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Figure 1 A schematic diagram of the base case of the PEM fuel cell model. 
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Figure 2 Schematics for the modelled flow channels with (a) trapezoidal (Case 2), and (b) “hybrid” (Case 3) cross-
sections. 

  



Figure 3 The meshed geometry of the base case. The zoomed-in picture shows the mesh across the membrane 
electrode assembly.  
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Figure 4 The back view of the meshed geometries for the investigated cases (a) Case 1 (rectangular cross-section), 
(b) Case 2 (trapezoidal cross-section), and (c) Case 3 (hybrid cross-section).  

  



 

 

Figure 5 The polarisation curve generated by the modelled fuel cell for the base case as compared with the 
experimental data reported by Wang et al. [22]. 

  



 

 

Figure 6 The polarization curves of the modelled PEM fuel cell with square, trapezoidal and hybrid flow channels.  

  



 

 

Figure 7 The velocity profile at 0.5 V along the middle line of the cathode flow channel with: rectangular, 
trapezoidal and hybrid cross-sections.   

  



 

 

Figure 8 The contours of the oxygen concentration (kmol/m³) at the interface between the cathode CL and GDL at 
0.5V with various cross-section shapes: (a) rectangular, (b) trapezoidal and (c) hybrid cross-sections. 

  



 

 
Figure 9 The polarisation curves of the modelled PEM fuel cell with varying outlet heights for hybrid channels. 

  



 

 

Figure 10 The velocity profiles at 0.5 V along the middle line of the hybrid cathode flow channel with varying 
outlet heights.  

 



 

 

Figure 11 The contours of the oxygen concentration at the interface between the cathode GDL and the CL at 0.5V 
with different heights at the outlet: (a) 1.0mm, (b) 0.75mm, (c) 0.5mm and (d) 0.25mm. 

 



Table 1 The parameters used in the model [19],[21],[22],[23] 

Parameter  value 

Reference exchange current density at anode (݅௔
௥௘௙) 6000 A/݉ଶ 

Reference exchange current density at cathode (݅௖
௥௘௙) 0.0044 A/݉ଶ 

Thickness of membrane 0.05 mm 

Thickness of catalyst layer 0.01 mm 

Thickness of GDL 0.2 mm 

Length of channel 50 mm 

Height of channel 1 mm 

Width of channel 1 mm 

Cathode charge transfer coefficient (ߙ௔) 0.5 

Anode charge transfer coefficient (ߙ௖) 1 

Anode/cathode specific surface area (ߞ௘௙௙) 1 × 10଺  

Dry membrane density (ߩ௠) 1980 kg/݉ଷ 

Membrane equivalent weight (EW) 1100 kg/kmol 

ଶ molar concentration (ܿுమܪ
௥௘௙) 54.6 × 10ିଷ kmol/݉ଷ 

ܱଶ  molar concentration (ܿைమ
௥௘௙) 3.39 × 10ିଷ kmol/݉ଷ 

Porosity of anode/cathode CL (ߝ) 0.4 

Porosity of anode/cathode GDL  (ߝ) 0.7 

GDL/CL permeability (K) 3 × 10ିଵଶ/2 × 10ିଵଷ݉ଶ 

GDL/CL contact angle (ߠ)  110/95° 

Hydrogen diffusion coefficient (ܦுమ) 9.15 × 10ିହ ݉ଶ/ݏ 

Oxygen diffusion coefficient (ܦைమ) 2.2 × 10ିହ ݉ଶ/ݏ 

Nitrogen diffusion coefficient (ܦேమ) 2 × 10ିହ ݉ଶ/ݏ 

Water vapor diffusion coefficient (ܦுమ௢) 2.56 × 10ିହ ݉ଶ/ݏ 

Thermal conductivity of CC 100 W/m/K 

Thermal conductivity of GDL 21 W/m/K 

Thermal conductivity of CL 0.3 W/m/K 

Thermal conductivity of membrane 0.25 W/m/K 

Electric conductivity of current collector  (ߪ஼஼) 200000 S/m 

Electric conductivity of gas diffusion layer  (ீߪ஽௅) 5000 S/m 



Electric conductivity of catalyst layer  (ߪ஼௅) 2000 S/m 

Hydrogen viscosity (μ) 8.411 × 10ି଺ܲܽ ݏ 

Liquid water viscosity (μ) 3.517 × 10ିସܲܽ ݏ 

Oxygen viscosity (μ) 1.919 × 10ିହܲܽ ݏ 

Water vapour viscosity (μ) 1.34 × 10ିହܲܽ ݏ 

Nitrogen viscosity (μ) 1.663 × 10ିହܲܽ ݏ 

Surface tension of water (ߪ) 0.0625 N/m 

Gas mass exchange rate ߛ௚ௗ 0.5 

liquid mass exchange rate ߛ௚ௗ 0.5 

Water activity ( ߣ௔ୀଵ) 9.2 

Water content at saturation ( ߣ௦ୀଵ) 16.8 

 

 



Table 5 The expressions for the source terms used in the governing equations [18],[19][22]. 
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Table 6 The boundary conditions used in the simulation model [23][19][22]. 

Parameter Value 
Mass flow rate of hydrogen 5.55 × 10−8 Kg/s 

Mass flow rate of air 5.55 × 10−7 Kg/s 
Mass fraction for Hଶ at anode inlet 0.144 

Mass fraction for HଶO at anode inlet 0.856 
Mass fraction for Oଶ at cathode inlet 0.242 

Mass fraction for HଶO at cathode inlet  0.103 
Cathode/anode relative humidity  100% 
Temperature at the channel inlets 353 K 

 

  



Table 7 The pressure drop, temperature difference along the cathode channel and water concentration at the 
cathode channel exit for the investigated cases.   

Cross-section shape 
Pressure drop along 

cathode channel  (Pa) 
Temperature 

difference (°C) 
Water concentration at 
channel exit (kmol/m3) 

Rectangular 13.3 0.17 0.0138 

Trapezoidal 15.1 0.20 0.0151 

Hybrid 19.0 0.22 0.0154 

 

 




