NONSTATIONARY HEAT CONDUCTIVITY OF
MOIST BODIES

A. G. Gorelik UDC 536.21

The temperature field of moist bodies in the formofaplate,a hollow cylinder, and a hollow
sphere is analyzed for general boundary conditions of the third kind at the inner and outer
surfaces.

The heating of bodies of various configurations forboundary conditions of the third kind has beeh ex-
amined in [1]. Inthe case ofadditional heat input by radiation (convective —radiative desiccation) at the boun-
daries of hollow bodies, it is advantageous to use general boundary conditions of the third kind (which differ
at the inner and outer surface). For a plate, we shall examine also asymmetric heating, in which case the
plate coordinates will be chosen similarly to those of hollow bodies. This corresponds to the case of a
plane inner channel with a width of 2r; and a wall thickness of R —ry. In the general case, the evaporation
rate and the desiccation factor differ at the inner and outer surfaces of bodies.

It is assumed [1] that the evaporation rate is constant during the initial phase of desiccation and that
it varies with time according to a power law in the main phase. The value of gp.¢ is constant, since in the
case where the temperatures of the radiator and moist body differ widely it is the radiator temperature
that determines the value of q,.,. Theproblem is formulated as follows:
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For a plate, we have 8= 0; for a cylinder =1, and for a sphere 8= 2. The Pomerantsev number,
Po,characterizes the intensity of internal negative heat sources; in the case of desiceation, Po = KipyLuKo.

We use Laplace transforms with respect to the Fourier variable to solve the problem (1)-(4).
The final solutions for the transforms are as follows:
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The values of the first roots of Eqs. (7), (18), and (21) for Biy = Bi; = Bi are compiled in Table 1.

If boundary conditions of the second kind (Biy = Bij = 0) are given at the inner and outer surfaces of
the bodies, the quantity p has the following values:
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TABLE 1. Roots of the Characteristic Equations, u
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In expressions (5), (8), (19):
M, =Pdy (Kir, + Big 0c,),
No == Ki-;o —‘}" Big eco — POO,

M, = Pd; (Kir, + Biy8,),
Nl = Ki'rl + Bll ecl — POl.

(25)

For desiccation during the initial phase, Pd = 0; for heating of dry bodies, Po = 0. For ry= 0 (cor-
respondingly, setting all dimensionless numbers which refer to the inner surface of the body equal to zero)
and Kip; = 0, we obtain the solutions for solid moist bodies with boundary conditions of the third kind that
are given in [1}.

By assuming that the values of Bi tend to infinity, or that the corresponding values of Bi of KiT are
zero, from the general equations (5), (8), (19), one can obtain solutions for various combinations of boundary
conditions of the first, second, and third kind at the outer and inner surfaces of moist hollow bodies.

NOTATION

re, R, x are the inner, outer, and instantaneous coordinates of a body, respectively;

tg, t, and te are the inner and instantaneous temperatures of a body and the ambient temperature,
respectively;

8= (& —tg/tg is the dimensionless temperature of body;

0o = (tg — to)/to is the dimensionless ambient temperature;

r =x/R is the dimensionless coordinate of a point on the body;

m is the maximum rate of moisture evaporation (referred to the unit area of the body);

o is the heat of evaporation;

k is the desiccation coefficient;

T is the time;

dre is the thermal radiation flux at the body's surface;

o is the heat-transfer coefficient at the body's surface;

a,A,a',u are the thermal diffusivity, thermal conductivity, mass transfer, and initial moisture of
the body, respectively;

c, Y are the heat capacity and density of the body, respectively;

To = a7 /R? is the Fourier number;

KiT = qpreR/Aty is the Kirpichev's heat~-transfer ratio;
Kiy = mR/a'uy is the Kirpichev's mass-transfer ratio;

Lu=a'/a is the Lykov's ratio;

Ko = pu/ct, is the Kossovich's ratio;

Po =pmR /At is the Pomerantsev's ratio;

Pd =kR%*/a is the Predvoditelev's ratio;

Ikj» Ykj are the Bessel functions of the first and second kind;
Bi = aR/X is the Biot number.

Subscripts

0  denotes the inner surface of the body;
1 denotes the outer surface of the body;
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