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Abstract

The present work is a comprehensive theoretical investigation of the
direct contact evaporation process of drops, which is growing because of
change of phase, in an immiscible liquid. The attempt here is to gain
fundamental understanding of the transport processes (hydrodynamic and
heat transfer) that take place during the direct contact evaporation
process.
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A theoretical model based on continuity, motion, conservation of mass,
momentum and energy equations in addition to the energy balance
equation is developed, by using cellular model. This model aims to
obtain the characteristics of the direct contact evaporation of a single
droplet bounded by a spherical cell of continuous liquid. Furthermore,
these characteristics are used to develop a theoretical model aims to
obtain the characteristics of the direct contact evaporation of
multidroplets.

The fluid dynamic associated with the growth and translation of drops
was treated. The developed equations are derived and then solved
simultaneously applying a numerical method. The energy equations with
the potential flow velocity obtained from the fluid flow solution, taken
into account the effect of the interaction between the adjacent drops, have
been numerically solved using finite-difference techniques.

The calculations are performed for n-pentane drops evaporating in
distilled water.

Results are presented for two cases: single and multidroplets evaporation.
For the first case, the predicted results are presented in terms of the
relative velocity and evaporative drobbles position, the radius and
average density ratio, the vaporizing angle (half opening angle), and the
specific heat transfer coefficient. The results indicated that the main
parameters effecting the evaporation process were the initial size of
droplets and the degree of superheat.

For the second case, the theoretical results presented in terms of the
dispersed phase holdup, the relative velocity and evaporative drobbles
position, the average volumetric heat transfer coefficient, and the total
time and height for complete evaporation. Also, a detailed analysis of the
influence of several important parameters, such as the initial size of
droplets, the degree of superheat, the column diameter and the diameter
and number of holes on the evaporation characteristics were presented.

In addition, the results of the present model, for the two cases, are
compared with the existing theoretical predictions; the agreement
between the results was good. Also, the results are compared with the
experimental results obtained by other authors; the agreement between
the results was also good.
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