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ABSTRACT    The operating and design parameters affect the performance of the Proton Exchange Membrane Fuel 
Cell (PEMFC). In this work numerical comparing the performance of 81 cm2 active area with  landing to channel width 
ratio of (L: C)-2:2 serpentine flow channel of PEMFC with various operating temperatures ranges (303, 313, 323 and 
333K), pressure  ( 1 and 2 bar)  and constant mass flow rate of reactants was analyzed. The model was developed and 
analyzed using SOLIDWORKS tool and the ANYSYS 14.0 software respectively. The L:C-2:2 has produced the maximum 
power density was obtained as 0.154 W/cm2 at 1 bar pressure and 323 K on serpentine flow channel of PEMFC. 
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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. However, water and heat is the by-product of electrochemical 
reaction on cathode flow channel and partial pressure of water vapour causes condensation of water on 
anode flow channel. The water management of PEMFC has become an important task, whereas too much of 
water accumulation causes “flooding” or too little water causes dryness of membrane can adversely impact 
the performance and lifetime of PEMFCs. Water accumulation leads the fuel cell performance unpredictable 
and unreliable under the nominally identical operating conditions. In order to enhance the performance and 
reliability of PEMFC, it is important to know more about the mechanism which causes performance loss, 
such as non-uniform concentration, current density distributions, high ionic resistance due to dry membrane 
and high diffusive resistance due to the flooding on the cathode which was addressed by Owejan et al. [3] 
and Nattawut Jaruwasupanta & Yottana Khunatorna [4]. 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 
cm2  effective area was analyzed numerically by Lakshminarayanan et al [5]. The result concluded that the 
maximum power density of 0. 658 W/cm2 were obtained in the landing to channel width ratio of (L: C)- 1:1. 
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. [6]. 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 cm2 active area of the PEMFC with various landing width to 
channel width of single pass serpentine flow channels with various pressure and various operating 
temperature was carried out by Lakshminarayanan et al [7]. 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 
active area of the Proton Exchange Membrane  fuel cell has been studied with the effect of design parameter 
like various landing to channel width ratio and the operating parameters like various operating temperature, 
constant pressure of 2 bar and inlet reactant mass flow rate by Lakshminarayanan et al [8]. The results 
showed that the maximum numerical power densities of serpentine flow channel with R:C -1:2 were found 
to be 0. 139 W / cm2 for temperature 323 K. 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 cm2 active area of PEMFC by Khazaee et al. [9]. 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. [10] studied the air flow in a simplified model of the serpentine flow channels 
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with a square cross-section and 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. Optimization of operating and design 
parameters such as pressure, temperature, stoichiometric ratio of inlet reactant mass flow rate and various 
landing to channel width on serpentine flow channel of 16 cm2 active area of the PEMFC was studied by 
Lakshminarayanan et al [11]. The results were concluded that, the L: C- 1:2 has maximum power density of 
0.422 W/cm2. 
 

Metodology 
The modeling of 81 cm2active area with serpentine flow channel with the landing to channel width ratio of 
(L: C) 2:2of PEM fuel cell involved three major steps. The first step was creating individual parts of the multi 
pass single channeled serpentine PEM fuel cell which was done in SOLIDWORKS tool. Creating the mesh 
from the geometry using ICEM CFD 14 was the second step. In order to solve the myriad of equations 
associated with a fuel cell simulation, the entire cell was divided into computational cells. The simulation has 
been solved all the simultaneous equations to obtain reaction kinetics of PEM fuel cell, namely mass fraction 
of H2, O2, and H2O, temperature, static pressure and current flux density distribution. 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. Many other factors must also be 
considered into account in order to generate a computational mesh which provides representative results 
when simulated. The last step was the adoption of boundary condition with physical and operating 
parameters of PEM fuel cell for solving the reaction kinetics. The analysis was done by the ANSYS 14.0 tool 
and the Fig.1 shows the 2D model of serpentine flow channel of 81 cm2 active area with Landing to Channel 
ratio of various (L:C) – 2:2. 
Table.1 shows the serpentine flow channel of 81 cm2 active area of PEM fuel cell. 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’. 
Boundary conditions 
Inlet and outlet zones for the anode gas channel  
Inlet and outlet zones for the cathode gas channel  
Surfaces representing anode and cathode terminals 
Optional boundary zones that could be defined include any voltage jump surfaces, interior flow surfaces or 
non-conformal interfaces that are required. 
Continuum Zone 
Flow Channels for anode and cathode-sides 
Anode and cathode current collectors  
Anode and cathode gas diffusion layers  
Anode and cathode catalyst layers Electrolyte membrane 

 
Fig. 1. 2D model of serpentine flow channel of 81 cm2 active area with Landing to Channel ratio  

of various (L:C) – 2:2 
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Table 1.Dimensions of active area of PEM fuel cell 

S.No Part Name 
Width 
(mm) 

Length 
(mm) 

Thickness  
(mm) 

Zone  
type 

1 Catalyst - anode & cathode 90 90 0.08 Fluid 
2 Current collector - anode & cathode 130 130 10 Solid 
3 Membrane 90 90 0.127 Fluid 
4 GDL - anode & cathode 90 90 0.3 Fluid 

 

Result and discusion 
The current density has been taken for the serpentine flow channel with various operating temperature, 
pressure and constant mass flow reactant of L:C -2:2of PEM fuel cell. Fig.2. Shows the graph between the 
polarization and performance curve of 81 cm2 effective area with L:C-2:2 ratio of PEM fuel cell with various 
temperature (303, 313, 323 and 333K), operating pressure (1 and 2 bar) and constant stoichiometric ratio.  

 
Fig. 2. Polarization and Performance curve of 81 cm2 serpentine flow channel with various 

 temperatures with 1 bar pressure 

 
Fig. 3. Polarization and Performance curve of 81 cm2 serpentine flow channel with various 

 temperatures with 2 bar pressure 
 

The L:C- 2:2 of serpentine flow channel with 1 bar and various temperature ranges show the 
maximum current density of 0.354A/cm2 and the power density was found to be 0.151W/cm2 at 303 K. The 
maximum current density of 0.360A/cm2 and the power density was found to be 0.153W/cm2 followed by 
0.362A/cm2 and 0.154W/cm2 followed by 0.356A/cm2 and 0.151W/cm2 for the 313, 323 and 333 K 
respectively. The minimum current density of 0.354A/cm2 and power density of 0.151W/cm2 is produced 
at 303K for 81 cm2 active area of PEM fuel cell Similarly Fig.3. Shows the graph between the V-I and P-I 
curve of 81 cm2 of L: C-2:2 ratio with various temperature ranges, constant pressure of 2 bar and constant 
stoichiometric ratio. The maximum current density of 0.353A/cm2 and the power density was found to be 

V-I CURVE 
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0.150W/cm2 for the temperature of 303 K. The maximum current density of 0.360A/cm2 and the power 
density was found to be 0.153W/cm2 followed by 0.362A/cm2 and 0.154W/cm2 followed by 0.354A/cm2 
and 0.150W/cm2 for the temperature of 313, 323 and 333 K respectively. The minimum current density of 
0.353A/cm2 and power density of 0.150W/cm2 is produced at 303 K of 81 cm2 active area of PEM fuel cell. 

Table 2. The comparison of power density for L:C-2:2 81 cm2 serpentine flow channel with various 
temperature ranges of PEMFC. 

TEMPERATURE (K) 303 313 323 333 
PRESSURE (Bar) 1 2 1 2 1 2 1 2 
CURRENT DENSITY (A/cm2) 0.354 0.353 0.360 0.354 0.362 0.355 0.356 0.354 
POWER DENSITY(W/cm2) 0.151 0.150 0.153 0.150 0.154 0.151 0.151 0.150 

 

The table 2 showed the comparison of obtained power density of L:C-2:2 from various temperature ranges, 
pressure and constant mass flow rate of reactants for 81 cm2 active area of  serpentine flow channel of PEM 
fuel cell. For the 323 K maximum power density and current density was achieved at 1 bar pressure 0.362 
A/cm2 and 0.154 W/cm2 respectively. Similarly for the 323 K maximum power density and current density 
was achieved at 2 bar pressure 0.355 A/cm2 and 0.151 W/cm2 respectively. 
 

Conclusion  
The landing to channel width ratios of 2:2 on serpentine flow field of 81 cm2 active area at various operating 
pressure (1 and 2 bar), temperature ranges (303, 313, 323 and 333K) with constant mass flow rate of 
reactant was analyzed numerically. Based on the numerical studies, the maximum power density was 
obtained as 0.154 W/cm2 at 1 bar pressure and 323 K temperature and 0.151 W/cm2 power density at 2 
bar pressure with 333 K temperature. The percentage deviation of power density was 1.94 % of 81  cm2 
serpentine flow channel of PEM fuel cell.  
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