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Introduction

Proton Exchange Membrane Fuel Cell (PEMFC) is a
developing renewable energy methods. PEMFC has
attracted a wide range of investigations to itself. Wang
etal [1] experimentally examined the impression of ef-
fective parameters on fuel cell with constant geometry
and showed the positive effect of increasing humidity,
temperature and operating pressure on the cell perfor-
mance. Jawrungrit et al [2]| optimized pressure and
temperature performance, and they stated the optimum
pressure and temperature values were 3 atmospheres
and 393 K, respectively. Taghyani et al [3] investigated
the effect of assembly pressure on cell performance. It
was observed that the advance of the gas permeation
layer to the flow channel, with the assembly pressure,
decreases the cell performance, and the assembly pres-
sure has little effect on the temperature profile at the
surface of the catalyst-membrane side cathode, and it
has a significant effect on the ohmic and concentration
losses at high current densities. Wu et al [4] investigat-
ed the effect of protrusive gas diffusion layer (GDL).
Their results showed under optimal conditions, pres-
sure drop reduces 35% and current density increases
25%. In this research, PEMFC component’s size sensi-
tive analysis was done.

Materials and Methods

Simulations

In this study, numerical solution in three-dimensional
and two-phase mode was performed to analyze the
sensitivity of the PEMFC. The parameters investigated

Accepted: December/08/2020

are channel height, gas diffusion layer thickness, poly-
mer membrane thickness, catalyst layer thickness, and
channel rib size. PEMFC performance is evaluated by
maximum power

density and average current density. The operating volt-
agesarc 0.9V, 0.8V,0.75V,0.6V,0.4V,and 0.2 V.

Results and Discussion

The parameters investigated are channel height, channel
width, gas diffusion layer thickness, polymer membrane
thickness, catalyst layer thickness, and channel rib.

Fig. | indicates polarization curve and power density-
current density graph of PEMFC with three different
channel width size. As channel width size decreases,
especially at low voltages, average current density and
maximum power density increase.
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Polarization and power density- current density curves
are shown in Fig. 2. As membrane thickness reduces,
PEMFC performance increases. The more membrane
thickness is, the more resistance against unfavorable
transmission and better water content condition are.
These properties enhancements facilitate PEMFC
performance.
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Fig. 3 shows voltage-current density graph and the
power-density - current density curve of the modified
and primary cell. For the sake of increasing the cell
performance, the cell is modified. Modified Cell
is achieved by changing the Channel Width and
GDL Thickness. In the modified case, performance
enhancement exposed as 26.2% average current
augmentation and 19% maximum power density
increment. Hence, some parameters like water
saturation were aggravated.
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Fig. 3 Comparison between Modified case and Primary case

Conclusions

In this study, a size sensitive analysis for characterizing
the cell performance is carried. Based on the results,
a modified cell is developed to increase the cell
performance. The following conclusions are redrawn:
The effect of dimensions on the maximum power
density was studied and the most maximum power
density variation captured by membrane thickness, gas
diffusion layer thickness, channel width, and channel
height, respectively.
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The relationship between the dimensions of the cell
components and the mean current density was investi-
gated and the most impression on mean current density
obtained by channel width, membrane thickness, gas
diffusion layer thickness, channel height, respectively.
A cell was created as a modified state that has dimen-
sions more favorable than the initial state. In the modi-
fied case, dimensions of the channel height, catalyst
thickness and membrane thickness are changed, and
this reforming intensified average current density and
maximum power density.

Nomenclatures
PEMFC: Proton Exchange Membrane Fuel Cell
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