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DRYING OF HYGROSCOPIC CAPILLARY POROUS SOLIDS
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Abstract-—A mathematical model of drying is presented whereby capillary flow of liquid and vapour
diffusion as well as heat transfer through solids are taken into account simultaneously. The Clausius—
Clapeyron’s equation or the sorptional isotherm is used as coupling equation depending upon the stage
of drying. The results in the form of traditional rate of drying curves are obtained and discussed with
various internal and external physical parameters.

NOMENCLATURE

specific heat capacity of solid [kcal/
°Kkg solid];

constants, i = 1, 2, 3, as defined in
equation (21);

heat-transfer coefficient [kcal/m?h
°K1:

mass-transfer coefficient {m/h):
liquid conductivity [m?/h];
thermal conductivity [kcal/’k hm] ;
vapour diffusivity [m?/h];
thickness of solid [m] ;

mass flux [kg/m2h};

rate of evaporation [kg/m*h];

hi
X Biot number (heat transfer):
T

K.l _.
—<, Biot number (mass transfer):
o

ot

e Fourier number ;

r(uy, — uy)

T =Ty Kossovich number ;

K
—%  Luikov number (liquid trans-
fer);

—~, Luikov number (vapour trans-
% fer);
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Pv
?s
QQ”

partial vapour pressure [kg/m h?];
heat flux [kcal/m®h];

rate of heat of evaporation [kcal/
m3 h];

rate of drying [kg/m? h] ;

latent heat of evaporation [kcal/
kgl:

p . .
e _dimensionless rate of
Kc(pvo - pue) dfyiﬂg;
gas constant [m?/°K];
constants, i = 1, 2 as defined in
equation (22);
time [h];
temperature [°K];
liguid content {m?liquid/m>solid] ;
u—

Ue . . .

—¢, dimensionless liquid con-
Uo ~ Ue tent;

€ —u . . .
——% dimensionless void frac-
Yo " e tion:

specific volume [m*/m? solid] ;

—p—”—mﬂ”—", dimensionless vapour

Pvo ™ Pve  density:
length coordinate [m];
Ky

, thermal diffusivity [m?/h];
pScS
difference in quantity ;



&, void fraction of solid [m® air/m’
solid] ;
T, - . .

0, , dimensionless tempera-
Te - TO t .

ure:;
P, density [kg/m?]:
1/ function, i = 1,2, ...

Subscripts
a, drying media;
e, equilibrium:
L. liqud
m, maximum
0, initial (t = 0):
s, solid :
S maximum sorptional ;
v, vapour.

1. INTRODUCTION

THE DRYING of solids is usually taken to mean
the removal of a liquid from a moist solid by
evaporation [1]. The heat required for evapora-
tion has to be supplied to the material, therefore
heat and mass transfer occur simultaneously.
Usually the evaporated moisture is carried
away by an external drying media (often air)
circulated above the drying solid. Since the
general drying behaviour under constant
external conditions and the definitions of the
various drying periods are well known [2, 3],
only a brief summary of the theoretical ap-
proaches suggested in the past will be presented.

Neglecting the effect of heat transfer com-
pletely, the early theoretical studies (1930-
1937) assumed that moisture was transferred
either by diffusion [4-8] or by capillary action
[9-11]. This oversimplification, applicable under
very specific circumstances, had not only led
to wrong predictions in some general situations
but, in other cases, to misinterpretation of
experimental results. Consequently, more
elaborate models were proposed, and, at present,
basically two approaches are widely quoted in
literature.

Krischer’s model [12-15] was based on the
assumption that, during the drying, some
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combination of capillary flow of liquid and
diffusion of vapour controlled the internal
moisture transfer. Luikov’s approach [16-19],
on the other hand, was an attempt to establish a
theoretical model by applying the methods of
the thermodynamics of irreversible processes to
the transport phenomena during the drying
process. Both postulated that at the surface of
the drying material the corresponding equili-
brium values of the dependent variables were
reached instantaneously at the beginning of the
drying process. This assumption of surface
boundary conditions of the first kind, together
with the application of the sorptional isotherm
for the whole range of liquid (moisture) contents
are probably the main difficulties encountered
in Krischer’s model in predicting drying rate
curves. Luikov, assumed that the “moisture
diffusivity” and the “specific moisture capacity™
are constant, which leads to an apparent mathe-
matical paradox if his model is extended to the
non-isothermal drying.

In summary, despite the fact that efforts have
been made in the past to develop a theoretical
model for the drying process, the experimental
approach still remains the preferred route in
studying the problem related to drying [1]. It
is, therefore, the purpose of this paper to present
a new approach to this relatively complex
problem of simultaneous heat-and mass-transfer
processes. The model to be described is based
on Krischer’s basic theories. However, modifica-
tions and extensions are made such that the
dynamic drying behaviour, ie. the drying rate
curve can be predicted once the basic physical
parameters of the system are known.

2. THE BASIC THEORY

The physical model underlying the mathe-
matical statement can be described as follows:

(1) The totalinternal moisture transfer during
drying can be divided into two parts (Fig. 1): the
capillary flow of liquid due to a gradient in
liquid content, and the diffusion of vapour
through “empty” pores due to a gradient in
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AG. 1. Sketch, illustrating the theoretical model.
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partial vapour pressure. The internal heat
transfer is governed by the heat conduction
through the solid skeleton and the latent heat
of phase changes.

(2) Inside the moist solid, the rate of phase
change is much faster than either the rates of
heat and mass transfer. Thus, liquid content,
partial vapour pressure and temperature are
in equilibrium at any location within the drying
material.

(3) Consequently, for liquid contents larger
than the maximum sorptional moisture content,
the partial vapour pressure is equal to its
saturation value. For the sorptional region of
liquid content, the partial vapour pressure is
controlled by the sorptional isotherm.

(4) The external heat and mass transfer is
assumed to be proportional, respectively, to
the temperature and the partial vapour pressure
difference between the surface of the drying
solid and the external drying media.

If the liquid content, u, is defined by u = v,/
vg and assuming that Fick’s law is applicable to
both mass-transfer mechanisms, the liquid flux,
m,, towards the surface of the drying material
(Fig. 1) is

ou

my = — KLPLR (1)

where K is the liquid conductivity in the solid.
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With the supposition that for small tempera-
ture changes the partial vapour pressure gradient
is proportional to the vapour density gradient,

1 apv — a p!J — apl} (2)
R,Tdox 0x|R.T| ox
the vapour flux, m,, towards the surface can be
represented by

9p,
) Ox

where K is the vapour diffusivity of the solid.

If m,, denotes the rate of evaporation inside
the drying material, and both K, and K, are
assumed to be constant, a mass balance over a
small volume element of unit cross sectional area
and thickness, dx, leads to the differential
equation for the liquid transfer,

Pu ou
KLPLW — Mgy = pLE

m,=—KJfe—u

3)

(4)

and the differential equation of vapour transfer

0 opo|, . _ 0
K,,a—[s —u) 6x]+ mw—a—t[(s—u)pv]. (5

Differentiating equation (5) by parts and
eliminating m,, the total moisture transfer is
obtained in the form of

0%u 0*p, Oudp
K e _ v — v
Wizt K [(8 “ ax2 ox 6\':|
=(py. u) + (e — u) (6)

Assuming that heat is transferred on]y by
conduction through the solid skeleton, ie. the
heat flux, § = — K; 0T/0x, and realizing that
the rate of latent heat required for or liberated
by phase changes is ¢4, = r,, a heat balance

leads to
62 r, d%p, Oudp,
ozt pscs{K" |:(£ —u) ox?  8x ox
T

6u
6t } o ™

as differential equation for the heat transfer.
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With the rate of drying, 7p = K, (pyly=0 —
0.0, the boundary condition at x =0 for
equation (6) becomes

ap,

. Cu
K,py A + K fe —u o

= Kc(pv - pva)’ atx =0 (8)

which is the mathematical statement of the
fact that the sum of liquid and vapour flux to the
surface must be equal to the vapour flux away
from the surface into the external drying media.
Similarly, the corresponding boundary con-
dition for equation (7) becomes

au

WNT, — TY=r K p;
ox

- KTQ,at x=0 (9
ax

where the term r, K, p; 0u/éx|,-, denotes the
amount of heat required to evaporate the liquid
flux at the surface.

For the boundary conditions at x = [ it is
assumed that no mass and heat is transferred
across that surface of the drying material. Thus,

Ou Py _ B
Kipry, = Kile - )3;—0, atx =1. (10)
a—Tzo, atx =1L (11)
Ox

As stated previously, this approach, in con-
trast to Krischer’s model, employs two coupling
equations between the three dependent variables
u, p, and T. These two equations are:

(1) The Clausius—Clapeyron’s equation in the
form of

1
Pom = RE,T

47- *
exp (58-7395 - @;—9—6 — 52621n T) (12)

where R, is the gas constant of the vapour in
m?/°K.

* The constants of this cquation can be obtained when
substituting the thermodynamic properties of water in
mgs-system into the theoretical equation. For the derivation
of equation (12) see |20].
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{2) The equation of the sorptional isotherm
of the system which, in general, can be
represented by

Po =Y, T). (13a)

To separate the regions of applicability of
equations (12) and (13a), it is reasonable to
assume the maximum sorptional liquid con-
tent, ug,, to be a function of temperature only,
ie.

Uy = l/JZ(T) (13b)

At this stage, it should be pointed out that the
explicit forms of equations (13) are, in general,
determined experimentally.

Now it is obvious that equations (6)-(13) will
completely describe the drying process for any
conditions imposed by the external drying
medium. It must, however, be remembered that
for liquid contents larger than u,, the vapour
density has to be calculated from equation (12)
while for all other values of u the vapour
density is obtained from equation (13).

3. NUMERICAL SOLUTIONS AND RESULTS
To facilitate the numerical solutions of these
differential equations, the following dimension-
less variables are introduced :
(a) Independent variables:

(=7 (14a)
ot
{b) Dependent variables
u—u U —u
U= L= £ 14
uO -~ Uy Au ( C)
Vo= Po _'__pk:pvmpve (14{1)
Poy — Po, Apv
.- T T,—-T
= L =L 14
O=F5 -7~ "AT (14e)
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Substitution of these variables into equations
(6)—(11) leads to the dimensionless differential
equations:

p, Q2U 8V AU av
N
N,,,L 652+ Lu, [(U -U) = FEAarT
PL— Py oU
= -V U 15
( Apv >6NF0 (U )aNFo ( )
%0 Ap 32V U av
—Ng, 2P Ny, lU-y &7 -9Y
652 Ko ] Lu.,l:( U) aéz 8€ ag]
av p,.\ U
— — vV Ve
(w, U)aNFO+< +Ap>5Nh}
00
= 1
ONyg, (16)

and the dimensionless boundary conditions
become

Aup, oU
Nb,. (V=V, L2
Bim ( D=N,, —— Ay, ¢
av
+ Nl‘u,,Au(Ue - U) %a at é =0 (173)
ouU
('szQati:l (17b)
pL 60U 80
Ng. 0 = Ny N — =
Biy Ko!YLuy —— 3 66 + ﬁf’até 0 (170)
00
5220,2“5: L. (17d)

The coupling equations (12) and (13) become

i
m {RU(ATB +1) P {
684796
080 5062 In (AT + T)
ATO + T, n ]

_pve}/Apv (18)

V = ys(U,0): (19a)
U,,, = ¥4(0). (19b)

297

Finally, the rate of drying in dimensionless
notation can be written as

Rp= V|, — V, where Ry, = #p/(K,-Ap,) .

To summarize, a list of the dimensionless
groups is given in Table 1 with their respective
physical interpretations.

For the numerical solutions of the described
model, the general relationships as stated in
equation (19) must be replaced by some mathe-
matical equations. Since, in general, the sorp-
tional isotherms show an S-shaped characteristic
(in a p,/p,,, Vvs.u/ug, plot), two approximations
are chosen. Namely,

V= 1 4 AuU + u, 1
2 sin | 7 AuU +u, 2
- (ApuVm + pv,_,> - pueJ] /Apv (2(

1 { AuU + u 3
V=<Ci|ls|—F-C
{ ' [CZ (AuUsm +u, 3)] }
x (ApV, +p.)/ Ap,.  QD*
The sin-approximation (equation (20)) is selected
for pure mathematical convenience while the
3rd order polynomial (equation (21)) could
represent a first approximation of real sorptional
isotherms.§ The relationship for the maximum
sorptional hquxd content may be approximated
by

T,- T
T —ue)/Au. (22)

The set of equations (15)-(17), together with
(18), (22), (20) or (21) were solved numerically
using the method of finite differences. From the
many possible difference schemes reported in

Usm = <Sl + SZ

*C,, C, and Cj; can be correlated by two equations which
express, let us say, C, and C, in terms of Cj.

t The sorption isotherm as given in Fig. 29 and Fig. 41
in [12] can be approximated by equation (4) to within
+ 10 per cent.
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Table 1. Dimensionless parameters in drying processes

Name

Symbol  Definition Significance

Biot number Ny, hi Surface film resistance/Thermal
(heat transfer) K. internal resistance
T (External parameter)
Biot number Bi K.l Mass-transfer rate at interface/
(mass transfer modified) e Heat-transfer rate in interior of
solids
(External parameter)
Kossovich number Ny, F oAl Heat used for evaporation/Heat
C;A? usgd in raising temperature of
’ solid
Luikov number N, K, Rate of liquid transfer/Rate of
(liquid transfer) v heat transfer
(Internal parameter)
Luikov number N, K, Rate of vapour transter/Rate of
(vapour transfer) o heat transfer
(Internal parameter)
P i fp Actual rate of drying/Initial rate
? Kdp,, —p,) ofdrying

literature [21, 22], the implicit scheme suggested x T
by Crank and Nicolson [23] was employed.
The resulting system of simultaneous non-linear
algebraic equations were solved by an iterative
procedure similar to the method of successive
overrelaxation. The convergence of the method
was assured by decreasing the time step while
keeping the grid ratio constant until a change

in the drying rate curve could
observed.

The following range of parameters were

°
T

7

@®

Rate of drying, Ry
~

[

no longer be

1.

investigated : 4
N =20
002 < Ny, S 04 3+ N.':V=zooo
5 < NLu‘, < 500 N.m =0.75
1500 < Ni, < 3000 ob e -zse

0083 < Ny, <€ 2.
The drying rate curves shown in Figs. 2-5 were I
calculated using equation (20) as sorptional J L L L

isotherm, and §, = 0-14, S, = —0-0005 as con-

stants in equation (22). Figure 6 shows drying
rate curves obtained for different sorptional

1 1
10 12 14
Fourier Number, NFO

18

RG. 2. Drying rate curves---Rp, vs. N,,. Parameter: Internal
liquid transfer, Np,,.
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Rate of drying, Ry
N

o

N, *0.75
2 N, =286 1

L
° 2

A1 | — L 1
6 8 10 12 4 16 8
Fourier Number, Ng,

—

F1G. 3. Drying rate curves—Rp, vs. Ny, Parameter: Internal
vapour transfer, Ny, .
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Fourier Number, Ng;

Fic. 4. Drying rate curves—Rp vs. Ny, (curves (a)), and
#p vs. N, (curves (b)). Parameter: External mass transfer,
N3 (curves having the same arabic number correspond).
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T T T T T T L v
1.4k
3 $
2 % Ny, 0.0 4
s N, 20
e Luy ™
Ny, 2,000 4

Rate of drying, R
5

— L 1 1 1 i L
6 8 10 3 4 16 8

Fourier Number, N¢,.

FiG. 5. Drying rate curves—R, vs. N . Parameter: External
heat transfer, N, .

Rate of drying, Rp

N, "0.04
NL,r20
S .
{a) 1§, +2,000 , Ny, =073
Sorp.Isoth.: equ.20) ond
A equ(22) with Sy S2
| -0.0008
2 -0.0008
3+ 3 -000I
4 -0.0005

2F N'.-II,ZOO, N—n'Ob -
Sorp. lsoth.: equ.{22} with S, *0.14, S, =-0.0003

ond  equ.(2]) with 1
T 1) 04
2{o00

—_k 1 1 A 1 —
° 2 4 [ 8 10 12 14 16 18

Fourier Number, Ne,

FiG. 6. Drying rate curves—R, vs. N,.,. Parameter : Sorption
isotherm.
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FiG. 7. Dimensionless liquid content, U, and temperature, 7,
at the surface as a function of the drying time, N, (V
indicates the beginning of the falling rate period).

isotherms. The variation of temperature and
liquid content at the surface of the drying
material with respect to the drying time is shown
in Fig. 7.

4, DISCUSSION AND CONCLUSION

All calculated drying rate curves show the
characteristics which are well known from
experimental investigations. After an initial
increase or decrease of the rate of drying (RD),
the drying process enters the constant rate
period (CRP). This initial change of the RD is
caused by a variation of the surface temperature
(Fig. 7) which in turn results in a change of
vapour density. It can be seen from Fig. 2 to
Fig. 5 that this interval of the drying process is
solely determined by external drying conditions.

Referring to curves (a) in Fig. 4 it must be
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remembered that the dimensionless rate of
drying, Rp, has been defined as the ratio of the
actual RD to the initial RD, the latter being
dependent upon K,. Thus, curves (a) in Fig. 4
indicate that for large N}, the actual RD
decreases compared to the initial RD. In plotting
theactual RD vs. N, (curves(b)) one immediately
recognizes that the actual RD increases with
increasing mass transfer coefficient, K,.. The
effect of the external heat transfer on this initial
interval can be seen from Fig. 5. For large
values of Ny, , the heat supply to the surface
from the external drying media is larger than
the amount of latent heat required for evapora-
tion at the surface {curve (a) in Fig. 5). Con-
sequently, the surface temperature rises resulting
in an increase of the vapour density, and thus,
increasing the RD. The opposite is true for
small values of N, , where additional heat has
to be transported from within the drying
material to balance the latent heat requirement
at the surface.

At the beginning of the CRP, the surface
temperature will assume a value at or close to
the wet bulb temperature of the drying media,
and a quasi-thermodynamic equilibrium prevails
at the surface during the CRP (Fig. 7). It is,
therefore, not surprising that the value of the
RD for this period i$ solely determined by
external conditions (Fig. 4 and Fig. 5). The
duration of the CRP, however, is almost
entirely controlled by N, ., ie. the internal
liquid transfer (Fig. 2). Since with increasing
Ny, the duration of the CRP also increases,
one could conclude that the CRP last as long
as the liquid flux to the surface from within the
solid can compensate for the rate of evaporation
at the surface. However, from Fig. 7 it can be
seen that the CRP ends once the liquid content
at the surface drops below its maximum
sorptional value. Now, since during the CRP,
the RD is controlled by the external conditions,
the liquid content gradient at the surface has to
be larger for small liquid conductivities of the
solid material. Consequently, the maximum
sorptional liguid content is reached faster for
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small values of the liquid conductivity. There-
fore, solids with smaller liquid conductivities
have a shorter CRP.

Once the drying process has entered the falling
rate period (FRP), the external conditions
become relatively unimportant compared to the
internal parameters. This can be deduced from
the fact that the drying rate curves for the FRD
in Fig. 4 and Fig. 5 are parallel to each other
while there is a marked difference in the corres-
ponding regions of Fig. 2 and Fig. 3. The vapour
transfer which up to this point did not affect the
drying behaviour has an increasing influence as
the drying proceeds into the FRP (Fig. 3). Figure
6 shows drying rate curves with the sorptional
isotherm as parameter. From these curves it is
obvious that the characteristic of the drying
behaviour during the FRP is, to a large extent,
controlled by the sorptional isotherm of the
system.,

In conclusion, it can be said that the approach
to the drying of porous solids presented here,
leads to theoretical predictions which can
reasonably be explained from the physical
point of view. Clearly, the final verification can
only be reached by systematic experimental
investigations which, at present, are being
carried out.

REFERENCES

1. G. D. FULFORD, A survey of recent Soviet research on

the drying of solids, Cun. J. Chem. Engng 47. 378-491
(1969).

2. W. L. McCasE and J. C. SMITH, The Unit Operations of

Chemical Engineering. Chapter 29, 2nd ed. McGraw-
Hill, New York (1967).

3. E. BagNoLL Drying of solids, Chemical Engineer's
Handbook. 4th ed. (ed. R. H. PERRY et al.). McGraw-
Hill, New York (1963).

4. T. K. SHERWOOD, The drying of solids— I, Ind. Engng
Chem. 21. 12-16 (1929).

5. T. K. SHERWOOD, The drying of solids— I1. Ind. Engng
Chem. 21. 976-980 (1929).

6. T. K. SHERW0OD, The drying of solids— I1I, Mechanism
of the drying of pulp and paper. Ind. Engng Chem. 22,
132-136 (1930).

7. T. K. SHErwooD, Application of the theoretical
diffusion equations to the drying of solids. Trans. Am.
Inst. Chem. Engrs 27, 190-202 (1931).

8. A. B. NEwMANN, The drying of solids: Diffusion and
surface emission equation, Trans. Am. Inst. Chem.
Engrs 27. 203-220 (1931).

9. W. B. Haings. Studies on the physical properties of
solids IV. A further contribution to the theory of
capillary phenomena in soil. J. Agr. Sci. 17. 264-289
(1927).

10. W. B. Hamnes, The hystereses effect in capillary pro-
perties. and the modes of moisture distribution
associated thercwith, J. Agr. Sci. 20. 97-116 (1930).

11. N. H. CeaGiske and O. A. HouGeN, The drying of
granular solids. Trans. Am. Inst. Chem. Engrs 33,
283-314 (1937).

12. O. KRISCHER, Grundgesetze der Feuchtigkeitsbewegung
in Trockengiitern Kapillarwasserbewegung und Wasser-
dampf-Diffusion, VDI-Zeitschrift 82, (13), 373-378
(1938).

13. O. KriscHER. Wirme-. Feuchtigkeits- und Dampf-
bewegung bei der Trocknung poriger Stoffe, Verfahren-
stechnik Z. VDI-Beiheft Nr. 1, 17-24 (1940).

14. O. KrISCHER. Der Wirme- und Stoffaustausch im
Trocknungsgut. VDI-Forschungsheft 415 (1942).

15. O. KRISCHER. Die wissenschaftlichen Grundlagen der
Trocknungstechnik. Kap. IX. Springer. Berlin (1963).

16. A. V. Luikov and F. M. POLONSKAYA, Determination
of the mass transfer coefticient in colloidal and capillary
porous materials with variable moisture content.
N.IK.F.I.2.113-127 (1958).

17. A. V. Luikov. Application of irreversible thermo-
dynamics methods to investigation of heat and mass
transfer, Int. J. Heat Mass Transfer. 9, 139-152 (1966).

18. A. V. Luikov. Heat and Mass Transfer in Capillary
Porous Bodies, p. 248. Pengamon Press. Oxford (1966).

19. A. V. Luikov. Phénoménes de transport avec change-
ment de phase dans les milieux poreaux ou colloidaux
Colloque no. 160, Ed. du Centre National de la Re-
cherche Scicentifique. Paris (1967). ’

20. E. ScHMIDT, Einfiihrung in die Technische Thermo-
dynamik und die Grundlagen der Chemischen Thermo-
dynamik, 10th ed., pp. 173-175. Springer, Berlin (1963).

21. W. F. AMEs. Non-linear Partial Differential Equations
in Engineering, Chapter 7. Academic Press, New York
(1965).

22. A. R. MitcHEeLL, Computational Methods in Partial
Differential Equations. Wiley, London (1969).

23. J. Crank and P. NicoisoN, A practical method for
numerical evaluation of solutions of partial differential

equations of the heat-conduction type. Proc. Camb.
Phil. Soc. 43, 50-67 (1947).



302

D. BERGER and D. C. T. PEI

SECHAGE DE SOLIDES MICRO-POREUX HYGROSCOPIQUES- UNE APPROCHE
THEORIQUE

Résumé- On présente un modéle mathématique de séchage dans lequel sont pris en compte simultanément

I'écoulement capillaire du liquide. la diffusion de vapeur. aussi bien que le transfert thermique dans lcs

solides. L'équation de Clausius—Clapeyron ou I'isotherme de sorption est utilisée comme une équation

de couplage dépendant du degré de séchage. Les résultats, sous forme de courbes de taux de séchage. sont
obtenus et discutés & partir des nombreux paramétres physiques internes et externes.

TROCKNEN VON HYGROSKOPISCHEN, KA.I.’ILLARPOROSEN KORPERN—EINE
THEORETISCHE NAHERUNG

Zusammenfassung—Es wird ein mathematisches Modell fiir die Trocknung angegeben, bei dem sowohl

kapillare Fliissigkeitsstromung und Dampfdiffusion als auch Wirmeleitung durch feste Korper gleich-

zeitig beriicksichtigt werden. Als Kopplungsgleichung wurde die Gleichung von Clausius-Clapeyron

oder die Sorptionalisotherme benutzt, die vom Trocknungsgrad abhidngt. Die Ergebnisse werden in der

Form des traditionellen Anteils der Trocknungskurven erhalten und diskutiert mit verschiedenen inneren
und dusseren physikalischen Parametern.

CYIIKA TUTPOCHOIIMYECKUX HKANUWIJIHPHO-TIOPUCTHIX MATEPHUAJOR.
TEOPETUYECKUN AHAINSG

Annoranua—IIpeJcTaBleHa MATCMATHYECKAH MOAEIb LPOLECCA CVIIKH, OJHOBPEMELIO

UYUTHIBAWOIIAA KaNWuIApHOe TeucHMe, AMPGHY3UI0 fapa u TeriooliMen B TBepiloM Tene, B

34BUCUMOCTA OT 1E€PHOZA CYUIKH B KadecTBe CBABYOIKErO YPABHEHUA HCHOMB3OBAIOCH

ypasnenue Huaayauyca-Kuameitpona mwin usorepma copOumn. Tlo.iyucuible pesyabTaThi

ofpaGoranbl rpafuuecku B BHje OOBYHBIX KPUBEIX CROPOCTH CVIRN I8 PABJSHUITBIX
BHYTPEHHWX M BHEIIHNX (HM3HUECKHX LApaMeTpoOB.



