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This paper deals with methods of combining the drying curves obtained
in different conditions into a single curve, the analysis of the kinetics
of the process, and methods of calculating the duration of drying of
materials. The proposed method of calculation is a development of
Lykov's method.

The drying of many materials takes place in the
periods of constant and falling drying rate (the heating
period is not considered).

The experimental curves of the kinetics of drying
of a specific material under various conditions by a
particular method and with the same initial moisture
content form a family of curves.

The equation of the drying curve in the first period
has the form

u=u;—Nt. (1)

In Eq. (1) the moisture content can vary in the range

u U g
i>u>/ ol

The second drying period begins in all conditions
at uep; and time 1y, which is equal to the duration of
the first drying period and can be taken as the time
origin for the second period.

As we know from [1], the drying curve in the second
period, plotted in the semilogarithmic coordinates
lg(d — ue) and 7, is either a straight line or a line
composed of two (or occasionally three) straight por-
tions, which indicates the existence of two (or three)
parts in the second period. These straight portions
intersect at points corresponding to the critical mois-
ture contents uery (and uers), which are easily found
from the drying curve in semilogarithmic coordinates.
The equations of these straight portions are:

(here the moisture content lies in the range Ter; =
= U= Ugpy, and the time 7 is measured from the onset
of reduction in moisture content in the first part of
the second period);

for the second part of the second period

lg @ —ugp) =lg(u o —u) — K (3)

(here the moisture content lies in the range Ty, =

> U = ufip, and the time 7 is measured from the onset
of reduction in moisture content in the second part of
the second period).

If the second period consists of three parts, the
equation of the third part of the second period will be
similar to Eq. (3), but with K3 and Ugys.

Hence, the curve in the second period is represented
by two (three) exponential parts:

(@ — tg) = (U gy — te) €xp (—2.3K10), 4)

cr!
w—u)= (tepe — 1) €xp (— 2.3K,7). (5)

The coefficients K; and K,, called the drying co-
efficients, are numerically equal fo the tangents of
the angles of inclination of the straight portions to the
T axis in the semilogarithmic anamorphosis. The value
of these coefficients depends on the kind of moist
material, its properties, and the drying conditions and
method. The effect of the conditions on these co-
efficients can be represented by N-—the maximum
drying rate of the material in the particular conditions
in the first period (or the maximum drying rate in the
absence of a first period).

We can assume that

For the first part of the second period K, =N, (6)
lg(u —up) = lg (U, —u) — Ky (2) K, = 21N (N
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Fig. 1. Dry curves for pressed paper from [3] (w is the moisture
content, %, of the material; Z is the time of drying, min): 1-5 for
different drying conditions.
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In (6) and (7) v, and x5, called the relative drying
coefficients, are different in the two parts of the sec-
ond period and their values do not depend on the con-
ditions, but depend on the mode of binding of the mois-
ture with the material, the physicochemical properties
(structure, density) of the material, and the method
of drying. On substituting Eqgs. (6) and (7) in (4) and
(5) we obtain

(—u = (uen—u) exp(— 2.3y,N 1), 8)

(Z - Ze) - (Zcrz

—u)exp(— 2.37.N v). (9)

Expressions (1), (8), and (9) are the equations
representing the kinetics of drying in each period.

U~

120 L *y

N
80 \'4.\“‘
. .
40 *~o
'b\uo .“u.
MH"D! = Omng
0 100 200 Nt

Fig. 2. Generalized drying curve for pressed paper
(U — ug in % against N7 in ‘).

Taking as a new complex parameter the product
N7 instead of r in Egs. (8) and(9), we note that in these
equations (u — Ug) is a function of N7.

If we assume that the critical moisture contents

are independent of the drying conditions, then the family

of drying curves for the same initial moisture content
can be represented by one generalized curve.

The data of several rescarchers, including the
authors, show that the values of the first and second
critical moisture contents for many materials vary
insignificantly with change in drying conditions. For
instance, a change in the temperature of the heating
surface from 60° to 154° C (in the drying of cellulose
with a specific mass of 100 g/m?) increase the first
critical moisture content by approximately 0.05 kg
moist/kg dry [2].

In the drying of pressed paper a change in the air
temperature from 60° to 90° C alters the first critical
moisture content by 0.018 kg/kg [3].

In the drying of wheat grain a change in the temper-
aturc of the drying agent from 60° to 150° C increases
the first critical moisture content by approximately
0.3 kg/kg [6]. The effect of the drying conditions on the

scecond and third critical moisture conents is cven less.

Figure 1 shows drying curves for pressed paper,
taken from [3], and Fig. 2 shows the generalized
curve.

Treatment of the drying curves obtained for cel-
lulose, cardhoard, paper, cloth, grain, sunflower
meal, potatoes, cte., by different investigators, con-
firmed the validity of this method of generalization,
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In fact, the experimental points on the drying curves
of a specific material lie on the same curve, irre-
spective of the drying conditions.

This, in particular, indicates that the kinetic equa-
tions of the drying in different periods correctly de-
scribe the process andthe coefficients y; and x, are
independent of the drying conditions.

It follows from the method of generalizing the drving
curves (4] that:

a) the generalized drying curve can he plotted from
one experimental drying curve obtained in any con-
ditions for a given uj.

b) the critical moisture contents and relative drving
coefficients can be determined from the generalized
drying curve in semilogarithmic coordinates.

Hence, from one experimental drying curve it is
possible to write the kinetic equation of drying for any
conditions and, hence, to construct the drving curves
for different conditions, but the same uj, without
carrying out experiments, if N is known. Since the
drying curve is represented by several equations, and
not just by one, the drying rate in the second period
cannot be calculated analytically from Egs. (8) and (9)
(the derivative of u with respect totime changes at the
points where the portions mcet). The drying rate in
the second period can be determined by graphic dif-
ferentiation of the generalized drving curve. The actual
complex curve of the generalized drying rate should
be replaced, by Luikov's method, by a straight line
intersecting the moisture-content axis at a point cor-
responding to equilibrium moisture content. Then the
equation of the generalized curve of the drying rate in
the second period takes the form
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Fig. 3. Generalized drying curve
of pressed paper (u — Ug in '
against 7/74).

In (10) x' is the mean relative drying cocfficient,
which is numerically equal to the tangent of the angle
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of inclination of the straightened portion of the curve
of the generalized drying rate in the second period
to the moisture-content axis.

From the kinetics of drying discussed above we can
suggest two methods of calculating the duration of
drying on the basis of the generalized drying curves.

The total duration of drying 74 (without including
the heating period) is the sum of the durations of dry~
ing in the first period vy and in the first (r) and second
(15) parts of the second period.

From Egs. (1), (8), and (9) we can write

1 /- =
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The relative drying coefficients are calculated from
the following expressions:

x =g (Ecr] - Z‘—e) —lg (Ecrz “Ze)]/N T (12)
te =g @ s —u) — g gy —u/N v (13)

If there is no first period the maximum drying rate
will be used instead of N in Eq. (11), and uery will
be replaced by u;j.

If the temperature of the drying agent is 100° or
more, then te will be practically zero. The proposed
method of caleulating the duration of drying on the
hasis of an analysis of the drying kinctics and gencral-
ization of the curves allows the calculation of the dura-
tion of drying in any conditions {rom one experimental
curve. This method of calculation is a development of
Luikov's method.

In the proposed method there is no need to construct
the drying rate curve hy graphic differentiation and
to find the critical reduced moisture content, nor to
carry out many experiments in different conditions to
find the relative drying rate.
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The calculation of the duration of drying from the
generalized drying curve is simpler than Filonenko's
method based on the reduced drying rate curve.

From the discussed method of generalization of the
drying curves and from Eq. (11) we can also derive a
method of generalizing the drying curves in coordinates
il — Ue and 7/74 and a graphical method of calculating
the duration of drying from one experimental value of
u and T [5]. Figure 3 shows the generalized drying
curve of pressed paper, plotted from the experimental
data (Fig. 1).

The proposed analysis of the kinetics of drying, the
methods of treating the experimental data, and the me-
thods of calculating the duration of drying save time
and material in experimental investigations of the dry-
ing of a particular material.
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