

active areas using uniform and stagger flow fields

incorporating porous inserts for water removal concludes

that stagger flow field design using porous inserts

showed better performance, while scaling up reduced

power density significantly [22]. Optimizing the operating

and design parameters, namely, temperature, pressure,

porosity, cathode water content, channel dimensions,

rib width, GDL thickness, anode and cathode flow

velocity of PEMFC improves its performance [23].

Relatively small channel to rib width ratios are preferred

for obtaining high power densities [24]. Straight flow

field with stagger flow path produced higher power

compared to other configurations while scaling up from

25 cm2 cross-sectional area to 225 cm2cross-sectional

area [25]. The present study is based on use porous

insert on cathode side for enhanced performance on the

scaling up studies. This paper mainly focuses on the

water management issues while scaling up of the active

area of PEMFCs and optimization of the active area as

the use porous inserts changes the water lodging

properties of cathode flow field.

Selecting the Size of Active Area and 
Various Flow Field Designs

From the past literature studies, it is found that the

most of the experimentations have been done on

PEMFC with active area of 25 cm2 with different

operating and design factors for performance studies,

with respect to the cost of the materials, components

and system. Hence, 25 cm2 has been chosen as the base

active area in this paper. Also, the scaled up PEMFCs

with 36 cm2 and 70 cm2 active areas have been

investigated experimentally for finding the influence of

active area in the cell performance. The larger cell size

70 cm2 has been selected based on the capacity of the

existing Biologic FCT-50S test station available in the

laboratory. 

Based on the numerical and experimental investigations

from the past works [14, 15] it is concluded that better

cell performance is achieved by serpentine flow field

due effective water transport within the cell. The

serpentine flow field designs are widely used for many

applications because of the better cell performance,

durability and reliability. Hence, the serpentine flow

field has been selected on anode side for all the

experimental studies. But on the cathode side, flow

field design is modified for better water management
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as the water flooding is mainly occurring on the

cathode side of PEMFC, due to Oxygen Reduction

Reactions (ORR). In addition, increasing active area

further increases the water formed in the cell due to

more electrochemical reactions. So, effective water

control is required with the special flow field while

scaling up PEMFC. Hence, novel flow fields, namely,

the uniform and stagger patterned flow fields with

porous inserts have been used on cathode side along

with serpentine flow field on anode side. For

comparative study of new designs with serpentine flow

field design, the following combinations of flow field

designs on anode and cathode sides have been used for

smaller and larger active areas of PEMFCs. The flow

field designs on cathode side for PEMFC with 36 cm2

active area used for experimentations are shown in Fig.

1. The flow field on anode side is serpentine in all

three cases as water flooding is less on anode side.

Similar arrangements were made for PEMFCs with

active area of 25 cm2 and 70 cm2.

Scientific Evaluation of Insert Technology

The design of the “porous inserts” is based on the

two main parameters –Material and Size of porous

inserts. Experimental analysis of complete resin-

bonded porous flow field shows enhanced performance

of PEMFC [26]. The materials considered for their

studies have good electrical and thermal conductivities,

high porosity high gas permeability and durability.

These properties have an impact on the absorption of

accumulated water from the GDL and flow field on the

Fig. 1. Flow field designs of 36 cm2 active area (a) Serpentine (b) Uniform patterned pin type with porous inserts (c) Stagger patterned pin
type with porous inserts.
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cathode side. Even though the power output of

complete porous flow field is more than conventional

(non-porous) flow field, flow of reactants from the

channels across landings of the porous flow field

obstructs the performance on the high ranges of ohmic

and concentration region. In addition, the machining

and assembling of complete porous flow field are the

challenging tasks. Hence, the design and development

of non-porous uniform and stagger patterned flow field

types on the cathode side are used for accommodating

porous inserts. 

In this paper, the three flow fields (serpentine,

uniform and stagger patterned) with a landing width to

channel width ratio (L:C) of 2:2 have been used. As the

porous inserts are fitted along grooves machined in

landing of the flow field of L:C = 2:2, the same size of

landing width 2 mm and height 2 mm have been

considered for design selection criteria of the porous

inserts. The cross-sectional view of flow field plate is

depcited in Fig. 2. To avoid the cross flow behavior of

pin type flow field, the selected 2 × 2 × 2 mm3 cubical

porous inserts (as shown in Fig. 3) have been fitted

along the grooves in the landing of the pin type flow

field in uniform and stagger patterns on the cathode

side. The flow field design obtained gets the advantages

of the serpentine flow field, along with enhanced water

management properties due to the provision of porous

inserts on the landing of the cathode flow field. Apart

from that, right now the fabrication and fixing of

porous inserts with the bigger sizes are the challenging

tasks. In future, the bigger size of solid porous inserts

will be made and their impact on PEMFC performance

will be studied.

Scientific Modeling of the Present Work 

The numerical investigation on 25 cm2 PEMFC with

the novel cathode flow field design with porous inserts

showed the improved performance. Also from the

study of the influence of various porosity ranges (60-

70%, 70-80% and 80-90%) of the carbon inserts, it is

found that the stagger patterned pin type flow field

with porous inserts of high porosity range of 80-90%

gives high performance on PEMFC.

Experimental Work

Fuel cell test station
The Biologic FCT-50S is a computer integrated test

station, which is programmed to control the load,

pressure, temperature, relative humidity and flow rate

of reactants accurately. The data acquisition is attained

by use of an Ethernet cable. The fuel cell test station

can be used to measure upto 250 W power with current

and voltage upto a maximum of 50 A and 5 V

respectively. Flow rate of reactant upto 1.5 lpm on

anode side and 1.0 lpm on cathode side can be

achieved. Hydrogen of 99.99% purity is used as fuel on

anode side and medical grade oxygen is used as

oxidant on cathode side. Pressure gauges which are in

line with the outlet of the reactants are used to measure

the pressure in the fuel cell.

Activation of MEA
Initially, activation is required for properly humidifying

the MEA which might be dried out during the hot

pressing in the fabrication of the 5 layer MEA. The

anode GDL and catalyst layers, membrane, cathode

catalyst layer and GDL are the five layers of MEA.

The following procedure is developed for activation of

MEA based on a number of trials which include

constant power, constant current and constant voltage

modes by using a looping process. Primarily, a Voltage

pulse with 0.6 V constant voltage is maintained for one

hour, followed by a looping process, which alternates

between 0.7 V and 0.5 V for every 20 minutes until the

value of current produced reaches a maximum for the

given voltage. Finally, a current pulse with a current

density of 200 mA/cm2 is maintained until the

stabilization of voltage takes place for all PEMFCs.

The activation of MEA guarantees that the MEA can

perform at its maximum power density by activating

catalyst sites during this process. The studies on scaling

up of fuel cells is continued after the activation of

MEA. 

Procedure of making porous inserts
The porous inserts are the small cubical solid

substances/bodies made of Vulcan carbon, which have

Fig. 2. Cross-sectional view of the flow field on anode and
cathode.

Fig. 3.  Porous insert.



494 M. Karthikeyan
, 
M. Muthukumar, P. Karthikeyan and C. Mathan

the properties of good water absorption through their

high porous structure along with good electrical and

heat conductivities. Porous inserts are prepared by

using Vulcan carbon as base material and PolyVinyl

Alcohol (PVA) as binder material. Initially, a polymer

solution is prepared by dissolving 0.3 g of PVA in 30

ml of distilled water with magnetic stirrer. The polymer

solution is then added drop wise to the Vulcan carbon

until the mixture reaches a semisolid state. The mixture

is then cast into cubical inserts of side 2 mm. The

casted carbon inserts are then sintered at 300oC in a

furnace for vaporizing the binding polymer PVA. Also,

this sintering process improves the structural strength

and porosity of the porous inserts by the removal of

polymer binder.

Finding the porosity of porous inserts
The porosity of porous inserts is found by Liquid

absorption method which utilizes a non-reactive liquid

such as glycerol to fill up the pores. The difference of

initial and final weights of the porous inserts before

and after dipping into the glycerol gives the weight of

glycerol entered into the pores of the carbon insert. The

porosity (P%) can be measured [27] from the change in

weight (∆w) of porous inserts, density of glycerol (ρ =

1.261 g/cm3) and volume of porous inserts (8 mm3), by

using equation (1).

(1)

Positioning the porous inserts within flow field
The porous inserts with 80-90% porosity are used in

this investigation, as they yield better performance on

PEMFCs [19, 22]. The carbon inserts are placed in the

grooves with the help of a tweezers in the landings of

uniform and stagger patterned pin type flow fields by

using a thin layer of electrically conductive glue which

is applied on the bottom face of the porous insert to

ensure that they are fixed firmly. The porous inserts

will block the passage of the oxygen flow in the cathode

flow channels, if they fall off from their corresponding

positions. The positioning of porous inserts along the

grooves of flow field changes the flow field design

from pin type to serpentine type which is essential for

improved water management on cathode side of

PEMFC.

Experimental procedure
‘Voltage pulse’ and ‘Current scan’ techniques have

been performed among various experiments available

in the test station. The voltage pulse steps the potential

with reference to absolute potential (E) or initial

potential. This is based on estimated current response

for potential step applied. The current scan sweeps the

applied current to the PEMFC from zero in programmed

increments until a set value is finally reached. This

gives an estimate of the maximum power density and

voltages of the PEMFC. 

Results and Discussion

The three flow fields on cathode side, namely,

serpentine, uniform and stagger patterned pin type with

porous inserts with active areas 25, 36 and 70 cm2 have

been investigated experimentally. All flow field designs

have a common Landing width to Channel width ratio

(L:C) of 2:2. The 25 cm2 active area PEMFC has been

tested at 313 K temperature for cell, humidifier and

reactants. The flow rate at anode has been maintained

at 550 ml/min and the same for cathode has been

maintained at 280 ml/min. Also, the operating pressure

of 1 bar has been maintained. The same experimental

conditions have been repeated for active areas of 36

and 70 cm2 with different reactant flow rates based on

the size of the MEA/cell. The stoichiometries have

been maintained at 2.6, 2 and 2.5 for conducting the

experiments on 25, 36 and 70 cm2 PEMFCs respectively.

After the activation of MEA, the experimental works

have been carried out.

Influence of flow field designs with different active
areas

While analyzing the output of PEMFCs having

serpentine flow field on cathode side with different

active areas of 25, 36 and 70 cm2, the power densities

obtained are 0.242 W/cm2, 0.240 W/cm2 and 0.141 W/

cm2 respectively and the respective current densities are

0.676 A/cm2, 0.570 A/cm2 and 0.389 A/cm2 respectively.

From the above, the PEMFC of 25 cm2 active area with

serpentine flow field yields higher power density and

current density. This is due to better water management

in 25 cm2 compared to other active areas. Fig.4 shows

the power density (P-I) and polarization (V-I) curves of

the serpentine flow field design of PEMFC with active

area of 25 cm2, 36 cm2 and 70 cm2. The length of the

P%
wΔ

ρ
-------

1

Volume
------------------× 100%×=

Fig. 4. Power density (P-I) and polarization (V-I) curves of the
serpentine flow field design of PEMFCs with active area of 25
cm2, 36 cm2 and 70 cm2. 
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flow path in 25cm2 is shorter than the length of path in

36 cm2 and 70 cm2. So the water formed in cathode

flow channel is removed easily by the flow of reactant.

In the serpentine flow field, the maximum performance

is due to the higher pressure drop that yields diffusion

along with forced convection in the transverse direction

(Z-direction). Hence the reactants spent more time on

catalyst sites. But due to increase in active area of

PEMFC, the removal of water is difficult.

While analyzing the output of PEMFCs with Uniform

patterned pin type flow field having porous inserts on

cathode side with different active areas of 25 cm2, 36

cm2 and 70 cm2, the power densities obtained are 0.265

W/cm2, 0.295 W/cm2 and 0.158 W/cm2 respectively

and the respective current densities are 0.748 A/cm2,

0.732 A/cm2 and 0.427 A/cm2 respectively. From the

above, the 36 cm2 PEMFC with uniform patterned pin

typeflow field having porous inserts yields a higher

power density. Fig. 5 shows the power density (P-I)

and polarization (V-I) curves of the uniform patterned

pin type flow field design having porous inserts of

PEMFC with active area of 25 cm2, 36 cm2 and 70

cm2.

While analyzing the output of PEMFCs with stagger

patterned pin type flow field having porous inserts on

the cathode side with different active areas of 25 cm2,

36 cm2 and 70 cm2, the power densities obtained are

0.270 W/cm2, 0.338 W/cm2 and 0.170 W/cm2 respectively

and the respective current densities are 0.724 A/cm2,

0.871 A/cm2 and 0.423 A/cm2. From the above, the 36

cm2 PEMFC with stagger patterned pin type flow field

having porous inserts yields a higher power density.

Fig.6 shows the power density (P-I) and polarization

(V-I) curves of the stagger patterned flow field design

having porous inserts of PEMFC with active area of 25

cm2, 36 cm2 and 70 cm2. 

While placing the porous inserts on the landing, the

flow field changes from pin type to serpentine. This

modified flow field design inherits the benefit of the

serpentine type flow field and it has the ability to

absorb the water in the landing. PEMFC having stagger

patterned pin type flow field with porous inserts gives

high performance compared to serpentine flow field

and uniform patterned pin type flow field with porous

inserts due to better water management.

In uniform patterned pin type flow field design, the

arrangement of porous inserts follows an order of

linearity or uniformity. However, in stagger patterned

pin type flow field design, the porous inserts fixed on

the landing surface do not follow any uniformity/

linearity with its adjacent landing surface. But there is

uniformity in the arrangement of porous inserts, when

an odd or even number of landings are considered. Due

to this, the arrangement of porous inserts becomes

widespread rather than localized as in the case of

uniform patterned pin type design. As a result, in the

stagger patterned arrangement, the water absorption at

the interfacial region between the membrane and GDL

becomes more globalized and the majority of the area

gets covered for water absorption, but in uniform

pattern arrangement, the localized water absorption is

seen. So the performance of Stagger patterned pin type

flow field with porous inserts is better than the uniform

patterned pin type flow field with porous inserts.

The fixation of porous inserts on the landing surface

of the cathode flow field has an influence on

performance improvement of PEMFC compared with

serpentine flow field. The reason being the porous

inserts through the capillarity of its porous structure

removes the accumulated liquid water from the landing

surface and eliminates the stagnant regions under the

landing, thereby reducing water flooding in the

interface between landing and GDL surfaces. Once the

porous insert reaches its maximum water absorbing

capability through the absorption of water from the

interfacial region between landing and GDL, it starts to

drain out the excess water to the flow channel. This

drained water is then carried away to the outlet of flow

Fig. 6. Power density (P-I) and polarization (V-I) curves of the
Stagger patterned flow field design with porous inserts of
PEMFCs with active area of 25 cm2, 36 cm2 and 70 cm2. 

Fig. 5. Power density (P-I) and polarization (V-I) curves of the
Uniform patterned flow field design with porous inserts of
PEMFCs with active area of 25 cm2, 36 cm2 and 70 cm2. 
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channel by the gaseous forces of the incoming reactant

stream.

Influence of active area with different flow fields
The peak power densities obtained for 25 cm2

PEMFC are 0.242 W/cm2, 0.265 W/cm2 and 0.270 W/

cm2 for the serpentine flow field; Uniform and Stagger

patterned pin type flow fields with porous inserts

respectively, with respective current densities of 0.676

A/cm2, 0.748 A/cm2 and 0.724 A/cm2. While comparing

the results of 25 cm2 PEMFC with three different flow

field designs, the Stagger patterned pin type flow field

with porous inserts result in higher power density. The

power density (P-I) and polarization (V-I) curves drawn

for the 25 cm2 PEMFCs with three different flow field

designs are shown in Fig. 7.

The peak power densities obtained for 36 cm2

PEMFC are 0.240 W/cm2, 0.295 W/cm2 and 0.338 W/

cm2 for the serpentine flow field; Uniform and Stagger

patterned pin type flow fields with porous inserts

respectively, with respective current densities of 0.570

A/cm2, 0.732 A/cm2 and 0.871 A/cm2. While comparing

the results of 36 cm2 PEMFC with three different flow

field designs, the Stagger patterned pin type flow field

with porous inserts results in higher power density. The

power density (P-I) and polarization (V-I) curves drawn

for the 36 cm2 PEMFC with three different flow field

designs are shown in Fig. 8.

The peak power densities obtained for 70 cm2

PEMFCs are 0.141 W/cm2, 0.158 W/cm2 and 0.170 W/

cm2 for the serpentine flow field; Uniform and Stagger

patterned pin type flow fields with porous inserts

respectively, with respective current densities of 0.389

A/cm2, 0.427 A/cm2 and 0.423 A/cm2. While comparing

the results of 70 cm2 PEMFC with three different flow

field designs, the Stagger patterned pin type flow fields

with porous inserts results in higher power density. The

power density (P-I) and polarization (V-I) curves drawn

for the 70 cm2 PEMFC with three different flow field

designs are shown in Fig. 9.

The power and current densities of different flow

field designs with different active areas are given in

Table 1. While scaling up the area from 25 cm2 to 36

cm2, the power density of PEMFC with serpentine flow

field design has dropped by 0.82%. Whereas the scaling

up the area from 25 cm2 to 36 cm2, the power densities

of PEMFCs with uniform and stagger patterned flow

field designs having porous inserts, are increased by

11.32% and 25.18% respectively. While scaling up the

area from 25 cm2 to 70 cm2 PEMFCs with serpentine

flow field design, the power density has dropped by

41.74%. Whereas the scaling up the area from 25 cm2

to 36 cm2 PEMFCs with uniform and stagger patterned

flow field designs having porous inserts, the power

densities are increased by 11.32% and 25.18%

respectively. It is observed that the scaling up of active

area from 25 cm2 to 36 cm2 invariantly increases the

power density regardless of flow field design while

doing the same by further increasing the active area to

70 cm2 results in a decreased power density. This may

be due to the tradeoff achieved by 36 cm2 active area

Fig. 7. Power density (P-I) and polarization (V-I) curves of 25 cm2

PEMFC with three different flow field designs.
Fig. 9. Power density (P-I) and polarization (V-I) curves of 70 cm2

PEMFC with three different flow field designs.

Fig. 8. Power density (P-I) and polarization (V-I) curves of 36 cm2

PEMFC with three different flow field designs.
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between the time available for reaction and the effect

of flooding due to scaling up based on the intricate

relations existing between the flow of reactants inside

the cell and the size of the active area. Also the reduction

in the ohmic losses, a reduction in the resistance of the

cell components, higher mass transportation in the cell

and low production of water inside the cell are the

main reasons for the high performance of 36 cm2 active

area.

Conclusions

The performance studies on scaling up the active area

from 25 cm2 to 36 cm2 and 70 cm2 PEMFCs with different

flow field designs like serpentine, uniform and stagger

patterned pin type flow fields with porous inserts on

cathode side have been conducted.

Adopting the porous inserts with the porosity range

of 80-90% on uniform and stagger patterned pin type

flow field designs, shows the best performance with

9.5% and 11.6% increase in power densities respectively

on 25 cm2 PEMFC; 22.9% and 40.8% increase in

power densities respectively on 36 cm2 PEMFC; and

12.1% and 20.6% increase in power densities respectively

on 70 cm2 PEMFC, when compared to serpentine flow

field.

The insertion of porous inserts along the landing of

the cathode pin type flow field has a major impact on

addressing the flooding effect in scaling up studies on

PEMFC performance with better water transport

characteristics. With the experimental validation of all

the tests, the water flooding can be controlled effectively,

that resulted in performance enhancement of PEMFC

in scaling up studies.

The current density decreases as the active area is

increased in serpentine flow channel since the water

flooding reduces the performance of fuel cell.

However, usage of porous inserts results in better water

management in uniform and stagger patterned flow

fields which in turn increase the current density as the

active area increase from 25 cm2 to 36 cm2. Conversely,

while scaling up from 36 cm2 to 70 cm2, water flooding

gains dominance and current density decreases.

When the active area of the PEMFC is increased, the

total power output also directly increases with the

active area. However, there is a deviation in the power

density. The power density is high for the PEMFCs

with 36 cm2active area compared to 25 cm2 and 70

cm2active areas due to complex relations existing

between the flow of reactants on the cell with the size

of the active area. The influence of ohmic losses is less

in 36 cm2. In addition, the key factors such as ineffective

cooling and the water lodging at the cathode are

influencing the power drop in scaled up PEMFCs. It is

concluded that the active area of 36 cm2 is the optimum

size compared to 25 cm2for the further studies on

PEMFCs.
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