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Table S1. Boundary conditions.

Boundary conditions
Boundary areas

Charge transport Momentum transmission Mass transport

Fuel inlet - U_in_anode
CMeOH_in , 

1M H2O, 
1e-4 M CO2

Fuel outlet - 1 atm Convection

Air inlet - U_in_cathode xO2c_in, xH2Oc_in

Air outlet - 1 atm Convection

Anode GDL outer surface Insulation - No slippage

Cathode GDL outer surface Insulation - No slippage

Fuel and air flow channel walls Insulation No slippage No slippage

Anode electrode outer surface Electrical grounding - -

Cathode electrode outer surface E_cell - -
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Table S2. DMFC Model Parameters.

Parameter Value
Runner length 0.01 m
Runner height 0.001 m
Runner width 1.5748E-4 m

Runner spacing 1.81864E-4 m
GDL height 3.8E-4 m

Porous electrode height 5E-5 m
Proton exchange membrane height 1E-4 m

Porosity of GDL 0.7
Permeability of GDL 1E-12 m²

Electronic conductivity of GDL 222 S/m
Integral of the ionomer in CL 0.25

Porosity of CL 0.3
Permeability of CL 2E-14 m²

Proton Conductivity of CL (nafion) 12.3 S/m
Electronic conductivity of CL (solid) 222 S/m

Conductivity of the membrane 9.825 S/m
Cathode oxygen mass fraction 0.228
Cathode water mass fraction 0.01

Molar mass of water 0.018 kg/mol
Molar mass of oxygen 0.032 kg/mol
Molar mass of nitrogen 0.028 kg/mol

Molar mass of cathode oxygen 0.20418
Molar mass of cathode water 0.015921

Molar mass of cathode nitrogen 0.77989
Anode inlet velocity 0.13 m/s

Cathode inlet velocity 0.4 m/s
Anode viscosity coefficient 1.19E-5 Pa·s

Cathode viscosity coefficient 2.46E-5 Pa·s
MeOH-H2O Binary diffusion coefficient 1E-5 m²/s

O2-N2 Binary diffusion coefficient 2.8238E-5 m²/s
O2-H2O Binary diffusion coefficient 3.3188E-5 m²/s
N2-H2O Binary diffusion coefficient 3.0291E-5 m²/s

Cell temperature 338.15 K
Reference pressure 1.01E5 Pa

Cell voltage 1 V
Oxygen reference concentration 36.5 mol/m³

Methanol reference concentration 100 mol/m³
Molar gas constant 8.314 J/(mol·K)

Specific surface area 1E5 1/m
Anode equilibrium potential 0.046 V

Cathode equilibrium potential 1.05 V
Anode reference current density 43.82 A/m²

Cathode reference current density 0.0422 A/m²
Inlet methanol concentration 1000 mol/m³

Diffusion coefficient of methanol in the membrane 1.1989E-12 m²/s
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Table S3. DMFC Database
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Table S3. DMFC Database(continued)
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Figure S1. DMFC Grid Consistency Verification.



 7 / 16

Figure S2. Concentration distribution of reactants and products (0.25 V): (a) Molar concentration 
of methanol at the anode, (b) Molar concentration of CO2 at the anode, (c) Molar concentration of 

oxygen at the cathode, (d) Molar concentration of water at the cathode. Cross current density 
generated by methanol infiltration at the anode (0.25 V). Liquid Saturation at Cathode GDL and 

CL (0.25 V).



 8 / 16

Figure S3. Polarization curve obtained by changing the ratio between porosity and nafion in the 
catalyst layer; (a) Porosity changes, nafion remains unchanged; (b) Porosity changes, nafion 

changes; (c) Porosity remains unchanged and nafion changes.
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Figure S4. Polarization curve obtained by changing the inlet velocity of methanol at the anode 
and oxygen at the cathode.



 10 / 16

Figure S5. Polarization curve obtained by changing temperature and pressure.
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Figure S6. Polarization curves obtained by changing (a) electron conductivity and (b) proton 
conductivity.
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Figure S7. Polarization curve obtained by changing (a) anode methanol concentration and (b) 
cathode oxygen concentration.
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Figure S8. Polarization curve obtained by changing anode methanol inlet concentration.
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Figure S9. The influence of different parameters on the maximum power density amplitude of 
fuel cells from simulation model (top 6).
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Figure S10. The other four algorithms’ data training test (90% - 10%) error plots. (a)KRR; 
(b)LASSO; (c)RIDGE; (d)SVR. Training data (blue), test data (red).

(c)
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Figure S11. Average feature importance prediction plots using the ratio of maximum power 
density to different pressures based on the best ETR models in ten-fold cross-validation (top 6).


