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Source terms used in the transport equations: 
1. Mass transport: S୫ୟୱୱ= 0. Where S୫ୟୱୱ is the mass source term 

 
2. Momentum transport: S୫୭୫= ஜ୳ሬሬ⃗୏    
where S୫୭୫ is the momentum source, μ is the dynamic viscosity, uሬ⃗  is the velocity vector, 
and Kis the permeability. 

 
3. Species transport: S୩ is the source term that represents either consumption/production of species k (H2, O2 or 

H2O) and is given as follows [26, 27]: 

 Sୌమ =  − ୧౗ୟ౗ଶ୊ Mୌమ                                                                                                                                     

S୓మ =  − ୧ౙୟౙସ୊ M୓మ                                                                                                                                      

Sୌమ୓ =  ୧ౙୟౙଶ୊ Mୌమ୓                                                                                                                                      

where iୟ and iୡ are the anodic and cathodic local current density respectively, aୟ and aୡ 
are the anodic and cathodic specific surface areas respectively, F is the Faraday’s constant 
(96485 C/mol), and Mୌమ, M୓మ and Mୌమ୓ are the molecular weights for hydrogen, oxygen 
and water respectively. 

 
4. Energy transport: Sୣ is the heat source term and takes one of the following forms in each fuel cell component 
[25]: 

 



Sୣ =  ⎩⎪⎨
⎪⎧ iୱଶ σୱ⁄  for anode and cathode GDLsRୟ ቂηୟ − ୘∆ୗ౗ଶ୊ ቃ + ୧౩మ஢౩ + ୧మౣ஢ౣ  for anode catalyst layerRୡ ቂ−ηୡ − ୘∆ୗౙଶ୊ ቃ + ୧౩మ஢౩ + ୧మౣ஢ౣ  for cathode catalyst layer                         

                                                   
where Rୟ and Rୡ are the anode and cathode exchange current densities, iୱ and i୫ are the 
solid phase and membrane phase current densities, σୱ and σ୫ are the electrical and ionic 
conductivities of the solid and membrane phases respectively, and ηୟ and ηୡ are the anodic 
and cathodic overpotential, ∆Sୟ and ∆Sୡ are the reaction entropies at anode and cathode 
catalyst layers respectively. 

5. Charge transport: Sம,ୱ and Sம,୫ are the solid-phase potential and membrane-phase potential respectively and 
are given as follows [31]: Sம,ୱ = ൜ jୟ at the anode CL−jୡ at the cathode CL                                                                                                                        

Sம,୫ = ൜−jୟ at the anode CLjୡ at the cathode CL                                                                                                                          

where jୟ and jୡ are the volumetric exchange current density (A/m³) at the anode and cathode 
catalyst layers respectively and are obtained using Butler-Volmer equations [32]: jୟ =  iୟ୰ୣ୤aୟ ൬ୡౄమୡౄమ౨౛౜൰଴.ହ ቂexp ቀ஑౗,౗୊ୖ୘ ηୟୡ୲,ୟቁ − exp ቀ஑౗,ౙ୊ୖ୘ ηୟୡ୲,ୟቁቃ                                                                           
jୡ =  iୡ୰ୣ୤aୡ ൬ୡోమୡోమ౨౛౜൰ ቂexp ቀ஑ౙ,౗୊ୖ୘ ηୟୡ୲,ୡቁ − exp ቀ஑ౙ,ౙ୊ୖ୘ ηୟୡ୲,ୡቁቃ                                                                                
where iୟ୰ୣ୤and iୡ୰ୣ୤ are the reference anodic and cathodic exchange current density 
respectively, αୟ,ୟ and αୟ,ୡ are respectively the anode and cathode transfer coefficients for 
the electrochemical reactions in the anode catalyst layer, αୡ,ୟ and αୡ,ୡ are respectively the 
anode and cathode transfer coefficients in the cathode catalyst layer, cୌమ୰ୣ୤ and c୓మ୰ୣ୤are the 
reference hydrogen and oxygen concentrations respectively, F is the Faraday’s constant and R is the universal gas constant. ηୟୡ୲,ୟ and ηୟୡ୲,ୡ are the anodic and cathodic overpotential 
and are given as follows: ηୟୡ୲,ୟ =  ϕୱ − ϕ୫                                                                                                                                           ηୟୡ୲,ୡ =  ϕୱ − ϕ୫ − E଴                                                                                                                                   

where E଴ is the reference potential of the electrodes and is equal to zero for the anode, while 
for the cathode it is equal to the equilibrium cell potential (E୰)[33,34]: E୰ = 1.482 − 0.000845T + 0.0000431T𝚕n ൫PୌమP୓మ଴.ହ൯                                                                                

The membrane ionic conductivity, σ୫, is estimated using an empirical correlation 
developed by [35]: 



ϕ୫ = (0.005139λ − 0.00326) exp ቂ1268 ቀ ଵଷ଴ଷ − ଵ୘ቁቃ                                                                                 

where λ is the membrane water content which is empirically correlated by [32]: 

 λ =  ൝ 1.409 + 11.26ac − 18.77acଶ + 16.21acଷ, 0 < ac ≤ 110.11 + 2.944(ac − 1), 1 < ac ≤ 3                                   16.8, ac > 3                                                                                                                                                  
where ac  is the water activity and is given as [27]: ac = ୔౬୔౩                                                                                                                                                             

where P୴ is the partial pressure of water vapour and Pୱ is the pressure of saturated water 
vapor which is given by [27]: log(Pୱ) = −2.1794 + 0.02953(T − 273.15) − 9.1837 × 10ିହ(T − 273.15)ଶ+ 1.4454 × 10ି଻(T − 273.15)ଷ 

6. Liquid water transport: S୪  is the source for the liquid phase, and is specified as follows [25]: S୪= S୮୦ୟୱୣ − S஛Mୌమ୓ + ୧ౙଶ୊ Mୌమ୓ at the cathode catalyst layer. S୪= S୮୦ୟୱୣ at the anode catalyst layer, anode gas diffusion layer, and the cathode gas 
diffusion layer given as follows: 

S୮୦ୟୱୣ= ൝Kୡ୭୬ୢ க(ଵିୱ)୶౬ୖ୘ Mୌమ୓(P୴ − Pୱ)                     P୴ ≥ Pୱ Kୣ୴ୟ୮εsρ୪(P୴ − Pୱ)                         P୴ < Pୱ                  
where Kୡ୭୬ୢ  is the rate of condensation, Kୣ୴ୟ୮ is the rate of evaporation, ρ୪ is the density 
of liquid water, and x୴ is the mole fraction of water vapour.  S஛= γୟ ஡୑ౣౣ (λୣ୯ − λ) at the anode catalyst layer S஛= γୡ ஡୑ౣౣ (λୣ୯ − λ) + ୧ౙଶ୊ at the cathode catalyst layer 

where ρ୫ is the density of the dry membrane and M୫ is the membrane equivalent weight. 
 

 

 


