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The kinetics of unrelated heat and mass transfer processes are examined
for the case of motion of a liquid or a gas through a bed. The solution
obtained applies to particles of various shapes (infinite plate, infinite
cylinder, sphere),

Heat or mass transfer during motion of liquid or
gas through a bed has been examined by many investi-
gators in connection with processes found inheating of
a charge or batch, surface burning, drying, diffusion
extraction from a porous bed, absorption, and ion
exchange. The early solutions [1, 2] were based on the
following assumptions.

1) Thermal or diffusion resistance within the par-
ticles may be neglected.

2) Contact thermal conduction or diffusion may also
be neglected.

3) Transfer of heat or mass in the direction of the
bed length occurs only because of motion of the me-
dium through the bed. Reverse heat conduction or
diffusion, due to temperature or concentration gra-
dients plays no appreciable role.

4) The particles comprising the bed are spherical
in shape.

Of all these assumptions, condition 1 is evidently
not valid in many cases. In this connection, many
authors have solved the problem under examination
with allowance for both internal and external heat or
mass transfer [3—7]. As far as condition 4 is con-
cerned, i.e., spherical particles, italsoisnotalways
fulfilled. Thus, in extractionprocesses from vegetable
raw material, the shape of the body mostly conforms
with the concept of "infinite plate.” Sugar-beet shav-
ings, from which sugar is extracted, have a length
tens of times their width or thickness, the latter two
dimensions being similar to each other. This shape
may be likened to an infinite cylinder.

In the present paper we have obtained the equations
of the kinetics of unrelated heat and mass transfer
processes in a bed, with allowance for both external
and internal heat or mass transfer, valid for each of
the following three shapes: infinite plate, infinite
cylinder, and sphere. The starting point is the fol-
lowing system, consisting of a differential equation
and boundary conditions:
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In this system, Egs. (1)-(4) constitute the condi-
tion of the usual problem of unsteady heat conduction
or diffusion with boundary conditions of the third kind
{8]. The temperature or mass content of the external
medium varies with time. This variation is described
by an equation of heat or mass balance (5) and the
corresponding boundary condition (6). Since the func-
tion under study in the external medium varies along
the length of the bed z, even within the range of each
particle, the field of this quantity will depend on the
position of the particle, relative to the section at which
the moving medium enters.

We introduce the following group of dimensionless

quantities:
¢=xR, 1=DI/R}, Bi= kR/D,, w =0 DztR*

whereupon the system being examined takes the form
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Solution is accomplished by a Laplace transform
method, for which we introduce transforms of the
desired functions:
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A solution of (7) satisfying condition (8) is the func-
tion
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and the functions deriving from it
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where
—dvv—- =@+t dg;
v=('—1)2; v=—1/2 for an infinite plate;

v = for an infinite cylinder;
= -~ 1/2 for a sphere.

After substituting the expressions obtained into (9)
and (10), and with the help of boundary condition (11),
we may determine the constant G(w) and the quantity
T{p, w). This latter quantity is of very great interest,
since it is the transform of the function describing
the state of the medium moving through the bed
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For transformation to the original we use the Rosen

[5] method of transformation of the contour integral
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Since all the singular points of the integrand lie to the
left of the origin, except for the one which coincides
with the origin, the path of integration is chosen along
the imaginary axis, by passing the point p = 0:
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The integral along the contour bypassing the point p =
= 0 is easily determined:
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To transform the first and third integrals, the change
of variables p = —iy and p = +iy is used. Then
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f(p) = —lp—— expipt—oM(Bi,  p)l.
In what follows we use the following properties of the
integrand:
F(p)y=F(p). F+T=2R(D.

In these relations p and p, f and f are complex inter-
connected quantities;
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The final result takes the form
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and ber A, bei A are Thomson's functions.
To calculate the quantities A and B it is conven~
ient to use the relations obtained by Whitehead [9]:
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in which we must put r =pandp = p+ 1.

The solution represented by the integral (15) is
exact, though it is inconvenient for direct calculations.
We will indicate two approximate results.

For w <« 1, 7 >0 it follows from (12) and (13) that
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and going over to the transform leads to the result
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where uy are roots of the characteristic equation
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For w > 1, analysis of A; and B; shows that these
may be represented by the power series
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For large values of w, integral (15) leads to an
asymptotic estimate. The main contribution comes
from those values of the integrand which are deter-
mined with small A. Substituting (17) and (15) and in-
tegrating gives the following result:
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Thus, the exact solution (15) for the problem of
transfer of heat or mass in a bed is valid for each of

three shapes—infinite plate, infinite cylinder, and
sphere. Approximate solutions (16) and (18) have been
established for the same problem.

INZHENERNO-FIZICHESKII ZHURNAL

NOTATION:

Bi) Biot number; D) thermal diffusivity or concentration con-
ductivity; Dy) thermal or mass conductivity; F) transform of the func-
tion U; k) heat or mass transfer coefficient; p) Laplace transform param-
eter; R) particle dimension (half-width of plate, radius of cylinder,
radius of sphere); t) time reckoned from moment of arrival of moving
medium at given point in bed; U) temperature or concentration; Ug)
the same at time zero; U,) temperature or concentration of the medium
moving through the bed; U; ) the same at bed inlet section; V) particle
volume; v) rate of flow of fluid through bed; x) variable coordinate
within the range of a particle; z) distance of any point of bed from
inlet section; T) ransform of the function Uy; y) imaginary part of the
patameter p; I') shape constant, equal to zero for an infinite plate,

1 for a cylinder, and 2 for a sphere; €) radius of semicircle bypassing
origin of coordinates (the poimt p = 0); A) variable of integration; up)
roots of characteristic equation; v = (I" — 1)/2) shape constant; o)
ratio of water equivalent of unit volume of bed to specific heat of
liquid, for heat transfer, and volume of pores in unit volume of the
bed, for mass transfer; r) dimensionless time; ¢) dimensionless vari-
able coordinate; w) dimensionless bed length.
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