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Falling filmmicroreactors have been applied to fast exothermic gas—liquid reactions by taking advantage
of extremely large interface area. However, in such reaction systems, the reaction rate is often limited
by mass transfer on the liquid side. In this study, for process intensification, microstructured falling
film plates with micro—baffles were newly proposed and the effect was investigated in terms of
hydrodynamics, mass transfer and reaction.

First, 2-dimensional falling film flows on microstructed plates with horizontal baffles (HB plates)
were experimentally and numerically investigated. It was suggested that the guidelines to enhance mass
transfer for HB plates were (i) higher baffle height, (ii) higher flowrate, (iii) lower viscosity/surface
tension. Then, 3-dimensional flows onplates with alternately inclined baffles (IBplates) were numerically
investigated. Swirling flow was observed downstream of the inclined baffle, which was expected to promote
mass transfer.

Subsequently, the effect of micro—baffles on mass transfer was numerically investigated. CO, gas
absorption into water was selected as a benchmark study. On the HB plates, the liquid-side mass transfer
coefficient k; was slightly smaller than that on the standard plate without micro—baffles regardless of
geometrical parameters. On the other hand, on the IB plates, 4; was significantly increased. It was found
that inclined baffle-induced swirling flow promoted surface renewal in a falling film. In addition,
parametric studies indicated that shorten baffle interval and higher baffle height could greatly raise
kL.

Finally, the reaction behavior was investigated on CO, gas absorption into NaOH aqueous solution in
a falling film microreactor. A CFD model involving chemical reactions was successfully validated through
the comparison with experimental results on the standard and HB plates. The CFD simulations indicated
that inclined baffles significantly increased reaction conversion of hydroxide.

The outcome of this study will contribute to further process intensification of gas—-liquid reactions
in falling film microreactors.
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