
Detailed Heat, Mass and Transport Study in 

Catalytic Plate Fuel Reformer using a 

Microkinetic Model  

Mayur A. Mundhwa (RMC) 

Rajesh D. Parmar (Queenôs University) 

Dr. Christopher P. Thurgood (RMC) 

Dr. Brant A. Peppley (Queenôs University)  

61th CSChE Conference 2011, London, ON 



I NTRODUCTION  
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ÁCatalytic Plate Reactor (CPR) is a simple but elegant reactor concept é. it 

consists of a thin plate coated with appropriate catalysts to support an 

endothermic reaction on one side (e.g. steam reforming of methane) and an 

exothermic (e.g. combustion of methane) reaction on the other side 

Á Investigate the performance of  the CPR concept to convert a hydrocarbon 

feed into a reformate (mixture of H2, CH4, CO, é) suitable to operate a Fuel 

CellĄ start with the simplest hydrocarbon, methane 

ÁKey advantage is excellent heat transfer without diluting the reformate with 

the products of combustion (especially nitrogen) 

ÁHas the advantages of both steam reforming (steam  +  hydrocarbon) and 

autothermal reforming (steam  +  air  + hydrocarbon) while minimizing 

the drawbacks of each process 
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ÁDesirable to have a model that predicts CPR performance under 

different operating conditions. 

ÁMost significant factor in predicting performance are the reaction 

kinetics Ą causes strong gradients both along and transverse to 

the plate 

ÁTwo kinetics for methane reforming are implemented from 

literature:    1) Deutschmannôs microkinetics (2006)   

               2) Xu and Fromentôs kinetics (1989) 

ÁMain advantages of microkinetics over LHHW kinetics are:    

 1)  No assumption of rate determining step           

 2) Valid over a larger temperature and concentration range 
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ÁEach element of the CPR requires an appropriate model 

consistent with the transport phenomena 

    Channels: flow but no reaction; convective heat transfer 

    Catalyst Layer: flow with reaction; conduction heat transfer  

    Plate: no flow and no reaction; conduction heat transfer 

ÁRecognize each element of the CPR requires a mesh that allows 

computation of the solution (not discussed) 

 

 



GEOMETRY 

4 



GEOMETRY 

5 



CONTINUITY  & M OMENTUM 

6 

 



CONTINUITY  & MOMENTUM 

7 

 



CONTINUITY  & MOMENTUM 

8 



HEAT TRANSFER 

9 



HEAT TRANSFER 

10 



HEAT TRANSFER 

11 



HEAT TRANSFER 

12 


