
Solid oxide hydrogen fuel cell

Consider a solid oxide hydrogen fuel cell (see diagram below and at 
http://science.nasa.gov/headlines/y2003/18mar_fuelcell.htm, but notice that there are a number of 
mistakes on the diagram on that website.  Assume that CO2 serves as an inert carrier gas, so all CO 
should be CO2 and the chemical equation on the top should be reversed in order.)  Air is forced through 
the inner part of the tube.  On the inner surface of the ceramic tube the oxygen diffuses through a 
permeable cathode, decomposes, ionizes, and the ions travel through to the fuel side of the ceramic 
electrolyte.  On the fuel side, hydrogen diffuses through the permeable anode.  The hydrogen combines 
with the oxygen ions producing water, which diffuses back out into the fuel stream.  Assume that in 
steady state the rate at which O2 is decomposed (in moles per unit time per unit area) at the 
cathode/electrolyte interface is j = g cO2 where cO2 is the concentration of oxygen at the 
cathode/electrolyte interface.  The diffusivity of the oxygen in the cathode is D.  Assuming that the 
diffusivity of the hydrogen and water are fast and that the ceramic is thin, mass transport in the 
electrolyte and anode can be neglected.  Energy is generated at a rate P = a J, where J is the total rate at 
which O2 is consumed and a is the amount of energy generated per mole of O2 consumed.

1. Derive an expression for the flux of oxygen into the cathode per unit length as a function of the 
oxygen content in the air cAir, inner radius of the tube, R, and the thickness of the cathode, H.

2. Assuming that the air exhibits laminar flow and enters the tube at a flow rate Q with an initial 
oxygen concentration c0, setup but do not solve the equations and boundary conditions to find 
the concentration of oxygen in the air as it flows through the tube.

3. Show what calculation you would perform to obtain the power generated by the fuel cell 
assuming that you were able to obtain the solution from part 2 above.
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