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Cross-Flow Vortex Induced by Electric Fields for Enhancement of Heat and Mass

Transfer in a Porous Packed Bed Subjected to Hot-Air Flow
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Abstract

This research proposes an efficient method to enhance heat and mass transfer in a porous
material dried by hot airflow with the electrically-driven cross-flow vortex. In experiments, velocity
and temperature of airflow are controlled at 0.35 m/s and 6OOC, respectively; electrical voltage is
tested at 15 kV. Electrode and ground wires are placed in the normal and parallel directions of airflow,
respectively. Positions of electrodes are varied in both the parallel and normal directions, while
positions of grounds are varied in the normal flow direction. The number of electrodes is tested n = 1
- 3. Packed bed representing porous material composes of water, air, and glass beads. Experimental
results show that positions of electrode and ground, and the number of electrode highly affect the
positions and patterns of vortices. When the number of electrode is increased, vortices are more
violent. Moreover, the vortices spread over the material surface when electrodes and grounds are
near the packed bed surface. With these effects on packed bed, the surface temperature increases
rapidly and drying rate is enhanced considerably.

Keywords: 3 — 5 Cross-flow vortex, high electrical voltage, porous medium, heat and mass transfer.
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