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The dynamical modeling to describe the transient heat and mass transfer processes
during operation of direct contact evaporators is presented in this work, including a
comparizon with experimental results that were obtained in a pilot plant specially built in
the Thermofluid Dynamics Laboratory at COPPE/UFRJ.
The mathematical modelling developed here may be explained in two parts. The transient
heat and mass transfer from the dispersed phase is described by a diffusive-convective
process, whilst the continuous phase time dependent variables are determined through a
lumped parameter modeling.
The temperature and solvent vapour concentration fields of the dispersed phase, T(r,t) and
C(r,t), are described by non coupled diffusive models, in an spherical geometry for bubbles
of radius, a, in angular symmetry assumption. Therefore the analysed system of PDE may
be written in the form :
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T(r,O) = To
T(O,t) < oo
T(a,t) = Ts(t)

C(r,t) = Co
C(O,t) < oo
C(a,t) = Cs(t)
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This system of equations may be solved by a functional method that allows for the
determination of the temperature and concentration transient dynamical behaviour at the
interface [ Ts(t) and Cs(t) ]. In order to accomplish this the flux conditions at the bubble
surface were written in terms of an unknown mass evaporation flux, w(t), of the gas-liquid
interface. In this equations h is the continuous phase average heat transfer coefficient, k is
the dispersed phase thermal conductivity and L the solvent latent heat of vaporization at
the interface.
This functional procedure leads to a system of integro-differential equations to be solved
for the functions that represent the interfacial temperature, concentration and mass
evaporation flux. To obtain explicit solutions an additional condition is needed in order to
couple the heat and mass transfer mechanisms and to yield the mass evaporation flux at the
interface in terms of the process parameters. Here, the thermodynamic interfacial
equilibrium equation, for both gas and liquid phases, was utilized with great efficacy.
The second part of the mathematical modeling treats the thermo-massical phenomenum
during the direct contact evaporator transient operation, and is accomplished by means of
thermal and mass balances in the continuous phase. In this case the analysis leads to a
system of non linear ODEs that is numerically integrated utilizing the explicit Runge-Kutta
method of order 6.
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The equations that describe the evaporator global behaviour are fed with the volumetric
and time average values of the dispersed phase field functions, and also with the predicted
values of the bubble initial thermo-massical conditions, after formation, as well as the
bubble volume (V) and surface area (Ab). The individual bubble results, obtained in the
first part of the modeling, are then extended to the global evaporator unit in this second
part through the evaporated mass flow rate, m = Ab W tr (Vg / V), where Vg is the total
gas volumetric flow rate, tr is the bubble residence time in the process, W the average
interfacial evaporated mass flux at the interface (during the residence time), determined by
the field functions of the dispersed phase.
The proposed model includes evaluation of the heat transfer between the hot gases and the
continuous phase, through the walls of the bubbling distribution system, allowing for the
analysis of its thermal significance in the whole evaporation process.
The results obtained here are compared to experimental measurements carried out in a
pilot plant that utilized combustion gases fed into water solutions. The pilot plant, built to
support the burnt of 1 kg/h LPG in a coupled position, consists of a cylindrical chamber
with 0.77 m height and .56 m diameter. The LPG side combustor feeds the hot gas in the
center of the evaporation chamber, through the superior lid, and utilizes a distributor with
288 holes of 1.3 mm diameter. The experiments were carried out in a semi - batch regime (
only the combustion gases were fed continuously) for several continuous phase heights.
From this results it is possible to show that the theoretical developed model yields a good
description of the process and of the bubbling height and continuous phase temperature
dynamical behaviours. It also shows the relevance of the heat transfer from the walls of the
distributor, that must be taken ino account in all cases.
This modeling may be extended to apply to other geometries and also may be utilized in
the operational simulation and design of submerged combustion units.
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