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The application of uncertainty quantification methods is a valuable procedure to gain
insight on the impact of specific random parameters or uncertain model assumptions on
the stochastic model solution. Several statistical methods have been employed in the
literature to propagate uncertainty through a deterministic model. In particular, Monte
Carlo methods are very robust techniques but at the same time are extremely demanding
strategies due to the large number of deterministic simulations required to construct the
stochastic solution. On the other hand, spectral projection methods based on polynomial
chaos (PC) expansion are more efficient techniques [1]. In particular, non-intrusive spec-
tral projection (NISP) methods based on polynomial chaos expansion have been widely
used in the literature [2, 3]. NISP methods do not require the reformulation of the deter-
ministic model and can be employed alongside with the deterministic model.

In this work the NISP method is employed to evaluate the parametric and model uncer-
tainty in the autothermal catalytic partial oxidation of methane performed within a 80
ppi Al,O3 foam monolith reactor. The deterministic formulation to describe the catalytic
partial oxidation of methane to synthesis gas is based on a 1D two-phase mathemati-
cal model that accounts for proper surface kinetic steps, external transport coefficients
through suitable Nusselt and Sherwood correlations and radiative heat transfer. The
current mathematical model was extensively validated in the past over a large range of
operating conditions [4, 5].

The results of the application of the NISP method show the sources for the error bars
of the relevant model solution variables. In particular, the uncertainty range prescribed
for the porosity, the specific surface area and the ratio between catalytic and geometric
surface area is the main responsible for the error bars observed in the stochastic output
model solution for temperatures and product distribution along the reactor.
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