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Development of Digital Twin of PEM Fuel cell



Development of Digital Twin of PEM Fuel cell



Polarisation curve



Anode
(Hydrogen Oxidation Reaction) 

2H₂ → 4H⁺ + 4e⁻

Cathode
(Oxygen Reduction Reaction)

O₂ + 4H⁺ + 4e⁻ → 2H₂O

Whole system

2H₂ + O₂ → 2H₂O

CFD simulation



PEM (Polymer Electrolyte Membrane) fuel cell



CFD model



CFD model – equations of state



CFD model – Input parameters

Fixed

Variable



Surrogate model of membrane 



Find the set of 
parameters P 
corresponding to the 
volt-ampere 
characteristic. 

{(Uj, Ij)}  
for j∈ {1, 2, 3}.

AI model Problem description



CFD results: Polarization curves



                          

      

     

    

    

              

                          

         

 

       

      

      

     

    

    

      

       

          

        

                                                        

       

       

        

         

          

            

         

              

           

            

          

         

           

            

          

              

           

            

          

         

           

           

         

              

          

           

              

         

          

          

AI model architecture



• Random initialisation of parameters P (50 configurations)
• Gradient optimisation method (Adam: learning rate 1e-3)
• Selected 15 best predictions
• Verification by CFD simulation (ANSYS)

⚬ 2 divergent configurations
⚬ 2 non-acceptable configurations
⚬ 3 acceptable configurations (difference < 3%)

AI model Inference



RANK CONFIGURATION ERROR[%]
1 CONFIG_2 2,37
2 CONFIG_5 2,74
3 CONFIG_15 3,12
4 CONFIG_4 3,88
5 CONFIG_1 4,46
6 CONFIG_8 5,11
7 CONFIG_14 5,29
8 CONFIG_11 5,90
9 CONFIG_7 5,95

10 CONFIG_13 8,01
11 CONFIG_9 12,25
12 CONFIG_12 43,98
13 CONFIG_3 52,70
14 CONFIG_10 53,96
15 CONFIG_6 105,91

DIVERGENT SOLUTION
RANK CONFIGURATION ERROR[%]

12 CONFIG_12 43,98
15 CONFIG_6 105,91

CFD simulation: Validation



CFD simulation: Validation 



REFRESH Project – Research Excellence For REgion Sustainability and High-tech Industries, No. 
CZ.10.03.01/00/22_003/0000048 is co-financed by the European Union from the Operational Programme Just Transition.

REFRESH Project – Research Excellence For REgion Sustainability and High-tech Industries,
 

No. CZ.10.03.01/00/22_003/0000048 
is co-financed  by the European Union from the Operational Programme Just Transition.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

