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Abstract:The Proton Exchange Membrane Fuel Cell (PEMFC) performance depends on the operating and design parameters like
operating pressure, temperature, stoichiometric ratio of hydrogen and oxygen, relative humidity and rib width to channel width
(R:C), the shape of the flow channel and the number of passes on the flow channel. In this work, interdigitated flow channel of 16
cm? (4cm x 4cm) active area model has been created using Creo software and it has been analyzed using CFD fluent software. The
power density has been calculated for R:C 1:1 with the effect of various operating temperature (313, 323,333 and 343K), constant
pressure of 2 bar and constant inlet reactant mass flow rate of the PEMFC has been considered. The maximum numerical power
density of interdigitated flow channel with R:C -1:1 were found to be 0. 301 W/cm? at temperature of 313 K.
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Introduction

THE PEMFCs ARE BEING ESTABLISHED FOR COMMERCIAL APPLICATIONS IN THE AREAS OF TRANSPORTATION AND BACK-UP POWER DUE TO
THE NEGLIGIBLE EMISSION OF POLLUTANTS, SUCH AS SOX, NOX, PARTICULATES [1]. IT IS ECO-FRIENDLY POWER SOURCE SUITABLE FOR
POWERING BOTH PORTABLE DEVICES AND MOBILE APPLICATION DUE TO THEIR HIGH ENERGY DENSITY AND LOWER OPERATING TEMPERATURE
RANGE [2]. THE PEMFC CONSISTS OF POLYMER SOLID ELECTROLYTE MEMBRANE SANDWICHED BETWEEN AN ANODE AND CATHODE.FUEL
CELLS ARE CONVERTING CHEMICAL ENERGY OF HYDROGEN IN THE ANODE SIDE AND OXYGEN IN THE CATHODE SIDE DIRECTLY INTO
ELECTRICITY WITHOUT ANY INTERMEDIATE STAGE LIKE CLASSICAL COMBUSTION OF TWO AND FOUR STROKE ENGINE. IT HAS BECOME AN
INTEGRAL PART OF ALTERNATIVE ENERGY SOURCES WITH HIGH ENERGY EFFICIENCY WITHOUT AFFECTING THE ENVIRONMENT. AMONG ALL
TYPES OF FUEL CELLS, THE PROTON EXCHANGE MEMBRANE (PEM) FUEL CELL HAS REACHED IMPORTANT STAGE, PARTICULARLY FOR MOBILE
AND PORTABLE APPLICATIONS. BESIDES THEIR HIGH-POWER PRODUCING CAPABILITY, PEM FUEL CELLS WORK AT LOW TEMPERATURES,
PRODUCE ONLY WATER AND HEAT AS BYPRODUCT, AND CAN BE COMPACTLY ASSEMBLED, MAKING IT AS ONE OF THE LEADING CANDIDATES
FOR THE NEXT GENERATION POWER GENERATOR [3]. THE EFFECT OF THE VARIOUS PARAMETERS AND VARIOUS LANDING TO CHANNEL WIDTH
OF (L: C) 1:1, 1:2 AND 2:2 MULTIPASS SERPENTINE FLOW CHANNEL PEM FUEL CELL WITH 36 CM? (6CM X 6CM) EFFECTIVE AREA WAS
ANALYZED NUMERICALLY BY LAKSHMINARAYANAN ET AL [4]. THE RESULT CONCLUDED THAT THE MAXIMUM POWER DENSITIES OF 0.658,
0.642 AND 0596 W/CM? WERE OBTAINED IN THE LANDING TO CHANNEL WIDTH RATIO OF (L: C)- 1:1, 1:2 AND 2:2, RESPECTIVELY. THE
NUMERICAL INVESTIGATION ON THE PERFORMANCE OF PEMFC WITH VARIOUS FLOW FIELD DESIGNS, NAMELY, THE SINGLE PARALLEL,
SERPENTINE, INTERDIGITATED AND THE PIN FLOW FIELD HAVE BEEN STUDIED BY LEE ET AL. [5]. THE RESULTS REVEALED THAT THE SINGLE
SERPENTINE FLOW FIELD SHOWED THE BEST PERFORMANCE CHARACTERISTICS TO THE INTERDIGITATED FLOW FIELD DESIGN. HOWEVER, THE
SINGLE PARALLEL AND THE PIN FLOW FIELD DESIGN SHOWED THE WORST MASS TRANSFER CHARACTERISTICS, BECAUSE OF THE FLOODING
AND DRYING OF THE MEMBRANE CAUSED BY UNEVEN FLOW CIRCULATION. THE NUMERICAL INVESTIGATION OF 49 (7X7) CM? ACTIVE AREA
OF THE PEMFC WITH VARIOUS LANDING WIDTH TO CHANNEL WIDTH (L: C-1:1, 1:2, 2:1 AND 2:2) OF SINGLE PASS SERPENTINE FLOW
CHANNELS WITH VARIOUS PRESSURE (1, 1. 5,2 AND 2. 5 BAR) AND VARIOUS OPERATING TEMPERATURE (323, 333, 343 AND 353) WAS
CARRIED OUT BY LAKSHMINARAYANAN ET AL [6]. THE PERFORMANCE OF PEMFC HAS BEEN ANALYZED FROM THE NUMERICAL STUDY ALSO
THE BETTER LANDING WIDTH TO CHANNEL WIDTH OF THE FLOW CHANNEL, PRESSURE AND TEMPERATURE WAS IDENTIFIED. THE
PERFORMANCE IMPROVEMENT OF THE SERPENTINE FLOW CHANNEL WITH 64 CM2 (8CM X 8CM) ACTIVE AREA OF THE PROTON EXCHANGE
MEMBRANE (PEM) FUEL CELL HAS BEEN STUDIED WITH THE EFFECT OF DESIGN PARAMETER LIKE VARIOUS LANDING TO CHANNEL WIDTH
RATIO (L:C) 1:1, 1:2, 2:1 AND 2:2 AND THE OPERATING PARAMETERS LIKE VARIOUS OPERATING TEMPERATURE (313, 323 AND 333),
CONSTANT PRESSURE OF 2 BAR AND INLET REACTANT MASS FLOW RATE BY LAKSHMINARAYANAN ET AL [7]. THE RESULTS SHOWED THAT
THE MAXIMUM NUMERICAL POWER DENSITIES OF SERPENTINE FLOW CHANNEL WITH R:C -1:2 WERE FOUND TO BE 0.134, 0.139 AND 0.137
W/cM? FOR TEMPERATURE 313, 323 AND 333 K RESPECTIVELY. THE VARIOUS OPERATING PARAMETERS LIKE CELL TEMPERATURE,
PRESSURE, REACTANTS ON ANODE AND CATHODE FLOW RATE HAS BEEN INVESTIGATED EXPERIMENTALLY FOR TRIANGULAR CHANNEL
GEOMETRY ON 25 CM? ACTIVE AREA OF PEMFC BY KHAZAEE ET AL. [8]. THE RESULTS SHOWED THAT AN INCREASE IN THE INLET
TEMPERATURE OF REACTANTS, CELL TEMPERATURE AND INLET PRESSURE CAN ENHANCE CELL PERFORMANCE OF THE PEMFC. OOSTHUIZEN
ET AL. [9] STUDIED THE AIR FLOW IN A SIMPLIFIED MODEL OF THE SERPENTINE FLOW CHANNELS WITH A SQUARE CROSS-SECTION AND
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ADJACENT DIFFUSION LAYER ON THE PERFORMANCE OF THE PEMFC. THE RESULTS INDICATED THAT THE FLOW CROSSOVER DOES HAVE A
SIGNIFICANT INFLUENCE ON THE PRESSURE VARIATION THROUGH THE CHANNEL, TENDING TO DECREASE THE PRESSURE DROP ACROSS THE
CHANNEL. THERE CAN BE CROSSOVER OF AIR THROUGH THE POROUS DIFFUSION LAYER FROM ONE PART OF THE CHANNEL TO ANOTHER DUE
TO THE PRESSURE DROP ALONG THE FLOW CHANNEL.
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Fig. 1. Interdigitated flow channel of (a) Rib to channel width ratio -1:1 and (b)Various parts associated with PEM fuel cell

In this study, single pass interdigitated flow channel of 16 cm? (4cm x 4cm) active area with rib width to channel width ratio (R:C) -
1:1 has been created with the help of Creo software and the created modal was analyzed by Ansys CFD Fluent software. This
performance of PEM fuel cell has also been found out with various operating temperature of 313K, 323K,333 K and 343 K, constant
operating pressure of 2 bar and three times to the theoretical inlet reactant mass flow rate at the anode and cathode side.

. NUMERICAL ANALYSIS OF PEM FUEL CELL:

The modeling of various rib to channel width ratio 1:1 with interdigitated flow channel of 16 cm? active area of PEM fuel cell as
shown inthe Fig. 1(a) and the corresponding dimensions have been mentioned in Table 1.

Table 1. Dimensions of interdigitated fuel cell of 16 cm? active area

Elements Length(cm) | Width(cm) Thickness(cm)
MEA Assembly ! ! 0. 0127

Gas Diffusion Layer 4 4 0.03

Flow Channel 4 4 0.1

Anode Plate 4 4 1

Cathode Plate 4 4 1

The development of interdigitated flow channel of 16 cm? of PEM fuel cell model has been involved three major steps. Modeling the
geometry of the fuel cell using Creo Parametric 2.0 was the first step. The modeling was done by creating individual parts such as
anode, cathode, catalyst, gas diffusion layer and membrane as shown in the Fig. 1 (b). These parts were assembled using suitable
constrains to form the complete PEMFC assembly.

The various single pass geometrical models form the basis for creating a computational mesh. The second step involved, creating the
mesh from the geometry using ICEM CFD 14.5. Creating a good mesh has been one of the most difficult steps involved in modeling. It
requires a careful balance of creating enough computational cells to capture the geometry without creating much of its care should be
taken such that it would not exceed the available memory of the meshing computer.

Table 2. Continuum and boundary condition of interdigitated flow channel of 16 cm? active area

Continuum Zone Boundary Conditions

F_Ié)w Channels for anode and cathode Inlet and outlet zones for the anode gas channel

sides

Anode and cathode current collectors Inlet and outlet zones for the cathode gas channel

Anode and cathode gas diffusion Tayers Surfaces representing anode and cathode terminals

Anode and cathode catalyst layers Optional boundary zones that could be defined include any voltage
jump surfaces, interior flow surfaces or non-conformal interfaces
that are required.

Many other factors must also be considered into account in order to generate a computational mesh which provides representative
results when simulated. The third and final step involves adoption of boundary condition with physical and operating parameters of PEM
fuel cell for solving the above mentioned reaction kinetics. The Continuum and boundary condition of interdigitated flow channel as
shown in the table 2.
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In order to solve the myriad of equations associated with a fuel cell simulation, the entire cell was divided into a finite number of
discrete volume elements or computational cells. The simulation has been solved simultaneous equations like conservation of mass,
momentum, energy, species, Butler—\olmer equation, Joule heating reaction and the Nernst equation to obtain reaction kinetics of PEM
fuel cell, namely mass fraction of H,, O, and H,O, temperature, static pressure and current flux density distribution. All the inlets
should be assigned the boundary zone type as ‘mass flow inlet” and outlets should be assigned as ‘pressure outlet’ type. The anode is
grounded (V = 0) and the cathode terminal is at a fixed potential which is less than the open-circuit potential. Both the terminals should
be assigned the ‘wall” boundary type. Voltage jump zones can optionally be placed between the various components (such as between
the gas diffusion layer and the current collector). Faces which represent solid interfaces must be of the type ‘wall’.

I1. RESULTS AND DISCUSSION:

The performance of the PEMFC with R:C 1:1 interdigitated flow channel and operating parameters has been shown by performance
curve (P-1 curve) and polarization curve (V-1 curve). The obtained power density of interdigitated flow channel with constant pressure
and various operating temperature for rib to channel width ratio 1:1 was to be 0. 301 W/cm? and the corresponding current density was
0.635 A/cm? respectively at 313 K. similarly for 323K,333K and 343 K the power density was found to be 0.30 W/cm?, 0.296 W/cm?
and 0.30 W/cm? and the corresponding current density of 1:1 was 0.632 A/cm?, 0.623 A/cm? and 0.632 A/cm? respectively. The
performance (P-1) and polarization (V-I) curve of R: C-1:1, constant pressure and various temperatures have been shown in the Fig.
2.The current density and power density of R:C 1:1 for various temperature with constant stoichiometric ratio and constant pressure of 2
bar has been mentioned in table.3.

_ CURRENT DENSITY (Afem?)
A £
POWER DENSITY (W/em?)

<0 250 .60
VOLTAGE (V)

Fig. 5. P-1 and V-1 curve of R:C — 1:1 of interdigitated flow channel with 16 cm?active area
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Table-3: Maximum Power densities of Rib to Channel width ratio 1:1 of interdigitated flow channel

VOLTAGE 313K 323 K 333K 343 K

Alcm?2 Wicm2 | Alem2 | Wicm2 | Alcm2 | W/cm2 | Alem2 | W/cm?2
0.875 0.066 0.057 0.084 0.073 0.055 0.048 0.053 0.047
0.850 0.101 0.086 0.109 0.093 0.079 0.067 0.089 0.076
0.825 0.137 0.113 0.145 0.119 0.116 0.095 0.124 0.103
0.800 0.177 0.142 0.185 0.148 0.166 0.133 0.155 0.124
0.775 0.215 0.166 0.223 0.173 0.214 0.165 0.182 0.141
0.750 0.242 0.182 0.250 0.188 0.231 0.173 0.230 0.173
0.725 0.289 0.209 0.297 0.215 0.276 0.200 0.265 0.192
0.700 0.325 0.227 0.333 0.233 0.314 0.220 0.323 0.226
0.675 0.348 0.235 0.356 0.240 0.357 0.241 0.345 0.233
0.650 0.383 0.249 0.391 0.254 0.382 0.248 0.381 0.248
0.625 0.418 0.261 0.426 0.266 0.416 0.260 0.415 0.260
0.600 0.468 0.281 0.476 0.286 0.467 0.280 0.466 0.280
0.575 0.502 0.289 0.510 0.294 0.501 0.288 0.500 0.288
0.550 0.536 0.295 0.544 0.299 0.535 0.294 0.534 0.294
0.525 0.550 0.289 0.568 0.298 0.552 0.290 0.568 0.298
0.500 0.582 0.291 0.600 0.300 0.591 0.296 0.599 0.299
0.475 0.635 0.301 0.632 0.300 0.623 0.296 0.632 0.300
0.450 0.645 0.290 0.653 0.294 0.644 0.290 0.663 0.298
0.425 0.677 0.288 0.685 0.291 0.676 0.287 0.685 0.291
0.400 0.708 0.283 0.716 0.286 0.707 0.283 0.716 0.286
0.375 0.739 0.277 0.747 0.280 0.738 0.277 0.737 0.276
0.350 0.769 0.269 0.777 0.272 0.768 0.269 0.767 0.268
0.325 0.800 0.260 0.808 0.263 0.799 0.260 0.798 0.259
0.300 0.830 0.249 0.838 0.251 0.829 0.249 0.828 0.248
0.275 0.860 0.236 0.868 0.239 0.859 0.236 0.858 0.236

This design has converted the transport of the gaseous reactant to/from the catalyst layers from a diffusion mechanism to a convection
mechanism at the interface of catalyst and GDL. Convection having much faster than diffusion, the reaction rates at the catalyst sites
could be significantly enhanced.

I1l. CONCLUSION:

The maximum power density 0.301 W/cm? and current density of 0.635 A/cm? at 0.475 V was achieved in rib to channel width ratio
of 1:1 with 16 cm? active area of interdigitated flow channel at constant operating pressure of 2 bar and 313 K temperature. The
maximum power density of a PEM fuel cell is achieved between 0.4 - 0.5 cell potential for various operating temperatures and constant 2
bar pressure.
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