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Abstract

Polymer electrolyte membrane fuel cells have the advantage of low operating temperatures and fast startup and response char-
acteristics compared to others. Simulation studies are actively researched because their cost and time benefits. In this study,
the resistance of water residual in the gas diffusion layer (GDL) of the unit cell was added to the existing equation to compare
the actual data with the model data. The experiments were conducted with a 25 e’ unit cell, and the samples were separated
into stopping times of 0, 10, and 60 minutes following primary impedance measurement, activation, and polarization curve
data acquisition. This gives 0, 10, and 60 minutes for the residual water in the GDL to evaporate. Without the rest period,
the magnitude of the performance improvement was not significantly different at the same potential and flow rate, but the
rest period did improve the performance of the membrane electrode assembly when measuring impedance. By changing the
magnitude of the resistance reduction to an overvoltage, the voltage difference between the fuel cell model with and without
residual water was compared, and the error rate in the high current density region, which is dominated by concentration losses,
was reduced.
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Figure 1. Polymer electrolyte membrane fuel cells experiment flowchart.
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Figure 2. Nyquist plot of (a) S1, (b) S2, (c) S3 at 0.2 Alem’.
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Table 2. Parameter Setting Values

rjg
uE

Parameter (unit) Value
MEA size (cm®) 25
Cell temperature (°C) 80
Air concentration (%) 21
Air pressure (bar) 3
Air relative humidity (%) 100
H, concentration (%) 100
H, pressure (bar) 3
H, relative humidity (%) 100
Nafion demsity (kg/m’) 1970
Nafion equivalent weight (kg/mol) 1
Membrane thickness (cm) 0.00508
Cathode transfer coefficient 0.3
Cathode exchange current density (A/cm?) 0.0001
Anode transfer coefficient 0.1
Anode exchange current density (A/cm?) 1
GDL porosity 0.75
GDL compressibility 0.4
Correction factor 2.65
Area of the bipolar plate touching the electrodes (cm?) 12.5
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Figure 4. Change in ohmic resistance per sample graph.
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Table 3. Error Rate Comparison at 1100 mA/cm’® Current Density Per
Sample

Sample Model 1 (%) Model 2 (%)
S1 89.97660 9.828090
S2 71.54415 0.827965
S3 58.86431 8.158356
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Figure 7. Graphs comparing model and experimental data (a) polarization
curve for models and samples, (b) current density vs error rate graph.
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