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The analysis of forced convection along a vertical plate with liquid film

evaporation in non-Darcian porous media
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ABSTRACT

The objective of the proposal is to analyze theoretically the forced convection
along a vertical heated plate with liquid film evaporation in non-Darcian
(convective, inertia and boundary effects) porous medium. The water film falls
down along the plate and is exposed to a co-current forced moist air stream. The
axial-momentum, energy and concentration equations for the air and water flows are
developed based on the steady 2-D laminar boundary layer model. The heat and
mass transfer at the water-air interface must be matched by satisfying the
conservations of mass, momentum and energy. The numerical solution is obtained
by utilizing an implicit finite difference method. The effect of water film thickness
variation along the plate is rigorously treated in order to predict an accurate heat
and mass transfer at the water-air interface.
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The numerical results show the latent heat transfer is the dominant heat

transfer role in liquid film evaporation. The increase of interface temperature and

humidity can effectively enhance the heat and mass transfer performances. In

addition, the liquid film evaporation possesses the higher heat transfer and

evaporating rates for larger Re and porosity €, and concentrates on the leading
region of vertical plate. Furthermore, the porosity plays a more important role on

the influences of heat and mass transfer for larger inlet liquid flow rate cases.
Keywords : liquid film evaporation, forced convection, porous medium
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