
Geophysical Research Abstracts
Vol. 17, EGU2015-6792, 2015
EGU General Assembly 2015
© Author(s) 2015. CC Attribution 3.0 License.

The Impact of Fluid Deformation on Mixing and Fast Chemical Reaction
Along Reaction Fronts in Porous Media
Marco Dentz (1), Tanguy Le Borgne (2), Timothy Ginn (3), Mohamed Nassar (3), and Lynn S. Bennethum (4)
(1) Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Department of Geosciences, Barcelona, Spain
(marco.dentz@gmail.com), (2) Geosciences Rennes, UMR 6118, Université de Rennes 1, CNRS, Rennes, France, (3)
University of California Davis, Davis, CA, USA, (4) University of Colorado Denver, CO, USA

Fast chemical reactions in heterogeneous flows are controlled by fluid mixing, which perturbs local chemical
equilibria and thus triggers chemical reactions. The deformation of material fluid elements in inhomogeneous flow
fields leads to solute spreading and increased mixing due to the steepening of concentration gradients on one hand,
and the increase of interfacial surface area between chemicals on the other. We present an approach based on a
lamellar representation of fluid mixing that links fluid deformation, the distribution of concentration gradiens, and
the upscaled reaction rates for fast reversible reactions. The evolution of effective reaction rates are governed by
the flow topology, which determines the distribution of local velocity gradients, and the elongation rate of the
reaction front. This leads to a significant increase of reaction efficiency, which turns out to be orders of magnitude
larger than in homogeneous flow. This lamella based approach allows for the systematic evaluation of the temporal
evolution of equilibrium reaction rates in inhomogeneous flows, and establishes a direct link between the reaction
efficiency and the spatial characteristics of the underlying flow field as quantified by the deformation of material
fluid elements.


