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Theoretical Analysis on Bifurcation Behavior of Catalytic Surface
Reaction on Nonadiabatic Stagnation Plane
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Abstract

Bifurcation behavior of ignition and extinction of catalytic reaction is theoretically investigated in a
stagnation-point flow. Considering that reaction takes place only on the catalytic surface, where
conductive heat losses are allowed to occur, activation energy asymptotics with a overall one-step
Arrhenius-type catalytic reaction is employed. For the cases with and without the limiting reactant
consumption, the analysis provides explicit expressions, which indicate the possibility of multiple
steady-state solution branches. The difference between the solutions with and without reactant
consumption is in the existence of an upper solution branch, and the neglect of reactant consumption
is inappropriate for determining extinction conditions. For larger values of reactant consumption, the
solution response is all monotone, suggesting that multiple solutions are not possible. It is shown that
bifurcation Damkohler numbers increase (decrease) with increasing of conductive heat loss (gain) on
the catalytic surface, which means that smaller (larger) values of the strain rate allow the surface
reaction to tolerate larger heat losses (gains). Lewis number of the limiting reactant can also
significantly affect bifurcation behavior in a similar way to the effect of heat loss.
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