AN INTEGRATED METHOD OF ANALYZING THE
PROCESSES OF SPRAY DRYING

B. I. Leonchik UDC 66.047.1

We discuss the essence of an integrated method of analyzing the processes of spray drying,
and this procedure calls for the combined utilization of new measurement methods in drying
chambers, the results of these measurements, as well as an analytical model of the trans-
port processes in flows of gas suspensions.

To refine the physical essence of spray-drying processes, to improve the methods of engineering
calculation, and to solve the problems of approximate modeling of drying installations, effective use has
been made in a number of cases of the integrated application of new measuring devices [1] developed in
recent years at the Moscow Power Engineering Institute, in addition to an analytical model of the transport
applicable to flows of gas suspensions.

Characteristic features in the latter include the following:

1) the flow of the gas suspension is treated as gquasihomogeneous and as consisting of two phases:
particles (solids and liquid drops) and a heat carrier;

2) the equations of continuity, motion, and heat and mass transfer are written separately for each
phase and include averaged measured quantities;

3) the processes of heat and mass transfer are covered by sources and sinks established theoretically
or experimentally, under laboratory conditions, and referred to elementary volumes within which it is pos-
sible to measure all of the remaining quantities (temperatures, moisture contents, velocities, etc.). The
system of equations written in dimensionless form for the general case of transport in the flow of a gas sus-
pension in the presence of heat and mass transfer has the following form:

the equation of continuity for the quasihomogeneous phase of the particles
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the equation of heat transfer in the particle phase

Rp DTp 4 Re DG | w graqr, = %
Tp dbo + Cp -E—I_Ta- + pgra Rp quz,Pva+ Kq,,p CPTP s (5)

Power Engineering Institute, Moscow. Translated from Inzhenerno-Fizicheskii Zhurnal, Voi. 16,
No. 4, pp. 754~758, April, 1969. Original article submitted April 15, 1968.

© 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

525



the equation of heat transfer for the heat carrier
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the equation of mass transfer in the particle phase
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the equation of mass transfer for the heat carrier
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The equations of system (1)-(8) should be broadened with characteristic relationships such as
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as well as with equations describing the boundary conditions.

In the general case, we should seek the determined quantities Ry, Rg, Ug, U Tg, T Wg, and Wp
as functions of L, Ho, Wgb, Tgh, Rvapb: Kqpyy» EWs Kgp, Re, Fr, Pe, Ky, Kj, Kc, va, w» and S

As the parameters we can use, for example, the values of the corresponding quantities for the non~
evaporated ("cold") flow (the volume of the spray plume included).

The equations given above, as well as the generalized variables, serve as the basis for an analysis
of the special problems of transport, the processing of the experimental data, and the examination of the
problem relating to the approximate modeling of processes in the separate cells of spray drying chambers
(in the spray plume, in the feed and drain zones for the heat carrier, and in the zone of steady motion). I
is obvious that contemporary data on the kinetics of the drying of drops of various solutions, on the space
—time development of the processes of spray drying, not to speak of the purely mathematical complexities
of the problem, governs the impossibility of achieving applied results on the basis of a purely theoretical
investigation.

Most important from the practical standpoint, and yet very inadequately studied, are the quantitative
relationships of the kinetics of drying, on the structure—shape formation, and on the motion of an aggre-
gate of polydisperse evaporating particles.

These quantities must be studied not only from the theoretical standpoint, but experimentally as well,
on the basis of a special laboratory drying chamber [2], as well as through application of a method to mea-
sure particle velocities [1]. Proceeding from the fact that within spray-dryer chambers there exist char-
acteristic spaces within which the motion and drying of drops determine the dimensions of the chambers
and the technological perfection of the process, the investigations must be directed toward refining the
situation within these regions. For example, an extremely important problem is the one of determining
the approximation relationships and the theoretical analysis of the motion and drying within the volume of
the spray plume along the direction of particle and drop motion, with maximum and minimum concentra-
tion in the flow. These directions are reliably determined on the basis of [3], as was done, for example,
in [4).

In this case, the analytical model can be reduced to the one~-dimensional case of analyzing the trans-
port in the quasihomogeneous particle phase.

The velocity, temperature, and moisture-content fields for the gas in this case are determined either
in the assumption that the spray plume is a cell of ideal mixing [5], or on the basis of the data derived from
models or under the real conditions of the drying installation. In the assumption that Cp is constant, we
find that the system of transport equations for the case of one-dimensional steady-state particle motion
(along the coordinate x) assumes the form
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It is evident that the additional simplifications for the system (Rp = const, dPg/dX =0, etc.), confirmed for
a number of cases, substantially expand the possibilities of its practical application in obtaining analytical
solutions, in simulation on analog computers, etc.

To use the above developments, in addition to the achievements of related branches [3, 6]— depend-
ing on the specific purposes — for an integrated analysis of spray-drying processes, realization of the fol-
lowing basic stages should prove effective:

1. Measuring temperatures, moisture content, velocities, dispersion, and other quantities within the
chambers of spray dryers and laboratory test stands, to refine the physical essence of the processes, and
to obtain the working approximation relationships on a uniform basis.

2. The study of problems related to the aerodynamic characteristics of dryers, as well as studying
problems related to the mixing in chambers through use of geometric models and under natural conditions.

3. Experimentation under laboratory conditions to determine the effect of regime parameters on the
structure—formation of the particles.

4, Analysis of the model of the process (used in the analysis) to determine the interrelationships be-
tween the quantities significant in the drying process, and the evaluation of their relative import. This in-
volves both the determination of general quantitative solutions, and the application of computer technigues.

5. Determination of the working relationships, containing generalized variables needed to perform
the calculations for spray-dryer chambers on the basis of their primary cells.

NOTATION

is the density;

is the time;

is a determining dimension;

is the velocity vector;

mv denotes the mass forces (sinks);

denotes the heat sources (sinks);

is the acceleration of the gravitational field;
is the pressure;

is the midsection area of the particles;

is the volume of the flow space;

is the coefficient of kinematic viscosity;

is the temperature;

is the specific heat capacity;

is the heat of evaporation;

is the coefficient of thermal conductivity;

is the moisture content;

is the vapor density;

is the resistance factor;

is the porosity;

Fr, Eu, Re, and Pe are, respectively, the Froude, Euler, Reynolds, and Peclet numbers.
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Subscripts

pand g denote quantities relating, respectively, to the particle and heat-carrier phases;
0 denotes the parameters;
b denotes the quantities pertaining to the boundary of the cell:
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