
1. Flow through a catalytic reactor

CuO is a good catalyst for the reaction

2CO(g) + O2(g) ⇒ 2CO2(g)

CuO is coated on the internal surfaces of porous Al2O3 spheres of radius R, so the gases containing
CO and O2 can diffuse in through the pores with diffusivity D and react on the internal CuO surfaces.
(The Al2O3 is used as a substrate because of its high strength and stability at the high temperatures
reached due to combustion; porous CuO would sinter into dense solid spheres at such temperatures.)
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Because the spheres are a lot smaller than the reactor, you can treat this as a homogeneous chemical
reaction throughout a porous solid. Assume for this problem that CO is the limiting reagent, and the
rate of reaction is proportional to its concentration with “homogeneous” rate constant k, so GCO =
−kCCO. And assume that the spheres take up 60% of the reactor volume, and are very porous but
with small channels allowing very little flow.

(a) Estimate the hydraulic radius and low-velocity permability P of a packed bed of spheres with 2
mm diameter with solid volume fraction 0.6 using the tube bundle approximation.

(b) The actual permeability as measured by flowing water slowly through the device ends up being
10% higher than the value calculated in part 1a. Give a reason why this might happen here.

(c) Using the tube bundle model of flow through this packed bed of spheres, and based on what you
know of average and maximum flow velocities in a tube, sketch the concentration at the outlet
vs. time of an inert tracer injected at time t = 0. Assume that the longitudinal mixing due
to nonuniform velocity is much larger than due to diffusion, in other words, that the molecular
diffusivity D is approximately zero.

(d) Do you think this reactor will behave more like plug flow or perfect mixing? Explain your answer.
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