
Heat flow analysis of thermally self-sustained cells. 

An existing model of heat-recirculating reactors [1] including heat losses to 
ambient and streamwise heat conduction along the tube walls was adapted to simulate the 
thermal behavior of the current apparatus using the known dimensions of our reactor and 
thermal conductivities of the tube walls and gas streams.  By adjusting one constant 
(effectively the reaction rate pre-exponential factor), this simple model can be matched to 
the experimentally measured cell temperature of 535 °C at 32 ml/min of propane.  When 
the flow rate is increased to 40 ml/min, without re-adjusting this parameter, the predicted 
fuel cell temperature is 573 °C compared to 580˚C experimentally.  Thus, the simple 
model predicts to within 20% the increment of fuel cell temperature due to an increment 
in reactant flow, and provides some confidence in the viability of the model for this 
application.  Using this same model, it is predicted that if there were no heat recirculation 
the reactor temperature would be only 327 °C.  Also, if heat recirculation did exist but the 
helium inert were replace with argon, the fuel cell temperature would be (in the 40 
ml/min case) 446 °C.  The corresponding temperature for nitrogen inert would be 474 °C, 
a value apparently sufficient to ensure catalytic activity of Ru+ceria for propane partial 
oxidation (Fig. 2, main text).  Moreover, for the baseline 40 ml/min O2-He case, halving 
the thickness of the wall separating the reactant and product streams would cause the cell 
temperature to rise to 636 °C.  In the limit of a very thin wall, the temperature would be 
800 °C.  Based on these findings, it would appear that (1) heat recirculation is important 
for self-sustaining operation of this device, (2) helium inert is preferred to argon or 
nitrogen inert, (3) the catalytic activity of Ru+CeO2 is sufficient for self-sustained 
operation on propane+air mixtures, and (4) streamwise wall heat conduction is of some 
but not great importance. 
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